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Supplementary Material S2 – Site Narrative Descriptions and 

Chronologies 

This is a detailed account of the archaeological excavation histories of the 83 

fishbone assemblages I analyse in my thesis. I also document the radiocarbon 

chronologies, recalibrations, and Bayesian Sequence models of each site, and narrative 

descriptions of the interpretive descriptions I made when assessing site stratigraphy 

and published radiocarbon determinations. For descriptions of the methods I used in 

my radiocarbon recalibrations, see Chapter 5. Finally, I explain where each sample of 

fishbone data came from, describe the methods that were used to collect and identify 

fish remains, and the interpretive decisions I made during data recording and database 

synthesis to ensure that these data were comparable.  

1. Twilight Beach (M02/162) 

Site Description: Stratified deposits of shell, bone, and charcoal in dune sands 

several hundred meters from the north end of Twilight Beach near the northwest 

corner of Aupouri Peninsula, Northland. University of Auckland archaeologists 

conducted salvage excavations of in situ deposits in 1981 and collected ‘intact blocks’ of 

indurated, shell-bearing sand that broke away from the dunes for careful excavation 

under laboratory settings (Taylor 1984). Excavators identified one dense layer (Layer 

III) of bone and shell that appeared as a single deposit in the eastern area of the site, as 

three distinct lenses in the southern area, and as four lenses in the north (Taylor 

1984:63–64, 69–71). Artifacts include one-piece bone fishhooks, evidence of fishhook 

manufacture, and obsidian flakes (Taylor 1984:180–193). 

Chronology: One shell sample from the base of the shell deposits was submitted 

for radiocarbon dating. I recalibrated the date and I use this age range for this 

assemblage’s start and end dates. 

Table B1. Calibrated radiocarbon date from Twilight Beach. 

Deposit 
Sample 
Number 

Material Type CRA (BP) 
Date Range 

(cal CE) 
Confidence 

(%) 

Layer III NZ-6579 shell, Paphies ventricosa 1005 ± 33 1280 – 1445 95.4 
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Twilight Beach 

Assemblage Context: Multiple lenses of shell, bone, and charcoal in dune sands. 

Recovery Methods: Intact blocks of shell-bearing deposits were collected and 

sieved in the laboratory with nested 4, 2, and 0.5 mm mesh. Only some portions of the 2 

and 0.5 mm sieve-size fractions were sorted and analysed (Taylor 1984:72). 

Identification Methods: The methods used to identify fish remains from this site 

have not been described. 

Abundance Data: Taxonomic abundances were quantified using MNI in Table 4 of 

Taylor 1984. Some MNI estimates were recorded slightly differently in Leach’s (2006) 

synthesis of fishbone data, but I rely on Taylor’s results. Some taxa are only reported as 

present, but I recorded these as 1 MNI. 

Snapper Size Estimates: Leach and Davidson (2000: Figure 4) estimated snapper 

fork lengths using the regression models of Leach and Boocock (1995). 

2. Houhora (N03/59) 

Site Description: Also known as Mt Camel, this site consists of stratified deposits 

of sand, stone, shell, charcoal, and fish scales on the north head at the mouth of Houhora 

Harbour on the east coast of Aupōuri Peninsula, Northland. It was fossicked and 

quarried for shingle for decades (Furey 2002:14–16), and then excavated in the summer 

of 1965-1966 under the supervision of Shawcross and Roe (Shawcross 1972:603–606). 

The excavators opened an area of 250 m2 in a grid of 2.5 x 2.5 m squares with 50 cm 

baulks, but some units were not fully excavated to the deepest layer of cultural material 

(Furey 2002:16; Shawcross 1972:605).  

Field notes and artifacts from these excavations have been studied multiple 

times, leading to multiple interpretations of the site’s stratigraphy and chronology 

(Anderson and Wallace 1993; Furey 2002; Nichol 1988; Petchey 2000; Shawcross 

1972). Furey (2002:17–27) notes that the numbering systems used by excavators 

changed over the course of the fieldwork, but she was able to document seven distinct 

layers from the site records and artifact bag notes. The topsoil of the site was recorded 

as Layer 1, and the highest four cultural strata were recorded as individual components 

of Layer 2. Layer 2a was a compacted layer of soil, bone, some concentrations of stones 

that may represent hāngi, and artifacts, including some of European manufacture. 



Supplementary Material S2 – Site Narrative Descriptions and Chronologies 

S2.3 
 

Although the presence of both historic period and very early artifact styles suggest 

some amount of mixing or intrusion has taken place, the presence of intact features in 

these deposits indicate it has not been severely disturbed. Layer 2b was a similar 

deposit 12-30 cm thick containing shell, bone, and many hāngi features. Layer 2c 

consisted of dense lenses of fish scales up to 2 cm thick, bone, and oven rake-out 

deposits. In some areas, up to six fish scale lenses were present and separated by sand. 

The lowest level, Layer 2d, was only present in a few excavation units and consisted of 

charcoal and dense shell-bearing deposits with bones from moa and other large 

animals. Layer 3 was a sandy deposit with concentrations of fishbone, moa bone, and 

shell, and a few concentrations of fish scales underneath Layer 2 that lay on top of 

natural dune sands (Layer 4). 

The distribution of oven features, animal remains, and large numbers of 

fishhooks and other artifacts in various states of production in every layer led Furey 

(2002:34) to argue the excavated area was primarily used for cooking and animal 

processing and for fishhook and artifact manufacture. She also hypothesized the Layer 

2b deposits could represent the cooking area of a settlement or village in the immediate 

vicinity of the excavated area (Furey 2002:36).  

Fishbone from Houhora was initially analysed by Shawcross (1972), and a more 

complete analysis was carried out by Nichol (1988). Both researchers aggregated fish 

remains at the site level, and it is unclear which strata are represented by the fishbone 

analysis. I only include the results of Nichol’s analysis in my thesis. 

Chronology: Nineteen radiocarbon dates have been reported for Houhora, but 

eight of them are not considered reliable or accurate. Samples NZ-914, NZ-915, and NZ-

916 were originally submitted by Shawcross, but they are widely considered to be 

unreliable and they probably have a large in-built age (Furey 2002; Petchey 2000). Two 

moa bone collagen dates (NZ-5007 and NZ-5008) submitted by Millener also appear to 

have been contaminated (Petchey 2000). Finally, of the samples submitted by Anderson 

and Wallace (1993), NZA-7920 was contaminated, NZA-2438 was not clearly related to 

any of the stratigraphic layers from Shawcross and Roe’s excavations, and NZA-7921 

was collected from a different site altogether (Furey 2002). 

Among the remaining samples submitted by Anderson and Wallace (1993) and 

dated by Petchey (2000), there is one shell sample from Layer 2a, two short-lived 

charcoal and two shell samples from Layer 2b, and one charcoal sample from Layer 3. 
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There are also four snapper collagen samples dated by Petchey (2000) that were 

recovered from excavation Square C8. Furey (2002:Table 5) reported the results of a 

fifth, previously unpublished radiocarbon date from Square C8 that was measured from 

a “tripeptide” sample by the Oxford Radiocarbon Accelerator Unit. Based on similarities 

in their δ13C measurements and provenience, I assume this sample also derived from 

snapper bone. The stratigraphic contexts of all the fishbone dates are unknown, but 

they are probably associated with either Layer 2b or 3 (Petchey 2000:106).  

Because the stratigraphic relationships of the fishbone samples are unknown, I 

created two separate Bayesian Sequence models in OxCal to compare the provenienced 

and unprovenienced radiocarbon dates against each other. For the provenienced 

samples, I initially made three phases to represent Layers 3, 2b, and 2a, with a 

sequential boundary between Layers 3 and 2b and a contiguous boundary between 

Layers 2b and 2a. The results of this model showed good agreement overall, but 

because the agreement index for the single date from Layer 2a was very close to the 

acceptable limit (NZA-2391 with 63% agreement) I decided to remove this date and the 

Layer 2a phase from the model. The remaining dates all have very high agreement 

indices, except for NZA-2347 which is slightly older than the other samples from the 

same phase. Meanwhile, I created a single phase for the unprovenienced samples, which 

all have very high agreement. 

The modelled dates from the provenienced and unprovenienced samples all 

show a large amount of overlap, reinforcing previous arguments that Layers 3 and 2b 

were all deposited within a relatively short amount of time (Anderson and Wallace 

1993; Petchey 2000). Because the results of fishbone analysis have only been reported 

at the site level and not for individual levels, I used the earliest and age range of Layer 3 

and the latest age range of Layer 2b for the start and end dates of the entire assemblage. 
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Table B2. Radiocarbon dates from Houhora. 

Deposit 
Sample 
Number 

Material Type CRA (BP) 
Modelled 

Range (cal CE) 
Conf. 
(%) 

A Index 
(%) 

Layer 2a NZA-2391* shell, Austrovenus 
stutchburyi 

675 ± 82 1451 – 1848* 95.4 n/a 

Layer 2b NZA-2436 charcoal, Pittosporum, 
Dodonaea viscosa, 
Leptospermum scoparium, 
Beilschmiedia tarairi twigs 

632 ± 86 1315 – 1410 95.4 113.9 

Layer 2b NZA-2437 charcoal, Olearia, 
Beilschmiedia tarairi twig, 
Pseudopanax, 
Leptospermum scoparium 

774 ± 87 1314 – 1405 95.4 82.9 

Layer 2b Wk-5034 shell, Turbo smaragda 960 ± 40 1313 – 1415 95.4 111.3 

Layer 2b Wk-5035 shell, Austrovenus 
stutchburyi 

1060 ± 45 1314 – 1408 95.4 96.4 

Layer 3b Wk-5485 charcoal, Myrsine australis 640 ± 40 1292 – 1388 95.4 102.3 

Square C8, 
Layer 2b/3 

Wk-4920 fishbone, Chrysophrys 
auratus 

1010 ± 40 1281 – 1435 95.4 106.1 

Square C8, 
Layer 2b/3 

Wk-4921 fishbone, Chrysophrys 
auratus 

1000 ± 40 1285 – 1436 95.4 105.3 

Square C8, 
Layer 2b/3 

Wk-4968 fishbone, Chrysophrys 
auratus 

950 ± 40 1293 – 1451 95.4 97.5 

Square C8, 
Layer 2b/3 

Wk-4969 fishbone, Chrysophrys 
auratus 

1050 ± 40 1269 – 1427 95.4 104.9 

Square C8, 
Layer 2b/3 

OxA-7569 tripeptide 1080 ± 50 1257 – 1426 95.4 97.6 

*Removed from Bayesian sequence model due to poor agreement, range reflects unmodelled date 
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Figure B1. Modelled radiocarbon dates with 95% confidence intervals from Houhora. 
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Houhora 

Assemblage Context: Stratified archaeological deposits rich with cooking 

features, shell, large birds and mammals, fish scales, and artifacts, with particularly 

large numbers of fishhooks in various stages of manufacture. 

Recovery Methods: Nichol (1988:195–202) struggled to understand and 

reconstruct the recovery methods that were used to collect fishbone from this site, and 

notes that many samples were recovered through “fossick.” Furey (2002:113) also 

cautions that the collection standards are unknown and probably haphazard. Overall, I 

assume this assemblage was primarily collected by hand-picking during excavation. 

Identification Methods: Nichol’s identification methods were not specified in any 

detail for this assemblage, but in a footnote for Table 7.6 he notes that taxonomic 

abundances are based on identification of “the usual set of head bones, and postcranial 

material is included in the total count only where this dominates the remains of a 

species, as in Eel and Leatherjacket” (Nichol 1988:192). Based on the description of his 

analysis for Kohika, the ‘usual set’ of cranial and postcranial elements probably refers to 

premaxilla, maxilla, dentary, articular, quadrate, “crests” (i.e., supraoccipital), opercle, 

vertebrae, dorsal spines, scutes, and cleithrum (Nichol 1988:161), but it is clear from 

Table 7.6 that vertebrae and cleithra were not consistently identified. 

Abundance Data: Nichol (1988:Tables 7.5 and 7.6) reported taxonomic 

abundances as ‘numbers of individuals’ and ‘numbers of bones.’ His quantification 

methods for Kohika indicate that numbers of individuals were estimated from the “most 

numerous element present for each of the species” (Nichol 1988:161), and that for 

paired elements the frequencies of both sides were averaged together. Therefore, some 

estimated numbers of individuals include a fraction of an individual, which I rounded up 

to the nearest whole number. As noted above, the numbers of bones are based on the 

count of head bones alone, except for eel (which I recorded Anguilliformes) and 

leatherjacket, which is represented by a single vertebra and three dorsal spines, 

respectively (Nichol 1988:Table 7.9). 

Snapper Size Estimates: While Nichol (1988) reported some snapper size 

distributions, the body sizes of snapper from Houhora were also estimated by Leach 

and Davidson (2000:Figure 5) using the regression models of Leach and Boocock 

(1995). I only use Leach and Davidson’s results here. 
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3. Tauranga Bay (P04/639) 

Site Description: I provide a description of this site and its excavation history in 

Chapter 5.  

Chronology: Two shell samples and one charcoal sample from Layer 3 of Area B, 

and one shell sample each from Layers 2 and 4 of Area E were submitted for 

radiocarbon dating. Because there are no stratigraphic relationships between the 

Southern Area (which Area B is a part of) and Area E, I created two separate Sequence 

models to represent each of the excavation areas. The model for the Southern Area has a 

single phase to represent Layer 3, and the model for Area E has two sequential phases 

to represent Layers 2 and 4. The agreement indices of all five dates are very high, and I 

used the earliest and latest age ranges from Area B, Area E Layer 4, and Area E Layer 2 

for the start and end dates of, respectively, the Southern Area, Area E L6-4, and Area E 

Layer 2 assemblages. Because the Area E Layer 3 deposit lay immediately between the 

Layers 4 and 2, I used the earliest age from Layer 4’s end boundary (1545-1790 CE at 

95.4% probability) for the start date of the Area E L3 assemblage, and the latest age 

from Layer 2’s start boundary (1577-1827 CE at 95.4% probability) for its end date. 

Table B3. Radiocarbon dates from Tauranga Bay. 

Deposit 
Sample 
Number 

Material 
Type 

CRA (BP) 
Modelled 

Range (cal CE) 
Confidence 

(%) 
Agreement 
Index (%) 

Area B Layer 3 Wk-13977 shell 1028 ± 36 1280 – 1416 95.4 111.2 

Area B Layer 3 Wk-16911 shell 1057 ± 32 1271 – 1408 95.4 109.8 

Area B Layer 3 Wk-17332 charcoal 683 ± 33 1293 – 1392 95.4 100.5 

Area E Layer 2 Wk-16912 shell 614 ± 31 1596 – 1861 95.4 102.3 

Area E Layer 4 Wk-16914 shell 624 ± 32 1524 – 1764 95.4 106.5 
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Figure B2. Modelled radiocarbon dates with 95% confidence intervals from Tauranga 
Bay. 

Tauranga Bay Southern Area 

Assemblage Context: Three excavation units (Areas B, C, and D) with a deposit of 

dense shell-bearing deposits (Layer 3) with high concentrations of vertebrate remains, 

a possible cooking feature, adzes, obsidian and chert flakes, and a variety of fishing gear. 

Methods: The recovery, identification, and quantification methods used for this 

assemblage are reported in Chapter 5. 
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Tauranga Bay Area E L4-6 

Assemblage Context: Three successive layers (Layers 4, 5, and 6) of shell-bearing 

deposits with varying densities of charcoal, fire cracked rock, and animal remains. 

Methods: The recovery, identification, and quantification methods used for this 

assemblage are reported in Chapter 5. 

 

Tauranga Bay Area E L3 

Assemblage Context: Layer 3, a wind-blown sand layer with sparse shell and 

animal remains. 

Methods: The recovery, identification, and quantification methods used for this 

assemblage are reported in Chapter 5. 

 

Tauranga Bay Area E L2 

Assemblage Context: Layer 2, a dense, 10 cm thick deposit of shell, fishbone, and 

charcoal. 

Methods: The recovery, identification, and quantification methods used for this 

assemblage are reported in Chapter 5. 

4. Tauroa Point (N05/302) 

Site Description: Stratified deposits of shell, charcoal, fire cracked rock, and fire 

features in beach dunes along the exposed rocky shore of Tauroa Point on the west 

coast of Northland. Department of Conservation archaeologists lead by Joan Maingay 

originally excavated one area of this site in 1992, and it received further attention in 

2003 when it was excavated by University of Auckland archaeology field school 

students under the supervision of Allen (2006). 

The 1992 Department of Conservation excavations targeted a 6 x 6.5 m area in 

the centre of a hummock on the eroding dune slope (Wichman 2006:26–32). Excavators 

identified two cultural deposits (Layers II and IV) between windblown sand layers, both 

of which contained large amounts of animal remains and several intercutting features. 

Many more artifacts were recovered from the lower stratum, Layer IV, including bone 

fishhooks, evidence of fishhook manufacture, stone drill points, and chert and obsidian 

flakes. 
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Four excavation areas with separate concentrations of archaeological material 

were investigated by the 2003 field school. Area A consisted of nine 1 x 1 m units and a 

1 x 0.5 m unit with one cultural deposit at 10-20 cm depth (Allen 2006:32–34). 

Excavators recovered large amounts of animal remains and identified one pit feature, 

nine fire features of varying size, and two possible postholes. They also opened three 

excavation units on the same hummock as the 1992 investigations, which had eroded 

extensively in the intervening years. Both cultural layers (Layers IV and II) were 

recorded again, which contained several ovens, large concentrations of fire cracked 

rock, and modest amounts of shell and vertebrate bone (Allen 2006:37). Two other 

hummocks (Areas C and D) were also studied with several excavation units, but they 

produced relatively sparse amounts of cultural material (Allen 2006:37–38). 

Three fishbone assemblages have been analysed from the two cultural layers 

investigated in 1992 (later designated Area B), and from the Area A deposits 

investigated in 2003. 

Chronology: One shell sample from Layer IV of Area B and two shell samples 

from Layer II were submitted for radiocarbon dating in relation to the 1992 

excavations. Later, another charcoal sample collected from each of these layers during 

the 2003 excavations, and one from Area A deposits, were also submitted for 

radiocarbon dating (Allen 2006: Table 8). 

I created a Sequence model with two sequential phases to represent Layers IV 

and II of Area B. All five dates in this sequence have very high agreement, and I used the 

earliest and latest age ranges from each phase for the corresponding assemblage’s start 

and end dates.  

I recalibrated the date from Area A separately. The result has several age ranges 

in the 95% probability distribution. I use the highest two probability ranges (1631-

1710 cal CE at 31.6% probability and 1720-1812 cal CE at 59.1% probability) for this 

assemblage’s start and end dates. 
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Table B4. Radiocarbon dates from Tauroa Point. 

Deposit 
Sample 
Number 

Material Type 
CRA 
(BP) 

Modelled 
Range (cal CE) 

Conf. 
(%) 

A Index 
(%) 

Area A 
Feature 61 

Wk-13533* charcoal, 
Leptospermum 
ericoides, Cassinia 

239 ± 37 1631 – 1812* 90.7 n/a 

Area B Layer 
II 

Wk-2501 shell, Turbo 
smaragda 

630 ± 60 1572 – 1836 95.4 110.3 

Area B Layer 
II 

Wk-2924 shell, Austrovenus 
stutchburyi 

580 ± 50 1613 – 1860 95.4 116.2 

Area B Layer 
II Feature 83 

Wk-13535 charcoal (short-
lived species) 

218 ± 37 1643 – 1811 95.4 105.9 

Area B Layer 
IV 

Wk-2502 shell, Turbo 
smaragda 

950 ± 60 1282 – 1462 95.4 103.1 

Area B Layer 
IV Feature 88 

Wk-13536 charcoal, Kunzea 
ericoides 

746 ± 39 1265 – 1393 95.4 92.9 

*Recovered from a separate context and excluded from Bayesian Sequence model; range 
reflects unmodelled date 
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Figure B3. Modelled radiocarbon dates with 95% confidence intervals from Tauroa 
Point. 

Tauroa Area A 

Assemblage Context: A 10-20 cm deep shell-bearing deposit with fire features 

and possible postholes. Excavated in 2003. 

Recovery Methods: All excavated material was sieved through nested 6.4 and 3.2 

mm mesh (Allen 2006:25; Wichman 2006:36). 

Identification Methods: Wichman (2006:42) analysed fish remains following 

Leach’s (1986, 1997) identification protocols using the University of Auckland reference 

collection. 

Abundance Data: Taxonomic and element abundances were reported in NISP 

along with MNI estimates in Appendix 1 of Wichman 2006. 
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Tauroa Area B L-II 

Assemblage Context: A 5-15cm thick shell-bearing deposit with 24 fire features 

and several holes. Excavated in 1992 in an area that was later designated Area B. 

Recovery Methods: Some fishbone was recovered by hand, but ‘total’ samples 

targeted for faunal analysis were wet-sieved through 5 mm mesh (Wichman 2006:26, 

40). 

Identification Methods: This assemblage was identified using the same methods 

as described for Tauroa Area A. 

Abundance Data: Taxonomic abundances were quantified using the same 

methods and recorded from the same source as described for Tauroa Area A. 

 

Tauroa Area B L-IV 

Assemblage Context: A 10-20cm thick cultural layer with 10 fire features, 

numerous postholes, and a large oven with stratified layers showing repeated use. 

Associated with abundant artifacts, including fishhooks, drill points, and stone flakes. 

Recovery Methods: This assemblage was recovered using the same methods as 

described for Tauroa Area A. 

Identification Methods: This assemblage was identified using the same methods 

as described for Tauroa Area A. 

Abundance Data: Taxonomic abundances were quantified using the same 

methods and recorded from the same source as described for Tauroa Area A. 

5. Kokohuia (O06/317) 

Site Description: A concentration of storage pits, cooking features, and shell-

bearing deposits on the slope of a ridge, several hundred meters from the south shore of 

Hokianga Harbour. In the late 1980’s the Department of Conservation conducted several 

excavations to test the integrity of the site and mitigate construction activities, which 

revealed stratified shell midden deposits, storage pits, earth ovens and hāngī stones, 

postholes, a human burial, and hundreds of flaked stone material (Taylor 1993). 

Between May and November 1991, the Task Force Green Project carried out 

investigations on a much larger scale in response to a Far North District Council 

development project that disturbed midden deposits at the site. The excavators opened 

five large excavation areas covering a total of 117 m2 to characterise the variability of 
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archaeological deposits across the site, and to recover a large sample of midden for 

“thorough analysis of the past use of the harbour and land environments” (Taylor 

1993:8). 

Multiple layers of cultural deposits were identified across five excavation areas. 

Fishbone has only been analysed from Area 3 (Leach et al. 1997), which was centred on 

a large midden on the ridge slope that Taylor (1993:13) originally tested in 1987 and 

contained four layers of shell deposits, cooking features, one large posthole (20 cm 

diameter), a few broken adzes, and a range of fishing gear, including broken shell hooks, 

a shell lure, and a bone lure. Because Schmidt’s (2000) analysis showed that there are 

very large overlaps in the radiocarbon ages of these deposits, Leach et al. (1997) 

aggregated all fishbone from Layers II and III, and Layers IV and V/Va, and the results 

for individual layers have not been reported. 

Overall, the evidence from this site indicates it was used for fishing, shellfishing, 

and food preparation and storage. A house was also built on top of the ridgeline and 

used as a site for adze manufacture, but its relationship to the rest of the site deposits is 

unclear and it may haven been constructed a long time after the other cultural remains 

were deposited on the slope. 

Chronology: Initially, only one shell sample (Wk-1086) from Layer IV of the Area 

3 midden was submitted for radiocarbon dating by Taylor (1993:26). However, a very 

different conventional radiocarbon age was reported in the New Zealand Radiocarbon 

Database, which I used in place of the date reported by Taylor. Another date from cockle 

shell reported in the radiocarbon database (Wk-2564) has not been reported in any 

other source, but I decided to include it in my analysis even though the details of its 

analysis are not clear. Later, Schmidt (2000) radiocarbon dated five charcoal and five 

shell samples from Layer II, three charcoal and five shell samples from Layer III, one 

charcoal and three shell samples from Layer IV, and nine charcoal and six shell samples 

from Layer V/Va (a total of 37 radiocarbon dates).  

Kokohuia’s chronology received further attention in 2004 when Higham et al. 

(2004) AMS dated rat bones from Layers II, III, and V (Error! Reference source not 

found.). Initial dating of rat bones from this and other sites produced erroneous, very 

old results because the ultrafiltration process used in pretreatment of bone gelatin 

added 14C depleted carbon to the samples. Redating without ultrafiltration produced 

age estimates that show high agreement with the other radiocarbon dates from 
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Kokohuia, with the exception of one older than expected sample (OxA-12629) from a rat 

that appeared to have accessed a mix of foods from both terrestrial and marine 14C 

reservoirs (Higham et al. 2004). 

I created a Sequence model with three sequential phases to represent Layers V, 

IV, and III because there are deposits of sterile sand between each of these levels (Leach 

et al. 1997:Figure 3), and a fourth phase to represent Layer II that is contiguous with 

Layer III. Initially, the model showed poor agreement because samples OxA-12395 

(33% agreement), OxA-12629 (0.6%), Date OxA-12630 (33%) are older than other 

dates from the same phases, while Wk-3716 (45%) and Wk-3718 (58%) are too young 

for their phases. Removing these dates produced a model with very high agreement 

overall (152.1%), but several individual dates still have relatively low agreement 

individually (Wk-3701, Wk-372, Wk-3703, and Wk-4544). I used the earliest and latest 

age ranges of Layers V and IV for Phase 1’s start dates and end dates, respectively, and 

the earliest and latest age ranges of Layers III and II for Phase 2’s start and end dates. 
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Table B5. Radiocarbon dates from Kokohuia. 

Deposit 
Sample 
Number 

Material Type CRA (BP) 
Modelled 

Range (cal CE) 
Conf. 
(%) 

A Index 
(%) 

Layer II OxA-12394 bone, Rattus 
exulans 

417 ± 38 1494 – 1625 95.4 84.3 

Layer II OxA-12395* bone, Rattus 
exulans 

480 ± 45 1402 – 1621* 95.4 n/a 

Layer II OxA-12628 bone, Rattus 
exulans 

398 ± 27 1494 – 1625 95.4 98.8 

Layer II OxA-12629* bone, Rattus 
exulans 

495 ± 27 1412 – 1464* 95.4 n/a 

Layer II Wk-3695 charcoal 330 ± 45 1495 – 1633 95.4 90.3 

Layer II Wk-4484 charcoal 380 ± 40 1495 – 1629 95.4 112.3 

Layer II Wk-4485 charcoal 340 ± 40 1495 – 1632 95.4 91.7 

Layer II Wk-4486 charcoal 410 ± 40 1494 – 1626 95.4 95.2 

Layer II Wk-4487 charcoal 380 ± 40 1495 – 1629 95.4 112.3 

Layer II Wk-2564 shell, Austrovenus 
stutchburyi 

760 ± 60 1494 – 1630 95.4 110.1 

Layer II Wk-3696 shell, Paphies 
australis 

710 ± 40 1495 – 1630 95.4 115.3 

Layer II Wk-3697 shell, Austrovenus 
stutchburyi 

770 ± 40 1494 – 1629 95.4 97.1 

Layer II Wk-3698 shell, Venerupis 
largillierti 

680 ± 40 1495 – 1631 95.4 109.8 

Layer II Wk-3699 shell, Turbo 
smaragda 

760 ± 40 1494 – 1630 95.4 103.7 

Layer II Wk-3701 shell, Perna 
canaliculus 

800 ± 40 1494 – 1629 95.4 69.7 

Layer III OxA-12630* bone, Rattus 
exulans 

434 ± 27 1442 – 1621* 95.4 n/a 

Layer III Wk-3703 charcoal 410 ± 40 1489 – 1608 95.4 76.8 

Layer III Wk-4540 charcoal 360 ± 40 1490 – 1605 95.4 110.5 

Layer III Wk-4541 charcoal 350 ± 40 1490 – 1605 95.4 108.4 

Layer III Wk-3704 shell, Paphies 
australis 

710 ± 40 1490 – 1607 95.4 109.8 

Layer III Wk-3705 shell, Austrovenus 
stutchburyi 

750 ± 40 1490 – 1606 95.4 114.6 

Layer III Wk-3706 shell, Venerupis 
largillierti 

720 ± 40 1490 – 1607 95.4 112.5 

Layer III Wk-3707 shell, Turbo 
smaragda 

750 ± 40 1490 – 1606 95.4 114.6 

Layer III Wk-3709 shell, Perna 
canaliculus 

740 ± 40 1490 – 1606 95.4 115.1 

Layer IV Wk-3711 charcoal 370 ± 40 1461 – 1551 95.4 93.1 

Layer IV Wk-1086 shell, Paphies 
australis 

880 ± 50 1459 – 1543 95.4 81.9 

Layer IV Wk-3712 shell, Paphies 
australis 

810 ± 40 1460 – 1548 95.4 133.6 
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Table B5. Continued. 

Deposit 
Sample 
Number 

Material Type CRA (BP) 
Modelled 

Range (cal CE) 
Conf. 
(%) 

A Index 
(%) 

Layer IV Wk-3713 shell, Austrovenus 
stutchburyi 

750 ± 40 1461 – 1553 95.4 102.6 

Layer IV Wk-3715 shell, Turbo 
smaragda 

770 ± 40 1461 – 1552 95.4 120.8 

Layer V OxA-12344 bone, Rattus 
exulans 

483 ± 23 1439 – 1464 95.4 111.8 

Layer V Wk-3718* charcoal 380 ± 40 1460 – 1633* 95.4 n/a 

Layer V Wk-3719 charcoal 440 ± 40 1441 – 1474 95.4 134.2 

Layer V Wk-3720 charcoal 490 ± 40 1437 – 1468 95.4 132.3 

Layer V Wk-3721 charcoal 510 ± 45 1436 – 1469 95.4 97.6 

Layer V Wk-4482 charcoal 450 ± 40 1440 – 1473 95.4 151.5 

Layer V Wk-4483 charcoal 490 ± 40 1437 – 1468 95.4 132.1 

Layer V Wk-4542 charcoal 430 ± 40 1441 – 1473 95.4 115.3 

Layer V Wk-4543 charcoal 480 ± 40 1438 – 1468 95.4 152.3 

Layer V Wk-4544 charcoal 410 ± 40 1442 – 1473 95.4 79.5 

Layer V Wk-3716* shell, Cominella 
virgata 

750 ± 40 1457 – 1666* 95.4 n/a 

Layer V Wk-3722 shell, Paphies 
australis 

790 ± 40 1440 – 1474 95.4 73.6 

Layer Va Wk-3723 shell, Austrovenus 
stutchburyi 

810 ± 40 1439 – 1472 95.4 102.2 

Layer Va Wk-3724 shell, Turbo 
smaragda 

820 ± 40 1439 – 1471 95.4 116.0 

Layer V Wk-3726 shell, Cominella 
virgata 

840 ± 45 1438 – 1471 95.4 142.7 

Layer V Wk-3727 shell, Perna 
canaliculus 

820 ± 45 1439 – 1471 95.4 119.2 

*Removed from Bayesian sequence model due to poor agreement, range reflects 
unmodelled date 
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Figure B4. Modelled radiocarbon dates with 95% confidence intervals from Kokohuia with high agreement.
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Figure B5. Unmodelled radiocarbon dates with 95% confidence intervals from Kokohuia 
with low agreement. 

Kokohuia Phase 1 

Assemblage Context: Layers V and IV of the central, shell-bearing deposits in 

excavation Area 3, with posthole and firescoop features throughout.  

Recovery Methods: All excavated materials were collected by sieving with 4 mm 

mesh, except for eight excavation squares (D10 to E13) where materials were only from 

Layer IV by handpicking (Taylor 1993:14). 

Identification Methods: Fishbone was identified by Leach et al. (1997) using the 

standard Te Papa protocols described elsewhere by Leach (1986, 1997).  

Abundance Data: MNI was estimated for individual layers of each excavation 

unit, but taxonomic abundances were only reported at the Phase level in %MNI (Leach 

et al. 1997:Table 4). I calculated the raw MNI values by multiplying the %MNI for each 

taxon by the total sample size of both Layers, which are reported in the caption of 

Figure 5 in Leach et al. (1997).  

Snapper Size Estimates: Leach and Davidson (2000:Figure 4) reported fork 

length estimates for snapper from Kokohuia as a size-frequency histogram with 

specimens from all four layers of Area 3 aggregated together at the site level. Later, 

Leach (2006:Figure 7.22) reported the snapper sizes from Layers V and IV combined as 

the Kokohuia Early assemblage. These fork lengths were estimated using the regression 

methods of Leach and Boocock (1995). 
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Kokohuia Phase 2 

Assemblage Context: Layers III and II of the central, shell-bearing deposits in 

excavation Area 3, with posthole and firescoop features throughout. 

Recovery Methods: All excavated materials were collected by sieving with 4 mm 

mesh, except for eight excavation squares (D10 to E13) where materials were only 

collected by handpicking (Taylor 1993:14). 

Identification Methods: This assemblage was identified using the same methods 

as described for Kokohuia Phase 1. 

Abundance Data: Taxonomic abundances were quantified using the same 

methods and recorded from the same source as described for Kokohuia Phase 1. 

Snapper Size Estimates: Leach and Davidson (2000:Figure 4) reported fork 

length estimates for snapper from Kokohuia as a size-frequency histogram with 

specimens from all four layers of Area 3 aggregated together at the site level. Later, 

Leach (2006:Figure 7.22) reported the snapper sizes from Layers III and II combined as 

the Kokohuia Late assemblage. These fork lengths were estimated using the regression 

methods of Leach and Boocock (1995). 

6. Kioreroa (Q07/58) 

Site Description: Also known as Northland Harbour Board (N.H.B. site), this site 

is a 600 m2 shell-bearing deposit on the slope of a hill above protected mudflats at the 

north end of Whangārei Harbour. In response to active erosion of deposits along a 

slipface, Nichol (1988:121–129) excavated one trench (approximately 2 x 10 m) in an 

intact area, plus three trenches (approximately 0.5 x 10-20 m each) and twelve 1 x 1 m 

units from the erosional surface. A small number of lithic and utilized shell artifacts 

were recovered (Nichol 1988:139–140). Additional details about the site’s stratigraphy 

have not been reported, but some information recorded with the radiocarbon dates in 

the New Zealand Radiocarbon Database indicate the existence of a Layer 3A – a dense 

shell-bearing deposit – and of a Layer 3b – also a dense, shell-bearing deposit. 

Chronology: Two shell samples from Test Square 1 were submitted for 

radiocarbon dating (Nichol 1988:152). However, very different conventional 

radiocarbon ages were reported in the New Zealand Radiocarbon Database, which I 

used in place of the dates reported by Nichol. I created a Sequence model with a single 

phase. The information from the radiocarbon database suggests these are from two 
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different strata, but without more details about whether these layers represent 

different deposits or different excavation spits, I decided to treat them as a single phase 

of activity. The modelled dates have very high agreement. I use the earliest and latest 

age ranges from the dates for the start and end dates of this assemblage. 

Table B6. Radiocarbon dates from Kioreroa. 

Deposit 
Sample 
Number 

Material Type CRA (BP) 
Modelled 

Range (cal CE) 
Conf. 
(%) 

A Index 
(%) 

Layer 3A NZ-6957 shell, Austrovenus stutchburyi 765 ± 36 1460 – 1655 95.4 100.9 

Layer 3B NZ-6976 shell, Austrovenus stutchburyi 632 ± 86 1480 – 1678 95.4 101.7 

 

 

Figure B6. Modelled radiocarbon dates with 95% confidence intervals from Kioreroa. 

Kioreroa Sq13 

Assemblage Context: An excavation unit (Test Square 13) at the centre of 

extensive large shell-bearing deposits on a hill slope. 

Recovery Methods: Bulk samples representing the entire excavation unit (except 

for a 20 x 20 cm column that was sampled separately) were collected in 14 excavation 

spits (Nichol 1988:132). Fishbone is reported for seven of these. The lab processing 

methods have not been specified for most samples. Nichol (1988:148–149) reports that 

Sample 9 received the most attention and that it was wet-sieved with nested 14, 6.7, and 

2 mm sieves, but the 2 mm fraction was not actually analysed. It is not clear if these 

sieve sizes were also used to sample the other bulk samples as well. 
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Identification Methods: Nichol’s identification methods have not been specified 

for this assemblage, but he indicates that vertebrae were the most commonly identified 

element for most taxa (Nichol 1988:135). I assume Kioreroa and Houhora were 

analysed using the same element set, which probably includes premaxilla, maxilla, 

dentary, articular, quadrate, “crests” (which may refer to supraoccipitals), opercle, 

vertebrae, dorsal spines, scutes, and cleithrum. 

Abundance Data: Taxonomic abundances are reported in Table 5.4 of Nichol 

1988. It is not clear what abundance units these numbers represent, but because the 

table includes “Unidentified” fishes with vertebrae as the most common element, it is 

likely that these are specimen counts. 

7. Urquharts Bay (Q07/751) 

Site Description: A large area of shell-bearing deposits with some postholes and 

ovens in dune sands overlooking the protected beach of Urquharts Bay at the mouth of 

Whangārei Harbour. The site has been excavated several times, most recently in 2012 

and in 2017 by CFG Heritage in relation to house expansion projects at two adjacent 

properties (Campbell and Trilford 2019; Harris 2012).  

During the 2012 investigations, a hydraulic digger was used to remove topsoil 

and all identified features were excavated (Harris 2012). Excavators found two 

potentially contiguous areas of shell deposition that were sampled with three 1 x 1 m 

squares. The first set of shell deposits, Midden A, was mixed with bottle glass and nails 

in its southern end, where a dense concentration of fishbone (Feature 5) was recorded 

above a square posthole (Feature 6) associated with European-style construction. 

Square A was excavated in the northern end of these deposits where there was less 

evidence of disturbance. The second area, Midden B, was 7 to 17 cm thick in Squares B 

and C and had one possible oven scoop that was disturbed by tree roots. Artifacts 

recovered from these areas included a stone net weight, 17 obsidian flakes from six 

different sources, and chert flakes. Any collection or analysis of the bottle glass and nails 

was not described, but Harris (2012:5) suggests they may date to the 1920s. 

In 2017, a hydraulic digger was used to remove topsoil from an area immediately 

south of the 2012 excavations, revealing two separate shell deposits (Features 1 and 2) 

that were sampled with five 1 x 1 m squares each (Campbell and Trilford 2019). Feature 

1 was 11 x 10 m wide and 7 to 12 cm deep with ceramics, glass, and iron artifacts mixed 



Nims – 2021 

S2.24 
 

throughout, and an intact cockle shell concentration at its base. Feature 2 was an intact, 

15 to 44 cm deep deposit of pipi shells that was only partially excavated. Excavators 

only recovered one obsidian flake and one exhausted obsidian core were (any collection 

or analysis of the European-manufactured materials was not described). 

Fishbone from individual features of each excavation were analysed and 

reported as separate assemblages. I aggregated fishbone from the intact, dated 

archaeological deposits from the 2012 excavation areas into a single assemblage 

(Urquharts Bay 2012 Phase 1), and I treated the material from 2017 Feature 2 as a 

separate assemblage. I excluded fishbone from the 2012 Features 5 and 6, and from 

2017 Feature 1 because these assemblages were not dated, and because their 

stratigraphic relationships with early twentieth century artifacts suggests they may not 

represent the same fisheries as the other assemblages that I consider in this thesis.  

Chronology: One shell sample from the intact shell-deposits of Square A of the 

2012 season (Harris 2012:11) and one shell sample from Feature 2 of the 2017 season 

(Campbell and Trilford 2019: Table 1) were submitted for radiocarbon dating. Because 

there was no clear stratigraphic association between these contexts, I did not create a 

Sequence model. Instead, I recalibrated the dates and I use their age ranges for the start 

and end dates of each assemblage.  

Table B7. Radiocarbon dates from Urquharts Bay. 

Deposit 
Sample 
Number 

Material Type 
CRA 
(BP) 

Date Range 
(cal CE) 

Conf. 
(%) 

2012 Square A Spit 2 Wk-33114 shell, Paphies australis 738 ± 29 1441 – 1639 95.4 

2017 Feature 2 Wk-47591 shell 792 ± 23 1470 – 1666 95.4 

 

Urquharts Bay 2012 Phase 1 

Assemblage Context: Bulk samples from Square A and a 40 x 8 cm oven feature in 

Midden A, and from Squares B and C and Trench B of Midden B. 

Recovery Methods: 10 L bulk samples were collected in 5 cm spits from each 

square and wet-sieved with 6 mm mesh (Harris 2012:7–8).  

Identification Methods: Campbell (2016:20) analysed five jaw elements 

(angular/articular, dentary, maxilla, premaxilla, and quadrate) and an extended set of 

elements that included palatine, hyomandibular, opercular, preopercular, ceratohyal, 

epihyal, supracleithrum, cleithrum, scapula, posttemporal, vomer, parasphenoid, and 
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vertebrae. Lachrymal was also identified for red gurnard. Fishbones were identified 

using the CFG and University of Auckland reference collections. 

Abundance Data: Taxonomic abundances for individual samples are reported 

with MNI in Table 5 of Campbell 2016. I interpreted the context identification numbers 

of each sample using a key supplied by Campbell (personal communication, 16 May 

2018). 

 

Urquharts Bay 2017 

Assemblage Context: Feature 2, an intact 7 to 12 cm thick shell-bearing deposit. 

Recovery Methods: 10 L bulk samples were collected from every excavated 

square and sieved through 3 mm mesh in the lab (Campbell and Trilford 2019:5, 11). 

Identification Methods: Campbell identified fish remains using the same element 

set as described for Urquharts Bay 2012 (Campbell and Trilford 2019:11). 

Abundance Data: Taxonomic abundances were reported with NISP in Table 3 of 

Campbell and Trilford 2019. 

8. Bream Tail (R08/132) 

Site Description: Shell-bearing deposits on a dune overlooking the north end of 

the open beach to the north of the Mangawhai cliffs. The site was excavated in January 

2006 by Bickler et al. (2007:3, 7–8) who used a digger to scrape away topsoil and the 

compressed clay fill of a constructed farm track, exposing a wide area of burnt shell 

deposits and numerous postholes and cooking features. The excavators inferred this 

dune was initially the site of several small shelters and cooking areas, and that there 

was a second phase of activity that resulted in the creation of thick, shell-bearing 

deposits and numerous firescoops associated with marine resource production (Bickler 

et al. 2007:17–18).  

Chronology: A single marine shell sample from a cockle-filled firescoop (Feature 

7) was radiocarbon dated from this site (Bickler et al. 2007:Figure 27). The species of 

shellfish and δ13C measurements were not reported and it is unclear if this sample is 

associated with marine, terrestrial, or a mix of radiocarbon reservoirs. Based on the 

context, I assume this shell comes from a cockle (Austrovenus stutchburyi) and 

recalibrated the date with the Marine13 calibration curve (Reimer et al. 2013). I use this 

age range for this upper assemblage’s start and end dates. 
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Table B8. Calibrated radiocarbon date from Bream Tail. 

Deposit 
Sample 
Number 

Material Type CRA (BP) 
Date Range 

(cal CE) 
Confidence (%) 

Feature 7 Wk-19026 shell 677 ± 35 1480 – 1721 95.4 

 

Bream Tail 

Assemblage Context: A total of 11 bulk samples were collected for analysis: two 

bags from the upper shell deposits (Bulk Sample A), four bags from the fill of firescoop 

features (Features 2, 3, 5, 59), and four bags from the fill of three postholes (one bag 

each from Features 9, 18, and 27, two bags from Feature 61 (a posthole underneath a 

firescoop). All these samples except for Feature 18 contained fishbone. Based on Bickler 

et al.’s (2007:18) assumption that these features represent a single phase of activity 

associated with the radiocarbon dated firescoop (Feature 7), I treated the fishbone from 

all of these samples as a single assemblage. 

It is important to note there is some uncertainty about whether some of the 

analysed material comes from Feature 5 or Feature 7. Details from the shellfish and 

fishbone analysis in the text of this report indicate that Feature 5 was bulk sampled and 

analysed (Bickler et al. 2007:12, Table 1, Table 2, Table 3), but an Appendix indicates 

that Feature 5 contained no fishbone and that it was not sampled (Bickler et al. 

2007:32). Instead, the Appendix lists radiocarbon dated Feature 7 as a firescoop 

containing fishbone that was bulk sampled. This is not reflected anywhere in the text. It 

is unclear whether the details in the Appendix are incorrect, or if the analysed sample 

attributed to Feature 5 actually derives from Feature 7. Alternatively, it is possible that 

the radiocarbon dated shell sample was collected from Feature 5. 

Recovery Methods: The bulk samples were sieved through 1 mm mesh and then 

sorted by Jennifer Low (Bickler et al. 2007:9). 

Identification Methods: Fishbone was identified by Vanessa Tanner, but the 

identification methods have not been reported. 

Abundance Data: Taxonomic abundances were only reported using MNI 

estimates aggregated at the feature-level (Bickler et al. 2007:Table 3). 
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9. Mangawhai Sandspit (R08/30) 

Site Description: A sand-capped deposit of shell in a dune system overlooking the 

open beaches of Mangawhai Sandspit on the east coast of Northland. Three 1 x 1 m units 

were excavated by hand at this site in 1978, and individual lenses of shell-bearing 

deposits were sampled, sieved with 2 mm mesh, and then partially sorted and analysed 

(Pearce 2001:295–296). Excavators recorded four distinct layers in every excavation 

unit: Layer 1, a deposit of sand and shell; Layer 2, grey to black sand and shell with 

lenses of sterile sand; Layer 3, grey sand with charcoal flecks; and Layer 4, sand with 

lenses of fishbone, charcoal, and shell over sterile sand. One possible hāngī was 

identified in the northern most excavation unit, but no other features or finds have been 

reported from these deposits. 

Hawkins (2001) reported fishbone identifications from the Centre Unit and the 

Southern Unit at the site level and for individual lenses of cultural material in each 

square. I aggregated these results for each layer, but unfortunately the assemblages 

from Layers 1 and 2 did not meet my minimum sample size requirements so they are 

not considered further. 

Chronology: Two shell samples from the Southern unit were submitted for 

radiocarbon dating: one from Layer 4 and another from Layer 1. I created a Sequence 

model with two sequential phases to represent these two layers. Both the model 

(113.5% agreement index) and the individual dates have very high agreement. I used 

the modelled age range of the radiocarbon date from Layer 4 for the start and end dates 

of this assemblage. Because Layer 3 hasn’t been directly dated, I used the earliest age 

from Layer 4’s end boundary (1462-1657 CE at 95.4% probability) for the start date of 

the Layer 3 assemblage, and the latest age from Layer 1’s start boundary (1491–1693 CE 

at 95.4% probability) for its end date. 

Table B9. Radiocarbon dates from Mangawhai Sandspit. 

Deposit 
Sample 
Number 

Material Type 
CRA 
(BP) 

Modelled 
Range (cal CE) 

Conf. 
(%) 

A Index 
(%) 

Layer 1 NZ-4244 shell, Paphies subtriangulata 675 ± 32 1503 – 1716 95.4 104.6 

Layer 4 NZ-4243 shell, Austrovenus stutchburyi 776 ± 40 1445 – 1639 95.4 105.6 
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Figure B7. Modelled radiocarbon dates with 95% confidence intervals from Mangawhai 
Sandspit. 

 

Mangawhai Sandspit L3 

Assemblage Context: Layer 3 of the Centre and Southern excavation units, which 

consisted of several shell and bone lenses in grey sand with charcoal flecks. 

Recovery Methods: Samples from individual lenses were sieved through 2 mm 

mesh for analysis (Pearce 2001:294). 

Identification Methods: Hawkins (2001:305) identified fishbone samples 

following the methods of Leach (1986), the University of Auckland reference collection, 

and Leach’s (1997) illustrated guide to identifications. In addition to dentary, 

premaxilla, maxilla, articular, and quadrate, Hawkins identified carangid scutes and 

snapper teeth, but they were not quantified. 

Abundance Data: Taxonomic abundances were reported using NISP, MNE, and 

MNI in Table 2 of Hawkins 2001, where MNE and MNI were estimated for individual 

sub-strata of each excavation unit. 
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Mangawhai Sandspit L4 

Assemblage Context: Layer 4 of the Centre and Southern excavation units, which 

consisted of fishbone, charcoal, and shell lenses in a sandy matrix. 

Recovery Methods: This assemblage was recovered using the same methods as 

described for Mangawhai Sandspit L3 

Identification Methods: This assemblage was identified using the same methods 

as described for Mangawhai Sandspit L3. 

Abundance Data: Taxonomic abundances were quantified using the same 

methods and recorded from the same source as described for Mangawhai Sandspit L3. 

10. Harataonga East (T08/4) 

Site Description: Harataonga East is one of two shell-bearing deposits in the 

dunes overlooking the open beach of Harataonga Bay and adjacent to the pā site T08/3 

on the east coast of Aotea/Great Barrier Island. It has been investigated at least twice, 

once under the supervision of Green in 1962 (Law 1972) and once under the 

supervision of Sutton in the summer of 1999-2000 (Allen 2014). 

In the 1962 season, eight and a half 2 x 2 m excavation units were opened, and 

excavators identified five stratigraphic layers (Law 1972:104–106). Layer 1 consisted of 

a homogenous mixture of grey sand, rock, charcoal, shell and bone from the dune 

surface to 40 cm depth, with numerous oven features and postholes cut into underlying 

sterile white sand (Layer 5). Layer 2 consisted of a single oven feature filled with 

charcoal and burnt shell, and Layer 3 was a narrow lens of white sand with small 

amounts of charcoal that was restricted to excavation Row 5. Layer 4 was the lowest 

cultural deposit and consisted of a thin lens of black sand and fishbone. Layer 5, the 

natural beach sand deposits, lay under all these deposits and was found directly 

underneath Layer 1 in most areas. A few obsidian flakes and a single piece of worked 

seal bone were collected by excavators, and Law (1972:110) interpreted the row of 

postholes associated with Layer 1 as a windbreak. 

The 1999-2000 excavations opened three excavation units that covered a total 

area of 4.6 m2 and only identified a single cultural layer – Layer 2, a homogenous 

deposit of bone and shell with some areas of intercutting fire features (Allen 2014:25). 

Although the fishbone recovered by these two seasons represent essentially the 

same phase of site activity, I treat these as separate assemblages due to differences in 
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the recovery methods that were used to collect animal remains during each excavation, 

and in how taxonomic abundances were quantified. 

Chronology: Two charcoal samples were radiocarbon dated from the 1962 

excavations (Law 1972:48), but slightly different details were recorded for these dates 

in the New Zealand Radiocarbon Database; I used the radiocarbon dates as reported in 

the database. A further nine charcoal samples and 13 shell samples were radiocarbon 

dated from the corresponding cultural deposits from the 1999-2000 excavations in an 

unpublished manuscript (Jones n.d.).  

I modelled all these dates as a single phase using a Bayesian Sequence model in 

OxCal. Initially, there was very poor agreement between the modelled dates because 

five samples had agreement indices below 60%. One sample was much younger than 

the other dates and extends into the modern period (Wk-11708 with 54% agreement), 

and four samples were much older than the other dates (Wk-11517 with 47%, Wk-

11537 with 24%, Wk-11540 with 48%, and Wk-11703 with 55%). When these 

anomalous dates are removed the agreement indices of the modelled dates are 

extremely high for all but one sample that is slightly younger than the others, but still 

within the acceptable range of agreement (Wk-11709 with 68%). I used the earliest and 

latest modelled age ranges for the start and end dates for both Harataonga East 

fishbone assemblages. 
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Table B10. Radiocarbon dates from Harataonga East. 

Deposit 
Sample 
Number 

Material Type CRA (BP) 
Modelled 

Range (cal CE) 
Conf. 
(%) 

A Index 
(%) 

Layer 1 NZ-1891 charcoal 205 ± 57 1668 – 1814 95.4 125.0 

Layer 1, hāngī NZ-1892 charcoal 236 ± 57 1667 – 1810 95.4 138.2 

TP6 Layer 2 Wk-11701 charcoal, kanuka, 
akeake 

221 ± 42 1668 – 1809 95.4 131.2 

TP6 Layer 2 Wk-11702 charcoal, pohutakawa 181 ± 42 1671 – 1815 95.4 97.4 

TP6 Layer 2 Wk-11703* charcoal, pohutakawa, 
some Pittosporum 

298 ± 43 1498 – 1799* 95.4 n/a 

TP6 Layer 2 Wk-11704 charcoal, pohutakawa, 
kanuka, manuka, 
Oleria, Pittosporum 

179 ± 43 1671 – 1815 95.4 94.5 

TP6 Layer 2 Wk-11705 charcoal, kanuka 220 ± 43 1668 – 1810 95.4 132.0 

TP4 Layer 2 Wk-11706 charcoal, pohutakawa, 
mahoe 

262 ± 42 1668 – 1805 95.4 105.4 

TP4 Layer 2 Wk-11707 charcoal, pohutakawa 243 ± 42 1669 – 1805 95.4 120.7 

TP11 Layer 2 Wk-11708* charcoal, pohutakawa, 
some Hebe 

119 ± 42 1680 – 1950* 95.4 n/a 

TP11 Layer 2 Wk-11709 charcoal, 
pohutukawa, some 
Pittosporum, mahoe, 
manuka 

159 ± 45 1673 – 1818 95.4 68.1 

TP11 Layer 2 Wk-11710 charcoal, kanuka, 
manuka 

201 ± 43 1669 – 1813 95.4 124.8 

TP4 Layer 2 Wk-11517* shell, Turbo smaragda 
(operculum) 

683 ± 68 1464 – 1808* 95.4 n/a 

TP4 Layer 2 Wk-11518 shell, Paphies 
subtriangulata 

569 ± 51 1670 – 1815 95.4 125.2 

TP4 Layer 2 Wk-11520 shell, Nerita 
atramentosa 

576 ± 67 1670 – 1816 95.4 126.9 

TP4 Layer 2 Wk-11521 shell, Turbo smaragda 549 ± 54 1670 – 1818 95.4 125.5 

TP4 Layer 2 Wk-11522 shell, Turbo smaragda 533 ± 38 1671 – 1820 95.4 121.8 

TP4 Layer 2 Wk-11523 shell, Nerita 
atramentosa 

498 ± 80 1670 – 1821 95.4 107.5 

TP11 Layer 2 Wk-11535 shell, Turbo smaragda 599 ± 69 1669 – 1815 95.4 117.7 

TP11 Layer 2 Wk-11536 shell, Turbo smaragda 536 ± 60 1670 – 1820 95.4 122.6 

TP11 Layer 2 Wk-11537* shell, Turbo smaragda 744 ± 79 1408 – 1800* 95.4 n/a 

TP11 Layer 2 Wk-11538 shell, Turbo smaragda 586 ± 53 1670 – 1815 95.4 120.5 

TP11 Layer 2 Wk-11539 shell, Turbo smaragda 519 ± 55 1671 – 1822 95.4 116.0 

TP11 Layer 2 Wk-11540* shell, Turbo smaragda 665 ± 68 1468 – 1827* 95.4 n/a 

TP11 Layer 2 Wk-11541 shell, Turbo smaragda 541 ± 42 1671 – 1820 95.4 123.5 

*Removed from Bayesian sequence model due to poor agreement, range reflects unmodelled date 
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Figure B8. Modelled radiocarbon dates (with 95% confidence) from Harataonga East. 



Supplementary Material S2 – Site Narrative Descriptions and Chronologies 

S2.33 
 

 

Figure B9. Unmodelled radiocarbon dates with 95% confidence intervals from 
Harataonga East with low agreement. 

Harataonga East 1962 

Assemblage Context: Shell-bearing deposits on a dune ridge with ovens, 

postholes, and little stratigraphy. 

Recovery Methods: All shell- and bone-bearing deposits from six of the eight and 

a half excavation squares were sampled using 6.3 mm mesh sieves (Law 1972:106). 

Identification Methods: Fishbone was identified by Leach, but besides noting that 

leatherjackets were identified from dorsal spines (Law 1972) the identification methods 

have not been described for this assemblage. Because this analysis may have predated 

the standardized identification protocols established by Anderson (1973), Leach 

(1976), and Davidson (Leach and Davidson 1977), it is unclear which elements Leach 

may have identified. 

Abundance Data: Taxonomic abundances were quantified and reported using 

NISP in Table 9 of Law 1972. Notably, Leach (2006:Appendix 1) reported these same 

values as MNI data, but Law (1972:109) notes the MNI for leatherjacket in the text of his 

report, demonstrating that the data in Table 9 are in fact NISP counts. 

 

Harataonga East 2000 

Assemblage Context: Shell- and bone-bearing deposits on a dune ridge with some 

fire features. 

Recovery Methods: Bulk samples were collected from each excavation unit and 

sieved with nested 6.7, 3.2, and 2 mm mesh in the laboratory (Allen 2014:25). 
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Identification Methods: Fishbone was identified by Allen (2014:25) using the 

University of Auckland zooarchaeological reference collection, Leach’s (1997) 

illustrations, and the Te Papa Archaeozoology Laboratory reference collection. She 

analysed the five standard jaw elements and a number of ‘special bones,’ which included 

shark and ray teeth and vertebrae; squaliform and leatherjacket dorsal spines; arripid, 

carangid, and sparid otoliths; jack mackerel scutes; labrid pharyngeals; and sparid 

frontals (Allen 2014:27). 

Abundance Data: Taxonomic abundances were quantified and reported using 

three measures: total NISP, NISP of jaws alone (NISPjaw), and MNI, which was 

aggregated separately for each layer in each excavation unit and estimated from the 

most common side of the most abundant element, ignoring any possible size differences 

(Allen 2014:26). Allen (2014:29) also notes that leatherjacket MNI estimates were only 

calculated from the dorsal spine specimens with the proximal base of the element 

present. I recorded the NISP and MNI data from Table 4 of Allen 2014 for most taxa. 

However, I recorded the NISPjaw for jack mackerels instead of total NISP counts to 

remove carangid scutes from the abundance estimates as this element occurs in 

indeterminate frequencies in each individual and can potentially overexaggerate 

taxonomic abundances. 

11. Harataonga West (T08/5) 

Site Description: Harataonga West is the second of two shell-bearing deposits in 

the dunes overlooking the open beach of Harataonga Bay and adjacent to the pā site 

T08/3 on the east coast of Aotea/Great Barrier Island. It has been investigated three 

times; once under the supervision of Green and Spring-Rice in 1962, a second time by 

Law (1972) in 1969, and a third time the supervision of Douglas Sutton in the summer 

of 1999-2000 (Allen 2014). 

The 1962 excavations targeted an area of eroding shell deposits about 1 m above 

the tide line and opened three 2.5 x 2.5 m squares (Law 1972:83–84). The excavators 

identified three strata: an upper layer of shell-bearing deposits, an oven, and culturally 

deposited clay; a 20 cm thick layer of clean sand that separated the two cultural layers 

in some areas; and a lower layer of diffuse shell-bearing deposits. 

In 1969 Law (1972:84) excavated eight small test pits across an area of 

approximately 30 x 60 m, which included stone flake and charcoal concentrations, a 



Supplementary Material S2 – Site Narrative Descriptions and Chronologies 

S2.35 
 

single moa bone fishing lure shank, thirteen one-piece fishhooks, five unfinished hook 

fragments, bone awls and chisels, a bird spear, and polished stone flakes that may have 

been chipped from adzes (Law 1972:88). A human child burial was encountered in Pit 8 

(Law 1972:100). No fishbone was analysed from these excavations, and I do not 

consider them further. 

 The 1999-2000 excavations at this site opened a single 2 x 2 m square that was 

excavated in 50 x 50 cm quadrants and 2 cm spits (Allen 2014:25). The excavators 

identified three largely sterile dune building episodes above a single cultural deposit 

that contained fire features, artifacts, and animal remains. 

Although the fishbone recovered by the 1962 and 2000 excavation season 

represent essentially the same phase of site activity, I treat these as separate 

assemblages due to differences in the recovery methods that were used to collect 

animal remains during each excavation and differences in how taxonomic abundances 

were quantified.  

Chronology: Two charcoal and two shell samples from the dune sands above the 

cultural deposits (Layer 2) were radiocarbon dated along with a further four charcoal 

samples and nine shell samples from the shell-bearing, Layer 3 deposits (Jones n.d.). No 

samples from the 1962 excavations have been dated, but these deposits are assumed to 

be related to the same phase of site activity. 

I created a Sequence model with two contiguous phases to represent these two 

contiguous layers. Initially, there was poor agreement between the modelled dates due 

to two samples that had agreement indices below 60%. One sample was much younger 

than the other dates (Wk-11526 with 38% agreement), and another sample was much 

older than the other dates (NZA-12535). When these anomalous dates are removed the 

agreement indices of the modelled dates are extremely high for 12 samples, and the 

remaining three dates are slightly older than the other samples within each phase but 

are still within the acceptable range of agreement. I used the earliest and latest 

modelled age ranges of the Layer 3 phase for the start and end dates for both 

Harataonga West fishbone assemblages. 
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Table B11. Radiocarbon dates from Harataonga West. 

Deposit 
Sample 
Number 

Material Type CRA (BP) 
Modelled 

Range (cal CE) 
Conf. 
(%) 

A Index 
(%) 

TP1 Layer 2 NZA-12535* charcoal (short-lived 
material) 

626 ± 55 1295 – 1432* 95.4 n/a 

TP1 Layer 2 NZA-12591 charcoal (short-lived 
material) 

467 ± 60 1404 – 1510 95.4 124.8 

TP1 Layer 2 Wk-11525 shell, Turbo smaragda 871 ± 40 1406 – 1505 95.4 131.5 

TP1 Layer 2 Wk-11526* shell, Paphies australis 782 ± 46 1436 – 1658* 95.4 n/a 

TP1 Layer 3 Wk-8684 charcoal (short-lived 
material) 

640 ± 50 1345 – 1436 95.4 81.1 

TP1 Layer 3 Wk-8685 charcoal (short-lived 
material) 

650 ± 50 1343 – 1435 95.4 72.8 

TP1 Layer 3 Wk-8686 charcoal (short-lived 
material) 

520 ± 50 1391 – 1446 95.4 98.3 

TP1 Layer 3 Wk-8687 charcoal (short-lived 
material) 

550 ± 50 1388 – 1444 95.4 116.4 

TP1 Layer 3 Wk-11524 shell, Turbo smaragda 934 ± 77 1352 – 1448 95.4 132.8 

TP1 Layer 3 Wk-11527 shell, Paphies australis 896 ± 42 1365 – 1453 95.4 114.2 

TP1 Layer 3 Wk-11528 shell, Turbo smaragda 891 ± 57 1361 – 1452 95.4 116.4 

TP1 Layer 3 Wk-11529 shell, Turbo smaragda 1003 ± 62 1344 – 1443 95.4 108.0 

TP1 Layer 3 Wk-11530 shell, Austrovenus 
stutchburyi 

1076 ± 71 1335 – 1440 95.4 70.3 

TP1 Layer 3 Wk-11531 shell, Turbo smaragda 1036 ± 69 1342 – 1442 95.4 95.4 

TP1 Layer 3 Wk-11532 shell, Turbo smaragda 916 ± 39 1359 – 1450 95.4 124.8 

TP1 Layer 3 Wk-11533 shell, Turbo smaragda 892 ± 69 1359 – 1451 95.4 121.8 

TP1 Layer 3 Wk-11534 shell, Turbo smaragda 958 ± 39 1349 – 1444 95.4 121.2 

*Removed from Bayesian sequence model due to poor agreement, range reflects unmodelled date 
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Figure B10. Modelled radiocarbon dates with 95% confidence intervals from 
Harataonga West. 
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Harataonga West 1962 

Assemblage Context: Shell-bearing deposits and an oven feature in partially 

stratified dune sands. 

Recovery Methods: The recovery methods used to collect animal remains during 

the 1962 excavations have not been reported, but Allen (2014) assumes the excavators 

used the same methods as at Harataonga East where shell-bearing deposits were sieved 

with 6.3 mm mesh. 

Identification Methods: This assemblage was originally analysed by Brett 

Stephenson (Law 1972), but very different results were reported for the same materials 

by Leach and Boocock (1993). No details have been published about the methods used 

for either analysis, and it is not clear who carried out the reanalysis. However, because 

the Harataonga East 1962 fishbone was analysed by Leach, it is possible that these 

remains were also analysed by Leach, and their inclusion in Leach and Boocock (1993) 

indicates that would have been analysed following Leach’s (1986) protocols. 

Abundance Data: The results of the reanalysis have only been reported using 

MNI estimates (Leach and Boocock 1993:Table 26). Allen (2014) uses results that are 

identical to those in Leach and Boocock, except she also included Allomycterus 

jaculiferus with MNI 1 as reported by Law but not by Leach and Boocock. I decided to 

use the data reported by Allen (2014:Table 7). 

 

Harataonga West 2000 

Assemblage Context: Layer 3 – a shell- and bone-bearing deposit with fire 

features and artifacts underneath three layers of dune sand. 

Recovery Methods: One bulk sample was collected from the test pit and sieved 

with nested 6.7, 3.2, and 2 mm mesh in the laboratory (Allen 2014:25). 

Identification Methods: Fishbone from this assemblage was analysed using the 

same identification methods as described for Harataonga East 2000. 

Abundance Data: Taxonomic abundances were quantified using the same 

methods and recorded from the same source as described for Harataonga East 2000. 

12. OM 219 

Site Description: Several large deposits of shell, charcoal, and backfilled storage 

pits in between large sand dunes on the east side of Omaha Sandspit near the open 
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beach of Omaha Bay and adjacent to R09/887, on the east coast of Auckland Region. 

This site was excavated by Clough & Associates in 2002 and then completely destroyed 

by earthworks for a housing development (Bickler et al. 2003), so it was not assigned an 

NZAA number and it is not recorded in ArchSite. Two trenches were excavated north-

south and east-west through the centre of the site, and a negative test trench was 

excavated 10 m to the west to confirm the extent of archaeological deposits (Bickler et 

al. 2003:89–90). The excavators identified five features in Trenches 1 and 2, which all 

consisted of pipi shell deposits with varying densities of animal remains and charcoal. 

Four bulk samples were collected from Features 1, 2, and 5, and then analysed 

together as a single assemblage. 

Chronology: Two shell samples were submitted for radiocarbon dating from 

Features 1 and 5 (Bickler et al. 2003: Tables 25 and 26). Bickler et al. (2003) note that 

Feature 1 was deposited before Feature 5, but there is no direct stratigraphic 

relationship between these deposits, making this determination unclear. I decided to 

create a Sequence model with a single phase, which is consistent with the decision to 

lump all the fishbone together into a single assemblage. The modelled dates have very 

high agreement with one another. I use the earliest and latest date ranges for the start 

and end dates of the assemblage.  

Table B12. Radiocarbon dates from OM 219. 

Deposit 
Sample 
Number 

Material Type 
CRA 
(BP) 

Modelled 
Range (cal CE) 

Conf. 
(%) 

A Index 
(%) 

Feature 2 Wk-12103 shell, Paphies australis 818 ± 43 1422 – 1638 95.4 100.7 

Feature 5 Wk-12104 shell, Paphies australis 800 ± 43 1429 – 1642 95.4 102.3 
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Figure B11. Modelled radiocarbon dates with 95% confidence intervals from OM 219. 

OM 219 

Assemblage Context: Four bulk samples collected from three concentrations of 

pipi shell deposits: Feature 1 (3 x 6 x 0.75 m), Feature 2 (3.5 x 3.5 x 0.8 m), and Feature 

5 (6 x 6 x 0.7 m).  

Recovery Methods: Bulk samples were collected from selected features and then 

dry-sieved through 5 mm and 2.5 mm mesh, but except for a few fish vertebrae all of the 

2.5 mm fraction was discarded prior to analysis (Bickler et al. 2003:134). 

Identification Methods: Campbell analysed the fishbone from the bulk samples 

using Leach’s (1997) identification protocols and the University of Auckland reference 

collection (Bickler et al. 2003:133). 

Abundance Data: Taxonomic abundances were quantified using NISP and MNI 

and reported in Table 23 of Bickler et al. 2003. Notably, Jack mackerel scutes were also 

counted along with other specimens, and MNI was estimated for each sample bag and 

then summed (Bickler et al. 2003:133). 

13. R09/887 

Site Description: A large area of shell deposits and oven features actively eroding 

in large sand dunes on the east side of Omaha Sandspit near the open beach of Omaha 

Bay and adjacent to OM 219, on the east coast of Auckland Region. This site was 

damaged by heavy machinery in 2001, exposing five large shell deposits that were 

investigated by Clough & Associates in 2002 to evaluate the extent of this damage 
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(Bickler et al. 2003). After recording surface features, a backhoe was used to expose the 

full extent of the archaeological features and completely excavate these deposits. 

Targeted areas were also sampled with 19 0.5 x 0.5 m test pits that were excavated in 5 

cm spits, revealing variable densities of charcoal, pipi shell, and oven features with no 

substantial stratigraphy (Bickler et al. 2003:64–69).  

Chronology: Two shell samples were submitted for radiocarbon dating from Test 

Pit 19 (Bickler et al. 2003: Tables 26). Although these two samples came from different 

excavation spits, I created a Sequence model with a single phase as they both represent 

essentially the same stratigraphic deposit. The modelled dates have very high 

agreement with one another. I use the earliest and latest date ranges for the start and 

end dates of the assemblage.  

Table B13. Radiocarbon dates from R09/887. 

Deposit 
Sample 
Number 

Material 
Type 

CRA 
(BP) 

Modelled 
Range (cal CE) 

Confidence 
(%) 

Agreement 
Index (%) 

TP 19 Spit 3 Wk-11437 shell 730 ± 48 1469 – 1676 95.4 103.4 

TP 19 Spit 5 Wk-11438 shell 740 ± 48 1465 – 1672 95.4 103.2 

 

 

Figure B12. Modelled radiocarbon dates with 95% confidence intervals from R09/887. 

R09/887 

Assemblage Context: Bulk samples from a single layer of shell and charcoal 

represented in Test Pit 1 and 2 (in Midden 1, a dense area of pipi shell) and Test Pits 18 
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and 19 (Midden 5, a dense concentration of shell and fishbone), plus samples of dense 

bulk fishbone deposits observed in backhoe trenches. 

Recovery Methods: Fish remains were recovered using three kinds of bulk 

samples (Bickler et al. 2003:137). First, 5 L samples were collected from every 5 cm spit 

in Test Pits 1, 18, and 19, then sieved with 5 mm mesh and sorted. Second, dense 

concentrations of fishbone were sampled separately from Test Pits 2 and 19. Third, four 

5 L samples were also collected from dense concentrations of fishbone observed in 

backhoe trenches. The latter two sample types were sieved through 1 mm mesh to 

recover smaller elements and smaller species.  

Identification Methods: Campbell analysed the fishbone from the bulk samples 

using Leach’s (1997) identification protocols and the University of Auckland reference 

collection (Bickler et al. 2003:137). 

Abundance Data: Taxonomic abundances were quantified using NISP and MNI 

and reported in Table 21 of Bickler et al. 2003. 

14. Sandy Bay Rockshelter (R09/25) 

Site Description: I provide a description of this site and its excavation history in 

Chapter 5.  

Chronology: One shell sample was submitted for radiocarbon dating (Brassey 

2010:259). I recalibrated the date and I use this age range for this assemblage’s start 

and end dates. 

Table B14. Radiocarbon date from Sandy Bay Rockshelter. 

Deposit 
Sample 
Number 

Material Type 
CRA 
(BP) 

Date Range 
(cal CE) 

Conf. 
(%) 

charcoal-
stained layer 

Wk-8746 shell, Austrovenus stutchburyi 630 ± 50 1506 – 1850 95.4 

 

Sandy Bay Rockshelter 

Assemblage Context: A 20cm deposit of unstratified roof fall and fire cracked 

rock, pebbles, pumice, shell, charcoal, and fishbone in a sandy matrix. 

Methods: The recovery, identification, and quantification methods used for this 

assemblage are reported in Chapter 5. 
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15. Martins Bay (R09/2023) 

Site Description: An extensive area of shell deposits, oven features, and postholes 

on the edge of the foreshore at the open beach of Martins Bay, near the northeast corner 

of Mahurangi Peninsula on the east coast of Auckland region. The site was identified 

during a wastewater construction program, and then archaeological monitoring and 

excavation were conducted in December 2006 to mitigate further impacts to the site 

(Hawkins 2008a). Ultimately, two separate areas of archaeological deposits were 

identified, which both had a layer of dark, charcoal stained sand, oven features, and 

occasional patches of dense shell and fishbone deposits (Layer D) under 50 cm of beach 

sand (Layers A, B, and C). Three postholes were also identified in Area 2, which was 

excavated as an 11 x 1 m trench. 

Midden samples were collected from both areas. Because the stratigraphy and 

radiocarbon dates from both excavation areas are so similar, I aggregated all samples 

from this site into a single assemblage. 

Chronology: One shell sample from solitary features was submitted for 

radiocarbon dating from each of the excavation areas (Hawkins 2008a:21–22). Based on 

the similarities in stratigraphy of these deposits, and in the conventional radiocarbon 

ages of these dates, I created a Sequence model with a single phase based on the 

assumption that these materials were all deposited around the same time.  

Table B15. Radiocarbon dates from Martins Bay. 

Deposit 
Sample 
Number 

Material Type 
CRA 
(BP) 

Modelled 
Range (cal CE) 

Conf. 
(%) 

A Index 
(%) 

Area 2 Feature 6 
shell deposit 

Wk-23511 shell, Nerita 
atramentosa 

816 ± 44 1420 – 1640 95.4 101.0 

Area 1 Feature 2 
oven 

Wk-23512 shell, Paphies 
subtriangulata 

803 ± 46 1424 – 1644 95.4 102.5 
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Figure B13. Modelled radiocarbon dates with 95% confidence intervals from Martins 
Bay. 

Martins Bay 

Assemblage Context: Three midden samples from three contemporaneous 

cultural deposits: Sample 1, a dense patch of fishbone in Area 1; Sample 2, an oven 

feature in Area 1; and a grab sample from Feature 6, a shell deposit in Area 2.  

Recovery Methods: Samples were collected unsystematically as bulk ‘grab’ 

samples, which were later wet-sieved through 2 mm mesh in the laboratory (Hawkins 

2008a:12, 23). 

Identification Methods: Hawkins (Hawkins 2008a:23) sorted bone specimens 

from shell samples and identified them to the lowest taxonomic level possible using the 

University of Auckland reference collection and Leach’s (1997) illustrated guide. 

Hawkins analysed five paired jaw bones and a few ‘special bones.’ 

Taxonomic Abundances: Taxonomic abundances were reported using NISP, 

MNE, and MNI in Table 6.3 of Hawkins 2008. MNE and MNI were estimated at the 

feature level.  

16. Orokarakara (R10/771) 

Site Description: A shell-deposit and the historic Puhoi Cottage on a sand terrace 

at the base of a headland at the mouth of the Puhoi River. A 12 m2 area was hand 

excavated by members of the Auckland Council Heritage Unit from November to 
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December 2011 to mitigate the installation of a septic tank for the cottage (Turner et al. 

2014).  

Turner et al. (2014:10) identified three phases of site activity from these 

investigations. The first Māori occupation was observed in Layer 3, which included 

cooking features and the postholes of a small shelter. Above this, in Layer 2, the second 

Māori occupation was represented by further cooking features, charcoal-stained soils, 

dense deposits of pipi shell with concentrations of fish and dog bone, and fire cracked 

rocks. Some artifacts were recovered from Layer 2, including obsidian and adze flakes, 

grinding stones and files, and a net sinker (Turner et al. 2014:54). The remains of 

several rock walls – several of which formed a small (roughly 1 x 1 m) c-shaped 

enclosure – were also found on top of the pipi shell deposits (Turner et al. 2014:50–52). 

The most recent deposits (Layer 3) contained a rich assemblage of European-

manufactured artifacts, domestic bone, and some endemic fish and bird bone that were 

likely discarded by the Schischka family, who intermittently inhabited a holiday cottage 

on the site from the 1880s.  

Fishbone from Layers 1 and 2 has been analysed along with fish remains from a 

disturbed deposit of mixed Layer 1 and 2 materials. Because the fishes in Layer 1 were 

likely not captured by Māori fishers, I exclude the Layer 1 and Layer 1/2 assemblages 

from consideration. 

Chronology: Three shell samples from Layer 2 were submitted for radiocarbon 

dating (Turner et al. 2014: Appendix L). I created a Sequence model with one phase. 

This model has high agreement indices for each date. I use the earliest and latest age 

ranges for the start and end dates of this assemblage. 

Table B16. Radiocarbon dates from Orokarakara. 

Deposit 
Sample 
Number 

Material Type 
CRA 
(BP) 

Modelled 
Range (cal CE) 

Conf. 
(%) 

A Index 
(%) 

Layer 2 Wk-36228 shell, Paphies australis 781 ± 27 1440 – 1636 95.4 103.0 

Layer 2 Wk-36229 shell, Paphies australis 829 ± 32 1425 – 1624 95.4 98.2 

Layer 2 Wk-36230 shell, Paphies australis 835 ± 32 1424 – 1620 95.4 96.5 

 



Nims – 2021 

S2.46 
 

 

Figure B14. Modelled radiocarbon dates with 95% confidence intervals from 
Orokarakara. 

Orokarakara L2 

Assemblage Context: Layer 2, a phase of site deposits containing cooking 

features, charcoal-stained soils, dense deposits of pipi shell with concentrations of fish 

and dog bone, and fire cracked rocks, underneath a stone structure. 

Recovery Methods: Recovery methods used to collect fishbone have not been 

described. 

Identification Methods: Hawkins (2014:99) identified the fishbone in this 

assemblage using other archaeological samples that were themselves identified using 

the University of Auckland reference collection and Leach’s (1997) illustrated guide. 

Further details about the identification protocols or element set used for analysis have 

not been reported for this assemblage. 

Abundance Data: Taxonomic abundances were reported using NISP in the Table 

on page 102 of Hawkins 2014.  

17. Tiritiri Matangi Wharf (R10/279) 

Site Description: I provide a description of this site and its excavation history in 

Chapter 5.  

Chronology: Four charcoal samples from Layers 3, 5, and 7a, and one shell 

sample from Layer 7a, were submitted for radiocarbon dating. Obsidian hydration dates 
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were also collected from 10 samples (Robert Brassey, personal communication, 11 July 

2018), but in the absence of information about the methods and materials used for this 

analysis I exclude these data from consideration. 

I created a Sequence model with three sequential phases to represent these 

three layers, and all five dates have very high agreement. The modelled date for Wk-

5869 has several age ranges in the 95% probability range, but I focus on the highest 

probability range for this sample. I use the earliest and latest age ranges from each 

phase as the start and end dates of the associated fishbone assemblage. 

Table B17. Radiocarbon dates from Tiritiri Matangi Wharf 

Deposit 
Sample 
Number 

Material Type 
CRA 
(BP) 

Modelled 
Range (cal CE) 

Conf. 
(%) 

A Index 
(%) 

Layer 3 Wk-5868 charcoal 390 ± 40 1458 – 1619 95.4 103.0 

Layer 5 Wk-5803 charcoal 390 ± 50 1448 – 1558 95.4 105.8 

Layer 5 Wk-5869 charcoal 450 ± 40 1447 – 1522 92.6 110.0 

Layer 7a Wk-5802 shell, Tucetona laticostata 870 ± 50 1425 – 1500 95.4 144.8 

Layer 7a Wk-5867 charcoal 440 ± 40 1433 – 1498 95.4 128.8 
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Figure B15. Modelled radiocarbon dates with 95% confidence intervals from Tiritiri 
Matangi Wharf. 

Tiritiri Matangi Wharf L3 

Assemblage Context: Oven features in Layer 3, the latest cultural deposits with 

fish remains at the site. 

Methods: The recovery, identification, and quantification methods used for this 

assemblage are reported in Chapter 5. 

 

Tiritiri Matangi Wharf L5 

Assemblage Context: Oven features in Layer 5, the middle cultural deposits with 

charcoal concentrations, firescoops, and three potential postholes. 
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Methods: The recovery, identification, and quantification methods used for this 

assemblage are reported in Chapter 5. 

 

Tiritiri Matangi Wharf L7a 

Assemblage Context: Layer 7a, the earliest cultural layer, a deposit of beach 

gravel containing concentrations of charcoal, artifacts, and animal remains. 

Methods: The recovery, identification, and quantification methods used for this 

assemblage are reported in Chapter 5. 

18. Long Bay (R10/1374) 

Site Description: I provide a description of this site and its excavation history in 

Chapter 5. 

Chronology: Samples of charcoal, shell, and/or fishbone were radiocarbon dated 

from every cultural phase, and, with the approval of tangata whenua, from a human 

skeleton (Phase 13) that was buried after Phase 12. Based on Petchey’s isotopic analysis 

of this person’s diet (Wk-45309: -15.43‰δ13C and +17.02 ‰δ15N), the radiocarbon 

date from the calcified human lymph node calibrated using a mixed calibration curve 

that is 60% Marine13 and 40% ShCal13 (Campbell et al. 2019a: Table 1).  

Campbell et al. (2019b: Table 3.1) used a Sequence model with sequential 

boundaries between most phases, and one contiguous boundary between Phases 4 and 

5, which were not stratigraphically separated by clean dune sand. They excluded the 

Phase 13 human sample from this model because the deposits in this phase were not 

clearly part of the same stratigraphic sequence (Campbell et al. 2019b:39). I recreated 

the same model in OxCal and obtained identical results with very high overall 

agreement (209.3% agreement index for the model). Only one date has relatively poor 

agreement (Wk-45300 with 65.5% agreement) because it is younger than the other 

dates from Phase 1. I used the earliest and latest age ranges of each Phase as the start 

and end dates of each assemblage. 
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Table B18. Radiocarbon dates from Long Bay. 

Deposit 
Sample 
Number 

Material Type CRA (BP) 
Modelled 

Range (cal CE) 
Conf. 
(%) 

A Index 
(%) 

Phase 1 Wk-45299 charcoal (twigs) 519 ±18 1423 – 1454 95.4 97.8 

Phase 1 Wk-45300 shell, Paphies 
subtriangulata 

826 ±19 1423 – 1455 95.4 65.5 

Phase 1 Wk-45301 fishbone, 
Chrysophrys auratus 

902 ±15 1421 – 1455 95.4 153.1 

Phase 4 Wk-45302 shell 869 ±19 1432 – 1463 95.4 147.7 

Phase 5 Wk-45303 shell 853 ±19 1436 – 1468 95.4 139.4 

Phase 7 Wk-45304 shell 845 ±19 1443 – 1477 95.4 143.4 

Phase 10 Wk-45305 shell 842 ±19 1449 – 1486 95.4 146.1 

Phase 12 Wk-45306 charcoal (twigs) 421 ±15 1455 – 1496 95.4 117.3 

Phase 12 Wk-45307 shell, Paphies 
subtriangulata 

872 ±18 1454 – 1496 95.4 115.8 

Phase 12 Wk-45308 fishbone, 
Chrysophrys auratus 

851 ±18 1454 – 1497 95.4 137.1 

Phase 13 Wk-45309* calcified human 
lymph node 

430 ±15 1656 – 1815* 95.4 n/a  

*Excluded from Bayesian sequence model due to uncertainty of the stratigraphic sequence, 
range reflects unmodelled date 
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Figure B16. Modelled radiocarbon dates with 95% confidence intervals from Long Bay. 
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Long Bay Phase 1 

Assemblage Context: Deposits from a 7 x 5 m excavation area with yellow-grey 

sand, shell deposits, bone, obsidian artifacts, dog coprolites, fire cracked rock, charcoal, 

and one fishhook point. 

Methods: The recovery, identification, and quantification methods used for this 

assemblage are reported in Chapter 5. 

 

Long Bay Phase 4 

Assemblage Context: This Phase had the most extensive deposits in a yellow-

brown to dark brown, charcoal stained sand. Finds included tuatua shell deposits, bone, 

charcoal concentrations, obsidian and chert flakes, a moa bone fishhook, shell hook 

points, abraders, and a broken adze. 

Methods: The recovery, identification, and quantification methods used for this 

assemblage are reported in Chapter 5. 

 

Long Bay Phase 5 

Assemblage Context: Lighter sand matrix than Phase 4 with dense tuatua shell 

deposits. In some places, separated from Phase 4 by clean sand.  

Methods: The recovery, identification, and quantification methods used for this 

assemblage are reported in Chapter 5. 

 

Long Bay Phase 7 

Assemblage Context: Grey-brown sand matrix with sparse tuatua shell deposits, 

except for some dense shell patches. Finds include bird and fishbone, obsidian flakes, 

dog coprolites, charcoal, fire cracked rock, a bone fishhook, shell hook points, a trolling 

lure shank, a small chisel, and an adze.  

Methods: The recovery, identification, and quantification methods used for this 

assemblage are reported in Chapter 5. 

 

Long Bay Phase 10 

Assemblage Context: Generally hard to distinguish from Phase 7, but separated 

from that deposit in some places by clean, grey-brown sand of Phase 8. Contained 
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sparse charcoal, fishbone, some shell and fire cracked rock, four shell hook points, and 

some human remains. 

Methods: The recovery, identification, and quantification methods used for this 

assemblage are reported in Chapter 5. 

 

Long Bay Phase 12 

Assemblage Context: Homogenous grey-brown sand with flecks of charcoal, 

small fire cracked rocks, bone, obsidian, fragmented human bone, and two firescoop 

features. 

Methods: The recovery, identification, and quantification methods used for this 

assemblage are reported in Chapter 5. 

19. Ororopupu (R10/26) 

Site Description: Also known as Station Bay Pā, this is a defensive site with three 

large storage pits just outside of the ditch and bank features on the rocky headlands at 

the northern end of Station Bay on Motutapu Island in the Hauraki Gulf. The site was 

excavated over the summer of 1970-1971 by archaeologists from Auckland Museum for 

comparison with adjacent undefended sites, including the Davidson Undefended Site 

described above (Davidson 2013). One 1 x 1 m square was opened at the summit of the 

pā (Area A), four other squares were excavated on a flat inside the northern defensive 

ditches (Area B), a 3.5 x 2 m trench was placed on another internal terrace at the base of 

the summit (Area C), and a final 4.8 x 1 m trench was dug into a terrace outside the 

defences on the edge of a large storage pit (Area D). Within Area B, two cultural deposits 

were identified in the fill of storage structures and postholes (Davidson 2013:11). Layer 

2 was an ashy soil with large amounts of fire cracked rock and animal remain, while 

Layer 3 contained more clay, occasional ash lenses, and small amounts of animal 

remains. 

Based on these investigations, Davidson (2013:16) constructed a rough, four 

phase site history. First, the small terrace in Area D was constructed, and then storage 

pits were subsequently constructed across the entire ridge top. Defensive ditches were 

created later, and only smaller pits continued to be excavated and used. Finally, the site 

was refortified and storage pits were no longer used in any of the excavation areas. 

Relatively few artifacts were recovered from any of these areas. The finds consisted of a 
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stone adze, two bone fishhooks, another two possible shell hooks, and over a hundred 

obsidian flakes, which were predominately recovered from Area A (Davidson 2013:18–

19).  

Virtually all the fishbone analysed from this site were found in the two fill layers 

of Area B, which was reported together as a single assemblage. 

Chronology: Radiocarbon dates were measured on two samples from Area A, two 

samples from Area B, and one from Area D. Because there are no stratigraphic 

relationships between these excavation areas, and because Area B is the only one with 

any fish remains, I only consider these two dates further. 

I created a Sequence model with two contiguous phases to represent Layers 2 

and 3. The modelled dates have very high agreement. I use the earliest and latest age 

ranges for the start and end dates of this assemblage. 

Table B19. Radiocarbon dates from Ororopupu. 

Deposit 
Sample 
Number 

Material Type 
CRA 
(BP) 

Modelled 
Range (cal CE) 

Conf. 
(%) 

A Index 
(%) 

Area B Layer 2 (base) Wk-35391 shell 630 ± 30 1525 – 1806 95.4 93.6 

Area B Layer 3 (top) Wk-35392 charcoal, bracken 442 ± 25 1442 – 1618 95.4 99.7 

 

 

Figure B17. Modelled radiocarbon dates with 95% confidence intervals from 
Ororopupu. 
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Ororopupu Area B L2 

Assemblage Context: Excavation Area B, two cultural layers with large amounts 

of animal remains that were often found in the fill of palisade postholes and storage pits. 

Recovery Methods: Only some of Layer 2’s shell-deposits were sieved with 6.4 

mm mesh. Animal remains in all other deposits were sampled by hand-picking 

(Davidson 2013:9). 

Identification Methods: Half of the recovered samples of animal remains were 

processed at the University of Auckland in the early 1970s (Davidson 2013:22). All of 

the fishbone from these samples was later analysed by Leach (2006; Leach and Boocock 

1993) following his previously established protocols (Leach 1986). The remaining 

samples of animal remains were sorted and analysed in 2012, and previously sorted 

materials were double checked. Davidson (2013:22) analysed the fish remains from 

these later samples with the Te Papa reference collection using the same identification 

protocols as Leach. 

Abundance Data: The assemblages analysed by Leach and Davidson are reported 

as a single sample with NISP and MNI in Table 8 of Davidson 2013.  

Snapper Size Estimates: Davidson (2013:33) estimated snapper fork lengths 

using Leach and Boocock’s (1995) regression models. The results are reported as a size-

frequency histogram with all specimens from this assemblage in Figure 34 of Davidson 

2013. 

20. Davidson Undefended Site (R10/38) 

Site Description: This is one of many slight depressions in the ground associated 

with storage pit features on Motutapu Island in the Hauraki Gulf, and it is located on a 

hill overlooking the protected beach of Station Bay. A grid of 3 x 3 m squares with 1 m 

baulks were excavated over the summer of 1967-1968 by archaeologists from Auckland 

Museum to identify possible structures underlying the surface features, and to establish 

their relationships with other sites located around the same bay (Davidson 1970). 

Excavators identified four stratigraphic layers: a 14 to 18 cm deep, humus-rich topsoil 

with some stone and charcoal (Layer 1), a 16 to 35 cm thick deposit of ash from the 

Rangitoto eruptions (Layer 2), a deposit of weathered clay soil (Layer 3), and a sterile, 

un-weathered clay deposit (Layer 4). One possible posthole feature cut into Layer 3 and 

may have been created before the Rangitoto eruptions, but virtually all other 
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archaeological materials and features were found on the surface of the volcanic ash of 

Layer 2 (Davidson 1970:35–37). A single human burial was also found cut into the 

surface of Layer 2. Artifacts recovered from the site included a tattoo chisel, some 

ornamentally worked bone, a large amount of obsidian flakes, adzes and adze flakes, 

and some utilised pipi shells (Davidson 1970:48). Most of the obsidian had a green tint 

and was assumed to be from Tuhua/Mayor Island, but some grey flakes were later 

sourced to Aotea/Great Barrier Island (Davidson 2013:40). 

Davidson’s (1970:46) interpretation of this site describes four separate phases of 

site activity. First, a storage pit was constructed, which was later used as a cooking 

feature. Then, the natural slope of the ridge was cut back to create terraces in two 

places, three walled structures were constructed (two of them on one terrace) along 

with four storage pits, and shell, bone, and cooking deposits continued to accumulate. 

These small structures were originally described as shallow sheds or storage structures 

(Davidson 1970:40), and they were excluded from a list of sites with “clear evidence of 

houses” (Davidson 2013:41), indicating these structures should not be interpreted as 

habitation structures. In the final phase of archaeologically recorded site activity, a 

storage pit was constructed and further deposits from cooking and animal remains 

accumulated on the terrace. 

Despite the establishment of these cultural phases, all the archaeological 

fishbone from these deposits have only been reported together as a single assemblage 

that aggregates materials from multiple contexts.  

Chronology: Nine samples recovered by the excavators have been radiocarbon 

dated, but only two of these came from cultural contexts (one charcoal sample from 

storage pit fill, and one sample of human bone recovered from the burial; Davidson 

2013:Table 1). This human sample had a very negative 13C isotope value (-15.0 ± 0.1 

‰δ13C) that could indicate a marine-rich diet. I recalibrated NZ-4346 using the same 

mixed curve that was used for Wk-45309 (60% Marine13 and 40% SHCal13), but 

further isotopic analysis would be required to confirm this person’s diet. 

It is unclear whether the two cultural radiocarbon dated samples represent the 

same phase of site activity, but because archaeological fishbone from all phases was 

aggregated into a single assemblage, I modelled these two dates as a single phase using 

a Bayesian Sequence model in OxCal. The agreement indices for both dates are very 

high. I used the earliest modelled age range for the start date, but I chose an end date of 
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1850 CE for this assemblage as it was almost certainly deposited before the island was 

sold by Ngāti Tai in 1840 CE and began to be farmed privately.  

Table B20. Radiocarbon dates from the Davidson Undefended Site. 

Deposit 
Sample 
Number 

Material Type CRA (BP) 
Modelled 

Range (cal CE) 
Conf. 
(%) 

A Index 
(%) 

Hāngī 1 NZ-1168 charcoal 189 ± 86 1630 – 1953 95.4 103.3 

Burial 1 NZ-4346 bone, Homo sapiens 451 ± 45 1620 – 1953 95.4 102.3 

 

 

Figure B18. Modelled radiocarbon dates with 95% confidence intervals from the 
Davidson Undefended Site. 

Davidson Undefended Site 

Assemblage Context: Multiple deposits of animal remains in cooking features, 

storage pit fill, and shell-bearing deposits, all analysed as a single assemblage. 

Recovery Methods: Excavators attempted to collect all animal remains by hand 

during excavation. One large sample of shell-bearing deposits was collected from 

feature M-11 (Davidson 1970:46). 

Identification Methods: Fishbone from this site was reanalysed by Leach ahead 

of his 2006 monograph on Māori fishing in Aotearoa (Davidson 2013:33). The methods 

of this analysis have not been reported, but they would almost certainly have followed 

Leach’s (1986, 1997) established protocols. 

Abundance Data: Taxonomic abundances were quantified and reported in MNI in 

Appendix 1 of Leach 2006. 
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21. Sunde (R10/25) 

Site Description: An area of dense shell deposits and stone tool debitage 

separated from later storage pits and shell deposits by volcanic ash in a natural terrace 

at the mouth of an unnamed stream in Sandy Cove on the rocky shore of West Point at 

Motutapu Island in the Hauraki Gulf. Some European-manufactured artifacts and 

domestic animal remains have also been recovered from this site (Nichol 1988:359–

366). The north end of the eroding beach scarp was first excavated in 1963 by Auckland 

Archaeological Society volunteers under the supervision of Scott (1970), and over two 

summers from 1981-1982 Nichol (1988) directed excavations by University of 

Auckland archaeology students along the beach scarp to the south and in the centre of 

the terrace on the other side of the stream.  

Nichol’s (1988:215–224) investigations initially targeted the shell deposits lying 

under the volcanic ash along the beach scarp in an area that he referred to as the 

“Oyster Lens.” Large blocks of indurated sand, ash, shell, and bone were removed in 50 x 

50 cm squares and then subdivided vertically and processed on site. The excavators 

identified one small firescoop and multiple strata of charcoal-stained sand and fire 

cracked rock. Artifacts from this area of the site included numerous adze roughouts, 

hammerstones, and greywacke flakes indicative of adze manufacture; a pumice float or 

abrader; chert flakes and drill points; a few obsidian flakes; and large numbers of 

worked moa bone and one-piece fishhooks (Nichol 1988:333–341). This material was 

capped by four successive ash showers from Rangitoto eruptions with hundreds of 

human and dog footprints preserved in the surface of each layer (Nichol 1988: Chapter 

10).  

Nichol (1988:389–396) also excavated 47.5 m2 of the shell-bearing deposits from 

above the volcanic ash along the beach scarp, which he referred to as the “Soft Shore 

midden” based on the high concentrations of pipi and cockle shell. These layers also 

contained large numbers of worked moa bone and shell, several adze roughouts, 

greywacke flakes, over a hundred obsidian flakes, and a stone fishing line sinker. Other 

post-eruption deposits and features were excavated in a series of intersecting trenches 

on the south bank of the stream, uncovering several styles of storage pits. 

Fish remains were only reported for the upper (“Soft Shore”) and lower (“Oyster 

Lens”) shell-bearing deposits in the beach scarp.  
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Chronology: Two charcoal samples from Scott’s 1963 excavations were 

submitted from radiocarbon dating, one from underneath the ash deposits and one from 

above them (Davidson 1974). Similarly, Nichol (1988:349, 403) submitted two shell 

dates for radiocarbon dating, one from underneath the ash and one from above it. All 

four dates have also been recorded in the New Zealand Radiocarbon Database with 

different conventional radiocarbon ages. I assume the latter records were updated with 

modern half-life calculations, and I only use the radiocarbon database data. 

I created a Bayesian Sequence model with two sequential phases to represent 

the upper and lower assemblages. I also included the ages of the two known Rangitoto 

eruptions that Needham et al. (2011) dated to 1397±7 cal CE and 1446±5 cal CE 

between the Lower and Upper phases to represent the ash deposits that separate these 

assemblages. The initial model had poor agreement because NZ-1899 (with 48% 

agreement) from the upper deposits is older than both the eruptions and the lower 

deposit dates. When I removed this sample from the model, the remaining three dates 

have very high agreement, and I use the earliest and latest age ranges from each phase 

for the start and end dates of the upper and lower assemblages.  

Table B21. Radiocarbon dates from Sunde. 

Deposit 
Sample 
Number 

Material Type CRA (BP) 
Modelled 

Range (cal CE) 
Conf. 
(%) 

A Index 
(%) 

Upper (Scott) NZ-1899* charcoal 624 ± 85 1266 – 1461* 95.4 99.9 

Upper (Nichol) NZ-6955 shell, Paphies australis 661 ± 36 1471 – 1693 95.4 87.0 

Lower (Scott) NZ-1898 charcoal 613 ± 58 1305 – 1401 95.4 99.3 

Lower (Nichol) NZ-6956 shell, Dicathais orbita 1015 ± 32 1300 – 1401 95.4 115.5 

*Removed from Bayesian sequence model due to poor agreement, range reflects unmodelled date 
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Figure B19. Modelled radiocarbon dates with 95% confidence intervals from Sunde. 

Sunde Lower 

Assemblage Context: Nichol’s (1988) “Oyster Lens” – several layers of shell-

bearing, charcoal-stained sand and fire cracked rock underneath volcanic ash from the 

Rangitoto eruptions. 

Recovery Methods: Animal remains were collected by hand and in bulk samples 

of indurated matrix that was sieved through nested 14, 6.7, and 2 mm mesh (Nichol 

1988:225). 

Identification Methods: Nichol’s identification methods have not been specified 

for this assemblage, but he indicates that vertebrae were identified for most taxa and 

that they were the most abundant element for several fishes (Nichol 1988:238). I 

assume Sunde and Houhora were analysed using the same element set, which probably 
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includes premaxilla, maxilla, dentary, articular, quadrate, “crests” (which may refer to 

supraoccipitals), opercle, vertebrae, dorsal spines, scutes, and cleithrum. 

Abundance Data: Taxonomic abundances were reported as the number of head 

bones, the number of vertebrae, and the number of individuals in Table 8.7 of Nichol 

1988. I recorded the NISP for each taxon as the sum of head bones and vertebrae. His 

quantification methods for Kohika indicate that numbers of individuals were estimated 

from the “most numerous element present for each of the species” (Nichol 1988:161), 

and that for paired elements the frequencies of both sides were averaged together. 

Therefore, some estimated numbers of individuals include a fraction of an individual, 

which I rounded up to the nearest whole number. 

Snapper Size Estimates: Snapper lengths are reported separately for individual 

three spits of the Lower assemblage that he named ‘light,’ ‘shell,’ and ‘dark’ in three 

separate size-frequency histograms (Nichol 1988: Figure 8.6). These estimates are 

based on regression models developed by Nichol (1988:80–84) for premaxilla, maxilla, 

dentary, and the atlas. I recorded the total number of jaw specimens in each size class 

by summing the numbers of specimens from each component of the assemblage. It is 

unclear which dimension of fish body size is estimated with these methods, and the 

reference population of these body size models have not been published, so these 

estimates may not be comparable to those based on the methods of Leach and Boocock 

(1995).  

 

Sunde Upper 

Assemblage Context: Nichol’s (1988) “Soft Shore” assemblage – shell-bearing 

deposits from above Rangitoto ash layers eroding along a beach scarp. 

Recovery Methods: All material was sieved using 2 mm mesh in the field to 

collect material for laboratory analysis (Nichol 1988:389). 

Identification Methods: Nichol’s identification methods have not been specified 

for this assemblage. Presumably, it was analysed using the same methods as 

hypothesized for Sunde Lower. 

Abundance Data: Taxonomic abundances were reported as the number of 

individuals in Table 9.7 of Nichol 1988. His quantification methods for Kohika indicate 

that numbers of individuals were estimated from the “most numerous element present 

for each of the species” (Nichol 1988:161), and that for paired elements the frequencies 
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of both sides were averaged together. Therefore, some estimated numbers of 

individuals include a fraction of an individual, which I rounded up to the nearest whole 

number. Other taxa are only reported as present, but I recorded these as 1 MNI. 

22. Taurere (R11/96) 

Site Description: A volcanic cone (also known as Taylor’s Hill) approximately 1 

km west of the lower Tāmaki River in Auckland with extensive terraces, storage 

features, human burials, and shell deposits. Two areas of the site were excavated 

several times between 1954 and 1956 by University of Auckland students under the 

supervision of Golson, who aimed to record as much information as possible before the 

eastern side of the cone was destroyed by quarrying (Leahy 1991). Few site records 

remain from the lower excavation area on the northeast slope where excavators found 

at least two phases of shell deposition, adzes, stone drills, hammerstones, flakes of 

argillite and greywacke, a bone tattooing chisel, a bone needle, and a dog mandible that 

may have provided raw material for fishhooks (Leahy 1991:36–40). The upper 

excavation area encompassed two terraces and multiple storage pits, which produced 

an even richer artifact assemblage of adzes, greenstone chisels, hammerstones, flakes of 

greywacke, argillite, chert, and some obsidian, worked bone, a bone toggles, tattoo 

chisels and needles, and a pāua shell fishing lure (Leahy 1991:43–60). Additional burials 

were found in bulldozer cuts during quarrying, but these were very poorly documented. 

Based on the surviving fieldnotes and collections, Leahy (1991:65–66) argues 

the terraces and storage pits were constructed in two episodes of site activity, and that 

later infilling of the pits and modifications to the terraces represents a third phase of 

activity. Large deposits of shell, some vertebrate remains, and at least one human infant 

burial were found in the fill of several of pits (Leahy 1991:41–46).  

Fish remains analysed from this site were reported at the site level, and it is not 

clear which or how many contexts are represented by these results. 

Chronology: Deposits from two pit features in the upper excavation area were 

submitted for radiocarbon dating. Without any clear stratigraphic relationships to base 

a more detailed model on, I created a Sequence model with a single phase. Both dates 

have very high agreement, and I used the earliest and latest age ranges for the start and 

end dates of the assemblage. 
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Table B22. Radiocarbon dates from Taurere. 

Deposit 
Sample 
Number 

Material Type CRA (BP) 
Modelled 

Range (cal CE) 
Conf. 
(%) 

A Index 
(%) 

Pit V lowest 
layer of fill 

NZ-7753 shell, Austrovenus 
stutchburyi 

670 ± 50 1461 – 1630 95.4 99.4 

charcoal deposit 
cut by Pit T 

NZ-7770 charcoal, puriri twigs, 
Coprosma, mapai, pate 

396 ± 37 1474 – 1710 95.4 105.1 

 

 

Figure B20. Modelled radiocarbon dates with 95% confidence intervals from Taurere. 

Taurere 

Assemblage Context: Fill deposits in numerous terraces and pits aggregated 

together into a single assemblage. 

Recovery Methods: The methods used to collect fish remains from this site have 

not been described. 

Identification Methods: Fishbone was analysed by Rick McGovern-Wilson at the 

University of Otago (Leahy 1991:61), but the identification protocols and the date of the 

analysis have not been reported. 

Abundance Data: Taxonomic abundances are reported using MNI in Table 2 of 

Leahy 1991.  

23. Tūtahi (R11/1694) 

Site Description: A historic, European house site built on top of intact shell-

bearing deposits, a storage pit, and charcoal concentrations on an inland terrace 



Nims – 2021 

S2.64 
 

overlooking Te Tī Tūtahi/Newmarket. The Māori components (Areas 3, 4, and 5) of the 

site were excavated over the summer of 1990-1991 under the direction of Wilson 

(1995). Areas 4 and 5 contained heavily disturbed shell deposits, that were mixed or 

redeposited by the construction of a driveway and rubbish dumping (Wilson 1995:5–7). 

The remaining excavations primarily focused on deposits underneath the house 

foundations (Area 3) where the stratigraphy was much more intact.  

Area 3 excavations revealed a deposit of European-manufactured material 

(Layer 1), a dense shell-bearing deposit with large amounts of charcoal and fire cracked 

rock and some European-manufactured artifacts (Layer 2), and a lower deposit of less 

concentrated shell and fire cracked rock (Layer 3; Wilson 1995:9–10). Several hāngī pits 

with dense charcoal and bone fill were also found in these deposits, along with several 

postholes and a storage pit (Wilson 1995:21). Excavators also recovered flakes from a 

wide range of stone types, including greywacke, obsidian, basalt, chert, and petrified 

wood. 

Fishbone from this site was reported as three assemblages: the surface of Layer 

2, Layer 2, and Layer 3. I excluded the Layer 2 surface material given the possibility that 

it is associated with European rubbish dumping, and I aggregated the materials from 

Layers 2 and 3. 

Chronology: A single charcoal sample was submitted for radiocarbon dating 

(Wilson 1995:26). Because the concentration of 14C in the sample is so close to 1950 CE 

values, the Waikato Radiocarbon Laboratory reported the conventional radiocarbon age 

as ‘modern.’ Wilson (1995:26) reports this sample comes from Feature O, a greasy 

concentration of charcoal at the base of a hāngī that was capped by an intact lens of ash, 

and that the dated material should therefore not be considered intrusive.  

Because the fraction of measured radiocarbon relative to modern concentrations 

(F14C) was the only information reported for this date, I calibrated the relative 

abundance of 14C directly in OxCal. Wilson’s (1995:26) artifact analysis suggests the 

European-manufactured artifacts deposited in the upper site layers date to after this 

1840 CE. Therefore, I also created a Bayesian Sequence model with a single phase and 

inserted the date of 1840 CE after the end boundary to constrain the date’s probability 

distribution to the time before the start of European settlement in this area. The 

modelled date has high agreement with this TAQ, and I use the modelled age range for 

the assemblage’s start and end dates.  
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Table B23. Radiocarbon date from Tūtahi. 

Deposit 
Sample 
Number 

Material Type F14C (%) 
Modelled 

Range (cal CE) 
Conf. 
(%) 

A Index 
(%) 

Layer 3 
Feature O 

Wk-2051 charcoal, Coprosma or 
Dysoxylum spectabile  

98.0 ± 0.6 1658 – 1821 95.4  92.6  

 

 

Figure B21. Modelled radiocarbon date with 95% confidence intervals from Tūtahi. 

Tūtahi 

Assemblage Context: Two shell-bearing deposits (Layers 2 and 3) and the fill of 

several hāngī pits. 

Recovery Methods: All excavated material was sieved through 5 mm mesh 

(Wilson 1995:3). 

Identification Methods: Fishbone identification methods have not been 

described, but the element frequencies reported in Table 10a of Appendix 3 in Wilson 

1995 indicate that articular, dentary, maxilla, premaxilla, and quadrate were identified 

for bony fishes, and that vertebrae and jaw specimens were identified for 

chondrichthyans. Considering that Leach estimated snapper fork lengths for this 

assemblage (Wilson 1995:60), it is possible he also identified the fish remains. 

Abundance Data: Taxonomic and element abundances are reported in Table 10a 

of Appendix 3 in Wilson 1995, along with MNI estimates. However, I recorded the 

‘mackerel’ specimens from family Scombridae as Trachurus spp., and the four 
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Chondrichthyes jaw fragments as Myliobatis tenuicaudatus based on Wilson’s (1995:50) 

indications in the text that these are the species that were actually represented. 

Snapper Size Estimates: Leach estimated snapper fork lengths using the methods 

of Leach and Boocock (1995), which was cited as ‘in press’ at the time of Wilson’s 

publication. The results are reported as a size-frequency histogram with specimens 

from all contexts aggregated together at the site level (Wilson 1995:50). 

24. Maungarei (R11/12) 

Site Description: A volcanic cone approximately 1 km west of the lower Tāmaki 

River in Auckland with extensive pā fortifications, horticultural areas, and storage 

features. The site has been excavated multiple times since the 1950s by archaeologists 

from the Auckland Archaeological Society, the University of Auckland, Auckland 

Museum, and New Zealand Historic Places Trust, and the results of these projects were 

later synthesized by Davidson (2011).  

In 1960, Golson and Groube supervised rescue excavations by the Auckland 

Archaeological Society in multiple areas around a saddle in the rim of the volcanic 

crater that were subsequently destroyed for the construction of a reservoir (all referred 

to as Area A). From the surviving fieldnotes, site plans, and photographs, Davidson 

(2011:26–32) identified multiple shell-deposits, hāngī, storage pits, ovens, and 

constructed terraces. The University of Auckland conducted a second round of 

excavations under the supervision of Shawcross in 1965 (in response to development 

plans for a ski slope on the side of the volcano that was never constructed) focused on a 

constructed terrace between the outermost defensive ditches on the crater rim (Area B; 

Davidson 2011:32–33).  

Several areas received further attention between August 1971 and August 1972 

from archaeologists with New Zealand Historic Places Trust and the Auckland Museum 

in response to plans for the construction of a summit road. First they targeted a series of 

storage pits adjacent to the outermost defensive ditches along the lower crater rim 

below and to the north of Area B, which contained multiple layers of charcoal, shell fill, 

and some cooking features (Area C; Davidson 2011:33–36). McKinlay and Davidson 

directed a longer investigation of terraces on the north slope of the cone (Area D) over 

the summer of 1971-1972 that found large deposits of shell, scoria rubble, and cooking 

features in the fill of numerous storage pits and on the terraces themselves (Davidson 
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2011:36–43). Finally, a horticultural area at the base of the cone’s west slope (Area E) 

was excavated, revealing some possible storage pits and postholes, and a large, shallow 

hāngī (Davidson 2011:44–45). 

Artifacts collected from these excavations included bone and shell pendants and 

points; adze fragments and blanks; and obsidian, greywacke, and chert cores (Davidson 

2011:51–60). Geochemical sourcing analysis by McCoy of 180 obsidian flakes that were 

primarily recovered from Area D show most of the obsidian came from Aotea/Great 

Barrier Island, and that smaller amounts originated from Tuhua/Mayor Island, Rotorua, 

and the Coromandel Peninsula. Excavators also encountered a human burial in the 

terrace of Area D, and a second burial during subsequent excavations from 1972 and 

1983 (Davidson 2011:41, 46). 

Fishbone recovered from this site was analysed and reported by Davidson 

(2011: Table 10) as six assemblages representing Area A, Area C, three contexts of Area 

D (Upper Terrace, Lower Terrace, and Midden Squares), and unprovenienced fish 

remains. Unfortunately, the samples from Area A and the Lower Terrace of Area D have 

not been directly dated and are not stratigraphically linked to any other assemblages. 

Meanwhile, the Area C assemblage does not meet the minimum sample size 

requirements. Therefore, I only include fishbone data from the Upper Terrace and the 

Midden Squares assemblages in this thesis.  

Chronology: Four shell samples were submitted for radiocarbon dating from 

Area D, two from the Upper Terrace, and two from the Midden Squares (Davidson 2011: 

Figures 21 and 27). Because these dates – and a fifth one from Area C – have relatively 

similar conventional radiocarbon ages, Davidson (2011:48) assumed that they 

represent a single horizon of site activities and that all five dates could be pooled 

together. However, NZ-7749 and NZ-7751 are each stratigraphically older than NZ-

7750 and NZ-7752, respectively, and I assumed that these samples represent different 

phases of activity for the purposes of constructing Bayesian models. I also created 

separate models for the Upper Terrace and the Midden Squares based on the fact that 

there are no stratigraphic relationships between these excavation areas, and they may 

represent different phases of site activity. 

For Area D Upper Terrace, I created a Sequence model with two sequential 

phases to represent the lower deposit underneath the burnt lens in square K11 and the 

upper shell concentration in square J11. Based on Davidson’s (2011:24) reading of 
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written and oral historical accounts, the archaeological deposits from Area D were likely 

deposited some time before Reverend John Butler’s visit to Maungarei in 1820 CE. 

Therefore, I included the date 1820 in my sequence model after Phase 2’s end boundary 

to constrain the upper age range of this phase. The modelled dates have very high 

agreement with one another and with this TAQ. It is unclear whether the fishbone from 

this assemblage comes from one or both of these layers, so I used the radiocarbon age 

ranges from Phase 1 and Phase 2 as, respectively, the start date and end dates of the 

Maungarei D Upper Terrace assemblage. 

For the Area D Midden Squares, I created a separate Bayesian Sequence model in 

OxCal with two sequential phases to represent Layer 4 and Layer 8. Again, I included the 

date 1820 CE in my sequence model after Phase 2’s end boundary to constrain the 

upper age range of this phase. The modelled dates have very high agreement indices, 

and I used the radiocarbon ages from Phase 1 and Phase 2 as, respectively, the start and 

end dates of the Maungarei D Midden Squares assemblage. 

Snapper Size Estimates: Davidson (2011:73, Figure 52) estimated snapper fork 

lengths using the regression models of Leach and Boocock (1995), and she reported the 

results as a size-frequency histogram with specimens from all assemblages aggregated 

together at the site level. 

Table B24. Radiocarbon dates from Maungarei. 

Deposit 
Sample 
Number 

Material Type 
CRA 
(BP) 

Modelled 
Range (cal CE) 

Conf. 
(%) 

A Index 
(%) 

Upper Terrace upper 
shell concentration 

NZ-7749 shell, Austrovenus 
stutchburyi 

655 ± 50 1545 – 1785 95.4 100.6 

Upper Terrace below 
burnt lens 

NZ-7750 shell, Austrovenus 
stutchburyi 

685 ± 50 1475 – 1680 95.4 103.7 

Midden Squares 
Layer 4 

NZ-7751 shell, Austrovenus 
stutchburyi 

674 ± 50 1517 – 1756 95.4 108.5 

Midden Squares 
Layer 8 

NZ-7752 shell, Austrovenus 
stutchburyi 

732 ± 50 1455 – 1655 95.4 102.9 
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Figure B22. Modelled radiocarbon dates with 95% confidence intervals from 
Maungarei. 
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Maungarei D Upper Terrace 

Assemblage Context: A flat, constructed terrace with many storage features filled 

with shell, scoria, and bone.  

Recovery Methods: Virtually all fishbone was recovered by handpicking during 

the 1971-1972 excavations (Davidson 2011:63). Some fishbone was recovered from 

quantitative bulk samples of shell that were sieved through 3.2 mm mesh, but they only 

account for 6 MNI. 

Identification Methods: Davidson (2011:63) analysed the fishbone from 

Maungarei using Te Papa reference collection and Leach’s (1986) identification 

protocols. 

Abundance Data: Taxonomic abundances were reported using MNI for individual 

excavation areas in Table 10 of Davidson 2011. NISP abundances were also reported, 

but only at the site level and not for individual assemblages, so I have excluded 

specimen counts from consideration. 

 

Maungarei D Midden Squares 

Assemblage Context: Squares U16, U18, U21, and V22 located on the southwest 

end of the Lower Terrace with thick layers of scoria rubble and concentrated shell-

bearing deposits.  

Recovery Methods: This assemblage was recovered using the same methods as 

described for Maungarei D Upper Terrace.  

Identification Methods: This assemblage was identified using the same methods 

as described for Maungarei D Upper Terrace. 

Abundance Data: Taxonomic abundances were quantified using the same 

methods and recorded from the same source as described for Maungarei – D Upper 

Terrace. 

25. Te Ahua Pā (Q11/61) 

Site Description: A terraced pā site with piles of fire cracked rock, greasy 

charcoal concentrations, and concentrations of animal remains on top of Te Ahua Point, 

a spur with 300 m cliffs projecting from the rocky headlands and cliffs at the south end 

of Auckland’s Waitākere coast. The site was excavated in 2009 by Auckland Council 

Heritage Unit ahead of construction for a walking track and an observation point 
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(Turner et al. 2011). Two 1 x 1 m units (Squares A and B) were excavated on a terrace 

to the north of the pā, and a 16 m2 area (Area C) was excavated on the terrace of the pā 

itself.  

Square A was adjacent to shell deposits eroding from the northern cliff face and 

included a 10 cm deposit of shell with rocks, fishbone, and charcoal (Turner et al. 2011). 

Similar deposits were identified in Square B on the southern side of the terrace, along 

with a concentration of fired soils and cobbles (Turner et al. 2011). Area C was 

excavated in a series of 1 x 1 m squares along the planned walking track, uncovering a 

10-25 cm thick deposit of dense shell (Turner et al. 2011). Three concentrations of fire 

cracked rock with charcoal-stained soil and high concentrations of animal remains were 

identified in this area. Artifacts collected by the excavators include adze flakes of 

greywacke, argillite, and basalt, hammerstones, stone drills, a few chert and obsidian 

flakes, and seven pieces of one-piece fishhooks (Turner et al. 2011).  

Fish remains from across the site were reported as a single assemblage. 

Chronology: One shell and one charcoal sample were submitted for radiocarbon 

dating (Turner et al. 2011), although it is unclear what context these samples were 

collected from. I created a Sequence model with a single phase based on the assumption 

that these dates represent a single period of site activity. The modelled charcoal date 

has several age ranges in the 95% probability range, but I focus on the highest 

probability range for this sample. Based on this distribution, I use the earliest and latest 

age ranges for the start and end dates of this assemblage. 

Table B25. Radiocarbon dates from Te Ahua Pā. 

Deposit 
Sample 
Number 

Material Type 
CRA 
(BP) 

Modelled 
Range (cal CE) 

Conf. 
(%) 

A Index 
(%) 

unknown Wk-27056 shell, Paphies subtriangulata 861 ± 35 1439 – 1516 81.4 110.3 

unknown Wk-27057 charcoal 429 ± 34 1378 – 1573 95.4 111.3 
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Figure B23. Modelled radiocarbon dates with 95% confidence intervals from Te Ahua 
Pā. 

Te Ahua Pā 

Assemblage: The lower 5 cm spit of shell-bearing deposits from Square A, all 

shell-bearing deposits from Areas B and C, and five 10 L bulk samples from Area C. 

Recovery Methods: All excavated material was sieved through 6.4 mm mesh on 

site, except for the five bulk samples which were sieved through 3.2 mm mesh in the 

laboratory. 

Identification Methods: The methods used to identify fish remains from this site 

have not been described. However, at least some specimens were compared with the 

University of Auckland reference collection and the Otago Archaeology Laboratory 

reference collection (Turner et al. 2011). 

Abundance Data: Taxonomic and element abundances are reported using NISP in 

Table 1 of Appendix A in Turner et al. 2011. I excluded specimens reported as Labridae 

sp. that were marked as present but not used by Turner et al. to calculate NISP and MNI. 

I used the element frequencies from Appendix A to recalculate MNI for each excavation 

area.  

Snapper Size Estimates: Snapper lengths were estimated from measurements of 

premaxilla, dentary, and maxilla (Turner et al. 2011), but the methods used and the 

dimensions that were estimated have not been specified. Abundances of snapper 

specimens in each size class are reported in Table 2 of Appendix A in Turner et al. 2011. 
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26. NRD (R11/859) 

Site Description: Nine adjacent areas of archaeological deposits located on beach 

terraces overlooking the east shore of Manukau Harbour in Auckland with large 

numbers of human burials, extensive shell-bearing deposits, storage pit features, and a 

few house structures. The site was excavated by CFG Heritage between March 2008 and 

February 2009 to recover the burials before they were destroyed by the construction of 

the Northern Runway Development at Auckland International Airport (Campbell 2011). 

Shallow deposits and features were thoroughly disturbed by ploughing, vegetation, and 

rabbit burrowing, but some deeper, intact archaeology was also observed throughout 

the site.  

Area A – a roughly 50 x 30 m area of shell deposits – had the highest density of, 

and the most extensive, archaeological features at this site and represented two phases 

of human activity (Campbell and Harris 2011:23–39). Two clusters of rectangular pits 

and several lines of postholes that might represent house walls are associated with 

Phase 1 of Area A, while the Phase 2 deposits consist of earth ovens, postholes, small bin 

pits, and burials covered by shell-bearing deposits.  

Although some features continued between Areas A and B, Area B was a discrete 

area of more dispersed burials which were also created in two main phases of activity 

(Campbell and Harris 2011:39–45). Phase 1 of Area B is represented by storage pits and 

drains that are consistent with Phase 1 of Area A. All other shell-deposits, earth ovens, 

and graves from Area B are associated with Phase 2, which overlaps with the age of 

Area A’s Phase 2. The walls of a 2.5 or 5.7 x 3 m structure (House 3) that Campbell and 

Harris (2011:60) characterize as a “simple shelter of poles and thatch” were also clearly 

outlined by rows of stake holes that are superimposed on Phase 1 features. However, 

the relationship of this house with the features of Phase 2 could not be clearly 

established.  

Areas C and D consisted of 25 x 5 m exposures of shell-bearing deposits with 

multiple earth ovens, and Area E included another dense layer of shell on a second, 

higher beach terrace 10 m away from Area A that was eroding down the slope of the 

bluff where additional earth ovens and postholes were found (Campbell and Harris 

2011:45–48). Areas G (38 x 20 m) and H (20 x 15 m) also represented large areas of 

heavily disturbed shell deposits on the higher beach terrace with earth ovens and 
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postholes, while shell deposits had been almost completely destroyed by ploughing, 

leaving only a few earth ovens, storage pits, and three burials intact (Campbell and 

Harris 2011:52–56). Finally, in Area F the excavators identified several constructed 

terraces on the slope of the bluff, two large (approximately 10 x 10 m) areas of shell-

bearing deposits, numerous earth ovens, and two house structures (Houses 1 and 2) 

that were clearly outlined by rows of postholes (Campbell and Harris 2011:48–52).  

A large assemblage of 192 formal artifacts was collected from across the site, 

including a wide variety of abraders, adzes, chisels and tattoo chisels, points, bowls, 

hooks, hammerstones, pendants, necklace toggles, weapons, and needles (Furey 2011). 

Additionally, almost 7,000 stone flakes were recovered from a wide variety of material 

types, including obsidian, chert, basalt, greywacke, argillite, ironstone, and petrified 

wood (Cruickshank 2011). Geochemically sourced obsidian samples were dominated by 

imported obsidian from Aotea/Great Barrier Island (51% of 150 analysed pieces) and 

from Tuhua/Mayor Island (28%).  

Campbell et al. (2011) reported the results of fishbone identifications for 

samples recovered from most excavation areas. However, because only the assemblages 

from Areas A and B met my minimum sample size requirements, I do not consider the 

fishbone from other excavations further. 

Chronology: One charcoal sample and two shell samples from features associated 

with Phase 2 of Area A were submitted for radiocarbon dating, while one charcoal date 

from a Phase 1 pit and two shell samples from Phase 2 features were submitted for Area 

B (Campbell and Harris 2011:56–58). A third shell sample from Area B that was 

recovered from a pit feature that postdates Phase 1 and predates House 3. This storage 

pit did not have any clear relationships with Phase 2 features, so I only recalibrated it 

for comparison with the Phase 2 dates to assess the minimum possible age of the 

structure.  

Because the phases of each excavation area are not stratigraphically linked, and 

they do not necessarily come from the same phase of activity, I created two separate 

Bayesian Sequence models in OxCal for Areas A and B. In the Area A model I used a 

single phase to represent the Phase 2 dates, and for Area B I used two sequential phases 

to represent Phases 1 and 2. Based on an assessment of the region’s oral and written 

histories, Campbell and Harris (2011) argue that these site deposits were very likely 

created no later than 1770 CE, and I included this date after the latest end boundary of 
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both models to further constrain the modelled radiocarbon age ranges. The results 

show very high agreement between all dates within each model and with the TAQ. 

Because the date for Wk-28702 is split across three age ranges in the Area A model, two 

of which show very low probability weights, I only use the main modelled age range of 

1624-1699 for this sample. With this modification in mind, I use the earliest and latest 

age ranges from the Area A model for this assemblage’s start and end dates. For the 

Area B assemblage, I use the earliest age range of Phase 2 for the start date, and I use 

the TAQ of 1770 CE for the end date. 

Table B26. Radiocarbon dates from NRD. 

Deposit 
Sample 
Number 

Material Type 
CRA 
(BP) 

Modelled 
Range (cal CE) 

Conf. 
(%) 

A Index 
(%) 

Area A Phase 2 
Feature 283 

Wk-28702 charcoal, tutu, hebe, 
Coprosma, manua 

246 ± 36 1624 – 1699 87.4 99.8 

Area A Phase 2 Wk-27371 shell, Austrovenus 
stutchburyi 

709 ± 26 1510 – 1690 95.4 99.3 

Area A Phase 2 
Feature 2084 

Wk-28704 shell, Austrovenus 
stutchburyi 

648 ± 36 1535 – 1715 95.4 99.5 

Area B Phase 1 
Feature 3549 

Wk-27373 charcoal, Coprosma 403 ± 30 1454 – 1628 95.4 99.6 

Area B Phase 2 Wk-22899 shell, Austrovenus 
stutchburyi 

604 ± 37 1621 – 1767 95.4 99.7 

Area B Phase 2 Wk-27372 shell, Austrovenus 
stutchburyi 

523 ± 35 1643 – 1767 95.4 99.7 

Area B Feature 
3489 

Wk-28703* shell, Austrovenus 
stutchburyi 

643 ± 36 1520 – 1811* 95.4 n/a 

*Excluded from Bayesian sequence model due to uncertainty of the stratigraphic sequence, range 
reflects unmodelled date 
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Figure B24. Modelled radiocarbon dates with 95% confidence intervals from NRD. 
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NRD Area A 

Assemblage Context: A shell-rich layer deposited across a roughly 50 x 30 m area 

and on top of hundreds of archaeological features, including storage pits, postholes, 

oven features, and burials. 

Recovery Methods: All shell-bearing deposits were sieved with 6 mm of finer 

sieves in the field (Campbell et al. 2011:105).  

Identification Methods: Campbell analysed the fish remains following Leach’s 

(1986, 1997) identification protocols (Campbell et al. 2011:106–107). In addition, 

Campbell counted vertebrae and identified them to either Actinopterygii or 

Chondrichthyes.  

Abundance Data: Taxonomic abundances were reported using NISP and MNI in 

Table 6.10 of Campbell et al. 2011. However, Campbell et al. (2011:107) note that the 

NISP values reported in this table actually represent MNE estimates. Elasmobranch 

vertebral counts were reported in Table 6.12, and the combined total of dental plates 

and sting barbs from rays were reported in the text (Campbell et al. 2011:132). 

Snapper Size Estimates: Campbell estimated snapper fork lengths using Leach 

and Boocock’s (1995) regression methods (Campbell et al. 2011:107). The results are 

reported as a size-frequency histogram with all specimens from this assemblage in 

Figure 6.13 of Campbell et al. 2011. 

 

NRD Area B 

Assemblage Context: A shell-rich layer deposited across a roughly 40 x 30 m area 

and on top of several hundred archaeological features, including storage pits, earth 

ovens, postholes, and burials. 

Recovery Methods: This assemblage was recovered using the same methods as 

described for NRD Area A. 

Identification Methods: This assemblage was identified using the same methods 

as described for NRD Area A. 

Abundance Data: Taxonomic abundances were quantified using the same 

methods and recorded from the same source as described for NRD Area A. 

Snapper Size Estimates: Snapper fork lengths were estimated using the same 

methods and recorded from the same source as described for NRD Area A.  
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27. Te Mataku (T10/359) 

Site Description: Firescoops and concentrations of charcoal, fire cracked rock, 

shell, and vertebrate remains in dune sands on the protected beach of Coralie Bay on 

the east coast of Ahuahu/Great Mercury Island. Archaeological material was collected 

from the site in 1973, and more recently it was excavated over several seasons between 

2013-2015 by University of Auckland students under the supervision of Rebecca 

Phillips et al. (2014; Radovanovic 2018:27). Excavators recovered drill points, chert 

flakes, a moa bone fishhook, and bone cores, and Radovanovic (2018:28) reports two 

separate phases of site activity are represented. All analysed fishbone comes from the 

lower cultural deposit (Radovanovic 2018:30). 

Chronology: Two dog bone specimens from the upper phase of site activity were 

submitted for radiocarbon dating, and three charcoal samples and one shell sample 

from fire features in the lower activity phase were also dated (Pillay 2020:Table 3.18). 

Pillay (2020:Table 3.18) reports that a second shell sample (NZA-58795) was also 

radiocarbon dated, but it comes from a feature that is not stratigraphically linked to 

either the lower or upper phases of site activity, so I excluded it from further 

consideration. According to bone isotope analysis by Petchey (in Pillay 2020 Appendix 

C), both dog bone samples come from individuals that had very high amounts of marine 

carbon in their diets. Sample Wk-50720 had 13C and 15N isotope values that led Petchey 

to conclude this dog had a diet with 71 ± 10% marine carbon (-14.61‰δ13C and +14.88 

‰δ15N), while the dog that Wk-50721 came from appeared to have 99 ± 10% marine 

carbon in its diet (-12.07‰δ13C and +16.28 ‰δ15N). Therefore, I recalibrated these 

samples using mixed marine and atmospheric curves with 71 ± 10% Marine 13 and 

99 ± 10% Marine 13, respectively. 

I created a Bayesian Sequence model in OxCal with two contiguous phases to 

represent the features associated with the lower and upper activity phases. Initially 

there was poor agreement because one of the dog bone samples in the upper deposits is 

much older than any of the samples from the lower deposits (Wk-50720 with 1% 

agreement). When this date is removed from the model, all the remaining dates show 

very high agreement indices. I used the earliest and latest age ranges from the Lower 

phase for the start and end dates of the Te Mataku Lower assemblage. 
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Table B27. Radiocarbon dates from Te Mataku. 

Deposit 
Sample 
Number 

Material Type 
CRA 
(BP) 

Modelled 
Range (cal CE) 

Confidence 
(%) 

Agreement 
Index (%) 

Upper Wk-50720* bone, Canis 
familiaris 

971 ± 19 1230 – 1400* 95.4 n/a 

Upper Wk-50721 bone, Canis 
familiaris 

738 ± 19 1441 – 1614 95.4 85.3 

Lower NZA-58796 charcoal 504 ± 21 1415 – 1455 95.4 90.9 

Lower Wk-42716 charcoal, Coprosma 638 ± 20 1379 – 1412 79.6 86.0 

Lower Wk-47217 charcoal, 
Pittosporum 

572 ± 20 1396 – 1435 95.4 100.4 

Lower Wk-42712 shell, Austrovenus 
stutchburyi 

918 ± 20 1354 – 1472 95.4 118.2 

*Excluded from Bayesian sequence model due to poor agreement in CRA, range reflects unmodelled 
date 

 

 

Figure B 25. Modelled radiocarbon dates with 95% confidence intervals from Te 
Mataku. 
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Te Mataku Lower 

Assemblage Context: Two adjacent deposits of mixed animal remains associated 

with fire features. 

Recovery Methods: Bulk samples were collected from 20 x 20 cm sample squares 

in 10 cm spits, wet-sieved on site with 3.2 mm mesh, and additional sediment samples 

were re-sieved with 3.2 mm mesh in the University of Auckland laboratories 

(Radovanovic 2018:27–28). 

Identification Methods: This assemblage was identified using the same methods 

as described for Ahuahu EA36 Upper. 

Abundance Data: Taxonomic abundances were quantified with NISP and MNI 

and reported in Table 8 of Radovanovic 2018.  

28. Ahuahu EA36 (T10/1118) 

Site Description: A shell-bearing deposit from a dune system overlooking an 

open, sandy beach on the west coast of Ahuahu/Great Mercury Island. An 8 m2 area was 

excavated in February 2014 by University of Auckland archaeological field school 

students under the supervision of Rebecca Phillips et al. (2014:226). These 

investigations uncovered a 20-30 cm deep concentration of tuatua shell that also 

contained rocky shore shellfish, crayfish mouthparts, large amounts of fishbone, and a 

few stone artifacts, with some firescoops located immediately above the shell deposits.  

Radovanovic (2018:30) distinguished two separate assemblages of fishbone – an 

upper layer (deposit number 40978) and a lower layer (deposit number 40970). 

Because the lower layer has not been dated, I excluded it from my analysis. 

Chronology: One charcoal sample from the upper layer was radiocarbon dated 

(Radovanovic 2018:Appendix 6). The plant species was not reported, but charcoal from 

this assemblage was presumably screened by Rod Wallace (University of Auckland) to 

ensure it was suitable for radiocarbon dating. I recalibrated the date and I use this age 

range for the upper assemblage’s start and end dates. 

Table B28. Radiocarbon date from Ahuahu EA36. 

Deposit 
Sample 
Number 

Material Type CRA (BP) 
Date Range 

(cal CE) 
Confidence (%) 

Upper Wk-45404 charcoal 360 ± 19 1496 – 1635 95.4 

 



Supplementary Material S2 – Site Narrative Descriptions and Chronologies 

S2.81 
 

Ahuahu EA36 Upper 

Assemblage Context: The upper layer of a shell deposit, underneath several 

firescoops. 

Recovery Methods: One bulk sample was collected from each 10 cm spit of each 

25 x 25 cm quadrant and dry sieved on site through 6.4 mm mesh (Radovanovic 

2018:27). Radovanovic (2018:28) also sieved and sorted fishbone from some additional 

sediment samples at the University of Auckland using 3.2 mm mesh, but I recorded 6.4 

mm as the minimum sieve size for this assemblage. 

Identification Methods: Radovanovic (2018:30–31) initially identified fishbone 

based on the methods of Leach (1997) using this illustrated guide and the University of 

Auckland reference collection. He later reanalysed the assemblage to identify 

hyomandibulas and check the accuracy of his initial taxonomic attributions.  

Abundance Data: Taxonomic abundances were quantified using NISP, MNE (the 

number of elements from each sample with anatomical overlap), and MNI. NISP and 

MNI abundances are reported in Table 10 on p. 35 of Radovanovic 2018. 

29. Sarah’s Gully Pā (T10/168) 

Site Description: A pā site with ditch-and-bank defences, shell-bearing deposits, 

storage pits, hāngī, and postholes on a rocky headland overlooking the open beach at 

Whaorei Bay on the Coromandel Peninsula’s east coast, adjacent to two other sites at 

Sarah’s Gully and across an unnamed stream from the Cross Creek Site. In 1959 and 

1960, about 327 m2 of the site was excavated in a grid of 9 x 9 ft (2.7 x 2.7 m) squares 

with 6 ft (1.8 m) baulks by Birks (Davidson 2018:106).  

Using surviving fieldnotes, photographs, and interim site reports, Davidson 

(2018:106–111) summarised the following three phases of site activity: Phase I, 

construction of several pits; Phase II, additional pits with postholes constructed; and 

Phase III, large numbers of hāngī constructed across the site. The Phase III materials 

included large amounts of charcoal, shell, fishbone, and obsidian flakes. Other artifacts 

from the pā site consisted of two stone sinkers, a bone point, a few adze fragments, 

basalt flakes, obsidian awls and scrapers, and several stone files (Davidson 2018:113–

130).  

Fish remains from this site were only reported as a single assemblage at the site 

level. Based on Davidson’s (2018) description of the deposits associated with each 
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phase of activity, I assume that the fishbone almost exclusively derives from Phase III 

contexts. 

Chronology: Three charcoal samples and two shell samples were submitted for 

radiocarbon dating from this site (Davidson 2018: Table 1). One charcoal sample each 

was associated with Phases I and II, the two shell samples come from Phase III deposits, 

and the final charcoal sample comes from a defensive bank. However, the conventional 

radiocarbon dates reported by Davidson (2018: Table 1) appear to be incorrect. The 

New Zealand Radiocarbon Database reports different conventional radiocarbon ages – 

and, for two samples, different proveniences – for the same lab numbers used by 

Davidson. I found that recalibrating the conventional ages reported by the radiocarbon 

database produces date ranges that are indistinguishable from the calibrated dates that 

are presented in Figure 30 of Davidson 2018. Based on these observations, I assume the 

conventional ages reported the conventional radiocarbon ages and the proveniences 

that are reported in the New Zealand Radiocarbon Database are accurate, and only used 

the radiocarbon results from this source. 

I created a Sequence model with three sequential phases. NZ-698 has relatively 

poor agreement (66.9% agreement) compared to the other dates because it is younger 

than the other two dates from Phase III. This is still within the acceptable range of 

agreement, and I use the earliest and latest ages from Phase III for this assemblage’s 

start and end dates. 

Table B29. Radiocarbon dates from Sarah’s Gully Pā. 

Deposit 
Sample 
Number 

Material 
Type 

CRA 
(BP) 

Modelled 
Range (cal CE) 

Confidence 
(%) 

Agreement 
Index (%) 

Phase III NZ-1081 charcoal 341 ± 58 1524 – 1797 95.4 88.9 

Phase III, pit fill NZ-698 shell 567 ± 58 1530 – 1796 95.4 66.9 

Phase III, pit fill NZ-699 shell 601 ± 48 1531 – 1794 95.4 88.6 

Phase II, pit fill NZ-1082 charcoal 398 ± 58 1442 – 1616 95.4 102.0 

Phase I, pit fill NZ-1080 charcoal 711 ± 48 1276 – 1399 95.4 100.3 
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Figure B26. Modelled radiocarbon dates (with 95% confidence intervalss) from Sarah’s 
Gully Pā. 

Sarah’s Pā 

Assemblage Context: Fish remains from the 1960 excavation season, largely 

recovered from pit fill contexts. I assume these remains almost exclusively derives from 

Phase III contexts, which contained large numbers of fishbone and cooking features.  

Recovery Methods: Davidson (2018:134) notes that recovery methods were not 

described in any of the field notes from excavations at Sarah’s Gully Pā, but that one 

photograph shows excavators dry-sieving deposits with a screen that might have a 6.4 

mm mesh. On the other hand, it is unclear how extensively sieves were used. 
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Identification Methods: Fishbone from this site was recently analysed using 

Leach’s (1986) identification protocols (Davidson 2018:141). 

Abundance Data: Taxonomic abundances are reported using MNI in Table 16 of 

Davidson 2018.  

30. Sarah’s Gully Midden (T10/171) 

Site Description: A stratified series of shell-bearing deposits, hāngī, and 

postholes at the north end of the open beach at Whaorei Bay on the Coromandel 

Peninsula’s east coast, adjacent to two other sites at Sarah’s Gully and across an 

unnamed stream from the Cross Creek Site. In 1960, two 1.8 x 1.8 m squares were 

excavated at this site under the supervision of Birks, along with a third square that was 

only partially excavated to the complete depth of the cultural deposits (Davidson 2018).  

Using surviving fieldnotes and photographs, Davidson (2018:104–106) 

described four cultural layers from this site. Each of the lowest three layers (Layers 3, 4, 

and 5) included hāngi features and varying concentrations of animal remains and 

charcoal, and two postholes associated with Layer 3 cut down into Layers 4 and 5. 

While no archaeological features have been reported from the soil deposits of Layer 2, 

there were some artifacts of European manufacture (which also appeared in some areas 

of Layer 3) and a fragment of a one-piece fishhook. Other artifacts recovered from the 

lower layers included a trolling lure shank, seven adze preforms, flakes from obsidian, 

basalt, and chert, and a handful of abrading tools (Davidson 2018:113–130). 

Fish remains were analysed from Layers 2, 3, 4, and 5 and reported as separate 

assemblages. However, Layer 5 was the only assemblage that met the minimum sample 

size requirements, and I excluded the other layers from consideration.  

Chronology: One charcoal sample from Layer 3 and one charcoal sample from 

Layer 5 were submitted for radiocarbon dating (Davidson 2018: Table 1). I created a 

Sequence model with two sequential phases to represent these two layers. Both dates 

have very high agreement, and I use the age range of the Layer 5 date as the start and 

end dates for the fishbone assemblage from this site. 
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Table B30. Radiocarbon dates from Sarah’s Gully Midden. 

Deposit 
Sample 
Number 

Material 
Type 

CRA 
(BP) 

Modelled 
Range (cal CE) 

Confidence 
(%) 

Agreement 
Index (%) 

Layer 3 Wk-35393 charcoal 285 ± 31 1516 – 1798 95.4 112.3 

Layer 5 Wk-35394 charcoal 369 ± 37 1468 – 1639 95.4 100.7 

 

 

Figure B27. Modelled radiocarbon dates with 95% confidence intervals from Sarah’s 
Gully Midden. 

Sarah’s Midden L5 

Assemblage Context: A deposit of dark sand with moa bone, shell deposits, and 

cooking features. 

Recovery Methods: This assemblage was recovered using the same methods as 

described for Sarah’s Gully Pā. 

Identification Methods: Fishbone from this site was recently analysed using 

Leach’s (1986) identification protocols (Davidson 2018:141). 

Abundance Data: Taxonomic abundances are reported using MNI in Table 17 of 

Davidson 2018.  
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31. Sarah’s Gully Settlement (T10/167) 

Site Description: Stratified deposits of bone, shell, and fire cracked rock with 

cooking features, postholes, storage pits, and burial pits on a terrace overlooking the 

open beach at Whaorei Bay on the Coromandel Peninsula’s east coast, adjacent to two 

other sites at Sarah’s Gully and across an unnamed stream from the Cross Creek Site. 

Part of the site was originally excavated by amateur collector Arthur Black, and later 

Golson directed excavations in four areas of the site over three summer seasons 

between 1956-1959 (Davidson 2018). 

Area AB on the seaward edge of the terrace was excavated as a grid of 40 1.8 x 

1.8 m squares, which uncovered 10 strata with variable densities of shell and a complex 

of structural features that were largely destroyed by alluvial erosion (Davidson 

2018:94–96). Area C was excavated further north and consisted of a single 5.5 x 5.5 m 

square with a hāngī and several postholes (Davidson 2018:96).  

Area D was a large-scale excavation from south of Area AB and then 

approximately 80 m up the slope of the ridge above the terrace (Davidson 2018:97–

104). Investigation initially focused on the area immediately south of Area AB on the 

terrace (Area D coastal), where excavators found some hāngī features with dog, seal, 

moa, and fish bones, some stone tools, and several burial pits representing one main 

phase of site activity. More, stratified deposits were then excavated along the ridgeline 

over several seasons (Area D inland). Shallow drain features, burials, and hāngī were 

found at the base of the slope, and a large complex of rectangular storage pits were 

found further upslope. At the highest point of excavations, small numbers of pits and 

hāngī were identified along with several dozen postholes. 

Artifacts recovered from this site included a small number of pendants, bird 

bone and Dentalium shell beads, large numbers of bone fishhooks at varying stages of 

manufacture in association with stone drill points, trolling lures, fragments of finished 

and unfinished adzes, and large numbers of obsidian and chert flakes (Davidson 

2018:113–130). One clay pipe fragment was also found on the surface of Area AB. 

Fish remains were only analysed for Area AB and Area C, and the material from 

each layer in each area was reported as a separate assemblage. However, the Area C 

deposits have not been dated, so I exclude them from consideration. Because 

radiocarbon dating showed very large differences in the estimated ages of samples from 
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Layers 3 and 4, and a large overlap in the ages of samples from Layers 4 and 9, I decided 

to aggregate all fish remains from Layers 1-3 and Layers 4-9, and treat these as separate 

assemblages.  

Chronology: Davidson (2018:111–112) reports that four charcoal samples from 

Area AB were submitted for radiocarbon dating, along with a fifth radiocarbon date 

from Area D that I do not consider further. Residues of three Area AB samples were re-

examined in 2008 by Wallace to select short-lived species for re-dating, which revealed 

that sample NZ-358 appears to come from a kauri post that is likely to have a very large 

in-built age. This would explain why this sample has a much older conventional 

radiocarbon age than NZ-359, which is stratigraphically lower than NZ-358. Therefore, I 

did not recalibrate NZ-358 or include it in my sequence model. Short-lived species from 

the other two reanalysed charcoal samples (NZ-356 and NZ-357) were dated, and I used 

these results in place of the original dates. Unfortunately, the text and Table 1 of 

Davidson 2018 report conflicting lab numbers for these new dates. Both Wk-20306 and 

Wk-23206 are given for the re-dated NZ-356 sample, and both Wk-20307 and Wk-

23207 for the NZ-357 sample, and it is not clear which sample numbers are correct. 

I created a Sequence model with three sequential phases to represent Layers 9, 

4, and 3. I did not use a contiguous boundary between Layers 4 and 3 due to the 

stratigraphic unconformity that is indicated by the large difference in the radiocarbon 

dates from each of these deposits. All three dates have very high agreement indices, and 

I use the earliest and latest age ranges from Layers 9 and 4 for the start and end dates of 

this assemblage. For the assemblage from Layers 1-3, I used the earliest age range for 

the start date, and I used 1800 CE as its end date based on Davidson’s (2018:113) 

argument that the absence of European-manufactured artifacts from these deposits 

indicates they are most likely predate the start of the nineteenth century.  
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Table B31. Radiocarbon dates from Sarah’s Gully Settlement. 

Deposit Sample Number Material Type 
CRA 
(BP) 

Modelled 
Range (cal CE) 

Conf. 
(%) 

A Index 
(%) 

Area A Layer 
3 hāngī 

Wk-20306/23206 charcoal (short-
lived material) 

189 ± 30 1654 – 1816 87.0 107.7 

Area B Layer 
4 hāngī 

Wk-20307/23207 charcoal (short-
lived material) 

703 ± 34 1335 – 1400 95.4 101.4 

Area A Layer 
8 Posthole D 

NZ-358* charcoal, 
Agathis australis 

873 ± 40 n/a n/a n/a 

Area A Layer 
9 pit 

NZ-359 charcoal 650 ± 50 1281 – 1362 95.4 98.6 

*Excluded due to potential in-built age, not recalibrated 

 

 

Figure B28. Modelled radiocarbon dates with 95% confidence intervals from Sarah’s 
Gully Settlement. 
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Sarah’s Settlement Area AB L1-3 

Assemblage Context: Three upper strata of cultural deposits on a natural terrace: 

Layer 1, black sand with some bone, fire cracked rock, shell deposits, and hāngī; Layer 2, 

brown sand with shell patches and two areas of hāngī stones; Layer 3, dark sand with 

several postholes and a hāngī – the lowest cultural deposit across most of the 

excavation area.  

Recovery Methods: This assemblage was recovered using the same methods as 

described for Sarah’s Gully Pā. 

Identification Methods: Davidson (2018:142) notes the Dominium Museum’s 

(now the Auckland Museum) curator of fishes advised Golson that fishbones are 

“impossible to identify,” but two elements were analysed nonetheless. Three taxa were 

identified, each using a different set of elements: snapper from dentaries and 

premaxillae, wrasses from pharyngeals, and leatherjackets from dorsal spines. Only a 

small sample of the analysed fishbone was returned to Auckland Museum, and these 

materials were recently reanalysed using Leach’s (1986) identification protocols, which 

only led to the addition of 1 MNI for kahawai in Layer 2 (Davidson 2018:143). 

Abundance Data: Taxonomic abundances are reported using MNI in Table 18 of 

Davidson 2018.  

 

Sarah’s Settlement Area AB L4-9 

Assemblage Context: Four lower strata of cultural deposits on a natural terrace: 

Layer 4, brownish grey sand with shell deposits; Layer 5, brown sand with dense shell 

deposits; Layer 6, brownish grey sand with shell deposits; Layer 7, grey sand with many 

artifacts; Layer 8, reddish sand and a possible occupation surface; Layer 9, grey sand 

and shell deposits with artifacts. 

Recovery Methods: This assemblage was recovered using the same methods as 

described for Sarah’s Gully Pā. 

Identification Methods: This assemblage was identified using the same methods 

as described for Sarah’s Gully Pā. 

Abundance Data: Taxonomic abundances are reported using MNI in Table 18 of 

Davidson 2018.  
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32. Cross Creek (T10/399) 

Site Description: Stratified shell-bearing deposits in a dune system overlooking 

the open beach at Whaorei Bay on the Coromandel Peninsula’s east coast, across an 

unnamed stream from the Sarah’s Gully sites. An area of 170 m2 was excavated at this 

site in 1984 under the supervision of Sewell (1988:6) with the goal of identifying 

discrete activity areas associated with early Māori, which uncovered six stratigraphic 

layers with cultural deposits (Furey et al. 2008).  

Furey et al. (2008) described Layers 1 and 2 as deflated surface deposits, and 

several features associated with cooking, stone tool production, and shell discard were 

recorded in Layer 2. Layer 3 was 50 cm thick and included at least two components that 

stretched across the entire site: Layer 3A, a dense shell-bearing deposit with stone 

flakes, shell hooks, and other worked shell; and Layer 3B, grey sand with posthole 

alignments indicative of small structures, 30 firescoops, and a separate concentration of 

stone flakes. This cultural material was separated from underlying strata by a deposit of 

sterile dune sand, which capped Layer 5, a 10-40 cm thick deposit of grey black sand 

with 16 firescoops, 14 potholes, two storage pits, and a concentration of stone flakes. 

Another sterile sand deposit separated Layer 5 from the next cultural deposit, Layer 7, a 

20 cm thick layer with only 6 firescoops, and a separate area of stone flakes. The 

deepest cultural layer, Layer 9, was also separated by sterile sand and consisted of a 

thin stratum with a firescoop containing some bird, fish, seal, dog, and rat remains. 

Fish remains were recovered from, identified, and reported for Layers 1, 2, 3, 3A, 

5, 7, and 9 (Sewell 1988:Table 2). I did not record data for Layers 1 or 2 because they 

have no associated radiocarbon dates. I also excluded Layer 9 because it did not meet 

my minimum sample size requirements. I aggregated Layer 3A and Layer 3 into a single 

assemblage based on assumption that these deposits represent the same phase of site 

activity.  

Chronology: Four samples from Layer 9 and one sample each from Layers 3A, 5, 

and 7 were radiocarbon dated (Furey et al. 2008). I created a Sequence model with four 

sequential phases to represent these four layers. This model has high agreement indices 

for every date except one fishbone sample (Wk-21355), which is slightly younger than 

the other samples from Layer 9. However, the agreement index of 77% is still within the 

acceptable range of agreement, and I did not exclude it from the model. I use the earliest 
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and latest age ranges from each phase for the associated assemblage’s start and end 

dates. 

Snapper Size Estimates: Davidson (2013:Figure 27) reported fork length 

estimates for snapper from Cross Creek as a size-frequency histogram with specimens 

from all assemblages aggregated together at the site level. The methods for these 

measurements have not been specified, but presumably they were estimated following 

Leach and Boocock (1995).  

Table B32. Radiocarbon dates from Cross Creek. 

Deposit 
Sample 
Number 

Material Type CRA (BP) 
Modelled 

Range (cal CE) 
Conf. 
(%) 

A Index 
(%) 

Layer 3A NZ-6798 shell, Paphies 
subtriangulata 

841 ± 33 1389 – 1573 95.4 108.8 

Layer 5 NZ-6825 shell, Paphies 
subtriangulata 

881 ± 51 1346 – 1485 95.4 114.1 

Layer 7 NZ-6800 shell, Paphies 
subtriangulata 

1035 ± 28 1304 – 1415 95.4 107.2 

Layer 9 NZA-576 bird bone, moa 751 ± 58 1265 – 1385 95.4 126.3 

Layer 9 Wk-21642 bird bone, Nestor 
meridionalis 

744 ± 33 1270 – 1384 95.4 110.4 

Layer 9 Wk-21355 fishbone, 
Chrysophrys australis 

1007 ± 34 1270 – 1386 95.4 77.4 

Layer 9 Wk-21363 fishbone, 
Chrysophrys australis 

1092 ± 34 1260 – 1386 95.4 123.7 
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Figure B29. Modelled radiocarbon dates with 95% confidence intervals from Cross 
Creek. 
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Cross Creek L3 

Assemblage Context: Fish remains in this assemblage were recovered from Layer 

3, a 50 cm thick cultural deposit, and from Layer 3A, a dense deposit of shell, shell 

hooks, and lithic material. 

Recovery Methods: All excavated material was initially sieved using 4 mm mesh, 

but in most excavation units only one quadrant was sieved. 

Identification Methods: Identification methods have not been described. 

Abundance Data: Taxonomic abundances were only reported in MNI estimates 

aggregated by layer in Table 3 of Sewell (1988). Some fish taxa were recorded only as 

‘present,’ but I recorded them as MNI = 1.  

 

Cross Creek L5 

Assemblage Context: A 10 to 40 cm deposit of grey black sand with numerous 

firescoops, postholes, storage pits, and lithics. 

Recovery Methods: This assemblage was recovered using the same methods as 

described for Cross Creek L3. 

Identification Methods: Identification methods have not been described. 

Abundance Data: Taxonomic abundances were quantified using the same 

methods and recorded from the same source as described for Cross Creek L3. 

 

Cross Creek L7 

Assemblage Context: A 20 cm thick deposit with cooking features and lithic 

materials. 

Recovery Methods: This assemblage was recovered using the same methods as 

described for Cross Creek L3. 

Identification Methods: Identification methods have not been described. 

Abundance Data: Taxonomic abundances were quantified using the same 

methods and recorded from the same source as described for Cross Creek L3. 

33. Arthur Black’s Midden (T10/164) 

Site Description: A stratified series of shell-bearing deposits on a dune system 

overlooking the open beach of Opito Bay on the Coromandel Peninsula’s west coast. 

This site has been investigated multiple times since the 1950s, producing multiple 
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assemblages of dog, marine mammal, fish, and shellfish remains, and one-piece moa 

bone fishhooks in various stages of manufacture (Mann 2009:52). Most recently, five 

units approximately 2 x 2 m2 in size were excavated in 2001 under the supervision of 

Louise Furey (Auckland Museum) in response to erosion of the dune face.  

Mann (2009:53) describes an upper cultural layer (Layer 2) lying on top of an 

“almost sterile layer” (Layer 3), and a much thinner, lower cultural layer (Layer 4) that 

contained dense basalt flakes and relatively little animal remains. Stratigraphic 

drawings of the site also indicate there were additional deposits underneath Layer 3 

(Mann 2009:Figure 3.4) that contained mammal, bird, and fishbone but these layers 

have not been described in any form. Mann apparently aggregated them all together 

into a single “early” component. I follow Mann and aggregate materials from these 

lower strata into a single “Layer 4” assemblage. 

Because different excavation units were excavated with different recovery 

methods, I treated the fishbone from each layer and each recovery strategy as a 

separate assemblage. Material from excavation units 1, 4, and 5 were dry-sieved 

through 4 mm mesh, while excavation units 2 and 3 were wet-sieved with 2 mm mesh. 

Unfortunately, the sample size of identified fishbone from Layer 4 of units 2 and 3 did 

not meet my minimum requirements, so I have excluded it from consideration. 

Chronology: One marine shell sample from Layer 2 and another from Layer 4 

were radiocarbon dated (Mann 2009:Table 3.2). I created a Sequence model with two 

sequential phases to represent these two layers. This model has high agreement indices 

for both dates, and I use their age ranges for each assemblage’s start and end dates. 

Table B33. Radiocarbon dates from Arthur Black’s Midden. 

Deposit 
Sample 
Number 

Material Type CRA (BP) 
Modelled 

Range (cal CE) 
Conf. 
(%) 

A Index 
(%) 

Layer 2 Wk-12733a shell, Turbo smaragdus 833 ± 34 1402 – 1595 94.7 105.8 

Layer 4 Wk-12733b shell, Turbo smaragdus  958 ± 37 1306 – 1465 95.4 102.4 
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Figure B30. Modelled radiocarbon dates with 95% confidence intervals from Arthur 
Black’s Midden.  

Arthur Black’s Midden Sq1,4,5 L2 

Assemblage Context: The thick, upper shell-bearing deposit of cultural material 

(Layer 2) from excavation units 1, 4, and 5. Because these deposits were recovered 

using different sieving methods than excavation units 2 and 3, I treated them as a 

separate assemblage. 

Recovery Methods: Deposits from excavation units 1, 4, and 5 were dry-sieved 

through 4 mm mesh (Mann 2009:54). 

Identification Methods: Mann (2009:66–68) indicates that she identified 10 

elements for all fishes (dentary, premaxilla, maxilla, articular, quadrate, hyomandibula, 

scapula, opercle, cleithrum, and ceratohyal/epihyal), and that she also recorded 

leatherjack dorsal spines and Labrid pharyngeals. However, only 10 cleithra specimens 

were recorded from any context at this site, and none of them were identified to taxon. 

This might indicate that no cleithra were recovered, or that Mann did not actually 

analyse this element.  

Abundance Data: Taxonomic abundances were quantified using NISP, MNE (the 

number of elements from each sample with a non-repeating anatomical landmark 
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intact), and MNI (Mann 2009:57–60). Abundance data for individual layers and 

excavation squares was only reported in MNI in Table 5.9 on p. 90 of Mann 2009. To 

estimate NISP, I copied the data from Mann’s Appendix A into an Excel spreadsheet and 

summarized the specimen counts for each assemblage. During this process, I found 

many discrepancies with the total NISP, MNE, and MNI values that were reported 

elsewhere in Mann’s results chapter. Therefore, I recalculated NISP and MNE 

abundances from the data in Appendix A, and re-estimated MNI abundances by 

aggregating the remains at the assemblage level. I only use my summary of Mann’s data 

in this thesis. 

Snapper Size Estimates: Mann (2009:69) estimated snapper fork lengths from 

the measurements of dentaries using the regression models of Leach and Boocock 

(1995), and only used measurement D3 – the height of the anterior end of the dentary. 

Because she only reported the summary statistics of snapper sizes in the “early” and 

“late” components of the site, I created size-frequency distributions by recalculating the 

snapper fork length estimates from the raw dentary measurements in Mann’s Appendix 

C. Because sieve size does not appear to affect the distribution of snapper body sizes, I 

aggregated the fork length estimates of both Layer 2 assemblages. 

 

Arthur Black’s Midden Sq2+3 L2 

Assemblage Context: The thick, upper shell-bearing deposit of cultural material 

(Layer 2) from excavation units 2 and 3. Because these deposits were recovered using 

different sieving methods than excavation units 1, 4, and 5, I treated them as a separate 

assemblage. 

Recovery Methods: Due to the high concentration of fish remains observed 

during excavation, excavation units 2 and 3 were wet-sieved with 2 mm mesh (Mann 

2009:53). 

Identification Methods: This assemblage was identified using the same methods 

as described for Arthur Black’s Midden Sq1,4,5 L2.  

Abundance Data: Taxonomic abundances were quantified using the same 

methods and recorded from the same source as described for Arthur Black’s Midden 

Sq1,4,5 L2. 



Supplementary Material S2 – Site Narrative Descriptions and Chronologies 

S2.97 
 

Snapper Size Estimates: Snapper fork lengths were estimated using the same 

methods as described for Arthur Black’s Midden Sq1,4,5 L2, and then aggregated with 

this assemblage. 

 

Arthur Black’s Midden Sq1,4,5 L4 

Assemblage Context: A discontinuous, dense deposit of basalt flakes and 

associated cultural material from adjacent deposits of excavation units 1 and 5. 

Recovery Methods: Deposits from excavation units 1, 4, and 5 were dry-sieved 

through 4 mm mesh (Mann 2009:54). 

Identification Methods: This assemblage was identified using the same methods 

as described for Arthur Black’s Midden Sq1,4,5 L2. 

Abundance Data: Taxonomic abundances were quantified using the same 

methods and recorded from the same source as described for Arthur Black’s Midden 

Sq1,4,5 L2. 

Snapper Size Estimates: Snapper fork lengths were estimated using the same 

methods as described for Arthur Black’s Midden Sq1,4,5 L2, and I aggregated three 

measured specimens from Layer 4 of excavation units 2 and 3 with this assemblage. 

34. Hahei (T11/242) 

Site Description: A 50 cm thick, 6 m wide, shell-bearing deposit eroding from the 

dune slope overlooking the open Hahei beach on the east coast of the Coromandel 

Peninsula. Excavations at this site identified three separate cultural deposits: a Lower, 

20 cm thick layer of sand and charcoal; a shell-rich deposit (Shell); and an Upper, 20 cm 

thick layer of sand and charcoal (Nichol 1986:179). An adze and one bone fishhook 

made from an innominate of a kurī (Canis familiaris) were recovered, and some 

fragmented Cookia sp. shells could indicate shell fishhooks were also manufactured 

here. Bone was recovered from each deposit and analysed separately. 

Chronology: Two marine shell samples were radiocarbon dated, one each from 

the Lower and Upper layers (Nichol 1986:197). However, Nichol (1986) notes that the 

reported radiocarbon ages were calculated using an old 14C isotope half-life, and that 

this may have introduced an additional 3% error to the conventional radiocarbon age. 

In addition, the details reported for these samples are not consistent with the 
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information that has been recorded in the New Zealand Radiocarbon Database; I used 

the radiocarbon ages reported in the database.  

I created a Sequence model with two sequential phases to represent each of the 

radiocarbon dated layers. The modelled dates have high agreement, and I used the 

earliest and latest age ranges for the start and end dates of the Lower and Upper 

assemblages. Because the Shell deposit lay immediately between the Lower and Upper 

layers, I used the earliest age from the Lower deposit’s end boundary (1301 – 1469 CE 

at 95.4% confidence) for the start date of the Shell assemblage, and the latest age from 

the Upper deposit’s start boundary (1319 – 1502 CE at 95.4% confidnece) for its end 

date. 

Table B34. Radiocarbon dates from Hahei. 

Deposit 
Sample 
Number 

Material Type CRA (BP) 
Modelled 

Range (cal CE) 
Conf. 
(%) 

A Index 
(%) 

Lower NZ-6646 shell, Paphies subtriangulata 952 ± 51 1291 – 1453 95.4 102.7 

Upper NZ-6642 shell, Paphies subtriangulata 932 ± 64 1327 – 1525 95.4 105.5 

 

 

Figure B31. Modelled radiocarbon dates with 95% confidence intervals from Hahei. 
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Hahei Lower 

Assemblage Context: The lower grey, sandy layer with large amounts of charcoal. 

Recovery Methods: Shell-bearing deposits were sieved through 2 mm mesh in 

the field and in the lab (Nichol 1986:179). 

Identification Methods: Fishbone was identified by Nichol, who analysed “several 

classes of head bones” (Nichol 1986:184), pharyngeal, and vertebrae. However, it 

appears that not all vertebrae were actually identified based on Nichol’s comment that 

additional species may be present in the “many small vertebrae” (Nichol 1986:184).  

Abundance Data: Taxonomic abundances were quantified and reported using 

MNI (Nichol 1986:Table 12.5), which was calculated only using the elements that Nichol 

(1986:184) judged to be the most durable. For example, leatherjacket MNI was 

estimated based on the number of dorsal spines, wrasses abundances were estimated 

using the count of inferior pharyngeals, and snapper abundances were calculated as the 

mean number of left and right premaxillae. Some species were only reported as 

‘present,’ but I recorded them as MNI = 1.  

Snapper Size Estimates: Snapper lengths were estimated from measurements of 

dentaries and premaxillae using regression equations developed by Nichol (1986:184–

185). It is unclear which dimension of fish body size are estimated by these methods, 

and the reference population of these body size models have not been published, so it is 

unclear whether these estimates are comparable to those based on the methods of 

Leach and Boocock (1995). 

 

Hahei Shell 

Assemblage Context: A deposit of ‘clean’ shells between two sandy, charcoal-rich 

deposits. 

Recovery Methods: This assemblage was recovered using the same methods as 

described for Hahei – Lower. 

Identification Methods: This assemblage was identified using the same methods 

as described for Hahei – Lower. 

Abundance Data: Taxonomic abundances were quantified using the same 

methods and recorded from the same source as described for Hahei – Lower. 

Snapper Size Estimates: Snapper lengths were estimated using the same 

methods as described for Hahei – Lower.  
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Hahei Upper 

Assemblage Context: The upper layer of grey sand. 

Recovery Methods: This assemblage was recovered using the same methods as 

described for Hahei – Lower. 

Identification Methods: This assemblage was identified using the same methods 

as described for Hahei – Lower. 

Abundance Data: Taxonomic abundances were quantified using the same 

methods and recorded from the same source as described for Hahei – Lower. 

Snapper Size Estimates: Snapper lengths were estimated using the same 

methods as described for Hahei – Lower.  

35. Hot Water Beach (T11/115) 

Site Description: I provide a description of this site and its excavation history in 

Chapter 5. 

Fish remains were recovered from every cultural layer in both excavations. I 

treated each stratigraphic layer from the 1969 season as a separate assemblage, and all 

the analysed fishbone from the 2017 excavations as another assemblage. Unfortunately, 

the sample size of identified fishbone from Layers 3b and 6 did not meet my minimum 

requirements, so I have excluded them from consideration. 

Chronology: Two samples of charcoal, two samples of shell, and one sample of 

fishbone collagen from Layer 4 of the 1969 excavations were radiocarbon dated (Leahy 

1974:Table 15). Layer 5 was not directly dated, but one moa bone sample from Layer 6 

is recorded in the New Zealand Radiocarbon Database. The details for Wk-1169 

reported in the radiocarbon database are also slightly different from those reported by 

Leahy (1974), so I used the data from the database. Three short-lived charcoal samples 

and three shell samples were radiocarbon dated from the midden deposit of the 2017 

excavations. 

Because the stratigraphic relationships of the 2017 midden deposit to the layers 

identified in the 1969 excavations are uncertain (Gumbley et al. 2018:48), I created two 

separate Bayesian Sequence models in OxCal to represent each of these excavation 

seasons.  
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For the 1969 excavations, I used two sequential phases to represent Layers 4 and 

6. Initially there was poor agreement in the 1969 model because the fishbone collagen 

date is much younger and has higher uncertainty than any of the other samples (NZ-

1299 with 59% agreement). When this date is removed from the model, all the 

remaining dates show very high agreement. I used the earliest and latest age ranges for 

the start and end dates of the Layer 4 assemblage. Because the Layer 5 deposit lay 

immediately between Layers 6 and 4, I used the earliest age from the Layer 6 deposit’s 

end boundary (1331 – 1498 CE at 95.4% probability) for the start date of the Layer 5 

assemblage, and the latest age from the Layer 4 deposit’s start boundary (1402 – 1600 

CE at 95.4% probability) for its end date. 

I used a single phase to represent the midden layer of the 2017 excavations. This 

model showed very high agreement between all dates, and I used the earliest and latest 

age ranges for the start and end dates of the Hot Water Beach 2017 assemblage. 

Table B35. Radiocarbon dates from Hot Water Beach. 

Deposit 
Sample 
Number 

Material Type CRA (BP) 
Modelled 

Range (cal CE) 
Conf. 
(%) 

A Index 
(%) 

Layer 4 NZ-1169 charcoal 437 ± 44 1435 – 1616 95.4 121.4 

Layer 4 NZ-1170 charcoal 492 ± 87 1428 – 1615 95.4 116.6 

Layer 4 NZ-1296 shell, Amphibola 
crenata 

761 ± 44 1436 – 1610 95.4 87.8 

Layer 4 NZ-1297 shell, Paphies 
australis 

832 ± 44 1429 – 1613 95.4 131.1 

Layer 4 NZ-1299* fishbone collagen 647 ± 92 1465 – 1950* 95.4 n/a 

Layer 6 NZA-583 bone, moa 549 ± 74 1312 – 1486 95.4 115.2 

2017 Midden Wk-46822 charcoal, 
Pseudopanax 

637 ± 18 1319 – 1408 95.4 91.4 

2017 Midden Wk-46824 charcoal, five 
finger, toro, akeake 

421 ± 18 1450 – 1500 95.4 115.2 

2017 Midden Wk-46826 charcoal, Olearia 444 ± 18 1445 – 1492 95.4 111.8 

2017 Midden Wk-46823 shell, Turbo 
smaragda 

959 ± 17 1331 – 1459 95.4 105.1 

2017 Midden Wk-46825 shell, Turbo 
smaragda 

998 ± 17 1312 – 1440 95.4 102.4 

2017 Midden Wk-46827 shell, Turbo 
smaragda 

954 ± 16 1334 – 1460 95.4 106.1 

*Removed from Bayesian sequence model due to poor agreement, range reflects unmodelled 
date 
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Figure B32. Modelled radiocarbon dates (with 95% confidence) from Hot Water Beach. 
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Hot Water Beach L5 

Assemblage Context: Layer 5, a deposit of coarse yellow sand excavated by 

Auckland Museum in 1969 with dense concentrations of artifacts, shell, and animal 

remains throughout (Leahy 1974). 

Recovery Methods: All excavated materials were sieved through 1/3" (8.5 mm) 

mesh (Leahy 1974:26).  

Identification Methods: Fishbone was initially analysed for Leahy’s (1974) 

report, but Leach and Boocock (1993) report different results in their review, 

suggesting the samples were reanalysed. No details have been published about the 

methods used for either analysis, and it is not clear who carried out the reanalysis. 

However, the inclusion of the Hot Water Beach fishbone in Leach and Boocock (1993) 

indicates it may have been reanalysed by Leach following his established protocols 

(Leach 1986). 

Abundance Data: The results of the reanalysis have only been reported using 

MNI estimates (Leach and Boocock 1993:Tables 27 and 28). These tables report 

minimum estimates for individual excavation units and layers using assemblage 

reference numbers that can be interpreted by referring to Appendix 2 (Leach and 

Boocock 1993:57–58). Notably, Smith and James-Lee (2009) recorded a much smaller 

sample size for this assemblage, which may indicate that their survey only included the 

results from Leach and Boocock’s Table 27. 

 

Hot Water Beach L4 

Assemblage Context: Layer 4, greasy, black deposits with numerous hāngī stone 

concentrations, hāngī pits, and postholes excavated by Auckland Museum in 1969 

(Leahy 1974). 

Recovery Methods: This assemblage was recovered using the same methods as 

described for Hot Water Beach L5. 

Identification Methods: Identification methods have not been reported for this 

assemblage, but presumably it was analysed using the same methods as reported for 

Hot Water Beach L5. 

Abundance Data: Taxonomic abundances were quantified using the same 

methods and recorded from the same source as described for Hot Water Beach L5. 
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Hot Water Beach 2017 

Assemblage Context: Eight samples of fishbone collected from a large, shell-

bearing deposit (midden layer) in the sidewalls of excavation trenches.  

Methods: The recovery, identification, and quantification methods used for this 

assemblage are reported in Chapter 5. 

36. Tairua (T11/62) 

Site Description: An area of stratified shell-bearing deposits with postholes, 

firepits, and a famous artifact assemblage in a dune system at Tairua Harbour, 

Coromandel Peninsula on the sheltered beach of a tombolo. The site was excavated 

multiple times in 1958, 1959, and 1964 under the supervision of Green (University of 

Auckland) and Smart (Dominion Museum, subsequently known as Auckland Museum), 

revealing two main cultural components (Jones 1973; Schmidt and Higham 1998). The 

lower cultural deposits of Bed 2 contained cooking features, adzes, fishhooks, bird bone 

needles, moa bone, and the Tairua lure – a trolling lure shank made from black-lipped 

pearl (Pinctada margaritifera) shell that originated from central East Polynesia (Green 

1967; Schmidt and Higham 1998:395–397). Jones (1973:146–147) also described a 

number of postholes and fire pits at the peak of the dune, but it is not clear whether 

these are associated with the Bed 2 deposits. Meanwhile, the upper cultural component 

of Bed 6 consisted largely of shell deposits with a small number of adze flakes (Jones 

1973:146; Schmidt and Higham 1998:395). According to Smith and James-Lee 

(2009:14), the analysed fishbone from Tairua comes from the lower cultural deposits. 

Chronology: The chronology of this assemblage has been revised numerous 

times due to problems with radiocarbon dating methods and changes in chronometric 

hygiene protocols. Green (1967:83) originally submitted two charcoal samples from a 

single oven feature in Bed 2 (NZ-594 and NZ-595), but they showed very different ages 

even though they came from the same context. Schmidt and Higham (1998) argued both 

charcoal dates should be rejected because neither sample was identified to species, and 

the disagreement in their ages calls the reliability of both into question.  

Green attempted to resolve the ambiguity of these early dates and submitted one 

shell sample each from Beds 2 and 6 (NZ-1875 and NZ-1876, respectively; Rowland 

1976:6). Schmidt and Higham (1998:399–400) argued these dates should also be 

rejected because the shell samples included specimens of Cellana denticulata, an 
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intertidal limpet species that potentially uptakes carbon from a mixture of atmospheric 

and marine carbon reservoirs, which would make the selection of an appropriate 

calibration curve challenging. However, according to the records in the New Zealand 

Radiocarbon Database, the shell sample from Bed 6 consists of pipi (Paphies australis) 

shell and not a mixture of Cellana denticulata and Turbo smaragda as reported by 

Schmidt and Higham. This is consistent with Rowland’s (1976:6) observation that no 

Cellana specimens were present in any of the Bed 6 deposits. Furthermore, the records 

in the radiocarbon database show that both samples have positive δ13C values between 

+2‰ and -2‰δ13C, which is a typical range for shellfish that only consumed marine 

sources of carbon (Fiona Petchey, personal communication, 24 April 2020). Therefore, 

the arguments for rejecting these dates are not substantiated, and I include them in my 

analysis. 

To provide more reliable estimates of Tairua’s chronology, Schmidt and Higham 

(1998: Table 2) dated two additional shell samples from Bed 2 (Wk-5444 and Wk-

5445), and one shell sample from Bed 6 (Wk-5445).  

An eighth radiocarbon date was also measured from moa bone in Bed 2 (NZA-

558), but Petchey (1999) rejected this date because the laboratory methods used to 

prepare the collagen samples were not sufficient for removing contaminants from such 

poorly preserved bone specimens, and I do not consider it further. 

I created a Sequence model with two sequential phases to represent Beds 2 and 

6. All five shell dates show very high agreement, and I use the earliest and latest age 

ranges from the Bed 2 phase for the start and end dates of this assemblage. 

Table B36. Radiocarbon dates from Tairua. 

Deposit 
Sample 
Number 

Material Type CRA (BP) 
Modelled 

Range (cal CE) 
Conf. 
(%) 

A Index 
(%) 

Bed 6 NZ-1876 shell, Paphies australis 566 ± 57 1568 – 1904 95.4 106.8 

Bed 6 Wk-5446 shell, Austrovenus stutchburyi 570 ± 40 1574 – 1894 95.4 103.3 

Bed 2 NZ-594* charcoal 885 ± 52 1107 – 1123* 84.1 n/a 

Bed 2 NZ-595* charcoal 449 ± 44 1422 – 1625* 95.4 n/a 

Bed 2 NZ-1875 shell, Cellana denticulata and 
Turbo smaragda 

885 ± 58 1304 – 1517 95.4 95.6 

Bed 2 Wk-5444 shell, Austrovenus stutchburyi 1000 ± 50 1276 – 1460 95.4 100.8 

Bed 2 Wk-5445 shell, Turbo smaragda 1090 ± 50 1225 – 1439 95.4 88.9 

*Excluded from Bayesian sequence model due to poor agreement in CRA, range reflects unmodelled 
date 
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Figure B33. Modelled radiocarbon dates with 95% confidence intervals from Tairua. 

Tairua Bed 2 

Assemblage Context: Bed 2 is a dense deposit of shell with concentrations of moa 

bone, lithic debitage, and a wide range of artifacts, including the Tairua pearl shell lure. 

Recovery Methods: The methods used to collect fish remains from this site have 

not been described. 

Identification Methods: Fishbone identifications come from an unpublished 

analysis by Leach, and, accordingly, the methods have not been reported. Presumably, 

Leach used his previously described identification protocols (Leach 1986). 
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Abundance Data: Taxonomic abundances were reported in Appendix 9, Table 

133 of Leach and Boocock’s (1993) fishbone survey. 

37. Tōtara Palms (T12/372) 

Site Description: A large area of shell-bearing deposits below Te Tōtara Pā near 

the mouth of Waihou River at Waipapa Stream in Thames with hundreds of firescoops 

and postholes, concentrations of charcoal and shell, and one human burial. Caroline 

Phillips (2008) supervised excavations at the site in 2006 in response to a planned 

housing construction project and found that the site was heavily disturbed by 

ploughing.  

An are of 123 m2 was covered by 15-20 cm of shell-bearing deposits and by dark 

alluvial sand that was cut by fire features and postholes (Layer 2). In one area, an older 

charcoal patch and shell deposit was dumped at the base of a former channel of 

Waipapa Stream (Layer 4) and capped by orange and grey sand deposits (Layer 3; 

Phillips 2008:36). Few of the surviving postholes were arranged in any kind of 

alignment, but Phillips (2008:43) documented one possible house to the north of the 

shell deposits that was marked by a hearth feature, a fence line, and a series of small 

postholes. Over a hundred obsidian flakes were recovered from a wide area 

immediately east of the potential house, along with an adze, fragments from two stone 

flax fibre pounders (patu muka), hammerstones, and stone abraders (Phillips 2008:65). 

Analysed fishbone from this site comes exclusively from Layer 2 bulk samples of 

the shell deposits, which I aggregated together into a single assemblage. 

Chronology: Two shell samples from Layer 2, one from Layer 3, and one fishbone 

sample from Layer 4 were submitted for radiocarbon dating. I created a Sequence 

model with three phases to represent Layers 2, 3, and 4. I used a sequential boundary 

between Layers 3 and 4 based on the large difference in the conventional radiocarbon 

ages of samples from these deposits, and I used a contiguous boundary between Layers 

2 and 3. Several of the modelled dates have relatively poor agreement due to the young 

age of the fishbone from Layer 3, but they are all within the acceptable range of 

agreement. I use the earliest and latest age ranges from Layer 2 for the start and end 

dates of this assemblage. 
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Table B37. Radiocarbon dates from Tōtara Palms. 

Deposit 
Sample 
Number 

Material Type 
CRA 
(BP) 

Modelled 
Range (cal CE) 

Conf. 
(%) 

A Index 
(%) 

Layer 2 shell Wk-21356 shell, Austrovenus 
stutchburyi 

603 ± 32 1685 – 1886 95.4 78.6 

Layer 2 firescoop Wk-22392 shell, Austrovenus 
stutchburyi 

589 ± 28 1685 – 1890 95.4 88.7 

Layer 3 firescoop Wk-21931 fishbone, 
unidentified 

499 ± 30 1658 – 1821 95.4 85.1 

Layer 4 shell Wk-21357 shell, Austrovenus 
stutchburyi 

953 ± 28 1314 – 1475 95.4 99.0 

 

 

Figure B34. Modelled radiocarbon dates with 95% confidence intervals from Tōtara 
Palms. 
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Tōtara Palms L2 

Assemblage Context: Seven bulk samples containing fish remains from a wide 

area of shell-bearing deposits that was ploughed to full its full depth. 

Recovery Methods: Bulk samples were wet-sieved during flotation, and then 

sieved through nested 7, 4, and 1 mm mesh (Phillips 2008: Appendix 7). 

Identification Methods: Hawkins (2008b) analysed fishbone following Leach’s 

(1997) identification protocols with the University of Auckland reference collection.  

Abundance Data: Taxonomic abundances were reported with NISP in Table 1 

and with MNI in Table 2 of Hawkins 2008b. MNI was not reported for two samples with 

only 1 specimen of fishbone each, but I recorded them as having 1 MNI each. 

38. Cabana (T12/3) 

Site Description: I provide a description of this site and its excavation history in 

Chapter 5. 

James-Lee and I analysed different subsets of fishbone from Cabana using 

different methods, and I only consider the material from my own analysis in this thesis. 

I treated the material from Layers 2 and 3 as separate assemblage, but unfortunately 

there was not enough identifiable material from Layer 3 to meet my minimum sample 

size requirements. Therefore, only the Layer 2 assemblage is included. 

Chronology: Seven samples from Layer 3 and nine samples from Layer 2 were 

radiocarbon dated across the two recent excavation seasons (Gumbley and Laumea 

2019:Appendix 6). I created a Sequence model with two contiguous phases to represent 

these two layers. However, this model showed 0% agreement because sample Wk-

46206 is much younger than any other date at this site. Removing this date from the 

model resulted in very high agreement indices for all remaining dates. I use the earliest 

and latest age ranges from these two phases for each assemblage’s start and end dates. 
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Table B38. Radiocarbon dates from Cabana. 

Deposit 
Sample 
Number 

Material Type CRA (BP) 
Modelled 

Range (cal CE) 
Conf. 
(%) 

A Index 
(%) 

 Layer 2 Area F Wk-46208 charcoal, akeake 634 ±17 1325 – 1397 95.4 91.1 

 Layer 2 Trench J Wk-46209 charcoal, Coprosma 
australis 

667 ±18 1322 – 1395 95.4 108.3 

 Layer 2 Trench J Wk-46211 charcoal, Myrsine 
salicina 

674 ±18 1322 – 1395 95.4 95.8 

 Layer 2 Area F Wk-21693 shell, Austrovenus 
stutchburyi 

1025 ±33 1322 – 1395 95.4 120.2 

 Layer 2 Area F Wk-21694 shell, Paphies 
australis 

931 ±32 1322 – 1398 95.4 80.8 

 Layer 2 Trench J Wk-46204 shell, Lunella 
smaragda 

996 ±16 1323 – 1396 95.4 119.4 

 Layer 2 Trench J Wk-46210 shell, Austrovenus 
stutchburyi 

1009 ±15 1322 – 1395 95.4 120.7 

 Layer 2 Trench K Wk-46212 shell, Austrovenus 
stutchburyi 

961 ±16 1322 – 1398 95.4 102.7 

 Layer 2 Trench J Wk-46213 shell, Austrovenus 
stutchburyi 

985 ±15 1323 – 1396 95.4 116.2 

 Layer 3 Area F Wk-33850 charcoal, akeake, 
mingimingi, 
putaputaweta, 
mahoe 

635 ±28 1315 – 1390 95.4 120.4 

 Layer 3 Trench K Wk-46206* charcoal (manuka 
twigs) 

338 ±20 1504 – 1646* 95.4 n/a 

 Layer 3 Trench G Wk-46207 charcoal, Coprosma 638 ±19 1316 – 1388 95.4 113.0 

 Layer 3 Area F Wk-33698 fishbone, 
Chrysophrys auratus 

981 ±25 1309 – 1393 95.4 126.6 

 Layer 3 Area F Wk-33849 fishbone, 
Chrysophrys auratus 

1038 ±25 1301 – 1393 95.4 126.4 

 Layer 3 Trench I Wk-46205 shell, Austrovenus 
stutchburyi 

1040 ±15 1301 – 1392 95.4 125.5 

 Layer 3 Trench K Wk-46214 shell, Paphies 
australis 

960 ±15 1312 – 1393 95.4 83.4 

*Removed from Bayesian sequence model due to poor agreement, range reflects unmodelled date 
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Figure B35. Modelled radiocarbon dates with 95% confidence intervals from Cabana. 
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Cabana L2 

Assemblage Context: Samples from multiple shell-bearing features associated 

with the second phase of site activity. One sample from Area F Trench 4 represents a 

100% sample of the deposited fishbone from the northeast quadrant of Square 1. Three 

other bulk samples were collected from the fill of two fireplaces (two from Feature 112, 

one from Feature 116) in Trench J, and a fourth bulk sample was collected from the 

sidewall of Trench K. 

Methods: The recovery, identification, and quantification methods used for this 

assemblage are reported in Chapter 5. 

39. Koutunui (U14/49) 

Site Description: I provide a description of this site and its excavation history in 

Chapter 5. 

Two different fishbone assemblages have been analysed from this site. Cawte 

(2017) identified fish remains recovered from the storage pit fill and from a defensive 

ditch. I identified a separate, larger sample of fishbone from the same defensive ditch. 

Because these two sets of samples were processed and identified using different 

methods I treat them as separate assemblages. However, Cawte’s assemblage did not 

meet my minimum sample size requirements and I excluded it from analysis. 

Chronology: One shell sample from the defensive ditch shell-deposits has been 

radiocarbon dated (Phillips 2017:Appendix 4). I recalibrated the date and I use this age 

range for the start and end dates of both assemblages. 

Table B39. Radiocarbon date from Koutunui. 

Deposit 
Sample 
Number 

Material Type CRA (BP) 
Date Range 

(cal CE) 
Conf. 
(%) 

Sample 2 Wk-45751 shell, Austrovenus stutchburyi 714 ± 25 1485 – 1677 95.4 

 

Koutunui 

Assemblage Context: One 60 L bulk sample from the same cockle shell deposit in 

the defensive ditch fill as Sample 2. 

Methods: The recovery, identification, and quantification methods used for this 

assemblage are reported in Chapter 5. 
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40. U14/363 

Site Description: Stratified concentrations of shell-bearing deposits, fire features, 

and storage pits along the protected beach front of Pilot Bay at the mouth of Tauranga 

Harbour in western Bay of Plenty. The site has been investigated at least twice in 

relation to various construction projects, and the most recent excavations in 2008 were 

supervised by Hooker (2010). Several trenches were hand excavated in the footprint of 

a demolished house, exposing several layers of shell-bearing deposits with no 

artifactual material (Layers 1-3), and several lenses of shell with some burnt shell, 

firescoops, and a storage pit (Layer 4). Artifacts recovered from these excavations 

included a whale bone tab, several fishhooks, obsidian blades, flakes, and cores, stone 

drill points, and basalt adzes and flakes (Hooker 2010:13–14).  

Chronology: Two shell samples were from the base of Layer 4 were submitted 

for radiocarbon dating (Hooker 2010: Appendix 3). I created a Sequence model with 

one phase, both modelled dates have very high agreement, and I use the earliest and 

latest age ranges for the start and end dates of this assemblage. 

Table B40. Radiocarbon dates from U14/363. 

Deposit 
Sample 
Number 

Material Type 
CRA 
(BP) 

Modelled 
Range (cal CE) 

Conf. 
(%) 

A Index 
(%) 

Layer 4 Wk-26693 shell, Paphies 
subtriangulata 

852 ± 36 1340 – 1555 95.4 100.6 

Layer 4 base 
of pit 

Wk-26694 shell, Paphies 
subtriangulata 

906 ± 36 1329 – 1520 95.4 100.5 
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Figure B 36. Modelled radiocarbon dates with 95% confidence intervals from U14/363. 

U14/363 L4 

Assemblage Context: Layer 4, stratified shell-bearing deposits with several fire 

features and a storage pit. 

Recovery Methods: Samples of excavated material were sieved through 4 mm 

mesh and collected (Hooker 2010:8). 

Identification Methods: Fishbone was identified by Mann (Hooker 2010:12), but 

the methods of her analysis have not been specified. Element frequencies reported in 

Table 18 of Hooker 2010 indicate that angular/articular, ceratohyal, cleithrum, dentary, 

epihyal, hyomandibula, maxilla, opercle, parasphenoid, pharyngeal plates, premaxilla, 

quadrate, scapula, and vomer were all identified to species. 

Abundance Data: Raw fishbone analysis data is reported in Table 18 of Hooker 

2010. I transcribed this dataset into an excel spreadsheet, summarised taxonomic 

abundances using NISP, and calculated MNI for each excavation trench. 

41. U14/2912 

Site Description: Stratified shell-bearing deposits with postholes and a large 

artifact assemblage that has been arbitrarily separated from similar, adjacent sites in 

the Papamoa dune plains, a few hundred meters from Papamoa Beach in western Bay of 

Plenty. Gumbley (2010) supervised excavations at the site in 2008 ahead of 

construction for the Pacific Coastal Village housing developments. A hydraulic digger 

was used to strip topsoil and ploughed soil from the eastern half of a large (15 m2 
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radius) shell-bearing deposit that was then hand excavated (Gumbley 2010:6). 

Excavators identified five cultural layers with varying densities of shell and 300 

postholes, 91 storage pits, 8 stone caches, 62 ovens, and 25 fireplaces. Most of these 

features were associated with Layer 3 (dark sand with burnt shell) and Layer 4 (lower 

shell deposits with two main lenses). Notably, Layer 4 also contained a very dense lens 

of fishbone at the base of the shell deposits. Artifacts recovered from the excavations 

include oven stones, flakes of obsidian, basalt, chert, quartz, and argillite, a sandstone 

file, a pumice net float, two fishhook points, and a one-piece shell fishhook (Gumbley 

2010:45). Based on Gumbley’s (2010:57) assessment, these deposits probably 

represent three phases of site activity.  

Fishbone from Layers 2, 3, and 4 were analysed and reported as separate 

assemblages. Unfortunately, Layer 3 did not meet my minimum sample size 

requirements, and I excluded it from consideration. 

Chronology: One shell sample each from Layers 3 and 4 and three shell samples 

from Layer 2 were submitted for radiocarbon dating (Gumbley 2010: Appendix 4). I 

created a Sequence model with three contiguous phases to represent Layers 2, 3, and 4, 

and all the modelled dates have very high agreement. I use the earliest and latest age 

ranges from Layers 2 and 4 for the start and end dates of these assemblages.  

Table B41. Radiocarbon dates from U14/2912. 

Deposit 
Sample 
Number 

Material Type 
CRA 
(BP) 

Modelled 
Range (cal CE) 

Conf. 
(%) 

A Index 
(%) 

Layer 2 Wk-22622 shell, Paphies 
subtriangulata 

675 ± 30 1528 – 1680 95.4 112.4 

Layer 2 
Feature 19 

Wk-23092 shell, Paphies 
subtriangulata 

713 ± 33 1527 – 1675 95.4 109.9 

Layer 2 
Feature 96 

Wk-23093 shell, Paphies 
subtriangulata 

678 ± 34 1527 – 1680 95.4 113.9 

Layer 3 Wk-23095 shell, Paphies 
subtriangulata 

740 ± 34 1505 – 1650 95.4 111.4 

Layer 4 
Feature 108 

Wk-23094 shell, Paphies 
subtriangulata 

740 ± 34 1470 – 1635 95.4 107.5 
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Figure B37. Modelled radiocarbon dates with 95% confidence intervals from U14/2912. 

U14/2912 L2 

Assemblage Context: Samples from features in Layer 2, the upper shell-bearing 

deposits. 

Recovery methods: Bulk samples were wet-sieved through 2 mm mesh 

(Gumbley and Hoffmann 2010:62).  

Identification Methods: Campbell (2010:90) analysed fishbone using Leach’s 

(1986, 2006) methods. He also recorded shark vertebrae but they were not quantified. 

Abundance Data: Taxonomic abundances were reported with NISP in Table 1 of 

Campbell 2010, and with MNI in Table 2.  
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U14/2912 L4 

Assemblage Context: Samples from features in Layer 4, the lower shell-bearing 

deposits with two distinct lenses of shell, and a dense concentration of fish remains 

from the base of Layer 4 (Feature 194) that was specifically targeted for sampling. 

Recovery Methods: Bulk samples were sieved through 2 mm mesh (Gumbley and 

Hoffmann 2010:62), but material from Feature 194, a fishbone concentration, was 

sieved with nested 5 and 2 mm mesh on site (Gumbley 2010:42). 

Identification Methods: This assemblage was identified using the same methods 

as described for U14/2912 L2. 

Abundance Data: Taxonomic abundances were quantified using the same 

methods and recorded U14/2912 L2. 

42. U14/2907 

Site Description: An area of shell deposits, cooking features, postholes, and 

storage pits that has been arbitrarily separated from similar, adjacent in the Papamoa 

dune plains, a few hundred meters from Papamoa Beach in western Bay of Plenty. The 

site was investigated once in 2007 under the supervision of Gumbley (2011) and again 

in 2012 by Opus International Consultants (Keith 2015) ahead of separate development 

projects. 

During the 2007 investigations, hydraulic excavators were used to strip turf and 

expose archaeological features, and three areas with shell-bearing deposits (Areas C, E, 

and G) were hand excavated. Gumbley (2011:25) found similar stratigraphic profiles in 

all three areas, with an initial phase of cooking features and shell, bone, and charcoal 

deposition, followed by soil deposition, and a final phase of cooking features, shell 

deposition, and posthole construction. 

The 2012 investigations were conducted in two excavation areas designated as 

Areas C and D about 10 m northwest from the 2007 investigations, and excavators 

found a comparable sequence that represented a wider range of activities (Keith 

2015:24). According to Keith’s (2015:40–41) summary, shell was initially deposited 

with a series of temporary structures (represented by postholes) and cooking features 

in Area C (Layer 3), which was covered by several layers of mixed tephra, shell, and 

charcoal (Layer 2). Numerous storage pits were then cut into the soils and substantial 

amounts of shell were deposited (Layer 1). Altogether, 100 fire features, 27 postholes, 
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21 storage pits, and 11 caches of stone were identified (Keith 2015:24). Artifacts were 

almost exclusively found in Area D and consisted of argillite adze fragments, flakes of 

chert, greywacke, and obsidian, several drill points, a pumice fishhook, and several 

pieces of worked bone (Keith 2015: Table 13).  

Fishbone recovered during both seasons was analysed and reported for 

individual features. I aggregated the fish remains in the 2007 assemblages into a single 

assemblage because the features and the radiocarbon dates from these excavations 

were not identified to specific layers, and the similarities in the conventional ages of the 

dates suggest this area represents a single phase of activity. I aggregated the fish 

remains in the 2012 assemblages into two separate assemblages because the excavated 

features were reported from Layers 1 and 2 separately. 

Chronology: Three shell samples from the 2007 excavations, and one shell 

sample each from Layers 1 and 2 of the 2012 excavations, were submitted for 

radiocarbon dating. None of the contexts with analysed fishbone from 2007 were 

directly dated, but the dates from Trench 1 are closely associated with contexts that do 

have fish remains. 

I created two separate Sequence models to represent these separate activity 

areas. The model for the 2007 excavations has one phase, while the 2012 model has two 

contiguous phases. All modelled dates have very high agreement, and I used the earliest 

and latest age ranges from each phase for the respective assemblage’s start and end 

dates. 

Table B42. Radiocarbon dates from U14/2907. 

Deposit 
Sample 
Number 

Material Type 
CRA 
(BP) 

Modelled 
Range (cal CE) 

Conf. 
(%) 

A Index 
(%) 

2007 Trench 1 Wk-18292 shell, Paphies 
subtriangulata 

686 ± 31 1500 – 1690 95.4 105.4 

2007 Trench 1 Wk-18293 shell, Paphies 
subtriangulata 

681 ± 30 1504 – 1690 95.4 105.4 

2007 Trench 1 Wk-18295 shell, Paphies 
subtriangulata 

674 ± 30 1506 – 1693 95.4 105.6 

2012 Layer 1 Wk-37865 shell, Paphies 
subtriangulata 

709 ± 31 1515 – 1685 95.4 105.4 

2012 Layer 2 pit Wk-37866 shell, Paphies 
subtriangulata 

738 ± 31 1467 – 1642 95.4 104.6 



Supplementary Material S2 – Site Narrative Descriptions and Chronologies 

S2.119 
 

 

Figure B38. Modelled radiocarbon dates with 95% confidence intervals from U14/2907. 

U14/2907 – 2007 

Assemblage Context: Samples of shell-bearing deposits from Areas C, E, and G of 

the 2007 excavations. Similarities in the stratigraphy of these areas suggest they 

represent the same phases of site activity. 

Recovery Methods: Contradictory information on the methods used for 

processing bulk samples is recorded in different sections of Gumbley 2011. On page 4 

Gumbley writes that 1 mm sieves were used, but on page 40 indicates they were wet-

sieved with 2 mm mesh. Because the latter description is from a section specific to 

faunal analysis, I assume it is correct and that 2 mm mesh was used. 
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Identification Methods: Fishbone was identified by Campbell (Gumbley 2011), 

but the methods of the analysis have not been specified. 

Abundance Data: Taxonomic abundances are reported with NISP in Table 4 of 

Gumbley 2011, and with MNI in Table 5. 

 

U14/2907 – 2012 L1 

Assemblage Context: Samples of shell-bearing deposits from features associated 

with Layer 1 (Feature C58 – midden; Feature D81 – midden; Feature D194 – midden) in 

Areas C and D of the 2012 excavations.  

Recovery Methods: Bulk samples were dry-sieved through nested 6 and 3 mm 

mesh (Spinks 2015:54).  

Identification Methods: Spinks (2015:55) analysed the fishbone from this 

assemblage using the Leach’s (1997, 2006) methods. 

Abundance Data: Taxonomic abundances were reported using NISP in Table 9 of 

Spinks 2015, and with MNI in Table 10.  

 

U14/2907 – 2012 L2 

Assemblage Context: Samples of shell-bearing deposits from features associated 

with Layer 2 (Features C56, C62, C164, D84, D89, D90, D108, D110, D114, D122, D292 – 

firescoop; Features C64, C82, C141, D121, D127, D137 – storage pit; Feature D99 – 

hāngī) in Areas C and D of the 2012 excavations. 

Recovery Methods: This assemblage was recovered using the same methods as 

described for U14/2907 – 2012 L1. 

Identification Methods: This assemblage was identified using the same methods 

as described for U14/2907 – 2012 L1. 

Abundance Data: Taxonomic abundances were quantified using the same 

methods and recorded U14/2907 – 2012 L1. 

43. U14/1717 

Site Description: Numerous concentrations of shell-bearing deposits with fire 

cracked rock and several hāngī features in the Papamoa dune plains, several hundred 

meters from the open Papamoa Beach in western Bay of Plenty. The site was excavated 

in 1994 ahead of a housing development by stripping back topsoil with a road scraper 
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to expose archaeological deposits that were then sampled for analysis (McGovern-

Wilson 1995). Two narrow trenches were excavated through six of the 18 shell 

concentrations in Area A, showing single layers of shell on the original dune surfaces, 

while a test trench and test pits excavated through two of the four middens from Area B 

showed some stratigraphic fishbone lenses within the shell-deposits (McGovern-Wilson 

1995:19, 22). The only artifacts recovered from this site were nine flakes of green 

obsidian found individually across several excavation areas. 

Fish remains were identified in bulk samples from 19 shell-concentrations 

across three excavation areas. I aggregated the analysed fish remains from Area A based 

on McGovern-Wilson’s (1995:40) argument that all dated deposits represent a single 

phase of site activity. The samples from Areas B and G did not meet my minimum 

sample size requirements, and they were spatially separated from the Area A shell-

concentrations, so I excluded them from consideration. 

Chronology: Seven shell samples were submitted for radiocarbon dating, but 

only four of these come from Area A (McGovern-Wilson 1995: Table 5). I created a 

Sequence model with one phase to represent the deposition of the Area A shell 

concentrations. All four dates have very high agreement, and I used the earliest and 

latest age ranges for the assemblage’s start and end dates. 

Table B43. Radiocarbon dates from U14/1717. 

Deposit 
Sample 
Number 

Material Type 
CRA 
(BP) 

Modelled 
Range (cal CE) 

Conf. 
(%) 

A Index 
(%) 

Area A M10 Wk-3623 shell, Paphies 
subtriangulata 

690 ± 50 1470 – 1685 95.4 100.6 

Area A M5 Wk-3630 shell, Paphies 
subtriangulata 

760 ± 50 1458 – 1658 95.4 91.3 

Area A M13 Wk-3631 shell, Paphies 
subtriangulata 

820 ± 50 1440 – 1649 95.4 105.3 

Area A M15 Wk-3632 shell, Paphies 
subtriangulata 

760 ± 50 1458 – 1658 95.4 105.2 
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Figure B39. Modelled radiocarbon dates with 95% confidence intervals from U14/1717. 

U14/1717 Area A 

Assemblage Context: Area A, a large dune swale with concentrations of shell in 

the hollows of the dune surface. 

Recovery Methods: 30 L and 7 L bulk samples of shell were sieved through 3 mm 

mesh and all fishbone was retained for analysis (McGovern-Wilson 1995:27). 

Identification Methods: The methods used to identify fish remains from this site 

have not been described, but McGovern-Wilson (1995:32) indicated indirectly that the 

analysis was based on “identifiable mouth parts.”  

Abundance Data: Taxonomic abundances were reported using NISP, MNE, and 

MNI in Table 4 of McGovern-Wilson 1995. 

44. Papamoa Supacenta Area H (U14/2889) 

Site Description: A group of postholes and storage pits with dense shell and bone 

fill in the Papamoa dune plains, a few hundred meters from the open shore of the Bay of 

Plenty. The site was rediscovered along with numerous adjacent shell deposits in 2003 

during the construction of the Bay of Plenty Supacenta and then excavated in 2004 by 

Felgate & Associates Ltd Consulting Archaeologists ahead of their destruction (Felgate 

2005). After the area was scraped down with a digger, the excavators cleaned visible 
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features by hand and identified four rectangular pits, two clusters of hāngī, and a 

posthole alignment. Felgate (2005:62, 145) also reports a possible formed house floor 

that might represent a series of thatched houses was in found in this area. 

Fishbone was recovered from the fill of three storage pit features, and from the 

western edge of the site, and analysed as separate assemblages. However, only one of 

these pit features was radiocarbon dated, and the other fish assemblages are not 

necessarily from the same phase of site activity. Based on differences in element 

survivorship and fragmentation of fishbone from these contexts, Campbell (2005) 

argues the post-depositional conditions in each of these contexts was likely very 

different. Therefore, I only include the dated fishbone samples from Spits 1, 3, and 4 of 

Feature 1006 as a single assemblage in my analysis.  

Chronology: Charcoal samples from three separate deposits of fill in one storage 

pit (Feature 1006) were submitted for radiocarbon dating. I created a Sequence model 

with three phases to represent each excavation spit, with a contiguous boundary 

between Spits 6 and 5, and a sequential boundary between Spits 5 and 1. The modelled 

dates have very high agreement. Because the oldest fishbone samples come from Spit 4, 

I use the earliest date range of Spit 5’s end boundary (1650-1824 CE at 95.4% 

probability) as the start date for this assemblage. For the assemblage’s end date, I use 

the highest probability range of the date from Spit 1.  

Table B44. Radiocarbon dates from Papamoa Supacenta Area H. 

Deposit 
Sample 
Number 

Material 
Type 

CRA 
(BP) 

Modelled 
Range (cal CE) 

Conf. 
(%) 

A Index 
(%) 

Feature 1006 Spit 1 Wk-17608 charcoal 204 ± 35 1664 – 1816 75.0 99.9 

Feature 1006 Spit 5 Wk-17607 charcoal 210 ± 31 1647 – 1800 95.4 98.2 

Feature 1006 Spit 6 Wk-17605 charcoal 306 ± 31 1510 – 1793 95.4 113.7 
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Figure B40. Modelled radiocarbon dates with 95% confidence intervals from Papamoa 
Supacenta Area H. 

Papamoa Supacenta Feature 1006 

Assemblage Context: Three upper deposits of dense, shell-bearing fill in a storage 

pit 1006. 

Recovery Methods: Several bulk samples were collected from each spit of the 

feature’s deposits. Some were wet-sieved with 2 mm mesh in the laboratory and 

subsamples of these materials were analysed (Felgate 2005: Table 1). 

Identification Methods: Campbell (2005) analysed the fishbone from this site 

using Leach’s (1997) identification protocols, with the addition of vomer and 

hyomandibula to the element set. Chondrichthyan vertebrae and mackerel scutes were 

also recorded and used to establish taxon presence. 

Abundance Data: Taxonomic abundances were reported for all analysed samples 

from Feature 1006 in Table 1 of Campbell 2005. I also used digital copy of Appendix 3 
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from Felgate 2005 that was provided by Campbell to summarise NISP counts and MNE 

estimates for each taxon.  

45. U14/2841 

Site Description: Stratified shell deposits with cooking features, postholes, and 

caches of cooking stones in the Papamoa dune plains, several hundred meters from the 

open Papamoa Beach in western Bay of Plenty. The site was investigated in 1995 ahead 

of a housing development by excavating three trenches through an area of compacted 

shell that was identified through soil resistivity surveys (Fredericksen et al. 1995). 

Trench A was a 20 x 1 m excavation from a dune crest in the north to a swamp at the 

bottom of the dune in the south, Trenches B (10 x 1 m) and C (5 x 1 m) were excavated 

perpendicular to Trench A across the centre of the shell deposits, and then four 

quadrants around the intersection of these three trenches were excavated by hand 

(Fredericksen et al. 1995:6–7).  

Excavators identified three cultural layers in these units (Fredericksen et al. 

1995:7–13). First, they encountered shell-bearing deposits (Layer 2), which they 

removed in three spits labelled Unit I (the top 10 cm of shell), Unit II (the middle 10-30 

cm), and Unit III (the bottom 30-50 cm). Below and distributed within the shell they 

found Layer 3 – a black soil mixed with charcoal eroding down from the dune slope into 

Layer 2 – and directly under the shell at the base of the dune was Layer 4, a grey soil cut 

by numerous hāngī pits and postholes. The only artifacts recovered from the site 

consisted of a few obsidian flakes and incised pieces of pumice, all from the upper site 

deposits (Fredericksen et al. 1995: Appendix C). 

Fishbone from Layer 2 was identified and reported as two assemblages: Units I 

and II, and Unit III. Because these assemblages represent a single deposit, I aggregated 

them into one assemblage. 

Chronology: Two shell samples from features in Layer 4 and two samples from 

Unit I of Layer 2 were submitted for radiocarbon dating (Fredericksen et al. 1995: 

Appendix A). I created a Sequence model with two contiguous phases to represent these 

layers. One modelled date from Layer 2 has relatively poor agreement (Wk-4191 with 

69.8% agreement) because it is older than the dates from Layers 2 and 4, but it is still 

within the acceptable range of agreement. I use the earliest and latest age ranges from 

Layer 2 for the start and end dates of this assemblage. 
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Table B45. Radiocarbon dates from U14/2841. 

Deposit 
Sample 
Number 

Material Type 
CRA 
(BP) 

Modelled 
Range (cal CE) 

Conf. 
(%) 

A Index 
(%) 

Layer 2 Unit I Wk-4191 shell, Struthiolaria 840 ± 50 1470 – 1643 95.4 69.8 

Layer 2 Unit I Wk-4192 shell, Paphies 
subtriangulata 

760 ± 50 1470 – 1651 95.4 109.3 

Layer 4 
Feature 57 

Wk-4189 shell, Paphies 
subtriangulata 

800 ± 50 1431 – 1610 95.4 116.3 

Layer 4 
Feature 51 

Wk-4190 shell, Paphies 
subtriangulata 

730 ± 50 1443 – 1608 95.4 89.2 

 

 

Figure B41. Modelled radiocarbon dates with 95% confidence intervals from U14/2841. 

U14/2841 L2 

Assemblage Context: Layer 2, a shell-bearing deposit with microlayers of humus 

and sand. 

Recovery Methods: Excavated material from Unit I was dry-sieved through 5 mm 

mesh, but materials from Units II and III were wet-sieved though 2 mm mesh 

(Fredericksen et al. 1995:7). 
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Identification Methods: Fish remains were analysed using the protocols 

recommended by Leach and Boocock (1993) and identified with a small portable 

reference collection and with “live samples where needed” (Fredericksen et al. 1995: 

Appendix B, ii). 

Abundance Data: Taxonomic abundances were summarised using MNI in Table 

B1 of Fredericksen et al. 1995, and I also summed element frequencies reported in 

Table B2 to record NISP abundances. 

46. V14/40 

Site Description: Dense shell-bearing deposits, firescoops, postholes, and a 

storage pits in sand dunes overlooking the southeast end of Papamoa Beach and the 

mouth of Kaituna River in western Bay of Plenty. CFG Heritage investigated the site in 

2013 to determine whether it is the site of Te Tumu Pā and resolve planning disputes 

over its inclusion in an area designated for urban growth (Campbell 2013). Five 

trenches were excavated with a hydraulic digger, revealing several concentrations of 

archaeological features typical of other coastal shell gathering, cooking, and 

horticultural sites. Most evidence of site activity was concentrated in the northern dune 

crests where excavators identified some laid floors, numerous cooking features, and 

dense accumulations of obsidian flakes, which were the only artifacts recovered from 

the site. 

Fish remains were recovered and analysed from features in three separate areas 

of the site. I aggregated the samples from three adjacent firescoops (Features 1, 2, and 

4) in the northeast activity area based on the assumption that they represent the same 

phase of site activity. I excluded the samples from Features 14 and 30 because they 

could not be confidently related to the same phase of activity and they did not meet my 

minimum sample size requirements. 

Chronology: Two charcoal samples and one shell sample were submitted for 

radiocarbon dating, but only one of these came from the northeast activity area (Wk-

37243 from Feature 1). I recalibrated the date from this sample, but the calibrated 

probability distribution extends up until 1950 cal CE. 

However, based on the absence of European-manufactured artifacts at this site, 

Campbell (2013) concludes this material was probably deposited before 1830 CE. 

Therefore, I created a Bayesian Sequence model with a single phase and inserted the 
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date of 1830 CE after the end boundary to constrain the radiocarbon date’s probability 

distribution. The modelled date has high agreement with this TAQ, and several, 

disjointed age ranges in the 95% confidence interval. I use the highest probability range 

for this assemblage’s start and end dates. 

Table B46. Radiocarbon date from V14/40. 

Deposit 
Sample 
Number 

Material Type CRA (BP) 
Modelled 
Range (cal CE) 

Conf. 
(%) 

A Index 
(%) 

Feature 1 Wk-37243 charcoal, hebe, Coprosma, 
manuka, Dracophyllum 

163 ± 30 1669 – 1749 81.2 95.3 

 

 

Figure B42. Modelled radiocarbon date with 95% confidence interval from V14/40. 

V14/40 NE 

Assemblage Context: A cluster of three firescoops (Features 1, 2, and 4) in the 

north end of Trench 1. 

Recovery Methods: Samples collected from features were sieved through nested 

1/2" (12.7 mm), 1/4" (6.4 mm), and 1/8" (3.2 mm) mesh (Campbell 2013:28). 

Identification Methods: Campbell (2013:28–29) analysed all five standard 

elements (angular/articular, dentary, maxilla, premaxilla, and quadrate), and palatine, 

hyomandibular, opercle, preopercle, posttemporal, supracleithrum, cleithrum, scapula, 

epihyal, ceratohyal, vomer, parasphenoid, basioccipital, and vertebrae. 
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Abundance Data: Taxonomic and element abundances were reported with NISP 

and MNI in Appendix C of Campbell 2013. Taxonomic abundances were also reported in 

MNI with vertebrae excluded from consideration in Table 9 of Campbell 2013. 

47. Maketu North (V14/188) 

Site Description: An extensive area of shell deposits and cooking features in a 

dune system at the mouth of Maketu Estuary in western Bay of Plenty. This site was first 

excavated in March and April 2007 under the supervision of Moore (2008) to mitigate 

the construction of water mains. Eight test holes and two pipe trenches revealed at least 

140 m of continuous cultural deposits in two separate layers. The Upper layer, 

immediately underneath modern fill, was a 15 cm thick deposit of dark, shelly sand with 

charcoal and oven stones. This Upper layer was separated from the Lower cultural 

deposits by a 20 to 35 cm thick, sterile sand deposit. In the Lower layer, archaeological 

monitors observed a 20 to 25 cm thick, darker shelly sand with oven scoops, charcoal, 

oven stones, and large amounts of fishbone (Moore 2008:9). The only stone artifacts 

recovered from this investigation include a few obsidian flakes and a pointed piece of 

greywacke (Moore 2008:20).  

A second set of archaeological investigations was carried out at Maketu by CFG 

Heritage in 2015 and in the summer of 2016-2017 to mitigate the construction of an 

underground power cable (Trilford et al. 2018). One of the powerline trenches 

intersected a 2.5 to 4 cm thick shell deposit (Feature 1) lying on top of dark, estuarine 

sand at the Maketu North site. A bulk sample of shell and bone was collected for 

analysis, but no other features or artifacts were found (Trilford et al. 2018:5, 14). 

Because the fishbone from each excavation was recovered and analysed with 

different methods, and because the stratigraphic relationships of the deposits from 

different excavations are unclear, I treated them as separate assemblages. 

Chronology: Two shell samples from the Lower layer were submitted for 

radiocarbon dating from the 2007 season (Moore 2008: Appendix 7), and one charcoal 

and one shell sample from the same shell deposit were submitted for the 2017 season 

(Trilford et al. 2018). I created two separate Bayesian Sequence models in OxCal with 

one phase each to represent each of these deposits. The model for the 2007 deposits 

shows high agreement between the two radiocarbon dates. In the model for the 2017 

season, there is good agreement for both dates even though the shell date (Wk-46085) 
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is older than the charcoal date (Wk-46546). I used the earliest and latest age ranges 

from the 2007 model as the start and end dates for the 2007 assemblage. For the 2017 

assemblage, I used the earliest age range from the model for the start date. However, 

because the calibrated and modelled age of Wk-46546 results in three separate ranges, 

two of which have very low probability weights, I only used the highest probability age 

range (1635-1674 at 89.2% probability) to estimate this assemblage’s end date. 

Table B47. Radiocarbon dates from Maketu North. 

Deposit 
Sample 
Number 

Material Type 
CRA 
(BP) 

Modelled 
Range (cal CE) 

Conf. 
(%) 

A Index 
(%) 

2007 Lower Wk-23624 shell, Paphies australis 826 ± 35 1420 – 1632 95.4 98.0 

2007 Lower Wk-23635 shell, Paphies australis 731 ± 35 1463 – 1670 95.4 98.0 

2017 Feature 1 Wk-46546 charcoal, hebe 267 ± 15 1635 – 1674 89.2 106.2 

2017 Feature 1 Wk-46085 shell, Paphies australis 774 ± 27 1465 – 1665 95.4 85.1 
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Figure B43. Modelled radiocarbon dates with 95% confidence intervals from Maketu 
North. 

Maketu North 2007 

Assemblage Context: Two separate layers of shell deposits with charcoal, oven 

stones, and oven features separated by clean sand. Results of fishbone analysis have 

only been reported as a single assemblage, so it is unclear whether the fishbone 

represents just the Lower layer or both layers. 

Recovery Methods: Fourteen midden samples were collected from the Lower 

layer, and one midden sample was collected from the Upper layer. All midden samples 

were wet-sieved through 3 mm mesh (Moore 2008:11). 

Identification Methods: Fishbone was analysed by James-Lee (2008; see also 

Moore et al. 2009), who identified dentary, premaxilla, articular, maxilla, and quadrate 

to species. She also identified some hyomandibula, parasphenoid, ceratohyal, epihyal, 
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post-temporal, scapula, and vomer as “other paired bones” (James-Lee 2008:34), which 

she did not side. 

Abundance Data: Taxonomic abundances were reported in NISP, MNE, and MNI 

for the assemblage as a whole in Table 1 of James-Lee 2008 (see also Moore et al. 2009: 

Table 1). James-Lee (2008:35) noted that nearly every specimen identified to 

Carangidae most closely resembled Decapterus koheru, but the family was retained due 

to the close similarities of this species with Trachurus spp. Therefore, I recorded this 

taxon as Trachurus/Decapterus.  

 

Maketu North 2017 

Assemblage Context: A 2.5 to 4 cm thick shell deposit over estuarine sand. 

Recovery Methods: A 56 L bulk sample was collected and sieved, but the mesh 

size used for sieving has not been reported (Trilford et al. 2018: Table 1). 

Identification Methods: Fishbone was analysed by Campbell, who identified the 

five main mouth bones, palatine, hyomandibula, ceratohyal, epihyal, opercle, 

preopercle, cleithrum, scapula, supracleithrum, posttemporal, vomer, parasphenoid, 

and vertebrae to species (Trilford et al. 2018:12). 

Abundance Data: Taxonomic abundances were reported using the NISP of all 

elements (Trilford et al. 2018: Table 7), but MNI abundances were only estimated for 

five jaw elements to maintain comparability with other regional assemblages (Trilford 

et al. 2018: Table 8). 

48. V14/193 

Site Description: A discrete shell-bearing deposit approximately 30 m southeast 

from the Maketu North activity areas in a dune system at the mouth of Maketu Estuary, 

western Bay of Plenty. CFG Heritage archaeologists found this 20 cm thick deposit of 

shell (Feature 3) in a cable trench under 50 cm of grey sandy silt during archaeological 

investigations related to the construction of an underground power cable between 

2015-2017 (Trilford et al. 2018). A bulk sample was collected for analysis, but no 

artifacts were recovered. 

Chronology: One shell sample was submitted for radiocarbon dating (Trilford et 

al. 2018). I recalibrated the date, and I use the age range for the start and end dates of 

this assemblage. 
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Table B48. Radiocarbon date from V14/193. 

Deposit 
Sample 
Number 

Material Type 
CRA 
(BP) 

Date Range 
(cal CE) 

Confidence 
(%) 

Feature 3 Wk-46545 shell, Paphies australis 716 ± 32 1479 – 1680 95.4 

 

V14/193 

Assemblage Context: A 20 cm thick shell deposit under 50 cm of sandy silt. 

Recovery Methods: A 40 L bulk sample was collected and sieved, but the mesh 

size used for sieving has not been reported (Trilford et al. 2018: Table 1). 

Identification Methods: This assemblage was identified using the same methods 

as described for Maketu North 2017. 

Abundance Data: Taxonomic abundances were quantified using the same 

methods and recorded Maketu North 2017. 

49. Kohika (V15/80) 

Site Description: A defensive pā site with wooden palisades, storage pits, pole 

and thatch structures, and at least one carved house with dressed planks in a swampy 

area between the Tarawera River and Awaiti Stream approximately 2 km inland from 

the open coast of eastern Bay of Plenty. The site was excavated over multiple seasons by 

members of the Whakatane Historical Society and by University of Auckland 

archaeologists between 1974 and 1981 after the landowner encountered waterlogged 

artifacts while attempting to drain a swampy area on his farm near Lake Kohika (Irwin 

2004). Wet site conditions in the swamp contributed to the exceptional preservation of 

enormous quantities of wooden artifacts, including pieces of canoes, paddles, bailers, 

carved timbers, bird spears, digging tools, fern beaters, bowls, combs, a flute, thread 

reels, net gauges. Fragments of nets, cordage, and woven artifacts were also present, 

along with kilograms of obsidian from nearby Tuhua Mayor Island. Many of these 

timbers and pieces of the carved house were recovered by the Whakatane Historical 

Society in the northwest corner of the site, where they excavated an area of about 30 m2 

and probed a 60 m transect adjacent to the agricultural drains for wooden artifacts. 

Irwin (2004:74) suggests some of these deposits represent an in situ household, which 

was associated with large blocks of obsidian and unfinished pieces of a canoe and house 

wall planks. 



Nims – 2021 

S2.134 
 

Four main areas were investigated by archaeologists (Irwin 2004). Over 70 m2 

were excavated by hand in Area A, a former dune ridge (Layer C) cut by seven storage 

pits and dozens oven scoops that were filled and covered by about 50 cm of pumice 

(Layer B), which was later cut for several human burials.  In Area B, four 2.5 x 2.5 m 

excavation units were opened around the agricultural drain at the base of the dune 

ridge, which uncovered the base of several standing posts that were over 20 cm in 

diameter, along with several smaller posts, which were interpreted collectively as the 

remains of a palisade. This area also contained deposits of animal bone, freshwater 

mussel, cooking stones, obsidian, and wood working chips. Area C consisted of five more 

excavation squares in the northeast end of the site, which contained large numbers of 

adzed wood chips, a few obsidian flakes, some gourd fragments, and a series of hāngī 

pits. Finally, 120 m2 were excavated in Area D at the interface between raupō swamp 

and the northwest base of the dune ridge that Area A was located on. Excavators 

identified an alignment with large numbers of standing wood posts that marked a 

boundary between structural features and occupational deposits on one side, and a 

swampy exterior that also contained large numbers of artifacts on the other. Inside the 

perimeter of this wall, there were several stratified layers of sand and gravel that were 

interpreted as a sequence of three constructed horizons (oldest to youngest: Bright 

Yellow, Yellow, and White) which extended the edge of dry land out into the swamp by 

several meters, with patches of bracken fern stems that were deliberately laid 

underneath the earliest cultural deposits. Outside of the wall, excavators found many 

discrete concentrations of wood chips, fire scoops, animal bone, freshwater mussel, and 

large quantities of waterlogged lashings, gourds, and worked timber.  

Notably, many areas of wet site deposits were capped by a layer of alluvial 

sediments that Irwin (2004:55) interpreted as evidence of a single large flood. In Area 

D, flood deposits were found washed around several posts, but no alluvium was present 

on the constructed horizons behind the wall, indicating the wall was intact at the time of 

the floods and that it managed to direct the flow away from this area of the site (Irwin 

2004:65). Very little cultural material was found above or cut into alluvium. Irwin 

(2004) argues the flood event marked the end of the pā’s main period of occupation, 

and that materials recovered from Areas B, C, and D can therefore be considered as a 

single relatively contemporaneous assemblage (Irwin and Jones 2004:76). 
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Chronology: Two charcoal samples, four wood samples from intact posts, one 

bracken fern stem from underneath the constructed floors, and one shell sample were 

submitted for radiocarbon dating from cultural deposits at Kohika. However, one of the 

charcoal samples (NZ-6599) was collected from Area A, which has an undefined 

stratigraphic relationship to the other excavation areas and contained no fish remains, 

and it is not considered further. Additional chronological information is available from 

deposits of volcanic ash from the Tarawera eruption that took place in 1886 CE (Irwin 

and Jones 2004). 

This sample of dates is not ideal for estimating the age of fish remains that were 

recovered from Area B, Area C, and from the upper two constructed floors at Area D. All 

the wood samples might have large in-built ages, and they could have been curated for a 

long time before they were added to the structures at this site. The bracken fern stems 

(NZ-6619) from underneath the lowest constructed horizon predate the construction of 

these features and the fish remains that were recovered from them. The extramural 

charcoal sample (Wk-10293) has an undefined stratigraphic relationship with the 

constructed horizons. Therefore, the tuatua shell from Area C (NZ-6580) is the only 

sample that is directly associated with some of the fish remains, which represent a small 

sample of the Kohika fishbone assemblage. However, Irwin and Jones (2004) were 

confident that cultural deposits in all three areas represent a single, relatively short 

period of site occupation that lasted several decades at most, and argue that all of the 

dated materials can be considered contemporaneous. This assumption can be validated 

to some extent using Bayesian modelling. If all seven of these dates are modelled as a 

single phase and show high agreement, it is likely that they were all deposited during 

the same period of activities at the site. This still does not provide direct dates for the 

bulk of the fishbone assemblage from the Yellow and White horizons in Area D, the Area 

B fishbone, the carved house and canoe pieces identified by the Historical Society’s 

investigations, or the flood that capped the wet site deposits. Nevertheless, we can still 

constrain the age estimate of the Area D fishbone by using the Tarawera eruption as a 

TPQ for the site. 

I created a Sequence model with a single phase for all seven samples, and I 

included the date of the Tarawera eruption after the phase’s end boundary to constrain 

the modelled radiocarbon age ranges. The model results have very high agreement 

indices for most samples, supporting the assumption that the wood posts, the bracken 
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fern stems, the tuatua shell, and the extramural charcoal samples were deposited in a 

relatively short period of time. The radiocarbon date from a kanuka post in Area B 

shows slightly less agreement (NZ-6611: 74%) because it is younger than the other 

samples, but it is still within the acceptable range of agreement and I did not exclude it. I 

use the earliest and latest modelled age ranges from these samples for the Kohika 

assemblage’s start and end dates. 

Table B49. Radiocarbon dates from Kohika. 

Deposit 
Sample 
Number 

Material Type 
CRA 
(BP) 

Modelled 
Range (cal 

CE) 

Conf. 
(%) 

A Index 
(%) 

Area B post NZ-6611 wood, Kunzea 
ericoides 

157 ± 32 1668 – 1836 95.4 74.2 

Area B standing post NZ-6583 wood, Kunzea 
ericoides 

212 ± 32 1657 – 1809 95.4 117.1 

Area C shell deposit NZ-6580 shell, Paphies 
subtriangulata 

596 ± 42 1655 – 1815 95.4 112.9 

Area D standing post NZ-6618 wood 221 ± 32 1657 – 1806 95.4 112.6 

Area D Bright Yellow 
Floor laid stems 

NZ-6619 stem, Pteridium 
esculentum 

190 ± 39 1662 – 1814 95.4 111.7 

Area D standing post Wk-10292 wood 204 ± 54 1655 – 1815 95.4 118.9 

Area D, extramural Wk-10293 charcoal, kanuka, 
tutu, Coprosma, 
hebe, fernroot 

270 ± 38 1643 – 1803 95.4 93.8 
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Figure B44. Modelled radiocarbon dates with 95% confidence intervals from Kohika. 

Kohika 

Assemblage Context: Most of the fish remains recovered from Kohika were found 

in the White and Yellow constructed horizons of Area D on the northwest of the site. 

Nichol (1988: Table 164) reported fish abundances from four separate substrata in 

these deposits, which shows that the latest horizon produced the majority of the 

identifiable remains. Smaller amounts of fishbone were also recovered from Areas B 

and C on the east side of the site.  

Recovery Methods: The methods used to collect fish remains have not been 

clearly described, but Irwin (2004:53–54) reports that every sixth bucket of excavated 

material from several squares in Area B were wet-sieved through 5 mm mesh, and 

indicates that similar sampling methods were also used to collect some of the material 

from Areas C and D. Because the resolution of the available chronological information is 
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so coarse and the ages of individual deposits cannot be separated, I aggregated all of 

these materials together into a single assemblage. 

Identification Methods: Nichol (1988:161) sorted the recovered fish remains to 

select elements that he could identify to species, which included premaxilla, maxilla, 

dentary, articular, quadrate, “crests” (i.e., supraoccipital), opercle, vertebrae, dorsal 

spines, scutes, and cleithrum.  

Abundance Data: Nichol (1988: Table 6.1) reported taxonomic abundances as 

‘average number of individuals,’ which is an MNI estimate calculated from the “most 

numerous element present for each of the species” (Nichol 1988:161), where the 

frequencies for both sides of a paired element were averaged together. Therefore, some 

estimated numbers of individuals include a fraction of an individual, which I rounded up 

to the nearest whole number. There were also several cases where a taxon was simply 

reported as present, which I recorded as 1 MNI.  

Snapper Size Measurements: The lengths of snapper from Area D were reported 

in Figure 6.3 of Nichol 1988. It is likely that these estimates are based on regression 

models developed by Nichol (1988:80–84) for premaxilla, maxilla, dentary, and the 

atlas. It is unclear which dimension of fish body size is estimated with these methods, 

and the reference population of these body size models have not been published, so 

these estimates may not be comparable to those based on the methods of Leach and 

Boocock (1995).  

50. Omaio (X15/46) 

Site Description: A defensive pā with pits, fire features, and hundreds of 

postholes that is adjacent to two other pā on a coastal cliff overlooking the open beach 

of Omaio Bay in eastern Bay of Plenty. The site was excavated by Southern Pacific 

Archaeological Research in 2007 for local land development and heritage management 

planning (Walter et al. 2009). First, three 2 m trenches were opened with a digger along 

the entire 40 m length of the main pā platform so that archaeological features and 

activity areas could be identified and excavated by hand. Then, another 3 x 2 m area was 

also excavated by hand at the south end of the platform (Area A), a 6 x 2 m trench was 

dug into the ditch and bank defences on the west side of the pā (Area B), and the 

southern half of a trench on the platform’s east side was expanded out to the edge of the 

eastern defences (Area C). Small lenses of shell were found within some features, and 
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one large shell-deposit was identified in the northeast scarp of the pā (Walter et al. 

2009:24). One adze, a small number of obsidian flakes, and a clay pipe fragment from 

upper soil deposits were the only artifacts found during excavation (Walter et al. 

2009:21). 

Walter et al. (2009:27–29) identified three phases of site activity from this 

research. Initially some ephemeral features were constructed at an open site on the 

coast (Phase 1). In Phase 2, ditches and banks and palisades were constructed and over 

70 kūmara storage pits were cut into the centre of the site in alignment with the 

defensive features. After some time, these features were all backfilled and the surface of 

the former pā was apparently used for cultivation and cooking (Phase 3). 

Chronology: Two shell samples were submitted for radiocarbon dating from the 

fill of two features (Walter et al. 2009: Table 7), making them most closely related to 

Phase 3 of site activities. I created a Sequence model with a single phase based on the 

assumption that both shell samples date to the same period of occupation. The model 

results have very high agreement indices, and I use the earliest age range for this 

assemblage’s start date. The latest age ranges of both dates extend into the modern 

period, but I use an end date of 1830 CE based on Walter et al.’s (2009:26–27) estimate 

of the clay pipe’s age in the upper strata as a TAQ for this site. 

Table B50. Radiocarbon dates from Omaio. 

Deposit 
Sample 
Number 

Material 
Type 

CRA 
(BP) 

Modelled 
Range (cal CE) 

Conf. 
(%) 

A Index 
(%) 

Feature 1 (depression) Wk-21975 shell 583 ± 35 1630 – 1953 95.4 102.7 

Feature 540 Wk-21976 shell 537 ± 38 1667 – 1953 95.4 101.9 
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Figure B45. Modelled radiocarbon dates with 95% confidence intervals from Omaio. 

Omaio 

Assemblage Context: Multiple lenses of shell in the fill of storage pit features and 

one large concentration of shell-deposits from the northeast scarp of the site. 

Recovery Methods: All deposits from the site were sieved through 6 mm mesh, 

but most fishbone was recovered from shell-deposit bulk samples that were processed 

in the laboratory where they were “washed, dried and a primary sort was carried out” 

(Walter et al. 2009:24). From this description, it is not clear whether bulk samples were 

sieved, or what sieve sizes might have been used. Without further information, I assume 

that 6 mm mesh was the finest sieve size used for this assemblage. 

Identification Methods: Fishbone was identified to the finest possible taxon using 

the Otago Archaeology Laboratory reference collection (Walter et al. 2009:24). Further 

details about the identification protocols or element set used for analysis have not been 

reported for this assemblage. 

Abundance Data: Taxonomic abundances for all fishbone from the site were 

reported using MNE and MNI in Table 6 of Walter et al. 2009. The authors also note that 

MNI data was “suppressed to the site level rather than individual feature level,” (Walter 

et al. 2009:25), which appears to indicate that MNI was estimated from element 

frequencies that were aggregated for the entire site. 
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