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The stratified midden on Ōtata Island, in New Zealand's Hauraki Gulf, dates from the fourteenth century CE, soon after the East Polynesian settlement of New Zealand, to the eighteenth century, just prior to the arrival of Europeans. Analysis of the fishbone assemblages shows that the main targeted species throughout the sequence was snapper (Chrysophrys auratus), accounting for between 50 and 88% of each assemblage. Cranial bones of snapper significantly outnumbered vertebrae, demonstrating that snapper bodies were being preserved for off-site consumption. This pattern is not apparent for other fish species. An early focus on individual fish capture, with benthic or reef species more common than in later assemblages, was superseded by an emphasis on pelagic schooling species, indicating increased use of netting both in response to demographic pressures and as netting technology developed. Snapper size reconstructions for Occupation 3 were significantly skewed toward smaller fish as the environment recovered from the eruption of the nearby Rangitoto volcano and deposition of tephra on the seabed. Otolith trace element analysis showed that juvenile snapper behaviors remained consistent throughout the sequence, but that there were subtle environmental changes. These are attributed to anthropogenic terrestrial changes, but otherwise there were no measurable anthropogenic changes to marine ecosystems.
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Introduction

New Zealand was the last major landmass to be settled by humans, with the arrival of East Polynesian voyagers, the ancestors of the Māori, around 1,300 CE (Anderson, 1991; Anderson et al., 2014; Walter et al., 2017). Pre-European Māori were aceramic horticulturalists but a limited suite of cultigens meant they were reliant on wild foods, and marine resources were a major contributor to diet. The giant flightless moa (Dinornithiformes) were hunted to extinction by 1,450 CE, within 150 years of first settlement (Holdaway and Jacomb, 2000; Anderson, 2000), and seals were extirpated throughout much of their range at the same time (Smith, 2002; Collins et al., 2014). Moa and seal were less common in the warmer North Island, where kūmara (sweet potato, Ipomoea batatas) cultivation was central to the economy. While kūri (Māori dog, Canis familiaris) and kiore (Polynesian rat, Rattus exulans), along with a range of birds, were available, fish and shellfish were always of greater importance, contributing vital proteins and fats that were not available from plant foods.

The impact of settlement on terrestrial environments has been a major focus of scholarship in New Zealand since the nineteenth century (e.g., von Haast, 1871; Anderson, 2013). For instance, as moa, a keystone species, were hunted to extinction, other bird species followed, such as their main predator, the Haast's eagle (Hieraaetus moorei) (Worthy and Holdaway, 2002; Tennyson and Martinson, 2006). Expanding human populations were accompanied by extensive forest clearance for kūmara cultivation and by incidental burning (McWethy et al., 2014). While this is reasonably well understood, Māori impacts on marine environments have received much less attention. Several researchers have concluded that cultural and natural effects are difficult to disentangle and that human impacts, if any, were minor (e.g., Shawcross, 1967; Anderson, 1997; Leach and Davidson, 2000, 2001; Leach, 2006). Māori populations were never large and it is uncertain whether Māori fishing practices would have had measurable effects on fish stocks. Leach (2006) and Davidson (2011) suggest that indirect pressures may have been more important. Land clearance for horticulture may have resulted in increased sediment loads in harbors and estuaries, leading to ecosystem changes of nearshore habitats. Wells et al. (2019) show that growth rates of the bivalve tuangi (Austrovenus stutchburyi), an intertidal soft shore species, declined at several archaeological sites following increased sediment influx into estuaries due to land clearance, in some cases by as much as 50% between 1,400 and 1,800 CE.

Terrestrial ecosystems are relatively static and humans interact with them directly. Conversely, marine ecosystems are dynamic and experience human interactions more indirectly. It is challenging to unravel the complexity of human impacts on marine ecosystems. In this paper we examine these questions by analyzing a midden from Ōtata Island, near Auckland. This represents a rare opportunity to study the fishbone assemblage from a stratified midden spanning the full range of pre-European Māori occupation, particularly as Ōtata is a small island with a restricted environment unsuitable for horticulture or permanent habitation. People visited the island to fish and little else, so any changes in the fishery should be evident.


The Ōtata midden

Ōtata is a small island (~600 × 500 m with a maximum elevation of ~65 m) in the Noises Group at the margin of the inner Hauraki Gulf, where the bathymetry drops away to the cooler waters of the outer gulf (Figure 1). Archaeological site R10/139 was originally recorded as two layers of midden, but in 2018 a storm and accompanying swells eroded ~5 m of the coastal scarp and scoured out the pebble beach, exposing further stratigraphic layers for ~50 m along the scarp. Seven excavation squares (Squares A–G) were excavated in the face of the midden and behind it in 2020 and 2021. Five occupation layers and three natural layers were recorded, although not all layers were present in all squares (Figure 2). The general stratigraphy is as follows:

A storm deposit from the 2018 storm consisting of water rolled beach cobbles and shell.

Occupation 5, which probably consists of several similar occupations or events superimposed and mixed. The deposit consists of mixed fragmented and burnt shell and fire-cracked rock in a dark charcoal stained matrix. In Square A an intact hāngi (deep earth oven) containing large intact and fragmented beach boulders was dug into and covered by this matrix. The upper 100 mm of the layer was a topsoil containing modern plastic and glass as well as faunal material.

Occupation 4 was present in Squares D, E and F and could be distinguished from Occupation 5 immediately above it. This deposit had more loam, less charcoal, shell and fire-cracked rock but lenses of oyster shell and fish at the base. It seems probable that Occupation 4 is the first of several late events that are distinguished as Occupation 5. The two occupations have indistinguishable dates and for the sake of analysis and discussion Occupations 4 and 5 are treated as one (Occupation 4/5).

Below Occupation 4 was a storm deposit of fine beach gravel and shell fragments 130–200 mm thick, with some obsidian and basalt flakes mixed into it.

Occupation 3 was a relatively thin deposit containing shell, fish bone and fire-cracked rock but with notably less charcoal staining than Occupations 4 and 5.

A thick deposit, 200–300 mm deep of redeposited tephra was present below Occupation 3. This appears to be a slopewash deposit and contains lenses of soil and clay but no cultural material below the upper few mm. This tephra relates to the Rangitoto A and B eruptions dating to 1,400–1,450 CE (Needham et al., 2011).

Occupation 2 was only present in Square E and consisted of an ash-filled earth oven with rakeout cut into Occupation 1, and occasional obsidian and basalt mixed into a surrounding wave deposited pebble layer. This pebble layer was also visible in Squares D, F and G.

Occupation 1 was visible in all squares and was deepest, ~100 mm, in Squares E and F. It contained fish, bird and sea mammal bone, obsidian and basalt flakes, and a few bone and shell fishhooks in a fine, clean pebbly beach matrix, but significantly less shell or charcoal. It appears to have been disturbed by waves or storms with small beach pebbles mixed in to the upper parts of the layer by wave action.


[image: Figure 1]
FIGURE 1
 The Hauraki Gulf, showing the location of Ōtata.



[image: Figure 2]
FIGURE 2
 Square E (1,000 mm wide) and Square F (500 mm wide) were excavated 700–800 mm into the face of the exposed midden. They demonstrate the typical stratigraphy for the site. Photo and drawing are not to the same scale.


Only a preliminary dating program has been carried out so far. Four terrestrial and three marine samples were submitted to the Radiocarbon Dating Laboratory at the University of Waikato for AMS dating: two each from Occupations 1, 3, and 5, and one from Occupation 4. The results (Table 1) show that Occupation 1 dates to the fourteenth century CE, not as early as the earliest dates for East Polynesian settlement for New Zealand, but soon after; Occupation 3 dates of the mid-fifteenth to early seventeenth centuries, after the Rangitoto eruption; and Layers 4 and 5 date to the early eighteenth century up to modern times, and that these two layers are indistinguishable. A preliminary Bayesian modeling of the dates, using 1,400–1,450 CE for the Rangitoto tephra (Needham et al., 2011) as an upper boundary for Occupation 1 and lower boundary for Occupation 3, and 1,800 CE as a reasonable date for the probable incursion of European material into the site and an upper boundary for Occupations 4 and 5, does not alter the overall periodization of the occupations, but considerably reduces the uncertainty associated with the marine dates (Figure 3).

TABLE 1  Unmodelled radiocarbon results.


	Lab no.
	Occupation
	Material
	CRA BP
	Cal. CE 68%
	Cal. CE 95%





	Wk-51779
	5
	Shell
	604 ± 28
	1,650–1,825 (68.3%)
	1,556–1,921 (95.4%)

 
	Wk-51781
	5
	Charcoal
	218 ± 20
	1,671–1,678 (7%)
	1,665–1,690 (18.7%)



	
	
	
	
	1,735–1,783 (55.5%)
	1,728–1,808 (76.8%)



	
	
	
	
	1,796–1,801 (5.8%)
	

 
	Wk-53020
	4
	Shell
	523 ± 20
	1,720–1,900 (68.3%)
	1,680–1,960 (95.4%)

 
	Wk-53017
	3
	Shell
	912 ± 20
	1,380–1,520 (68.3%)
	1,310–1,600 (95.4%)

 
	Wk-53018
	3
	Charcoal
	416 ± 21
	1,450–1,500 (55.9%)
	1,450–1,510 (65%)



	
	
	
	
	1,600–1,620 (12.4%)
	1,550–1,560 (1.2%)



	
	
	
	
	
	1,580–1,630 (20.3%)

 
	Wk-53019
	1
	Charcoal
	672 ± 19
	1,300–1,330 (27%)
	1,290–1,400 (95.4%)



	
	
	
	
	1,340–1,370 (25.8%)
	

 
	Wk-52172
	1
	Bird bone
	715 ± 16
	1,290–1,310 (30.6%)
	1,280–1,320 (46.6%)



	
	
	
	
	1,360–1,390 (37.7%)
	1,350–1,390 (48.9%)







[image: Figure 3]
FIGURE 3
 Bayesian age model for the occupations. The lighter shade distributions are the unmodelled calibrated dates, darker shade distributions represent the results after Bayesian modeling. Terrestrial dates are in gray, marine dates in blue. Distribution bars represent the 95% confidence interval.





The Ōtata fish

Fishbone was analyzed by Caitlin Haylock using comparative collections at CFG Heritage and the Anthropology Department, University of Auckland Waipapa Taumata Rau, following the method developed by Campbell (2016). The results of the analysis are presented in Table 2 (Linnean taxonomy and Māori names are given in Table 3). This includes fish from the highly disturbed, redeposited tephra and sand layers, which are not discussed further. Fishbone in these layers may have originated in the occupation layers above and below, although there is no way of assigning them; or they may have originated in occupations now badly disturbed and no longer in situ. Fish are only present in Occupation 2 in small numbers, and this also is not discussed further in any detail.

TABLE 2  Fish by NISP from all contexts.


	
	Occupation 1
	Occupation 2
	Redeposited tephra
	Occupation 3
	Sand layer
	Occupation 4/5
	Total
	Ubiquity1





	Snapper
	1,883
	36
	735
	675
	349
	1,475
	5,153
	4

 
	Shark/ray2
	475
	
	7
	4
	
	41
	527
	3

 
	Red gurnard
	179
	
	1
	2
	7
	221
	410
	3

 
	Yellow-eyed mullet
	70
	
	11
	33
	56
	126
	296
	3

 
	Spotted stargazer
	289
	
	
	
	
	4
	293
	2

 
	Conger eel
	268
	
	1
	
	
	6
	275
	2

 
	Kahawai
	60
	4
	35
	17
	27
	68
	211
	4

 
	Trevally
	11
	
	12
	3
	5
	137
	168
	3

 
	Wrasse
	85
	
	5
	21
	4
	53
	168
	3

 
	Blue cod
	24
	
	5
	8
	
	131
	168
	3

 
	Mackerel
	20
	
	2
	
	2
	113
	137
	2

 
	Fish sp.3
	84
	
	1
	1
	
	51
	137
	3

 
	Piper
	8
	
	1
	21
	3
	83
	116
	3

 
	Pilchard
	72
	
	
	1
	
	2
	75
	3

 
	Flounder
	62
	
	
	
	
	4
	66
	2

 
	New Zealand sole
	45
	
	1
	
	
	3
	49
	2

 
	Barracouta
	25
	
	
	
	4
	13
	42
	2

 
	Blue mackerel
	1
	
	1
	6
	3
	17
	28
	3

 
	Gray mullet
	1
	
	
	4
	
	13
	18
	3

 
	Sweep/blue maomao
	4
	
	
	5
	2
	4
	15
	3

 
	Elephant fish
	14
	
	
	
	
	
	14
	1

 
	John Dory
	1
	
	
	
	
	12
	13
	2

 
	Porcupine fish4
	9
	
	
	
	
	
	9
	1

 
	Warehou
	8
	
	
	
	1
	
	9
	1

 
	Rock cod
	8
	
	
	
	
	1
	9
	2

 
	Pink maomao
	3
	1
	1
	2
	
	1
	8
	4

 
	Leatherjacket
	4
	
	
	
	
	4
	8
	2

 
	Kingfish
	
	
	2
	2
	
	3
	7
	2

 
	Tarakihi
	1
	
	1
	2
	
	2
	6
	3

 
	Goatfish
	5
	
	
	
	
	1
	6
	2

 
	Eagle ray
	5
	
	
	
	
	
	5
	1

 
	Red cod
	3
	
	
	
	
	
	3
	1

 
	Greenbone
	1
	
	
	
	
	
	1
	1

 
	Ling
	1
	
	
	
	
	
	1
	1

 
	Parore
	
	
	
	
	
	1
	1
	1

 
	Hapuka
	
	
	
	
	
	1
	1
	1

 
	NISP
	3,729
	41
	822
	807
	463
	2,591
	8,453
	

 
	N-Taxa
	33
	3
	17
	17
	12
	29
	36
	

 
	Berger-Parker's 1/d
	1.98
	1.14
	
	1.2
	
	1.76
	
	

 
	Simpson's 1/D
	3.48
	1.28
	
	1.42
	
	2.91
	
	

 
	Brillouin's H
	0.81
	0.16
	
	0.34
	
	0.75
	
	



1Numbered occupations only.

2At least three taxa.

3At least three taxa.

4Identified from dermal spines only.



TABLE 3  Fish taxa identified at Ōtata.


	Common name
	Family
	Taxon
	Maori name





	Barracouta
	Gempylidae
	Thyrsites atun
	Mangā, Māka

 
	Blue cod
	Pinguipedidae
	Parapercis colias
	Kopukopu, pākirikiri, pātutuki, rāwaru

 
	Blue mackerel
	Scombridae
	Scomber australasicus
	Tawatawa, tewetewe

 
	Conger eel
	Congridae
	Conger verreauxi
	Ngoiro

 
	Eagle ray
	Myliobatidae
	Myliobatus tenuicaudatus
	Whai repo

 
	Elephant fish
	Callorhinchidae
	Callorhinchus milii
	Makorepe, repe, reporepe

 
	Fish
	Fish
	Fish sp.
	Ika

 
	Flounder
	Rhombosoleidae
	Rhombosolea sp.
	Pātiki

 
	Goatfish
	Mullidae
	Upeneichthys lineatus
	Āhuruhuru

 
	Greenbone
	Labridae
	Odax pullus
	Koeaea, marare

 
	Gray mullet
	Mugilidae
	Mugil cephalus
	Hopuhopu, kanae

 
	Hapuka
	Polyprionidae
	Polyprion oxygeneios
	Hapuka, hāpuka, whāapuku

 
	John Dory
	Zeidae
	Zeus faber
	Kuparu, pukeru

 
	Kahawai
	Arripidae
	Arripis trutta
	Kahawai

 
	Kingfish
	Carangidae
	Seriola lalandi
	Haku, makumaku, warehenga

 
	Leatherjacket
	Monacanthidae
	Meuschenia scaber
	Kokiri, hiriri

 
	Ling
	Ophidiidae
	Genypterus blacodes
	hokarari

 
	Mackerel
	Carangidae
	Trachurus sp.
	Hāture

 
	Morwong
	Cheilodactylidae
	Cheilodactylidae
	

 
	New Zealand sole
	Rhombosoleidae
	Peltorhamphus novaezelandiae
	Horihoro, pātiki rore, kutuhori, pakeke + many others

 
	Parore
	Kyphosidae
	Girella tricuspidata
	Parore, ngāhoehoe, parakoka

 
	Pilchard
	Clupeidae
	Sardinops sagax
	Mohimohi

 
	Pink maomao
	Serranidae
	Caprodon longimanus
	Mātā

 
	Piper
	Hemiramphidae
	Hyporhamphus ihi
	Hangenge, ihe, karehā, takeke, wariwari

 
	Porcupine fish
	Diodontidae
	Tragulichthys jaculiferus
	Koputotara

 
	Red cod
	Moridae
	Pseudophycis bachus
	Hoka

 
	Red gurnard
	Triglidae
	Chelidonichthys kumu
	Kumukumu

 
	Rock cod
	Moridae
	Lotella rhacina
	

 
	School shark/rig
	Triakidae
	Triakidae (cf.)
	Kapetā, tupere/pioke

 
	Shark/ray
	Chondrichthyes
	Chondrichthyes
	Mango/whai

 
	Snapper
	Sparidae
	Chrysophrys auratus
	Tāmure

 
	Spotted stargazer
	Uranoscopidae
	Genyagnus monopterygius
	Kourepoua, moamoa, ngu

 
	Sweep/blue maomao
	Scorpididae
	Scorpis sp.
	Hui, maomao, kiwa, paihau

 
	Tarakihi
	Cheilodactylidae
	Nemadactylus macropterus
	Tarakihi

 
	Trevally
	Carangidae
	Pseudocaranx georgianus
	Araara

 
	Warehou
	Centrolophidae
	Seriolella brama
	Wārehou





Linnean taxonomy and Māori names from Roberts et al. (2015).




In addition to the 34 fish taxa identified to low taxonomic level, several taxa were present in small numbers that could not be identified with the available comparative collections. Based on vertebrae, there were at least 3 species of bony fish in this category. All these are collectively listed in Table 2 as Fish sp. Wrasses are a collective category for the subfamily Pseudolabrini, which contains several indistinguishable species with very similar lifestyles. Based again on vertebrae there were at least three shark taxa, the majority of which were identified as cf. Triakidae [either school shark (Galeorhinus galeus) or rig (Mustelus lenticulatis)] with at least two other larger bodied taxa also present (Shepherd and Campbell, 2021). All these are collectively listed as Chondrichthyes. Ray vertebrae are generally distinctive (Campbell et al., 2022) and none of the Chondrichthyes vertebrae appeared to be rays. Elephant fish (Callorhinchus milii), a ghost shark (Chimaeriformes), was the only cartilaginous fish that could be identified to low taxonomic level, from its distinctive tooth plates.

Elephant fish were found only in Square C from Occupation 1, and only in small numbers (from both the undisturbed and disturbed deposits, which gives us some confidence that the disturbed upper deposit relates to Occupation 1). Elephant fish are mostly recorded in cooler South Island waters, though some have been recorded as far north as the East Cape on the lower North Island east coast (Anderson et al., 1998), and there is a record as far north as Muriwai on the west coast (Tom Trnski, pers. comm. October 3, 2024). Elephant fish are a benthic species to 200 m that aggregate in spring or early summer to spawn (Roberts et al., 2015, p. 39; Francis, 2024, p. 47), so could have come from the inner or outer Hauraki Gulf. They are not known from the gulf today. Gulf waters are warmer than at Muriwai or East Cape (Greig et al., 1988; Uddstrom and Oien, 1999) and would probably not have been an ideal habitat. It is possible that these specimens were preserved fish brought on site, though firstly it seems unlikely that fish would be brought to a fishing camp, and secondly if preserved they would probably not have had their heads still attached. It is more likely that they represent a vagrant or relic population that was easily extirpated.

The assemblages are dominated by snapper (Chrysophrys auratus) (Figure 4) (a sparid or sea bream, not to be confused with the lutjanids or tropical snapper), accounting for between 50 and 88% for each occupation. Snapper is often the most common fish in upper North Island assemblages (Leach, 2006, p. 79; Nims, 2022) and the Ōtata results are in line with this. Snapper are abundant in northern waters and are an important keystone species. They are a popular sport fish today as well as forming an economically important fishery. In early summer they form spawning aggregations in open waters. They take a baited hook and can be netted. They are thought to form relatively distinct regional sub-populations, with limited mixing (Paul, 2000; Leach, 2006; Francis, 2024).


[image: Figure 4]
FIGURE 4
 Mesial views of right comparative specimens of: 1 premaxilla, 2 maxilla, 3 dentary, 4 articular, 5 hyomandibular, 6 cleithrum, 7 3rd vertebra (left lateral view), 8 otolith (snapper only); for (A) snapper (Chrysophrys auratus) fork length (fl) = 525 mm, (B) blue cod (Parapercis colias) fl = 325 mm, (C) kahawai (Arripis trutta) fl = 530 mm, (D) red gurnard (Chelidonichthys kumu) fl = 365 mm.


Table 2 includes five diversity indices. NISP and N-Taxa are two that are most familiar to archaeologists, the total number of identified specimens and the total number of taxa identified. Occupation 1 has both the highest total NISP and the highest number of identified taxa, followed by Occupations 4/5, 3, and 2.

The other three diversity indices are derived from the NISP and N-Taxa counts, and are calculated for the numbered occupations only. Although developed to measure biodiversity these can be readily adopted to measure the diversity of archaeological assemblages (Magurran, 2004). The Berger-Parker index is an index of dominance, that is, how much the most common taxon dominates the assemblage. It is easy to calculate, a simple count of the total NISP divided by the NISP of the most common taxon, in each case, snapper. Simpson's index is another measure of dominance, in this case taking the structure, or evenness, of the whole assemblage into consideration. While snapper are dominant, other taxa are also present in reasonable numbers and so contribute to Simpson's D. Both Berger-Parker's d and Simpson's D are presented as their inverse, so that diversity increases as the measure increases. Brillouin's H is an appropriate diversity index when the randomness of the sample cannot be guaranteed (Magurran, 2004, p. 113), which is the case for archaeological assemblages. It is a measure of the evenness of the assemblage. All three indexes in Table 2 correlate and show that the Occupation 1 assemblage is the most even, or diverse, followed by Occupation 4/5. In fact these measures all correlate with total NISP, suggesting that if all assemblages had NISPs of 3,700 they would all be closer to each other in evenness and diversity. Total NISP, in the case of Ōtata, predicts the other diversity statistics, although this is not always the case with other assemblages (e.g., Campbell and Nims, 2019: Table 1). This probably reflects the dominance of snapper in the assemblages.

These diversity measures can be shown graphically using rank abundance, or Whittaker, plots (Magurran, 2004, p. 21). Figure 5 shows the dominance of snapper, ranked 1, then a steep slope to the next most common taxon, after which the slopes tend to be quite even (note that the y axis is a log10 scale). This suggests that, while snapper were the primary target in all occupations, other fish were not taken preferentially but rather as an incidental catch of the snapper fishery. The contents of each assemblage are essentially consistent and the occupants were undertaking the same, or at least comparable, activities on the island in each occupation.


[image: Figure 5]
FIGURE 5
 Rank abundance (Whittaker) plots for each occupation (the y axis is a log10 scale).



The snapper fishery

First among these activities was catching snapper. Comparing the counts of snapper cranial bones to vertebra from the assemblages shows that cranial bones far outnumber vertebrae (Figure 6). We identified 34 cranial bones including otoliths for most taxa, and snapper have 24 vertebrae. All snapper bones are robust and we would expect them to survive in roughly equal proportions. Vertebrae consistently account for only 20–30% of snapper bone for all occupations. The results are highly statistically significant (Table 4). Snapper, then, were being targeted and their bodies, including vertebrae, preserved and taken elsewhere for later, probably winter, consumption. Early explorers and ethnographers describe preservation by sun-drying, steaming and drying, or drying on hot rocks (e.g., Anon, 1837, p. 90; Best, 1977 [1929]; Beattie, 1994, p. 116). All the evidence indicates that Ōtata represents a seasonal fishing camp probably occupied in early summer, and that snapper were the primary target.


[image: Figure 6]
FIGURE 6
 Proportions of snapper cranial bones and vertebra from each occupation.


TABLE 4  Chi-squared scores for snapper cranial bones and vertebrae from each occupation—we counted 32 cranial bones while snapper have 24 vertebrae (Roberts et al., 2015, p. 1288).


	Occupation
	Cranial count
	Vertebral count
	X2
	p





	1
	1,394
	489
	219.29
	1.29 × 10−49

 
	2
	27
	9
	4.69
	0.03

 
	3
	540
	135
	144
	3.55 × 10−33

 
	4/5
	1,024
	451
	90.84
	1.56 × 10−21






Sharks and rays were also commonly targeted for preservation by Māori and the shark at the site, particularly in Occupation 1, may represent a shark fishery alongside the more clearly visible snapper fishery. A school shark fishery was described by numerous nineteenth century ethnographers and explorers and school shark and rig vertebrae have been identified in abundance by aDNA analysis at the Auckland Airport NRD site (R11/859), although this was not a shark fishery, rather the shark were brought on site for consumption at funerary feats (Shepherd and Campbell, 2021; Campbell et al., 2022). Cartilaginous vertebrae are vulnerable to diagenetic processes and cranial elements of cartilaginous fish do not survive, while very fine screens would be required to find Triakidae teeth or dermal denticles, so shark and ray numbers are not really comparable to bony fish numbers. Even so, the pattern observed for snapper does not hold for other common species, with vertebrae often more common than cranial bones (Figure 7)—taxa most frequently identified from vertebrae, such as yellow-eyed mullet (Aldrichetta forsteri), pilchard (Sardinops sagax) and piper (Hyporhamphus ihi), which have small, fragile cranial bones, or conger eel (Conger verreauxi), which have 150–160 vertebrae (Roberts et al., 2015, p. 278), are not included.


[image: Figure 7]
FIGURE 7
 Proportions of cranial bones and vertebra for selected taxa from Occupations 1 and 4/5 where NISP > 30.


Vertebrae far outnumber cranial bones for spotted stargazers (Genyagnus monopterygius) in Occupation 1. Stargazers (Uranoscopidae) are benthic ambush predators with armored heads, so while their head bones should survive, perhaps the fish were headed off site and only the bodies brought back. More surprising is that the same pattern is evident for red gurnard (Chelidonichthys kumu) in Occupation 1, and for blue cod (Parapercis colias) and mackerel (Trachurus sp.) in Occupation 4/5. While some of this may be due to taphonomic processes, it is more probable that cultural or even individual preferences are at play. Either way, none of these taxa were targeted for preservation in the same way that snapper evidently were (Figure 7).



Individual vs. mass capture

Other taxa mainly found in Occupation 1 are also of interest. Fish like congers and stargazers are benthic species, not easily netted though they will readily take a baited hook. Leatherjackets (Meuschenia scaber) and wrasses tend to live on reefs, where they would also not be netted. Wrasses take a baited hook but leatherjackets have small mouths and were presumably speared or taken by hand. Demersal species, such as flatfish or gurnards can be taken in nets on clean bottoms, though flatfish are commonly speared.

These taxa are less common in later occupations where fish like yellow-eyed mullet, mackerel, trevally (Pseudocaranx georgianus) or piper become more common (Figure 8). These are pelagic schooling taxa, often with small mouths, that are more likely to be taken by mass capture methods, particularly netting. Fish can live in a wide range of depths and can move up and down the water column, often diurnally, and schools of some species can aggregate or disaggregate depending on seasonal or environmental factors, especially for spawning, so by “pelagic schooling”, we mean generally epipelagic, generally schooling. An exception to this pattern is pilchard, a pelagic schooling species that is mainly present in Occupation 1 and not later occupations. A change in focus to pelagic schooling fish does not mean that these were not caught in Occupation 1, or that individually captured benthic or reef species were not caught in later occupations. At Ōtata snapper continued to be the main focus of the fishery, and these could be caught by both baited hook and net.


[image: Figure 8]
FIGURE 8
 Changing proportions of pelagic schooling and “other” taxa, except for snapper and Chondrichthyes.


Nims (2022) noted the same general pattern throughout the northern North Island—a focus on snapper alongside rocky reef and soft substrate species prior to around 1,500 CE followed by a shift to pelagic schooling species. He proposed that loss of megafauna, anthropogenic landscape transformations and population growth put pressure on inshore fisheries, with previously dependable coastal fisheries suffering resource depression. Alongside this, social changes and population growth led Māori to expand settlement and lay claim to new territories and resources and defend these places with fortified pā. This may have necessitated more reliable and sustainable fishing practices.

These are not the only possible causes for a change of focus to pelagic schooling fish. Leach (2006, p. 250) quotes several ethnographic sources showing that Māori craved fat and oil that was often lacking in their diet. With the extinction of moa and extirpation of seals in the upper North Island, this shortage must have become pronounced. Of the fish identified from Ōtata, pelagic schooling fish often have a higher fat content than other species, which may have been another reason to target them. Vlieg (1988) provides the proximate composition of several commercial New Zealand fish species, which are reproduced in Table 5 for the fish from Ōtata that he provides data for. These figures are for filets, although Vlieg's data show that oil is distributed unevenly in head, viscera, frame and skin as well as filets, and parts of the fish other than just filets would have been eaten (Leach, 2006). The figures in Table 5 are useful for discussing relative oil content, but are not useful for calculating absolute dietary contributions.

TABLE 5  Percentages of oil in filets of several fish species (from Vlieg, 1988).


	Taxon
	Oil %





	Pelagic schooling fish

 
	Barracouta
	26.7

 
	Blue mackerel
	42

 
	Gray mullet
	9.3

 
	Kahawai
	26

 
	Kingfish
	19.2

 
	Mackerel
	25

 
	Pilchard
	60.5a

 
	Trevally
	19

 
	Yellow-eyed mullet
	14.1

 
	Other

 
	Blue cod
	11.3

 
	Conger eel
	16.1

 
	Elephant fish
	9.9

 
	Flounder
	14.3

 
	Hapuka
	8.4

 
	John Dory
	8.2

 
	Leatherjacket
	18.2

 
	Ling
	20

 
	New Zealand sole
	12.8

 
	Parore
	5.9

 
	Red Cod
	8

 
	Red gurnard
	9.4

 
	Snapper
	10.3

 
	Tarakihi
	9

 
	Warehou
	24.1





aFilet, skin, and frame combined.




Net technology for the mass capture of fish seems to have been particularly well developed in New Zealand. Joseph Banks, aboard the Endeavor in 1769, recorded a net that was “5 fathom [9 m] deep and its length we could only guess, as it was not stretchd out, but it could not from its bulk be less than 4 or 500 hundred fathom [730–910 m] … almost every house you go into has netts in it making” (Beaglehole, 1962, p. 444). Cruise (1974 [1824], p. 314) observed that British navy nets were “contemptible when compared with those of the New Zealanders” (see also Best, 1977 [1929]). Mair (1923, p. 19) at Maketu in 1885 described a net 95 chains (1,910 m) long that caught at least 37,000 large fish. Mair lists the fish that were counted, including: kahawai, snapper, trevally, gurnard, moki, tarakihi, parore, kingfish, school shark, other large and small sharks, rays and “uncounted numbers of smaller fish, such as … mackerel … sand fish [perhaps flounders], and some new species” (Mair, 1923, p. 22). Of these, only kahawai (Arripis trutta) and the carangids—mackerel, trevally and kingfish (Seriola lalandi)—are pelagic schooling fish. The event witnessed by Mair may not be a good model for interpreting archaeological assemblages, or it may indicate that our interpretations of what happened to fish once they were landed are flawed.

Shaped stone net weights or pumice floats are recovered archaeologically but not as commonly as a reliance on netting would suggest. Most weights and floats would have been expedient, with suitable stone cobbles sewn into the feet of nets and wooden floats tied to the heads (Witter, 2007). Wooden floats would not survive while unworked cobbles would not be recognized as net weights—the beach at Ōtata is made up of such cobbles. Hooks and two-piece hook points are more common in the archaeological record. At Ōtata several one- and two-piece hooks and points of shell and bone were found, along with evidence of manufacture on site, but only in Occupations 1 and 2 and no recognizable net gear was recovered.

A reliance on netting schooling fish is not unique to New Zealand among Polynesian societies. Nims et al. (2024) have shown that at Hakea Beach on Nuku Hiva mass capture of fish took place from early in the sequence. Hakea is a deeply indented bay with a sandy beach and limited reefs. Small bodied and small mouthed fish caught by netting included Mullidae (goat fish), Mugilidae (mullet) and small Lutjanidae, the latter in particular pointing to extensive netting inshore as larger lutjanids live in deeper waters where they are more likely to be caught by angling.

Net technology in the Marquesas is not as well described as for New Zealand. The accounts of early explorers (collated by Ferdon, 1993) describe night fishing for flying fish with hand nets, as well as “seines and straight nets, the latter up to one hundred feet in length” and a variety of hand nets (Ferdon, 1993, p. 98). Handy (1971 [1923], p. 169) describes specialized large, deep-sea nets 30 feet square, handled by four canoes, as well as nets of all sizes grading down to hand nets. In the Cook Islands Hiroa (1944) provides good descriptions of nets from the early twentieth century. Off-shore fishing, by which he presumably means outside the reef, was confined to hook and line, and nets to catch flying fish. He describes the use of long nets in the lagoon, often as stationary fish traps, but also as seines handled by two or more canoes. Short set nets were between 5 and 10 yards long, but gives no dimensions for long nets. Nonetheless, none of these nets are as large as those described by Banks, Cruise or Mair. The reason for this is simple, as Hiroa (1944, p. 222) put it: “The unevenness of the lagoon bed, studded with holes, rocks, and coral upgrowths, is not conducive to the hauling of long seine nets”. In contrast, wide bays and sandy beaches well suited to large nets are common in New Zealand. Similarly, Nims et al. (2024) pointed to the Hakea environment as enabling a reliance on mass capture with nets—they also listed reliability of catch and avoidance of ciguatera poisoning from larger reef fishes as other, non-mutually exclusive explanations for the patterns they observed.

While not all fish would take a hook, all fish can potentially be netted. Netting, however, was not the only mass capture technique used by Māori. For instance, John Boultbee in 1827 described a specialized lure technique for taking barracouta (Thyrsites atun): “sometimes they will load a canoe in two hours with fish” (Boultbee, 1986, p. 75; see also Anderson, 1981; Beattie, 1994). Barracouta were an important fish resource throughout the sequence on the South Island east coast. Lure points are well described, for instance, from the early site of Shag River Mouth, where three wooden lure shanks were recovered from wet contexts and barracouta dominate the fish assemblages (Anderson, 1981; Anderson and Gumbley, 1996; Anderson and Smith, 1996). Specialized barracouta techniques, though derived from tropical Polynesian lure forms, were clearly an early innovation in New Zealand. Similarly, pā kahawai, or kahawai trolling lures, are known in museum collections from the early nineteenth century. These were two piece lures with a shell or bone point and a wooden shank with iridescent pāua (Haliotis sp.) shell inlay. Bone and shell points are common archaeologically but cannot be attributed to a particular hook or lure form. Pāua inlays are only known from late period sites (pāua shell delaminates easily in archaeological contexts and does not survive well) so the antiquity of this specific form is unknown (Smith, 2007; see also Davidson, 1984, p. 66).

The net described by Mair was made at the behest of Te Pokiha, who was determined that it “should outrival the famous historic one made by his remote ancestor, Taramainuku” (Mair, 1923, p. 19). Fishing was frequently a competitive activity and many of the patterns that can be seen in the archaeological record are not solely attributable to economic necessity, even if competition can rarely be seen in the data.



Snapper size

Snapper mouth parts were measured and live fork lengths estimated following the method in Leach and Boocock (1995), measuring dentary, articular, maxilla and premaxilla, but not quadrate or otolith. While the data from Occupations 1 and 4/5 follow a roughly normal distribution and the fish are all essentially the same size and in the same length range, the Occupation 3 data are highly skewed toward smaller fish and the average and median lengths are significantly smaller (Table 4, Figure 8). Other than a single fish from Occupation 3, none are particularly large, with average lengths not much greater than the current allowable size limit of 300 mm (https://www.mpi.govt.nz/fishing-aquaculture/recreational-fishing/fishing-rules/), and many considerably smaller (Table 6, Figure 9).

TABLE 6  Snapper size distribution data.


	
	n
	Range (mm)
	Average (mm)
	Median (mm)
	Skewness
	Kurtosis





	Occupation 1
	117
	192–619
	376.83
	370
	0.54
	0.07

 
	Occupation 3
	59
	192–795
	328.15
	318
	2.01
	7.31

 
	Occupation 4/5
	69
	191–665
	377.04
	366
	0.62
	0.11





Skewness and kurtosis are calculated in Microsoft Excel with the SKEW and KURT functions.
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FIGURE 9
 Snapper size distributions.


The layer beneath Occupation 3 consists of redeposited Rangitoto tephra mixed with fine clays. It is assumed to have been washed off the nearby shallow slopes soon after the eruption, before the airfall deposit had time to consolidate and become vegetated. A thin topsoil then built up on the redeposited tephra, indicating a brief time lag before Occupation 3. We interpret the Occupation 3 snapper size distribution as a direct result of the eruption. The deposition of tephra would have smothered the seafloor, disrupting the local ecosystem. Any fish that survived would have moved elsewhere in the gulf, and the waters around Ōtata and the local snapper population would have taken time to recover. The Occupation 3 snapper show this process in action, as younger fish were recruited from other parts of the gulf, skewing the catch toward smaller fish. By Occupation 4/5 the population had recovered to a typical size and age distribution.



Otolith chemistry

Much recent archaeofaunal research in New Zealand, and the Pacific more widely, has begun to focus more closely on human-environmental interactions in marine ecosystems, benefitting from multi-technical and cross-disciplinary collaborative approaches (Allen and Kahn, 2024). Such studies can provide fine-grained data on changes in fish populations and environments. Archaeological assemblages offer a unique perspective on former ecosystems and can be used to examine environmental baselines on longer timescales than are otherwise available to the life sciences.

We analyzed the changing proportions of barium (Ba) and strontium (Sr) of snapper otoliths from the Ōtata midden (Campbell et al., 2025). The otoliths were sectioned and analyzed with laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) along a linear path from the core of the otolith to the proximal tip. We analyzed the results for the first 1,500 μm of the laser transect, roughly equivalent to the first 2 years of the fish's life. We then applied Behavioral Change Point Analysis (BCPA), a statistical method used to resolve fine-scale patterns of animal behavior and movement, tracking this life history. This identified three distinct Behavioral States (BS) characterized by distinctive proportions of Ba and Sr: BS 1, with low Sr and low Ba values; BS2, with moderate Sr and high Ba values; and BS 3, with high Sr and low Ba values (Table 7). The BCPA results for all occupations showed that from soon after the East Polynesian settlement of New Zealand (Occupation 1, fourteenth century CE) to just prior to the arrival of Europeans and their technologies (Occupation 4/5, eighteenth century), juvenile snapper exhibited consistent patterns of early habitat residency and movement. Snapper larvae settle in structured sponge and seagrass nurseries in estuarine and sheltered environments, which provide protection from predators and allow them to conserve energy, and as they grow they move to increasingly open, oceanic waters (Parsons et al., 2014, 2020; Sabetian et al., 2021). The BCPA results reinforce this, showing that in their first year they primarily reside in lower salinity nearshore environments (BS 1) and in their second year they increasingly shift to higher salinity habitats (BS 2 and 3). These findings must be interpreted with caution. While relative barium and strontium concentrations are well-established proxies for freshwater and saltwater sources (de Vries et al., 2005; Izzo et al., 2018; Macdonald and Crook, 2010; Elsdon and Gillanders, 2005), they can also be influenced by various environmental and physiological factors. That said, the confidence in our novel time-series approach lies in its ability to counterbalance the conventional point-analysis, multi-tracer methodology which primarily rely on absolute (or averaged) values to establish habitat residency at specific time points in a fish's life. In contrast, our approach provides a continuous, high-resolution reconstruction of habitat transitions, offering a more nuanced perspective on environmental history.

TABLE 7  Sr and Ba mean concentrations for each behavioral state for each occupation.


	BS
	Sr ppm (Mean ±SE)
	Ba ppm (Mean ±SE)





	Occupation 1

 
	BS 1
	1,985.98 ± 8.31
	25.64 ± 0.43

 
	BS 2
	2,969.89 ± 27.51
	93.96 ± 0.70

 
	BS 3
	3,081.72 ± 12.94
	32.97 ± 0.48

 
	Occupation 3

 
	BS 1
	1,935.67 ± 7.31
	16.39 ± 0.17

 
	BS 2
	2,916.22 ± 38.93
	64.22 ± 1.24

 
	BS 3
	3,284.62 ± 14.58
	14.09 ± 0.24

 
	Occupation 4/5

 
	BS 1
	1,802.1 ± 7.84
	8.21 ± 0.12

 
	BS 2
	2,036.33 ± 26.55
	35.04 ± 0.46

 
	BS 3
	3,229.66 ± 12.03
	16.54 ± 0.15






Movement patterns of juvenile snapper did not change during the pre-European period in the Hauraki Gulf, further reinforcing the conclusion that Māori fishing pressures had no measurable effect on snapper populations and behaviors. While behaviors may not have changed, the BCPA analysis did shows that habitat characteristics did, with the same patterns observed across the occupations. BS 1 was represented by the lowest Sr and Ba concentrations for all occupations (Table 5), indicating the consistent use of low salinity sheltered nearshore nursery habitats away from any major freshwater influence. Another pattern was that BS 2 was characterized by mid-level Sr and the highest Ba concentrations for all occupations. This chemical signature is typical of shallow mixing zones in coastal areas where freshwater and seawater converge (Wilson, 2005). This suggests that this area also served as a transitional habitat for juvenile snapper as they began to move from sheltered nurseries to open waters. This is supported by the observation that all specimens spent the least amount of time in BS 2: Occupation 1 (22.4%), Occupations 3 (7.2%), and Occupation 4/5 (12.8%). The third and most interesting pattern was in Ba concentrations in BS 2 which were, on average, 1.5 times higher in Occupation 1 than in Occupation 3, and 2.5 times higher than in Occupation 4/5.

Ba concentrations are expected to vary in a dynamic environment such as the Hauraki Gulf (Alibert et al., 2003; Hamer et al., 2003, 2006; Elsdon and Gillanders, 2006) but a 60% decline of Ba concentrations between the fourteenth and eighteenth centuries requires explanation. Ba and Sr are both in group 2 of the periodic table, which they share with Ca, and their carbonates are absorbed into otoliths as they substitute for CaCO3. In the marine environment Ba is influenced by a broad range of environmental and biological factors. Ba from freshwater sources is in a soluble, bioavailable form, BaCO3, while as it is flushed into saline environments and comes into contact with sulfate-rich sea floor sediments it converts to mineral, non-bioavailable BaSO4, which is why it is such a useful marker of freshwater influences in otoliths. Ba concentrations are also strongly influenced by freshwater inputs, fluvial runoff, volcanic activity, sediment resuspension, and biological processes such as adsorption onto particles (Cao et al., 2016). In the case of the Hauraki Gulf, the Rangitoto volcano was active for at least 150 years, and probably longer, before its eruption ceased around 1,450 CE (Shane et al., 2013; Allington et al., 2023). At Ōtata this is marked by the tephra layer between Occupations 1 and 3. Occupation 1, which has the highest Ba concentration in BS 2, was during a period of active volcanism that had ceased by the time of Occupation 3. Weathering and erosion of fresh volcanic deposits potentially contributed to further enrichment of Ba in gulf waters (Lein and Kravchishina, 2021). The decline in Ba values in Occupations 3 and 4/5 could, then, be due to the cessation of volcanic activity. However, this Ba would seem not to have been in a bioavailable form as the elevated Ba signature does not show up in BS 3 for Occupation 1 when the fish were moving into more open waters closer to the ostensible source of volcanic Ba. We cannot entirely rule volcanism out as an explanation, but it seems unlikely.

A more probable explanation lies in altered hydrodynamics of the Hauraki Gulf's mixing zones, which in Occupation 1 are also transitional zones for juvenile snapper, leading to shifts in Sr and Ba concentrations in later occupations. High Ba levels show that Ba remains enriched in these mixing zones throughout the pre-European sequence, but this enrichment diminished over time. Decreasing Ba levels may be linked to a transition in the Gulf's freshwater inputs or shifting fluvial sediment dynamics, with lower concentrations of Ba in the later occupations suggesting altered freshwater input into the coastal ecosystem (Sinclair and McCulloch, 2014). One possible cause is deforestation initiated by Māori for activities such as garden clearance (McWethy et al., 2010, 2014), leading to increased sedimentation and changing amount, frequency and variability of freshwater inputs. There are several possible ways in which this could be reflected in changing Ba levels. The fluvial mixing zone may move further offshore so that it no longer coincides so neatly with the juvenile snapper transitional zone; or sedimentation may directly impact the transitional zone, shrinking the extent of nursery habitats so that their margin moves inshore away for the Ba rich mixing zone; or the amount and distribution of Ba in marine waters may change; or the mechanics of the mixing zones may be altered. Any or all of these may be the case, along with others that we have not considered. We can't provide a definitive answer, but juvenile snapper in transitional zones are no longer swimming in the same Ba rich waters in later occupations as they were in Occupation 1.




Discussion and conclusion

This paper has examined change and continuity in the pre-European Māori fishery at Ōtata. Anthropogenic impacts on terrestrial ecosystems in pre-European New Zealand, such as extinctions, extirpations and deforestation, are well understood. But are there parallel processes taking place in marine ecosystems? Because of the different ways humans interact with terrestrial and marine environments, evidence of change in the latter is likely to be subtle. Wells et al. (2019) demonstrate changes in growth rates of tuangi, a filter-feeding intertidal bivalve, probably as a result of increased sedimentation following land clearance. There is no evidence that tuangi were over-harvested. Pre-European Māori population densities were never high and the period between first settlement and the advent of European technology is barely 500 years. Māori fishing technology was sophisticated but it is unclear that it could have had any measurable impact on fish populations in that period. Snapper stocks, for instance, were resilient in the face of European fishing until the removal of restrictions on the fishery and the development of industrial scale fishing in the 1960s (Mossman, 2008).

Ōtata is an ideal location for an analysis of fishing, a clearly stratified midden on a small island easily accessed from the mainland, but also a location where the range of settlement and subsistence activities was limited. Ōtata is not suited to horticulture or permanent settlement and has no useful lithic resources. Fishing and shellfishing, and some birding, were the reasons for visiting the island. A “conventional” analysis of the fish from the Ōtata midden—that is, identifying and counting a subset of fish bones to the lowest possible taxonomic level, a consideration of the structure of the assemblages and of environments and fishing technologies—has not demonstrated any changes that we can attribute to anthropogenic environmental change or fishing pressures. A change from individual to mass capture after Occupation 1 follows the development of netting technologies, probably accompanied by demographic pressures, a trend observed throughout the northern North Island. The population structure of the Occupation 3 snapper, skewed toward smaller individuals, is best explained as a result of a natural environmental event, the Rangitoto eruption. Overall, the activities represented in the fishbone assemblages were consistent across all occupations—targeting snapper for preservation and taking other fish as an incidental or expedient catch. Pre-European Māori fishing activities would seem to have had no discernible impact on fish populations in the gulf.

Similarly, BCPA has not shown any changes in otolith chemistry that demonstrate changes in juvenile (approximately the first 2 years of life) snapper behavior or movement patterns. Larvae consistently settled in structured nearshore nursery habitats and as they matured they gradually moved to more open, oceanic waters. What the analysis demonstrated was that the environments the fish were swimming in did change in the ~400 years between Occupation 1 and Occupation 4/5, particularly the transitional zone where juvenile snapper begin to move away from the shelter of sponge and seagrass nurseries. We attribute this to anthropogenic land-based changes—deforestation and increased sedimentation altered the hydrodynamics and chemistry of the zone where fresh and salt water mix, and altered the balance between this mixing zone and the transitional snapper zone. A 60% change in Ba concentrations does not, however, mean that the marine environment as a whole underwent a comparable alteration. Instead, these changes were probably quite subtle and had no long-term effect on Māori fishing.

Our analysis supports previous research that suggests changes in the marine environment and effects on marine organisms in the pre-European period were restricted to the nearshore environment and that there were no substantial changes to fish populations or population structures (e.g., Leach, 2006; Davidson, 2011; Wells et al., 2019). The apparent extirpation of a vulnerable population of elephant fish may appear notable, but it is as likely that this would not have been a viable population even without Māori fishing.

New Zealand's short history provides unique opportunities to examine pre-human and relatively unaltered early human environments. It also offers the opportunity to examine how a pre-modern people settled into new environments, how they changed their environments and how their environments changed them. As Groube (1967, p. 11) wrote nearly 60 years ago: “the first people who came here (East Polynesian) were a neolithic, fishing, agricultural people… When Cook came to these shores the New Zealand Maori were still a neolithic, fishing, agricultural people”. There were changes in demography, technology, subsistence, art, settlement patterns and social structures, and Māori effects on their terrestrial environments were often extensive and significant. In contrast, effects on the marine environment were localized and low-impact, with no observable effects on fish stocks.
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Common name Family Taxo Maori name

Barracouta Gempylidae Thyrsites atun Manga, Maka

Blue cod Pinguipedidae Parapercis colias Kopukopu, pakirikiri, patutuki, riwaru

Blue mackerel Scombridae Scomber australasicus Tawatawa, tewetewe

Conger eel Congridae Conger verreauxi Ngoiro

Eagle ray Myliobatidae Myliobatus tenuicaudatus Whai repo

Elephant fish Callorhinchidae Callorhinchus milii Makorepe, repe, reporepe

Fish Fish Fish sp. Tka

Flounder Rhombosoleidae Rhombosolea sp. Patiki

Goatfish Mullidae Upeneichthys lineatus Ahuruhuru

Greenbone Labridae Odax pullus Koeaea, marare

Gray mullet Mugilidae Mugil cephalus Hopuhopu, kanae

Hapuka Polyprionidae Polyprion oxygeneios Hapuka, hapuka, whaapuku

John Dory Zeidae Zeus faber Kuparu, pukeru

Kahawai Arripidae Arripis trutta Kahawai

Kingfish Carangidae Seriola lalandi Haku, makumaku, warehenga

Leatherjacket Monacanthidae Meuschenia scaber Kokiri, hiriri

Ling Ophidiidae Genypterus blacodes hokarari

Mackerel Carangidae Trachurus sp. Hature

Morwong Cheilodactylidae Cheilodactylidae

New Zealand sole Rhombosoleidae Peltorhamphus novaezelandiae Horihoro, patiki rore, kutuhori, pakeke +
many others

Parore Kyphosidae Girella tricuspidata Parore, ngahoehoe, parakoka

Pilchard Clupeidae Sardinops sagax Mohimohi

Pink maomao Serranidae Caprodon longimanus Mata

Piper Hemiramphidae Hyporhamphus ihi Hangenge, ihe, karehd, takeke, wariwari

Porcupine fish Diodontidae Tragulichthys jaculiferus Koputotara

Red cod Moridae Pseudophycis bachus Hoka

Red gurnard Triglidae Chelidonichthys kumu Kumukumu

Rock cod Moridae Lotella rhacina

School shark/rig Triakidae Triakidae (c£) Kapeta, tupere/pioke

Shark/ray Chondrichthyes Chondrichthyes Mango/whai

Snapper Sparidae Chrysophrys auratus Tamure

Spotted stargazer Uranoscopidae Genyagnus monopterygius Kourepoua, moamoa, ngu

Sweep/blue maomao Scorpididae Scorpis sp. Hui, maomao, kiwa, paihau

Tarakihi Cheilodactylidae Nemadactylus macropterus ‘Tarakihi

Trevally Carangidae Pseudocaranx georgianus Araara

Warehou Centrolophidae Seriolella brama Warehou

Linnean taxonomy and Maori names from Roberts et al. (2015).
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Average Skewness Kurtosis
(mm)
Occupation 1 17 192-619 376.83 370 054 0.07
Occupation 3 59 192-795 32815 318 201 7.31
Occupation 4/5 69 191-665 377.04 366 062 011

Skewness and kurtosis are calculated in Microsoft Excel with the SKEW and KURT functions.
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Taxon

Pelagic schooling fish

Barracouta 267
Blue mackerel 2
Gray mullet 9.3
Kahawai 26
Kingfish 19.2
Mackerel 25
Pilchard 60.5
Trevally 19
Yellow-eyed mullet 14.1
Other

Blue cod 11.3
Conger eel 16.1
Elephant fish 9.9
Flounder 14.3
Hapuka 8.4
John Dory 8.2
Leatherjacket 18.2
Ling 20
New Zealand sole 12.8
Parore 59
Red Cod 8
Red gurnard 9.4
Snapper 10.3
Tarakihi 9
Warehou 24.1

3Filet, skin, and frame combined.
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Occupation  Occupation Redeposited Occupation Sand Occupation  Total Ubiquity!
1 2

tephra 5 layer 4/5

Snapper 1,883 36 735 675 349 1,475 5153 4
Shark/ray? 475 7 4 41 527 3
Red gurnard 179 1 2 7 221 410 3
Yellow-eyed mullet 70 11 33 56 126 296 3
Spotted stargazer 289 4 293 2
Conger eel 268 1 6 275 2
Kahawai 60 4 35 17 27 68 211 4
Trevally 11 12 3 5 137 168 3
Wrasse 85 5 21 4 53 168 3
Blue cod 24 5 8 131 168 3
Mackerel 20 2 2 113 137 2
Fish sp. 84 1 1 51 137 3
Piper 8 1 21 3 83 116 3
Pilchard 72 1 2 75 3
Flounder 62 4 66 2
New Zealand sole 45 1 3 49 2
Barracouta 25 4 13 42 2
Blue mackerel 1 1 6 3 17 28 3
Gray mullet 1 4 13 18 3
Sweep/blue maomao 4 5 2 4 15 3
Elephant fish 14 14 1
John Dory 1 12 13 2
Porcupine fish* 9 9 1
‘Warehou 8 1 9 1
Rock cod 8 1 9 2
Pink maomao 3 1 1 2 1 8 4
Leatherjacket 4 4 8 2
Kingfish 2 2 3 7 2
Tarakihi 1 1 2 2 6 3
Goatfish 5 1 6 2
Eagle ray 5 5 1
Red cod 3 3 1
Greenbone 1 1 1
Ling 1 1 1
Parore 1 1 1
Hapuka 1 1 1
NIsP 3,729 41 822 807 463 2,591 8,453
N-Taxa 33 3 17 17 12 29 36
Berger-Parker’s 1/d 1.98 114 12 1.76
Simpson’s 1/D 3.48 1.28 142 291
Brillouin’s H 0.81 0.16 0.34 0.75

Numbered occupations only.

2Atleast three taxa.

3Atleast three taxa.

“1dentified from dermal spines only.
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Lab no. ion Material CRAB Cal. CE 68% Cal. CE 95%
Wk-51779 Shell 604£28 1,650-1,825 (68.39%) 1,556-1,921 (95.4%)
Wk-51781 Charcoal 21820 1,671-1,678 (7%) 1,651,690 (18.7%)
1,735-1,783 (55.5%) 1,728-1,808 (76.8%)
1,796-1,801 (5.8%)
Wk-53020 Shell 523420 1,720-1,900 (68.3%) 1,680-1,960 (95.4%)
Wk-53017 Shell 91220 1,380-1,520 (68.39%) 1,310-1,600 (95.4%)
Wk-53018 Charcoal 416£21 1,450-1,500 (55.99%) 1,450-1,510 (65%)
1,600-1,620 (12.4%) 1,550-1,560 (1.2%)
1,580-1,630 (20.3%)
Wk-53019 Charcoal 672+19 1,300-1,330 (27%) 1,290-1,400 (95.4%)
1,340-1,370 (25.8%)
Wk-52172 Bird bone 715416 1,290-1,310 (30.6%) 1,280-1,320 (46.6%)
1,360-1,390 (37.7%) 1,350-1,390 (48.9%)
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