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Methods and materials 
In Oceania, macrobotanical remains of carbonised I. batatas roots are reported from a few archaeological contexts (Yen 1974: 27; Hather & Kirch 1991; Yen & Head 1993; Coil & Kirch 2005; Ladefoged et al. 2005; Barron et al. 2022; Van Tilburg et al. 2022; see also review in Anderson & Petchey 2020: 352–54, 360). Palynomorph remains cf. I. batatas and other crops have been recorded more widely and frequently since the 1990s from various ancient soil archives, archaeological artefacts and, occasionally, human dental calculus. Among these, semi-crystalline reserve starch granules are characterised most commonly, although attribution is not always straightforward in Oceania (e.g. Loy et al. 1992; Horrocks 2004, 2005; Horrocks et al. 2004a & b; 2011, 2012, 2015, 2023; Horrocks & Barber 2005; Horrocks & Lawlor 2006; Torrence & Barton 2006; Horrocks & Nunn 2007; Horrocks & Wozniak 2008; Allen & Ussher 2013; Tromp & Dudgeon 2015; Maxwell & Tromp 2016; Maxwell et al. 2018; Prebble et al. 2020; Barber & Higham 2021; Berenguer et al. 2024; see also reviews in Crowther et al. 2014; Anderson & Petchey 2020: 360–62; Horrocks 2020: 187–90). Compound druse crystals with projecting components and needle-like raphides bundled in idoblasts or as separating and individual specimens may also be identified to plant taxa in some cases (Crowther 2009; Horrocks 2020: 187–88, including citations p. 188).

Our research design targets reserve starch granules extracted from M24/11 earth samples, especially cf. I. batatas, along with other selected non-pollen palynomorphs. Assessment for botanical identification is comparative and descriptive-qualitative, considering context as well as diagnostic features. Our analysis is not statistical beyond basic descriptive measurements for feature and granule size. We acknowledge the value of morphometric modelling, as in the qualitative and quantitative (probabilistic) analysis of archaeological Rapa Nui starch by Berenguer et al. (2024). Our more basic visual qualitative analysis targets the presence or absence of defined features. These include attributes beyond those considered by Berenguer et al. (2024), especially lamellae (granule growth rings). 

This qualitative approach also allows us to use a wide range of microbotanical studies performed on economic plants from precontact Oceania. Starch granule characteristics have been identified from these studies on tens to hundreds of specimens. However, character frequency is not quantified in the main beyond observations that features are present “occasionally”, “sometimes”, “usually”, or “generally” (e.g. Allen & Ussher 2013: 2808; Tromp & Dudgeon 2015: 57; Maxwell & Tromp 2016: 203, 208, tab. 1; Barber & Higham 2021: tab. S3). But these observations may still inform qualitative research reliant on presence or absence of clearly defined features. Visual analysis also facilitates the use of published descriptions of atmospheric and equipment starch granule contamination (Crowther et al. 2014).

Our radiocarbon strategy generated new, short-life atmospheric Accelerator Mass Spectrometry (AMS) determinations form secure contexts for Bayesian Modelling around extant standard marine ages.

Palynomorph analysis: sample processing 
Archaeological earth samples were processed for microbotanical analysis in a University of Otago (UO) laboratory. Starch granules were targeted. We followed standard density separation methods adapted from Horrocks (2005; 2020). These were modified for sample materials and available resources. Some CaOx crystal structures extracted incidentally were identified also (cf. Horrocks 2020: 195). Our separation process is described in numbered steps below. 

Preparation 
1. Clean bench with 5% Sodium Hydroxide (NaOH) to remove any starch or other residue contamination. 
2. Weigh 2.3–3.0cm2 of dry sample material into 50ml tube. 
 	 
Deflocculation and removal of heavy materials 
3. Add 10ml sodium hexametaphosphate (5% Calgon) to deflocculate sample. 
4. Agitate on shaker at 3000rpm for 1.5–2.0 hours. 
5. Fill tube with ultrapure (Type 1) water and vortex. 
6. Centrifuge for 10 mins at 3000rpm. 
7. Decant and discard aliquot. 
8. Repeat steps 5–7 until liquid is clear. 
9. Add 3–4ml of ultrapure water and centrifuge for 10 mins at 3000rpm. 
10. Decant and discard aliquot. 
 
Heavy liquid floatation to separate starch 
11. Add LST heavy liquid (1.7 specific gravity) up to 10ml mark. 
12. Centrifuge sample material for 10 minutes at 1500rpm. 
13. Collect 1–2 ml from top layer of centrifuged material and place into new 15ml tube. 
14. Rinse heavy liquid by filling new tube with Type 1 water and centrifuge for 10 mins at 3000rpm. 
15. Decant and discard aliquot. 
16. Repeat steps 14 and 15 two times. 
17. Starch separation complete and sample residue ready for mounting. 
 
Slide mounting and storage of target sample residue 
18. Melt 1–2 cm2 of glycerol jelly. 
19. Mix equal amounts of ultrapure water and glycerol. 
20. Pipette 1 drop of sample residue onto slide, then add a drop of diluted glycerol jelly. 
21. Mix sample and dilute glycerol jelly on slide and spread mixture to coverslip size (22mm x 40mm). 
22. Affix coverslip and allow dilute glycerol jelly to set. 
 
Residues were examined on mounted slides. Images have been captured in light microscopy from a Zeiss Axioskop 40 transmitted-light microscope with fitted digital camera. 

Palynomorph analysis: identification 
Slides from L4 and L2 samples were assessed in light microscopy under brightfield and cross-polarised light. Properties of birefringence (split light diffraction) in polarisation confirm the identification of semi-crystalline starch granules. The most notable characteristic is a dark extinction cross highlighted against a bright granule background that may have diagnostic value (Coster & Field 2015: 10; Pagán-Jiménez et al. 2015: 236). Druse and raphide crystals are also bright and sometimes pleochroic (generating colour variation) in polarisation (Cody & Horner 1983; Crowther 2009: 112–13; Horrocks 2020: 188 (citations)). 

An extinction cross may be partly or entirely absent in damaged granules (Liu et al. 2014: 423). In Aotearoa, starch granule discolouration from soil staining, gelatinisation, swelling and cracking with consequent diminishment or loss of the cross are reported from archaeological soils (Horrocks & Lawlor 2006: 206–07; Horrocks et al. 2007; see also Horrocks 2020: 188). This was observed in several granules identified from L4 and L2 slides (e.g. Figures 8, S4D, S5). Accordingly, palynomorphs for this study are assessed in both brightfield and polarisation. 
 
For starch granules, morphological characteristics are evaluated comparatively. These include size, shape, facets, and arrangements in aggregate; nature and shape of the hilum (granule origin); presence of lamellae (growth rings around hila), and other variation in the extinction cross, including eccentricity. As above, our assessment is qualitative and focused on presence or absence. The diagnostic inclusion of CaOx crystals in granule masses was noted when applicable. 
 
In comparative evaluation we consider shared characteristics in native or naturalised plants of record in the study area, including species encouraged or managed by precontact Māori (Maxwell & Tromp 2016; Barber & Higham 2021: 12–13). Species-specific microbotanical materials and characters are outlined below. 
 
Convolvulaceae: Ipomoea batatas (L.) Lam., sweet potato/kūmara 
Characters 
I. batatas starch granule characteristics are described with some consistency across a wide literature (Jane et al. 1994: 123; Horrocks 2004: 328; Horrocks et al. 2004a, 2007, 2008, 2011, 2012; Horrocks & Lawlor 2006; Korstanje & Babot 2007: 57; Horrocks & Wozniak 2008; Allen & Ussher 2013; Pagán-Jiménez et al. 2015: 236; Tromp & Dudgeon 2015; Maxwell & Tromp 2016; Barber & Higham 2021). Across this published work and our own reference studies, > 90% of granules cf. I. batatas present in the diameter range 7– 30μm, with outliers as small as 2.5μm or > 50μm (e.g. Figure S6; Korstanje & Babot 2007: 57; Allen & Ussher 2013: fig. 8; Maxwell & Tromp 2016: fig. 11). Well-accepted diagnostic features across this literature are: circular, semi-circular to cupule (‘bell’), asymmetriccupule, ovate, and polygonal 2D granule shapes; one or more granule facets; and radiating linear, stellate or winged fissures and cavities at hila. (Fissures and/or cavities at hila were reported in 40 of 65 reference I. batatas starch granules examined in Barber & Higham 2021: tab. S3). 
 
Two other diagnostic characteristics have been noted, although they are recorded and used variably. Visible lamellae around hila are “usually not observed” in one I. batatas granule study (Allen & Ussher 2013: 2808). But other works describe I. batatas lamellae as “seen on larger grains” sometimes (Tromp & Dudgeon 2015: 57), as “distinct” (Korstanje & Babot 2007: 57), and even as a main diagnostic feature in “various arrangements” (Pagán-Jiménez et al. 2015: 236). Lamellae are visible clearly on I. batatas granules imaged in Horrocks et al. (2007: fig. 4c,d) in brightfield and polarisation. Our I. batatas reference examinations of hundreds of granules confirm marked lamellae around fissures or cavities of an open hilum, albeit in < 20% of specimens. Accordingly, we accept lamellae as characteristic for I. batatas against absence in hundreds of starch granules examined from common, edible native Aotearoa plant organs (Maxwell & Tromp 2016, and below). 

Another research team recognises “a distinct and almost unique” Ipomoea starch granule feature from modern and proposed ancient specimens. This is the projecting extinction cross presenting “two or three lightly and very thin curved arms with the fourth arm being significantly broader and triangular” (Pagán-Jiménez et al. 2015: 236, fig. 6b1,c1). Reference work at the University of Otago confirms this arrangement in the I. batatas extinction cross, but as a variant (e.g. Figure S6). More research is needed to document the extent to which cross arm width may be specific to I. batatas granules.
 
Comparison 
There is a lack of detail and agreement in the literature as to how far I. batatas starch characteristics might be distinguished comparatively within the genus (cf. Loy et al. 1992: 906; Horrocks 2004: 328; Horrocks & Lawlor 2006: 206; Horrocks et al. 2008: 2454; Allen & Ussher 2013: 2805; Anderson & Petchey 2020: 360). Be that as it may, native Aotearoa Ipomoea were not distributed naturally south of a somewhat indistinct northern Te-Ika-a-Māui/North Island I. cairica boundary. Most importantly for our study, Ipomoea spp. are not native to or naturalised in Te Waipounamu (Figure 2; Horrocks et al. 2004b: 153, 2008: 2454; Horrocks & Lawlor 2006: 206; de Lange 2024a & b). Accordingly, we can exclude native Ipomoea from granule consideration in precontact Te Waipounamu, including secure Triangle Flat contexts. 

At Triangle Flat we can also exclude roots or lower stems of local, edible native lilly rengarenga (Arthropodium cirratum) and tree tī kōuka (Cordyline australis) from consideration because their storage carbohydrate fraction is fructan (Vidanarachchi 2009). Unprocessed starch granules from edible starch-bearing Pteridium esculentum fern rhizomes (aruhe) and roots of herb pōhue Calystegia sepium subsp. roseata may be present in M24/11 deposits theoretically. Pōhue granules resemble I. batatas in size and shape. However, as with aruhe, pōhue do not present cavities or fissures at open hila, nor lamellae (Horrocks et al. 2004a; Maxwell & Tromp 2016: 203–07; Maxwell et al. 2018: 13).

We recognise further that rounded and sub-rounded granules (including ‘bell’ shapes) up to 24μm diameter with fissures or open centric hila are reported as cosmopolitan laboratory contaminants in light microscopy. These are designated Type 1 by Crowther et al. (2014: 95, tab. 1, fig. 3). Crowther et al. (2014: 95) observe that Type 1 morphometrics “overlap with widely used identification standards in ancient maize research for grass (Poaceae) seeds”. These morphometrics may also overlap with Ipomoea characters as described above (see also Jane et al. 1994). However, distinction is possible theoretically for some specimens. Type 1 granules are not characterised by marked lamellae, nor reported in aggregate or semicompound forms (Crowther et al. 2014: 95, tab. 1, cf. figs. 3–5). 

Among plants introduced by Polynesians, starch granule features of American Lagenaria siceraria (gourd/hue) should be considered cf. Ipomoea. Spherical and oval starch granules of gourd rind present in the range 8.5–25.0μm with “distinct centric hilum” and round cavity, and “sometimes radiating fissures”. (Starch granules from gourd pulp in the diameter range 8.5–25.0μm have no cavity visible at the hilum.) Pulp and rind granules also present with distinct crosses. But gourd granules lack visible lamellae. I. batatas granules are more variable in shape as well, including polyhedral (Korstanje & Babot 2007: 57, 69) or polygonal in 2D. 

Starch characteristics of one other plant transferred to Te Waipounamu overlap several I. batatas granule features. Māori ancestors transplanted endemic northern Te-Ika-a-Māui karaka tree Corynocarpus laevigatus to Te Tau Ihu and east coast Te Waipounamu for its storable, edible seed once detoxified. Karaka has become naturalised in the course of this southern relocation (Leach & Stowe 2005). Foundational C. laevigatus starch research identifies rounded and polygonal grain shapes in 2D with central cavities, sometimes fissured, and “occasionally,” curved arms of an extinction cross. As above, these features are shared with I. batatas. Nevertheless, I. batatas characterisation is still possible for some granule sets. No C. laevigatus granule of record is > 13.2μm (from n=447, sampling three locations) and lamellae were not observed (Maxwell & Tromp 2016: 203, tab. 1; cf. lamellae described on I. batatas starch granules in Tromp & Dudgeon 2015: 57). 
 
Araceae: Colocasia esculenta ( L. ) Schott, taro 
Storage starch granules from C. esculenta corms are characteristically < 6μm diameter. A minority (< 10%) may be larger (cf. Fullagar et al. 2006: 598, fig. 3A–B; Horrocks et al. 2004b: fig. 5; Maxwell & Tromp 2016: 205, fig. 11). Very small C. esculenta granules are often described in ‘sheets’ or aggregation. They are most distinctive in rounded or polygonal masses of hundreds of granules < 4μm diameter. These may be amyloplasts when enclosed by membrane (e.g. Horrocks & Barber 2005; Fullagar et al. 2006; Horrocks & Nunn 2007; Horrocks et al. 2008, 2011, 2012; Maxwell & Tromp 2016). CaOx crystal structures are also abundant in reference C. esculenta shoots and corms, especially raphides (e.g. Horrocks & Barber 2005; Horrocks & Nunn 2007; Horrocks et al. 2008: 2452–54, 2455, figs. 11a–c, 12a–c, 2011, 2012). Small-starch aggregates and distinctive raphides recorded individually and in idoblasts along with other CaOx forms are also confirmed in corms of reference C. esculenta (e.g. Figure S7A,D). 
 
For identification purposes, one must consider possible feature overlap in widely distributed Indigenous Aotearoa Araceae (duckweeds). Among these, Wolffia australiana lacks corms or roots and does not produce raphides or druses. However, native Lemna spp. may produce CaOx raphides in idoblasts and abundant starch in young frond cells (Franceschi 1987; Ernst et al. 2023; Ware et al. 2023; de Lange 2024c; Mazen et al. 2004; NZPCN 2024). Druses and raphides are produced in plant taxa beyond Araceae as well, including Ipomoea, while non-biogenic crystals in soil may resemble raphides (Crowther 2009; Barron et al. 2022). Lemna starch granules are also small (≤ 10μm diameter; Guo et al. 2023). One study reports 80% of L. minor starch granules (cf. L. disperma) in the diameter range 3.45–9.27μm, averaging 6.17μm (Chen et al. 2016: 209, tab. 1). The lower part of this range overlaps the tail of C. esculenta starch granules c. 3–6μm (very occasionally larger). 
 
Even so, we propose that archaeobotanical C. esculenta may be distinguished with some confidence from secure Aotearoa contexts. The tiny (< 4μm) granules in mass that characterise C. esculenta corms, sometimes enclosed, are not reported to our knowledge for starch of other native plants of record (cf. Maxwell & Tromp 2016), including Lemna spp. (cf. Chen et al. 2016: 209, tab. 1). Moreover, identical small granule masses are highly specific to archaeological wet-taro soils in northern Aotearoa (Horrocks & Barber 2005; Barber 2020; Prebble et al. 2020).
 
Crystal structures, especially druses, also become recognisably biogenic and diagnostic for C. esculenta in light microscopy when incorporated into granular masses (Horrocks & Nunn 2007: 742, figs. 3e–f, 4e–f; Horrocks et al. 2011: 247–48, figs. 6e–h, 7e–h, 2012: 197–98, figs. 5n–q, 6n–q, 2015: fig. 6e–f, k–l, 2023). These associations are targeted in our analysis. Fragments of epidermal tissue from M24/11 L4 contexts were compared with C. esculenta imaged in light microscopy as well. Published reference characters for C. esculenta leaf are rounded papillae up to 16μm diameter within pentagonal cells up to 50μm across (cf. Figure S9B and, less definitively, Figure S9C with Horrocks & Barber 2005: fig. 8f; Horrocks & Lawlor 2006: fig. 8e; Horrocks et al. 2008: figs. 11d, 12d). 
 
Dioscoreaceae: Dioscorea alata L., greater yam/uwhi 
Dioscoreaceae are not native to Aotearoa, and no specimens of the Māori “yams” (uwhi) of precontact to contact-era Aotearoa survive (Sykes 2003). It is at least possible that “smaller yams” were introduced by the first Aotearoa Polynesian settlers to survive for a time “in the far north” (Leach 2020: 241). If so, D. alata was introduced as well to become the sole Dioscorea sp. of precontact period Aotearoa over time it seems. Certainly, D. alata only is recognised as the Māori uwhi of early historical records (Best 1976: 230–31; Sykes 2003: 728). Starch granules cf. D. alata are also identified from archaeological soils of northern and east coast Te-Ika-a-Māui (Horrocks & Barber 2005; Horrocks et al. 2008: 2447, 2452, 2454– 55). These identifications are now joined by the D. alata attribution of our M24/11 study. 
 
D. alata starch granules are generally large (c. 25–70μm) although a subset of smaller (< 12 μm) sub-rounded granules that may develop facets is also described (Fullagar et al. 2006: fig. 4). The larger granules are elongate-ovate in the main with no facets, even in aggregate, and may be flattened with obtuse or truncate ends. Highly eccentric crosses and hila generally present in polarisation. Marked lamellae may be visible (Loy et al. 1992: fig. 10; Horrocks & Barber 2005: 113, figs. 7g–h, 8g–h; Fullagar et al. 2006: fig. 4A–B; Horrocks & Wozniak 2008: 137, figs. 8i–p, 9h–p; Horrocks et al. 2008: 2454–55, fig. 12i–m; Allen & Ussher 2013: 2807). Granules are recorded individually and in aggregate or clumps, some enclosed by epidermis (Horrocks & Barber 2005: fig. 8g–h; Horrocks & Wozniak 2008: figs. 8i–j, 9h–i; Lentfer 2009: fig. 7a; Allen and Ussher 2013: fig. 10c–d). 

In reference comparison, D. alata starch granules in aggregate at least can be distinguished from ovate, cosmopolitan laboratory contaminant granules > 25μm. The last are reported individually only, and are relatively uncommon in any case (Type III as described and imaged in Crowther et al. 2014: 95–96, fig. 5). 

Woody plant charcoal selection for radiocarbon dating 
Carbonised, small-diameter (< 10mm) short-life angiosperm plant stems were preferred among botanical and faunal samples for new AMS determinations. L4 samples targeted primary, undisturbed deposition contexts below dense L3 midden. L2 samples were well-preserved twigs below an intact shelly surface, albeit closer to the surface than L4 (Figure S3). 

For both new L4 and L2 samples, we assessed carbonised stems in light microscopy for twig anatomy and condition. Our protocol rejected stems with poorly preserved vascular structure or fungal hyphae that might indicate carbonisation of dead wood with possible inbuilt age. The assessment of plant part and diagnostic wood taxonomy considered presence of intact epidermis, surface nodes, pith, curvature and rays from snapped twig sections or small branches or branchlets. Vouched modern reference slides held at UO were used for taxonomic attribution with further reference to published keys (Patel 1973, 1994; Meylan & Butterfield 1978). 
 
Radiocarbon sample treatment and measurement 
Physical contaminants were removed mechanically or avoided from plant charcoal sectioned for dating. Samples were pretreated in a clean UO lab for processing by Rafter Radiocarbon Laboratory, Wellington, other than Wk-55215 processed independently by Waikato Radiocarbon Laboratory, Hamilton (both in New Zealand). Pretreatment of all AMS samples by UO and Waikato labs followed a standard AMS acid–base–acid wash procedure (described in Brock et al. 2010). Acid-washed samples were measured by Accelerator Mass Spectrometry (AMS) following combustion and graphitisation. GNS Science Rafter Laboratory samples were measured for d13C‰ by isotope-ratio mass spectrometry (IRMS) (cf. Barber & Higham 2021: S2 Text). Two marine mollusc samples (Wk-17249, Wk-22611) were pretreated and processed by (LS) at Waikato Laboratory, as for previous M24/11 marine determinations (Barber 2013). 

Radiocarbon calibration and Bayesian modelling 
Liquid Scintillation marine ages reported in Barber (2013) and Wk-17249 were calibrated after Marine20 (Heaton et al. 2020), adjusted for local radiocarbon variation by a weighted mean offset value (-166±25). This value is designated ΔR. It is determined on 16 molluscs of known death age collected between 1855 and 1954 from various marine locations 15–210km distance from Triangle Flat, updated for Marine20 (Table S4). Atmospheric ages were calibrated after SHCal20 (Hogg et al. 2020). 
 
A Bayesian analysis was performed for marine and atmospheric ages in OxCal v. 4.4 (Bronk Ramsey 2009a; 2024; see also Table S2 and cf. Hamilton & Krus 2018; Barber & Higham 2021). Outlier detection was performed in a General t-type model set to 5% (0.05) prior probability in OxCal (Bronk Ramsey 2009b). Any significant temporal ΔR variance in marine determinations should be constrained between modelled short-life L4 atmospheric ages and the terminus ante quem C_Date of 1836 (after Mitchell and Mitchell 2004, referencing displacement of resident Māori at M24/11). For posterior L2 calibrations, this C_Date also mitigates multi-modal distributions into modern generated by the wiggly, post-1600 atmospheric curve (cf. Barber et al. 2016). Modelled and unmodelled radiocarbon calibrations are rounded to one digit only as reported data but rounded to five in OxCal v. 4.4 in the main article text (see Hamilton & Krus 2018: 195). 
 
Transparency and availability 
Archaeological materials were recorded, excavated and sampled lawfully between 1999– 2007. This required the consent of iwi authority Manawhenua ki Mohua pursuant to New Zealand Historic Places Trust Pouhere Taonga statutory Authorities 9900-24, 2001-39 and 2005-101 per Historic Places Act 1993 (Walton & Bagley 2000; Barber 2013, 2024). Relevant images, other data and code are reported in the main text or OSM. Sample materials are accessible for research purposes on application to the Archaeology Programme, University of Otago Ōtākou Whakaihu Waka.
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Figure S1. Plan of southwestern end of archaeological site complex no. M24/11, Triangle Flat (Puponga Farm Park: see Walton & Bagley 2000), showing archaeological features identified in text. These include the border of the extensive upper beach shell deposit associated with L2 (after text). Excavation units are identified by code for processed radiocarbon determinations. Latitude and longitude coordinates intersect at red crosses as logged by DGPS. This plan modifies ‘woolshed paddock’ archaeological plan in Barber (2013: fig. 4) (figure modified by Les O’Neill). 
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Figure S2. Section drawing from excavation unit N19 E3, mid-square profile, view west (between A'–B', Figure 4), showing vertical position and stratigraphic relationship of radiocarbon samples NZA 62661 and Wk-9611. Numbered site layers follow article. Carbonised wood sample NZA 62661 from a discard surface capping L4 channel fill (after article text) is shown at measured depth from surface. However, NZA 62661 was deposited about 200mm west of this profile on L4 directly, rather than fish bone (figure by Les O’Neill). 
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Figure S3. Beach shell sediment on L2 unit in section, N40 E13 (see Figure S1 and Barber 
2013: figures 5 and 8 for precise location). The lower-central image presents an intrusion c. 60mm deep into natural shelly substrate (L5, C-horizon) below a discrete mound of upper beach shell. This intrusion may be a kūmara (I. batatas) root mould (cf. Barber & Higham 2021: figure S5d). The location of radiocarbon age NZA 14734 is indicated by the small white square above lab no. NZA 14734. This is also the general context of three new AMS L2 ages from N40 E13 at Table S3. Oblique valves left of the white square represent subsurface displacement, modifying photographic image in Barber 2013: figure 8 (figure modified by Les O’Neill).
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Figure S4. Photomicrographs of individual and semi-compound archaeological starch granules from planting pit (SD) below L2 at N41 E15 (Figure 5A), cf. I. batatas root granules. Paired images are brightfield (left) and polarised light (right). Most specimens present small round cavities or fissures at hila and spreading, sometimes curved arms of an extinction cross in polarisation. The extinction cross is obscured largely and completely respectively in panel D specimens (cf. Figure S5). Lamellae are generally poorly resolved in granules identified from this planting pit. However, their size (mostly > 13μm) and common polygonal, asymmetric-cupule and round shapes in semi-compound arrangements distinguish them from C. laevigatus and L. siceraria rind granules respectively (see Methods). Scale 10μm in each panel (photos by Rebecca Benham, figure by Les O’Neill).
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Figure S5. Photomicrographs of archaeological starch granules in compound and aggregate forms. Images are brightfield (left) and polarised light (right). Distortion and profound loss of extinction cross through gelatinisation or humic staining is evident in polarised images (cf. Horrocks & Lawlor 2006: 206–07; Horrocks et al. 2007): A) compound granule form, SD3 fill, N21 E4, with granule expansion and substantial masking and distortion of extinction cross beyond a thin, remnant linear arm in upper granule (by arrowhead), and elongate fissure above arrow; B) gelatinised granule mass around dark feature with single non-gelatinised granule presenting extinction cross in polarised view from planting pit (SD) fill, N41 E15; C) semi-compound granules (two obscured in polarisation); arrow points to small cavity at hilum in lower specimen from pit fill, N41 E15. Scale 10μm in each panel (photos by Ian Barber and Rebecca Benham, figure by Les O’Neill).

 

Figure S6. Photomicrographs of individual and grouped to semi-compound starch granules from modern (reference) I. batatas roots prepared by Monica Tromp, in brightfield (upper) and polarised light (lower). Granules present in circular, cupule and faceted polygonal shapes. There is differential curvature and spread in the extinction cross in polarisation. Several specimens present faint lamellae around the hilum and ovate to (or) irregular cavities (open hila) and fissures. The live sample plant vouched I. batatas by IGB was a heritage variety grown by Kevin Matthews, Kaitaia, northern Te Ika-a-Māui. In Matthews family history this variety was acquired from earlier 19th century Kaitaia Māori by a British missionary ancestor. It has been cultivated by descendants since (Kevin Matthews pers. comm., Kataia). Sample. Scale 20μm (photos by Monica Tromp, figure by Les O’Neill).


 C
B
A
E
D

Figure S7. Photomicrographs of modern C. esculenta corm and archaeological (M24/11) starch granule aggregates: A) modern (reference) small-granule mass (individual granules generally < 4μm, also B, C) with outer membrane section (by arrow) from C. esculentua corm, brightfield (see also OSM References); B) archaeological small-granule mass in polarisation with illuminated crystalline inclusions (perhaps druses), N21 E3–E4 L4 channel fill, greatest length >100μm; C) paired images of enclosed small-granule mass in brightfield (left) and polarisation with illuminated crystalline inclusions (in polarised image), greatest length >100μm, N21 E4 SD2; D) reference granules < 5μm diameter in aggregate, C. 
esculenta corm; E) archaeological granules < 5μm diameter in aggregate, N21 E4 SD2. Scale 20μm A–C, 10μm D, E (photos by Ian Barber, figure by Les O’Neill). 


[image: ] 
Figure S8. Photomicrographs of archaeobotanical materials cf. C. esculenta from SD2 and L4 fill in brightfield (left) and polarised light (right): A) ruptured bundle of needle-like structures, bright in polarisation cf. “short thick” C. esculenta raphide bundles (e.g. Horrocks & Barber 2005: figure 8c–d), with proposed raphides separating and bending (cf. Horrrocks et al. 2008: figure 12c), L4 fill; B) epidermal leaf tissue with pentagonal cells < 50μm across enclosing rounded papillae 10–12μm across presenting weak crystal illumination in polarisation, SD2 fill, cf. C. esculenta epidermal tissue (cf. Horrocks & Barber 2005: fig. 8f; Horrocks & Lawlor 2006: fig. 8e; Horrocks et al. 2008: cf. figs. 11d, 12d); C) leaf fragment presenting damaged pentagonal cells < 50μm and areas of crystal illumination in polarisation, L4 channel fill, cf. C. esculenta as for (B), although less clearly, Scale from (A) is 20μm for all panels (photos by Ian Barber, figure by Les O’Neill).
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Figure S9. Photographs of archaeological angiosperm stem charcoal, M24/11: A, B) light microscopy images of twigs in section illustrating well-preserved tissue and vessels and absence of fungal hyphae, representative of sampled twig concentration in L4 channel fill (N21 E3) per radiocarbon samples NZA 62660, 62797, 62799 (20μm scale upper right; faint embedded 10μm scales left side); C) Metrosideros umbellata stem and branchlet incorporating scattered sand granules from capping surface, L4 channel (N19 E3), with 10mm/cm scale divisions, also D) where arrow points to outermost branchlet rings within intact epidermis sampled for radiocarbon dating as Wk-55215 (photos by Fran Allen and Les O’Neill, figure by Les O’Neill).


Table S1. Attributes of eight starch granules from M24/11 L4 ordered by context and size assigned most likely Ipomoea batatas. 
	Unit, feature 
(reference to 
Figures 7 & 8) 
	Granule diameter 
	Granule shape (2D) 
	Marked lamellae 
	Cavity/fissure shape at hilum (greatest length) 
	Variation in 
extinction cross arms† 

	N21 E4 channel (Fig. 7A) 
	6.6 μm 
	Polygonal 
	Complete 
	Cavity, ellipse (1 μm) 
	Pronounced 

	N21 E4 channel 
	8.0 μm 
	Cupule 
	Partial 
	Cavity, flattened ellipse (6 μm) 
	Pronounced 

	N21 E4 channel, (Fig. 7D) 
	17.5 μm 
	Cupule 
	Complete 
	Cavity, round to ovoid (6 μm) 
	Pronounced 

	N21 E4 SD2 (Fig. 7B) 
	9.0 μm 
	Circular 
	Partial 
	Cavity, round (1 μm) 
	Pronounced 

	N21 E4 SD2 (Fig. 7E) 
	12.5 μm 
	Circular 
	Partial 
	Cavity, round (1 μm); fissure, winged (7 μm through cavity) 
	Pronounced 

	N21 E4 SD2 (Fig. 8B) 
	12.6 μm 
	Subcircular 
	Partial 
	Fissure, linear (~ 5 μm in brightfield) 
	Pronounced‡ 

	N21 E4 SD2 (Fig. 7C) 
	15.6 μm 
	Circular 
	Partial 
	Cavity, teardrop (4 μm) 
	Pronounced 

	N21 E4 SD2 (Fig. 7F) 
	16.0 μm 
	Polygonal 
	Partial 
	Fissure, open linear (~ 5 μm in brightfield only) 
	Slight§ 


* 	After I. batatas descriptions cited in article text and observed in reference materials (e.g. Figure S6). Archaeological granules are cross-referenced to images at Figure 7 where applicable. 
2 Variation concerns width, spread, and (or) curvature with general reference to Pagán-Jiménez et al. (2015: 236), qualified by cautionary observation in OSM Methods. 
3 Allowing for partial loss of cross in semi-compound form.
4 Observed in short sections only allowing that extinction cross is largely obscured otherwise. 




Table S2. Individual descriptions for four measurable archaeological starch granules in aggregate from SD2 (M24/11) cf. D. alata described in text. 
	Greatest length (minimum) 
	Granule shape (2D) 
	Eccentric cross & hilum 

	35μm 
	Elongate-ovoid, flattened 
	Yes 

	40μm 
	Elongate-ovoid 
	Yes 

	32μm 
	Elongate-ovoid 
	Yes 

	> 32μm 
	Elongate-ovoid 
	Yes 


 
 	 
Table S3. Details for new (identified) and extant M24/11 atmospheric (A) and marine (M) radiocarbon determinations, by AMS and LS respectively, as calibrated and modelled at 95.4% probability (Figure 10). 

Context 	Sample 	Lab# 	14C yrs 	d13C‰ 	CalAD 	CalAD 
Taxa, part 	unit 	BP* 	(IRMS) 	not modelled†	 modelled†
(reservoir) 		
  
L2 anthropic black sand associated with redeposited beach shell, carbonised plant material 
	Myrtaceae, twig 	N40 E13 	NZA 62805 	123±19 
(A), new
	-24.6±0.2 
	1695–1950 
	1695–1835 

	Myrtaceae, twig 	N40 E13 	NZA 62795 	101±19 
(A), new
	-25.6±0.2 
	1705–1930 
	1700–1835 

	Myrtaceae, twig 	N40 E13 	NZA 62793 	123±19 
(A), new
	-25.5±0.2 
	1695–1950 
	1695–1835 

	Kunzea spp. (A) 	N40 E13 	NZA 14734 	94±55 
L3 marine midden deposit, marine mollusc valves 
	-18.4±6.9 
	1675–1950 
	1690–1840 

	Pa‡ (M) 	TWF1 	Wk-17250 	795±31 
	+1.4±0.2 
	1420–1674 
	1449–1680 

	Pa‡ (M) 	TDT7 	Wk-17249 	733±32 
	+1.4±0.2 
	1450–1735 
	1474–1706 

	Ps/Pd‡ (M)	        N71 E30      Wk-11542        698±39 
	+1.4±0.2 
	1475–1795 
	1480–1743 

	Pa‡ (M) 	N19 E3 	Wk-9611 	750±40 
	+1.3±0.2 
	1435–1720 
	1465–1700 

	Ps‡ (M)	N23 W1 	Wk-8052 	751±50 
	+1.4±0.2 
	1429–1738 
	1459–1705 

	L4 anthropic black sand channel fill (upper border), carbonised plant material 
	

	Gl‡ (A), new               N19 E3 	NZA 62661 	700±20 	-24.6±0.2         1288–1390
	1311–1395 

	Mu‡ (A), new	       N19 E3 	Wk-55215 	651±21 	No report         1304–1401
	1318–1404




	L4 anthropic black sand channel fill (lower), carbonised plant material
	

	Angiosperm twig 	N21 E3 	NZA 62799 	673±19 	-24.6±0.2 	1296–1395 
(A), new
	1296–1370 

	Myrtaceae twig 	N21 E3 	NZA 62797 	679±20 	-24.8±0.2 	1295–1394 
(A), new
	1295–1370 

	Angiosperm twig 	N21 E3 	NZA 62660 	684±20 	-24.2±0.2 	1293–1393 
	1292–1372 


  (A), new 

* 	Conventional Radiocarbon Age in radiocarbon years before present (yrs BP, =1950), with measurement uncertainty reported at 1σ (Scott et al. 2007). 
2 Unmodelled (prior) and modelled (posterior) ranges in OxCal v. 4.4 (Bronk Ramsey 2009a) after calibration curves SHCal20 (Hogg et al. 2020) and Marine20 (Heaton et al. 2020) with marine ΔR -166±25 (Table S4). For modelled L2 ages, a terminus ante quem boundary of 1836 applies (after Mitchell & Mitchell 2004). 
3 Abbreviations are marine Pa=Paphies australis, Ps/Pd=Paphies subtriangulata and (or) P. donacina; atmospheric Gl= Griselinia lucida, Mu=Metrosideros umbellata, each on short-life outer stem material.

 
Table S4. Individual mollusc sample details and ΔR values updated in Marine20 for the weighted mean ΔR of this study (-166±25). 
	Lab ID 
	Locality,* distance to site M24/11 
	Year collected 
	ΔR 
	Σ 
	Taxon† 

	NZ1813 
	Collingwood R. 
mouth, TW,‡ 15 km 
	1949 
	-171 
	46 
	Austrovenus stutchburyi (Wood, 1828) 

	NZ1799 
	Paekakariki, TIM,§ 165 km 
	1923 
	-194 
	46 
	Dosinia anus (Philippi, 1847) 

	NZ4698 
	Pauatahanui Inlet, 
TIM,§ 165 km 
	1954 
	-152 
	32 
	Alcithoe arabica (Gmelin, 1791) 

	NZ2421 
	Makara Beach, TIM,§ 156 km 
	1954 
	-181 
	62 
	Haliotis sp. 

	NZ2433 
	Makara Beach, TIM,§ 156 km 
	1954 
	-139 
	62 
	Cellana sp. 

	NZ2431 
	Makara Beach, TIM,§ 156 km 
	1954 
	-213 
	44 
	Austrovenus stutchburyi (W. Wood, 1828) 

	NZ8140a 
	Turakirae Head, TIM,§ 210 km 
	1855 
	-177 
	47 
	Haliotis (Paua) iris (Gmelin, 1791) 

	NZ8140b 
	Turakirae Head, TIM,§ 210 km 
	1855 
	-184 
	41 
	Haliotis (Paua) iris (Gmelin, 1791) 

	NZ8213 
	Turakirae Head, TIM,§ 210 km 
	1855 
	-132 
	43 
	Thylacodes zealandicus (Quoy & Gaimard, 1834) 

	NZ8214 
	Turakirae Head, TIM,§ 210 km 
	1855 
	-161 
	35 
	Haustrum haustorium (Gmelin, 1791) 

	NZ8215a 
	Turakirae Head, TIM,§ 210 km 
	1855 
	-160 
	36 
	Diloma nigerrimum (Gmelin, 1791) 

	NZ8215b 
	Turakirae Head, TIM,§ 210 km 
	1855 
	-176 
	48 
	Diloma nigerrimum (Gmelin, 1791) 

	NZ8270 
	Turakirae Head, TIM,§ 210 km 
	1855 
	-131 
	44 
	Diloma aethiops (Gmelin, 1791) 

	NZ8271 
	Turakirae Head, TIM,§ 210 km 
	1855 
	-141 
	29 
	Lunella smaragda (Gmelin, 1791) 

	NZ8272a 
	Turakirae Head, TIM,§ 210 km 
	1855 
	-198 
	45 
	Cellana denticulata (Martyn, 1784) 

	NZ8272b 
	Turakirae Head, TIM,§ 210 km 
	1855 
	-196 
	50 
	Cellana denticulata (Martyn, 1784) 


* 	After references in Stuiver et al. n.d., including locality information. 
2 Current nomenclature including authority after references in WoRMS Editorial Board n.d. 
3 TW=Te Waipounamu (South Island). 
4 TIM=Te Ika-a-Māui (North Island). 	 



Table S5. Code for Bayesian radiocarbon age model of this research in OxCal v. 4.4 (Bronk Ramsey 2009a; see Methods and Tables S3 and S4 for further data and references). 
 
Plot() 
 { 
  Curve("SHCal20","SHCal20.14c"); 
  Curve("Marine20","Marine20.14c");   Delta_R("LocalMarine",-166,25); 
  Outlier_Model("General",T(5),U(0,4),"t"); 
  Sequence() 
  { 
   Boundary("Start L4lower"); 
   Phase("L4lower") 
   { 
    Curve("=SHCal20"); 
    R_Date("NZA 62660", 684, 20) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("NZA 62797", 679, 20) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("NZA 62799", 673, 19) 
    { 
     Outlier("General", 0.05); 
    }; 
   }; 
   Boundary("Transition L4lower/L4upper"); 
   Phase("L4upper") 
   { 
    Curve("=SHCal20"); 
    R_Date("Wk-55215", 651, 21) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("NZA 62661", 700, 20) 
    { 
     Outlier("General", 0.05); 
    }; 
   }; 
   Boundary("Transition L4upper/L3"); 
   Phase("L3") 
   { 
    Curve("=Marine20");     Delta_R("=LocalMarine", ); 
    R_Date("Wk-8052 ", 750, 50) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("Wk-9611 ", 751, 40) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("Wk-11542", 698, 39) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("Wk-17249", 733, 32) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("Wk-17250 ", 795, 31) 
    { 
     Outlier("General", 0.05); 
    }; 
   }; 
   Boundary("Transition L3/L2"); 
   Phase("L2") 
   { 
    Curve("=SHCal20"); 
    R_Date("NZA 14734 ", 94, 55) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("NZA 62793 ", 123, 19) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("NZA 62795 ", 101, 19) 
    { 
     Outlier("General", 0.05); 
    }; 
    R_Date("NZA 62805 ", 123, 19) 
    { 
     Outlier("General", 0.05); 
    }; 
   }; 
   Boundary("End L2 end"); 
   Before() 
   { 
    C_Date(1836); 
   }; 
  }; 
 }; 
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