Multidisciplinary evidence for early banana (Musa cv.) cultivation on Mabuyag Island, Torres Strait
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Abstract
Multiproxy archaeobotanical analyses (starch granule, phytolith and microcharcoal) of an abandoned agricultural terrace at Wagadagam on Mabuyag Island, Torres Strait, Australia document: extensive, low-intensity forms of plant management from at least 2145-1930 cal BP; and, intensive forms of cultivation at 1376-1293 cal BP. The agricultural activities at 1376-1293 cal BP are evidenced from terrace construction, banana (Musa cvs.) cultivation and dramatic transformations to the local palaeoenvironment. The robust evidence for the antiquity of horticulture in western Torres Strait provides an historical basis for understanding the diffusion of cultivation practices and cultivars, most likely from New Guinea. This study also provides a methodological template for the investigation of plant management, potentially including forms of cultivation, which were practiced in northern Australia before European colonisation.


Introduction
Numerous historical accounts of voyagers, government officers and expeditions during the nineteenth and early twentieth centuries detail widespread cultivation across the Torres Strait. The timing and cultural associations of the introduction of agriculture to the Torres Strait are unknown, yet on current archaeological evidence cultivation practices did not spread southward to mainland Australia. Here, multiple lines of archaeological, archaeobotanical and palaeoecological evidence are used to clarify the long-term history of cultivation practices on the island of Mabuyag (also Mabuiag) in the western Torres Strait.
The Wagadagam (also known as Wagedoegam) site was surveyed and excavated as part of a community-led archaeological project1. Although today Wagadagam is a ritually significant kod, a ceremonial site for local communities, some constituent feature complexes resembled former agricultural terracing and suggested an earlier use. Indeed, excavation of a retaining wall dated terrace construction to c. 1300 cal BP. The results of multiproxy archaeobotanical and palaeoecological analyses (phytoliths, starch granules and microcharcoal) reported here identify bananas (Musa cvs.) and environmental transformations associated with former cultivation practices at this site.

Background
In the early 1970s, the Torres Strait was characterised as a ‘bridge and barrier’, or cultural filter, separating horticulturalists on New Guinea and hunter-gatherers on Australia (Fig. 1a)2. Such dichotomous characterisations have been refined and critiqued since, yet there is still no clear evidence for ancient cultivation practices on Australia (contra 3,4). Various types of historical, genetic and archaeological research have provided clear evidence for resource intensification by Australian Aboriginal communities5-10, including domiculture11, as well as circumstantial evidence for nascent horticulture 12,13 and human-mediated movement of plants on the continent14-16. In contrast, New Guinea exhibits various kinds of horticultural and arboricultural practice17 with evidence from the highlands of swidden cultivation during the early Holocene, mound cultivation from 7000-6400 cal BP, and ditched drainage of wetlands for cultivation from 4400-4000 cal BP18-20. Similar relic agricultural features are found on different islands in the Torres Strait, however the antiquity and cultural derivation of these historical features have not been well characterised21,22.
Reconstruction of Torres Strait Islander subsistence prior to European arrival has been largely reliant on ethnohistorical accounts 23-25. The earliest European observations are scant and only a few mention horticulture26-29. The first comprehensive ethnographic study of the Torres Strait Islands commenced with the arrival of the Cambridge Expedition in 189830-32. During the preceding decades, sustained European intrusion in the form of missionaries and commercial pearling and bêche-de-mer industries had significantly altered the traditional lifeways of Torres Strait people, so much so that on islands previously known for a reliance on horticulture, social investments in cultivation had almost ceased30.
Horticulture in the Torres Strait has been articulated in terms of varying dependence on garden produce along a north-south cline25; investment and dependence on cultivation decreases further south from the New Guinea coast. On the low-lying marshy island of Saibai in the north, agronomic practices included mound-and-ditch gardens and abandoned examples date from c. 1200 cal BP21. On the volcanic fertile islands of the east, horticulture was well developed, with yam (Dioscorea sp.), sweet potato (Ipomoea batatas), banana (Musa cvs.) and coconut (Cocos nucifera) forming important staples30. For instance, cultivation of banana, coconut and yam has been inferred from microfossils on Dauar, together with palaeoecological transformations that conservatively date to c. 2000 cal BP22. Ethnographically the Kulkalgal of the central islands practiced horticulture, however gardens were limited due to poor soils and freshwater scarcity on most islands33. On the western islands - comprising Moa, Badu and Mabuyag - gardening was practiced, but there was greater emphasis on maritime specialisation and hunting large marine species34. While in the southern islands off Cape York, there was some investment in the cultivation of yam28. Although regional and ecological variations encouraged the planting of specific crops prior to European arrival, garden staples across the region were banana, taro (Colocasia esculenta), sugarcane (Saccharum officinarum) and yams, complemented by arboricultural management of introduced and indigenous species, such as wongai plum (Manilkara kauki)30.
Within the north-south cline, cultivation was more important on some islands, such as Dauan, Naghir and Mabuyag24. On Mabuyag increased investment in horticulture plausibly offset limited terrestrial resources and impoverished soils of the small granitic island, alleviated population pressure, and facilitated inter-island ‘economic interdependence’ between Badu-Mabuyag communities24,25. Oral history details specific garden areas and is complemented by archaeological evidence for relic gardens across the island. Relic gardens include mound-and-ditch fields systems, rectangular and circular stone enclosures, and linear stone terracing. Bamboo groves, mango (Mangifera indica) trees, Pandanus sp., shrub and grassland mosaics mark former villages and cultivation plots25,35-37. Regarding cultivation plots on Mabuyag, Wilkin31 noted they were ‘…once second only to the sea as a source of subsistence [but] are now little more than objects of more or less sentimental regard’.

Archaeological Investigations at Wagadagam
Mabuyag is a small island (~8 km2) situated in the Central Western group of the Torres Strait approximately 70 km north of Thursday Island. Wagadagam is located on the northwest coast of the island, is associated with the Koey Awgadhaw Khazi moiety, and is reputed to be the ancestral village of Goegmulgal. The ritually significant site was not visited by Haddon31 and was first investigated archaeologically as part of a community-led project1.
The extensive site comprises four feature complexes: 1 = kod complex; 2 = terraces; 3 = linear and curvilinear stone arrangements; and, 4 = rectangular stone arrangements, which mostly date to within the last 400 years (Fig. 1b)1. Three linear stone structures in Feature Complex 2 run parallel to the base of a slope and are interpreted as abandoned terracing formerly used for cultivation, even though it has not been an agricultural site in living memory. 
Only limited excavation was permitted at this ritually significant site. A small (50 cm x 50 cm) test unit (C) was excavated within Feature Complex 2, upslope and abutting an abandoned terrace wall (Fig. 1c). Excavation units (XUs), or spits/levels, varied in thickness between 3 cm and 8 cm. The stratigraphy consisted of loamy and friable soils, which below topsoil (Stratum A, XU 1, 0-1 cm below surface) were classified on the basis of frequency of rocks and gravel: higher in Stratum B (XUs 2-7, 1-25 cm), lower in Stratum C (XUs 8-12, 25-48 cm), and comprised primarily of sand and gravel in Stratum D (XUs 13-17, 48-77 cm).
Cultural materials recovered included 51 quartz flakes and two burnt fragments of unidentified large vertebrate bone. The cutting edges of ten flakes from Stratum B (XUs 2-7, 1-25 cm) exhibited preserved plant fibres and residues derived from plant processing and were suggestive of horticultural activities in the vicinity1. Charcoal associated with materials accumulated against the base of the retaining wall (XU11, 36-40 cm) provides a radiocarbon date for terrace construction at 1376-1293 cal BP. Charcoal samples from stratigraphic contexts corresponding to (XU12), and directly underlying (XU13), the base of the wall provide a combined date of 2145-1930 cal BP (XUs 12-13, 40-55 cm) and predate terrace construction (Fig. 1c; Table 1). Attempts to recover additional materials for radiocarbon dating to refine the chronology of terrace construction have been unsuccessful.

Results
Archaeological excavations at Wagadagam enable the characterisation of pre-ethnographic subsistence on Mabuyag. Here, we detail the results of multiproxy microfossil analyses (phytolith, starch and microcharcoal) on bulk sediment samples (minimum 50 ml) collected during the excavation of Test Unit C.
Starch and phytolith preservation at Wagadagam were generally good, with rich assemblages of both microfossil types recorded in all layers. In total, 175 starch granules were recorded through the full sequence (Extended Data Figure 1). These were classified based on shared morphological attributes into eight main types (Supplementary Table 1), though identification of these was in most cases limited owing to morphological redundancy. We focus our descriptions here on those identified as banana (Musa spp.), with further details on the remainder of the assemblage provided in the SOM. Together, starch and phytolith analyses provide robust evidence for bananas (Musa spp.) throughout the Wagadagam sequence.
Morphologically distinctive banana (Musa spp.) starch (n = 10; 5.7% of total count) recorded at Wagadagam comprise large (36-70 µm diameter), ovoid, pyriform, irregular elongate forms, with some individuals flattened or plano-convex (namely, flat on one side, convex on the other38) (Fig. 2). Granules are highly eccentric and exhibit an irregular extinction cross under XPL. Lamellae are distinct and surface projections were observed around the proximal margin of some granules. Nine granules, including an aggregation of seven (Fig. 3), came from XU10 (32-36 cm) and one granule from XU13 (48-55 cm).
Qualitative and quantitative studies of economic taxa from across the study region have demonstrated the taxonomic rarity of starches in the size class >40 µm, comprising: Dioscoreaceae, restricted mainly to D. pentaphylla (~40–95 µm) and D. alata  (~15-60 µm); and, various Musaceae (particularly Musa acuminata ssp.)39-41. Both Dioscoreaceae and Musaceae produce starches with ovate to ovoid forms; however those in yams have much more regular shapes compared to bananas, with some Musa spp. starches displaying a higher degree of internal variation and more irregular forms39,40. For D. pentaphylla, the narrow end of ovate/ovoid forms is always at the hilum and is further distinguished by the presence of a sculptured hilum, a feature considered distinctive for this species42. Musa spp. starch, on the other hand, is usually either oblong or, if ovoid, enlarged at either the hilum or distal end. 
Physical attributes of ancient granules (Fig. 3)—including size, shape, external features and extinction cross, as well as clumping—accord with observed attributes of variant morphotypes of Musa acuminata (AA) and related cultivars 40. The banana starch at Wagadagam is superficially distinct from, yet most closely comparable to, Musa acuminata x schizocarpa40 (Supplementary Figure 1). These are distinguished by irregular ovate/ovoid/pyriform forms, often with one end much more enlarged than the thinner and more tapered, opposite end.
A multitude of silica bodies were isolated from the Wagadagam sediments (Extended Data Figure 2), including two phytoliths from XU1 (0-1 cm) and XU5 (12-17 cm) that display typical troughed bodies and tabular or irregular papillate bases diagnostic of banana leaves (Fig. 4). These morphotypes are diagnostic and produced in the leaves of Musa spp. and have been variously described as troughed and volcano-shaped (volcaniform) bodies19,43-45 with small papillate (rounded or acute protuberances) along the basal portion46. Additionally, several troughed volcano-shaped phytoliths were identified throughout the sequence including basal strata (XUs 13-17, 48-77 cm) and classified as cf. Musa (Fig. 4). The sample size of Musa phytoliths is too small to enable reliable determination to species, subspecies or ploidy (diploid or triploid) level43,47.
Phytolith evidence supported by CONISS analysis revealed a dramatic shift in morphotypes associated with two broad vegetation classes: grass and arboreal species (Fig. 5). Poaceae (grass) leaf epidermal phytoliths comprise short-cell bilobate, cross, rondel, saddle forms and acicular (scutiform) hair cells (phytolith nomenclature follows 48,49). Grass phytoliths are often considered characteristic of, but not exclusive to, subfamilies49. Here the focus is on the relative proportions of grass and arboreal-woody taxa, hence identification at the level of subfamily or genera is not essential50.
Documented arboreal and woody phytoliths include typical globular (spherical) forms, blocky and tabular forms, palisade mesophyll cells, sclereid (silicified sclerenchyma) and tracheary phytoliths. The globular class is most abundant in the assemblage and includes the sub-categories globular granulate (previously called spherical rugose), and less abundant types such as tuberculate (nodular processes), psilate (smooth) and scrobiculate (pitted) forms. Globular phytoliths probably represent Acacia spp. and Terminalia spp. growing on adjacent slopes. Only nine phytoliths of typical Arecaceae (palm) globular echinate morphotype were recorded in XU9 (28-32 cm), XU14 (55-60 cm) and XU15 (60-65 cm). Given the limited distribution of Arecaceae species on Mabuyag today, palms may have been deliberately introduced to, and translocated across the island in the past. Additionally, arboreal and woody taxa are represented by blocky, tabular and palisade mesophyll cells46,51. Other non-grass phytoliths diagnostic to family level include opaque perforated plates typical of Asteraceae and achene types typical of Cyperaceae (sedges). One globular faceted phytolith typical of Cucurbitaceae was documented in XU3 (5-8 cm) and phytoliths of Marantaceae were identified throughout.
Stratigraphic zonation of the phytolith assemblage using CONISS highlighted a major shift to grasslands (Zone 2) – principally Panicoideae with minor Chloridoideae taxa – from arboreal taxa (Zone 1) between XU9 (28-32 cm) and XU8 (25-28 cm), near the base of the terrace wall (Fig. 5). The shift is marked by decreasing frequency and variety of globular, blocky and tabular forms derived from woody taxa, and an increase in the frequency of charred phytoliths. Comparable palaeoenvironmental evidence from Badu and Mua indicated fire disturbance  by c. 3000 and 2500 years ago, respectively52; and similar palaeoecological shifts on New Guinea are associated with slash-and-burn (swidden) horticulture and more intensive forms of agriculture53,54. Colluvial sediments that had washed down the terrace surface and accumulated against the retaining wall during terrace construction, plot preparation and initial cultivation (XUs 9-11, 28-40 cm) retain an arboreal signature (Zone 1c) because the phytolith assemblage predominantly reflects the palaeoenvironment of formation prior to the commencement of cultivation. Charcoal emerges as a significant element towards the top of the sequence, concurrent with another, more marked increase in charred phytoliths above XU4 (c. 8-12 cm) within sub-Zone 2b.

Discussion
The chronostratigraphic integrity of the archaeobotanical and palaeoecological results at Wagadagam can be inferred from multiple lines of evidence. Foremost the distribution of phytolith morphotypes exhibits a clear and statistically supported trend from an arboreal to a more open, grassed landscape (Fig. 5); such a trend would be muted if sediments had been admixed by post-depositional processes. Additionally, stratigraphic units were clearly demarcated in the field and radiocarbon dates are in general chronostratigraphic order, albeit with considerable overlap between Wk-37954 (XU12, 44 cm) and Wk-37951 (XU13, 48-55 cm), which reflects rapid colluvial deposition directly after construction of the retaining wall. Consequently, there is robust taphonomic control for the microfossil results.
The presence of bananas from 2145-1930 cal BP, and probably earlier, represents extensive plant management in the landscape, including some form of transplantation. Bananas were likely translocated to Mabuyag from cultivars on New Guinea or neighbouring islands55, rather than from wild bananas growing on Australia56. Wild bananas are absent from the flora of Mabuyag37; today bananas only occur as garden cultivars near present-day settlements and are not found on the site. Additionally, phytoliths typical of banana seeds were not observed in the microfossil assemblage44, further supporting a scenario involving the introduction of cultivars rather than wild plants. The older microfossil evidence lacks definitive association with the archaeological remains of former cultivation practices, such as a terrace, and the absence of a palaeoecological signature of environmental transformation hinders more definitive interpretations of land use practices.
At c. 1376-1293 cal BP, there is clear evidence of agronomic transformation at Wagadagam. Archaeologically, a retaining wall was built along the foot of a slope to enable cultivation on the terrace surface. Terracing at the base of the slope slowed runoff, captured colluvium, and created suitable ground for planting. Palaeoecologically, phytoliths document a dramatic shift in vegetation communities following the commencement of cultivation, marked by a reduction in forest and shrub species and a concomitant rise in grasses. Archaeobotanically, there is microfossil evidence for bananas, with an aggregation of banana starch granules near the base of the terrace wall. The consilience of archaeological, archaeobotanical and palaeoecological data provides a robust framework for inferring tropical agriculture in the past18,57. Here, the retaining wall of an agricultural terrace provides the archaeological context for microfossil evidence of banana cultivation and palaeoecological evidence of dramatic landscape transformation.
The practice of terrace cultivation on Mabuyag is broadly contemporaneous with mound-and-ditch cultivation after c. 1200 cal BP on Saibai Island adjacent to the New Guinea mainland21. Thus, rather than characterising geographical variations in cultivation practices across the Torres Strait in terms of a gradient from lower intensity practices in the south to more intensive cultivation in the north, there is a chronological shift towards more intensive cultivation practices from c. 1300-1200 cal BP using mounds and terraces in specific locales across the Torres Strait. More intensive forms of agriculture were developed in response to local social and environmental contexts on specific islands. Less intensive practices, such as resource intensification and swidden cultivation, were potentially more common on Torres Strait islands from at least 2000 cal BP, as documented at Wagadagam and previously on Dauar22.

Conclusion
The microfossil findings at Wagadagam represent the earliest and most robust evidence for agriculture in the western Torres Strait. The new data provide time depths for ethnohistorical accounts of traditional cultivation practices used by Torres Strait Islanders. These findings provide insights on the historical transformation of less intensive, landscape-scale practices and the emergence of more intensive, plot-focussed cultivation in the Torres Strait.
The Torres Strait is one of the few regions in the world where ‘hunter-gatherers’ and horticulturalist coexisted in frequent maritime contact24. The diffusion of horticultural technology, practical knowledge and cultivars would be anticipated to have spread from cultivators on New Guinea across the Torres Strait to northern Australia. Yet, cultivation was not recorded ethnographically and has not been reconstructed archaeologically for Aboriginal communities on Cape York. The multiproxy analyses at Wagadagam not only provide time-depths for landscape-scale and intensive agricultural practices in the Torres Strait, respectively, they also provide a methodological template to investigate the character of any nascent horticultural practices in northern Australia during the pre-ethnographic past.

Methods
Starch granule analysis. Ancient starch research is the microscopic identification of storage starch, namely starch formed in amyloplasts and stored in swollen edible organs, including stems, roots, tubers, corms, fruits and rhizomes. Storage starch can be taxonomically discriminated at various levels including genera and, in some instances, species. The method is a useful tool for the identification of economically useful plants60. 
Starch extraction from sediment followed Therin and Lentfer61 with modification. A 5 g dry sub-sample was processed using a 30 min oxidising treatment with weak hydrogen peroxide (5% v/v H2O2) to remove organics, followed by heavy liquid flotation using sodium polytungstate (SPT) at a specific gravity of 1.8. The isolated starch extracts were wet-mounted using temporary water mounts, with coverslips varnished into place. Slides were scanned using systematic transects under polarising transmitted light at 200x and more detailed microscopy of individual starch granules was undertaken using fixed polarising filters and Differential Interference Contrast (DIC). Transmitted brightfield illumination was used to examine morphological traits of each grain (internal and external features) and DIC enabled morphological examination of grains at high magnification. Detailed assessment was undertaken at 400x (water immersion), 630x (water immersion) and, as required, 1000x (oil immersion).
Starch granules were identified based on a combination of published descriptions38-42,62 as well as comparative starch reference collections housed at the University of Queensland and the Australian National University (Supplementary Text, Supplementary Figures 1-9, Supplementary Table 1). These collections currently include >140 species representing 63 genera from 19 families, including most major starch-rich vegetative cultigens and wild relatives found across Southeast Asia and Melanesia, in particular the yams (Dioscoreaceae; number of reference species = 8), aroids (Araceae; n = 17), bananas (Musaceae; n= 14), palms (Arecaceae; n = 31), gingers (Zingiberaceae; n = 38), and pandanus (Pandanaceae; n = 12). The starch identifications are presented below.

Phytolith analysis. Phytoliths are opaline silica concretions deposited in intra and inter-cellular structures of plants. The diagnostic characteristics of phytoliths to varying taxonomic levels have long been recognised by palaeoecologists50 and archaeobotanists63, including criteria for identifying Musa sp. in archaeological contexts45. The phytolith identifications, especially of bananas (Musa spp.), are thus reliant on established criteria and are unproblematic.
Phytolith extraction from sediment (c. 0.3 g) used microwave-assisted acid digestion64 to remove organic and inorganic fractions. In addition, a sub-set of samples (5g) were processed via heavy liquid flotation65 for comparison, and no significant differences in phytolith assemblage composition was found, confirming the suitability of the microwave digestion method for this study. Extracted phytolith sub-samples were mounted using Eukitt ® (refractive index of 1.51). Slides were scanned in systematic transects at 200x under transmitted brightfield illumination, with higher magnifications (400x, 630x, 1000x) used as required to record morphotypes. A minimum of 300 diagnostic, arboreal and grass morphotypes were counted per slide using a gridded reticule (Extended Data Figure 2). Other morphotypes, including unclassified, were recorded during counting, in addition to the 300 arboreal and grass minimum count. Following counting, the remainder of the slide was scanned to identify cultivar candidates.

Microscopic charcoal analysis. Sediment samples were placed in diluted bleach for 24 hours and sorted into size fractions by rinsing through 125 µm and 250 µm sieves66. The >125 µm fraction was then transferred to Petri dishes for counting.

Data presentation. Photomicrographs of starch and phytoliths were captured using Leica Application Suite (LAS) imaging software. Starch granule images were captured in centric and eccentric orientations recorded in relation to hila position67 using cross-polarised and brightfield illumination. Post-acquisition calibrations and measurements were made using ImageJ.
Constrained incremental sum-of-squares (CONISS68) cluster analysis was used to delineate stratigraphic zones within the starch and phytolith assemblages, which were visualised using Tilia v.2.6.1. Raw counts of starch, phytolith and microcharcoal analyses are presented in Supplementary Table 2.

Reporting summary. Further information on research design is available in the Nature Research Reporting Summary linked to this article.

Data availability
All data are available in the manuscript and supplementary material.
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Figure Legends
Figure 1. Archaeological investigations at Wagadagam. a. Map of Torres Strait showing location of Mabuyag. b. Survey plan showing feature complexes: 1 = kod complex; 2 = terraces; 3 = linear and curvilinear stone arrangements; and, 4 = rectangular stone arrangements; and, archaeological excavations (A, B, C, D). Inset shows location of Wagadagam on Mabuyag. c. North and East Wall sections of Test Unit C indicating major strata, rocks within retaining wall (within North Wall), base of retaining wall, excavation unit (XU) designations and depths below surface (cm), with corresponding radiocarbon dating sample locations. Sediment descriptions provided in text. Panels 1a and 1b amended from 1.
Figure 2. Photomicrographs of individual banana starch granules. Top row a-c: modern reference samples (Musa sp.) under PPL (a,c) and XPL (b). Bottom row d-f: comparative images for archaeological granule (S86) recovered from stratigraphic unit XU13 (48-55 cm) exhibiting features (shape, eccentricity, extinction cross, lamellae, longitudinal ridges and protuberance) consistent banana reference sample. 
Figure 3. Photomicrographs of clumped banana starch granules. a-b: Clumped starch from modern banana reference sample (Musa sp.) in PPL (a) and XPL (b). c-f Clumped banana starch in amyloplast recovered from stratigraphic unit XU10 (32-36 cm) in XPL (c-d) and PPL (e-f).
Figure 4. Photomicrographs of banana (Musa sp.) phytoliths (A-B) and probable banana phytoliths (a-i): A. Volcaniform with basal papillae, stratigraphic unit XU1 (0-1 cm); B. volcaniform with basal papillae, XU5 (12-17 cm); a. Unusual troughed phytolith, XU1 (0-1 cm); b. Top view of troughed phytolith, XU1 (0-1 cm); c. Top view of volcaniform, XU3 (5-8 cm); d. Volcaniform, XU4 (8-12 cm); e. Volcaniform phytolith, XU10 (32-36 cm); f. Volcaniform, XU11 (36-40 cm); g. Top view of volcaniform with trough, XU13 (48-55 cm); h. Volcaniform with papillae along basal margin, XU17 (70-77 cm); i. Volcaniform with papillae along basal margin, XU17 (70-77 cm).
Figure 5. Summary of starch, phytolith and microcharcoal counts, together with artefact distributions, plotted by XU for Wagadagam Test Unit C. Stratigraphic zones (dashed lines) defined using cluster analysis (CONISS) of phytolith counts per morphotype. Refer to Fig 2 (lower) and Supplementary Table 2 for depths of XUs, and Extended Data Figures 1 and 2 for separate starch and phytolith frequency distributions, respectively. 


Table 1. AMS radiocarbon dates for wood charcoal samples from Text Unit C at Wagadagam (see Table 1 in 1). Calibrations undertaken using CALIB rev. 7.1.058 and SHCal13 calibration dataset59. ANU-37307 and Wk-37951 recovered during sieving, while Wk-37954 was collected in situ during excavation.

	XU
	Depth
(cm)
	Lab Code
	δ13C (‰)
	Radiocarbon Age
(BP)
	Calibrated Date
(cal BP) 95.4%

	11
	36-40
	ANU-37307
	-24.5 ± 0.2
	1480 ± 30
	1376-1293 (1.000)

	12
	44
	Wk-37954
	-24.2 ± 0.2
	2128 ± 20
	2105-2004 (0.948)
2145-2129 (0.052)

	13
	48-55
	Wk-37951
	-24.5 ± 0.2
	2086 ± 20
	1978-1930 (0.308)
2061-1986 (0.673)
2081-2072 (0.018)
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