Evolution of plant exploitation strategies of Early and Late Natufian hunter-gatherers in Shubayqa 1 (14,600-11,500 cal BP), Black Desert of Jordan
Barbara Proserpio 
University of the Basque Country (Department of Geography, Prehistory and Archaeology), Vitoria-Gasteiz, Spain. Orcid nº: https://orcid.org/0009-0001-1588-0624
Corresponding author: barbara.proserpio@ehu.eus
Jon Aldaia Aierbe
University of the Basque Country (Department of Geography, Prehistory and Archaeology), Vitoria-Gasteiz, Spain. Aranzadi Society of Sciences (Prehistory department), Donostia/San Sebastian, Spain. Orcid nº: https://orcid.org/0009-0008-5106-4588
Marc Cárdenas 
University of the Basque Country (Department of Geography, Prehistory and Archaeology), Vitoria-Gasteiz, Spain. Orcid nº: https://orcid.org/0000-0002-2459-2464
Tobias Richter
University of Copenhagen (Department of Cross-Cultural and Regional Studies), Copenhagen, Denmark. Orcid nº: https://orcid.org/0000-0001-9902-8852
Dorian Q. Fuller
University College London (Institute of Archaeology), London. 
School of Cultural Heritage, North-West University, Xi’an, Shaanxi, China
Center for the Study of Chinese Archaeology, Peking University, Beijing, China
Orcid n°: https://orcid.org/0000-0002-4859-080X
Amaia Arranz-Otaegui 
University of the Basque Country (Department of Geography, Prehistory and Archaeology), Vitoria-Gasteiz, Spain. Aranzadi Society of Sciences (Prehistory department), Donostia/San Sebastian, Spain. Orcid nº: https://orcid.org/0000-0002-5091-6426

Supplementary information 2

Text 1: Taxa quantification and classification
To describe the results, we classified the remains into six categories based on potential economic uses: ‘Poaceae’ (divided into large-seeded, medium-seeded and small-seeded), 'Fabaceae' (both small and large-seeded), 'Cyperaceae' (nutlets and tubers), 'Brassicaceae', 'Other edible fruits and nuts', and 'Other plants'. The Poaceae were divided into groups based on the dimensions of their caryopses. 'Small-seeded Poaceae' comprises genera with seeds <2 mm in length. We further distinguished between 'Large-seeded Poaceae', which includes taxa considered wild ancestors of domesticated grasses (Hordeum spontaneum, Triticum boeoticum/urartu, T. dicoccoides, Secale/Triticum), and 'Large/medium-seeded Poaceae', which includes species that are not progenitors of classical founder crops (Arrhenatherum sp., Avena sp., Bromus sp., Hordeum spp., Eremopyrum sp.,  Stipa sp., Arrhenatherum/Stipa) as proposed by Weide et al. (2018). The Cyperaceae family was divided into 'Cyperaceae nutlets' and 'Cyperaceae tubers' based on the type of remains and the information they provide for evaluating the exploitation of underground storage organs. The remaining non-woody plant families not included in the previous categories were classified as 'Other plants'.



Text 2: Representativity and preservation of the Shubayqa 1 assemblage
To assess assemblage representativity, we evaluated the total number of non-woody plant remains recovered by phase (Fig. 1a). The highest counts occurred in Early Natufian phases 7 (10.530 remains) and 6 (8.082 remains), with a significant decrease in plant frequencies from Phase 5 onwards (2.174 remains) through Phase 4 (1.467 remains). The Late Natufian phases exhibited further decline, as evidenced by the number of remains: Phase 3 (428), Phase 2 (498), and Phase 1 (254). The average density of plant remains recovered was 19.5 plant remains per litre for the Early Natufian (22.252 remains from 1.143,5 litres total), and 5.1 plant remains per litre for the first occupation of the Late Natufian (926 remains from 181 litres total), and 1.7 plant remains per litre for the second occupation of the Late Natufian (254 remains from 149 litres total).
To assess plant preservation, the total number of remains per litre of sediment was analysed by context type (Fig. 1b). All contexts in Phase 7 exceeded 35 remains per litre (r/l), with context 186 displaying the highest density at 137,6 r/l. Other high-density contexts (>35 r/l) appeared in Phases 6 and 5. Context 120 in Phase 6 (a posthole fill near Structure 1) showed the highest density at 72 r/l, while Phase 5's contexts 115 (hearth fill) and 188 (neonate burial fill) both reached approximately 60 r/l. All other contexts remained below 20 r/l.


[image: ]a[image: ]a)
b)

b
Fig. S1 a) Diagram showing the total number of remains of Shubayqa 1 recorded by context. Every column represents a context number. The columns are grouped by phase (7 to 1) and by period (Early Natufian, green; Late Natufian, light and dark orange). b) Diagram showing the total number of remains per litre of sediment floated at Shubayqa 1. Each column represents a context number, which is then grouped by phase (7-1) and period (Early Natufian, green; Late Natufian, light and dark orange)

The Shubayqa 1 assemblage is also unique in that most of the identified remains are Underground Storage Organs (USOs), comprising 63,571 specimens. USOs have not been found at other Natufian sites, which may be attributed to identification difficulties or, more likely, to preservation issues associated with the recovery techniques used. Indeed, it has been documented that fragile parenchyma tissue tends to fragment during recovery when using large-scale machine-assisted water flotation systems (Hather 2000). The recovery technique employed at Shubayqa 1 included dry-sieving before flotation, which enhanced the preservation of USOs and underscores the need to refine or develop new protocols to prevent the destruction of extremely fragile plant remains, such as parenchyma tissue (Arranz-Otaegui et al. 2018a).

Text 3: Context-related variation and representativity of the changes in plant exploitation at Shubayqa 1
To evaluate whether the observed changes in plant exploitation were influenced by context-related biases, we compared assemblage composition across context types. This comparison was designed to assess whether the increase in club-rush nutlets and large and large/medium-seeded Poaceae, together with the decrease in Bolboschoenus tubers, remained visible when comparable contexts were considered, especially in hearth, feasting dump and midden contexts. As shown in the diagram (Fig. S2), the main diachronic trend is evident in several context types. In particular, the reduction in Bolboschoenus tubers and the increase in club-rush nutlets and large and large/medium-seeded Poaceae can be observed in both the feasting dump/midden and the structure/cut fills. This supports the interpretation that plant exploitation strategies changed between Early and Late Natufian, even considering specific contexts. Some contexts, however, deviate from this general pattern. The fill of construction and foundation cuts in Phase 7 shows a lower proportion of Cyperaceae tubers compared with other contexts of the same phase and period (Early Natufian). Early Natufian burials also display a distinct composition, with abundant small-seeded grasses and a low proportion of Cyperaceae tubers, which contrasts with other contexts of the same period. Conversely, Phase 3 burial differs from the general Late Natufian pattern by showing a higher proportion of Bolboschoenus tubers. These exceptions indicate that context-specific depositional histories can affect assemblage composition, but they do not obscure the broader diachronic trend observed across the sequence. 
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Fig. S2 Diagram illustrating the assemblage composition of Early Natufian and Late Natufian by context type; individual contexts are organised according to type of context, phase (7-1) and period (EN = Early Natufian; LN = Late Natufian). The red arrows indicate the contexts that deviate from the general pattern

Text 4: Limits and interpretative value of plant-based seasonality reconstruction  
Seasonality reconstruction based on non-woody plant macroremains provides evidence for periods of plant availability and potential gathering activities, but does not necessarily reflect the full duration of site occupation. This is particularly important at Shubayqa 1, where the absence of winter-ripening taxa cannot be taken as evidence for the absence of winter occupation. Several factors limit the use of plant remains as direct indicators of occupation seasonality. Most plants do not produce seeds or identifiable features during winter, making it difficult to determine occupation during that season. Additionally, some plants were likely harvested before their fruits ripened—such as green Pistacia fruits—or for other parts like leaves or sprouts, which are available months before maturity and cannot be preserved through charring. While these ‘missing foods’ should be considered, it is also important to recognise that not all seeds in the assemblage were intentionally collected; some may have been charred accidentally, although this is probably rare (Hillman et al. 1989). Moreover, formation processes in different contexts often do not correspond to specific or limited periods, and plant remains from various seasons and years can be mixed within a single layer, representing decades or more of occupation (Edwards 2013). For these reasons, plant macroremains are best understood as providing a minimum indication of seasonal activities. They can identify periods when plant gathering or use certainly occurred, but they cannot rule out occupation or resource use in seasons that are archaeobotanically less evident. Further study of underground storage organs will help refine interpretations of seasonal activities and occupation patterns at Shubayqa 1.
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