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Crop Binomial Earliest 

Domest. 

Evidence 

Trait of 

Domest. 

Region/Center Refs 

 

Flax Linum usitatissimum L. 7500 BC I Southwest Asia (1, 2) 

Little Millet Panicum sumatrense Roth  2500 BC I Savannahs of West India (3, 4) 

Sesame  Sesamum indicum L. 2700 BC I, T South India (4) 

Browntop Millet Brachiaria ramosa (L.) Stapf 1500 BC I South India (4) 

Broomcorn Millet Panicum miliaceum L. 6000 BC I Northeast China (5-9) 

Foxtail Millet Setaria italica (L.) P. Beauv. 6000 BC I Northeast China (5-9) 

Hemp Cannabis sativa L. 3000 BC I, M East and likely west China  (10) 

Buckwheat Fagopyrum esculentum Moench 1000 BC I, T Southern Himalaya (11, 12) 

Buckwheat Fagopyrum tataricum (L.) Gaertn. 1 AD I, T Southern Himalaya (11, 12) 

Japanese Millet Echinochloa esculenta (A.Braun) 

H.Scholz. 

1000 BC I Japan (13, 14) 

Sunflower Helianthus annuus L. 2500 BC I Eastern North America (15) 

Goosefoot Chenopodium berlandieri Moq. 1500 BC D, I, T Eastern North America (16) 

Marshelder Iva annua L. 2500 BC I Eastern North America (17) 

Knotweed Polygonum erectum L. 1 AD D, I, T Eastern North America (18) 

Little Barley Hordeum pusillum Nutt. 500 BC I, T Eastern North America (19) 

Maize Zea mays L. 6500 BC I, T, M Mesoamerica (20, 21) 

Quinoa Chenopodium quinoa Willd. 3500 BC D, I, T Andes (22) 

Amaranth Amaranthus caudatus L. 1 AD I, T Andes (23) 

Pearl millet Pennisetum glaucum (L.) R. Br. 1500 BC I, T West Africa Sahel (24-27) 

Sorghum Sorghum bicolor (L.) Moench 2000 BC I, S, T Eastern Africa Savannah  (27, 28) 

Fonio/krebs Digitaria exilis (Kippist) Stapf N/A N/A West Africa Sahel (29) 

Guinea millet Brachiaria deflexa Schumach. N/A N/A West Africa Sahel (29) 

Finger millet Eleusine coracana (L.) Gaertn. 1000 BC I, S, T Eastern African Highlands (30-32) 

Teff Eragrostis tef (Zuccagni) Trotter 1 AD D, I Ethiopian Plateau (27, 33) 

*D-loss of dormancy; T-thinning of testa or pericarp, or loss of adhering palea,lemma, or glumes; S-loss 

of shattering rachis or dehiscent pod; A-loss of bristles or awns; I-increased seed/fruit size; M-other 

morphological changes, such as shape of the embryo scar or dimorphism. Refs. Provide documentation of 

morphological changes. 

Table SI-1. This table displays most of the early examples of small-seeded crops, domesticated in each 

center or region of domestication globally. These early grain crops all show traits of domestication that 

are characteristic of a switch from an endozoochoric dispersal mechanism to anthropogenic dispersal. 

While teosinte is not particularly small-seeded, it shares many characteristics with the plants discussed 

here, and further investigation of endozoochory in maize domestication may be warranted. 
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ca 40,000BC Mammoth Yamal X X        X 1 

ca 32,000BC Mammoth Oyogos Yar X X    X X   X 2 

ca 16,500BC Mammoth Yakutia X X X X  X X   X 3 

ca 7500BC Bison Chukotka X X        X 4 

ca 7000BC Bison Yakutia X X        X 5 

ca 8500BC Bison Yakutia X X        X 6 

ca 3400BC Horse Yakutia X X         7 

3500-1200 BC S, G, C* Jordan X   X X  X X X X 8 

ca 2500BC S, G, C Maylan X X X X X X X X X X 9 

ca 2000BC S, G, C Semirech’ye X X X X X X X X X X 10 

ca 2000BC S, G, C Semirech’ye X X X X X X X X X X 11 

ca 2000BC S, G Volga X X X X  X  X  X 12 

ca 400-1BC S, G, C, H Semirech’ye X X X X X X X X X X 13 

1984 S, G Black Mesa X X  X       9 

1984 S, G Maylan X X X X  X X X X X 9 

1998 Camalids Andes X X X X    X X X 14 

2011 S, G, C Semirech’ye X  X X X    X X 8 

2013 Red Deer NE Poland X X X X X X X X  X 15 

2013 Moose NE Poland X X X X  X X   X 15 

2013 Bison NE Poland X X X X  X X X  X 15 

2015 C Drenthe X X X X  X    X 16 

*S-sheep; G-goat; C-cow; H-horse 



Table SI-2: This table reports the results of paleofeces studies of extant and extinct megafauna. 

Grasslands, with their attendant diversity of forb communities, coevolved with megafaunal herbivores 
17,18. Further attesting to the time depth of this evolutionary link, fossilized seeds of Berriochloa grass 

were reported from the stomach contents of an extinct Miocene rhinoceros (Teloceras major) in Nebraska 
19. Ridley 20 reported preserved seeds from grasses and forbs in the frozen stomach contents of a 

mammoth. The analysis of the stomach contents of a frozen steppe bison from the early Holocene 

recovered along the Rauchua River in Chukotka revealed small herbaceous seeds from cold-tolerant 

grasses and sedges 4. Many other frozen megafaunal mammals have provided similar seed-rich stomach 

contents, such as a horse from the region of Ust-Yana, Yakutia, Russia, which also contained tundra seeds 

of sedges and grasses 7. The Yuka mammoth (ca. 32,000BC) contained seed from tundra vegetation, 

including Poaceae, Cyperaceae, Rosaceae, Ranunculaceae, Caryophyllaceae, among other familial clades 
2. Other studies of mammoth stomach contents have found similar results. 
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Table SI-3: Crop progenitor germinability post-digestion 

  Feeding studies* Dung studies^  

Family Crop progenitor/ 

relative+  

% germinated 

post-ingestion 

(%viable) 

/%germinated 

control (viable) 

# germinated or 

abundance 

Ruminant 

Amaranthaceae 

 

Amaranthus sp.  Present1 Ovies aries 

 

Amaranthus albus 27(45)/83(93) 2 63 Antilocapra 

americana 

A. graecizans  Present4 Wild African 

ungulates 

A. retroflexus  23 Bos taurus 

A. americana 

Chenopodiaceae Chenopodium 

mucronatum 
 

 

 

 

 

 

 

 

 

Present7 

 

 

 

 

Ovies + Capra  

 

C. album 40(52)/(76(87) 2  

23 

26275 

B. taurus 

A. americana 

Four deer 

species 

C. glaucum 

 

10/76 

14/76 

 Bos grunniens 

O. aries 

C. leptophyllum  23 A. americana 

Poaceae Avena fatua 86(88)/85(93) 2  B. taurus 

Brachiaria 

glomerate 

 Present1 O. aries 

Digitaria spp.  Present4 Wild African 

ungulates 



Elymus nutans 

 

24/736 

15/736 

 B. grunniens 

O. aries 

Eragrostis sp.  Present1 O. aries 

E. spp.  Present4 Wild African 

ungulates 

Hordeum bogdanii ~15/957  O. avies 

H. jubatum 0(0)/58(87)2  B. taurus 

Panicum coloratum  Present4 Wild African 

ungulates 

Poa spp. 2-15/?8 Relatively 

abundant9 

Relatively 

abundant10 

Various 

Pennisetum 

clandestinum 

3.45/?11  B. taurus8 

Setaria viridis  14(17)/88(96)2  B. taurus 

Polygonaceae Polygonum sp.   Present1 O. aries 

P. aviculare  43 A. americana 

P. convolvulus 15(63)/56(96) 2  B. taurus 

P. viviparum 

 

14/06 

0/06 

 B. grunniens 

O. aries 

Rumex crispus 46/616 

29/616 

 B. grunniens 

O. aries 

*Feeding studies, see “Evidence for Endozoochoric Dispersal of Crop Progenitors” Some studies did not 

have a control sample of un- ingested seeds. 

 ^Dung studies: Relatively abundant indicates that a greater number of seeds germinated from these 

species than would be expected given their abundance on the landscape, but an exact number was not 

reported. Present indicates that an unknown number of seedlings of this species or genus emerged from 

dung, usually because data was presented in pooled groups such as “grasses” or “forbs” in the publication.  

Table SI-3: Feeding and dung studies where the progenitors or close relatives of small-seeded annual 

grain crops were found to be viable after endozoochoric dispersal by grazing megafauna. For a full review 

of studies on the effects of endozoochory on seed viability, see Jaganathan et al. 2016 in main references. 

References 

1 Milton, S. J. & Dean, W. Seeds dispersed in dung of insectivores and herbivores in semi-arid 

southern Africa. Journal of Arid Environments 47, 465-483 (2001). 

2 Blackshaw, R. E. & Rode, L. M. Effect of ensiling and rumen digestion by cattle on weed seed 

viability. Weed Science 39, 104-108 (1991). 

3 Wicklow, D. & Zak, J. Viable grass seeds in herbivore dung from a semi‐arid grassland. Grass 

and Forage Science 38, 25-26 (1983). 

4 Anderson, T. M., Schütz, M. & Risch, A. C. Endozoochorous seed dispersal and germination 

strategies of Serengeti plants. Journal of Vegetation Science 25, 636-647 (2013). 

5 Eycott, A., Watkinson, A., Hemami, M.-R. & Dolman, P. The dispersal of vascular plants in a 

forest mosaic by a guild of mammalian herbivores. Oecologia 154, 107-118 (2007). 



6 Yu, X., Xu, C., Wang, F., Shang, Z. & Long, R. Recovery and germinability of seeds ingested by 

yaks and Tibetan sheep could have important effects on the population dynamics of alpine 

meadow plants on the Qinghai-Tibetan Plateau. The Rangeland Journal 34, 249-255 (2012). 

7 Wang, S. et al. Recovery and germination of seeds after passage through the gut of Kazakh sheep 

on the north slope of the Tianshan Mountains. Seed Science Research 27, 43-49 (2017). 

8 Cosyns, E., Delporte, A., Lens, L. & Hoffmann, M. Germination success of temperate grassland 

species after passage through ungulate and rabbit guts. Journal of Ecology 93, 353-361 (2005). 

9 Pakeman, R. J. Plant migration rates and seed dispersal mechanisms. Journal of Biogeography 

28, 795-800 (2001). 

10 Jaroszewicz, B., Pirożnikow, E. & Sagehorn, R. Endozoochory by European bison (Bison 

bonasus) in Białowieża Primeval Forest across a management gradient. Forest ecology and 

management 258, 11-17 (2009). 

11 Wilson, G. & Hennessy, D. The germination of excreted kikuyu grass seed in cattle dung pats. 

The Journal of Agricultural Science 88, 247-249 (1977). 

 

 


