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Supplementary Information




Supplementary Table 1. Details of ordinary least squares regression of mean individual bone breadth z-score on date midpoint, adjusting for mean individual length z-score and latitude. Each successive model includes the predictors in the preceding rows. SEE = standard error of estimate; B = regression coefficient in final model; SE = standard error; β = standardised coefficient in final model; df = degrees of freedom. 

	Predictor (s)
	R
	R2
	Adjusted R2
	SEE
	B (SE)
	β
	R2 change
	F change
	df1
	df2
	p (F change)

	Mean length z-score
	0.66
	0.43
	0.43
	0.70
	0.47 (0.05)
	0.61
	0.43
	146.35
	1
	195
	<0.001

	+ latitude 
(decimal degrees)
	0.73
	0.53
	0.52
	0.63
	0.05 (0.01)
	0.33
	0.12
	43.7
	1
	194
	<0.001

	+ date midpoint (thousand years)
	0.73
	0.55
	0.54
	0.63
	0.04 (0.02)
	-0.13
	0.01
	5.0
	1
	193
	0.03
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Supplementary Table 2. Sample composition for South Asian skeletal data. Sites are grouped approximately by date and subsistence type. The Mesolithic samples represent hunter-gatherers, but overlap temporally with some Prehistoric sites. Lat. = Latitude; Long. = Longitude; BP = years before present; cal = calibrated; OSL = Optically Stimulated Luminescence; AMS = Accelerator Mass Spectrometer radiocarbon dating; C14 = standard or unspecified radiocarbon dating; TL = Thermoluminescence.


	Site
	Country
	State
	Lat.
	Long.
	n
	Date
	Date mid-point (BP)
	Data source
	Date type
	Date source

	
Mesolithic 
(11,000-4,300 BP)
	
	
	
	
	
	
	
	
	
	

	Bellan Bandi Palassa
	Sri Lanka
	Sabaragamuva Province
	6.5
	80.8
	2
	11,150 – 12,250 cal BP, 11,620 – 12,050 cal BP
	11,000
	1
	AMS
	2

	Sarai Nahar Rai
	India
	Uttar Pradesh
	25.8
	81.8
	8
	10,050+/-110 BP
	10,000
	3
	C14
	Sharma (1973); Sharma and Sharma (1978) in 4

	Fa Hien
	Sri Lanka
	Western Province
	6.7
	80.2
	1
	
	10,400
	 JTS/EP
	AMS
	T. Higham pers. comm. 2018

	Damdama
	India
	Uttar Pradesh
	26.2
	82.2
	18
	8865 (DDM12), 8640 (DDM 36a) +/-65 cal BP
	8,750
	4
	AMS
	5, 6

	Kuragala
	Sri Lanka
	Sabaragamuwa 
Province
	6.6
	80.9
	1
	 
	7,000
	 JTS/EP
	AMS
	 M. Petraglia pers. comm. 2014

	Mahadaha
	India
	Uttar Pradesh
	26.0
	82.2
	17
	 6320 +/-80 cal BP
	6,300
	7
	AMS
	8

	Bhimbetka Mesolithic
	India
	Madhya Pradesh
	22.9
	77.6
	2
	10,000-2,500 BP
	6,250
	VMT-EP
	Phasing, C14
	9

	Mini-athiliya
	Sri Lanka
	Southern Province
	6.1
	80.9
	1
	3610 ± 40 BP, 3680 ± 40 BP
	5,650
	10
	C14, 
	10

	Baghai Khor
	India
	Uttar Pradesh
	24.8
	82.1
	1
	3000-2000 BC
	4,500
	11
	Phasing
	11

	Langhnaj
	India
	Gujarat
	23.3
	72.5
	3
	2440-2160 cal BC
	4,300
	12
	C14
	13

	
 Prehistoric 
(4,500-2,000 BP)
	
	 
	 
	 
	 
	 
	
	 
	 
	 

	Nagarjunakonda Neolithic
	India
	Andhra Pradesh
	16.5
	79.2
	1
	2000-1000 BC
	4,500
	14
	Phasing
	14

	Rakhighari
	India
	Haryana
	29.3
	76.1
	2
	4600-4300 BP
	4,450
	VMT-EP
	C14
	15

	Farmana
	India
	Haryana
	29.0
	76.3
	2
	2600-2000 BC
	4,300
	VMT-EP
	Phasing
	16

	Harappa
	Pakistan
	Punjab
	30.6
	72.9
	27
	2550-2030 BC
	4,300
	17
	Phasing, C14
	16

	Lothal Mature Harappan
	India
	Gujarat
	22.5
	72.3
	4
	2200-1900 BC
	4,000
	18
	Phasing, C14
	19

	Burzahom 
	India
	Jammu and Kashmir
	34.2
	74.9
	6
	2300-1500 BC
	3,900
	20
	Phasing, C14
	20, 21

	Kaothe
	India
	Maharashtra
	21.0
	74.3
	1
	2000-1800 BC
	3,900
	22
	C14
	23

	Lothal Late Harappan
	India
	Gujarat
	22.5
	72.3
	1
	1900-1600 BC
	3,750
	18
	Phasing, C14
	19

	Rupar
	India
	Punjab
	30.9
	76.6
	1
	2100-1400 BC
	3,750
	24
	Phasing
	24

	Tenner
	India
	Andhra Pradesh
	16.5
	80.8
	1
	1200-300 BC
	3,750
	25
	Phasing
	25

	Veerabyina Kunta
	India
	Andhra Pradesh
	17.3
	82.1
	1
	1200-300 BC
	3,750
	25, 26
	Phasing
	25

	T. Narsipur
	India
	Karnataka
	12.2
	76.9
	1
	3500 BP
	3,500
	27
	C14
	28

	Chinnamarur 
	India
	Andhra Pradesh
	16.0
	78.1
	2
	2000-700 BC
	3,350
	VMT-EP
	Phasing
	29

	Nevasa
	India
	Maharashtra
	19.6
	74.9
	2
	1500-1000 BC
	3,250
	VMT-EP
	Phasing
	30

	Bhagwanpura 
	India
	Haryana
	30.1
	77.0
	1
	1400–1000 BC
	3,200
	31
	TL, ceramic
	31

	Chandoli 
	India
	Maharashtra
	19.0
	74.0
	1
	1400-1050 BC
	3,200
	27
	C14
	32



Supplementary Table 2 cont. 

	Site
	Country
	State
	Lat.
	Long.
	N
	Date
	Date mid-point (BP)
	Data source
	Date type
	Date source

	
 Prehistoric 
(4,500-2,000 BP) cont.
	
	 
	 
	 
	 
	 
	
	 
	 
	 

	Pochampad
	India
	Andhra Pradesh
	18.8
	78.3
	2
	300 BC-AD 50
	3,125
	33
	Phasing
	33

	Inamgaon
	India
	Maharashtra
	18.6
	74.5
	5
	1400-700 BC
	3,050
	VMT-EP
	Phasing
	34

	Pandu Rajar Dhibi
	India
	West Bengal
	23.6
	87.7
	5
	1012+/- 120 BC
	3,000
	35
	C14
	Dasgupta (1964) in 35

	Piklihal Upper Neolithic
	India
	Karnataka
	16.0
	76.5
	1
	1250-650 BC
	2,950
	36
	Phasing
	37

	Abhaipur 
	India
	Uttar Pradesh
	28.3
	79.8
	1
	1200-400 BC
	2,800
	38
	Phasing
	38

	Nagarjunakonda Late
	India
	Andhra Pradesh
	16.5
	79.2
	1
	800-300 BC
	2,550
	14
	Phasing
	14

	Yeleswaram
	India
	Andhra Pradesh
	16.5
	79.2
	2
	200-299 BC
	2,250
	39
	Phasing
	39

	Kodumanal
	India
	Tamil Nadu
	11.1
	77.5
	3
	200 BC-AD 200
	2,000
	VMT-EP
	Phasing
	40

	 

Historic (2,100-200 BP)
	
	 
	 
	 
	 
	 
	
	 
	 
	 

	Nevasa Indo-Roman
	India
	Maharashtra
	19.6
	74.9
	1
	50 BC- AD 200
	2,100
	VMT-EP
	Phasing
	30

	Padri
	India
	Gujarat
	22.4
	72.6
	1
	100 BC- AD 100
	2,000
	VMT-EP
	Phasing
	41

	Kuntasi
	India
	Gujarat
	22.9
	70.6
	2
	8th - 18th century AD
	700
	VMT-EP
	Phasing
	42

	Bagor Historic
	India
	Rajasthan
	25.4
	74.4
	1
	1200-1700 AD
	550
	43
	Phasing
	43, 44

	Balupur
	India
	West Bengal
	25.1
	88.1
	7
	1400-1700 AD
	450
	VMT-EP
	OSL, ceramics
	45

	Leshmi
	India
	Nagaland
	25.5
	94.2
	2
	Mid-17th century AD
	350
	VMT-EP
	Phasing
	46.

	Jotsoma
	India
	Nagaland
	25.7
	94.1
	4
	AD 1650-1950 
	200
	VMT-EP
	Phasing
	47

	 

Modern (100-40 BP)
	
	 
	 
	 
	 
	 
	
	 
	 
	 

	Veddah
	Sri Lanka
	 
	7.5
	81.5
	11
	c. 1880-1935
	100
	48
	Acquisition history
	48, 49

	University of Toronto Teaching collection
	India
	West Bengal
	22.6
	88.4
	40
	~ AD 1960
	40
	EP
	Acquisition history
	S. Pfeiffer (pers. comm. August 2016)








Supplementary Information 1.1: Additional discussion on inferring lean mass from the skeleton

The use of bone shaft dimensions as a proxy for lean mass may be a limitation of our study, as these dimensions are known to be influenced by activity, body mass changes during life and age (see Methods). Mesolithic hunter-gatherer populations were often more mobile than their agricultural successors 33, 50, 51, 52, 53, but the transition from high mobility to agricultural labour may have had unknown effects on musculature. Some evidence suggests that hunter-gatherers would have been more muscular (i.e., have had greater lean mass) and have had greater bone diameters resulting from elevated activity compared with agriculturalists: greater muscular forces among Mesolithic individuals have been inferred for South Asia from the greater development of muscle insertions compared with agriculturalists 6, 22, 54, 55, 56. We might therefore predict that if differences in activity patterns were confounding trends in lean mass, the Mesolithic individuals would have had elevated relative bone breadth z-scores compared with the later populations in our dataset. In fact, there was no statistical trend in our proxy for relative lean mass, and if anything the Mesolithic individuals had lower inferred lean mass than later populations (Figure 4 and Supplementary Figure 4). Thus we are confident that low lean mass traces back at least 11,000 years in South Asia. If activity has affected the results, this would suggest an increase in relative lean mass since the Mesolithic, which would still be inconsistent with alternative hypotheses regarding the origins of low lean mass in the region. Moreover, we repeated our analyses using only joint surface breadths to calculate our lean mass proxy, and the fact that results remain unchanged (Figures 1 and 2, Supplementary Table 3) gives additional confidence in our findings. 

It might also be argued that our bone breadth proxies for lean mass reflect variation in body breadth rather than lean mass per se. However we note that stature and body (bi-iliac) breadth (BIB) are considered the major determinants of body mass in human populations 57, 58, 59, the largest component of body mass is lean mass 60. While stature and BIB do not fully account for variation in body mass, particularly in populations with broad shoulders 58 or heavily muscular elite athletes (shot putters, weightlifters etc.) 59, they are good predictors of body mass across a wide range of populations (standard errors of estimate 3.7 - 4.0 kg: 58). Although not stated explicitly, presumably the samples used to derive these estimation equations were largely non-obese since the studies 57, 58, 61 aimed to demonstrate relationships between climate, stature, body breadth and body mass, so we might expect stature and BIB to be closely related to lean mass. Small BIB is considered a long-term adaptation to heat stress in humans 57, 61 and we can speculate that small BIB is associated with smaller trunk volume and thus lower organ mass. While our data cannot exclude the possibility that the low lean mass of South Asians is decoupled from BIB, anecdotally other populations with a similar low lean mass phenotype  also have relatively low BIB (e.g., Australian males average 25.6 cm and Indian males 25.9 cm in the data reproduced in Ruff 57), In contrast, populations known to have high lean mass despite inhabiting a warm climate have high BIB (e.g. Polynesians 62:  male BIB = 29.4 cm in Ruff 57). While further research into the interrelationship between low lean mass and body breadth is clearly needed, since body breadth, body mass and lean mass are inter-related, our results remain a reliable indication of trends in lean mass.
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Supplementary Figure 1. Plot of individual mean joint breadth z-score against bone length z-score in South Asian archaeological and modern skeletons from the last 11,000 years (n = 139) compared with a worldwide sample of terminal Pleistocene and Holocene humans (n = 1,884: grey crosses) demonstrating that South Asians throughout the study period typically had low lean mass (joint breadth z-score) relative to stature (bone length z-score). Reduced major axis regression line fitted to the whole dataset shown as grey dashed line. 



Supplementary Table 3. Details of ordinary least squares regression of mean individual bone joint surface breadth z-score on date midpoint, adjusting for mean individual length z-score and latitude (n = 139). Each successive model includes the predictors in the preceding rows. SEE = standard error of estimate; B = regression coefficient in final model; SE = standard error; β = standardised coefficient in final model; df = degrees of freedom. 

	Predictor (s)
	R
	R2
	Adjusted R2
	SEE
	B (SE)
	β
	R2 change
	F change
	df1
	df2
	p (F change)

	Mean length z-score
	0.76
	0.57
	0.57
	0.72
	0.66 (0.06)
	0.76
	-
	181.5
	1
	137
	<0.001

	+ latitude 
(decimal degrees)
	0.78
	0.61
	0.60
	0.69
	0.04 (0.01)
	0.21
	0.03
	12.4
	1
	136
	0.001

	+ date midpoint (thousand years)
	0.78
	0.61
	0.61
	0.69
	-0.04 (0.02)
	-0.12
	0.01
	3.0
	1
	135
	0.09
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Supplementary Figure 2. Individual mean joint breadth z-score (adjusted for latitude and bone length z-score) plotted against date of site, illustrating no temporal trend in relative lean mass among South Asians (n = 139) over the last 11,000 years.
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