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J. Fort, Biased dispersal can explain fast human range expansions 

Supplementary Texts 

 

S1. Non-biased dispersal implies long distances 

In this section we use a very simple, non-biased model and analyze to what extent the dispersal 

behavior of real preindustrial populations should be modified to obtain agreement with the 

observed spread rates (Khoi-khoi and Bantu) considered in the main paper. 

It is very difficult to find real dispersal data per generation of preindustrial populations. 

Obviously this can depend on landscape, climate, the subsistence strategy, etc., but the data 

available at present are so scarce that only the role of the subsistence strategy has been 

discussed in some detail (it has been noted that the mobility of hunter-gatherers is higher than 

for farmers [1]). Table S1 includes the list of all preindustrial populations for which dispersal 

kernels per generation have been measured, to the best of our knowledge (the complete kernels 

are included in table S2). Hunter-gatherers are not included because the two expansions 

considered in the main paper deal with herders and farmers. Of course, it could be argued that 

some of these 11 rural populations are more genuinely preindustrial than others. But apparently 

their subsistence systems, means of transportation and other social features make it reasonable 

to classify all of them as preindustrial, not as industrialized populations. A recent work [2] has 

analyzed the differences between the dispersal kernels of a preindustrial population and an 

industrialized one, as well as the implications of those differences on the results of human 

spread models. 

In table S1, population #1 is the only one of preindustrial herders for which the dispersal kernel 

is known (to the best of our knowledge). It has been applied in the main text to the range 

expansion of Khoi-khoi herders. 

Populations # 2-4 in table S1 include a range (10-19 yr or 20-29 yr) which gives the ages of 

individuals for which the distance between their birthplace and place of residence was recorded. 

For African farmers (Bantu expansion), in the main text we have used the kernel of population 

# 3 (Gilishi 20-29yr) because the measured interval of the generation time (29-35 yr) is closer to 

the age interval of this population (20-29 yr) than to that of populations # 2 and # 4 (10-19 yr).  

The Issongos (population #7 in table S1) are also African farmers but they have some special 

features: (i) a low mobility due to their very limited area and few marriages with other tribes [3], 

and (ii) a subsistence system not based on cereals [4] (see table S1), unlike the populations 

involved in the Bantu expansion southwards from the Great Lakes area [5]. For these reasons 

we have preferred not to use the kernel of the Issongos in the main paper. However, we think 

that it can be also useful for comparison purposes. 

Column 5 in table S1 gives the maximum distance 𝑟𝑚𝑎𝑥  in each measured kernel (see table S2 

for the complete kernel). We focus on the role of 𝑟𝑚𝑎𝑥 because it is well-known to have more 

influence on the spread rate than other kernel distances (this effect is called long-distance 

dispersal in Ecology [6]). In order to see if the non-biased model can explain fast human range 

expansions,  we use Eq. (12) in the main paper with 𝑝 =
1

2
 to obtain the results in column 6 in 

table S1 (this model is more precise than Fisher-type models [7]). Each value is the distance by 
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which 𝑟𝑚𝑎𝑥  in the corresponding kernel should be replaced to obtain a maximum spread rate 

of 1.89 km/yr, similarly to model 3 in Fig. 3a in the main paper (Khoi-khoi expansion). The 

corresponding % in table S1 is this new, hypothetical value of 𝑟𝑚𝑎𝑥  minus the original, real one 

(column 5) divided by the latter and multiplied by 100. The last two columns give the same 

results for the Bantu expansion (i.e., for 1.96 km/yr, see model 3 in Fig. 2a in the main paper). 

 

 

 
 
 
# 

population  
or area (in bold 
if used in the 
main paper) 

main subsistence 
(H=herding   
F=farming 

 G=gardening) 

 
kernel 
from 
Refs. 

 
 

𝑟𝑚𝑎𝑥   
(km) 

 
Khoi-khoi * 

𝑟𝑚𝑎𝑥   
(km)         % 

 
Bantu ** 

𝑟𝑚𝑎𝑥   
(km)        % 

1 Kelardasht H (cattle, sheep) [8] [8, 9] 95 158 66% 164 73% 

2 Gilishi 10-19 yr F (maize, sorghum) 
[10] 

[11, 3, 7] 60.4 100.0 66% 103.7 72% 

3 Gilishi 20-29 yr F (maize, sorghum) 
[10] 

[11, 3, 7] 60.4 97.5 61% 101.3 68% 

4 Shiri 10-19 yr F (maize, sorghum) 
[10] 

[11, 3, 7] 60.4 78.1 29% 81.1 34% 

5 Yanomamö M† G (plantains) and F [12] [13, 14, 7] 110 171 55% 181 65% 

6 Yanomamö B†† G (plantains) and F [12] [13, 2] 105†† 171 63% 182 73% 

7 Issongos F (cassava, yams) [4] [15, 7] 100 227 127% 236 136% 

8 Markazi F (rice) [8] [8, 16] 97.65 212 117% 220 125% 

9 Bihar F (rice) [17] [17, 16] 62.5 168 169% 175 180% 

10 Varanasi F (rice) [18] [18, 16] 68 204 200% 213 213% 

11 Dirang Monpa F (maize) [19] [19] 145 181 25% 189 30% 
* distance by which 𝑟𝑚𝑎𝑥  in the measured kernel (column 5 or table S2) should be replaced for the non-biased model to yield a 

maximum spread rate of 1.89 km/yr, similarly to model 3 in Fig. 3a in the main paper (Khoi-khoi expansion). The % is the new 𝑟𝑚𝑎𝑥  

minus original 𝑟𝑚𝑎𝑥 divided by the latter and multiplied by 100.  

** distance by which 𝑟𝑚𝑎𝑥  in the measured kernel (column 5 or table S2) should be replaced for the non-biased model to yield a 

maximum spread rate of 1.96  km/yr, similarly to model 3 in Fig. 2a in the main paper (Bantu expansion). The % is the new 𝑟𝑚𝑎𝑥  

minus original 𝑟𝑚𝑎𝑥 divided by the latter and multiplied by 100.  

† Yanomamö M refers to mating distances, defined as distances between the birthplaces of mother and father. 

†† Yanomamö B refers to distances between birthplaces of parent and child. We have used the histogram with 11 bins in Ref. [2]. 

 

Table S1. Details (columns 2-5) and results (using table S2) for preindustrial populations of herders and 

farmers the dispersal kernels of which have been measured in ethnographic fieldwork.  
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# 

population  
or area (in bold 
if used in the 
main paper) 

 
probabilities 

 {𝑝1, 𝑝2, 𝑝3, … } 
 

 
distances 

 {𝑟1, 𝑟2, 𝑟3, … } 
(km) 

1 Kelardasht {0.67, 0.05, 0.04, 0.07, 0.08, 0.04, 0.05} {0.5, 3, 7.5, 15, 25, 35, 95} 

2 Gilishi 10-19 yr {0.54, 0.17, 0.04, 0.25} {2.4, 14.5, 36.2, 60.4} 

3 Gilishi 20-29 yr { 0.40, 0.17, 0.17, 0.26} {2.4, 14.5, 36.2, 60.4} 

4 Shiri 10-19 yr { 0.19, 0.07, 0.22, 0.52} {2.4, 14.5, 36.2, 60.4} 

5 Yanomamö M {0.19, 0.54, 0.17, 0.04, 0.04, 0.02} {10, 30, 50, 70, 90, 110} 

6 Yanomamö B† {5,13,33,22,33,19,20,5,5,3,2}/160 { 5,15,25,35,45,55,65,75,85,95,105} 

7 Issongos {0.42, 0.23, 0.16, 0.08, 0.07, 0.02, 0.01, 0.01} {2.3, 7.3, 15, 25, 35, 45, 55, 100} 

8 Markazi {
0.803, 0.040, 0.022, 0.025, 0.063,

0.005, 0.009, 0.019, 0.014
} {

0.5, 5.5, 15, 25, 35,
 50.03, 57.20, 60.51, 97.65

} 

9 Bihar {
0.018, 0.081, 0.105, 0.129, 0.14, 0.125,

0.107,0.079,0.068,0.057,0.036,0.025,0.03
} {

 2.5, 7.5, 12.5, 17.5, 22.5, 27.5,
32.5, 37.5, 42.5, 47.5, 52.5, 57.5, 62.5

} 

10 Varanasi {
0.058, 0.122, 0.191, 0.256, 0.168,

0.101, 0.069, 0.023, 0.012
} {

 4, 12, 20, 28, 36,
44, 52, 60, 68

} 

11 Dirang Monpa {171, 8, 10, 7, 1, 1, 0, 1, 1, 3, 4, 1, 1, 6}/215 {0,3,8,13,18,23,28,33,38,43,48,61,80,145} 
 †For the Yanomamö B we have used the histogram with 11 bins in Ref. [2]. 

 

Table S2. Dispersal kernels measured by ethnographic fieldwork for the preindustrial populations in table S1.  

 

 

 

We note from table S1 that in order to explain the speed of the Khoi-khoi expansion (with a 

consistency range similar to model 3 in the main paper), the maximum distance  

𝑟𝑚𝑎𝑥   of the kernel used in the main paper (population #1 in tables S1 and S2) has to be increased 

substantially (by 66%). It can be argued that the necessary value of  

𝑟𝑚𝑎𝑥  (158 km) is not far from the maximum measured ones for preindustrial populations, which 

are 145 km and 110 km (populations # 11 and # 5 in table S1). This may suggest that perhaps 

biased dispersal and/or cultural transmission [20] are not really necessary to explain fast human 

range expansions. However, a kernel with a longer maximum distance does not necessarily lead 

to a faster front (because the speed depends also on the probability of 𝑟𝑚𝑎𝑥 and on the other 

distances and probabilities). Thus, it is necessary to examine whether real kernels (especially 

those with the longest values of 𝑟𝑚𝑎𝑥, but also any other ethnographic kernels) can explain fast 

spread rates using the non-biased model. According to table S1 the kernels with highest values 

of 𝑟𝑚𝑎𝑥 (populations # 11 and # 5) do not lead to speeds fast enough unless their values of 𝑟𝑚𝑎𝑥 

are also substantially increased (by 25% and 55%, respectively). Moreover, note that using the 

non-biased model none of all the 11 preindustrial populations for which dispersal kernels have 

been measured is able to explain (in a way similar to model 3 in our main paper) the fastness of 

neither the Khoi-khoi nor the Bantu expansions (because all percentages in table S1 are positive, 

i.e., the value of  𝑟𝑚𝑎𝑥 has to be increased in all 22 cases). Our conclusion at this point is that the 

simplest model (non-biased dispersal without cultural transmission) is unable to explain fast 

human range expansions. We recognize, however, that this conclusion will be verified or falsified 

only when dispersal kernels of prehistoric populations are measured directly (as explained in the 

main paper, this may become possible in some years by using genetic methods). 
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S2. Alternative probability distributions 

At first sight, it could seem that besides changing a characteristic dispersal distance (Sec. S1), it 

may be perhaps possible to develop non-biased models leading to fast spread rates in another 

way, namely by considering some widely-used probability distributions, e.g., Gaussian, 

exponential, log-normal, power-law, other Lévy flights, etc., for the dispersal kernel. Such 

distributions are used in many physical and microbiological applications because in those 

disciplines it is possible to measure characteristic dispersal distances for an enormous amount 

of particles (for example, in typical microbiological experiments there are 107-108 cells/ml [21]), 

so that their concentration as a function of space can be measured precisely and it often agrees 

precisely with one of the distributions mentioned. Similarly, for modern industrialized 

populations dispersal data can be recorded for a huge number (106-107) of distances and this 

makes it possible to determine the underlying distribution [22]. However, for pre-industrial 

populations we only have dispersal histograms (table S2) based on distance measurements per 

generation for a much smaller number of individuals (of the order 10-103). Such histograms they 

display irregular shapes that are probably more representative of the small number of data used 

than of an underlying probability distribution that can be safely inferred. For example, in table 

S2 the probability of dispersal for population #2 has its maximum at the smallest distance 

whereas that of population # 4 has it maximum at the longest distance, in spite of the fact that 

these are tribes of the same population (the Majangir [11]), they were observed during the same 

time interval, and they have the same subsistence system (table S1), environment, social 

customs, etc. Thus, in our opinion an important (and widely overlooked) point is that for human 

preindustrial populations it is highly questionable to fit a probability distribution with the data 

available at present, because this implies making an additional approximation. We think that it 

is preferable to use the original data (histograms in table S2) because in this way there is no 

need to assume the validity of any specific distribution. For example, it has been observed that 

fitting exponential distributions to measured kernels (such as those in table S2) in some cases 

widely overestimates the front speed (see Fig. 4 in Ref. [7]) as compared to using the measured 

data (dispersal histograms, such as those in table S2). This is why we have followed the latter 

approach (i.e., to use directly the recorded histograms rather than to fit a distribution). Just to 

summarize, we think that there is little point in fitting a distribution to human preindustrial 

dispersal kernels because (i) in some cases the approximation will be invalid (e.g., population C 

in Fig. 4 of Ref. [7]); or (ii) in other cases it will be valid, but the results will be very similar to 

those obtained by using the original histogram (e.g., population A in Fig. 4 of Ref. [7]), so fitting 

a distribution will not lead to a new result after all. Such a fit would be justified if the fitted 

distribution were a better description of reality that the measured data (to which the 

distribution itself is fitted), but it is difficult to believe this. As mentioned above, in many other 

applications there are millions of data, making it possible to construct histograms with 

thousands of bins, which are very difficult to handle and then it may be reasonable to fit a 

distribution. 
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