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Summary 
 A random mating, sexually reproducing population of constant size was simulated with 
two different computer programs.  Time to most recent common ancestor (MRCA) for the entire 
population was approximately log2N generations, where N is population size.  The time to most 
recent identical ancestry (MRIA) was approximately 2 log2N generations before the present.  
These results agree well with a previously published analytical and simulation study.  For 
random pairs of individuals, the time to a most recent common ancestor (MRCA2) was about 0.5 
log2N generations.  The interval between successive identical ancestry cohorts was slightly more 
than two generations, and was independent of population size. 
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1.  Introduction 
 In a sexually reproducing (bi-parental) species, such as humans, all individuals will share 
ancestors.  Starting from the present, with complete information about ancestry, we could trace 
the genealogy of every person back in time.  We would eventually come to a generation that 
contained one or more ancestors who occur in the genealogy of every person alive today.  That 
is, a person (or persons) who is a common ancestor, CA, of everyone alive at the present.  Such 
an individual is a most recent common ancestor, MRCA, of the current human population.  If we 
continue to trace genealogies farther back in time, beyond the generation of the MRCA, the 
number of common ancestors of the current population gradually increases.  Eventually we reach 
a generation that contains a group, or cohort, of individuals each of whom is an ancestor of 
everyone alive today.  We refer to this ancestral generation as the generation of most recent 
identical ancestry, MRIA: all present-day individuals share an identical set of ancestors who 
lived in the MRIA generation.  Identical ancestry has two striking consequences.  First, the 
immediate ancestors of the MRIA cohort must also be ancestors of all present-day individuals; 
and so on, as far back in time as one wishes to go.  In other words, every generation older than 
the MRIA generation is also a generation of identical ancestry with regard to the present 
population.  This means that all present-day individuals share identical genealogies in the 
indefinite past, prior to the MRIA generation.  The second consequence of identical ancestry is 
that every individual will eventually become either (1) a genealogical ancestor of everyone at 
some future time, and forever after; or (2) will be an ancestor of no one at that future time, and 
forever after.  This outcome can be seen by considering the MRIA generation just described.  
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Individuals who were part of the MRIA cohort have become ancestors of everyone in the 
present; and, by definition, they are the only ancestors from that generation.  But the MRIA 
cohort will (virtually always) be smaller than the total population that was alive at theat time.  
Those individuals who were contemporaneous with the MRIA cohort, but who were not part of 
it, perhaps because they had no children, have no descendants now, or in the future. 
 Chang (1999) provided analytical solutions for the time to the MRCA and MRIA 
generations.  The analysis applies to a random-mating population of constant size, N, with 
discrete (non-overlapping) generations.  Under those assumptions, the time to the MRCA is 
approximately log2N generations previously, and the time to the MRIA is approximately 1.77 
log2N generations.  These times are remarkably short.  For example, if population size is 100 
million, the time to the MRCA is about 27 generations, and the time to the MRIA is about 47 
generations.  If human generation time is taken to be 30 years, these times are equivalent to 
about 800 and 1400 years, respectively, before the present.  Of course, real human populations 
are not random-mating.  Geographic distance and socio-cultural factors make mating highly non-
random.  On the other hand, for most of human history, population sizes have been much smaller 
than they are today.  In order to estimate the MRCA and MRIA times for the current actual 
world-wide human population, it is necessary to make additional assumptions about past 
population sizes, about rates of migration between different land masses, about actual migration 
routes, and about movement of individuals at different scales within geographic areas.  One such 
analysis has estimated that the genealogical MRCA of all current humans lived between 2,300 
and 3,400 years ago: or between approximately 300 BC and 1,400 BC (Rohde et al., 2004).  The 
same analysis puts the estimated date of identical ancestry between about 3,000 BC and 5,400 BC.  
While such results are clearly tentative, they serve to illustrate an important point: even relatively 
low amounts of “migration” between subpopulations can be sufficient to assure that common 
ancestry for the entire species is comparatively recent. 

 It is important to note that genealogy is not genetics.  Obviously, it is not possible to 
inherit genes from someone who is not an ancestor.  But, it is not necessarily true that each of us 
has inherited the same gene copies from each of our common ancestors, or inherited genes in the 
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An aside: A simple numerical example may serve to show that Chang’s results are not 
entirely surprising.  For each of us, the number of ancestors doubles in each previous 
generation: 2 parents, 4 grandparents, 8 great-grandparents, etc.  If we go back 12 
generations, that means 212 = 4,096 (not necessarily different) ancestors.  Suppose that the 
population size is also 4,096.  Chang’s results tell us that the MRCA will have lived 
approximately log2(4,096) = 12 generations in the past.  In other words, every present day 
individual would have had a number of 12th-generation ancestors equal to the entire 
population size at that time.  Viewed in that light, it is not so surprising that at least one 
member of that ancestral generation appears in the genealogy of every present-day 
individual.  Chang’s result for the MRIA generation time is approximately 1.77 log2(4,096) = 21 
generations.  Every individual in the current population would have had 221, that is more than 
2 million, 21st-generation ancestors.  That is more than 500 times the actual population size, 
so many ancestors must occur many times in each genealogy; and identical ancestry 
becomes highly probable.
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same proportions from each of our common ancestors; or even that we have inherited any genes 
from a particular distant ancestor.  Consider Greg, who is alive today.  Greg has 25 = 32 fifth-
generation (not necessarily different) ancestors.  Those 32 ancestors carried 64 copies (32 x 2) of 
any particular gene, say the gene for ABO blood type.  But of those 64 gene copies, Greg has 
inherited only two.  It turns out that Barb has the same fifth-generation ancestors as Greg, 
although they share no more recent ancestors.  Barb also inherited two copies of the ABO gene 
from those 32 ancestors; but it is very unlikely that Greg and Barb inherited the same two 
copies.   Similarly, identical ancestry for an entire population is not equivalent to genetic identity. 1

 This paper presents the results of simulations of a random-mating population.  The goal is 
to validate the simulation procedure by comparison with the analytical and simulation results of 
Chang (1999).  The present analysis will also extend Chang’s simulations.  First, I will estimate 
the time to shared ancestry between random pairs of individuals.  Second, I will estimate the time 
between successive cohorts of identical ancestors.  As populations move forward through time, a 
new, more recent, MRIA generation will occur when a group of individuals in that generation 
becomes an IA cohort.  How frequently are MRIA cohorts replaced?  Simulations of non-
random-mating (structured) populations will be considered in subsequent papers. 

2.  Materials and Methods 
 The simulation procedure assumes a constant population size, N.  All individuals are 
mated at random to make N/2 reproductive pairs.  Reproduction is monogamous.   Reproductive 2

success is random (Poisson distributed), meaning that some mate-pairs will leave no offspring, 
and other pairs will leave more than two.  Mean reproductive success is two offspring per mate 
pair.  No distinction is made between male and female parents, and therefore no distinction is 
possible between paternal and maternal lines of descent.  Generations are discrete (non-
overlapping). 
 Simulated population sizes were 128 (27), 512 (29), 2,048 (211), and 8,192 (213).  For the 
three smaller population sizes, 50 replicates of 100 generations each were simulated.  In order to 
reduce computation time, 25 replicates of 50 generations each were simulated for N = 8,192.  
After each generation, the ancestry of every individual was examined for MRCAs and an MRIA 
cohort.  After the the last generation, N-1 random pairs of individuals were examined for most 
recent pair-wise common ancestry, MRCA2.  The simulation program was written in C language 
as a command-line tool in OS X.  All simulations were run on a MacMini, 2.7 GHz Intel Core i7, 
with 16MB RAM. 
 This simulation model recorded the ancestors of each individual in each previous 
generation — in effect, it maintained lists of ancestors that extended back to the first generation 
of a simulation, or until the most recent MRIA generation..  It did not, however, keep track of 
lines of descent — that is who was descended from whom in earlier generations.  A second 

  In fact, 1 chance in 1,984.  I am also ignoring the possibility of mutation and intragenic recombination, 1

both of which could have altered any of the “original” gene copies ultimately inherited by Greg and Barb.

  This is a small difference between my procedure and Chang (1999), which did not impose monogamy.  2

In Chang’s simulation, it was also possible for the two parents of an offspring to be the same individual.  
In essence, low frequency self-fertilization was permitted.
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simulation model (Model 2) that recorded the parents of every individual in every generation was 
also investigated.  In order to determine common ancestry, it was necessary to reconstruct 
genealogies by working backward from the most recent generation.  Reproduction was non-
monogamous.  In each generation, N pairs of parents were obtained by randomly selecting two 
different individuals to produce a single offspring.  This second simulation model proved to 
require even more computation time than the first.  Genealogy reconstruction is computationally 
intensive.  For example, to find all ancestors that are 15 generations removed from the present, 
215 = 32,768 paths of descent must be examined for every individual in the population.  
Therefore, only limited simulations were completed using this second model, using population 
sizes of 128 (27), and 512 (29).  Their principle value is to corroborate the more extensive 
simulations using the first model. 
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Table 1.  Simulation results.
Simulation Model 1 Simulation Model 2

Population Size, N Population Size, N

128 512 2048 8192 128 512

Log2N 7 9 11 13 7 9

Number of 
replicates 50 50 50 25 50 25

Generations 
/ replicate 100 100 100 50 100 30

Mean MRCA 
time (gen)

7.22
(1.03 log2N)

9.44
(1.05 log2N)

11.67
(1.06 log2N)

13.84
(1.06 log2N)

7.30
(1.04 log2N)

9.60
(1.07 log2N)

Mean MRCA 
size 
(individuals)

6.70 15.73 37.78 73.67 5.00 13.04

Mean MRIA 
time (gen)

14.06
(2.01 log2N)

17.95
(1.99 log2N)

21.80
(1.98 log2N)

25.60
(1.97 log2N)

14.95
(2.14 log2N)

18.69
(2.08 log2N)

Mean MRIA 
cohort size 
(individuals)

102
(0.80 N)

408
(0.80 N)

1632
(0.80 N)

6531
(0.80 N)

102
(0.80 N)

408
(0.80 N)

Mean time 
between IA 
cohorts 
(gen)

2.07 2.08 2.08 2.12 2.06 2.04

Mean 
MRCA2 time 
(gen)

3.91
(0.56 log2N)

4.91
(0.55 log2N)

5.89
(0.54 log2N)

6.89
(0.53 log2N)

3.44
(0.49 log2N)

4.39
(0.49 log2N)
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3.  Results 
 The results are summarized in Table 1.  The time to the MRCA is just slightly longer than 
log2N generations, even for the smallest population simulated.  The time to MRIA is 
approximately 2 log2N generations, with some suggestion that it is decreasing slowly with 
increasing population size.  For comparison, the analytical expectation is approximately 1.77 
log2N (Chang 1999).  The present  results agree very well with Chang’s (1999) simulations, 
which are summarized in Table 2.  Other notable results are as follows.  The average size of 
MRIA cohorts is consistently 80% of the population size.  The number of parents of each 
generation is approximately 86.5% of population size (data not shown).  From this, it follows 
that an individual who leaves any offspring has a greater than 90% probability of becoming an 
ancestor of the entire population at some future time.  The average time between successive 
MRIA cohorts is slightly longer than two generations, independent of population size.  For the 
first simulation model (Model 1), in which reproduction was monogamous, the average time to 
pair-wise common ancestry (MRCA2) was slightly more than 0.5 log2N generations.  In other 
words, slightly more than half the time to the population-wide MRCA.  For the second 
simulation model, with polygamous/polyandrous reproduction, the average time to MRCA2 was 

about half a generation less.  Also, the number of MRCA individuals appeared to be slightly less 
in Model 2, and the time to the MRIA generation slightly longer, compared to Model 1.  Note 
that the somewhat longer MRIA times for Model 2 — approximately 2.10 log2N — agree quite 
well with the times reported by Chang (Table 2).  Because Chang simulated non-mongamous 
mating, it seems likely that the differences between Model 1 and Model 2 results are due to the 
difference in mating systems. 

4.  Discussion 
 Three different simulation procedures — two in this paper, plus Chang (1999) — have 
produced essentially the same results for time to MRCA and MRIA as functions of population 
size.  Therefore, I consider the results robust and reflective of the true situation in sexually 
reproducing, random mating populations of constant size (if such populations exist outside the 
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Table 2.  Summary of simulation results from Chang (1999).
Population Size, N

500 1000 2000 4000

Log2N 8.97 9.97 10.97 11.97

Number of 
replicates 25 25 25 25

Mean MRCA time 
(gen)

9.40
(1.05 log2N)

10.64
(1.07 log2N)

11.76
(1.07 log2N)

12.92
(1.08 log2N)

Mean MRIA time 
(gen)

18.84
(2.10 log2N)

21.36
(2.14 log2N)

23.04
(2.10 log2N)

24.48
(2.05 log2N)
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comfortable confines of theoretical inquiry).  One feature of all three simulations is that variation 
in reproductive success is the same for “males” and “females”.  Any other mating system that 
results in unequal variation between the sexes will decrease effective population size, and thus 
shorten the time to common ancestry.   The current simulations extend earlier results by 3

revealing time to most recent common ancestry for random pairs of individuals, and by finding 
the time between successive MRIA cohorts. 
 The simulations also reveal that results are quite close to theoretical expectation (Chang 
1999) even for small population sizes; and are little affected by differences in population size, 
over the ranges examined (10-fold by Chang, and 64-fold in the present case).  Importantly, this 
means we can be relatively confident in any future simulations that employ population sizes of a 
few hundred to a few thousand — a useful result given the computational demands of 
genealogical simulation. 
 Perhaps the least realistic aspect of these simulations is the assumption of random mating.  
Real plant, animal and human populations are often geographically dispersed, with mating more 
likely to occur between individuals born in the same locality.  Furthermore, for human 
populations, differences in race, ethnicity, education, social class and religion, for example, are 
often barriers to intermarriage.  Future simulations will examine the effect of population 
subdivision on times to common ancestry for entire populations.  An important variable will be 
the “migration” rate between different subpopulations: “migration” taken to mean either actual 
movement of individuals between geographically separated subpopulations, or rate of 
intermarriage between groups within the same geographic area. 
 A second avenue for future simulation will be the issue of proportional ancestry.  By 
definition, every member of an IA cohort must appear at least once in the genealogy of a present-
day individual.  However, most, if not all, IA cohort members must occur many times in a 
genealogy, as explained in the text box on p. 2.  That is, if we start with a present-day individual 
and trace backwards every line of descent, many lines are likely to end with the same IA cohort 
member.  Every IA group member thus represents some proportion of the entire genealogical 
ancestry of a current individual, and some proportion of the collective genealogies of the entire 
current population.  Proportional genealogical ancestry may be a reasonable surrogate for 
proportion of genetic ancestry.  As such, it will be interesting to determine the variation in 
proportional ancestry among the members of an IA cohort, particularly when there is population 
subdivision. 

  An example would be a harem mating system in which a few males sire most offspring, and many 3

males sire none.
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