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Genetics and Modern Human Origins 
JOHN H. RELETHFORD 

The past decade has brought considerable debate on the subject of modem 
human origins. The nature of the transition from Homo erectus to archaic Homo 
sapiens to modem H. sapiens has been examined primarily in terms of the relative 
contribution of archaic populations to later moderns, both wit~hin and among geo- 
graphic regions. The recent African origin model proposes that modem humans 

i appeared first in Africa between 100,000 and 200,000 years ago, and then spread 

I through the rest of the Old World, replacing preexisting  population.^.^^ This model 
I has been referred to by a variety of names, including "replac:ement," "Garden of 

Eden," "Noah's Ark," and "out of Africa." The recent African origin model contrasts 
with the niultiregional model, which proposes a species-wide transition to modern 
humans throughout the Old World during the past million years or m~re.~-'O Indeed, 
some proponents of the multiregional model advocate placincl Homo erectus and 
all subsequent species of Homo in the evolutionary species Homo sapiens.'l This 
contrasts with the view that there were multiple horninid species during the Middle 
Pleistocene. The debate contin~es. '~. '~ Although the multiregional model is often 
portrayed as proposing a simultaneous transition to anatomically modern humans 
in different geographic regions, it explicitly allows for varying degrees of continuity 
across time and space.'O This model, in the broad sense, does not rule out the 
possibility that modern human morphology appeared first in Africa and then spread 
through the rest of the Old World through gene flow. However, not all advocates of 
the multiregional model adhere to this specific subset of the general modeLg 

Comparison of the African and multiregional models is comp1ic:ated by considering 
other, less extreme, hypotheses. Some versions of the recent African origin model 
imply a speciation event associated with the initial or~gin of modern humans. Another 
version, which suggests the possibility of some admixture between "moderns" leav- 
ing Africa and preexisting "archaics" elsewhere in the Old ~ o ~ . l d , ~ ~ ~ ~ ~  is similar to 
some variants of the multiregional model, which also suggest that modern morphol- 
ogy appeared first in Africa, but involved admixture with other Old World popula- 
tions.16   he major difference between these views appears ito be the extent of 
admixture, although the exact level is never specified. A further complication is the 
possibility that multiple dispersals from Africa produced a more complicated pattern 
of worldwide variation." 
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Can we trace backward from contem- 
plorary populations in order to recon- 
struct the past? In principle, it has 
been claimed that both the recent Af- 
rican origin and multiregional models 
rn~ake such distinctively different pre- 
dictions that resolution of the debate 
could proceed directly from an exami- 
nation of the patterns of within-group 
arid among-group genetic variation in 
modern human populations. In real- 
ity, it is not that simple. 

To date, four lines of genetic evi- 
dence have been used to support a re- 
cent African origin model. First, the 
relative degree of among-group vari- 
ation in the human species today is 
relatively low. Second, many traits 
show higher levels of within-group 
variation in sub-Saharan African 
palpulations. Third, genetic distances 
show that sub-Saharan African popu- 
lations are the most genetically diver- 
gent. Fourth, the estimated average 
effective population size of the human 
species over the past 100,000 to 
200,000 years is very small. Each of 
these observations is considered here, 
in terms of its support for the recent 
Afiican origin. model and for alterna- 
tive interpretations. 

THE RELATIVE HOMOGENEITY OF 
THE HUMAN SPECIES 

,4 basic and highly important pa- 
rarneter of genetic variation is the pro- 
portion of genetic variation that exists 
among groups relative to total vari- 
ation, also known as Wright's FST. Le- 
wontin's pioneering workI9 showed 
tha.t Fs, is relatively low among the 
major geographic regions of modem 
humanity. His estimate of FsT = 0.06 
indicates that only six percent of the 
totid variation in the human species is 
the result of among-group variation 
where the groups were defined in 
tenns of traditional races. 

Since his initial study, other re- 
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searchers, using larger data sets and 
improved methods, have come to es- 
sentially the same general conclusion. 
Although FsT varies somewhat accord- 
ing to the number and composition of 
regions and the number of loci, esti- 
mates from classic genetic polymor- 
phisms5f20-23 have a limited range: FsT 
= 0.094.1 1. Other estimates from ge- 
netic polyrnorphisms include an FsT 
0.14 for 100 DNA polymorphisms24 
and 0.1 1 for dinucleotide repeat l0ci.25 
A somewhat higher estimate has been 
derived from polymorphic Alu inser- 
t i o n ~ ; ~ ~  the average FsT over four loci 
is 0.17, although this level includes one 
locus (PV 92) with a much higher value 
(0.28). The average over the other 
three loci is 0.13. Estimates of FST from 
craniometries, using an average heri- 
tability of 0.55, range from 0.1 1 to 
0.14, depending on the number of 
groups in the analysis.27 Overall, most 
of these estimates based on a wide 
range of traits cluster around an FsT of 
0.10 to 0.1 1. Thus, roughly 10% of 
modem human genetic variation can 

what we mean by "relatively recent 
common origin" or "relativelv high mi- 
gration rates." A new method32 allows 
the estimation of migration from ob- 
served patterns of genetic similarity. 
Analyses of genetic: variation using 
craniometric33 and genetic marker33 
data show that observed FsT values 
among four major geographic regions 
(Africa, Europe, the Far East, and Aus- 
tralasia) require an average of 0.3 to 
0.5 migrants per generation between 
each pair of regio~ls over the past 
80,000 years to reacjh 95% of equilib- 
rium under this mod.el.32 

Is this a reasonable amount of aver- 
age migration? If we consider long- 
distance movement per individual, 
this value might seern unrealistic. For 
example, we would need one migrant 
every 2.5 generation!; to obtain an av- 
erage of 0.4 migrants per generation. 
If we take, for example, a distance of 
10,000 km between Europe and East 
Asia, we would need to postulate that 
this hypothetical migrant traveled 
4,000 km in a generation or, assuming - 

be accounted For among groups, 
whereas 90% of the variation occurs 
within groups. This level of differen- 
tiation appears low relative to that of 
animalsZ8 such as kangaroo rats (0.67) 
and brown trout (0.29), but is similar 
to that of the house mouse (0.12). Mi- 
tochondrial DNA (mtDNA) shows 
even less among-group variation; one 
study29 found an FsT of 0.063, which is 
roughly equivalent to an FsT of 0.017 
for nuclear genes.30 The lower FsT for 
mitochondria1 DNA may reflect its 
higher rate of mutation. Earlier stud- 
ies that found a higher FsT from 
mtDNA are now known to be flawed.30 
Comparisons of FsT values from 
mtDNA and other genetic traits can 
also be affected by sex differences in 
migration patterns.31 

The estimates for FsT for modern 
humans are often interpreted as sup- 
porting a relatively recent common 
origin for human groups,which is con- 
sistent with the recent African origin 
model. Another interpretation is rela- 
tively high rates of migration between 
groups, which could be incorporated 
into either the multiregional or recent 
African origin model. However, in the 
latter case, the among-group migra- 
tion takes place after the initial African 
origin. The key questions here relate to 

25 year generations, 160 km per year 
Although this value is not inconceiv- 
able, it seems unreasonable ;is an av- 
erage rate. However, if we consider the 
likelihood of migrants traveling in 
groups, the numbers become prob- 
able. For example, a group of 20 mi- 
grants every 50 generations would 
produce the same avlerage rate of mi- 
gration and would require movement 
over 200 krn per generation, or 8 krn 
per year. If we imagine a group of 40 
migrants, the corresponding values 
are 100 km per generation and 4 km 
per year. These estimates, although 
crude, fall comfort;ably within the 
range of migration of contemporary 
f0ragers.3~ Of course, we most keep in 
mind the usual caveats regarding the 
use of contemporary data to infer an- 
cient demographics, partxcularly 
when using data on short-range dis- 
persal to infer long-range movements. 

We must keep in mind that other 
patterns of migration and dispersal 
could give rise to the same general pat- 
tern. One possibility, raised by Lahr 
and Foley,17 is a series of dispersals 
from Africa. It is also possible that the 
same net amount of migration could 
have been produced by a demic diffu- 
sion process35 in which a network of 
small populations were connected 

thr'ough short-range gene flow. This 
possibility remains to be investigated. 
However, this type of scenario must 
factor in evidence for a small species 
population size and its likely effects on 
population distribution and migra- 
tion. 

In any case, the actual pattern of mi- 
gration most likely varied across both 
time and space. I am not claiming that 
a gradualist model is useful as an exact 
representation of reality: what is 
mat:hematically convenient does not 
necessarily ensure the truth. The 
point, however, is that the levels ofmi- 
gration needed to produce our ob- 
senred FST values are not unrealistic. 
Our species' relatively low level of FsT 
can be replicated by a simple migra- 
tion-drift model. The recent African 
orig;in model cannot be ruled out, but 
it is not necessary to explain this pat- 
tern, of genetic variation. To compli- 
cate matters further, we must also 
consider the possibility that genetic 
data reflect both a recent African ori- 
gin .and migration-drift equilibrium. 

HIGHER GENETIC VARIATION IN 
SUB-SAHARAN AFRICA 

A potentially stronger genetic claim 
in support of the recent African origin 
mociel comes from the observation 
that the highest levels of within-group 
variation typically are found in sub- 
Saharan African populations. This 
pattern has been observed in mito- 
chondrial DNA,lf3"38 polymorphic mi- 
crosatellite data,38 dinucleotide repeat 
loci,'5 short tandem repeat polymor- 
p h i s m ~ , ~ ~  and crani0metrics.3~ Higher 
diversity of classical genetic markers 
or nuclear DNA restriction fragment 
length polymorphisms (RFLPs)~~ has 
not been observed. One possible rea- 
son for these exceptions might be that 
many polyrnorphisms were originally 
selected because of their higher diver- 
sity nn European groups, and that this 
biased the results.j~39.~0 Recent investi- 
gation suggests that such bias may be 
one factor, but not the only one.39 An- 
other possibility arises from differ- 
ences in mutation rates under given 
patterns of demographic history. If 
our species has recently undergone 
rapid growth, then differences in 
within-group diversity across differ- 
ent traits might reflect differences be- 
tween high-mutation systems (such as 
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,~DNA) and low-mutation systems 
(such as classic genetic markers). This 
difference might also explain the low 
F ~ ,  obtained from mitochondria1 

The higher variation of many traits 
in African populations has frequently 
been interpreted as supporting the re- 
cent African origin model. The logic 
used here is that because many of 
these traits are considered to be neu- 
tral, the higher variation reflects the 
greater accumulation of mutations 
and hence, greater time. Stoneking 
and C a n r ~ ~ ~  succinctly stated this view: 
"If one accepts that mtDNA mutations 
are largely neutral, then their occur- 
rence and accumulation are mostly a 
function of time: the more variability 
a population possesses, the older it is" 
(p 22). Because genetic evidence sup- 
ports higher variation in sub-Saharan 
African populations, that region of the 

neck, and the length of the recovery 
period. Rogers ancl Jorde6 have shown 
that such bottlenejcks associated with 
the formation of i l  daughter popula- 
tion would have to have been longer 
and more severe than is realistic in or- 
der to produce the expected relation- 
ship between within-group variation 
and the "age" of a population. Al- 
though bottlenecks are likely to have 
been an important part of our species' 
evolutionary history, bottlenecks asso- 

Although bottlenecks 
are likely to have been 
an important part of our 
species' evolutionary 
history, bottlenecks 

sub-Saharan Africa have been ig- 
nored. Higher diversity in Africa could 
also have resulted from higher levels 
of gene flow into Africa, a larger Afri- 
can population, or  both. However, 
higher rates of gene flow are not likely 
because they would also be expected 
to reduce the genetic distances be- 
tween Africa and other regions, which 
is the precise opposite of what has 
been observed (see below). The other 
possibility, that the long-term average 
population size of sub-Saharan Africa 
was larger than that in any other re- 
gion, has gained recent support. This 
is an attractive alternative because 
wi thin-group variation is proportional 
to effective population size. If the Afri- 
can population were larger, it would be 
expected to include greater genetic di- 
versity, even in the case of equal popu- 
lation ages. 

Support for this hypothesis has 
world is the "oldest." Thus, the higher associated with initial come from recent analysis of world- 
genetic diversity within sub-Saharan wide craniometric data. Several years 
African populations is taken to sup- founding are not likely ago, my collea, J O ~  ,,anger0 and 
port an African origin for modern hu- to have produced a I developed a method4! based on ear- 
mans. simple relationship lier work of Harpending and Ward42 

The main problem with using levels that allows detection of the effects of 
of ivithin-group variation to assess a whereby we can differential long-range gene flow on 
population's relative age is that the estimate a pOp~lati0n's quantitative traits. This method essen- 
logic used requires a critical assump- age from its level of tially uses the genetic distances of each 
tion that usually is not stated. For this population from the centroid (the av- 
method to work, a newly formed within-grou~ variation- erage of all groups) and the within- 
daughter population (such as non-ilf- On the other hand, group variance to predict its expected 
ricans) must experience a bottleneck differences in the hming average within-group variance. 
to reduce its level of within-group vari- Henry Harpending and I then applied 
ation. Without this "reset," a new of p~pulation growth, this method to a global analvsis32 in 
daughter population would have the 
same within-group variation as the 
parent population. Hence, differences 
in the magnitude of variation would 
tell us nothing about the timing of 
population origins. At first glance, this 
assumption does not seem unreason- 
able-we often expect a daughter 
population to be smaller than its par- 
ent population. The problem here has 
to do with the fact that the level of 
within-group variation is not reset to 
zero, but is only slightlv reduced from 
the original level. As a daughter popu- 
lation grows, within-group variation 
increases, thus erasing the initial loss 
of diversity caused by the bottleneck. 
The expected effect of size reduction 
due to founding is a function of the 
parental and daughter population 
sizes, the duration of the bottleneck, 
the population size after the bottle- 

rather than population 
origins, could be 
reflected in levels of 
within-group variation. 

ciated with initial founding are not 
likely to'have produced a simple rela- 
tionship whereby we can estimate a 
population's age from its level of 
within-group variation. On  he other 
hand, differences in the timing of 
population growth, rather than popu- 
lation origins, could be reflect-ed in lev- 
els of within-group variation.. 

Because most of the literature fo- 
cuses on the assumed relationship be- 
tween diversity and age, alternative 
explanations for the distinctiveness of 

which there should be a perfect fit be- 
tween the observed and expected 
within-group variances. Figure 1 a il- 
lustrates the fit of this model based on 
57 craniometric traits from the four 
ma,jor Old World regions of interest. 
The theoretical regression line repre- 
sents the expected relationship be- 
tween distance to the centroid and 
within-group variation. (This line is 
based on the theoretical model; it is 
not derived from linear regression of 
the data points.) We expected that all 
observed points should fall on the ex- 

' pected line; in reality, Africa shows sig- 
nificantly greater variation than 
expected and Europe shows signifi- 
cantly less variation than expected. 

There are only three possible rea- 
sons for the observed deviations from 
the expected model. First, mutation 
rates were not equal across the Old 
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0.95 
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B 
Figure 1. Relationship between average within-group phenotypic variation (2nd genetic distance 
to the centroid of all groups based on 57 craniometric trarts in four major geographic regions and 
assuming equal effective population si~es.~2 The distance to the centroid is the genetic distance 
of a population to the mean allele frequencies over all populations (the genetic "center" of a set 
of populations). The theoretical regression line, derived from the underlying model. is not a linear 
regression of the data points. (A) Under the assumption of equal effective population shes. this 
model shows that Africa is more variable than expected. (0) Setting the effective size of Africa at 
three rimes the size of any other regi~n.~~lhis model, based on a larger longterm effec:tie popu- 
lation size In Africa. provides an almost perfect fit. 

World. This seems highly unlikely and, 
in any event, such differences would 
have to have been many orders of 
magnitude to generate the deviations. 
Second, different regions would have 
to have experienced greater gene flow 
from outside the areas of study. How- 
ever, because this analysis focused on 
the global variation of modern hu- 
mans, the only possibility would have 

been gene flow from beyond this 
planet-shades of von Daniken! This 
possibility can obviously be elimi- 
nated. The third possibility is that the 
assumption of equal effective popula- 
tion sizes used to generate Figure 1A 
is invalid. As such, the pattern shown 
in Figure 1A suggests that the &can 
population was larger, Europe smaller, 
or both. We then looked for the com- 

bination of relative population sizes 
that would minimize the deviations 
fi-om the expected line. The best fit 
was found when the population of 
sub-Saharan Africa was set to three 
times the size of that in any other re- 
g i ~ n . ~ ~  As shown in Figure lB, these 
values produce an almost perfect fit to 
the expected model. There is no sig- 
nificant difference between observed 
and expected variances. 

Similar results can be obtained us- 
ing a different approach for mtDNA 
within-group sequence divergence 
data. At equilibrium, sequence diver- 
gence is directly proportional to Fe- 
male effective population size. The 
ratio of African to non-African se- 
quence divergence allows an estimate 
of the relative size of the population in 
Africa to that in any non-African re- 
gion. The heterozygosity at the nu- 
cleotide level for African mtDNA38 is 
0.0232; the average for non-African 
populations is 0.0130. The ratio 
(0.0232:0.0130 = 1.8) provides further 
support for a larger effective popda- 
tion in sub-Saharan Africa in the past. 
If the populations were not in equilib- 
rium, the ratio would be lower. This 
method is not as precise as the Releth- 
ford-Harpending method because it 
does not use a model that incorporates 
migration among groups, but it is con- 
sistent with the finding of a larger av- 
erage African population size. 

The finding of a larger effective 
population size for Africa does not 
mean that the Ahican population was 
always or  even initially larger, al- 
though these are possibilities. A larger 
average size could also be caused by 
differences in the timing of population 
growth: if Africa grew more quickly 
than other regions, it would still have 
a larger average effective size even if 
the initial and ending population sizes 
were the same in all regions. 

GREATER GENETIC DIVERGENCE 
OF SUB-SAHARAN AFRICA 

The analysis of among-group vari- 
ation is another area of study in the 
application of genetics to the debate i 

i 
about modern human origins. The ge- 
netic divergence of different regions 
or individuals typically has focused on 
genetic distances or related measures 
such as among-group mtDNA se- 
quence divergence. Studies using 
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Li,,,lysis of classic genetic markers,5#33 
mi to~hondrial DNA,'.3' polymorphic 
microsatellites,38 dinucleotide repeat 
loCi,25 and ~raniometrics3~e~3 have 
found sub-Saharan Africa to be the 
most genetically distinct geographic 
region. 

Studies of genetic distance must 
consider several sources of among- 
croup differences, including differ- 
inces in genetic drift, gene flow, and 
common ancestry. Differences in 
population size and genetic drift are 
not typically considered. Recent work 
shows how this can obscure the under- 
lying pattern of gene flow and com- 
mon a n c e ~ t r y . ~ ~ . ~ ~ . ~ ~  Because of new 
work suggesting that the average size 
of the African population over time . - 

was larger than that in other regions, AFR 
it is critical to take differential drift 

EUR AUS; FE 
into account in studies of global hu- Fiaure 2. Dendroaram of the aenetic distances 

man variation. A new for do- between four major gec~graphic regions based 
on 93 allele frequencies for 37 genetic marker 

ing so has been and The distances are? derived from genetic 
to allele frequency and craniometric relationship matrices thct have been scaled by 

data from different old world regions. effective population su:e in order to remove 
problems of inter retatic~n due to differences in 9 This method causes distances based senetic drift.323 ~ 4 3  Effective size for Africa has 

on genetic marken and craniometrics been set to three times that of any other region. 
The difference betweer African und non-Afri- 

to become more similar and the dis- can populations is ever, more apparent after 
tinctiveness of African populations to application of this scaling method. Additional 

become more marked.33 one example, dendrograms and desc:ri tion of the analysis 
are presented elsewhereg AFR = i\f"ca, EuR = 

based on genetic marker data, is Europe, AUS = Australasia, FE = Far East. 
shown in the dendrogram in Figure 2. 

At first glance, Figure 2 seems to 
support the hypothesis of a recent Af- 
'can origin. A not the only one. Thc2 fact that den&o- 
of this figure would be an initial split grams like trees does not mean 
between African and non-African that they should necessarily be taken 
lines, a subsequent split of the Euro- 

as trees. The same patterns could be 
pean and non-European lines, and fi- 

produced by an appl-opriate matrix of nally a split between the Far East and 
Australasia. Although different stud- migration rates among populations. 

ies show variation in the branching or- FelsensteinJ4 noted a basic problem in 

der of the non-African populations interpreting genetic distances-the 

(thus making premature any attempts same distances can be produced by a 

to date such splits), the basic division bmnching by a migration 

between African and non-~f r i can  matrix model. A recent si~nulation 

populations is consistent across differ- study further supports this conclu- 

ent data and methods. sion.j5 TempletonJ6 I-eached a similar 
~h~ main problem with such an in- conclusion based on cladistic: analysis 

terpretation is that the genetic dis- of mtDNA types. Figure 3 ~ r ( v i d e s  an 
tances a re  assumed to reflect example of this problem. Here, two 
primarily a branching process. In completely different models produce 
other words, the vertical dimension of exactly the same genetic distances. 
Figure 2 is taken to reflect time since How, then, can wle distinguish be- 
separation, when in reality genetic dis- tween these models when looking at 
tances reflect overall dissimilarity re- the genetic distance:; among modem 
sulting from a variety of causes. A human populations? More specifi- 
history of bifurcational splits is one cally, does the genetic distinctiveness 
possible explanation for Figure 2, but of Africa reflect an early split of Afri- 

can and non-African populations, 
smaller rates of gene flow with Africa, 
or both? Henry Harpending and 132 
have developed a new method that al- 
lows estimates of the number of mi- 
grants necessary to reproduce a given 
pattern of genetic relationships 
among populations. Our method does 
not prove that a migration model is the 
best fit, but instead provides an idea of 
the degree of migration needed to re- 
construct a set of genetic distances. 

Figure 4 shows estimates of the 
number of migrants per generation 
between four major geographic re- 
gions; these estimates are derived 
from craniometrics, genetic markers, 
and the two data sets pooled.32.33 The 
95% confidence intervals are also 
shown. In spite of some variation 
across data sets and among popula- 
tions, most of the estimates have con- 
fidence intervals that fall in the range 
of 0.2 to 0.6 migrants per generation, 
clustering around 0.3 to 0.4 migrants 
per generation. Apart from the differ- 
ences between the craniometric and 
genetic marker estimates of the num- 
be]- of migrants between Australasia 
and the Far East, all of the remaining 
estimates have confidence intervals 
that include an average value of 0.35 
migrants per generation. It must be 
kept in mind that these are estimates 
of the per-generation average number 
of migrants, and as such represent "ef- 
fective migrant numbers." An actual 
pattern of migration could be much 
more complex, fluctuating over time 
and space. Nonetheless, these esti- 
mates show that a migration-drift 
model can explain observed genetic 
distances among human populations 
on different continents. 

There does not seem to be any ma- 
jor regional variation in the number of 
migrants per generation. If the num- 
ber of migrants into or out of Africa 
was about the same as for other re- 
gions, how can a migration model ex- 
plain the genetic distinctiveness of 
Africa? The important point here is 
that Figure 4 shows the number of mi- 
grants. Because the rate of migration 
is proportional to this number divided 
by effective population size, migration 
rates for larger populations will neces- 
sarily be smaller when the migrant 
numbers are symmetric. Our evidence 
for a larger African population fits in 
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An Example of How A Branching Model and a Migration Model 
.--.. - 

Can Produce the Same Genetic Distances / C7n . , 
Model 1: Completely separate populations 

(A, 0, C, D) of equal size diverging at 
different times 

Dates of divergence (generations): 

Model 2: All populations are of equal size 
begin at the same point in time, and 

are connected by gene flow 

Migration matrix (entries indicate the probability 
of being in a column and originating in a row): 

y7 ? -,, 

Dendrogram of genetic distances: Dendrogram of genetic distances: 

,A '-- 

+/ 

A B C D  A B C D  

Figure 3 An example of how two different processes, a branching model and a mlgrat~on model, can produce the same genetlc dstances Model 
1 IS based on a h~ghly s~mplrstlc model of dnft In populatlons of equal size that have tllverged at dlfferer~t hmes 56 Genetr dstance a obtalned from 
the expected klnshlp after tgenerahons of drift Although overly s~rnpl~st~c, thls model provldes the type of dlstances expected glven d~fferentlal tlmeS 
of orlgln Model 2 a based on a m~grat~on model where all populatlons c~re of equal size and have exchanged mlgrants according to the stated 
mlgratlon matnx The genetlc dlstances were derlved from the genehc I elat~onshlp matr~x expected at equllibrlum using the Rogers-Harpendlng 
m~gration matr~x method 57 Note that the two models produce the same clendrograms Therefore. ~f we have only a dendrogram, we have no way 
of dlstlngushlng whlch type of underlying model produced the dstances Ths type of problem IS discussed In further detall by Felsenstern 

with this observation. If the long-term rate into any other region, given equal when comparing continental regions. 
average population of Africa was three numbers of migrants. Note that this In sum, the genetic distinctiveness 
times the size of that in any other re- model requires syrnmetry In migrant of Africa could have resulted from 
gion, then the migration rate into Af- numbers, which does not seem unrea- small numbers of migrants between 
rica would have been one-third the sonable for this level of migration each region combined with a larger 
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African population. The fact that this 
model fits the observed data does not, 
of course, make it true. However, the 
fact that a reasonable pattern of mi- 
gration and population sizes could just 
as easily explain the larger genetic dis- 
tances to Africa shows that these dis- 
tances do not automatically support 
the recent African origin model. The 
common finding of African unique- 
ness might reflect demographic pat- 
terns, not a branching history. The 
reverse, however, is also true. Our results 
do not prove a migrationdrift model, 
but show only that it is possible. Tradi- 
tional genetic distance analysis may 
continue to be plagued by this indeter- 
minacy Other approaches are needed. 

In addition to traditional genetic 
% distance analyses, some recent studies 

have employed a different approach to 
the problem of modern human ori- 
gins. Comparison of human RnPsJO 
and polymorphic Alu insertion data26 
with corresponding data for nonhu- 
man primates has allowed estimation 

of ancestral allele hequencies. Com- 
parison of allele frecluencies from con- 
temporary human populations with 
these estimates supports a recent Afri- 
can origin because sub-Saharan Afri- 
can samples are gerletically closest to 
the reconstructed ancestral gene pool. 
These results are suggestive but not 
conclusive: it is not clear whether such 
patterns can be replicated by a migra- 
tion-drift model. For example, if non- 
African populations were smaller and 
drifted more, they rnight be expected 
to lie further from the reconstructed 
ancestral gene pool. This is an area 
needing further investigation, which 
should not be difficult because most of 
the original theory regarding migra- 
tion-drift balance was initially worked 
out for comparison of contemporary 
and ancestral allele Irequencies. 

The analysis of 1ntDNA ,variation 
among human groups has also looked 
at the distribution of various mtDNA 
types. In addition to providing evi- 
dence of a basic African versus non-Af- 

Evolutionary Anthropology 59 

rican difference, such studies also 
show that mtDNA variation outside of 
Africa is a subset of the variation ex- 
isting within Africa. This finding also 
supports a recent African origin 
model, but it is not clear whether the 
same pattern could be replicated by a 
suitable migration-drift model. This 
question needs to be addressed in fu- 
ture work. 

SMALL ESTIMATED SPECIES 
POPULATION SIZE 

Few studies have aroused so much 
interest and debate as Cann, Stonek- 
ing, and Wilson's analysis' of human 
mitochondrial DNA and their conclu- 
sion that all living humans can trace 
their mitochondrial ancestry back to a 
single female who lived in Africa 
roughly 200,000 years ago. Their posi- 
tion was strengthened with further 
analysis, particularly with larger sarn- 
ples that also included living Afri- 
c a n ~ ~ ~  rather than African-Americans, 
where European admixture could po- 
tentially confound results. The later 
finding47-48 of flaws in the computer 
methodology used to generate trees of 
descent caused many to question the 
age and significance of "mitochon- 
drial Eve." 

Other methods, however, have pro- 
duced similar dates. Stoneking and 
colleagues49 used archeological data 
on the colonization of Papua, New 
Guinea to calibrate mtDNA trees. This 
study led them to estimate an age of 
coalescence at 135,000 years ago, with 
a range of 60,000 to 400,000 years. 
More recently, a comparison of hu- 
man mtDNA sequences with those 
from the great apes has produced a 
similar date.50 Here, the tree was cali- 
brated by taking 13 million years as 
the divergence of African hominoid 
and orangutan lineages, yielding an 
estimate of 143,000 years for the com- 
mon human mtDNA ancestor. 

What is the significance of these 
dates? It is now recognized that the 
age of "Eve" tells us nothing about 
population origins, but rather that hu- 
mans were few in number at that time. 
It is estimated that the effective total 
size of the human population at this 
time was roughly 1,000 to 10,000 fe- 
males, or a total effective size of 2,000 
to 20,000 people.3 These estimates are 
based on the mathematical relation- 
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World - matic expansion from an initial size of 
between 1,000 and 10,000. Based on 
worldwide data, the estimated date of 

Africans -- - this expansion is roughly 60,000 years 
ago, with a likely range between 
33,000 and 150,000 years ago.6 This 

Non-Africans - - range incorporates a standard error 
on the estimates, as well as a range of 
estimates for the nucleotide diver- 

Asians - -- - gence rate. This method has also been 
applied to samples formed by combin- 
ing individuals in major geographic 

Europeans - regions, resulting in estimates averag- 
ing about 60,000 years ago.54 The ex- 
pansion times for Africans is slightly 

I I I I I LL greater than for non-Af r i can~ ,~~~~  al- 
0 20 40 60 80 100 120 though the confidence intervals 

Estimated Expansion Time (thousands of yean) around these estimates (see 
Fig. 5). Expansion times have also 

Figure 5. Estimates of expansion hmes of wore populations derlved frorn mtDNA mlsmatch anaksls. 
The dots ~nd~cate the estimates and the hor~zontal lines ~nd~cate approximate 95% conf~dence been estimated using from lo- 
intervals. Further detarls are presented ekewhere 54 cal populations-most of these esti- 

mates range from 30,000 to 65,000 
years ago, with an average of roughly 

ship between genetic diversity age of of a major demographic shift during 40*000 Although estimates 
coalescence, and population size. the past 100.000 years. This evidence differ with and 
They are considerably less than esti- is derived from a new method3.53 of the types of mt DNA data used, an av- 
mates based on ecological and demo- ~ ~ D N A  analysil; based on mismatch era@ expansion of 50.Oo0 Years is 
graphic which suggest a distributions, are simply hist@ consistent with of these mal~ses .  
total Old World population of Homo grams of the number of differences be- This average date is interesting be- 
erectus of between 125,000 and tween pain in a of m t ~ ~ ~  cause it corresponds in timing with 
500.000 Years- Thus, the genetic esti- Sequences drawn from the same popu. the "creative explosion" proposed by 
mates provide indirect forthe lation. For example, if the mtDNA of a some  archeologist^,^^ thus suggesting 
recent African origin model. It seems pair of individu4ds in a population is that cultural and demographic events 
unlikely that '0 a population and found to differ by two were linked. 
could have been spread 0'" the Old therl this pair would be 

In order to relate these findings to 
World for more than a million years models of modern human origins, it is 

plotted as a his'ogram that necessary to consider the likely popu- and still be connected by the gene flow ranged from to the maximum num- required under a multiregional model. lation dynamics underlying this evi- 
Such a small population implies that mtDNA sequence differences' dence of dramatic population growth. 

Mismatch distributions from hu- mismatch distributions could re- the entire species was in a limited geo- 
graphic area, such as Afnca. man populations typically show a sin- suit from two somewhat different 

It is important to keep in mind that gle mode greater than This type demographic hypotheses. First, the 

such estimates refer to an average of distribution contrasts with the preexpansion species population size 
long-term species population size, distribution an equilib- was always small, perhaps reflecting 
which in turn could result from nu- n~~ population with constant popu- an initial origin at some point not 
merous demographic scenarios such lation which has at O much earlier than the expansion. Sec- 
as constant size, early small size and Sequence d i f f ~ ~ e n c e s . ~ ~  Howevec the ond, the human population might 
later growth, or a bottleneck. It is also o b s ~ ~ e d  mismatch distributions do have been much larger, but experi- 
important to note that for population fit a n~odel of ~01)ulation expansion in enced a bottleneck at some point prior 
genetic purposes (e.g., the expectation which the peak of the ~ b s a ~ e d  distri- to the expansion. The mitochondria1 
of genetic drift), the average popula- bution reflects the time of the expan- DNA evidence can take us back only 
tion size over time will be much closer sion. As a consequence, it is possible as far as a small initial population; it 
to the minimum population size than to estimate the date of the expansion does not allow us to reconstruct the 
to the arithmetic average.j2 and its overall magnitude, thus pro- demographic events leading to that 

viding insight into ancient population small size. Any demographic hypothe- 

A P L E l ~ ~ ~ ~ ~ ~ ~  P O P U L J ~ O ~  dynamics. To date, 23 of 25 samples sis must also deal with the observation 

EXPLOSION from human populations fit the ex- of a larger average effective popula- 
pansion mode1.S4 tion size in Africa than elsewhere. A 

The issue of population size is fur- These analyses have shown that the larger African population implies that 
ther complicated by genetic evidence human population undetwent a dra- the African population was initially 
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larger, that Africa expanded first, went a bottleneck at some point in the low estimatedspecies size is that there 
and/or that Africa suffered less of a last 100,000 years or so. These two hy- uras a bottleneck that reduced the size 
bottleneck. There obviously are many potheses are not nlutually exclusive- of the human population at some time 
different models that could accommo- a restricted origin could have been prior to the population expansion. In 
date the small species size, the popu- followed by a species-wide bottleneck. other words, the prebottleneck popu- 
lation expansion, and a larger African The small estimated preexpansion lation could have been large enough to 
population. Future studies on the ge- species size argues against the mu]- accommodate the multiregional 
ne tics of modern human origins tiregional model. Based on estimates model. Then a species-wide bottle- 
should focus on further definition and to date, it seems unlikely that such a neck could have occurred, followed by 
testing of these hypotheses, rather small population could be spread over the population explosion of the Late 
than emphasizing phylogenetic de- three continents and remain con- Pleistocene. In that case, the mtDNA 
bate. netted by gene flcbw for a long time- mismatch distributions would show a 

The evidence of species'  ma ma tic small population after the bottleneck 
IMPLICATIONS FOR MODELS OF ex~ansionr combined with in- and the population expansion, but 

MODERN HUMAN ORIGINS fornation* does us Out could ngt tell us anything about the 
the classic replaceinent model, which s i x  the prebottleneck population. 

The ability of data on modem hu- suggests that modem humans arose in None of this means that this scenario 
man genetic variation to resolve com- Africa and replaced other human did occur, but rather that it could have 
peting models of modern human occurred. 
origins is not as clear-cut as it was To consider further possible impli- 
thought to be just a few years ago. It is cations, we must examine the likeli- 
also apparent that extreme forms of hood of a species-wide bottleneck. 
the multiregional and recent African Contrary to popular One possibility is that there was a 
origin models are not as useful as once worldwide shift in climate. If so, then 
thought. except as starting points for belief, the genetic the mtDNA of nonhuman species 
the further development and testingof data give us little should show a similar effect. There is 
hypotheses. The oft-cited statements 
that Africa's high within-group van- direct information some supporting evidence of this from 

ation and greater genetic distances about phylogeny. chimpanzee mtDNA, which shows a 
similar pattern of population expan- 

from other regions support the recent 
African origin model are premature. sion from a small initial size at roughly 

Each of these findings can be ex- the same time as that indicated for hu- 

plained in terms of population dynam- mans.6 Similar analysis of many other 

ics that are consistent with both the populations while expanding. Mis- 'pecies is an next 
multiregional and recent African ori- match distributiorls based on com- Step' Further the timing 
gin models. parisons among populations a possible species-wide bottleneck is 

It is clear that the genetic evidence (intermatch distributions) suggest another possible avenue of investiga- 

tells us much less directly   bout phy- that population divergence occurred 
tion. One possibility that has been sug- 

logenetic relationships than was once before population e:~pansion. Prelimi- 
gested6.33 is the eruption of the 

thought. Instead, the genetic evidence nary estimates further suggest that re- 
super-volcano Toba in Sumatra, which 
took place 73,500 years ago. Estimates 

things about ancient popula- gional divergence started roughly of its likely impact on climate suggest 
tion dpamics. The 100.000 yean ago. Based on these re- that nontropical climates would have date are a major expansion in popula- 

sultsl Harpending and co11eagues3 dis- been affected more severely than tion size during the late Pleistocene, a tinguished between a Garden 
very small preexpansion size, and a of Eden.t model involving simultane- 

tropical climates.55 
Any of these demographic models larger Ahican These Ob- ous divergence and expansion and a must also deal with the finding of a servations allow us to examine origin 

"weak Garden of Eden" model in larger ~ f i ~ ~ ~  average effective popu- models indirectly. In other words, 
these findings, rat her than providing a which these two precesses are uncou- lation size. ~f the species population 
direct test of phylogenetic relation- pled. Under the weak Girden of Eden was initially small because of a geo- 
ships, allow us to estimate certain pa- model, modem hurnans arose in Af- graphically limited origin in Africa, 
rameters of population dynamics and rica starting about 1001000 Years then a larger African population could 
use them to assess the relative likeli- ago, separated into small regional have resulted from initially smaller 
hood of the origin models. populations weakly connected by gene non-African daughter populations or 

What are the implications of these flow. Several tens of thousands of later population expansion outside of 
findings? There are two possibilities years later, these groups experienced Africa or, perhaps, both. These possi- 
for the small estimated species popu- population growth or recovery from a bilities are compatible with the weak 
lation: first, that the human species bottleneck. Thus, population diver- Garden of Eden replacement model. 
originated in a small local region, as gence and expansio~l occurred at dif- The mtDNA mismatch analyses sug- 
postulated by the recent African origin ferent times. gest an earlier expansion in Africa, but 
model; second, that the species under- The other possible explanation for a thev are not conclusive due to the large 
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