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Comment on “Phonemic Diversity
Supports a Serial Founder Effect Model
of Language Expansion from Africa”
Michael Cysouw,1*† Dan Dediu,2,3† Steven Moran1

We show that Atkinson’s (Reports, 15 April 2011, p. 346) intriguing proposal—that global
linguistic diversity supports a single language origin in Africa—is an artifact of using suboptimal
data, biased methodology, and unjustified assumptions. We criticize his approach using more
suitable data, and we additionally provide new results suggesting a more complex scenario for the
emergence of global linguistic diversity.

Recently, Atkinson (1) reported a negative
correlation between the size of the pho-
nemic inventory of a language and its

geographic distance from western Africa. He pro-
posed that this is the result of a repeated linguis-
tic founder effect accompanying the migration
of modern humans out of Africa some 50,000 to
70,000 years ago. According to this proposal,

the original languages spoken in western Africa
would have had a large phoneme inventory, which
became reduced during the spread of modern hu-
mans over the globe because of imperfect trans-
mission in the small founder populations involved.
From a linguistic perspective, this result is sur-
prising and contradicts our intuitions. Althoughwe
agree that there is clear nonrandom geographic
patterning in the distribution of phoneme inven-
tory sizes among the world’s languages, we very
much doubt that it shows any detectable remnant
of the proposed demographic scenario.

In summary (2), we see the following prob-
lems with Atkinson’s findings. First, his data are
coarse-grained summaries of the UCLA Phono-
logical Segment Inventory Database (UPSID)
(3) as reported in the World Atlas of Language
Structures (WALS) (4). To illustrate our concerns,

we used the original UPSID database (which is
freely available online) together with tone data
from WALS. Atkinson’s WALS-based estimates
of phoneme inventory size turn out to be only
imperfectly correlated with the actual number of
phonemes as specified in UPSID (r = 0.60, P <
2.2 × 10−16). Specifically, his WALS-based data
give unjustified weight to the number of vowels
and tones at the expense of the number of con-
sonants, strongly biasing the resulting geographic
patterning toward western Africa’s having large
phoneme inventories (figs. S3 and S4). When
the UPSID data are appropriately corrected for
speaker community size and linguistic genera
through a mixed-effects model, the largest pho-
neme inventories are actually found in North
America (fig. S8).

Second, Atkinson methodologically follows
previous work reporting clines of decreasing
genetic and phenotypic diversity with increasing
distance from Africa (5, 6). Accordingly, he
uses the term “phonemic diversity” interchange-
ably with the more accurate “phoneme inventory
size,” but this seems misplaced. In the original
papers (5, 6) “diversity” refers to variation within
populations of individuals, whereas Atkinson’s
linguistic diversity refers to differences between
languages. In fact, the languages of western Af-
rica and New Guinea/Australia in UPSID show
the lowest variability in inventory sizes (fig. S5).
On the basis of the proposed serial founder ef-
fect, low variability might have been expected in
New Guinea/Australia, but surely not in the sup-
posed origin in western Africa.

In practice, Atkinson’s biologically inspired
method searches for the geographic location
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BIC+4 'Origins' of various WALS features

Fig. 1. Areas of “origin” of various other inventory-like linguistic characteristics
as identified using Atkinson’s methodology. Notably, the origins are dispersed
over the whole globe and not concentrated in Africa. The dark red area in Africa
is the origin of phoneme inventories as proposed by Atkinson. The dark green

area in Africa and the Near East is the corresponding area based on the UPSID
phoneme inventory data. The small red area on the eastern tip of New Guinea is
the origin for the UPSID phoneme inventory data using a quadratic geograph-
ical distance model. Details about the other areas can be found in (2).
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minimizing the Bayesian information criterion
(BIC) (7) of the regression between phonemic
inventory size and geographic distance, includ-
ing further control variables. Atkinson selects
those locations at most four BIC units away from
this optimum as having considerable support in
being the origin of the expansion. A quick com-
putation shows that this implies accepting mod-
els that are at most e2 ~ 7.4 times less likely than
the optimal one (2), which strikes us as rather
arbitrary. Further, this BIC optimization method
necessarily “spreads” any origin across a con-
tiguous geographic region, even in the case of
totally random data (fig. S12).

Notwithstanding this criticism, we replicated
Atkinson’s method using the UPSID data, but
instead of a single origin in western Africa, we
found two separate “origins,” one in eastern Afri-
ca and one in the Caucasus (fig. S10). The BIC+4
range of possible origins covers a large area,
including also the Middle East and southern Af-
rica. Although this finding does not necessarily
contradict an expansion from Africa, it does not
provide clear support in its favor, either. Further,
adding a quadratic distance factor to the model
substantially improves the fit and suggests an
alternative origin located in New Guinea with a
small phoneme inventory (fig. S10). Even more
problematic, when we apply the original method
to other inventory-like linguistic characteristics
from WALS (Fig. 1), we find origins of global
clines all over the world, not just in Africa, and
not always corresponding to the highest struc-
tural “complexity” (fig. S11). Therefore, the ob-
servation of an Africa-based phoneme inventory
cline does not generalize to other linguistic char-
acteristics of a similar kind.

Third, Atkinson’s explanation crucially de-
pends on a positive correlation between phone-
mic inventory size and speaker community size,

which, unfortunately and contrary to his own
claim [see figure S1 in (1)], does not hold for
small populations when using UPSID data (r =
0.04, P = 0.64) (fig. S6). This correlation reaches
significance at the 5% level only when languages
with speaker populations above 105 are included,
but such large speaker community sizes only
arose in the context of agriculture long after the
peopling of most of the globe (8).

Fourth, the geographic patterning of tone
might be influenced by a genetic bias postdating
the out-of-Africa migration by tens of thousands
of years (9). Moreover, consonant inventories
(and to a lesser extent, vowel inventories) do not
seem to be phylogenetically stable enough (10)
to conserve the kind of deep signal necessary for
the proposed scenario, whereas other, more stable,
features show non-African “origins” (fig. S11).

Finally, we believe that Atkinson’s interpre-
tation of the reported worldwide cline in terms
of a linguistic serial founder effect is problema-
tic because of the extraordinary large amount of
horizontal processes affecting language (11, 12)
and because the underlying mechanism proposed
by Atkinson is linguistically not plausible (13).
Further, global clines in linguistics, like in genet-
ics, do not necessarily equate with a serial founder
effect and can have other causes (2, 14).

Summarizing, the reported linguistic evidence
for an expansion from Africa is unfortunately an
artifact of various methodological decisions and
biased interpretations. We consider this to be un-
fortunate, because we would very much welcome
any new insights into human prehistory based
on geographic patterns of linguistic diversity. In
this respect, we applaud Atkinson for further
developing this approach (15) and renewing the
methodological discussion, because only expli-
cit testing and refutation opens the way for the
formulation of more specific hypotheses con-

cerning the identification of possible linguistic
signatures of ancient demographic events.
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