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Abstract – More than sixty years ago Morris Swadesh proposed to measure the similarity between
two languages by considering their overlap, i.e., the percentage of cognates. The overlap was
estimated by comparing two ad hoc lists with words corresponding to same meanings for the two
languages. The notable assumption of Swadesh was that replacements in a vocabulary occur at
a universal constant rate so that the time distance from the eventual common ancestor can be
determined. In his view only replacements are relevant while horizontal transfers (borrowings from
other languages) are less important and their effect can be eventually taken into account assuming
that the divergence is diminished by contact. Later, the mainstream of glottochronology adopted
the point of view that the effect of loanwords could be eliminated by careful work devoted to
their identification so that they would not affect any measure of distance between languages. The
aim of this paper is to show by experimental evidence that horizontal transfers, on the contrary,
are a primary aspect of languages evolution since their effect on the vocabulary is at least as
important as that of spontaneous replacements. We finally show that this phenomenon severely
and unavoidably limits the possibility to fully reconstruct a proto-language. This limitation is
fundamental, i.e., it gives a bound which cannot be infringed, independently of the method used
for the reconstruction.

Copyright c© EPLA, 2019

Introduction and material. – According to
Swadesh [1–3] each word has a constant probability rate
α to be replaced so that the percentage of words of a given
language which remain unchanged in a time t is exp(−αt).
If two languages have a common ancestor T years in the
past, this assumption allows to determine T from the
overlap C which is the percentage of cognates (words with
the same etymological origin). In fact, given that the
words in common are those which remained unchanged
in both languages, it is easy to derive C = exp(−2αT )
which implies T = − 1

2α
lnC.

The dynamics induced by replacements is the only
phenomenon which is considered relevant while bor-
rowings from other languages are considered somehow
unimportant. Indeed, Swadesh himself [2,4] tried to take
into account the effect of horizontal transfer by a phe-
nomenological assumption that contact diminishes the
separation between two languages. His proposal (rewrit-
ten in our notation) was that the formula which gives the
time from the common ancestor should be modified as
T = − 1

2αs
lnC, where s ≤ 1 is a parameter which takes

into account the effect of diminished divergence due to
contact. Nevertheless, s is not the output of a process

which incorporates borrowings but it simply accounts for
the fact that horizontal transfers make languages diver-
gence slower. Moreover, by principle, the parameter s in
not measurable from data, only the product sα can be
computed if C and T are known.

This fact was clear to Swadesh, who also states his fun-
damental formula as a bound on T , i.e., T ≥ − 1

2α
lnC,

where the equality holds only in the absence of horizon-
tal transfers. Finally, we mention that Swadesh himself
did not attempt to use this formula for anything. In a
much more recent paper [5], another parameter was used
to quantify the effect of borrowings on the divergence
between languages, a parameter which has the advan-
tage that in specific circumstances (historically attested
events) it can be eventually measured but which is still
phenomenological.

Later work of glottochronology abandoned Swadesh’s
attempt and tried to treat horizontal transfers as some
kind of noise that could be cleansed by a careful work
devoted to the identification of loanwords [6–9]. A sub-
sequent deletion of their contribution from all metrics
should totally neutralize their effect on languages compar-
isons. Roughly speaking, the standard glottochronological
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approach reduces the lexical evolution to a strictly vertical
process.

Our view is definitely different since we think that hor-
izontal transfers are a primary aspect of languages evolu-
tion. In order to support our point, we will try to provide
experimental evidence that the effect of borrowings on the
vocabulary is comparable to that of spontaneous replace-
ments. With this respect, our work can be viewed as a
realization of Swadesh’s proposals for incorporating the
effect of horizontal transfers.

In order to argue for our thesis, we consider the case of
Latin and contemporary Romance languages. The reason
for our choice is twofold: the ancestor language (Latin)
is perfectly known and the daughter languages (Romance
languages) are numerous and precisely recorded.

Our main source for Romance and Latin languages was
“The Global Lexicostatistical Database, Indo-European
family: Romance group” (September 2016 version), which
contains annotated Swadesh lists of 110 meanings com-
piled by Mikhail Saenko. This database is part of
the “The Global Lexicostatistical Database”, which can
be consulted at http://starling.rinet.ru/new100/

main.htm.

In this database two versions of Latin are considered:
Archaic Classical Latin (ACL in the following) and Late
Classical Latin (200–300 CE). Since it is commonly ac-
cepted that Late Classical Latin is not at the root of
Romance languages, but rather it is a side branch of
the spoken Latin, we consider ACL. ACL is based on
the plays of Titus Maccius Plautus (254–184 BCE, born
in Sarsina). In difficult cases the vocabulary is imple-
mented by data from “De agri cultura” by Marcus Por-
cius Cato (234–149 BCE, born in Tusculum). Thus,
ACL can be situated approximately 2200 years before
present.

Probably, the last common ancestor of all contemporary
languages was the Latin commonly spoken in the first cen-
turies of the current era (1500–2000 years before present),
a more recent date with respect to the 2200 years of ACL.
Nevertheless, ACL is for sure a common ancestor of all of
them even if not the last common ancestor.

The dataset we use also contains 55 contemporary Ro-
mance languages, the complete list can be found at the
bottom of fig. 1. An exhaustive description of all our
dataset, which also contains a description of our additions
to the “Global Lexicostatistical Database” (many words
in various languages and two entirely new languages), can
be found in the appendix of [10].

Let us also mention that in this paper we use an au-
tomatic approach to compute the overlaps [5,11], this is
without consequences since everything can be re-obtained
by the traditional method of Swadesh of subjective cog-
nate identification. The way we compute the overlap C
is explained in detail in the first section of a recent pa-
per [10] where it is also compared with the standard cog-
nate procedure.

Framework and results. – According to the glot-
tochronology assumption that replacements occur at a
universal constant rate α, the overlap between a contem-
porary language and its ancestor language spoken TL years
before is CL = exp(−αTL). In fact, CL is simply the
percentage of words that did not change in the daughter
language during its evolution from the ancestor language.

The overlap between two contemporary daughter lan-
guages which started to differentiate T years before
present from a common ancestor is instead C =
exp(−2αT ). The factor 2 at the exponent in this second
case is explained by the fact that both daughter languages
undergo vocabulary replacements at a rate α and C is the
percentage of words that did not change in both languages.

In our case, the parameter TL is the known time dis-
tance between ACL and each of the contemporary Ro-
mance languages, therefore, TL = 2200 years. Moreover,
a reasonable assumption is that regional varieties of Latin
began to differentiate as soon as Latin started to be spo-
ken outside Rome (more 2150 years before present) and
that differentiation became a ubiquitous phenomenon at
the end of the western empire (1550 years before present).
Therefore, we should have for T , depending on the pair of
languages, something between 1550 and 2150 years.

In order to find out the inconsistency of the main stream
view it is useful to recast the problem in a differential form.
According to the universal replacement rate hypothesis,
the overlap CL can be derived by the simple differential
equation below on the left:

ĊL = −αCL → CL = exp(−αTL) → α = −
1

TL

lnCL,

(1)
where the initial condition CL = 1 leads to the solution of
the differential equation (center) which, in turn, leads to
the equality on the right.

The value of CL(i) can be computed from lexical data
for each Romance language i as well the corresponding
α(i), given that TL = 2200. An average of α(i) can be done
in order to obtain a more reliable value of α. This average
can be done over all the M = 55 Romance languages (see
the bottom of fig. 1) or a smaller number. Besides M = 55,
we also considered a set of M = 15 languages scattered
uniformly over all the Romance linguistic area (the first
15 languages at the bottom of fig. 1), a set which only con-
tains M = 4 languages (Standard Portuguese, Standard
French, Standard Italian and Romanian) at the four sides
of the linguistic area and, finally, a set composed only by
Standard Portuguese and Romanian (M = 2) which are
the two languages with a greater geographical separation.

The result can be found in table 1. It can be easily
seen that the value of α is largely independent of the
number M implying that all languages evolved from ACL
with a similar rate of replacement whose value is about
α = 4.4 × 10−4 (α is roughly the probability that a given
world changes in one year). It should be noticed that bor-
rowings play no role here and the result is by principle the
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Fig. 1: Time distance TC between ACL and CL computed by using an increasing number 1 ≤ M ≤ 55 of Romance languages
(inserted following the order at the bottom of the figure). The thermalization occurs at a value of TC close to 1200, the same
we obtained for the time distance between the virtual ancestor language and ACL.

Table 1: Parameters α, TW and β computed for different subsets (M = 2, 4, 15, 55) of Romance languages.

M = 2 M = 4 M = 15 M = 55

α (4.3 ± 0.5) × 10−4 (4.2 ± 0.6) × 10−4 (4.5 ± 0.6) × 10−4 (4.4 ± 0.5) × 10−4

TW (1.12 ± 0.13) × 103 (1.02 ± 0.03) × 103 (1.03 ± 0.08) × 103 (0.89 ± 0.11) × 103

β (2.3 ± 0.4) × 10−4 (2.8 ± 0.1) × 10−4 (2.6 ± 0.4) × 10−4 (3.5 ± 0.7) × 10−4

same, independently of the presence or absence of hori-
zontal transfers. This can be simply understood because
a borrowing replaces a word with another one which has
the same probability of coming directly from ACL.

Again, according to the standard glottochronological
approach, the evolution of the overlap C between two Ro-
mance languages is governed by the differential equation
(left)

Ċ = −2αC → C = exp(−2αTW ) → TW = −
1

2α
lnC,

(2)

where the initial condition C = 1 leads to the solution in
the center.

Given that all values α(i) have been already computed
by eq. (1) and having defined lnC(i) as the average of
lnC(i, j) over all other languages j �= i, we have TW (i) =
− 1

2α(i) lnC(i) which can be computed for each language i.

The average of TW (i) over M languages i can be also found
in table 1.

In all cases we have that TW ≃ 1000 years which is
incompatible with T whose expected value ranges between
1550 and 2150. Notice that this value of TW also comes
out when one only considers Portuguese and Romanian
(M = 2) which, as a matter of fact, started to differentiate
more than 1000 years ago.

In conclusion, we have to admit that something is wrong
in the standard glottochronological description.

Our suggestion is that Romance languages shape a fully
connected network in which horizontal transfers cannot
be considered as accidental but they are a constitutive
aspect of the phenomenology. Regional variants started to
differentiate from the beginning but they remained closer
than expected just because of horizontal transfers.

According to our view, the equation on the left of (2)
must be replaced by the equation on the left below:

Ċ = −2αC + 2β(1 − C) →

C =
β

α + β
+

α

α + β
exp(−2(α + β)T ), (3)
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where the parameter β accounts for the possibility that
two different words (with same meaning) in two different
languages become equal as the effect of a borrowing. The
time from the common ancestor is chosen for all pairs to
be equal to T (1550–2150 years before present, let us say
for simplicity 1850).

With the initial condition C = 1 the above equation
can be solved (right). Moreover, given that all values α(i)
have been already computed by eq. (1) and having defined
lnC(i) as before, these two values can be inserted in (3)
and we can get β(i) by solving numerically for any i. Fi-
nally, averaging over the M languages we get for β the
results shown in table 1.

Formula (3) and the formula of Swadesh C =
exp(−2αsT ) are very different and the latter simply states
that time separation is larger of what expected in the ab-
sence of borrowings but is useless in practice. In fact, while
β and α can be both computed from data, the Swadesh
formula only allows the computation of the product αs.

The important output is that the value of β is compa-
rable with the value of α. This is significant especially
when we consider M = 2 and M = 4, in this case, in fact,
the choice T ≥ 1850 is reasonable since the four languages
started to differentiate at least two-thousand years before
present.

Since the effect of horizontal transfers is comparable
with the effect of spontaneous replacements, the phe-
nomenon cannot be considered accidental or negligible,
but rather it constitutes a primary motor of language
evolution.

Moreover, the differences in the value of β that we
see for the different values of M have a simple explana-
tion: for larger M two compared languages are on average
geographically closer. Since closer languages more eas-
ily exchange words, we can safely assume that the effect
of borrowings becomes more and more visible when M
increases.

Therefore, the weakness of the model eq. (3) is that it
is a mean field, i.e., the value of β is independent of the
geographical distance of two languages. A more realistic
model should include geography, so that this spurious β
dependence on M should disappear. Nevertheless, this
difficult task is well beyond our goal which is simply to
show the relevance of horizontal transfers.

In conclusion, we think that we have provided enough
evidence for our thesis, in fact, even in the case M = 2 the
value of β is more than one half of the typical value of α,
which means that even Romanian and Portuguese cannot
be considered languages with a separate evolution.

Reconstruction of a proto-language. – We would
now to discuss the relevance of our result for what concerns
the reconstruction of a proto-language.

According to our proposal, TW = − 1
2α

lnC ≃ 1000
years measures the time distance of modern Romance lan-
guages from their virtual ancestor language. It should
be clear that TW is not the time when they started to

differentiate, but rather a time which measures their mu-
tual difference as if they evolved separately.

In other words, assume you know α and you do not know
that horizontal transfers operate, you would conclude that
the common ancestor of modern Romance languages was
situated about one-thousand years in the past. We know,
however, that it was situated at a time T which is about
twice TW .

The time TW is given by an average over all meanings
since the time depths of each word can be different. For
example, the Italian word ciao which is spread (with dif-
ferent spellings) in all Romance area (indeed worldwide),
originated from the Venetian s’ciavo (slave) about 200
years ago, while other Italian words as animale or mano

can be linked directly to ACL (2200 years from present).
Since the virtual ancestor language is situated TW =

1000 years before present and not T ≃ 1850 years, we are
prompted to conclude that some of the proto-language
words (which existed T years ago) disappeared from all
Romance area and that they were replaced by more re-
cent common ancestors words. It is very unlikely that
these disappearances of ancestral words were caused by
independent replacement in all the languages (almost im-
possible if the languages are about 50 and if they do not
communicate). But it is reasonable to assume that there
were horizontal transfers causing a single word, which orig-
inated in a single language, to replace everywhere the cor-
responding Latin (or Vulgar) word (as it was for ciao). In
this case the proto-language word is lost forever and it can-
not be reconstructed by looking at the present languages.

We can easily conclude that the best we can do while at-
tempting to reconstruct a proto-language from its daugh-
ter languages is to obtain the virtual ancestor language
(if reconstruction is optimal).

Reconstructing the proto-language, on the contrary, is
impossible since many words are lost forever because of
borrowings.

The time distance between present Romance languages
and virtual ancestor is TW , therefore, the time distance
between the virtual ancestor language and the true proto-
language is T − TW while the time distance between the
virtual ancestor language and ACL is TL − TW .

If we do the best possible (optimal reconstruction) we
obtain a reconstructed language which coincides with the
virtual one and, therefore, it is situated TL − TW years
from ACL. If our reconstruction is sub-optimal we ob-
tain a reconstructed language that is even more different
from ACL so that its time distance from it is larger than
TL − TW . Therefore, our result concerning the distance
between the reconstructed language and ACL should be
TL − TW ≃ 1200 (for an optimal reconstruction) or larger
(for a sub-optimal reconstruction).

In order to have an optimal reconstruction we cheat, in
fact, we use our knowledge of ACL, while in the relevant
cases a common ancestor language is unknown (for exam-
ple for Indo-European languages). We will describe the
cheating procedure in a while (let us call this reproduced
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language “Cheating Latin”) but we anticipate that the
procedure is conceived in a way that it is impossible to
have better imitations of ACL using Romance languages.
Let us also anticipate that our results confirm all previous
results since they provide a time distance between Cheat-
ing Latin (CL in the following) and ACL of about 1200
years which equals TL − TW .

In this way we have a twofold result:

– our previous estimate TW ≃ 1000 years is confirmed
by an independent procedure;

– even if we cheat we obtain a language (CL) which
is separated from ACL by TL − TW ≃ 1200 years
and, therefore, cannot be the proto-language which is
separated from ACL by TL − T ≃ 350 years.

In other words, at our best we obtain the virtual ances-
tor which is macroscopically separated from the proto-
language.

As expected, when we tried to reconstruct the proto-
language without cheating (by various procedures which
only involve contemporary Romance variants) we obtained
results which are even worse, i.e., they are at a larger time
distance from ACL (about 1500 years).

Let us describe our cheating procedure. CL is a lan-
guage constructed taking, among all the words with same
meaning in a given set of M Romance languages, that
word which is most similar (in the NLD metric described
in [5]) to the corresponding ACL word. Therefore, by defi-
nition, it is the best imitation of ACL which can be created
only using modern Romance languages.

In order to measure the overlap between CL and ACL
we have to take into account the bias which is generated
by casual matching between words. In order to explain
this point consider the case in which we try to reconstruct
ACL following the same procedure of CL but using Ro-
mance words whose meaning does not correspond to the
meaning of the ACL word. For example, to reconstruct
manus (hand) we may consider the Romance words corre-
sponding to big and we find mannu which, in Logodurese
(Sardinia) means big. Not so bad, manus and mannu

are quite similar, but this similarity is accidental. Let
us call Wrong Latin the language constructed with this
procedure.

To avoid this bias we first construct CL and we measure
its overlap C̄C with ACL, then we compute the overlap
between Wrong Latin and ACL. Indeed, there are several
different ways for matching two different meanings and our
result is obtained by an average over these possibilities. In
this way we obtain CA that we may call accidental overlap
(the overlap between Wrong Latin and ACL). Finally, the
overlap between CL and ACL, after elimination of bias, is
CC = (C̄C − CA)/(1 − CA).

The unbiased overlap CC can be computed using any
number of Romance languages. Forcefully, the more lan-
guages, the better the reproduction. In fig. 1 we computed

the time distance TC = − 1
α

lnCC using an increasing num-
ber of Romance languages. It can be seen that there is
an asymptotic-like behavior corresponding to 1200 years
that is exactly the same we obtained for TL − TW . This
means that the best we can do for Latin is to find out a
reconstructed language which can be temporally situated
around the year 1000 CE.

As we already wrote above, we also constructed sev-
eral proto-languages by using only contemporary Romance
languages (completely ignoring ACL). In this case the re-
production is forcefully worse and the time distance from
ACL is larger (we obtained about 1500 years for the best
cases instead of 1200 years). In conclusion, because of
borrowings the proto-language cannot be reasonably fully
reconstructed. This result does not exclude the possibility
of a reconstruction in those cases in which all or some of
the daughter languages remained separated.

Discussion. – We hope that we have provided enough
qualitative evidence that horizontal transfers have a pri-
mary role in languages evolution. It is quite strange that
linguists have not taken up Swadesh’s suggestion from
1955 and have ignored hidden borrowings, concentrating
only on those borrowings whose phonological shapes have
allowed for their identification. In our opinion, at least in
the case of fully connected networks such as the Romance
geographical area, the relevance of the horizontal transfer
phenomenon is almost self-evident.

In our formulation we give a measure of β which,
roughly speaking, is the probability that a borrowing of a
word corresponding to a given meaning occurs in a year.
As already mentioned this quantity is affected by geogra-
phy and a more realistic evaluation of β should emerge
from a more detailed model which includes spatial dis-
tances and physical barriers (seas, mountains, . . .) as fun-
damental ingredients. Moreover, in order to use β for
quantifying the number of borrowings in a given time some
hypotheses should be done on the underlying dynamics
(borrowings may be from one language to another or two
languages may borrow the same word from a third one,
. . .). Both the inclusion of geography and the detailed
description of the nature of the borrowings are well be-
yond the scope of this paper, but if one could succeed in
this research, eventually, the amount of borrowings esti-
mated from our model could be compared with previous
estimates. For example, in [11] some new estimates are
provided based on the results of the Loanword Typology
project and also some previous estimates are also reported.

We expect to find that our estimated rate of loanwords
is larger than previous estimates based on direct obser-
vation. This difference would be mostly due to loanwords
among closely related language varieties that cannot be
detected because the inherited words have not been dif-
ferentiated enough. To give an example: English has two
words with the same ultimate origin: shirt and skirt. The
latter was borrowed from Norse, and this can be detected
because skirt was borrowed after sk became sh and this
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sound change ceased to operate. But if the borrowing had
happened when sk was still in operation the borrowing
would have been too subtle to detect. The original mean-
ing of the inherited Germanic word was something like
a short garment. That developed into the meaning shirt

in English and skirt in Old Norse. If Old English had
borrowed the word before the sk → sh change it would in-
herit, the fact that English would have changed the mean-
ing of the word from a garment worn on the upper part
of the body to one worn on the lower part would be too
subtle to enable the linguist to identify this as a borrowing.

Moreover, it may happen that same new word appeared
almost at the same time in two geographically close lan-
guages. In most cases it is almost impossible to decide in
which language the new word appeared as a replacement
and in which language it was imported. Probably, we
should also accept that this question is almost irrelevant.

In conclusion, there are many words that linguists can-
not identify as having been borrowed, the amount of this
hidden borrowing could emerge from a comparison of the
result of this paper with previous estimates, but, for the
reasons we exposed previously, we are unable to accom-
plish this task here and we simply make the proposal to
investigate this topic in a situation where everything can
be quantified easily and exactly.

Let us also mention that the presence of horizontal
transfers, which more likely occur between geographically
closer languages, has an interesting application. It is, in
fact, possible to reconstruct geography only by the set
of overlaps between pairs of languages [12]. It is as if one
could draw the chart of Spain only speaking about football
with people from different places of that country sitting
at the same table.

A side effect of our findings is that proto-languages can-
not be really reconstructed. Even if a word is shared by
most of the languages of a contemporary family, there is
a non-vanishing probability that it originated somewhere
after the proto-language disappeared and that it later dif-
fused everywhere by borrowings (by contacts, like a dis-
ease). This phenomenon severely and unavoidably limits
the possibility to fully reconstruct a proto-language. This
limitation is fundamental, i.e., there is a bound which can-
not be infringed, independently of the method used for the
reconstruction.

In contrast, historical linguists will argue that one can
find the proto-language of a family of related contempo-
rary languages. The case of Latin and its offspring is
really useful for testing this kind of statement since not
only the modern Romance languages are well recorded

but also a language (Latin) closely related to the proto-
Romance is known. In this case one should be able to
find something which was spoken in the first five centuries
of the current era, which means a distance of 200–700
years from ACL. On the contrary, our cheating proce-
dure (the best possible) leads to a reconstructed lan-
guage (CL) which has a distance of 1200 years from ACL.
This result is consistent with our model which, taking
into account horizontal transfers (3), provides the same
distance.

We think that the case of Romance languages and Latin
(or Vulgar) could provide a good opportunity to test the
reliability of specific recipes for proto-language reconstruc-
tion. This would help to evaluate the degree of pre-
cision of the recipe even in those cases where a direct
test is impossible (as, for example, proto-Indo-European
reconstruction).

In the future, we would like to apply our ideas to Mala-
gasy dialects, for which we have a large dataset [13] that
we collected a few years ago and which we are updating
and extending. In this case, the goal will be to obtain a
reconstructed language situated in the past with respect
to contemporary dialects, to be more fruitfully compared
with Indonesian languages.
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