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ABSTRACT

Holm (2000) proposes the ‘‘separation base’’ method for determining subgroup
relationships in a language family. The method is claimed to be superior to most
approaches to lexicostatistics because the latter falls victim to the ‘‘proportionality trap’’,
that is, the assumption that similarity is proportional to closeness of relationship. The
principles underlying Holm’s method are innovative and not obviously incorrect.
However, his only demonstration of the method is with Indo-European. This makes it
difficult to interpret the results, because higher-order Indo-European subgrouping
remains controversial. In order to have some basis for verification, we have tested the
method on Mixe-Zoquean, a well-studied family of Mesoamerica whose subgrouping has
been established by two scholars working independently and using the traditional
comparative method. The results of our application of Holm’s method are significantly
different from the currently accepted family tree of Mixe-Zoquean. We identify two basic
sources of problems that arise when Holm’s approach is applied to our data. The first is
reliance on an etymological dictionary of the proto-language in question, which creates
problems of circularity that cannot be overcome. The second is that the method is
sensitive to the amount of documentation available for the daughter languages, which has
a distorting effect on the computed relationships. We then compare the results of Holm’s
approach with lexicostatistics and show that the latter actually performs quite well,
producing a family tree for Mixe-Zoquean very similar to the one arrived at through the
comparative method.
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1. INTRODUCTION1

Holm (2000, 2003, 2004, 2005) has recently developed a subgrouping
method that is akin to lexicostatistics but whose results, he claims,
are superior to it. Holm criticizes more traditional approaches on the
grounds that they are vulnerable to the ‘‘symplesiomorphy trap’’ and the
‘‘proportionality trap’’. The symplesiomorphy trap, in fact a widely
recognized limitation of the comparative method, refers to the difficulty of
distinguishing common retentions (symplesiomorphies in the parlance of
phylogenetics) from shared innovations (synapomorphies) (Holm, 2004,
p. 9). Proportionality refers to the assumption that a higher percentage of
cognates shared between two languages indicates a closer historical
relationship between them. Holm correctly points out that languages
change in different ways and at different rates due to various factors, both
internal and external, which are essentially unpredictable.Onemust always
consider the possibility that later changes have obscured the earlier
relationships within a family. Lexicostatistics, argues Holm, fails to take
this into account. It produces incorrect results because it conflates
similarity with genealogical relatedness, an error he calls the proportion-
ality trap (Holm, 2000, p. 74).
Holm proposes his ‘‘separation base method’’ as an alternative.

In practical terms, the method makes use of an etymological dictionary
of the proto-language in order to infer a family tree. That is, one must
already have an extensive list of reconstructed proto-roots along
with their reflexes in the daughter languages, such as Pokorny (1994;
1948 – 1959) for Indo-European or Wichmann (1995) for Mixe-Zoquean.
This is significantly more than is required for lexicostatistics, but there
are still quite a few families where an etymological dictionary is available
but the subgrouping is unclear. If Holm’s method were to prove reliable,
it would be very useful in such cases. Because of the relatively com-
plicated assumptions and procedures involved, we have tested the
method empirically before making an evaluation. Holm (2000) applies
the method to Indo-European, but as there is no consensus on the higher
Indo-European subgrouping, there is no way to independently verify
the results. Our test case is Mixe-Zoquean, a well-studied family of
Mesoamerica. This family has a much lower time-depth compared to

1We gratefully acknowledge comments from Sheila Embleton and Hans Holm on an
earlier version of this paper. The usual disclaimers apply.
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Indo-European, which makes the subgrouping more reliable. The main
proposals for the internal subgrouping of Mixe-Zoquean come from two
scholars who have independently applied the traditional comparative
method and come to very similar conclusions. This makes the family a
good candidate to test the performance of a new method.
In Section 2, we give a brief overview of the genealogical relationship,

geographical distribution, and recent comparative study of the Mixe-
Zoquean languages. In Section 3, we elaborate the ‘‘separation base’’
method proposed by Holm and apply it to Mixe-Zoquean. The results
contain a number of errors. In Section 4, we investigate the cause of these
errors and conclude that Holm’s approach suffers from fundamental
weaknesses that would be difficult to overcome. In Section 5, we show
that lexicostatistics, imperfect as it might be, clearly outperforms Holm’s
method. Finally, we show that parsimony analysis yielding a split
decomposition tree produces even better results. We conclude that
although Holm’s criticism of lexicostatistics is in principle correct, its
failure in practice (due to the ‘‘proportionality trap’’) is not as likely as he
would lead us to believe, and Holm’s approach does not overcome the
weaknesses.

2. THE MIXE-ZOQUEAN LANGUAGES

Mixe-Zoquean is a family of languages spoken in the general area of the
Isthmus of Tehuantepec in Mexico, in the states of Tabasco, Veracruz,
Chiapas, and Oaxaca. Figure 1 shows, for each language, the approxi-
mate centre of the area in which it is presently spoken. The family also
contains the extinct language Tapachultec Mixe, which was spoken in
southeast Chiapas near the Pacific coast and the border with Guatemala.
There is, however, too little data available for Tapachultec to be of any
use for the purposes of this paper.
The history of the classification of Mixe-Zoquean languages up to the

early 1990s is discussed in detail in Wichmann (1994, pp. 220 – 227). Here
we shall give only a few highlights and a summary of more recent contri-
butions. In the latter half of the 19th century it was recognized thatChiapas
Zoque andMidlandMixe were related. During the following half-century
increasingly more languages were recognized as belonging to the family by
various scholars. Foster (1943) was the first to recognize that Soteapan
Zoque, Texistepec Zoque, and Chiapas Zoque belong to one branch of
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the family, while Oluta Popoluca, Sayula Popoluca, and Oaxaca Mixean
belong to another. All subsequent research has affirmed the existence of
a main division into a Mixean and a Zoquean branch, including the
important contribution of Nordell (1962). Kaufman (1964a) showed that
the extinct language Tapachultec belongs to the Mixean branch.
Wichmann (1995) was the first scholar to include all Mixe-Zoquean
languages in a classification. This classification, which is sustained by
detailed phonological evidence, is shown in Figure 2 (for surveys of
the evidence see Wichmann, 1994, pp. 227 – 230; 1995, pp. 8 – 12). The
abbreviations indicated there are used throughout this paper.
Kaufman (1964b; 1974) presents classifications that differ somewhat

from each other as well as from that of Wichmann (1995) regarding the
internal configurations of the two main branches of the family. Since no
arguments are given for these classifications and since the author has

Fig. 1. Geographical distribution of the Mixe-Zoquean languages.
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subsequently revised them, we shall not dwell on them here (see
Wichmann, 1994, pp. 222 – 223 for a summary). Instead, we cite only
Kaufman’s latest classification, which is published in Kaufman and
Justeson (2004), shown in Figure 3. It should be stressed, however, that
this classification is not accompanied by explicit arguments either.
Although Kaufman in some cases prefers different language designations
and spellings, we employ the same names as throughout the rest of the
paper in order to avoid confusion.
A comparison of Figures 2 and 3 reveals only minor differences in the

classifications of Wichmann and Kaufman. The latter excludes Midland
Mixe and South Highland Mixe altogether. However, no major contro-
versy is to be inferred from this difference. Kaufman considers Oaxaca
Mixean, including the South Highland and Midland varieties, to be a
chain of dialects, whereas Wichmann considers a four-way division to be
warranted. (Kaufman may also have excluded these two languages
because he did not personally collect data on them.) There is, however, a
difference of real importance with regard to the internal classification of
the Mixean languages. Kaufman considers Sayula Popoluca and Oaxaca

Fig. 2. The classification of Mixe-Zoquean languages of Wichmann (1995).
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Mixean to form a subgroup within Mixean, whereas Wichmann does not
consider Sayula Popoluca and Oaxaca Mixean more closely related to
each other than to Oluta Popoluca and Tapachultec. While the two
authors differ on this point, it is noteworthy that in an earlier proposal
Kaufman (1964b) considered Sayula Popoluca and Oluta Popoluca to
form a subgroup, but now agrees with Wichmann that no such subgroup
should be posited. With regard to the two internal classifications of the
Zoquean branch, the only difference is that Kaufman considers Chiapas
Zoque and Chimalapa Zoquean to form a subgroup, whereas Wichmann
does not. Wichmann (1995, p. 12) does consider this as a ‘‘very likely’’
hypothesis, but prefers not to propose it in a definite way because of the
lack of sufficient supporting data.
The Mixe-Zoquean family is one of the best investigated families of the

Americas from a diachronic point of view. Two scholars, Kaufman and
Wichmann, have independently carried out extensive studies, each
drawing upon data that have also, to a certain extent, been gathered

Fig. 3. The current classification of Kaufman (after Kaufman & Justeson, 2004, p. 1072).
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independently. Nevertheless, there is a high level of agreement between
their respective classifications. To get from Wichmann’s to Kaufman’s
classification one needs only to set up two extra nodes at shallow levels of
the classification. All nodes in Wichmann’s tree are also in Kaufman’s;
the latter simply includes two additional ones embedded under the
Mixean and Zoquean nodes, respectively.
The general point of this section is to stress that the application of the

traditional comparative method by independent scholars may lead to
very similar results. Additionally, we wish to make it evident that the
classification used in this paper as the standard by which the results of
other methods of establishing sub-grouping are to be compared and
judged, viz. Wichmann’s, is indeed well established and uncontroversial.
We could have also used the one given in Kaufman and Justeson (2004),
but prefer Wichmann (1995) since it is backed up by explicit arguments.
Nevertheless, if a sub-grouping method yields results more similar to
Kaufman’s we shall not dismiss it for that reason. We do, however,
consider a method suspect if it leads to positing nodes that are found
neither in Kaufman’s nor in Wichmann’s family trees.
The possible external affiliations of theMixe-Zoquean languages are not

of much relevance to this paper, as relatively little is known. Wichmann
(1994, pp. 238 – 242) summarizes 23 different proposals that have been
made in the literature over the past century and a half. Many of these have
been made in the absence of supporting evidence. Some families that are
repeatedly mentioned as possibly related to Mixe-Zoquean are Mayan,
Huavean, Penutian, Totonacan, and Uto-Aztecan. Wichmann (1999;
2003) believes that a Uto-Aztecan connection is a very real possibility and
provides some lexical comparisons in support of this. Nevertheless, the
relationship is so far removed as to be on the margin of what might be
captured by the traditional comparative method, and this would no doubt
also be true of any other external genetic link. In order to compare the
results of different methods of classification against the comparative
method it is necessary to stay within the limits of which the latter applies,
which, in this case, is defined by the Proto-Mixe-Zoquean node.

3. HOLM’S ‘‘SEPARATION BASE’’ METHOD

It is a basic assumption of historical linguistics that all languages
change over time. The Stammbaum model of linguistic change states

A CRITIQUE OF THE SEPARATION BASE METHOD 231



that every language is a direct descendant of an earlier language, from
which it has preserved some features and lost or changed others.
Thus, every language exhibits both innovations and retentions in
comparison to some earlier stage. Both Holm’s method and the
traditional comparative method rest on these basic, uncontroversial
assumptions.2 But whereas the comparative method, when properly
applied, relies on shared innovations to establish subgrouping within a
family, Holm’s method is based exclusively on shared retentions,
specifically, shared lexical items.3 He claims that it is possible to
estimate subgroup relationships by modelling the loss of inherited
vocabulary over time as a case of the hypergeometric distribution (this
approach was first suggested by Kendall, 1950 in a reply to Ross,
1950, and a first attempt to apply this method can be found in Davies
and Ross, 1975, pp. 40 – 48).
In practice, the method uses an etymological dictionary of the proto-

language as its starting point. It requires a list of proto-roots, and for
each root, a list of the daughter languages in which a reflex of the root is
known to have survived.4 Then, for every pair of languages in the family,
a value N is calculated from the number of proto-roots that have
survived in each language individually and the number that are
shared between the two. This N value is an estimate of the number of
proto-etyma that were present when the two languages diverged.
As proto-etyma are lost over time, the smaller the estimate, the later

2It is now accepted that some languages, such as creoles, do not fit this model. But these
are rather special cases, and we have no reason to presume anything other than ordinary
genetic descent for Mixe-Zoquean.
3Holm (2003, p. 43) argues that ‘‘in real families’’ it is very difficult to isolate shared
innovations from other phenomena such as borrowing. It is also never known if a
language had an innovating feature in the past and later lost it. Shared retentions are thus
more reliable data. We see no reason to believe that shared innovations should be
inherently more difficult to recover than shared retentions. In fact, Holm’s belief in the
linguist’s infallible ability to reconstruct the proto-lexicon is one of the major weaknesses
of his approach (see Section 4).
4Thus, the basic data used in Holm’s method are very different from the word
lists typically used in lexicostatistics. In traditional (‘‘Swadesh’’) word lists, the
meanings are shared, but not necessary the form. In contrast, Holm’s method uses
cognates, which, though related in form, might have different meanings in different
languages.
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the divergence. After these estimates are calculated for all pairs of
languages in the family, they can be used to reconstruct its history.5

3.1 The Hypergeometric Distribution

Holm’s method is analogous to the ‘‘capture-recapture’’ method of
estimating population size, which is based on the hypergeometric distri-
bution. This distribution applies to a sample taken without replacement
from a population consisting of two kinds of objects (Johnson et al.,
1993, p. 237). (Without replacement means that members are not placed
back into the population after they are drawn. Each drawing thus comes
from a population one member smaller than the previous one.) The
capture-recapture method involves taking two samples and using a
simple formula to estimate the population size that produced the
observed distribution.
To illustrate, suppose one wishes to estimate how many deer are in

a forest. The first step is to capture a group of deer and mark them
so that they can be identified later; this is sample one. The marked
deer are then returned to the forest and time is allowed for them to
mix back in evenly with the rest of the population, though not so
much time that the total population size might change. A second sample
is then taken, and the number of marked (‘‘recaptured’’) deer are
counted. Now, if the assumptions of the model hold (see below),
one expects the ratio of marked deer to total deer in the second sample
to be proportional to the ratio of marked deer to total deer in the
population.

size of sample one ðtotal deer markedÞ
num:deer in forest

¼ recaptured deer ðnum:marked deer in sample twoÞ
size of sample two

ð1Þ

5In this model, the proto-language is like an initial stock of lexemes of finite size which
slowly diminishes over the family’s history. It monotonically decreases, because
innovations and borrowings are ignored. A problem with this assumption is the existence
of recurrent cognation (Brainard, 1970, p. 70; Embleton, 1986, p. 63). A lexeme that is
lost might later be reinserted into the language by borrowing, e.g., the borrowing of Latin
words into French.
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It is then a simple matter to solve for total number of deer:

num:deer in forest ¼ size of sample one� size of sample two

num:marked deer in sample two
ð2Þ

The process of etymon loss leading from their common ancestor to
languages x and y is analogous to the sampling of deer. In the deer example
one chooses an arbitrary size for each sample, but in the linguistic case, the
sampling is beyondour control. It occurs over time as each language retains
certain of its proto-etyma, thus ‘‘marking’’ them. As we have already
reconstructed the proto-lexicon, there is no need – nor indeed any possible
way – to send the marked etyma from language x back ‘‘into the wild’’ to
the proto-stage and see how many are retained in language y. Instead, we
simply count the number of shared retentions between them. It is thus
irrelevantwhether a particular language is consideredx as opposed to y; the
results of the calculations will be the same. Holm’s method uses the
equation in (3) to estimate the number of proto-etyma that were present in
the last common ancestor of two daughter languages:

num:etyma retained in language x

num:etyma in last common ancestor of x and y

¼ num:etyma shared between x and y

num:etyma retained in language y
ð3Þ

We may then solve for the number of proto-etyma N present at the last
common ancestor of x and y, shown here in abbreviated form (read as
retentions over agreements):6

Nxy ¼
rxry
axy

ð4Þ

For this model to be accurate, the sampling must occur in a random
fashion (Johnson et al., 1993, p. 269). For languages this means that the
likelihood of a given etymon’s being lost should be the same for all
languages in the family (for discussion of this assumption as it applies to
real datasets see 4.3 below). The method essentially infers the unity of a

6N should be rounded down to the nearest integer. If N is already an integer, the next
lowest integer is an equally accurate estimate. We have taken the average of the two
integers in such cases.
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subgroup from the unique ‘‘signature’’ left by the specific pattern of
etymon loss for each period of common ancestry in a language family.
For example, in the Proto-Mixe-Zoquean case, there must have been a
period – how long we cannot know – where Proto-Mixean and Proto-
Zoquean were distinct from each other, but maintained a certain amount
of unity among themselves. During these periods of common develop-
ment, there must – Holm hypothesizes – have been a characteristic set of
proto-etyma retained and lost in each branch. Simply counting shared
retentions in the daughter languages cannot recover the two branches,
because the number of retentions indicates only how relatively innovative
or conservative a language is. Rather, we must identify which languages
share a particular ‘‘signature’’. This may be accomplished by calculating
the N estimates for every pair of languages in a family and properly
interpreting them. It is worth noting that, unlike glottochronology and
unlike older methods of phylogenetics in biology, this method does not
assume a constant rate of change. Indeed, there may be any amount of
change in any of the branches, so long as a reasonable number of roots
from the proto-language survive.
In theory, language relationships can successfully be reconstructed in

this fashion. Consider the hypothetical tree in Figure 4 (based on Holm,
2003), with the number of remaining proto-etyma indicated at each node.
In this example, the two daughter languages of proto-stage C are very
different; language E is very innovative and language D is very conser-
vative. By simply counting the number of retentions, language D would
be grouped with the more distantly related language B, which is also
conservative. Holm’s approach may be evaluated by simulating the loss
of etyma at each stage of development in the tree. The resulting number
of shared retentions (‘‘agreements’’) for each pair of languages are given
in the table, along with the corresponding N estimates. These numbers

Fig. 4. Hypothetical tree and results of the separation base method.
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were produced by a simulation we wrote and show the results of a typical
run. It can be clearly seen that the N values point to a closer relationship
between D and E, as their value is significantly smaller than the other
N values. Note also that the N values are good estimates of the
(predetermined) number of retentions for the two proto-stages in the tree.

3.2 Application to Mixe-Zoquean

In order to test Holm’s approach empirically, we have applied it to data
taken from all sets of cognates in Wichmann (1995, pp. 235 – 522) listed
as reflexes of Proto-Mixe-Zoquean roots. There is a total of 618 such
reconstructed etyma in all.7 In this list, we counted the total number of
retentions r for each language and the number of agreements a for each
pair of languages. We then calculated the N estimates for each pair of
languages from these counts. The results are given in Table 1.8

The manner in which Holm (2000) uses these values to reconstruct the
history of a family is only rather sketchily laid out in his article. We
attempt to follow him here as closely as possible, although it has
sometimes been necessary to guess precisely what he has in mind. The
first thing Holm calculates from the values in Table 1 is the relative
ordering of ‘‘earliest separation’’ and ‘‘latest separation’’ (Holm, 2000,
pp. 82, 85). By this he appears to mean simply ordering the languages by
their highest and lowest N values in Table 1, respectively. These lists are
given in Table 2.9 Following Holm’s logic, ChisZ must have been the first

7The total of 699 Proto-Mixe-Zoquean entries mentioned by Wichmann (1995, p. 230)
also includes reconstructed numerals and grammatical morphemes. We exclude these
from consideration in this paper, however, as Holm’s focus is on lexical items. It should
not significantly affect the outcome in any case.
8We used a program written in perl to tabulate Wichmann’s data and make the
calculations. Three of the N estimates in Table 1 are larger than the original number of
618 reconstructed etyma included in this analysis, viz., those for ChisZ-OlP (626), ChisZ-
SaP (643), and ChisZ-TxZ (644). The precise reasons for this are unclear, but likely result
from the unexpectedly low number of agreements attested for these pairs, even clearly
lower than what would be expected by chance.
9For the concept of latest separation, Holm refers to the ‘‘nearest neighbour method’’ as
described by Embleton (1986, pp. 30 – 32; 1991, pp. 371 – 372). This method groups
languages together recursively according to lowest dissimilarity.Note that thismethodneed
not simply produce a linear ordering, but is also capable of producing trees. Note further
that Holm’s ‘‘earliest separation’’ cannot be interpreted as the inverse of Embleton’s
method. It simply makes no sense in terms of reconstruction to group languages together
that are highly dissimilar. The earliest separation should thus be considered a different
approach, though likely inspired by Embleton’s nearest neighbour method.
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language to split off from the Mixe-Zoquean ancestral language, because
it has both the highest earliest separation and the highest latest
separation. What happened next is unclear, because the remaining
languages do not occur in the same order in the two columns. Yet there
are two clusters of languages (separated by white space in the table),
which can be taken to show that TxZ, SaP, OlP, LM, MM, and NHM
were the next to split off, followed by SoZ, SHM, AyZ, and ChZ.

Table 2. Languages ordered according to earliest and latest separation.

Earliest separation Latest separation

ChisZ 644 (from TxZ) ChisZ 575 (from ChZ)

TxZ 644 (from ChisZ) LM 472 (from MM)
SaP 643 (from ChisZ) OlP 467 (from AyZ)
OlP 626 (from ChisZ) NHM 460 (from SHM)
LM 606 (from ChisZ) SaP 444 (from AyZ)
MM 605 (from ChisZ) TxZ 431 (from AyZ)
NHM 595 (from ChisZ) MM 428 (from SHM)

SoZ 591 (from ChisZ) SHM 393 (from ChZ)
SHM 589 (from ChisZ) ChZ 393 (from SHM)
AyZ 577 (from ChisZ) SoZ 357 (from AyZ)
ChZ 575 (from ChisZ) AyZ 357 (from SoZ)

Table 1. Summary of Mixe-Zoquean etymological data based on Wichmann (1995).
Number of agreements among shared retentions a in the lower left triangle. Estimates N
of proto-etyma present in the last shared ancestor in the upper right triangle. Number of
attested reflexes r on the last line.

AyZ ChisZ ChZ LM MM NHM OlP SaP SHM SoZ TxZ

AyZ 577 406 545 511 554 467 444 428.5 357 431
ChisZ 107 575 606 605 595 626 643 589 591 644
ChZ 64 191 555 551 560 507 491 393 411 506
LM 97 368 169 472 540 585 579 491 559 594
MM 88 314 145 344 511 561 550 428 552 575
NHM 91 358 160 337 303 591 587 460 565 593.5
OlP 93 293 152 268 238 253 476 494 492 534
SaP 94 274 151 260 233 245 260 492 473 525
SHM 66 203 128 208 203 212 170 164 473 538
SoZ 85 217 131 196 169 185 183 183 124 447
TxZ 111 314 168 291 256 278 266 260 172 222

r 121 511 215 437 372 417 359 345 234 251 396
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A further step proposed by Holm is the calculation of so-called Bx
values for each pair of languages. The Bx values are calculated from the
N estimates in Table 1. Essentially, they give an indication as to how
similar two languages are to each other as opposed to the remaining
languages. Specifically, to calculate Bx for a pair of languages a and b,
Holm sums the differences between the Nay and Nby for all languages y
not equal to a or b, and takes the mean of these differences. The formula
for Bx is given in equation (5), and the resulting values are shown in
Table 3.

Bx ¼ 1

n� 2

X

y6¼a;b
Nay �Nby

�� �� ð5Þ

Holm then considers the lowest Bx value for each language, as the
lowest value should indicate which language is most similar to it. We also
consider here the language with the next lowest value. According to the
ordered Bx values (see Table 4), the Mixe-Zoquean languages are divided
primarily into three groups, shown by the white space in the table.
Interestingly, the group of four languages at the bottom of Table 2 (SoZ,
SHM, AyZ, and ChZ) also form one group in Table 4. Furthermore, the
languages NHM, LM, and MM form a group together with the
somewhat more strongly differentiated ChisZ, which, according to Table
2, was the first language to split off.

Table 3. Holm’s similarity measure Bx for all pairs of Mixe-Zoquean languages.

ChisZ ChZ LM MM NHM OlP SaP SHM SoZ TxZ

AyZ 147.8 34.4 101.3 92.1 94.0 68.1 59.9 61.6 22.2 74.1
ChisZ 121.8 58.3 81.7 54.9 79.8 87.9 140.5 125.7 73.7
ChZ 85.4 69.4 79.1 45.3 41.0 47.9 27.4 48.1
LM 23.3 12.8 57.7 65.8 82.2 90.7 69.1
MM 28.9 60.3 69.6 63.1 85.3 70.6
NHM 60.4 68.1 85.6 86.9 73.2
OlP 11.9 65.2 45.9 24.3
SaP 59.5 41.8 22.8
SHM 55.6 72.6
SoZ 51.9
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3.3 Constructing a Historical Narrative

Holm suggests combining the information from Tables 2 and 4 and using
knowledge of the geographical distribution of the languages to recons-
truct the history of the family. From such information, a sequential
historical narrative should then be constructed. (Holm believes that a tree
cannot adequately express historical divergence among languages). For
Mixe-Zoquean, this narrative might run as follows.
A division first starts to appear in Proto-Mixe-Zoquean between a

south-eastern group (ChisZ, NHM, LM, MM) and a central group (OlP,
SaP, TxZ). The languages within each group are highly similar to each
other, according to the Bx values, and show the highest values of separa-
tion in Table 2. In the south-eastern group, ChisZ is the first to become
completely separated from all other Mixe-Zoquean languages (it has the
highest earliest and latest separation values of all languages), ending up as
the easternmost language in the family. The remaining three languages
from this group (NHM, LM, MM) are extremely similar, and are
probably best considered a group of close relatives or even dialects in the
south. The N values among these languages indicate a subgroup of LM
and MM splitting off from NHM. The central group (OlP, SaP, TxZ) is
also early to separate from the other languages. These three languages are
extremely similar, according to their Bx values, and should be considered
a separate subgroup. The N values indicate that OlP and SaP form a
further subgroup among the three. The remaining languages (SoZ, ChZ,
AyZ and SHM) are the last to branch off, remaining long in contact with
the other languages before becoming completely distinct. Among these

Table 4. Lowest two Bx values for each language.

Language Nearest to Bx value Next Nearest Bx value

ChisZ NHM 54.9 LM 58.3
MM LM 23.3 NHM 28.9
NHM LM 12.8 MM 28.9
LM NHM 12.8 MM 23.3

OlP SaP 11.9 TxZ 24.3
SaP OlP 11.9 TxZ 24.3
TxZ SaP 22.8 OlP 24.3

SoZ AyZ 22.2 ChZ 27.4
AyZ SoZ 22.2 ChZ 34.4
ChZ SoZ 27.4 AyZ 34.4
SHM ChZ 47.9 SoZ 55.6
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four, SHM is the most outlying (according to the Bx values) and might be
considered the earliest to split off (cf. Table 2), ending up quite close to
the southern languages geographically (NHM, LM,MM). SoZ, ChZ, and
AyZ are the most similar to each other according to the Bx values, but are
found at different extremes of the Mixe-Zoquean area geographically.
SoZ is located at the north-western extreme of the area in which the Mixe-
Zoquean languages are spoken, AyZ to the northeast, and ChZ to the
south. From the estimates in Table 1 it can be inferred that AyZ and SoZ
shared the most recent historical ancestor, so ChZ split off first towards
the south. AyZ and SoZ then split to the northeast and northwest,
respectively.10

Unfortunately, we know that this narrative is wrong (cf. Fig. 2).
Holm’s method correctly groups three of the four Mixean languages
together (NHM, LM, MM), and even gets their sub-grouping right, but
makes a major error in placing SHM. The method correctly groups three
of the Zoquean languages together (AyZ, SoZ, ChZ), also in the right
order, but wrongly places ChisZ among the Mixean languages. OlP and
SaP form an independent branch of Proto-Mixe-Zoquean rather than
being grouped with the other Mixean languages, and TxZ is furthermore
wrongly grouped together with them. A minor error is having SaP and
OlP form a subgroup, although there are no shared innovations to justify
such a grouping.

4. WHAT WENT WRONG?

There are several possible explanations for the incorrect results produced
by Holm’s method. We first investigate whether the results can be
improved by interpreting the N values differently, concluding that they
can to a certain extent, but that significant disagreements with the
established history of Mixe-Zoquean still remain. We show that there are
serious problems resulting from the basic principles of Holm’s approach,
viz., the usage of the hypergeometric distribution and of data from
etymological dictionaries. Finally, we discuss some specific problems
caused by the Mixe-Zoquean data we have used here. However, we argue

10After seeing an earlier version of this paper, Holm replied that this reconstruction was
not how he would interpret the data; he claims to see a clear separation between Mixean
and Zoquean. However, we still fail to see this anywhere in the N or Bx estimates.
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that similar problems would arise in the application of Holm’s method to
other language families.

4.1 Other Ways to Interpret the N Values

It is possible that the N values in Table 1 accurately represent the history
of Mixe-Zoquean, and it is simply the manner of interpretation that is
flawed. We have therefore looked at several other ways to interpret the
N values, all of which produce hierarchical tree structures. This allows us
to judge whether the errors lie in the interpretation of the N values or in
the N values themselves.
We first considered the Bx values, which are an aggregate of the

N values. Applying the ‘‘nearest neighbour’’ method (Embleton, 1986,
pp. 30 – 32; 1991, pp. 371 – 372) to the Bx data produces a tree that is
almost identical to the narrative interpretation given above (see Fig. 5).
The main disagreement with the Holm-style narrative is that the
SaP-OlP-TxZ subgroup splits off after SHM instead of before. The
ordering within the LM-MM-NHM subgroup is also slightly different.
Generally, however, the agreements with the interpretation in Section 3.3
are striking.

Fig. 5. Mixe-Zoquean tree based on Holm’s Bx values, using Embleton’s nearest
neighbour method to infer the tree.
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We next considered using the N values themselves as a measure of
dissimilarity – the higher the N, the less closely related the two respective
languages. We tested three separate tree-building methods from phylo-
genetics that take a dissimilarity matrix as input. We used algorithms that
do not presuppose a constant rate of change, since assuming a constant
rate of change would not be suitable for languages. These algorithms all
produce unrooted trees; a dissimilarity matrix on its own provides
insufficient evidence to establish a root.11 Figure 6 shows the tree
produced by the Fitch algorithm (Fitch & Margoliash, 1967).12 We also
tried the ADDTREE (Sattath & Tversky, 1977)13 and NeighborJoining
(Saitou & Nei, 1987)14 algorithms, which produced almost exactly the
same results. In the Fitch tree, the splits are all relatively close together,
reflecting the fact that the N estimates are all relatively close together.
Note that there is not much evidence for the various subgroups of Mixe-
Zoquean, which can be inferred from the small branches between the
various internal nodes and the long branches from the last shared
ancestor to the individual languages.
Focusing only on the order of the splits, the tree produced by the Fitch

algorithm shows a rather different structure than the narrative in Section
3.3 above or the tree in Figure 5. The Fitch tree is closer to the
established history of the family, but still contains serious mistakes. The
tree with the fewest errors results from fixing the root between SHM and
ChisZ, which creates a Mixean group on one side (SHM, NHM, MM
and LM, though SHM and NHM are grouped in the wrong order) and a
Zoquean group on the other (ChisZ, ChZ, TxZ, SoZ and AyZ, though
TxZ and SoZ are grouped in the wrong order). But SaP and OlP are
unavoidably placed on the Zoquean side of the tree, and additionally are
incorrectly grouped together.
To summarize, the different interpretations of the N estimates come to

somewhat different conclusions. However, all contain serious mistakes as

11In order to establish a root, and hence the historical direction of these splits, we would
need an outgroup language for comparison. That is, we would need a language that is
historically related to Mixe-Zoquean but not a member of the family. For this purpose we
might use Proto-Uto-Aztecan (cf. the end of Section 2). However, too few of the items in
the list of 618 Proto-Mixe-Zoquean etyma have potential Uto-Aztecan cognates for us
determine the root with any level of certainty.
12For this analysis, we used the fitch program from the phylip package.
13For this analysis, we used the T-Rex program.
14For this analysis, we used the neighbor program from the phylip package.
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well as various minor errors. Some of the incorrect results of Holm’s
method in reconstructing the Mixe-Zoquean family tree may result
from his manner of interpretation, but it is also clear that the N values
themselves are not accurate. We turn now to the possible reasons for this.

4.2 The Use of Reconstructions as Data

Holm’s method relies on shared retentions as data, and that is its first
point of vulnerability. Two languages can be grouped together under one
node when they show a similar enough pattern of shared retention, even
if shared innovations – almost unanimously considered more substantial
evidence – are lacking. In our case study, this error arises with the
languages OlP and SaP. Wichmann (1995, p. 11) explains that ‘‘the
Mixean languages of Veracruz, Sayula Popoluca [SaP] and Oluta
Popoluca [OlP], are characterized by common retention rather than by
shared innovation. It has not been possible to confirm that they form a
true subgroup as is assumed in Kaufman’s classification. The situation is
probably that OlP and SaP have been different dialects ever since

Fig. 6. Mixe-Zoquean tree, based on the N estimates of most recent shared ancestor,
using the Fitch algorithm to infer the tree.
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Common Mixean times. Common retentions and probably some
conversion, however, have made them so much alike that they share a
host of features not found anywhere else.’’ As mentioned in Section 2,
Kaufman has now changed his view on SaP and OlP, so it can now be
considered uncontroversial not to assign SaP and OlP to their own
subgroup. But Holm’s method conflates history of contact and mutual
influence with close genetic relationship, and the assumption of a random
sample (see Section 3.1) is thereby violated.
A less obvious but much more serious source of error lies in the process

by which roots are established as proto-roots. The first step in recons-
truction, once it is clear that a group of languages forms a family, is to
establish lists of cognates between the languages. Only a portion of these
can justifiably be considered reflexes of proto-roots, and it is a long
process of sifting and weighting the evidence before such decisions can be
made. The easiest cognates to discard are those that are clearly borro-
wings from another family, such as Spanish loanwords in Mixe-Zoquean.
More problematic are internal loans, i.e., borrowings within a family,
which can easily be mistaken for proto-roots (cf. Brainard, 1970, p. 71; see
also Embleton, 1986, p. 141, where she attempts to correct for this in the
analysis of Romance wordlists). However, filtering out borrowing is not
everything. Even if we assume that this has been done effectively, a basis is
still needed to decide which of the remaining potential cognate sets are
common to the family under investigation (shared retentions) and which
are innovations within a particular sub-branch (shared innovations). Only
shared retentions should be reconstructed for the proto-language (and
only they belong in the etymological dictionary). Usually, some notion of
the family’s sub-grouping is employed to help make this decision. In the
case of Mixe-Zoquean, Wichmann uses the general criterion that a root
must be attested in both Mixean and Zoquean in order for there to be
sufficient evidence to consider it a proto-root.15 In fact, he goes further,
ruling out certain cases where borrowing is likely, but not provable:
‘‘there are over sixty items which are recorded for one or more Zoquean
languages, but only one of the Mixean languages: Sayula Popoluca
[SaP] . . . . In [another] twenty-five cases evidence for a pMZ [Proto-
Mixe-Zoquean] etymon is found only in Zoquean, SaP, and OlP. In these
cases, the reconstructed form is labelled pMZ, whereas in the cases where

15That this poses a problem to Holm’s approach was already recognized by Kendall
(1950, p. 42f).
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only SaP is involved the label pZ [proto-Zoquean] is used. . . . In dealing
with the items that are restricted to Zoquean and SaP I follow the
principle that all these items . . . are considered loans until this be
disproved’’ (Wichmann, 1995, pp. 213 – 214).
There is a serious problem of circularity here. Sub-grouping is precisely

what Holm’s method is supposed to uncover, and yet the data employed
to do so are typically established on the basis of what is known about the
family’s sub-grouping. The problem is particularly acute in cases like
Mixe-Zoquean where the proto-language is assumed to have undergone
an initial binary split. In such cases one typically reconstructs a proto-
root only if it is attested in both branches of the family; this is proper
historical linguistic methodology. However, recall that Holm’s method
requires a unique ‘‘signature’’ of retentions in order to recover the unity
of a branch. This means that in the case of Mixe-Zoquean it is actually
impossible for Holm’s method to determine that Mixean and Zoquean
are distinct branches, because every single reconstructed proto-root
survives into both by definition! In reality there must have been some
proto-roots that only survived in one of the two branches, but there is no
way to identify them. At first it might seem reasonable to include roots
that have been reconstructed only for Proto-Mixean or Proto-Zoquean in
the analysis, as this will catch many such ‘‘covert’’ Proto-Mixe-Zoquean
roots. An analysis we performed with such data included indeed caused
the division between Mixean and Zoquean to fall out clearly. However,
this is really not very noteworthy, because including Proto-Mixean and
Proto-Zoquean data essentially forces such an outcome. Agreements
within each of the two sub-branches are artificially increased due to the
guaranteed inclusion of many items that are not proto-roots, but shared
innovations in one of the branches. And Holm’s method cannot properly
take shared innovations into account.

4.3 Influence of the Amount of Available Knowledge

A further problem to consider is that the number of retentions that are
identified for a language in an etymological dictionary depends not only
on the historical development of the language, but also on the amount
of available data. The chance of finding a reflex of a given proto-
etymon becomes greater as the amount of available data increases.16

16Embleton (1986, pp. 22 – 24) cites various examples in which selectively available
knowledge influences the reconstruction.
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In order to test the effect of data availability, we have estimated the
number of entries in all dictionaries that were used in the preparation
of Wichmann (1995) (see Table 5). These dictionaries have various
entries for derivatives and compounds, but Wichmann’s comparative
dictionary only has a few, focusing mainly on roots. However, we judge
that the proportion of derivatives and compounds is approximately the
same in all of the individual language dictionaries, so the number of
entries should be proportional to the amount of data used in
constructing the comparative dictionary. When there are sources from
different dialects for a given language, which is the case for SHM, MM,
LM, and ChisZ, the counts are based on the largest source, but we have
added 10% for each additional source, based on the assumption
(from experience) that this is roughly the number of new forms one
finds in a smaller new source that is relatively homogeneous, i.e.,
focuses on the same semantic fields and is compiled for similar purposes
by either one and the same fieldworker or by fieldworkers with similar
backgrounds.
As expected, there is a significant correlation between the amount of

available data for a particular language and the number of attested
retentions, as can be seen in Figure 7. This is not necessarily a problem,
as long as the ‘‘missing’’ retentions (i.e., those proto-roots that have
reflexes in a language, but are not attested in available sources) are
distributed randomly throughout the proto-lexicon. If this is the case,

Table 5. Estimates of the number of entries in the dictionaries used in the preparation of
the Mixe-Zoquean etymological dictionary, ordered by number of entries.

Language Number of Entries

LM 7000
ChisZ 6000
NHM 5600
MM 4100
OlP 4000
TxZ 4000
SaP 3600
AyZ 2000
ChZ 1600
SoZ 800
SHM 700
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languages with missing retentions will simply appear to have undergone
greater amounts of change than is actually the case, but the method
should still produce accurate N estimates. The central question thus is
whether the missing retentions are distributed randomly. It would be
difficult to answer this question directly. However, the fact that two
significant errors in the results of Holm’s method are the placement of
ChisZ and SHM might be taken as circumstantial evidence that the
amount of available data does distort the results: ChisZ is one of
the best documented Mixe-Zoquean languages, and SHM one of the
poorest.
It is also important to realize that this problem is not restricted to

families like Mixe-Zoquean where there is comparatively little informa-
tion available. The same problem would arise whenever there are varying
levels of documentation among languages, even if all the languages in
question were amply documented.

Fig. 7. Correlation between the amount of data available and the number of retentions r
for each Mixe-Zoquean language (Pearson’s R2¼ 0.748).
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5. COMPARISON WITH TRADITIONAL LEXICOSTATISTICS

Holm explicitly created the separation base method as an improvement
over lexicostatistics. Addressing his criticisms from a theoretical point of
view, we agree that closely related languages may be incorrectly classified
if they differ significantly in their respective degrees of retention (the
‘‘proportionality trap’’). One should not exaggerate the importance of
this problem, since the input data for lexicostatistics also include shared
innovations, which at least partially counterbalances its possible effects.
Even so, the problem does exist.
In order to judge the impact of this and other potential problems

empirically, we have performed lexicostatistical analysis on a set of Mixe-
Zoquean data, and our results may be compared to those arrived at
under Holm’s approach. We had word lists available for ten of the twelve
extant Mixe-Zoquean languages, including two variants of Chimalapa
Zoque (see Appendix). The languages for which we lack lists are AyZ and
MM. The Mixe-Zoquean tree, however, remains largely the same without
them. That is, there should be a Gulf Zoquean node whether or not AyZ
is represented, and there should be an Oaxaca Mixean node whether or
not MM is represented.
We used meaning lists containing translations of 110 different

concepts. It was often the case that there was more than one possible
translation into a Mixe-Zoquean language. However, in order to increase
the relevance of the data to the problem at hand, we have only included
translations that have cognates in one of the other languages in the list.
Possible variants that do not have any cognates were removed, except in
the cases where none of the translations of a particular meaning had
cognates in any of the languages. In a few cases, a language had more
than one variant with cognates in the other languages. We split these into
two entries, resulting in a total of 115 entries. Our judgments of cognacy
may be seen in the numerical list following the word list in the Appendix.
Cognate forms are coded with identical numbers. The magnitude of the
number is of no significance; the only feature coded is cognacy versus
non-cognacy. These judgments are based on known phonological
changes.
Several entries in the word list are cognate in all ten languages

considered. Although such cognate sets might be employed to argue for
the unity Mixe-Zoquean as a whole, they do not help in establishing its
sub-grouping. As we are here only interested in the sub-grouping, we
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have coded more fine-grained distinctions in these entries when possible.
In some of them there is a difference in lexical derivation, i.e., some
languages have a shared affixed or compound form that is not found in
the other languages. For example, the word for ‘ashes’ clearly contains
the root *ham in all ten languages. However, some languages show
further agreement in reflecting *kuy-ham. We have coded two different
cognate sets for this entry, although they are clearly related. Only in such
cases with a complete cognate set with lexical differentiation did we
decide to separate the cognates into two groups in order to increase the
amount of evidence to be considered for sub-grouping. We did not use
phonological criteria to establish such divisions.
To measure similarity between languages, we calculated the ratio of

shared cognates to the total of possible shared cognates for each pair of
languages. The number of possible shared cognates was not always 115,
because not all entries were available for every language. Instead, we
counted the number of entries with data available for both of the
languages in question. These similarity measurements are summarized in
Table 6.
In order to produce a tree, we applied the Fitch algorithm17 to the

matrix of cognate percentages (using one minus the percentages in order
to produce a dissimilarity measure). The resulting tree is shown in
Figure 8. Although it is an unrooted tree, the divisions strongly agree
with Wichmann’s (1995) classification. It is clearly a much better
representation of the history of Mixe-Zoquean than any of the results
produced by Holm’s method: the division between the Mixean
and Zoquean branches is strongly suggested, and furthermore, the
Gulf-Zoquean (SoZ and TxZ) and Oaxaca Mixean languages (LM, SHM
and NHM) are correctly placed in subgroups. Two subgroups disagree
with Wichmann’s (1995) classification, namely ChZ and ChisZ within
Zoquean and SaP and OlP within Mixean. However, they split a very
short distance after the previous splits, indicating that there is little
evidence for these subgroups. Additionally, the Fitch algorithm only
produces binary splits, so this result is about the nearest one can get to
showing a three-way split, which is what Wichmann (1995) argued for.
Recall also that a subgroup for ChZ and ChisZ was proposed by
Kaufman.

17We used the fitch program from the phylip package, which implements this
algorithm.
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The format of our word list data is, it so happens, also the format
needed to apply an algorithm that has become widely used to infer
phylogenies in biology: maximum parsimony. Maximum parsimony
methods operate on data of the form given in Appendix B, normally
referred to as ‘‘character’’ data, not on secondary data such as shared
cognate percentages or other similarity measures. Using character data
has the advantage of taking into account all available information, which
is not the case with similarity methods (although the loss of information
by transforming the data into a similarity matrix is apparently not that
large, cf. Felsenstein, 2004, p. 147). Maximum parsimony methods search
for trees that minimize the number of changes (innovations) that must
have occurred in the development from the original proto-state to the
state represented by the character data.
There are various maximum parsimony methods. We have used the

Wagner parsimony method (Kluge, 1969, pp. 6 – 8), in which every
change of state is taken to be equally likely. This means that for every
entry in our word list, the change from any one cognate set into any other
cognate set is equally likely. This is a reasonable assumption, because our
word lists contain no claims about which forms represent reflexes of

Fig. 8. Mixe-Zoquean tree based on the word list, using the Fitch algorithm to infer the
tree.
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proto-forms. We have to assume that every attested lexeme could reflect
the original form, and thus that every possible change between the
various lexemes in our list could have occurred.18 The result of applying
Wagner’s Maximum Parsimony to our word list is shown in Figure 9.19

Again, the split between Mixean and Zoquean can clearly be seen in the
unrooted tree. The Gulf Zoquean and Oaxaca Mixean groups are also
distinct. As before, ChZ and ChisZ form a subgroup, agreeing with
Kaufman’s but not Wichmann’s tree. Interestingly, SaP and OlP do not
form a group at all in this tree. Instead, OlP is incorrectly grouped with
the Oaxaca Mixean languages. Neither Wichmann’s nor Kaufman’s
classification calls for such a group. The result of the Maximum
Parsimony analysis is not quite as good as the Fitch analysis of cognate
percentages (Fig. 8). This could indicate the unsuitability of Maximum
Parsimony methods for linguistic data (cf. Wichmann & Saunders, 2005).
However, the tree is still a clear improvement over the results of Holm’s
method.
Finally, in Figure 10, we present a different way of depicting the

structure of the dissimilarity matrix. This figure shows a split decom-
position tree (Bandelt &Dress, 1992).20 In such a tree, conflicting evidence
is shown in the form of criss-crossing lines, so-called reticulations. Various
possible trees are presented simultaneously, with the length of the
branches indicating how much evidence there is for a particular group.
For example, looking at the Mixean subgroup in the lower right, it can be
seen that there is good evidence for Oaxaca Mixean (in the form of the
length of the box separating LM, SHM, and NHM from the rest), but also
a little bit of conflicting evidence grouping SaP together with NHM (in the
form of the depth of box that separates LM, SHM, and NHM from the
rest). The evidence for grouping OlP with the Oaxaca Mixean languages
(as was done by the Wagner method above) can be discerned in the form
of the little boxes at the division between OlP, SaP, and Oaxaca Mixean.
The small size of the boxes shows that the amount of evidence for this

18In this case, detailed comparative work has been done, and we have good evidence for
proto-forms in many cases. However, we are trying here to simulate a situation like that
in which traditional lexicostatistics is usually applied, where such work has not yet been
carried out.
19For this analysis, we used the pars program from the phylip package.
20This particular graph was made with the SplitsTree program, using the
NeighborNet algorithm developed by Bryant and Moulton (2002).
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subgroup is extremely small. Overall, the split decomposition tree in
Figure 10 is an almost exact representation of the tree proposed by
Wichmann (1995).

6. CONCLUSION

Holm’s sub-grouping method did not give adequate results for our test
case of Mixe-Zoquean. We have identified various reasons why the
method failed, all of which focused on its empirical basis, namely etymo-
logical dictionaries, which are never complete or ideal. The method might
work if we had perfect knowledge about the ancient heritage of a family,
but this is clearly never the case. The establishment of proto-forms for a
group of languages is a complex issue, and various circumstantial factors
influence this process, such as preconceptions about the structure of
the family and the amount of available data. All such factors have an
influence on the results of Holm’s method.
In conclusion, we believe that although Holm has a novel and interes-

ting approach to the subgrouping problem, in practice it does not yield

Fig. 9. Mixe-Zoquean tree based on the word list data, using the Wagner Maximum
Parsimony algorithm to infer the tree.
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good results. Furthermore, although his criticisms of lexicostatistics are
valid in principle, the results we obtained from lexicostatistic analysis of a
short word list were surprisingly good.
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Investigación para la Integración Social.

Nordell, N. (1962). On the status of Popoluca in Zoque-Mixe. International Journal of
American Linguistics, 28, 146 – 149.

Pokorny, J. 1994 [1948 – 1959]. Indogermanisches etymologisches Wörterbuch. 3rd ed.
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APPENDIX: MIXE-ZOQUEAN WORDLISTS

The word lists of this appendix were assembled from the following
sources:

NHM (Totontepec): Schoenhals and Schoenhals (1965)
SHM (Ayutla): Personal communication from Yásnaya Elena

Aguilar (native speaker)
LM (Coatlán): Hoogshagen and Hoogshagen (1993)
SaP: Clark and Clark (1960)
OlP: Clark (1981)
TxZ: Wichmann (2002)
ChisZ (Copainalá): Harrison, Harrison and Garcı́a (1981)
SoZ: Elson and Gutiérrez (1999)
ChZ Maria: Knudson (1980)
ChZ Miguel: Johnson (1998)

Albert Davletshin was instrumental in the initial compilation of the
lists from NHM, SaP, OlP, TxP, and ChisZ, for which we thank him
heartily. The 110 item list, which consists of the 100-item Swadesh lists
plus a 10-item addition by Yakhontov, is one currently used by Sergei
Starostin and his collaborators. Most of the forms in the lists
have subsequently been checked by us and we have added the rest of
the lists.
We have standardized the orthographies using standard Americanist

notation. However, vowel length is represented by doubled vowel
symbols. The orthographic changes are straightforward and need not be
indicated here, the only exceptions being the NHM vowels, for which we
have made the following conversions with respect to the original source:
e! e, u! ı̈, a! , o! u, o!o (the rest of the vowel symbols being
unchanged), and the SHM vowels, where we have made the following
conversions: ë! , a!æ, ä! a. These changes are intended to bring the
vowel orthographies somewhat closer to IPA notation. Morpheme breaks
that are clearly identifiable synchronically are indicated by a hyphen.
‘‘Synchronically identifiable’’ means that the morphemes to both sides of
the hyphen are known by us to recur in the given language and,
furthermore, that we understand their contribution to the semantics of the
particular form. Morpheme breaks are not found in the original sources
except in the case of TxZ. Verbs are cited as roots, stripped of inflectional
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morphology, and phonological (ablaut) alternants are given, separated by
a tilde.
In the complete versions of the lists there are regularly multiple

possible translations of single concepts. When one of the translations, but
not the other(s), was matched by a form in one or more of the other
languages, we removed the alternative translation(s). Only when multiple
cognate sets could be established from the alternatives of two or more
languages or when there appeared to be no cognates did we leave all
possible translations in the lists as given below.
Following the wordlist table there is a table where we have coded the

cognates within each line of the word lists. Cognate forms are given
identical numbers, but the ranks of these numbers are completely
arbitrary and are not taken into account in the calculations. NA stands
for ‘‘not attested’’. In a number of cases, all forms were cognate across
the ten Mixe-Zoquean languages under consideration. If in such cases
there were nevertheless lexical differences shared among a subset of the
languages (e.g., the presence vs. absence of a derivational affix or a
compounded element), these shared deviating forms were coded as
belonging to a separate cognate set (see for example the translations of
‘ashes’). This procedure served the purpose of extracting the maximum
amount of information for subgrouping purposes. Otherwise, that is
when compounded elements or derivational affixes were not shared
among two or more languages, such elements were ignored when
assessing relatedness. The decisions regarding the identification of
cognates were informed by knowledge of regular sound changes,
although in a few cases the lack of complete understanding of the
etymology of a given form forced us to make somewhat more subjective
decisions.
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Appendix Table 2. Coding of cognate sets.

Meaning NHM SHM LM SaP OlP TxP SoZ
ChZ
Maria

ChZ
Miguel ChisZ

all 1 2 2 3 4 5 6 7 8 5
ashes 2 2 1 1 2 1 1 1 1 1
bark 1 1 1 1 NA 2 NA 2 2 2
belly 1 5 2 1 3 4 NA 4 4 4
big 1 1 1 1 2 3 1 3 5 1
bird 1 2 2 2 3 2 2 2 2 4
bite 1 1 2 3 4 5 6 NA 6 5
black 1 1 1 2 2 1 1 1 1 1
blood 1 1 1 1 1 1 1 1 1 1
bone 1 1 1 1 1 1 1 1 1 1
breast 1 2 2 3 NA 4 4 NA 5 5
burn (tr.) 1 8 2 3 3 5 6 7 4 4
claw/nail 1 1 1 1 1 2 2 2 2 2
cloud 1 5 2 1 1 4 4 NA 1 3
cold 1 1 2 3 4 5 5 6 6 5
come 1 2 2 3 3 2 2 2 2 2
die 1 1 1 1 1 2 2 2 2 2
dog 1 1 1 2 3 5 5 6 6 4
drink 1 1 1 2 2 1 1 1 1 1
dry 1 1 1 1 1 1 1 1 1 1
ear 1 1 1 1 1 1 1 1 1 1
earth 1 1 1 1 1 1 1 1 1 1
eat 1 2 2 2 2 3 3 3 3 3
egg 1 1 1 2 1 4 4 3 3 3
eye 1 1 1 1 1 2 2 3 3 1
far 1 1 1 2 3 5 5 4 4 4
fat (n.) 1 1 2 3 1 NA 5 6 7 4
feather 1 1 2 NA 1 1 1 1 1 1
fire 1 1 NA 1 1 2 2 2 3 2
fish 1 1 1 1 2 3 4 2 2 2
fly (v.) 1 2 2 2 3 2 2 2 2 4
foot 1 1 1 2 3 5 6 7 7 4
full 1 1 2 3 1 6 6 7 7 5
give 1 3 1 1 1 2 2 2 2 2
good 1 1 1 1 1 2 2 NA 2 1
green 1 1 1 1 1 1 1 1 1 1
hair (1) 1 1 1 NA NA 1 1 1 1 1
hair (2) NA NA NA 1 1 NA NA NA NA 1
hand 1 1 1 1 1 1 1 1 2 1
head 1 1 1 1 1 1 1 2 1 1
hear 1 1 1 1 1 1 2 1 1 1

(continued )
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Appendix Table 2. (Continued ).

Meaning NHM SHM LM SaP OlP TxP SoZ
ChZ
Maria

ChZ
Miguel ChisZ

heart 1 4 2 NA 2 3 4 3 3 3
heavy 1 2 2 3 NA 2 2 1 1 1
horn 1 1 2 1 1 1 NA NA 3 1
I 1 1 1 1 1 1 1 1 2 1
kill 1 1 1 1 1 2 2 2 2 2
knee 1 1 1 1 1 1 1 2 2 3
know 1 1 2 2 2 3 4 3 3 3
leaf 1 1 1 1 1 1 1 1 1 1
lie 1 2 2 3 4 5 6 7 7 8
liver 1 1 1 1 1 1 1 1 2 2
long 1 1 2 3 4 3 3 5 5 5
louse 1 2 1 2 2 2 2 2 2 2
man 1 1 1 2 3 4 4 4 4 4
many 1 1 1 1 2 4 5 6 6 3
meat 1 1 1 2 1 2 3 2 2 2
moon 1 1 1 1 1 1 1 2 2 1
mountain 1 1 1 1 1 2 2 NA 2 2
mouth 1 1 1 1 1 3 3 3 3 2
name 1 1 1 2 1 2 2 2 2 2
near 2 1 1 2 2 3 3 2 2 2
neck 1 1 1 1 NA 2 NA NA 3 2
new 1 2 2 1 1 2 2 2 2 2
night 2 2 1 1 1 1 1 1 1 1
nose 1 1 1 1 1 2 2 2 2 2
not 1 1 1 1 2 3 4 1 4 4
one 1 1 1 1 1 2 2 2 2 2
person 1 1 1 1 1 2 NA NA NA 2
rain 1 1 1 1 1 1 1 1 1 1
red 1 1 1 1 1 1 1 1 1 1
road 1 1 1 1 1 1 1 1 1 1
root 1 1 2 2 2 2 2 3 3 3
round 1 1 1 2 NA 3 3 NA NA 2
salt 1 1 1 1 1 1 1 1 1 1
sand 1 1 1 1 1 1 1 3 1 2
say 1 5 2 3 3 4 4 4 4 4
see (1) 1 1 1 1 NA 1 1 1 1 3
see (2) NA NA NA 1 1 NA NA NA NA NA
seed 1 2 2 3 2 3 2 3 3 3
short 1 1 1 NA 1 2 2 1 1 1
sit 1 1 2 1 3 5 5 1 1 4
skin 1 1 1 1 1 2 2 2 2 2

(continued )
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Appendix Table 2. (Continued ).

Meaning NHM SHM LM SaP OlP TxP SoZ
ChZ
Maria

ChZ
Miguel ChisZ

sleep 1 1 1 1 1 3 3 3 4 2
small 1 2 2 3 3 4 5 NA 6 3
smoke 1 1 1 2 1 1 1 3 3 1
snake 1 1 1 1 1 1 1 1 1 1
stand (1) 1 1 1 1 1 2 1 NA 1 1
stand (2) NA NA NA NA NA NA NA 1 1 NA
star 1 1 1 1 1 1 1 1 1 1
stone 1 1 1 1 1 1 1 1 1 1
sun 1 1 1 1 1 2 2 2 2 2
swim 1 3 2 3 3 5 5 3 6 4
tail 1 1 2 1 1 1 1 1 1 1
that 1 6 2 3 2 NA 2 NA 5 4
thin 1 1 1 1 2 4 5 1 6 3
this 1 1 2 1 3 1 4 1 1 1
thou 1 1 1 1 1 1 1 1 1 1
tongue 1 1 1 1 1 NA 1 2 1 1
tooth 1 1 1 1 1 1 1 1 1 1
tree 1 2 1 1 1 1 1 1 1 1
two 1 1 1 1 1 2 2 3 3 1
walk/go (1) 1 1 1 1 2 2 2 NA 2 2
walk/go (2) NA NA NA NA NA NA NA 1 1 NA
warm 1 1 1 2 3 NA NA 5 5 4
water 1 1 1 1 1 1 1 1 1 1
we 1 1 1 1 1 1 NA 2 2 3
what 1 1 1 1 1 1 1 1 1 1
white 1 1 1 1 1 1 1 1 1 1
who 1 1 1 1 1 3 4 2 2 2
wind 1 1 1 2 3 4 4 NA 4 4
woman 1 2 2 2 3 4 4 4 4 4
worm (1) 1 2 2 3 4 5 5 5 4 NA
worm (2) NA NA NA NA NA 1 NA NA NA 1
year 1 1 1 2 2 3 3 3 3 3
yellow 1 1 1 1 1 1 1 1 1 1
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