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The decipherment of part of the epi-Olmec script of ancient Mexico, which yields the earliest 
currently readable texts in Mesoamerica, has been achieved over the last 2 years. This was 
made possible by the discovery of a stela with a long inscription at La Mojarra, Veracruz, 
Mexico, in 1986. This decipherment is based on both a reconstruction of the early stages 
of languages spoken in the region and semantic clues provided by comparison with cultural 
practices and other script traditions of early southern Mesoamerica. Summarized here is 
the current state of the phonetic decipherment, the methods used for the decipherment, 
and results concerning the epi-Olmec language and script. The language identified in the 
inscriptions is pre-proto-Zoquean, the ancestor of four languages now spoken in the states 
of Veracruz, Tabasco, Chiapas, and Oaxaca. The decipherment contributes to knowledge 
of early Mixe-Zoquean language history. The script is more closely related to Mayan 
hieroglyphic writing than to other early Mesoamerican scripts, and this relation is closer 
than previously recognized. 

A distinctive script tradition flourished 
from about 150 B.C. to A.D. 450 in south- 
ern Mexico in the former heartland of 
Olmec civilization (Fig. 1). We refer to this 
tradition as epi-Olmec because the archeo- 
logical cultures of the area descended from 
that of the Olmecs (1200 B.C. to 500 
B.C.). The script may itself descend from 
an Olmec hieroglyphic system, but too 
little of the Olmec scriot has been recov- 
ered to confirm or disprove a connection. 
We outline our ~ar t ia l  decioherment of this 
system and the evidence for this decipher- 
ment. The keys to our decipherment were 
(i) the discovery of a lengthy text in the 
script; (ii) the assumption that the texts 
were in Mixe-Zoquean languages; (iii) our 
analysis of the grammatical structures of 
available texts; (iv) an account of these , ~ ,  

structures in terms of the previously recon- 
structed grammar of proto-Mixe-Zoquean; 
and (v) clues to word meaning, from calen- 
drical constraints and from comparison 
with similar Mayan signs, that enabled us to 
correlate spelled-out words with recon- 
structed proto-Zoquean and proto-Mixe- 
Zoquean vocabulary. 

The Decipherment 

Decipherment is a process of accounting for 
the patterns of sign use in texts. We sum- 
marize our account of epi-Olmec patterns in 
terms of the language represented in the 
texts, the principles by which this language 
was represented in the script, our readings 
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and interpretations for words and signs, and 
the content of the texts. The texts whose 
condition permits analysis are La Mojarra 
Stela 1 (A.D. 159; Fig. 2) and the Tuxtla 
Statuette (A.D. 162; Fig. 3 ) ;  our decipher- 
ment makes them the earliest currently 
readable texts in Mesoamerica. The stela 
depicts an epi-Olmec warrior-king. Its text, 
as we read it, provides a lengthy description 
of his rise to kingship through several years 
of warfare and ritual activity. It is unusual 
in its emphasis on the roles of his support- 
ers. The statuette describes the ritual activ- 
ities of a probable shaman, and its text ends 
with him calling up his animal spirit com- 

Fig. 1. Sources of epi-Olmec inscriptions and 
the distribution of Mixe-Zoquean languages of 
southern Mexico at the time of the Spanish 
invasion, approximately A.D. 151 9 to 1525. 
Areas of Zoquean speech are indicated in 
black; areas of Mixean speech are stippled. 
Sites from which epi-Olmec and related texts 
have been recovered are: 1 ,  La Mojarra; 2, San 
Andres Tuxtla; 3, Chiapa de Corzo; 4, Cerro de 
las Mesas; 5, Tres Zapotes; and 6, El Sitio. 

panion. The statuette appears to depict this 
or his impersonation of this companion, for 
it shows a human being in the guise of an 
animal, wearing a duckbill mask and a cape 
of bird wings and claws. Although they are 
from different sites, these two texts are 
closely related. The statuette postdates the 
stela by less than 3 years. Its shaman is 
apparently mentioned twice on the stela in 
association with the accession rituals of the 
La Mojarra ruler. The rites described on the 
statuette were performed on the sixth anni- 
versary of the ruler's last recorded battle 
before accession. 

The language represented in these texts 
is an early form of Zoquean. Zoquean is a 
branch of the Mixe-Zoquean language fam- 
ily (Fig. 4), and seven Mixe-Zoquean lan- 
guages exist today, spoken by 100,000 to 
140,000 native Americans. The four mod- 
ern Zoquean languages descend from proto- 
Zoquean, spoken about 1400 years ago. We 
identify epi-Olmec texts as pre-proto-zo- 
quean (ancestral to proto-Zoquean) by re- 
lating textual evidence to Kaufman's (1) 
reconstruction of Mixe-Zoquean language 
history. This reconstruction is based on a 
comparison of the modern Mixe-Zoquean 
languages, whose attestation in European 
script goes back to the 17th century. 

Proto-Zoquean, proto-Mixean, and 
proto-Mixe-Zoquean contained 11 conso- 
nants (p, t, k, tz, 2, s, j, m, n, w, y)  and 6 
vowels (i, e, tt, a, u, 0 ) ;  Mixean, but not 
Zoquean, had both long and short vowels 
(2). (We introduce reconstructed grammat- 
ical characteristics as thev become relevant 
to the discussion.) Epi-Olmec texts were 
written in columns. normallv read from left 
to right (3), and signs usually occupy their 
column's width. Whenever signs abut, they 
form together a full word or phrase. More 
often, successive signs, even within words, 
are separated by space; words can even be 
split across columns. 

Most epi-Olmec signs are syllabograms, 
signs that represent a syllable, or logograms, 
signs that represent words or morphemes 
(4). All or most epi-Olmec syllabograms 
reoresent consonant-vowel (CV) svlla- 

\ , I  

bles-that is, a consonant and following 
vowel. Those we can read with assurance 
are given in Fig. 5A and cover 21 of 66 
possible syllabic values. Worldwide, all syl- 
labaries adequately spell the CV sequences 
of spoken words with the use of the corre- 
sponding CV sign, as when ja-ma spells 
*jama 'day' (Fig. 6L). With the use of only 
CV syllabograms, however, the pronuncia- 
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tion of the word and the straightforward 
reading of the sign sequence necessarily 
conflict whenever a consonant in the lan- 
guage precedes a consonant or ends a word. 
This conflict is resolved in one of two ways. 
(i) The consonant may not be spelled, as in 
we-pa for *wej-pa 'he shouts' (Fig. 6G). 
(ii) If the consonant is spelled, the vowel 
of the CV sign is not pronounced, as in 
?i-ki-p(i)-wtt for * ?i-kip-wtt 'he fought 
himithem' (Fig. 6A; unpronounced vowels 
are transliterated in parentheses). In epi- 
Olmec writing, all consonants are written 
when they immediately precede a vowel, 
and this is the only context in which 
"weak" consonants (7, j, w ,  or y) are 
written. We have too little evidence to 
determine whether "strong" consonants 
may sometimes not be written. The vowel 
in a CV spelling for a nonprevocalic con- 

sonant is the last preceding vowel, which is 
called the vowel synharmony convention. 
When a word ending in ?V (word-final) 
immediately precedes a word that begins 
with ?V (word-initial) and the vowels are 
the same, then the word-initial ?V may 
perhaps be omitted in spelling. 

Some signs perhaps represent syllables 
closed by a consonant (Fig. 5C). One likely 
example, M S ~  14 (5 ) ,  may represent differ- 
ent morphemes that have the same pronun- 
ciation, *tuk 'to happen' and *tuk 'to har- 
vest'. Others represent not only morphemes 
but also syllables or phoneme sequences 
within morphemes. One possible example 
of this is MS130, used for the syllable tza 2 in 
the root *matza? 'star' (6). Less securely, 
MS53 (in 13-MS53-ma) is perhaps used for 
the sequence jam in *jama 'day' and to spell 
*jam 'gray, ashes'; MS54 is perhaps used for 

Fig. 2. Drawing of La Mojarra Stela 1 
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*kak 'to exchange', which relates to succes- 
sion in office, and for the syllable kak in the 
root *kakpe 'scorpion' (as a constellation 
name). 

Grammatical affixes are spelled by syl- 
labograms. The most common grammatical 
affixes consist of a CV sequence and are 
spelled by a CV sign-that is, ?i  for the 
pronominal prefix * ? i -  and w e  for the 
verbal suffix *-wtt in ?i-ki-p(i)-wtt for * ?i- 
kip-wtt 'he fought himithem'. Affixes that 
consist of a single vowel are spelled by a CV 
sign that conveys that vowel and the con- 
sonant preceding it-that is, ?aw-RULE- 
mtt for * ?aw=ki?m-tt 'rulership, authority' 
(Fig. 6K). Grammatical affixes ending in a 
weak consonant can be spelled by a CV 
sign-for example, *-jay 'indirective' by ja 
(7), *-ktt ? 'inceptive' by ktt ( 8 ) ,  and *-kuy 
'instrumental' by ku (9). Grammatical af- 
fixes that end in strong consonants were 
apparently spelled syllabically in the same 
way as a root of the same pronunciation- 
that is, tt+n(tt) spells the pronominal prefix 
*ten-. 

Some epi-Olmec logograms represent an 
uninflected root or stem (JAMA for *jama 

Fig. 3. The Tuxtla Statuette 
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'day; animal spirit companion' (1 0) (Fig. 
6N). Some can designate a morpheme 
within a word; for example, RULE desig- 
nates *ki?m 'to ascend' in paw-RULE-mtt 
for *?aw=ki?m-tt 'rulership, authority'. In 
some cases, a sign that spells a verb stem is 
used with the phonetic value of the verbal 
noun that corresponds to the verb stem- 
that is, JU ? TZ 'to pierce' is also read ju? tri 
'when'; KI3M 'to accede' is also read 
ki ?m-tt  'accession'. Syllabograms can be 
preposed or postposed (or both) to a logo- 
gram either to indicate the initial or final 

portion of its pronunciation, as in ma- 
STAR-tza ? for *matya ? 'star, planet' (Fig. 
6M), or to spell grammatical affixes. 

Occasionally, spelled-out words are used 
pictorially, not linguistically. For example, 
one sign cluster that designates a geograph- 
ic term (perhaps 'town') consists of WATER 
alongside a sloped sign (apparently a moun- 
tainside) surmounting EARTH (Fig. 7A). 
Moreover, some titles or offices are desig- 
nated by a spelled word in the headdress of 
a profile face sign. For example, logosyllabic 
(partly logographic and partly syllabic) 

s T A R - ~ z ~  (Fig. 7C) *matxa 'star' stands 
for a warrior title [Fig. 7, D and E; the 
battles recounted at La Mojarra were timed 
according to the cycle of Venus (1 l) ,  as was 
customarily done among the Mayans], and 
a knotted cloth (Fig. 7F) around a bundle 
stands for a title of supreme authority (Fig. 
7G; in both epi-Olmec and Mayan writing, 
the knotted cloth refers to royal accession). 

We have epigraphic evidence for both 
the pronunciation and the meaning of sev- 
eral epi-Olmec logograms (Fig. 8A). For 
others, we have evidence for meaning but 

Readings supported 
by multiple contexts 
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Fig. 5. (A) The epi-Olmec syllabary. All the 
numbers next to the signs are Macri-Stark num- 
bers (5). Most of the readings here are based 
on multiple contexts and highly probative se- 
mantic or grammatical constraints (or both); the 
po and ttr readings for ~ ~ 1 2 2  and ~ ~ 1 0 2  are 
each proposed on the basis of both grammat- 
ical and semantic controls, but each occurs in 
just one context. The functional equivalence of 
~ s 3 8  and ~ s 3 9  was previously postulated (19). 
(B) Epi-Olmec syllabograms of uncertain read- 
ing. (C) Proposed CVC syllabograms. 
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not, epigraphically, for pronunciation (Fig. 
8B). In some of these cases, we can still be 
reasonably sure of the Zoquean word repre- 
sented; one case is the epi-Olmec sign YEAR, 
given that descendants of proto-Mixe-Zo- 
quean * 2ame are the only native words for 
'year' in any Mixe-Zoquean language. 

Inference Methods 

Phonetic decipherment requires interlock- 
ing clues to sign pronunciation. In Old 
World decipherments, such clues came 
mainly from proper names, from bilingual 
texts, or both, with versions in the undeci- 
phered system and in a known language and 
script. In the decipherment of Egyptian, 
the Greek text on the Rosetta Stone al- 
lowed both Thomas Young (in 1814) and 
Jean-Franqois Champollion (in 1822) sepa- 
ratelv to determine semantic corresnon- 
dences between words spelled in its Egyp- 
tian text and known Greek words: comDar- 
ison with Coptic, the descendant' of E & ~ -  
tian, could then be used to exploit the 
semantic clues. Proper names were useful 
because in the Old World they were com- 
monly borrowed roughly as pronounced; 
their forms as reported in other languages 
resemble those in the undeciphered script. 
Thus, when the hieroglyphic spellings for 
the names of Ptolemy, Cleopatra, and Al- 
exander were recognized through their cor- 
respondence with these namesin the Greek 
versions of Egyptian-Greek bilingual in- 
scriptions, the Egyptian signs spelling out 
these names could be assigned an initial set - 
of approximate phonetic values. 

These aids were not available for the 
decipherment of epi-Olmec writing. There 
are no known bilingual texts from ancient 
Mesoamerica. Proper names were usually 
translated when borrowed, and in any case 
no e~i-Olmec DroDer names were known to 

L L 

survive (although decipherment has led us 
to recognize a god name 'Ten Sky', known 
also in Mayan). The epi-Olmec decipher- 
ment therefore required a prior, correct 
identification of the language being written 
(pre-proto-Zoquean). It also depended on 
our assumptions concerning the representa- 
tional principles of the writing system and 
on the availability of enough textual data to 
warrant analysis. In addition, some of the 
content of the text could be inferred on the 
basis of practices in other early Mesoamer- 
ican writing systems. 

It was the discovery of Stela 1 of La 
Mojarra, Veracruz, Mexico (12; Fig. 2), 
that made the decipherment of epi-Olmec 
writing possible. Its lengthy, mostly well 
preserved text was the first to provide 
enough data so that multiple lines of evi- 
dence could constrain the reading of a large 
number of signs. Nine other probable texts 
in the script were already known. One, on 

the Tuxtla Statuette (Fig. 3), we partly 
analyzed grammatically, and it has been 
quite useful in the decipherment of the 
script. The other texts are not susceptible 
to grammatical analysis. The two epi-01- 
mec texts from Chiapa de Corzo are frag- 
mentary (13), and the four from Cerro de 
las Mesas (stelas 3, 6, and 8 and the 
Chapultepec Stone), Tres Zapotes Stela C,  
and the Alvarado Stela are mostly effaced 
(14). Related scripts occur on two portable 
objects, a celt from El Sitio, Guatemala 

Fig. 6. Various epi-Olmec spellings. (A) 71-ki- 
p(i)-WH, spelling i-kip-m 'he fought him1 
them'. (B) S C A ~ E R - w ~  ? I - M s ~ ~ ,  spelling 'his ~s58  
got scattered'. (C) ko-~u?~z-ktt-wtt ?CRULE-S~-?~, 
spelling ko-ju?tz-kd-we 3-kPm-tt=si?i4his royal 
privates began to get pierced on behalf of 
others'. (D) 20-s(I), spelling zips 'twenty'. (E) 
?Cs(i), spelling ?is 'lo!'. (F) we-ne, spelling 
wen-e 'part@)'. (G) we-pa, spelling wej-pa 'he 
shouts'. (H) Probably ?o-tu-pa, spelling lotuw- 
pa 'he speaks'. (I) ~sl46a-s~y-pa, spelling tzap 
'sky', (J) [. , .] ~ C B L O O D L E ~ I N G  PENIS-INSIDE-mtf- 
k(tt,)  TITLE^ WH, spelling 'he who is  TITLE^ [under- 
went] his bloodletting from within the penis'. (K) 
~ ~ W - R U L E - ~ W ,  spelling ?aw=ki?m-H 'rulership, 
authority'. (L) ja-ma, spelling lama 'day'. (M) 
ma- STAR-^^^?, spelling matza? 'star, planet'. (N) 
JAMA, spelling jama 'day'. Strings of symbols 
that have a glyph in common are arranged so 
that they are adjacent, either vertically or hori- 
zontally. 

(15), and a ceramic mask of unknown 
provenience. 

The previously known texts had been 
the basis for limited analysis (16, 17) that 
indicated that epi-Olmec writing was more 
closely related to Mayan than to other 
Mesoamerican scri~ts. that its numeral and 

& ,  

calendrical systems were much the same as 
Mayan, and that its texts preserved the 
columnar format that was modified in the 
Mayan-Izapan area to a more complex sys- 
tem of  aired columns. Obvious similarities 
in form and context between Mayan and 
e~i-Olmec numeral and calendrical signs 
skowed that the script contained loio- 
grams. The most important noncalendrical 
proposals were Ayala's suggestions [as cited 
in (1 7)] that MS20 is a clause-ending sign 
and MS38 a clause-initial sign on the basis cz 

of their frequent positions at the end and 
beginning of the columns. 

Our initial working hypothesis-the only 
one we considered ~lausible-was that e ~ i -  
Olmec texts were written in a Mixe-Zo- 
quean language; almost all recent work on 
epi-Olmec writing makes this assumption 

Fig. 7. Iconic sign groupings. (A) A type of 
geographic location, such as 'town', indicated 
by iconic signs for water, earth, and unidenti- 
fied elements. (B) Sunrise or sunset, indicated 
by sky and earth signs in the orientation of the 
Mayan "sun-at-horizon" compound. (C) A spell- 
ing STAR-tza? for *matza? 'star, planet', which 
appears in the headdress of the profile face 
sign in (D) and (E), where it evidently indicates 
a title or office related to war. (D) Title and name 
of protagonist of La Mojarra Stela 1 text. (E) 
Title of the protagonist of La Mojarra Stela 1 text 
during military campaigns before accession. 
(F) Knotted cloth, used in Mayan and epi- 
Olmec texts in reference to accession to ruler- 
ship evidently through the tying on of authority 
symbols to the forehead; it appears in the 
headdress of the profile face sign in (G), where 
it evidently indicates a title or office of supreme 
authority. (G) Title and name of the protagonist 
of La Mojarra Stela 1 on the date of his acces- 
sion. Signs are arranged on the same principle 
as used in Fig. 6. 
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(12, 18, 19). At the time of the first Euro- 
pean records, Mixe-Zoqueans were present 
in and near the region from which the script 
is attested (Fig. I), and speakers of all other 
languages in the region were intrusive. Fur- 
ther, the correlation of cultural artifacts and 
practices widely diffused throughout Me- 
soamerica with vocabulary diffused into oth- 
er Mesoamerican languages from Mixe-Zo- 
quean indicates the Mixe-Zoquean linguistic 
identity of the Olmecs (20) and thus, pre- 
sumably, of their descendants. 

Both Mixean and Zoquean were, initial- 
ly, viable candidates for being written in 
epi-Olmec texts. Speakers of both were 
involved in the cultural diffusion associated 
with Olmec and epi-Olmec civilization. 
Geographically, no Mixean language is 
known to have been spoken in the region 
where our texts were found. However, the 
Mixeans appear to be in each of their 
present locations because of dislocation, so 

we could not assume that they never occu- 
pied this region. According to Kaufman's 
glottochronological estimates ( l) ,  on the 
basis of the amount of basic vocabulary 
shared among various of these languages 
neither proto-Zoquean nor proto-Mixean 
split into multiple Zoquean or Mixean lan- 
guages until about 400 years after our texts 
were inscribed. We therefore began deci- 
pherment entertaining pre-proto-Zoquean 
and pre-proto-Mixean as viable alternative 
hypotheses for the language or languages of 
the epi-Olmec texts. We conclude from the 
vocabulary of the inscriptions that the lan- 
guage of both texts is pre-proto-zoquean. 

We assumed epi-Olmec writing to be 
logosyllabic. Logograms for time periods 
were already known, and our interpretation 
of Ayala's proposed "clause-final" and 
"clause-initial" signs as grammatical affixes 
suggests phonetic usage. We further as- 
sumed that simple phonetic signs would 

represent at least and perhaps only CV 
syllables. All syllabaries have CV syllabo- 
grams-many have no others-and their 
CV series are always at least as complete 
and usually much more complete than oth- 
er syllable series. All Mixe-Zoquean sylla- 
bles are consonant-initial, so all syllabo- 
grams are consonant-initial as well. 

With the use of these assumptions, re- 
constructed Mixe-Zoquean patterns of 
grammatical affixation provided us with a 
systematic framework for phonetic deci- 
pherment. Such patterns provide clues to 
pronunciation because grammatical affixes 
are almost always spelled by phonetic signs; 
we first read several epi-Olmec signs by 
means of their roles as grammatical affixes. 
The other major sources of evidence are the 
reconstructed vocabularies of proto-Mixe- 
an, proto-Zoquean, and proto-Mixe-Zo- 
quean. We could exploit them because 
clues to the meanings of some written words 

104 ?ips 'twenty' 
this sign is also used for 'moon' 

@ 172 @ma 'day; animal spirit 
companion' 

164 jama 'animal spirit companion, 

P juvtz 'to pierce' 

a 24 iu?lzl 'how, when. a$ 
relative 

ps 00 171 kivm 'to accede' 
this sign is also used for a 'rule and other r r d s  h i v e d  
from ki?m 

2.Ja 57 komi 'boss. lord' 

10 mak 'ten: in deity meTenSky 

:@, 137 pops ''monttfof 20 days 

50 t o k q  '10 get bst or 
ruined' 

I I 'turtw 

cap 'sky' 

150 i k  'I0 sprinkle' 

Fig. 8. (A) Some epi-Olmec logograms of 
known reading. All numbers next to the signs 
refer to Macri-Stark numbers (5). (B) Some 
epi-Olmec logograms of known meaning. The 
iconographic identification of ~ s 3 3  with hide is 
due to Winfield Capitaine (30). 
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Table 1. Mixe-Zoquean tense-aspect-mood is as the third person ergative (22) pro- Table 2. Epi-Olrnec vocabulary descended 
suffixes. *-7i is Zoquean only. nominal prefix ?i-, both as the subject from protcrMixe-Zoquean. Uncertain forms are 

(hels~elitlthey) of a transitive verb or de- those that have been provisionally identified in 
Form Meaning the texts with readings from Fig. 5B. pendent intransitive verb and as possessor 

*-tt - *-a Imperative (hisherlitsltheir) of nouns; it was the sec- Meaning 
*.m Independent completive (XvERBed) ond sign we read phonetically. Grammati- 
* - ~ a  lnde~endent incorn~letive (X VERBS) cal alternations between it and MS44 estab- Grammatical mor~hemes 
*-?i optative (X should ;ERE) ' 

*.ji Dependent completive 
(when X VERBed) 

*-i - *-e Dependent incompletive 
(when X VERBS) 

can be inferred from patterns of dates, from 
similar logograms and symbols in the writ- 
ing and iconography of other early cultures 
of southern Mesoamerica, and from corre- 
spondences between certain syntactic pat- 
terns and semantic properties. 

Pre-proto-Zoquean verbs are required to 
take one of six tense-aspect-mood suffixes 
(Table 1); all other verb suffixes are option- 
al. We have identified all six in the La 
Mojarra text. The independent completive 
suffix *-wtt is easily the most common in 
Mixe-Zoquean, and it occurs frequently in 
narrative texts. The syllable *-we would be 
spelled by a CV syllabogram, which would 
be very frequent at the ends of words and 
rare elsewhere in any epi-Olmec text. 
MS20, the most common sign in our texts, 
is always or almost always word-final-it 
ends repeating sign sequences and many 
columns-and its word-final freauencv far . , 
exceeds that of any other sign. It can hardly 
be other than a syllabogram for wtt (24; Fig. 
6, A through C). 

The syllable *wtt has one other gram- 
matical use in Mixe-Zoauean: as a relativ- 
izing morpheme after nouns (N) and adjec- 
tives (A), translating as 'that which is NIA' 
or 'she who is NIA'. MS20 is so used when 
it follows desienations for titles or offices in - 
references to the ruler-for example, 'he 
who is TITLE, [underwent] his bloodletting 
from within the penis1-and such a func- 
tion accounts for all instances of wtt after 
sign sequences we interpret as nonverbs. 
This twin usage of MS20 not only confirms 
the reading but is also a signature of Mixe- 
Zoquean grammar, confirming the hypoth- 
esized language identification. 

MSl43 also appears to be suffixed to 
independent verbs (Fig. 6, G and H), 
which suggests the incompletive marker 
*-pa. A pa reading for MS143 is confirmed 
by the spelling SKY-pa (Fig. 61); the only 
Mixe-Zoquean word for 'sky' (proti+Mixe- 
Zoqueadproto-Zoquean *tzap) ends in p 
and has the root vowel a. 

MS38 is by far the most common gram- 
matical prefix in epi-Olmec texts, pre- 
posed optionally to both verbs and nouns 
and usuallv as the first sien in the word. Its - 
only feasible Mixe-Zoquean interpretation 

lished the latter as also an ergative pronom- 
inal prefix, almost certainly first person 
exclusive and thus *nu-. The ~ossessive 
interpretation of these signs is confirmed in 
several contexts; for example, na is prefixed 
to the logogram PENIS and words for body 
parts usually have possessive prefixes in 
Mixe-Zoquean. The phonetic reading of pi 
is also confirmed by phonetic spellings dis- 
cussed below, and the phonetic reading of 
na is confirmed by its acrophonic origin 
from a descendant of proti+Mixe-Zoquean 
*na:s (proto-Zoquean *nas) 'earth', which 
the sign represents iconographically (23). 

A peculiarity of Mixe-Zoquean languag- 
es is that a substantial proportion (perhaps 
15%) of verbs are bivalent-that is, they 
occur both as transitive and intransitive 
verbs without special affixes to transitivize 
or detransitivize them. As intransitives, 
they usually have a mediopassive sense ("x 
got  VERB^^"). These bivalent patterns do 
occur at La Mojarra, and they constitute 
further evidence for the Mixe-Zoquean 
identity of the texts. 

We also recognized several less com- 
mon affixes. A suffix *-me is required on 
nouns in locative or ablative functions 
(*-mu 'to, at'; *-me-k 'from'), with a nom- 
inal relational location root (for example, 
'inside') between them. This almost forces 
the readings me ,  ktt,, and INSIDE for Ms64, 
MS124, and MS120 in [. . .] ?i-BLOODLET- 
TING PENIS-INSIDE-mtt-k(tt,) TITLE, wtt 
'he who is TITLE, [underwent] his bloodlet- 
ting from within the penis' (Fig. 6J). The 
mtt reading is confirmed by its only other 
occurrence, in the word paw-RULE-mtt for 
?aw=ki pm-tt 'authority' (Fig. 6K). Other 
affixes identified are (i) markers of subordi- 
nate status on verbs (in the completive *-ji 
and in the incompletive *-i); (ii) indirec- 
tive suffix *-jay and inceptive suffix *-ktt?; 
(iii) possessive and ergative first person 
inclusive prefix *ten-; (iv) suffixes *-e and 
*-tt, which derive nouns from verbs, and 
*-na, which derives adverbs from verbs; and 
(v) a plural marker *-ta?m. Recognition of 
these affixes substantiallv aided further de- 
cipherment. By distinguishing among tran- 
sitive verbs, intransitive verbs, and nouns, 
which have differing affixation patterns, we 
were able to determine much of the gram- 
matical structure of the texts and to circum- 
scribe the meanings of many words. 

Patterns of dates ~rovide  evidence for 
the meanings of several signs and sign 
sequences (1 1, 24). MS32, for instance, 
refers to 'star, planet'. Resembling the 

7 1- Third person, possessive and 
ergative 

ko- 'on behalf of others' 
na- First person exclusive, possessive 

and ergative 
tttn- First person inclusive, possessive 

and ergative 
-a Norninalizer 
-e Norninalizer 
- i  lncompletive aspect, dependent 
-ji  Completive aspect, dependent 
- kuy Instrumental 
-ktt? Inceptive 
-rnttk Locative case suffix string, 'from' 
-na Adverbializer 
-Pa lncompletive aspect, independent 

(intransitive) 
-ta?m Plural 
-w Completive aspect, independent 
-+I Imperative 
-tf .Nominalizer 
te? Third person pronoun or 

demonstrative 
wtt Relativizing enclitic on nouns, 

adjectives 
Lexical items 

7 is 'to see; lo!' 
kij 'to shine' 
ki? m 'to ascend' 
~ ' - J Y  'wood, tree' 
ktt? 'hand' 
rnak 'ten' 
rnatza? 'star, planet' 
ne? w 'to set stones in order' 
nttks 'to go along' 
poy?a 'moon; 20-day "month" ' 
SaJ 'to share out' 
tzaP 'sky' 
wen-e 'part' 

Uncertain grammatical morphemes 
-i Norninalizer 
je? Demonstrative 'that' 
YU? Demonstrative 'this' 

Uncertain lexical items 
nas 'to pass by' 
naks 'to whip, to beat' 
wik 'to sprinkle' 

Mayan 'star' logogram, its association with 
two dates on the La Mojarra text, separated 
by exactly 9 canonical, synodic Venus years 
(9 X 584 days), secures the STAR interpre- 
tation. Similarly, MS165-63 is a noun that 
occurs twice in a passage that fails to men- 
tion just 2 out of the 4802 days elapsed 
between successive stated dates, and it has a 
numeral prefixed in a separate calendrical 
context. The sequence apparently refers to 
a period of 1 day. The normal Zoquean 
word for 'day' is *jama, which suggests a 
ja-ma reading for the sequence (Fig. 6L). 
ma for MS63 is confirmed, being prefixed to 
STAR (Fig. 6M): the only native words for 
'star' in Mixe-Zoquean languages descend 
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Table 3. Epi-Olmec vocabulary specifically as- 
sociated with the Zoquean branch. All forms 
given are reconstructible for proto-Zoquean. 

Form Meaning 

Grammatical morphemes 
-7 j Optative 

Lexical items 
aw=ki? m-tt 'authority, rulership' 

jama 'day; animal spirit 
companion' 

ju? tz 'to pierce' 
ju?tzi 'how, as, when' (relative) 
kip 'to fight' 
maw 'to go away' 
paki 'hard, strong, powerful' 
pak-kuy 'bludgeon' 
te? n 'to stand' 
tuki 'water turtle' 
we j 'to shout' 

Uncertain grammatical morphemes 
-Pa Incompletive aspect, 

independent (transitive) 
Uncertain lexical items 

70  'maguey' 
otuw 'to speak' 

jetzi 'thus' 
kot-e 'container' 
masa(n)=wik-i 'holy result of sprinkling', 

that is, a consecrated 
prince 

mi? ks 'to quiver' 
pini 'brother-in-law of man' 
tuku 'garment, cloth' 
tzi? ks 'to itch' 

from proteMixe-Zoquean *ma: tza 2 (proto- 
Zoquean *matza?). STAR is followed in 
each case by a sign we read as tza 3; a similar 
Mayan sign depicts and designates 'stone' 
(proto-Mixe-Zoquean *tza: 2; proto-zoque- 
an *tza 3). 

We read MslOl as si on the basis of 
calendrical, grammatical, and other con- 
textual evidence. It occurs immediately 
after the numeral 20 (proto-Mixe-Zo- 
quean * pi: 3ps; proto-Zoquean * pips), in- 
dicating the final consonant of the word 
(Fig. 6D). In the word pi-s(i) (Fig. 6E), it 
precedes statements of the form 'in n 
years', which suggests interpretation as a 
temporal adverb; proto-Mixe-Zoquean 
* ?is is a sentence adverb meaning 'lo!'. The 
fact that both of these cases in which the 
sign spells a word-final s contain the same 
root vowel i suggests the vowel synharmony 
convention for spelling consonants not fol- 
lowed immediatelv bv vowels and thus that , , 
the vowel conveyed by the sign is i. This 
last inference is supported by the apparent 
use of the sign in part to indicate the 
(incompletive) dependent status marker *-i 
(suffixed to verbs whose root vowel is i. tt. , , 

or u and whose final consonant is s). Final- 
ly, the spelling si- ? i, apparently for si ?i 
('backside' in Eastern Zoque but for which 
we susuect an earlier or additional meanine - 
of "private parts"), appears in a statement: 
k o - ~ ~ ? ~ ~ - k t t - w t t  pi-RULE-si-?i, ko-ju?tz- 

ktt?-wtt pi-ki pm- t~s i  ? i  'his royal privates 
began to get pierced on behalf of others' 
(Fig. 6C). This reading is appropriate con- 
textually in that it almost immediately pre- 
cedes the statement that the ruler drew 
blood from his penis in a blood sacrifice 
ritual. 

Discourse pragmatics provides clues to 
the meanings of some words. The narrative 
in the La Mojarra text switches at least four 
times from third person to first person ref- 
erences to the ruler. Such a switch requires 
a verb of speaking, as in "he says, 'when I 
chopped it [oft], he departed.' " The four 
switches do follow two verbs, MS25-pa and 
MS97-93-pa (Fig. 6, G and H), which we 
therefore take to be verbs of speaking. MS25 
spells the root of the first verb. Every 
Mixe-Zoquean verb root ends in a conso- 
nant and would be suelled svllabicallv bv , , 
two CV signs unless the final consonant was 
not spelled. Among reconstructible Mixe- 
Zoquean verbs of speaking, only p r o t e  
Mixe-Zoquean *wej 'to shout' ends in a 
consonant likely not to be written. This 
suggests the reading we for MS25, supported 
by its use in we-ne for *wen-e 'part(s)' (Fig. 
6F), for whose meaning there is contextual 
support. We have not conclusively identi- 
fied the second verb, but some evidence 
supports a reading as ?otuw, with MS97 for 
20 and MS93 for tu. 

Iconic transparency provides a meaning 
for some signs, though not a specific word, 
provided the interpretation is verified by 
another line of evidence. The blood sacri- 
fice verb is indicated by an iconic depiction 
of a figure in the posture of genital blood- 
letting, with blood gushing forth; it is ver- 
ified by an iconic sign PENIS immediately 
after the BLOODLETTING sign (25; Fig. 6J). 
MS147 SCATTER, which depicts a casting 
hand, means 'scatteringlsprinkling' in 
Mayan. In SCATTER-wtt ?i-MS58 (Fig. 
6B), its epi-Olmec meaning is verified by a 
following possessed noun MS58 that depicts 
a flowing substance as in Maya iconogra- 
phy, followed by a string of titles belonging 
to the possessor of the scattered substance, 
followed bv wtt (for 'she who is . . .'). 
Grammatically, the phrase is unambiguous- 
ly interpretable, but we do not know the 
actual words for the verb, the possessed 
noun, or the titles involved. 

lmplications 

Our decipherment of epi-Olmec hiero- 
glyphic writing has allowed us to identify 
the epi-Olmec language, to improve our 
understanding of Mixe-Zoquean language 
history, and to demonstrate specific similar- 
ities between Mayan and epi-Olmec writ- 
ing. We have shown that the grammatical 
structure of epi-Olmec texts is Mixe-Zo- 
quean. The vocabulary of the texts narrows 

Table 4. Epi-Olmec vocabulary specifically as- 
sociated with Eastern (Chiapas) Zoque only. 
Other branches of Zoquean are less adequate- 
ly documented, so the forms below may also be 
proto-Zoquean. 

Form Meaning 

Lexical items 
komi 'lord' 
si? i 'backside, privates' 

Uncertain lexical item 
tusi 'with hair standing on end' 

it more specifically to Zoquean: some epi- 
Olmec words are attested in Mixe-Zoquean 
languages generally (Table 2) and many only 
in Zoquean languages; none is specifically 
Mixean (Tables 3 and 4). These results are 
consistent with and supportive of the obser- 
vations and claims made by Campbell and 
Kaufman (20). which indicate that Olmecs 

~ , , 

spoke Mixe-Zoquean languages. 
One erammatical feature now limited - 

to Mixean appears in the La Mojarra text, 
the suffix *-ji for the completive aspect of 
dependent verbs. It must have formerly 
existed in Zoquean and been lost before 
the era of uroto-Zoauean. the last com- 
mon ancestor of modern Zoquean lacguag- 
es; the text must be in a ure-uroto-Zo- . A 

quean language ancestral to all modern 
Zoquean languages or in  a separate, now- 
extinct branch of Zoquean. This confirms 
our working hypothesis of either pre- 
proto-Mixean or pre-proto-Zoquean. 

Decipherment has enabled us to im- 
prove the reconstruction of some features 
of Mixe-Zoquean language history. We 
learned, for example, that in Zoquean the 
verbal system has been simplified, with a 
single suffix *-i - *-e marking dependent 
status; this suffix was extended from the 
incompletive aspect of dependent verbs to 
the completive, replacing proto-Mixe-20- 
quean *-ji. We also verified some features of 
the reconstruction that deviated from what 
survived. All the modern languages have a 
basic word order in which verbs precede 
both subiects and obiects. whether as , , 

agents or patients, when they are full nouns 
or noun phrases (not pronouns). However, 
there were several indications that this 
order was adopted under the influence of 
other Mesoamerican languages, almost all 
of which have this order, and that agents 
and objects formerly preceded the verb. In 
epi-Olmec texts, nominal agents and ob- 
jects do precede the verb in both transitive 
and intransitive sentences; however, in in- 
transitive sentences with a mediouassive 
sense for the verb the subject may instead 
follow the verb. 

A close relationship of the epi-Olmec 
and Mayan scripts has previously been rec- 
ognized, largely on the basis of spellings of 
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calendrical constructs (1 9, 26) and of the 
systematic patterns of formal correspon- 
dence betweed them (27). Many of the 
phonetic values that the two systems share, 
however, appear to have separate histories. 
The values of most Mayan CV signs agree 
acrouhonicallv with the initial consonant 
and vowel of a Lowland Mayan word for 
what the sign depicts-for example, hiero- 
glyphic ka based on kay 'fish', a based on 
ahk 'turtle', na3 based on nu2 'mother', and 
ne based on ne:h 'tail'. Similarly, several 
epi-Olmec CV signs agree with Zoquean 
vocabulaw: eui-Olmec ki with *ki?m 'to , . 
ascend' ku with *kuy 'wood, tree', ntt with 
*ntl?'water'. na with *nus 'earth'. ne with 
*ne 3w 'to set stones in order', and po with 
*porn 'copal incense'. 

This suggests that some signs that appear 
to be shared by the epi-Olmec and Mayan 
scripts had different phonetic values, locally 
developed on the basis of Mixe-Zoquean 
and Mavan vocabularv for the same deuict- 
ed entity or logographic value. A shared 
sign depicting a shiny stone is used in 
epi-Olmec writing for the syllable tza? or 
perhaps tza, based on protc-Mixe-Zoquean 
*tza:? (proto-Zoquean *tza?), and in 
Mayan for tu:n 'stone; year'. The epi-Olmec 
RULE logogram is read *ki?m 'to ascend' in 
spelling * ?aw=ki 3m-tt 'rulership, authori- 
ty'. This logogram resembles a Mayan sign 
of similar form, read a:ja:w 'lord, ruler' and 
a:jw-a:l 'rulership'. Epi-Olmec ki was evi- 
dently derived from RULE acrophonically, 
on the basis of the root *ki?m, by the 
alteration of its mouth (much as the Roman 
letter G was derived from the letter C by 
the addition of a horizontal stroke). 

Nonetheless, several epi-Olmec phonet- 
ic signs may share values as well as forms 
with Mayan signs, which would indicate a 
more intimate historical connection. Epi- 
Olmec mtt is probably the source of the 
Mayan sign ma/GREAT and its values; tl 

approximated the pronunciation of Mayan 
short a, and protc-Mixe-Zoqueanlproto- 
Zoquean *mtj  meant 'great', in the sense of 
'big, important' (28). Another possible in- 
stance is epi-Olmec wtt corresponding to 
Mayan 2u. If valid, this too points to 
Mayan adoption of a Mixe-Zoquean sign; 
Mixe-Zoquean wtl might be heard as 2u by 
Mayan speakers, but Mayan ?u would sure- 
ly have been heard as 2u by Zoqueans. 

These results confirm earlier suggestions 
that epi-Olmec writing was closely related 
to Mayan and in fact that Mayan writing 
was very likely borrowed from a related 
Mixe-Zoquean script attested at the high- 
land Guatemalan site of Kaminaljuyli (16). 
Epi-Olmec spelling conventions also closely 
resemble those of Mayan writing, and we 
sueculate that the structure of Mixe-Zo- 
quean languages provides a better internal 
basis for the development of these conven- 

tions. The epi-Olmec texts seem to be more 
prosaic, discursive, and explicit than 
Mayan texts. This is a reflection of the fact 
that the textual genres used by epi-Olmecs 
and Mayans may have been different and, 
even when the same, probably had different 
standard traits. 

Retrospect and Prospect 

Our decipherment has laid both the sub- 
stantive and methodological foundations 
for the study of the epi-Olmec written 
language. Methodologically, the epi-Olmec 
situation provided almost ideal circum- 
stances for decipherment. The approximate 
identity of the language being written could 
be inferred, and the grammatical structure 
and vocabulary of this family at the relevant 
era were already long known through a 
well-develoued historical reconstruction. 
The approximate nature of the writing sys- 
tem could be inferred in several wavs: (i) , ., 
partly from general practices in early scripts 
with as many signs as the epi-Olmec; (ii) 
more specifically by comparison to practices 
in Mayan writing, to which epi-Olmec was 
believed related; and (iii) partly on features 
of Mixe-Zoquean languages that constrain 
the structural possibilities of a logosyllabic 
script. The texts we studied also provided 
substantial evidence concernine the read- - 
ings of many signs. Because Mixe-Zoquean 
languages had only 66 different CV se- 
quences and the script made substantial use 
of phonetic spelling with signs with CV 
values, a given CV sign is reused in differ- 
ent contexts often enough to provide a 
variety of lines of evidence concerning its 
value. These distinct clues could be exploit- 
ed if one could link them with specific 
grammatical or lexical knowledge about the 
languages. This grammatical linkage was 
straightforward because the obligatory in- 
flectional morphology in Mixe-Zoquean 
languages is relatively limited. A lexical 
linkage depends on clues to the meanings of 
words; a systematic semantic framework 
could be derived from the structure of nu- 
meral and calendrical constructs that were 
widelv used in southeastern Mesoamerica at 
that time and whose epi-Olmec forms could 
be readilv recovered on the basis of similar 
Mayan practices. 

The resources for decipherment have yet 
to be exhausted, and the process of deci- 
pherment is continuing (29). But substan- 
tial progress will require more archeological 
and linguistic fieldwork. The recovery of 
additional inscribed monuments is most 
critical to provide new contexts for the 
syllabograms, and renewed examination of 
the monuments of Tres Zapotes and Cerro 
de las Mesas may also help. Almost as 
important is a renewed and systematic study 
of the Mixe-Zoquean languages. None has 

been described adequately for either histor- 
ical reconstruction or deciuherment. Work 
on Veracruz Zoquean is for now the most 
crucial, but work on Mixean is needed to 
recover pre-proto-Zoquean forms inherited 
from proto-Mixe-Zoquean but lost by 
proto-Zoquean times and will also prove 
useful if still-undiscovered texts were writ- 
ten within Mixean-speaking segments of 
Olmec or epi-Olmec civilization. 
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Ancient Conserved Regions in 
New Gene Sequences and the 

Protein Databases 
Philip Green,* David Lipman, LaDeana Hillier, Robert Waterston, 

David States, Jean-Michel Claverie 
Sets of new gene sequences from human, nematode, and yeast were compared with each 
other and with a set of Escherichia coli genes in order to detect ancient evolutionarily 
conserved regions (ACRs) in the encoded proteins. Nearly all of the ACRs so identified 
were found to be homologous to sequences in the protein databases. This suggests that 
currently known proteins may already include representatives of most ACRs and that new 
sequences not similar to any database sequence are unlikely to contain ACRs. Preliminary 
analyses indicate that moderately expressed genes may be more likely to contain ACRs 
than rarely expressed genes. It is estimated that there.are fewer than 900 ACRs in all. 

Understanding the functions and struc- 
tures of the array of proteins expressed in 
living organisms is a fundamental goal of 
molecular biology. Our hope of attaining 
this goal stems largely from the unifying 
theme of shared evolutionary ancestry: re- 
lated organisms have similar proteins and, 
within an organism, different proteins of 
related function are often wholly or partly 
similar in sequence, reflecting gene dupli- 
cation and exon shuffling ( I )  during evolu- 
tion. Such similarities can provide impor- 
tant functional insights, and consequently 
an important step in characterizing any new- 
ly sequenced gene is to compare its encoded 
protein sequence with the protein sequence 
databases in order to look for conserved 
regions shared with known proteins. 

The present study uses extensive new sets 
of gene sequences to address several general 
questions about conserved regions: how 
many of these regions exist, what fraction 
has been discovered, and what proportion 
and types of proteins contain them. We focus 
on ancient conserved regions, or ACRs, de- 
tected through similarities between proteins 
from distantly related organisms. Over long 
evolutionary periods the less constrained 
portions of the sequences will have signifi- 
cantly diverged; consequently, the regions of 

similarity are usually those of greatest struc- 
tural or functional significance. ACRs often - 
correspond to specific domains (or motifs) 
present in a variety of proteins, such as zinc 
finger DNA binding domains ( 2 ) ,  or to 
enzyme active sites, but they can also com- 
prise most or all of the sequence of a single 
highly conserved protein or protein family, 
such as actins and histones. Conserved re- 
gions of all of these types have been exten- 
sively cataloged (3,4). Because the degree of 
similarity between two related proteins re- 
flects not only the amount of time since their 
last common ancestor but also their rates of 
sequence evolution, which can vary greatly 
for different proteins (5), not all proteins 
need contain ACRs. 

The urecise definition of an ACR de- 
pends on its required age and distribution 
among organisms and on the method used 
to detect sequence similarities. The present 
study involves ACRs that antedate the 
radiation of the major animal phyla [some 
580 to 540 million years ago (6)] and that 
are uresent in diverse eukawotes. We de- 
tected similarities by using the sequence 
alignment program BLAST (7) with a score 
cutoff sufficiently high to distinguish confi- 
dently true homologies from background in 
database searches (8). Figure 1 shows a 
representative BLAST alignment at this 
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