BROSIMUH ALIC&STRUM AS A SUBSISTENCE

ALTERNATIVE FOH THE CLASSIC MAYA OF THE CENTRAL . . .
- : !

SOUTHEDN LOWLANDS o T B U

g M P Dermts: Biard Pulastion
A THESIS - % 3 _ ‘ PR

”f;:“j ey 'F'Apthropology' = . kel 4 G el

g T = iy
-

N i Presented to the Facult} of the Graduate School of Arts
L and Sciences of the University of Pennsylvania in Partial
: Fulfillment of the Hequirements for the Degree of Master

v g .

of Arts,

- 3 ' . ; . : ' 5ot = .

“”"%ﬂpgrvisor of Thesis T T L e ﬁﬂ-i;- e

R, Sy -Eiaduate Group Chairman o R P

.I.‘ e
=" —
b
-
= "
s ‘
Falt
i W
g 4
in
- . . a 2
1 . s
2 : - sie Bl
' Wi e e oere -
" y LT e .4 ' L i »
Yok L il S - e o wia Ve T
. o .
' i - :
- okl “o -.
- . z Jir=
- - L - T L) - s -
- - O . é = - wiinig - < we s lep s A . R o S L P
I SR < - s 2 ee 3 lE R N Wi = N




:D?’“*S Q}«AJ(,,«

/

Cthon oot Wl b, yond T )

wvrit ‘E\!ﬂ nghn w\) ‘Ir\da:ga .
Glew . Do Gorwms
1' ’\_ ﬁérfw.
Ui A G«
,. Qs /\v.c%j\w ) Q‘% . QC)O 2}{

— Y »

PQM'?H E’J"?’L)'*""<?“"“3“"‘ S T:*.?L\ [} R -
Dagt. & el
¥ \l-._\ rv\}-'jr ?;‘fi"\}}-‘)

s e L
Bt Tl




ol

'George Guillemin as field director,

PREFACE | .

Thc ramon survcy was carried cut at Tikal, in
Guatemal& in 196? as one aspect of the Tikal Sustaining
Area Project directed by Dr, William A, Haviland of the
University of Vermont The author was field dircctor
~of this project The necessary funds were sui)pf_!.i.ed by
& generous grant from the Natlional Science Foundation
(Gs-iuog) |

'I‘he ramo.ﬁ survey was based on a settl‘cﬁlent survey ’

.carried out by thesauthor under the auspices of the Tikal

: Project in 1965, In this settlement survey a strip

500 meters wide extending 12 kilomcters'south f:cm the
center of Tikal ﬁas mapped.- Purther survey work in 1966
produced strip maps extending north, east, and west,
This work also was spcnsoreq:by the Tikal Project which

was under the direction'cf Dr, Willjam R, Coe, with
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INTRODUCTICON

The limitations, difficulties and even liabilities -
_of slash-and-burn agrlpultﬁre have all been points of
,contention in discussions of subsistence theory. They
have played an important and also controversial roleain
discussions of Classic Maya subsistence,for which slash
and burn agriculture is supposed to have been practiced on
& large scale in the rainforests of the southern Lﬁwlands:
Toynbee's hypothesis of stimulus and respdnse és a ﬂasis
Ifor the ﬁevelopment'of civilizations has béen suégeste&
as an explanation of the early blossomiqg of Olmec o
-civilization in thé face of the subsistence challenges
of the lowlands (M.D. Coe 1962;?1). Meggeréi(195h) felt
that the challenge was too great, and that, once estab-
lished, Maya civilization was doomed to gradual decline,
at least in the Maya Loﬁlands. Many Weve sttributed &
more dramatic collapse to some form of ﬁgricuiturai failure,
Most of these hypotﬁases ascribe this failﬁre to the ‘
wltimate 1liabilities of large scale slash-and-burn |
cultivation of maizelin the rainforest environment (O.F,
Cook 1909, 1921; Cooke 1931; Morley 1935; Steggarda 1941).
Lately._as we have becomé more Awafe of the trﬁe dimen=-
sions of the achievements of the Classic Maya in time as
well as spade; such theories have become less.popular.'
Willey and Sabloff (1967) now provide_evidence for the

role of external factors in the collapse of Classic Maya
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‘eontinually fofcing ﬁs to revise population estimétes
upwards (Haviland ét al, 1968:93). ‘in the face of
-Tthis trend and the known limitations‘of slash-and-burn
agriculture, any subsistence alternatives should receive
full attention.

- Part of the problem, of course, has been a lack of
alternatives (SandersI1962). -Bronson (1966), however, .
has broken thé interpretive logjam with & succinct and
convincing case for Cléss;c nga utilization‘of several
extraofdinarily productiﬁe root crops., The case for
_a second alternative is to be presented here.

Hora than thirty years ago. scientists began to

~recognlize denre concentrafions of a fruit-producing tree

known as the ramon (Brosimum alicastrum Sw, fig. 1) around

the abandoried ruins of many famous Lowland Maya sites.

This striking distribution suggested that the trees
_repreéented reliclpopﬁlations of a_tree-actuallj'cuiti-
vééed by the Méjal' Though it has.éeen known that the

fruit of-tﬁis tree profides_a dense'carbohfdraté staple
‘that ié_used ﬁy the Maya today when-bfhef'food sources faill,
-this interesting tfég has not received further atfention
until thé ﬁresent project was initiated, under the

sponsorship of the National Sclence Foundation,

r




DESCRIPTION OF THE RAMON

In respect to general unfamiliarity with this tree
and the 1mportance of certaln aspects of its morphology
and distr;bution._a description is included here as a.

: pfeface to the_body of the paper,
. I K

The Family Horaceae.

Brosimum alicastrum Sw. belongs ‘to the family Horaceae.'

* Asa member of this interesting family. it is closely

related to the breadfruit of the Pacific;-(hrtocarpﬁ;

communis Forst ); the mulberry trees- the famous Jakfruit

: Artocarpus 1ntegra (Thunb.) Mirr., which produces

ore of the largest fruits in the world with weights of
up to 80 1bs, reportedly for a single fruit (Chandler |
1958 343) and the figs of the genus Ficus ‘which,
according to Lemee (1929-@3],comprise one of 14 1argest

flowering plant genera in the world, HuMboldt's

famous "cow tree," Brcsimum utile, (H.B.XK.) Pittier, which
pfoduces astonishing milk-like sap which 1s entirely
potable i was formefly used in the diet of plantation
labor tHumboldt 1819 II:iDﬁ). Attempts have been mede
since 1836 to introduce this tree into India as an
alternative to cows as a_squfce of "milk" (Biswas 1950: ~
197). Only recently, however, have attempts to grow the
ftfee'met with any success (Chatterjes 1950:116j.

bontroversy'still surrounds_tﬁe nutritive value of this

"milk," (Pittier 1918:104).
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Pigure 1: Iilustration of leaves and frult of the
ramon Brosimum alicastrum Sw., (Descourtilz
1821-33: plate 53h)
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Haﬂita%:

The ramcen (Brosimum alicéstrum) is a large tree

restricted to the lowland forests of Mesoamerica though
under speclal conditions it does occur in drier highland
~areas and certain parts of the Caribvbean. As will be
1nd1cated.1n the survey data, it appears to flourish on
well-drained habitats}'though it also occurs in swampy
areas., In areas of greater exposure it prefers shady:
'canyons and barrancas, The high caleium content of the
leaves and fruit (INCAP-ICNND 1951:23;?1) suggest that

it 1s well adapted to the limestone-derived lithosols and
caicimorphic rendzina soils which characterize the

southern Maya Lowlands (Stevens 1964),

Morphology :

Fully mature specimens of B, allicastrun may be as

high as 30-~35 meters with the trunk more than a meter in
&iameter. The dense crown spreads out well into the

third storf of the high forest community. The bark which
is basically grey, varies considerably between individuals,
This appears to be largely a function of age., 014 trees
tend to have a dark-brown scaley bark which is often
covered with lichens, Younger trees are snooth to the
touch with goldeﬁ-yellow colors around the buttresses

and lower trunk.' The buttresses’on larger trees are

tall and thick extending_out as ﬁﬁch as.two meters from

the trunk at ground level, During the rainy season;
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Figure 2: Detajls of the fruit and flowers of
Brosimum alicastrum: (from Fawecett and

Rendle 1914348
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es April. The secoﬁd comes in the'wet seasgon in August.
We did not observe this second fzll, but Gonzalez (1939:
221) notés that the_tree fruits in October and Novembor

in Campeche., A normal fall lasts five or six weeks,

Varieties: |

Local woodsuern: of the Peten cléim to be zble to
distinguish three varieties of ramon on the basis of
“frult size and color and differences in the shapés and
slzes of 1éaves. These varietles were called "ramon blanco,"
"ramon amarillo," and Yramon rojo." Though attempts were
made to distingulish these varieties in our survey, the
abséncé of fruits and the obscurity of the leaf distinctions
méﬁe many of the’idenfifications rather arbitrary.
Evidence in support of the reality of these varleties
is providéd by Martinez (195%) who reports that three
varieties known as "Qi blanco," "ox colorado," and "el
de hojé ancha" are found in Tabasco, JHe also suggests
~that these varietles occur in Quintana Roo when he writes,
"el ox colorado de Quintana Roo es meﬁos apreciado que

el blanco."

.Growth_ﬁate:

Though it is generally known that Brosimum alicéstrum

is - fast-gfowing, little in the way of specific date is
available, For lack of relisble data on trees growing

in Central America. the following fragnents have been




12
collected from data on plantings in experlimental gardens
4n the United States and Puverto Rico. It is possible
that growth rates for trees growing in the Haya Lowlands
wiil be Tound to be quite different. Britton and Wilson
(1926:343) report that a specimen planted in 1920 at
the Experimehtal Statlion at Mayagﬁez;'Puerto Rico had
reached a Height of 3 meters by 1926, and "appeared -
vigorous," By 1929 this same specinen had reached )
helght of 5 ueters (Britton and Wilson 1930:570). A
tree piaﬁted in 1939 at the Fairchild f;opical Gardens
in Florida is now (Jenuary 1968) about 12.5 meters high
as détermined from a photograph taken by Szlly Puleston.
Another tree planted in 1913 at the U, S. Plant Intro-
duction Station at Coconﬁt Grove in Florida was over
15 meters high in 1945, These data are plobted on the
qccompanying graph (fig. 3). A vertical growth rate of
a littlé under 0.5 meters/year is suggested. Presnmgbly
a tree could reach a maximum of 30-35 meters in 65
years, Hopefully, further data on growth rates cen
be collected in Tikal or Uaxactun in the near future.

.Information‘on how long the trees live is not available.

ﬁeiatéd Svecles:

There are perhaps twp dozen valid species for the
genus'Brosimgg. thovgh I8 nanes for the genus are listed

in Gray's Herbariun Index, All of these species are
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native to the New World. The range of the genus extends
from Mexlico south through CentrallAmerica into South
Americs where various species occur in Venczuela, the’
Guiaﬁas. Brazil, Colombie, Peru, Ecuador, and Paraguay.
In the Tcaribbean.'representatives of the genus seen tp
be limited to Jamaice, Cuba, and Trinidad, Thrge specles

B, coﬁzgttgl Standl., B. costa;icénum Liebu. , and E.

terrabanum Pittier, are similar enough to E; alicastrum
"Sw} to posgibly be con-specific, ‘The lack of distinction

between B. terrabanum and B. alicastrum is indicated by

Record and Hess (1943::380) and Standley (1937:380).

Record and Hess further suggest that g; coégaricanum

is no more than a variety of B. alicastrum. The most

recent assessment of the genus is that of Pittiler (1918)
and it is badly out of date, Standley (1946:15) remarks,
‘however, that ",,.because of lack of abundant ferfile
épeciméns..,the species of Brosimum stlll are imperfectly
known and their classification is not altogether
gatisfactory." In spite of these difficuléies. an
up-to~date review of the genus 1is badly needed.,

For our purposes‘here it is sufficient to note that

B. costaricanum and B. terrabanum, produce edible frults

gimilar to those of B. alicastrunm, B, conzattii, which

occurs in a localized area of Oaxaca (Standley 1919:20),
can probably be included in this.bategofy though information

on the edibilify of the fruits is 1acking:
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guts{' Among these high hills which we passed over,
there is a varlety of old bulldings, excepting some

in which I recognized apartmentsl, and though they

were very high and my strength wes little, I

climbed up then (though with trouble) " (lMeans
1917:167) ‘ -

‘Subsaquent observqtions on this assoclation have
been scattered. Ruppert and Denison (1943:3) write
"most archaeologlical sites are coyered-with a heavy
stand of ramon,.." They specificélly note the occﬁrenée

"of the tree at Rio Bec, Thompson notes its'preValence in.

C&ﬂl"5 mw 9 n?«_ .1“(1IF~-1<1" as o 274

the area of San José (Thompson 1939:3), Wiliay et al,
(1965:23) report that it is one of the dominants at

. \ . oL \
\ . if _.}. )

Barton Bamie . i\-—- Ollwss O L'.('.,q,..-—‘-l'l?.-\ e ;) ove-y S| llj-\g L 4 .
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Inifi&ily the.objective éf this study was to test
quantitative]y the reality of this relationship between
~ ranon trees and laye ruins.: Assuming that the relationship
could be demonstrated.'wa of course, intended to go on
to the question of why? More speoifically. what was
the evidence for the ramons being relic populations of
trees actually cultivated by the Maya? Again, assuming
tﬁa@ this could be demohsﬁrgfed; we would gain valuable

1 Could these "apartmeﬁua.“ which Avendano excludes from
his category "old buildings," be references to evidence

he found for contemporary occupation? Such a conclusion
would not be inconsistent with the nature of "post-classic

occupation debris® found at Classliec sites such as Tikal and
Uaxactun
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inadequate for clear proof of the relationgﬁip_even if
1t did exist, - Assuming that the relationship could be.
proven; we were concerned with finding a way of dealing
ﬁith the logicel contingencies which would inevitably
follow, 1In view of the variety of seltlement patterus
" at Tikal (Carr and Hazerd 1961), we decided that it
- — ﬁould be important to know-with what‘kinds of settlement
ramons are most numerously assoclated; in what situations
_mighﬁ there be exceptions to the assoclation of famons
and settlement} end in what ways diétribution might have
béen_changed by écological developmenté subsequent to
Maya ebandonment, |
In an effort to deal more comprehensively wlth the
specifié problem-chosen, we declded it would bé best to .
study the remon in one contimuous transect that ﬁould
extend from one §xtreme’of Maya settlement density to
the other, By this means subtle but significant-changes
ﬁight bgcome_eviﬁent which w&uld otherwise_be_missed;-
Clearlf. such a transect would have to be a long one and
in fact it turned out to be 12 kilometers long before itwas
completed, -
' As to the problem of where exactly to run éhe transect,
the decision was greatly simplified by the fact that we
*_,yere,limited_tq_ar@as;in;ﬁhichHSﬁttlement density was knOﬁﬁ.
The ﬁain slte map of Central Tikal}'covering an area of

16 sq; km, was insufficient, however} for our purpoées.
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With the exception of inhospitable béjo swanps of escoba

(Cryéngila argentea Bartlett) the area the published

map covers musﬁ-have supporﬁeq fa;rly dense settlément@
qstiﬁatﬂd by Haviland (1966:32) to bc minimally 10,000-
11,000 people for the mapped area, This density can be
seen on a reduced verslion of the Tikel site mep (fig. 5).
The apparently vacant sreas between the indicatéd house
platfbrms éf the peripheral areas were hardly large
'enough to test vélidly the ranon-settlement éssociation
for at least fhree reasons, First.of all.'iow house
platforms.'invisible'without_excavations. had already
Been demonstf&ted to exist in tested vacant areas,
Secénd. the dispersal rate of ramons} glow as it might
be; could well héve altered significant distributions over
such small "vacant" areas and over such a long period of
time even if these areas really were uninhabited. On the
basis of the rapiditj of the.tree's growth a succession
.of at least 50 generétions sincg abandonment is calculated,
Ve consider e generatioﬁ té be the length of fime between
the fﬁlling of the seed and the time at which the tree
reacheé maximum breadth and begins to produce maximum
emounts of fruit, a period of time which is estimated

to be about 20 years. Tﬁe third reason was that, if in
fact the trees were planted in kitchen gardéns; these
areas may have been used for that purpoée}‘thereby

eliminating them 2s controls for testing the hypothesis:







23
Clearly:'wc h2d to have much lerger vacant #reas on good
high ground as far' from the center of Tikal as possible.
Fortunately} the recently completéd‘settlement

survey strifs extending 12 km, north, sbuth. east and
west from the-oenter of Tikal, provided an opportuunity
to meet those needs, The strips, % km, wide, begin in
the center of Tikal and extend well beyond the limits
of the formerly heavily settled area around Tikal (rig. 6).
The stfips vere oriented to éurvey trails or brechas 1sid
by FYDEP §n 1964 4in the delimitation of the Tikal Neational
Park, |

- Of the four strips the south one was chosen for a
numbér of reasons, The most inportant of these was that
1t'presented the largest number of significant combinations.
6f the three variables we could conbrol: terrain elevation,
settlement density, and distance from Tikel, The first:
two of these variables were legs well controlled on the |
. other strips., To the north and west, tefrain-descended
rather continously, eliminating the possibility of testing
areas of low settlement density on high ground, which |
is apparently favored by the tree in situations _p

leal; To the east the strip descends into logwood

swamps characterized by the tintb (Haématoiylin canpachianun
L:)_where the ramon does not occur, apparently because of

the unfavorability of this habjitat for it, The east strip,










26

out the actual staklng; measuring; and mﬁrking] leaving
the other free to go ahead clearing the trail esnd
continue cutting new stekes. -

The techniques employed for mapping the trees
were sinmiler to those used on the 500 neter wide setilement
transect mapped in 1965 (Haviland end Puleston, n.d.).
The ramon survey strip was trimmed to a wldth of 100-
neters for several reasons; 1) because it was felt that
100 meters were sufficient fo provide a compératively
representative tfansect. ramons being somevhat more abun-
dant than house platforms; end 2) the extra time necessary
to map a ﬁider strip ﬁould have made it impossible to
complete the full 12 kilometers in the time availasble.
On the other hand é strip narrower than 100 meters would
probably have been insufficient for the following reasons:
ti) The hypothetical associations of ramons and settlenent
made it necessary to include a minimally representative
sample of house platforms in the ramon survey, which a
line transeét or other narrow transect would not have
provided, and (2) since areas of minimal ramon density
were of spaéial interest in this study, it would de
4important to gét representative samples where they might
belvery scarce} even though 100 neters migﬁt have beecn
noxre than was ngeessafy vhere remon density wae high,

Materials used for mapping 1nciuded a full set of

the south étrip settlement survey maps, mounted on &
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Figure 8: A graphic demonstration of the relation between numbers of structures,

'llnei:

ramon trees, and altitude on the south striv. Altitudes down the

"center of the strip, determined by transit, are indicated by the solid
structures within the 500 meter wlde strlp , by the broken line; '

and ramon trees within the 100 meter wide strip, by the dotted line.
The dropeff in structure density, which begins at 5 knm., was actually
greater in Late Classlc times than indicated. by the gravh, fer not all
structures beyond this point were in use at that time. A relationship
between structure density and ramons seems to be clearly demonstrated.

'There ig little correlation between altitude and the density of

structures or ramons beyond 6 km,
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At the lowest point near the sinkhole} variovs speclies of

vines, jimba (Guadva sp.) and the pita (ﬁechmea nagdalenae

André ), this latter used for making strinz, become the
dominants., The ramon is coipletely absent, On the steep
asceﬁt immediately south of the sinkhole, ramcns begin

to appear sgain, though not in large nuibers until the
‘top of the hill is reached, From & little beyond 3.5 km.
to 4.3 ¥u, rawon density remains low in spitb of scattercd
éettlemeﬁt. Actvally, the ramon survey strip, though it
passes through an area of settlement, includes only one
mouhd between these pointé, missing all the main groups;
If we searched, perhaps greater densities of_the tree would
be found off the 100 meter strip in closer éssociation
"with the mound groups., However, from 4.0 km, to 4.2 km,
the scarciéy of ramon‘tfees seens to be attributable to

another factor. Here a dense grove of manax (gépuddhedia

—

sgufia Sw.) predominates over all other species. This
tree bears large quantities of a délioious chqrrynlike
frult whieh hou o rall that follows the first fall of the
‘ramon, This fruit is highly apprecigtc& by_the loecal
people who have the distfjybing propensity to fell the
trees solely for the fruit. The density of ﬁéééz trees

in this area is unigue in oﬁr experience, The grove quite
possibly répresents another relic of Maya arboriculture}

but.further study would be neéessary'ta bear this out;
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It is interesting to note the proximity of this grove
of delicate fruit trees to the ninor cercm5n1a1 center
-~ of quall; The.extent cast and west of the grove is

not known,

h;3—5.5 kn, Hoving-up the hill, ramon density incrcases

significantly with settlement, At this point it is
worth aomparing the density of ramon and settlement on
‘this high ridge-top with their densities‘on the
'ridge«tdp et 7.5 knm, _ ‘

Thé high density of ra.molns on this ridge is parti-
cuiarly important to the hypothegis, as here; in spite
of the small size of the mounds, therc are many more
ramons than in Cehtral Tikal where the collapsed pleitforns,
palaces; end temples are much more massive. ‘This conparison
is 1mportapt evidence in support of the supposition
that the distribution and density of ramons 1000 years
ego hag more influence on thelr present distribution
- and density than subsequent changes in ecological conditions,

This heavy cﬁhcentration'continues down to the

‘edgelsf the bajo which begins at about 5.5 km. The
graph is somewhat misieading here as it indicate a drop
ih ramons vhich is not matched by settlement density, In
actuality; as can be seen on the detelled map, settlenecnt
dozs not occur in the bajo ét all, This discrepaﬁcy is
an artifact in aslmuch as on the graph raméns vere

caleulated as "trees: per ﬁ,km." on the 100 m, wide survey
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- ranons moved up onto the collapsed construction fron
fhe surrounding area; The laék of ramon trees on fhe
geurvey strlp oppo.ite Navajuelal as compared to thelr
prevalonce}in the arez of mounds again‘suggests; though
does not pfove; their sssocliation with structures rather

than thelr cultivation in plantations,

10.5~12;0 km;: Further south, rémon density declines as

the survey strlip drops into a logwood bajo.'_Here. the
trees completel& disappear. At the . y end of the

brecha & few ramons ocecur at the basec of a ;argo hill.
Informal reconnalissance indicates that more structures

arc located further up the hill, off the map.

The Correlation:

In order to evaluate statistically the valldlty of
the correlation indicated by the graph (fig; 8) the
standard product moment correlation formula (Sncdecor
and .Cochran 196?:180) was used to test the,rélationship.

This formuwla is as follows:

- . (£x)(£y)
. . Xy = PR el 1 8 N
relationship = < % —

| (£x)2 2
o %ix-‘?_, = )(2-372,. .%.X.l )

The following values taken from ha;f kilometer lengths of

the survey strips, were'uscd:




TABLE 1: Velucs used in the product moment correlation formula,

X : Yy

. (No. of (No., of

PAIRS ramons on structures on
100n strip) 500m strip)
0.0 «~ 0,5 - +315% . 148
0.5 -1,0 245 1372 =

1.0 =~ $.5" 60 . 33
1.5 - 2,0 146 22
2.0 =g 2.8 128 35
2.5 - 3,0 -20 io
3-0 . 335 ll's i 0
3.5 - L,0 86 S
L,0 - L.5 57 43
L.5 - 5,0 - 356 ) 88

5.0 - 5.5 135 - 37

5.5 - 6,0 88 26 - ‘
6.0 - 6.5 149 & 26 -
605 m— ?.0 5? : 3 F . -
?ao hin ?-5 6 " 6
7.5 - 8,0 8 9
8.0 - 8,5 3 9
Bl5 = 9-0 0 5 ]

9.0 ~ 9.5 0 6
9.5 -10,0 1 o,
10.0 ~10,5 65 35
10.5 -11.0 6 0
$1.0 =31.5 0 0
11.5 =12.0 8 2
2L pairs 1985 739

'~ These data produce the following valués for the formula:

£x = 1985
€; = 739
£x° = 396, 301
£y2 = 60, 343
' £x§ = 141, 804
(€x)2 = 3940,225
(ey)? = 546,121
n = 24 -

*Though only 248 trees were actually counted here,
67 were added on the basis of photozraphs and combara-
tive estimates.

~ ) II'?
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regulerly carry food in thelr pawe or mouths. This
1hcludes r:rrots. possibly other birds, rodents, bats:
and monkeys. Any distributive cffect brought about b&
these aniuals would t;nd to be randon, however, without
any particular orvientatlion to ruln sreas. This is with
the exception of the bats which occupy in large numbers
the vavlts end inner chambé%s of the larger palaces and
_temples. Individuals of a fruit-cating génus of Tikal -
.(Artibcus3, kept in caplivity in 1967, were observed to
pick- up-ramon fruits from e table-top and fly with then
to a place they could hang from, where they ate the
fleshy receptacle aroﬁnd the seed by rotating it in their
forelimbs, VWhen they had finished theilr meal, the seed
was dropped, Though nolsy flocks of unldentified
frugivorous bats were secn feeding in a Tsol tree (Cupania
prisca Standl,), the fruit is not always eaten on the spotb
" and epparently can be carrlied some distance if the bats
have young.” The floor of the nest of the individuals
mentioned abbve was found to be littered with whole ramon
and zapote seeds.

Walker (1964:308) says of the bats of this genus:

- "The gmall fruits are cérried to feeding sites during
the night, but toward morning these bats carry their
fruit to thelr regular roosts,...Nuts, seeds, and frult
cores accunulate beneath roosting areas; Artibeus

thus aids in the dissemination of seeds of tropical
fruits," :
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Evidence for Pre-Columbian Arboriculture:

The purposc here is to‘prespnt gvidence for the facth
that Maya did and still do actively cuitivaté trecs,
Landa, unfortunately, does not give us any definite
evidense 8s to whether or not the just-cited fruits were
: cultiyated. However, we can be falrly sure that the Maya
were gkilled arboriculturalists on the basis of other
evidence, As Montejo's soldicrs apprecached Sinsimato

in northern Yucatan, they passed through two-leégues

"of well-tended groves of incense trees, Protium éonal
@éhigeht and Cham) outside the town (Oviedo.y Valdes
1853 1115'230),

: Landa, in deser;bing preconguest towns, suggestively
informs we Shet "They kept the lawd well clearsd &nd fres .

from weeds, and planted very good trees" (Tozzer 1941:62).

Landa does not say specifically that these were fruit

’
Il

\

-~

"trees, although they are deseribed as such in the Tozzer '%\
. .‘:‘4 y

Y
AL

them living together in pueblos in very civilized fashion, “w+/

o

4

o

translation of Herrera (Tozzer 1941:217). “They found

W
[ L

and they kept them cleaﬁ, the weeds cleared away and fruit G
R . 3 a7

trees planted,"

In the Belacion of Gaspar Antonio Cﬁi,:as.translated

" - by Roys (Tozzer 1941:230), we find mention of fruit trees

in owned plantations,.

"The lands were in common and (so between the towns
there were no boundaries or landmarks to divide themn)



62

except beﬁween one province (and another becauss of-
wars) and in the case of certain hollows and caves,
(Plantations of fruit trees and) cacao trees,.."

%

It is 1nterestinglto.note here that though lands
_generally were held in common, fruilt tree planﬁations aé
-well as cacao trees were EOt' Thié Wou}d appear to fiﬁi#
emphasize tha}r ?alue end importance, _ ,
Chamberlain (1953:30) ment;qns that "Cacao from fIne-c%EE;%%?f
carefull& cultivated groves" were a principle product of E{
the Rio Ulua area in Honduras at the time of the Conquest.
..ﬁéys_1195?:161)_ment10ns a town in southeast Yucatanf

which canﬁained 2000 houses, Around it were orchards of

mamey (Czlocerpum mammosum) and cacao trees and prosperous

najize Tields:

" Evidence for an Arboricuitural;Technolo&y:

The Maya cultivation of trees seems to involve a
sophisticated technology which s probably traditional.
To ﬁayes (1945:90), a'horticulturist ﬁith 6ﬁnsiderab1é
experience in fruit growing in India, thé high degree
of development found in the avoscado, guéva, yapays, and
'custard.appie all "indicate a faifly high type of '
horticulture" of some aﬁtiquity.

Eviderce of a sophistiecated arborieultural technology
is indicated in several modern ethnographic studies,
RedTield (1934:47) reports the use of grafting at Chan

Kom, Indians of Quintana Roo, though they do not practice
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be taken with a grain of salt, it would appear to imply
the growing of fruit within the residentisl nucleus of

"the town.

Lande says; in describing the growling of Lonchocarpus
;ggg}stvlﬁs Pitt.,, the roots of which were used to nake
.the intoxicating drink.balche: L S | Willvspeak of wine
& thing which the Indians esteemed highly gnd g0 almost
811 of then planted it in their yards or spaces around
- their houses." (Tozzer 1941:198). Here at last we
have & specific reférenqe to contact timé arboriculture
1n-k1tchen.gardens. though 1t-is not a fruit tree, More
conclusive 1is a quote fronm the YRelaocion de los Pueblos
de Chuaca y de Chechinula® (Colieccion de Doéﬁmcntos
Ineditos 1900:69), éent fo the King of Spain about
1577. "..;likpwise he ordered them to set fire to all tﬂe
fruit trees which thef had behind their houses in
the said town." (trans. by Wauchope_1938:1331. For
‘the Peten we have at least ore falrly certaln reference to
kitchen gerdening in the 17'P century. Father Avendaho
(Mears 1917:156) provides this important datum in
the description of his dep&rturelfrom Yalain, a town
epparently west of Lake Peten, v, .an Indian,..gulded
“us to thé other farms. half a 1eagué from there, wnich
from the abundance of frult, appgared an orchar&.“ it
is fairly clear from earlier matcrial in the bext that

these "farms" are indi%idually assoclated with houses.






:'_In 80 far.as referances for the southern Maya Lowlands
~are concerned, Thompson (1930) does not specifically note
the cultivation of the ramon in houseyards or Kitchen
gardens of‘southern Britiéh-Hondur&s. but.a photograph

of ramon tfees-in s Peten kitchen garden, taken in 1967,
1s showm in " fig. 9. efﬁé house is located in the
relativély remote village of Dolores in tﬁe southeast

- Peten, Qﬁestioning reveéied thaf the owner, a man of

¥aya descent, got the trees started,with:the ‘intention

~of utilizing thém for,?oddef and: food. Whether they

were transplanted or plaﬁﬁe& is nqtlknpwﬁ. ‘This information
ie supported by the fact that ramons do not appear to -
" grow in the immediate vicinity of the village., It is
perhaps for this very reaéoﬁ that the photogzraphed trees
stand alone 1n defiance of a 1ocal ordinance ‘which required
- 811 larger trees in the vlllage to be cut down some years

-ago, It 1s doubted that they will stand much 1onger.

' USE OF THE RAMON AS A STAPLE

'Historical Evidence:

| ~Turning now to specific histbrical évidénﬁe for the

;_use of the ramon in subsistenee, we have already noted
-Landa'" reference to the fruit as “"savory figs" (Tozzer

- 1941:199), and Father Avendafio's w1§t£u1 reference to

the_f;uitless trees (1t was early February) he encountered

-;n his Harrowing‘exodus from Tayasal (Means 1917:167).




Ramon trees growing in a kitchen garden,
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In the Books of Chilam Balem of Chumayel, the fruit
of the ramon, along with two root crops, cup (Calonszoniw

coerunleum Benth,) and the batun (Anthurivm tetragenam var,

yucafénsis Engl:) is significantly assoclated with

famine, _In one particularly dire prophecy where it 1is
foretold that Y“vultures will enter the houses," it is
recorded that t,..the bread-nut (ramon) shall be their
bread" (Roys 1933:122). Tozzer (1941:i99),1n.“ footnote
_.108h. writes "With the cup two plants eppear almost as -
a symbol of fémine in the Prophecies." This is clearly
in_reference to use ﬁf the sced fo nake meal, wherein.
2lso lies the origin of the Creole name "breadnut" (Bartlott
1935:18), |
These references clearly indicate the remarkeble
reliability of the ramon and certain root crops as food
sources in northern Yucatan when all the regular crops
fajled, Thidissa most 1ﬁportant point in splite ol the
famine assoclation vhich might be taken to indicate
that these foods were virtually inedlble. A
There 1s no evidence whatsosver to indicate that
the rambn as a_food is inedible or that i1t has sny
debllitating effect on those who éat it, in fect the
-evidence is quifa to thelcontrary as shall be seen, Much
&5 tho upper classes of Guaﬁémala and Mexlico todﬁy would
be forced to give up their bolillos (white wheat bread
rolls) and eat tortillas In the evertof a famine, the

Yucatecan Mays may have been forced to eat the xamoﬁ;
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Mnderh Evidénﬁé:

Reminiscent of the role of the ramon, in the Book:
of Chilam Balam, is the stateunent of & Tajin Totonﬁc
1nformaﬁt. that in forner times of femine, the Totonac
subsisted on the éﬁi&g (ramon) %“collected, shelled, and
boiled with salt; or they ere stewed with brown or white
éugar." (Kelly and Palern 1952:i63). Roys (1931:272)
records that among the Yucatecan Maya, "the boiled
fruit is eaten alone or with honey eand cormmeszl . ™
Martinez (195%) says that the frult’is prepared as a "conserva'
(sweetmeat), Gann {1918;2&3) reports that “When dried
they arc ground into a meal, from which nkind of bread is
nade, and they are also boiled and made into sweetmeat."
It appears possible in this case that the secds are not
cooked in Ehe preparation of the meal,

In regard to the other speéclies, Calderon (i941:8?)

says that the fruit of the Brosimum terrabanum is eaten

after cooking, in Salvador, Allen (1956:142) further

reporte that the fruit of the Bfosimum terrabanunm is used
in some parts of Nicaragua to ma2ke tortillas, In the

erca of Tula, Guatemala, the seeds of Byosinun tefrabanqg

are boiled and-eaten or made into a2 sort of tortilla

(Standley 1946:16), A specimen of Brosimum costaricanum

I have secn in the collections of the Philadelphia Acadeny
¢f: Natural® Sclences has fruits virtuvally identlcal to '

those of Brosimum alicastrum (fig. 10), Use of the ramon
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Figure 10: Specimen of Brosimum costaricanum from the
" gollectlion of the Philadelphia Academy

of Natural Scliences.
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_ The seeds, simply boiled, taste like potatoes,

according to Gann (1918:243), Standley (1920-26) says
they taste like chestnuts, Ve, however, would compzare then
fo sonmcthing a little more tastéless; perhaps they are
best descfibed as a combination of somcthing with the
sonesistency o soggy chestnules with a flavor of brazil
nuts, The opinion of Descourtilz (1821-33:10) as &
Frenchmen ray be of assistance here: |

"Ces fruits éont trés bong, soit grilles. soit

bouillis; on ne peut nieux les couparer qufaux

chataignes (chestnuts) d'Europe. leur substence est

.farineuse et dfun gout, trés-savoureux; elle

nta pas ltinconvénient de surcharver 1'estomac
et d'cccasioner des flatuosités,

Lexical Evidence:

As an introduction to this section, the followlng

“1ist of names for Brosimum alicastrum is presented, This

list is probably iﬁcomplete. References for each nane and
lJocality of occureance avre glven, Apparently non-native

terns afe asterisked,

Native Terri Location and Reference

aja Chiapas (Martinez 19593)

a jah Chiavas (Martinez 1959b)
ajash ‘ —-Chiapag (Souza-Novela 1950)

ajocosochitl : ~ Oaxaca (Martinez 1959b)
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" Location and Reference

Native Term

ash

ahx

¥apomo

*breadnut

*¥capono

choch

guaimaro

gulmaro
- ecomestible

gueimara

iximche

wed de vl —

FJuandiego

Jujushte

'Ju-sapu?
ju;ksapu

¥maseco

*maslicaron

*magico

3‘“0&*&154

Chi?paq (rartinez 1959a,b; Souza-Novela ' ,
1950; Record and Hess 1943) .

' Chlapas (Moran 1935:30)
" Sinaloa (Standley 1920-26; Record and

Hess 1943)
British Honduras (Souza-~Novela 1950;
Record znd Hess 1943)
Jamaica (Record and Hess 1943)

Tepic, Jalisco, Oaxaca, Veracruz
 (standley 1920-26)
Nayarit (Souza-Novela 1950)

- British Honduras (Record and Hess 1943)

Sinaloa, Michoacan (Martinez‘1959a,b)

Yucétant poésibly Brosinum alicastrun, (Perez
dictionary ~Standley 1930:174)

Cuba (Record and Hess 19#3) (Ro\ g Mo 1153 43%)
ok Naie 19912 T 5¢)

Coloubia (Record and Hess 1943)

Cuba (Souza-Novela 1950)

The Cakchiquel area of the Guatemalan High-
lands (Recinos and Goetz 1953:17;
Sto%l 1958:184; Guillenin 196? 25)

Oaxaca, Reko (Standley 1920-26)
Mexico (Record and Hess 1943)

Salvador (Calderon 19441:87)

.The Tajin Totonac arez of Veracruz (Kelly

and Palerm 1952: 325)

The Tajin Totonac area of Veracrua (Kelly |
end Palerm 1952:325)

Guatémala, Honduras (Standley 1920-26)

Guatemala. Hondures (Record and Hess 1943)
British Honduras - B, terrabanun (Standley 19&6)

" British Honduras (SouzamNovela 1950)

Guatemala (Standley 1946 . -
Honduras (Record and Hess 1943)







Native Terms

78

Locatibn and References

oxoctsin

_ oxotzin

¥ramon

¥ramon blanco

*ramon de Mejico
¥ramoon

#samaritano

tsotash

tzotz

uji

ujd
“ujushte

ujuste

ujuste blanco

* ¥willd cherry

Mexico (Huart 1902)

Veracruz (Standley 1920-26)
Tamaulipas, Oaxaca (Martinez 1959a)

Oaxaca, Yucatan, British Honduras

(Souza-Novela 1950)
.Quintana Roo (Martinez 1959a)
Jamalca (Long 1774)

Quintana Roo, probably B. ali&astrum
(Standley 1930:177)

Cuba (Record and Hess 19473)

British Honduras (Record and Hess 1943)

_ Oaxaca (Souza-Novela 1950: Martinez

_ ‘ 1959a)
Chiapas'(Martinez 1959b)
Chiapas (Martinez 1959a)

~ Michoacen (Earﬁlnez 1959a)

Michoacan (Martinez 1959b)
Salvador (Calderon 1941:87)

Guatemala (Standley 1946)
Salvador (Record and Hess 1943)

Guatemala (Standley 1946)

_British Honduras (Souéa-Novela 1950)

With the exclusion of the obviously Spanish aﬁd

English names asterisked above, the native names for

ramon can be arranged into groups which appear to be

cognates, The apparently Maya forms ash, ahx, 00X,

osh, and ox, where x=(§), all seem to be cognates.

Another group-, possibly derived from Nahuatl, includes
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Unfortunately, a dictlonary referecnce for stored food &s ox
vhere (x=sh or s) has not been found, Thus, with a faintly
possible yich ;ﬁ derivation for maize and an equally faint
possible poch derivation for the ramon, a& final link between
_1s far more likely than elther of the other two since it
involves only a single voﬁel change between two words of
ginilar ﬁeaning. Apart from the posslbility that thése,
words are remnants of a link between fhc ramon and majize,
their sinilarity alone suggests an assdclatipn between tree
fruits and subs%stence or stored food, o

The second route between malze and ramon is much simpler,
We start with a root for ramon such as "ohx" and a Vm (Vowel
"m) suffix, Many modern Maya languages have sucﬁ a suffix
which derives sﬁbstantives‘(Fought. personal communication).
Agsuming that thls substantive was ohx-Vm, a change in the
vowel of the root (o> 1) would be plausible since the root in
the two;syllable form would be.lightly stressed - - compared to
the monosyllabic root, If the vowel of the suffix were i
_or-élat the earlier stage, the root vowel might well become
shortdnéd ant gssimilated to the suffix vowel by umlauting.
In this schene, the suffixed form would héve had & "basie food
source" meaning that shifted in application from ramons to
maize, The pdssibilit& of a verbal root need_not be Yejected,
From'thé‘Hctﬁl"Dictionary (Martinez 1929:463) we learn that
Ach ecan function as é verb, with the definition "llevar
fruta los arboles." This allows us to sidestep in one mové

‘the problem of the maizefbreast association in the first route
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and the problem of a substantive derived from a substantive
in fhe gecond yroute. Unfortunately we are again face-to- |
face with an undemonstréblé (ch)x).

:An unrelated frazsment of evidencq for a link between ox
(ramon) and ixim (meize), which might bé applicable to’
either foute or thelr combinafion, is provided by exémination
of the forms of words for the cardinal number three in various
Mexican and Gugtemélan languages, These are presented in
'fig. 11, Here ox (thrée) seems to be generically related
to ixim (three). 1In light of the second route proposed, it
is intérésting to see that forms such as oxlm and oxib occur.

Quiche Quiéhe de Cakchiquel Cakchiquel de

Ixtavaca  _and Zutvhil Santa Maria -
ox, oxib ochip oxi "~ ochi
Pokomchi Tzendale Chortl Mayq;. Huastec
ichinm oxin uxte ox OX

Figure 11: (From Charency 1882:3). The words for the cardi-
nal number three in several languages of Mexlco and
Guatemala, Stoll (1958:90) gives the Pokomchi word for
three as ixib and for Pokomam, ixiém, -

Tﬁe gﬁ_fopms can probably‘be rejected as evidencé for
=-hﬂ1)xﬁ sﬁnce ch probably = & as an artifact of Charency's
French background. A generic relationship for ox and ixim,
howeﬁer. es fbrms fof ?he cardlinal numﬂér three, might be
taken to be suggestivé: of a generic relatlonship between

ox and ixim as forms for a basic food source, Cook's
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inclusion of .Xanthasoma, in a generiec relatlionship with the

ramon and stored malze, would seem to support this Ilmpression
of hasiqness.  It is 1nte3esting in this regard that the
Motul Dictlionary (186L:216) gives us e broader definltion .
of ich then that found in the Martinez edition (1929). -In
-thig manuseript, we find "fruta de arbol o tierra: ich,"

- suggesting the inclusion of root crops and possibly maize.
Another probleﬁ which has bearing on the former role of
- ramon, is the derivatidn of the nzne of the former capital.of
'~ the Cakehiquels, iximche. Translated literally this has the
meaning'"maize tree,® in publications of Guillemin (1967:
25), Stoll (1958:184), and Recinos and Goetz (1953:17), it is
identified as the ramon, Unfortunateiy. ve have been unable
to £ind this identification in a dictionary. It éppears
first in an earlier edition of Stollt's work as a translatorts
- note, This translator was Antonio Goubaud Carrera. His note
follows (Stoll 1958:184, p. 146 in the 1938 edition),

' " Ixinche no significa 'la cana del malz,' como erronca«

mente se cree, sino que es el nombre de la planta que
en castellano llaman *Ramon'! (Brosimum Alicastrum)."

. Roys (1931) lists an iximche which he identifies with

Casearia nitida (L.), Andira inermis H, B, K., and

Citharexylum schottii Greenm, None of these produce a

significant fruit and the latter two are shrubs. or small trees,
None of thenm have any maize-like quality mentioned in the

111 terature with the possible exception of Andira inermis

'_whigﬁ is also c2lled cornwood and has a bark with a nauseous

odor which can be used as vermifuge, purgative, and nércotic

fa
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Forage :

Todaey the tree is_of real economic imporbance

all through the areag in which it grows ag a source of

iforage'fof cattle, horses, and mules. In the jungled

heart of. the Peten, the tree is essentisal for the main-
tajnance of the mules used in the chiclé industry. Few

trees in the world have leaves vhich are edible in this

way, and its rapid recuperative powers maﬁe 1t doubly

. valuable, In Jamalica, fruit are used as stock feecd

(Fawcett 1901:42) for cattle, horses, and pligs.
In Pre~Columbian times, as today, the fruit was
probably a major source of food for deer, the tepszculinte

(a very large relative of the agouti, Cunicvlus paca I,

var, virgata Bangs,) and ﬁild pigs. As "balitw

for these animals the trecs may have been important for
Maya hunting as the milpa is today (Relna 1967:16). Though
domesticaﬁed animals other than the dog and posslbly the
turkey, are not usually associated wlth the Maya, Cortes!
encounter with ?agi deg? at thq Haqot??as1}f interesting

(¥eans 1917:30). The fruit and leaves of the ranon

could have beecn a food source provided for these animals

by the Maya,

The Sap as 8 Beverage:

Gann reports (1918:243) that the’ milky latex

ﬁhich flows from the tree vwhen a cut 1s made,%,..resembles

~cream, and when diluted with water, 1s reputed to afford
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a sétisfactory substitute for milk," Gaunuer (1918:12)
seays that latex tastes like milk and that it is used
as such, ",,.sc emplea tambien como a2limento, bien

saludable y bastante nutritivo," In this respzet the

>

ramon is apparently similear to the cow tree of Venezuela

(Brogimum utile), of which Allen (1956:14%) reports;

WThe fresh milk has been trled in coffee end can scafcely

be distinguished from good creanm, while chilled it can

be whiﬁped and flavored with sugar énd vanilla extract

hnd served to unsuspecting humans, Dogs or cats, however,

w11l not touch it.w | |
The épecies of the genus Brosimum as "cow trees"

are not to be confused with those of the genus Couma,

including Couma guatemalensis Stand, and various South

American sﬁecies of the family Avocynaccze, These have

also been called “cow trees" because of their potable

nilk-like sap (Standley 1936).

Breved Beverace:

The seeds are sometimes roasted and vsed as a
substitute for coffec (Standley 1920-26), This coffee 1is
sald to have medicinal properties (Martinez 1959a)

Tiﬁber:
The whitish-yellow wood of the ramon, though moras

subject to decay thzn some other ¥inds of wood, is

.resilient, hard and stfong. With a number of other
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Peninsula (Iundell 1938:41) it functions as a welcone

" source of shade along streets and fences and in backe

yards, -

Clo

—_

i

|

s 1% ié perhaps worth noting that the bark of the

elosely related Brosimum vtile 1s_apparent1y used to

.make c¢loth which can be used for clothing, blankete,

and even sails. -Standlem-fi937) in Costa Rica saw & piece

of bark ecloth being used as a curtain which had beeh

nmade from & tree called mastate, & common name for

" Brosimun utile,

Medicinal Usés:

o i}

The Haya texts studiea by Roys (1931) prescribe the
. A
sap &8s 2 remedy for asthma, coughs, and phthisls.

Evidently, it 1s still used &s a calmant for asthua and

p— )

bronchitis (Herrera 1897:84, Vartinez 1959a ,Garnn 1918:2&3).

The seeds afe 21s0 believed to stimulate lectation

(Gauﬁer 1918:1L, Gann 1918:243,.Martinezeand%Cdﬁpﬁg 1924),

It is further.reported that an extract is useful for
ﬁreatinglslow;healing cuts and ulcers (Gaumer. 1918:14),
Descourtilz (1821-33) ascribes medicinal uses to the
fiour but here the cures seem to be applications of
i9th_caatufy'European nedical knowledge rather than

enything Central American,
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Miscellancous Uses: _ ‘ _ SRR

_ Divihers"fattles or sonjas formeriy were nade by
plaéing_ramon'seeﬂé in a hollbw calabash. This was
called toporte (Maler 1908:55). |

Todéy the latex is sometimes used &g en adulterant
-for.chiqié-(ﬂecord end Hess 1943:380),
Tbe gap is also reported to yleld a kind of rubber
‘(Stamdley 1920-26).
_ In.sumﬁafy, aslGonzalez (1939:2@0) so‘dorrectly

states, "Todo el ramnon es utilizable,®

CULTIVATION

Before serious consideration can be glven to the
posslbilit& that the ramon was cultivated and utilized es
g m2jor Tood source by the Classic Haya, ccrtain aspscets
of cultivation of the tree must be considered. These
ere best phrased as questions., How caﬁ the trees be
' propagated? 'Unéer what conditions do they grow? What
sort of maintainahce do the reduire? What spacing'do
the treesldemanﬂ for @aximum'productioh? - : ngjﬁ
o Ot
Fortunately the ramon has been of Iimportance in ;? igik:fki
recent times for its use as & source of forage and at | Code
least three published sources on its cultivatién have
appeared in the last 150 years:'these are Descourtilz

(1821«33).H9rrera (1897), aﬁd Gonzzlez (1939)., Though
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fhese authors propose somewhat divergent methods of
planting, they otherwise seen to be in genecral agreement
about ho;.-r the tree is to be cultivated, The latter ‘
two specifically attest.to the surprising strength

and ruggedness of the tree,

Planting:

After cléaring the ground, Herrera advocates the
'flanting_of 5 or 6 seéds in holes spaced at distances
of 5.02 meters (6 veras). Then after b or 5 years of
growth,.the branpheslof the young trees are pruvned in
Feﬁfuary br March‘and 3=4 months later, they are trénsplanted
to the intended plantation with a spacing of 6.69 meters
(8 varas) to assﬁre maximum productivity, If the trees
are evenly=spaced by the hexagonal system, & density of
about ;0& trees/acre (257 trees/hectare) can thus be
-planted. It is interesting to note how close this
optimal spacing is to spacing in naturally occuring
grdves-of the tree, Wagner (1964:228) reports natural
stands of the tree in the Petey "With as many as ého
(ramon trees) per hectare." Edmund thnson (18?3:498).
a forﬁer U. S. Consul at Tampico, found densities of
100Itrees/acfefin the afea éf Tuxpan, which is about
halfway between Veracruz and Tampico,

Goqzalez (1939:22) evident;y felt that this form
of transplantation was detrimental to the‘tree and advocated

the planting of individual seeds in bamboo-like tubes
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of jpimba (Guadua?) which had been filled with earth.

Gernination is épparcntly more likely if the sceds sre
planted ot a deﬁfh of about 4 cm. Under proper conditiéns
of hunidity and temperaﬁure. the seeds should germinate .
in 14 to 15 da&s. The seedlings are then allowed to
Cgrow in this tube until they_ﬁroduce,& or § leaves, At

| this p01n£ the tube isgplit slightly with a mgoheté

and the whole apparatus is carefully planted in the
desired 1ocation.- Goﬁzalez advocates a wider spacing

of treés. iOOn125 trees/hectaré. so that the same

,tér?ain nay be used for the cultivation of othér crops
betwéen_the treeé; A broader, denser crown r.osulting

-in a maxlmum production of leaves and fruit s 'd-thus

be assured.. Such'épacing glso glves gfeater access

to soil, water, and nutrients which in turn generally
stimulate production and repor@uction in fruit breés
(Yarnall 1964:95) The higherorgantc (Farredlne 1954) carbor
and phosphate ' (Johanessen 1958i content of soils under
trees has been noted. _ |
Deucourtilz (1821-33:10) advocates propagation with
cuttings, wnich must bc started in the spring. He

also mentions the use of marcottage. a horticultural

practicc.which is also known_as alr layering,

Maintenance:

For the first few years of growth, Gonzalez and
Herrera both suggest that the tres be glven shade,

A natural preference of the tree for shade is suggested
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bj the fact that it groves best along fence rows in Jémaica
(Long 177L:7268) and shady canyons in Chiapzas (Miranda
1952:69) and Central Mexico (Hagner_‘196h:252). fo

meet this need in the new plantation sltuation Herrera

(1897:84) suggests that a stake of chaya, probably

Cnidoscolus aconltifolivs, be planted beside the young
trees. i - - ; -
| Mainteinance of the_treés. once they have been started,

involves two or threé weedings during the rainy éeason
(Herrera 1897:84),

As for pruning; since-lt inhibits fruit formation
by reducing carbohydrate production throuvgh photosynthesis
in the leaves (Hayes 1945:48), it offers no real advantage
to the Maya except perhaps in transplanting._ The height
of the trees probably would have made the practic difficult
anyway. ' a

It is worth noting fhat fruit production can be
tempqrarily-increased by gilrdling (Smith 1929;i4).
This technique, though I can find no record of it being
practiced in the Maya area today, 1s've;y s;mple. It
is performed by simply cutting away a half inch ring
of bark around the tree; ang.thereby remévlng the phloem
while leaving the deeper xylem intact, By thiks interfering
-with the'déwnward flow of sap in the phloen, carbohydrate'
is concentrated in the upper half_of'the tree, sﬁimulafing

greater fruit production, Vegetative growth is meanwhile
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Discase:

Ajlunents of the ramon seen to be very few end
Gonzalez (1939:240) urites fhat virtuélly 511 the trees
he has soon appearced to have been hcaitﬁy. i1 some
cases, however, & variety of ternite can be found on
the bark. A certain fungus also occasionally will grow

211 over a tree and attack perticularly the younger leaves,

t

Sumnsry : |
In summary, then, no particular difficulty is
involved in the planting of the ramon sceds, Little effort
or techniqué is fequired for maintalnancélor exploitation
of the tfee. Fertilization of the soil in a kitchen
garden situation would have been éutomatic. Cleérly.
tééhniques'of transplanting, pruning, end grafting
could have been, and most probably wére. developed and
_employe§. the way they are_&%rfruit trees in the Maya

area today,

PRODUCTIVITY

The productivity of the tree is truly asﬁonishing;
In an attenpt to estimate the guantity of this production, |
e ramon, relatively isolated from others, was singled,out’
an& the frults that fell from it were éystematically |
collected, Its position is 8-353. W_15 on the survey

strip. Unfortunately, the tree was rather old and
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eﬁldcntly suffered frou competition wiih other speclies,
s0 we hardly feecl that our results express the full
potential of the sﬁ?ies.

" The fall of the fruit, vwhich lasted for most of the
month of April, was collected from the litter bencath
the tree, about oﬁbe 2 week, By the end of the fall, the
tree had produced a total of 12,546 seeds welighing 32.6
kgm. (72 1lbs.), Some of the secds had been partially
eaten by insects, This loss was calculated, howéver.
by multiplying the average seed Wéight off 3 grams by
the number of sceds for a total of 37.6 kgm, Presumably,
if the seeds had been picked up more regularly, this could
have been reduced, A large addit;oﬁal amoun£ of-food va.s
avallable in the fleshy receptacle or rind, As the wet
welght of ﬁhe rind averaged 1,5 grams, which means that
enother 18,8 kgn (b1ik4 Ybs,) of food was actually
prodvced by the tree. Thus, though we only collected
37.6 kgn, of food, & potenﬁial of soﬁething on the order
of 56,4 kgm (1204,3 1bs.) may have been available, Fuch
more of this could have been collected if we had saved
the flesh and picked up fruits. on a dally basis,

' This figure is not out of line with other estimates,
Gonzalez (1939) says that a large tree can produde up
to 60 kgm. (132.j 1bs,) of seced., According fo Martinez
(1936:100), in humid areas where production is higlzler,_

a wmedium~sized tree can produce up to 75 kgm, (165.3 ibs.)
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It should be noted at the outset fhat malize ﬁroduction/acre
in the Peten 1s.low for at least. twd reasons (1) the
Ampossibility of 1rr1gatioﬁ or chinampa éultivation.' A11
the water that was callected'in the reser§01£s~surely
had to be saved for household use and the making of
plaster; (2) the long fallows necessitated, apparently
because of the insbility of the unfertilized solls to
meet continuously.the high and selective demands of the
ennual crops, . |

Certainly one of the most thimistic estimates of_
the milpa pfoduction potential for the Peten is that of |
Cowgill (1962)., she éstimates that & stable-slaghmande L;JEP-”

burn agriculture could be carried out with a four year ( -2\
= et g .5“’:."“.)

fallow after a single crop-(1962:2?9). Since a-cenéus W
of 40 farmérs estimated an avérage production of 1,425 1bs. i
of maize/scre on first year plots, the yield-of only one F%ﬁ;*”
acre/year over & long period'of time would be 285_1bs./écre.w;%7L;
Two harvests from the same piece of land provide even _ _—
less becausé of the necessity of extepdipg the fallow. R {,i*i
This figure is 270 1b$,/acfe acbording %Q Cowgill's' 3 }I?*“?“}
data, A third harvest reduces productivity/aére' ' mii;,”ﬂg.i
drastically, In other afeas. bf course, producti&n is &i;t* '-L?
.- often higher because fallowé can be s@ortened or even -;:ﬁ _=?§,
eiiminaﬁed.as a.result of location in areas of.natural rﬁzk&UmJ"
aliﬁvial flooding or ﬁhrough the practice of 1rr1gatidn. ’LJ»*:LzJJ

‘Such alternatives are not possible for most areas of the 1 lbhjr,-
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Peten, The natural linitations of the soll and the
non-avallability of water simply will not permit it.
In comparison to the ramon, yiclds arc fﬁrthor réduced.
vhen considered in terms of an overall averzge, by loss
of cropé due to locusts, drought, hurricanes, highl
winds, hail, and occasional devastation of ficlds by
deer or other wild animals, These factors force the
nilpero to plan on producing much more than he expects
his fanily to actuzlly consume (Hester 1954:108),

The ramon, on the other hand, is hardiy affected
by these factors, - Wind camnot so easily blow'down and
'destroy the trecs, the.way it can méize. The trees
are little affected by drouzht, whﬁch again can utterly
destroy a maize crop., Locusts, the plague of grain
crops all éver the world, have no interest in ranon
trees., The only serious pests would be parrots, which
evidently relish the nuts (Calderon 1941:87), Ternites
and ants could have a debillitating affect as has'been
mentioned, Deer and rodenﬁs. of course; are unable
to get at them until they fall, which is a great advantage,
Once the fall begins, wﬁen they can get at the fruit,
man would be devoting his energy to picking them up
anyway, Bats would not be a serious threat since they do
not eat th& secd wnich simpiy falls down through the

tree after they have eaten the flesh,
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In_summary, then even without consideration -of
the#e losges to which maize as an annual crop is so
much more susceptible, the yield/acre bf»the rum&n is
ﬁossibly"on the order of 10 times that of slash-and-burn

cultivation of malize in the Peten,

LABOR

How the Classlc Maya could have invested so much’
labor into slash-and-burn agriculture and still have had
the time and energy for thelr volumlinous grchitecturall
achilevements is a question which haé puzzled scholars
for a long time, The dimensiong of this diserepancy have
vecently been spelled out by Réina (196?) ﬁho re%eals
that the labor demands of milpa agriculture leave little
time for other actlvities, In his ownm words, "...the
milpzro just manages to 'break even! all of his life by-
éxpending & maximum anount of physical energy and by
planning carefully." (Reina 1967:15).

When it is considered that the Maya used stone -
tools, the amoﬁnt of labor involved in slash-dnd-burn
egriculture greatly increases, " Experiments carried
out by Hester (1952) indicated that eclearing with stone
tools took about twice as much time as clearinz with
the}mbdern steel machete and éx.,

Today & man spends about 6 months of the yésr in

the milpa (Morley 1958:140) clearing, burning, seeding
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_ weeding; bending the stalks, harvesting, end finally

transporting the harvest home, A1l this is to produce g
’ I i Ry rord

thé 2000-3800 ibs, of malize necessary for the annual 5au¢}th 

AR P | )
subsistence of his family. (Steggerda 1941:130; Hester tAn =4

-

1954:106; Cowglll 1962:277; Relna 1967:106). I\{fi%i

This is to be compared with the approximately 20 .+

P 5 r »'l':'._ "‘E"\!J -
man-hours of leisurely ramon nut gathering it took us i '%f;
' Pasedied . o
to produce 72 1bs. of food, This time could probably ﬂ;“h}fpluhk
be more than halved if the litter were cleared aﬁay" ,L;‘ﬂ;ﬂ“:;{
; v, *
[ .--4'\, -

' from ﬁeneath the tree before the fall began, This ;;J
mneans that'the same jqb coﬁld pfobably be dbne in less'
than 12 hours. Working an 8-~hour day, a-wbman and, let

us say,utwo children could gather e Tull 3606 1bs. in _

less than 20 days. Since the fall of the fruit lasts

b or 5 weeks, emple time would be available to pick up

the fruit as it fell, The labor 1nv6;ved in_wéeding-

or clearing beneath the trees during the_rest of the &ear
would probably be neglible; 1) beqauéa the area involved

is so small and 2) because the'dense tangle of weeds and
brush so typical of secondary gxowth in the milpé, would ="

not grow beneath the dense and shady foliagé pf the trees.

. NUTRITION

In terms of nutrition, the ramon holds as many
_surpriSES as almost any other aspect of this amazing

tree one might wish to tonsider, Several nutritional
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surpirises lie hidden in this inunocuous frult remains to
' be seen.
One further point needs to be covered here. In
informal discussions it has been svggested to me several
times that the ramon contains some vnknoun but malgvélent
compound that causes to it tq have an ultimately debllitating
ror polsonous effect on those who eat it and that it is |
for this reason the Maya diglike the frult today. .ﬁédern
Guatemalans, most'commonly fho;e vho have cone £0
know the security of steady income and marketed foods,
have been known to refer to the fruits asgs “"monkey food."
Peten milberos. who are stiil occasionally forced to eat
them when crops fail, are somewhat less disdainful,
remarking verhavs that they do not 11ke the taste of
them. The-fact that Elias' famnily ate several pounds of
our experimental tortillas with relish before we were |
able to-weigh the finlshed product. bellies the ﬁoint.
' Sféculation on the pﬁssibiiity that the ramon harbors
"detrimental nutritional factors, thus seems idle in view
of the evidehce. Clearly the Yaya eat large quantities
“of the fruit, even today. Gonzalez (1939:240) notes that
people have lived for as long as 15 days on the fruif
wvithout ill effects. Experimentation has revealed that
ramon forage = incrcases-milk production by 1.,5=2.0 liters/
da& in couws that normally produce 8.0 liters/day on normal
forage (Gonzalez 1939:222), Clearly then, thyxamon.des:not harbor
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factors detrimental to eatile. or, for that matter, any of

the many wilad animals which eat the frult in large Quantities.

Attituds of susplcion in regard to wild foods which
ere little eafen are apparently common and almost always

ebysmally ill-founded as g perusal of any of Euell Gibbon's

‘1nteresting books.-inclﬁding "Stalking the Wild Asparagus
(1962), will surely couvince the 1nferestéd reader,

As for a. reason as to why the Maya do not enjoy
the ramon today, onc has only to note the declining favor
" of the raize-tortilla in uppef class Mexicm and Central
Anerican cirqles where it js being replaced by wheat-
flour'pg;igggg. The relatively new wheat-flour breads
besides "tasting better" are ﬁore prestigeful, Perhaps
the ranmon ﬁnce sﬁffered the same fate that corﬁ seens
to be advancling toward even today,

In summary, then the remon can probably be considered
superior to maize in terms of nutritional values, It
far outranks the rather watery root crops whlch also have
e low prﬁteinnfét/carbohydrate ratior~, It has several
distinct advantagés over the bean; 1) more calories,
2) lesg nmoisture, 3) much more vitamin A, and 4) much nmore

aséorbic acid.
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DISCUSSION

Flexibllity of Subsisience Systems:

Perhapsz the strongest'aréument against the hypothesis
“of primary pbsition'for the ramon 1n'ancient Naya sube
sistﬁnce ig the uninportance of this food souvrce todey and
apparently at the time of the Conguest. But it is -
a long jump back into Classic Maya Limcs and archacological
confirmation is important for even the most basic of
-our assumptions, As Meighan e£ al, (1952: 132) polints
-out, "Even 1in areas of known archaeologica] development
such as Mesoamerica. the interpretation of the site as
representing an ag ricuitulal economy is often a mere
assumption, not an inference from snything in_the archaeo«~
iogical picture." One might ask what validity theré
15 in the popular assumption that haya subsistence
technlques have been static for more than 2000 years in
spite of the great demographic chaﬁéeg includlng sweeping
decreases in population density as well as changes in
distribution. Boserup (1965:116) points out that
'economlsts "have assumad agricultural s&stems were the
result of geography uneffected by changes 1ﬁ population
slge." AnthyopOIOgicalldata_dO' not seen to bear the
economists out. ' _

As Eelder (1967:62) has recently indicated, 1t is
important to base assumptibns'én'more than a single
ethnographic model, In consideration of the role of
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extensive agricultural systems,_H&yanists'ﬁave tended
to basce their assumptions on that single ethnograpﬁic_
model which 1s the modern Maya peasant, Recent studies
in Afriba, howe%er, reveal the startling inter-relationship
between population size and subsistence teéhniques,
particularly in regard to extensive, as opposcd to
intensive, land-use systeme, Udo (1965: 158) shows how
.increasing population density in certain. partq oT NLgcria
" are related to a shift to "permmnent cultivation in
areas where the rotation of bugh fallow has been the
tréditionai nethod of farming." The reverse has been
noted in various parts of-west Africe end Southeast Asla
where extensive élash—and-burn cultivation has replaced
more 1nuensivc systems whcn large tracts of land becane
avalilable as a result of pacification or nmigration (Gourou
1956:345).

In our own country, & sﬁift to more intensive forqg
of agficulture such as truck farming is apparently fe1a£¢d
to population increase, In New York State, while the
total number'of farmsIQecreased 33% in.the 1949-1959
period, the numbef of Tarms producing over $10,000 worth
of products/year increased by about 50% (Bratton 1962)
Surveys (Nobe, Faldy, end Conklin 1961) reveal the
1ncreasing1y high  proportion of_the.ac;ual area under
mbre intensive forﬁs ﬁf agriculfure. This relationship
between population growth and intensive and exteﬁéive

_-agriéultﬁral technlques 1is chémpioned by
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Boserup (1965) in her exciting book, The COﬁditiohs gi

"~ Agricultural Growth, Genefaliziﬁg broadly from the data,

slash-and-burn agriculture seems to be more typié@l of
_f$6ﬁtier situations such as exist in much of the -

Maya Lowlands today where the men-land ratio'is low, The
whole psychologj-of.m&n's rélationship:with lend is
differ'en‘tw'under this system, In light of the many ways _
_1n whieh agriculture can be 1ntensified,- COngll'

statement (1962 283) that "the present system of agriculture'
appears to be-the most efficient possible for the present
environment" hard1yFaeems—to—represen%—%beﬂf&na&—wor&. S

J_,H ety }JH Lo 8 Jh} i,._ .--’:-—\ e AN M,) ,_|,.1|¢v,l,\....
s D= Ly et a ‘:‘_.-[I--_ . ,.HJ.‘-‘-- E

Settlement Patterns: ; ‘ T

-'_Sandgrs (1967:53) says, “The primary Geterminant
-ofirural settlement'pagterns-in a peasant soclety is the
agricultural systen praéticed " He goes Sn ﬁolpostuiate.
“that the agricultural system.in such a society is primarily

the product of 1nteraction of technology and environmewt "

We would feel 1nslined to amend this:ﬁo 1n01ude the role

of pnpulation density. first-as‘a primary determinant : |
of agricultural systems ang secondly. through the agri—

cultural system, B detarminant of settlement patterns.

Suraly then, with 21l the differences between kitchen~

-gardening subsistence and a slaqh-andwburn cultivation'

-of majze subsistenee. a certa;n.amoupt of evidence one

way or the-other woald.sﬁrvive in settlement patterns,
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.Traditionally, it hes been assumed that the dispersed

nature of settlement around the ancient Maya

sltes was a reflection of the demands of slash-and-burn

"apriculture. We doubt this very much, 3Inspsction

reveals that around the faifly evenly spaced housenound

_groups_of Tikal, there tends to be little morc than

& hectare (2,07 acres; Tor conversions of ueasurements
see Table ITI) of cultivateble land, For &ll the 1?3
house groups on the strip map from 0,5-6.5 km, tﬁere is
d méximel 1,7 hectares assuning that hillsl?peé and
swanps were a2ll equally cultivatable. Even if it 1s
agsumed that only one family, (5.6 people) occupied |
each plaza-oriented group of "housemounds," 6ne ﬁectare.
or even two hectﬁres. is not nearly enough to provide the
necessary food by slash-and-burn agriculture. Cowglllts
data (1962:276-277) indicates that at least 5.4 hectares
(13.5_acrcs) of good land are needed to provide fhe
1735 kgi (3816 1bs) of maize necessary Lo support é
famlly of six persdns. Clearly this is lmpossible '
with thé spacing given, IOnly by assumiﬁg that at
least 75% of the groups were abandoned all ﬁhe time
can 1t be made feasible, as Sanders (1962) himself was
forced tb conclude in order-to rationalize the Barton
Ramie and ﬁos Aguadas deta, ' _
I thé.same.dataaré-considcrqd to be the result

of some form of intensive kitchen gardeningr with ramonus
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Iﬁ order to make shifting cuvltivation more feasible,
_ Sandei (1962:99) assuﬁes that ancient Maya "hamlets
were very unstable communltlies and repeatedly abandénad
and reoccupied." Clearly, if intensive agriculture were
bqihg prééticad, such instebility wouid not bg neccssary
and here, too,w feel the evidence argues against such
a possibility. One of the notable difference between
ancienﬁ'and'modern Mayea residences is the fact that anclient
Meya houses were Lypically constructed on plétfdrms. while
such platfo?ms are rare for modern Maya homes, Thié
wéuld geem td suggest a greater stabllity of reslidence
- for the ancient laya,

This makes excellent sense in view of.the 1nvesﬁﬁent
6ne would have in an established grove of ramon—' |
'trees to séy nothing of mény other long-Jlived kitchen
garden trees and plants, Further evidencé.of the sedentéry
"natire of Maya residence scems to }ié in the greét
earthworks receﬁtly found at Tikal (Puleston and Callender-
'1967) which actually enclosed the indicated areas of

gréatest settlement density.

-Chultuns;

"~ One furthér subjecﬁ remalns to-be touched upon and -
. this is the functlon of‘the nysterious subterraneazn
‘chultuns, so typleal bf Classic Maya sites in the cent?al
southern Lowlands: It has already 5een indicated

(Puleston 1965), that the most logicél explanation for
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these curious chambers relates to their use for some form
of food stbragp. Recent tests, carricd out in a chultun,
have‘revéaled that though they provide excellent protéction
fo:‘fonds from rodents and most insects, corn and beans
fare_subjept to mildew, whiéh is probably the reason
that similar‘arrangements aré not used for foo@ storage
toda&. Jt was also noted, however, that the drier these
foods were when placed in the chultun, thé longer they
- remained, and.the better they were able to survive this
menace,” In view of the veryfiow nolsture conteﬁt of |
the ranon éeéd. 1t 48 suggésted that éhultuns éerved
for the storage of this food rather than for corn and
beans or root erops which could have been left in the
ground ahyway. - - | - o

D; ¥, Cook (1935) appears to have-been the first
_ and perhaps the only other person to suggest this oonnection
.betﬁeen‘the_function of chultuns as sforage chambers
and ﬁhe fruit of the_ramonl The distribution of chultuns
would appéar to support this hypothesis; For though
they ‘occur all over the southern Lowlands, they are
ﬁotable ebsent from sites elong ri?ers“where annual
deposlts of alluvium mlght have made permhnent 6u1tiu
vaﬁion of naize ﬁore féasiblé. Chultuns do not seecnm
.to.cccu? at Selbal, Pledras Negras, Yaxchilan, 6?
Palenque, where limestone oceurs near to the surface,

makirg construction of chiultuns possible, At Seibal,



117
it is perhaps significant that the doninant tree in
the ruin areas is not the remon but the corozo palm,
further suggesting that the ramon-may not have been of
. great Importance there, at least iﬁ the' final stages of 3
oceupatbion.

IT it is to be assumed that the ramon was of primary
importance in Clasggic Maya times, the féct that the fruit is
so little eaten today suggests that.abanQOﬂment of ‘the Low-
lands mzy be'linked to a change in food habits. -A change in -
food habits is also suggésted by the fact that the chultuns
of the southern Lowlands were not constructed in Postcelassice
times and are not constructed today., Posslibly the igvasions
hypothesized by Willey and Sabloff (1967) can be reiated to e

shift in dlel and subsistence techniques,

CONCILUS fONS

“w oo In” swimary, then, «the following points can be made
in regard.to.the hypothesis of the importance of the
ramon in ancient Maya subsistence,
1. The tree is foﬁnd in dense groves on almost all
enclent Maya sites in the southern Lowlands with

the exceptlion of at least uCibal 1ocated on q,.
the Pasion River. . ol e \»:L !
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3.

7.

8:

9.

10,
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The Tikal Ramon Survey reveals that this
agssociation includes not only the ceremonial
precincts o these sites, but also areas of

Yhousenound® settlement.

Natural factorsg of distribution do not appear
to be able to explain this highly significant

~eorrelation except in the central ruln areas,

In light of the above points, the distribvution

- suggests the cultivation of the trees in regidential
~areas around "housemounds," :

A tradition of kitchen gardenling appears to be
ol considerable antiqulty among the Maya today.

The importance of kitchen garden abroriculture
at the time of the conguest is suggestzd by the
fact that Iruit trees of unknown quantitles
were often destroyed to implement the forced
nigration of groups from one place to another,

The ramon is and was en important and reliable
staple in times of fanline for the Lowland Haya,

The seeds are bolled snd eaten or'grouna with
a-mano and metate to produce a flour fron wnich

tortillas or brezd can be made,

Several studies Tevezl that the ramon seed ag a

food is highly mutritious,

The trees produce up to. and probably more than,

3000 1bs. of edible seed/acre,

Thus ranons

are more than 10 times as productive as maize
s it is cultivated today in roughly the sane
aerea, This production is with a spacing of
~—only 40-50 trees/acre, leaving ample room for
the cultivation of many other plants on the sane
1-2 hectares (2,.47-4.94 acres) around each

housenocund group.

Cultivation of the ramon and other crops in

kitchen gardens would have assured i1 efficlent
cycling of nutrients if the sanitary habits

habits in the past.

- —————of the Maya today are any indicztlion of thelr
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the ramon wes of primary importance. Archae01001cal
“evldence in uppo;t of this hypethesic ray lie in the
funcfion and distribution of ancient Maya chultunu. which
seen to have been vused Tor fool storage but do not appeax
to be favorable for corn and beans, In view ol present
food habits of the Maye end the predominance of extensive.
agricultural systems, it is propoged that drastic chénges
in subgistence mqy have taken place at the termination
of the Classic period (ca., 900 A. D.). As a final point,
support for the hypothesis from the standpoint of ecological
considerations comeé from a percepbive and almost
prdphetic-statement nade by Sanders in his Cultural
Ecolozy of the Naye Lowlands (1962:88).
"Looking at tropical agricultuxe as a whole

end the problems involved, it would seem that

orchard crops involving trees or tree-like herbs,

such &5 the banana or papaya, would be an ideal

agricultural system, since 1t involves slow-growlng

plants that extract much less nutriment from the

soil than fast-growlng grains, require humid conditions,

which are of course typical of the area, and finally,

may successfully compete with weeds because of their

size, This systen of farming 1s most in harmony

with the ecology, since it simply means the replacement

of 2 natural forest of limited food productivity with

en artificlal forest of great productivity."

In conclusion}-thén, the image of the anclent Maya
farmer, struggling ultimately unsuccessfully with the

hostile jungle'environment, becomes about as real as the

‘supposed hostilify of the afétic. Irving, (1960), in a
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classlic stuvdy of adaptation has shown that ﬁhe'unfavorability.
of the arctic ls actually only as great #s the limitations
of an organism'é adaptations to that eﬁvironment. It
is this variable of edaptabllity which nakes Meggerst
(i95h) jdeag on envirqnmentél determinism so difficult
to apply orosswculturally.
| The new 1mpge Gu the anciezu Hayd suggested here
reveals an 1ndustrio_us and creative people, wellnad,apted'
to life in the rain forest, through skilliful and'efficient
usé of natﬁral regources they found around them. The
dynémism and spirit we can sgee today in 1_:1'19 monumental
echlievements of thelr religibn, arts, and sciences are
“surely reflections of the harmony of the relétioﬁship they
were able.to estaﬁlish with their environﬁent.
| | Thesu.conGTusjonS'lead us to suggest that the aban-
donment of the southern Maya Lovlandq .end the initiation
of the Postelasesic perlod may have entailed much greater
changeé tﬁan-has been inagined, It was the end of a
way of life that may have involved profound changes in
subsistence as well as the more commonly recognized

changes in ceramlics and ceremonialism,
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beans 83, 94,
108, 113

Betula 51

Biscayans 17 ‘

Bixa orellana 60

114

112

103, 106,

black zapote
blankets 89
Bobal U5
bolillos 108
Book of Chilam Balan
cef Chumayel 70, ?1

Brazil 1L

bread 106, 108
breadfruit 5

breast 83 .
British Honduras L&, 64,

T W3, 76, 77 78

€8,
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.cattle

‘chultuns

British pacification 110
Brosimum alicastrum (sce
ramon) :
Brosimum columbianum 88
Brosimum conzattii 14

. Brosimum costaricanum 14, 16,

71 -
Brosimum terrabanvm 14, 16, 71
Brosimum uvtile 5, 87, 89

cacao 62

Cekchiquel 76, 83

calcium 7, 103

Calocarpum mammosum 60, 62, 114

Calopozonivm coeruleum 70 .

caloriesi03, 104

camote 113

Campeche 11, 17 .

Taniculus paca virgata 86

canyons 7

Capsicum 114

carbohydrate 85, 103, 104

carbon 14, 85 -

Carex 51

Caribbean 7, 14

Carica papaya 60

Cezearia nitida 80

5, 86, 108

Central Acropolis (see
Tikal)

Central America 14

- ceramics 25

Cereus undatus 60
Chan Kom 62
chaya 93

cherimoya 114
chestnuts 75
Chiapas 15, 75, 76, 77, 78,

93
Chichen Itza 65
chickpeas 106
chiclé 86 90
chico zapote (see zapote)
chinanpas 2, 99
Cholti 79
Chontalpa 2
Chorti -63, 67, 82
57, 95, 113, 115
ciruvelo &0
Citharexylum schottii €3
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cloth 89 _
Cnidoscolus aconliti-
folius 93
Coconut Grove 12
coffee 87
Colima 77
collapsed-building
habitet 41, 42
Colombia 14, 76
Conquest” 109
corn cobs 3, 85
Cornell Univ, 25, 53

Contreras, Elias 28, ?4; 107

cooking oll 46
copal 61
.Copan 84
corozo 46 _
" Cortes 86 ]
Costa Rica 15, 67, 89
Couma guatemalen=is 87
cow tree 5, 87
cross-~pollination 10
Crysophila argentea 21
Cuba 14, 1.)! 76, 78
Cucurblta moschata 113
Cucurbita pepo 113
cup cup 70

Cupania prisca 56
custard apple 62, 114
cutting down trees
cuttings 92

deer 86, 100
defecation 94
dichogany 8

diet 59

dieclious 8
Diospyros ebenaster 114
disease 96

Disko Bay 53

-divergent vegetation 51
Dolores 68, 69, 73, 74
Dos Agvadas 3, 112
drougnt 100 :

Early Classic Structures 48

earthworks 115
Ecuador 14 ;
escoba 21
Esquintla 15

FEirchild Tropilcal
' Gardens 12

fayum 52
Ficus 5

“figs 5
floors (plaster) 41, L8

Florida 12

flowvers 8
fodder 51, 68

forests 7, 15, 19, 52
fuel _
fungus 96

FYDEP 23

generation (length of) 21
Gerald Olscn, Dr. 25
girdling 93
grafting 62, 63, 96
Gray's Eerbarium Index 12
Great Plaza - Tikal 28
Greenland 51, 53
grove 43, 64, 115
growth rate 12
Guadva U4, 92
guava 62, 106
guaya 60
guayo 11k
Guianas 14
guts 14
Haematoxylin campechlianum
hail 100
Heteropgeomys hispidus
var, yucatasnensis 53
highlands 7
Honduras 62, 76, 77
honey 71
horses 86
horticulture 62
housemnounds 21, 26,
5k, 112
Huastec 81
Heuheutenango 15
hunting 86
hurricanes 100
India 5, 62
Ipomoeca batates 113
irrigation 2
i-xim-che €4

28=-49,

Iximche 79, €3

iximche 76

Izabal 15

Jacartia mexicana 60, 73
Jakfruit 5

Jalisco 76

Jamaica 14, 15, 76, 78,

86, 88, 93
Jatropha aconitifo]ia 113
Jicamna _;13_
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Hichoacan

. Nicarapua
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jimba 44, 92

Jimbal 114

Jos Plateau 110

King of Spain 65, 66 ,

kitchen garden 21, 63, 65-
68, 94, 96, 112, 115

kitchen sweepings 94 -

lactation 107

Laguna Verde 47

lLake Peten 66

latex 90

leaching 52, 53

lichens 7

Licopersicun esculentuvm 113

Jimekilns., 88

linzuistics 75=-84

" locusts 100
Jdogwood 23, 25

irrigation 99

Lonchocarpus longistylus 66
nachete 101

magnetometer tests 5i
mamay i@: 62, 11k~

manax: 11k
nanpover 2

Manihd escilenta 113

Maniikara zavota 60, 11k
manuring 94
mapping equipment 25? 27

mapping techniques 25-27

marcottage 92

mastate 89

Mayaglez 12
mediecine 89

Merida 88
Mexico 14

Mexican Highlands 2
76, 78
nilk 5 :
milpas 114
nilpa preparation 101--102

- Montejo 61

¥oraceae 5

Motogua 15

Motul dictionary 86,,8i) 83
nulberry trees - §5 .

mules 17, 86

Nahuatl 77, 78, 79
narcotic 80

- National Scilence

" Foundation L
Na%ajuelal 25, Lg, bLg
Nayarit 76

?1 77

Orbipgnya

Nicoya 15, 67

Nigeria 110

Oaxaca 1, 75, 76, 77, ?8
Olnec 1, 2

cohune 6
orchards
Pachyrhlizvs erosus 113
paloce complexes 42
palaces 57

Papaloapan 15

papaya 60, 62, 114
Paraguay 1b
Parmentiera edulis 60

- Postclassic

parrots 56, 100

- pepper 114, 106

Perez dictiondry 76y “%
Persea smericana 60. 11k
Peru 14

. Peten 15 -

Philadelpqia Academy of

- Natural Sciences 71
Phosphorus 52, 92, 103
phthisis 89

pita Wi

plantain 63, 73
plaster making 99
pocket gopher 53
Pokomam 82
Pokonchi B2
population density 3, 110
population, relie &, 18
18, 85
prickly pear 51
Protium copal 61
pruning 63, 93, 96
PsuedImsdia spuria &L, 114
Ptolomaic irrigacion 51
Puerto Rico 12 :
Puleston, Sally 12
pumpkins 106
rainfall g8
ralny season 7. 44
rainforest 1
ramon
bark 7
erown 7
cultivation 90-96
destruction by insects
end animals
dispersal 5S4, 55, 56
edibility 70, 107
flaver, taste - 75, 107
~ harvesting 73, 102
medicinal uses 89

55 67, 97






1h1

Tzendale . 82 '
Uaxactun 3, 12, 18, 114
Ulva River 62

United States 12

U. S. Consul 91
Usumacinta U46

vacant terrain 21, 23
Venezvela 14, 87
Veracruz 60, 63, 76, 77, 78
vitamin A 108, 106,
vitamins'- 4%, 104, 106
West Africa 110

wind 100

Xanthosoma 83, 113
Yalain 66

zapote 17, 56, 60, 114
CZutnléée dlso Eanllkera)
- Zutuhil 81
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PROGRAMMING CODES

SERIES 100
NUMERIC KEYS ALGEBRAIC KEYS
CODE KEY CODE KEY
00 00 0 07 15 PRINT
00 01 1 08 00 STOP
00 02 2 08 08 IX|
00 03 3 08 09 INT X
00 04 4 08 10 Log, X
00 05 5 08 11 e
00 06 6 08 12 e
00 07 7 08 13 NE
00 08 8 08 14 -
00 09 9 08 15 1/X
00 10 DECIMAL POINT
00 12 CHANGE SIGN
0015 CLEAR DISPLAY
FUNCTION KEYS REGISTER KEYS
HIGH ORDER LOW ORDER
CODE KEY OR SWITCH CODE KEY
01 XX TOTAL XX 00 0
02 XX ADD XX 01 1
03 XX SUBTRACT XX 02 2
04 XX MULTIPLY XX 03 3
05 XX DIVIDE XX 04 4
06 XX STORE XX 05 5
07 XX RECALL XX 06 6
11 XX F(x) XX 07 7
XX 08 8
XX 09 9
SPECIAL FUNCTIONS XX 10 10
CODE | OPERATION XX 11 1
1515 | RUBOUT XX 12 RIGHT REGISTER
11 14 | RESTART IF POSITIVE XX 13 LEFT REGISTER
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