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AmBER from the New World tropics has been reported
to occur 1n Mexico, Colombia, Brazil, Argentina, Haiti
and the Dominican Republic (Langenheim, 1964).
Neither the amber itself nor the environment of its de-
position 1n any of these localities, however, has pre-
viously been studied 1n detail.

' Grateful acknowledgment is expressed to Prof. J. Wyatt Durham
and Prof. E. S. Barchoorn for continued interest and help with the
project as well as criticism of the manuseript. The critical comments
of Prof. A.O. Dahland Dr. Lucy Cranwell Smith are also appreciated.
The investigation was supported in part by National Science Foun-
dation grants GB 1312 and 2397, and the Radcliffe Institute for In-
dependent Study.
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seum, now at the University of California at Santa Cruz. Miss Hack-
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for a Senior Thesis at Radcliffe College under the supervision of Dr.
[Langenheim. Miss Hackner gratefully acknowledges support of this
study by an National Science Foundation Undergraduate Research
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study ot modern Rhizophora and other tropical pollen in connection
with th s project and with her present studies of Late and Post-Glacial
history of Gatun Basin, Panama. She wishes to express appreciation
to the American Chemical Society, PRF Grant 947-A-2, for assistance
in this study.
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The classic concept of amber has been derived trom
the extensive deposits along the shores of the Baltic Sea
which have been rather intensively studied for over a
century. 'T'his Baltic amber is known to have been pro-
duced 1n torests with a high proportion of subtropical
to tropical floral and faunal elements (Czeczott, 1960:
Schubert, 1958: 1961). Yet most comparative observa-
tions of resin-producing trees and the manner in which
they produced large quantities of resin that could be de-
posited 1n the sedimentary record were restricted to cool
temperate conditions around the Baltic Coast. Much
emphasis was placed on the necessity tfor an extensive
forest of trees producing resin excessively 1n response to
diseased and physiological imbalance 1n order to accumu-
late the incredible deposits that occur along the Baltic
coast (Conwentz, 1890). Little attention was given to
the tact that tropical trees can produce large quantities
of resin under apparently natural forest conditions and
that environments of deposition occur there that can
favor large accumulations of resin. Unfortunately, it has
been 1impossible to study the primary environment ot
deposition of the Baltic amber, because 1t 1s thought to
be secondarily deposited (Czeczott, 1960).

Amber from the Simojovel region, Chiapas, Mexico,
Is one of the occurrences in the New World tropies that
provides sufficiently abundant material for detailed 1n-
vestigation. Kintomologists from the University of Cali-
fornia at Berkeley became aware of the presence of
numerous Insects in this amber and nitiated a collecting
and study program in 1953 (Hurd and Smith, 1957).
Although the occurrence of this amber has been recorded
since at least 1891, the extent of the deposits and poten-
tial biological significance ot the material had not been
known. ‘I'he inaccessibility ot this area in the southern-
most state of’ Mexico and the possessive attitudes of the
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natives there toward the amber probably also contributed
to lack of previous recognition. Invertebrate paleontolo-
gists at Berkeley since 1956 and stratigraphers at the
University of Lllinois since 1961 have been studying the
geology of the amber-bearing beds in the Simojovel re-
gion in order to establish the age of deposition of the
amber as a context tor evolutionary studies of the in-
cluded fossils. Various phases of botanical investigations
of the amber and of the beds containing it were begun
in 1962 at Harvard University and extended to include
chemical aspects in 1963. T'hus, the study of the Chiapas
amber has been approached from the standpoint of co-
ordinating data from several disciplines that may shed
light on mid-"Tertiary ecosystems in southern Mexico. It
has, furthermore, provided an opportunity to understand
more fully the natural production of large quantities of
resin and sites that favor its accumulation and subse-
quent deposition in sediments under tropical conditions.

Pollen analysis of the Chiapas amber-bearing beds is
of particular interest in any attempt to determine some
of the vegetational and general environmental conditions
that cculd have existed at or near the site of deposition
of the amber. Study of 12 samples from amber-bearing
strata in various localities indicates that the primary de-
positional environment of the amber was dominated by
mangrove vegetation comprised of several species of
Rluzophora. Although numerous other microspore types
occur n these sediments, this report will be restricted
essentially to a discussion of R/uzophora, with brief men-
tion of associated pollen types which were strikingly
abundant or otherwise significant to an understanding
of the ecology of vegetation at or near the depositional
sites of the Chiapas amber. T'he record of occurrence of
Rluzophora pollen in these strata contributes also to our
knowlzdge of the distribution and ecology of mangrove
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vegetation during the mid-Tertiary in southern North
A merica.
BOTANICAL SOURCE OF THE AMBER

In contrast to the classical view that amber 1s derived
from pines or, at least, pines and other conifers, 1t has
been demonstrated on the basis of several lines of col-
lateral evidence that the source of most of the Chiapas
amber 1s the leguminous genus Hymenaea (1.angenheim
and Beck, 1965; lL.angenheim, 1966). This genus has
the center of'its distribution today in the Amazon Basin.
Of the 20 species commonly recognized (Record and
Hess, 1943), only one species,” Hymenaea Courbaril 1..,
has a wide distribution. It occurs throughout northern
South America (Brazil, Bolivia, Colombia, kcuador,
Venezuela, the Guianas), along the Pacific slopes
throughout Central America to central Mexico, and on
most of the islands of the West Indies. Prof. FFaustino
Miranda (per. comm., 1964) identified a Hymenaea leat-
let in the amber which resembles both H. Courbari and
H. intermedia Ducke, the latter today restricted to the
Amazon region. On the basis of diagnostic glandular
morphology, the leaflet probably more closely resembles
present-day populations of H. Courbaril than H. inter-
media. Lakewise, similarities in the infrared spectra of
most of the Chiapas amber and of resin of modern pop-
ulations of H. Courbaril make 1t appear that the amber
was produced possibly by an ancestral population of H.
Courbaril.

Although ecological data are scarce throughout its
wide range of distribution, the senior author has ob-
served Hymenaea Courbaril to be an important member

" Some taxonomists also recognize Hymenaea candolleana HBK. as
occurring in Central America. Most workers, in Mexico at least (F,
Miranda, per. comm. 1964), think that /. candolleana is at best a
variety of . Courbaril and does not warrant specific designation.
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ot humid evergreen or ot seasonally dry semi-deciduous
torest types on the Pacific slopes 1in Central America.
[t i1s common along coastal plains and rivers, and grows
also on beaches and sandy ridges that interdigitate with
lagoons. Hymenaea Courbaril varies in the amount of
resin produced under natural forest conditions at various
sites. 1t appears to produce larger quantities where con-
ditions favor a more rapid growth rate. Resin may ac-
cumulate in the soil around the base of the tree in large
amounts (Noriega, 1918: Record and Hess, 1943) and
from there can easily be transported into either marine or
brackish-water sites in or near which mangroves fre-
quently predominate.

( EOLOGICAL (OCCURRENCE OF THE AMBER

The Simojovel Area 1s located in central Chiapas in
the Central Mesa region and parts ot the Tabasco Coastal
Plain. I'he amber 1s collected primarily tfrom rocks ex-
posed 1n landshdes (Plate XXXVIII), although some
outcrops of beds containing amber occur along river
banks and 1n road cuts.

Although geological investigations of the amber-
bearing beds were begun 1in 1956, httle detailed strati-
graphi¢ information has yvet been published. lLicar
(1960, in a preliminary study ot the region, described
the largely Oligocene Simojovel Group as consisting ot
approximately 6350 feet of well-bedded marine calcare-
ous sandstones and mudstones with some intercalated
licnitic seams. It 1s underlain by Kocene sandstones,
shales and conglomerates and overlain by Miocene sand-
stones and shales. T'he upper portion of the Simojovel
Group, ncluding a distinctive himestone member, 1s
characterized by the presence of the marine gastropod
genus Orthaular, indicative of late Oligocene to earliest
Miocene age. Amber has been found in the “*Orthaulax
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sone  and in the lowermost part of the overlying sand-
stones and shales.

T'he geologic history interred for the Simojovel Group
suggests deposition of sediments, derived from the an-
cestral Sterra Madre to the south, under warm, generally
shallow-marine conditions. Occasional shoreline oscilla-
tions led to deposition in terrestrial, estuarine and brack-
1Ish environments.

D) ESCRIPTION OF SAMPLES FOR PoLLeN ANALYSIS

T'he samples analvsed for pollen were collected by .J.
Wyatt Durham and Jean H. Langenheim from beds in
which the amber occurred or from immediately adjacent
beds (Plate NNXXVIII). In general, the amber trom
these deposits does not appear to be reworked: hence 1t
may be possible to determine some of the vegetational
conditions at or near the depositional site. lL.ocation of
sites trom which samples were studied are indicated 1n
Plate XXX I1TX. Lithologic deseription of the 12 samples
1s presented in the Appendix. Most of the samples were
either calcarcous siltstones or silty shales, three of the
latter being glauconitic. There was some variation n
coarseness and i color. One sample was a calcareous
sandstone. Several samples were associated with Lignitice
bands or at least had carbonaceous streaks.

All of the samples are from the upper portion of the
Simojovel Group and of latest Oligocene or earliest Mio-
cene age (Durham on lit., 1964). Samples from Simojo-
vel, Mazantie, Pabuchil, Hutiupan, Portugal and lL.as
Cruces (I -V11) are believed to be of approximately the
same age (Duarham, pers. comm. 1965). Durham also
indicated that stratigraphic control on Sample X 11 from
Jolpabuchil has not been established. R. C. Allison (i»
[it. to Durham) considers the invertebrate fauna from
Mina Palo Blanco and Mina de Naranjo to indicate an
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"LATE XN XX VI

(Top) Las Cruces landslide showing alternation of marine siltstones
and sandstones with some intercalated brackish water sediments.

( Bottom ) Amber deposited in lignitic bed among marine sandstones,
Simojovel landslide.
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age similar to that of Simojovel, Portugal and Jolpabu-
chil. T'hus, available information suggests that the pres-
ent samples represent a geologically short time interval.

DeTErRMINATION OF RuH1zorHORA PoOLLEN

Preparation Procedures

The pollen samples were prepared by techniques modi-
fied from various standard sources (Faegri and Iversen,
1964; USGS Prep. Proc., 1960; Brown, 1960) in a
manner found suitable in the treatment ot sediments of
this type 1n other investigations at the Paleobotanical
L.aboratories of the Botanical Museum of Harvard U ni-
versity. Samples were first disaggregated by soaking in
distilled water and by gentle grinding in a mortar with
a pestle. The major portion of calcareous material was
removed with 109% HCI; then lignin was removed by
bleaching in acidified 7% NaClQOs2. lLiarger quartz grains
and other heavy minerals were removed by heavy-liquid
separation in a solution of ZnBr2 in 10% HCI at a speci-
fic gravity of 2.2. Finer silicious material was dissolved
by overnight soaking of the sample in concentrated HF,
followed by washing in HCI to minimize silica gel for-
mation. The samples were acetolysed to remove remain-
ing cellulose, and mounted in glycerin jelly.

The fossil pollen types were 1dentified by comparison
with modern pollen in the Harvard Pollen Collection.
Additional modern samples prepared for this study were
treated by standard methods used for this collection:
1.e., treatment in hot 10%0 KOH followed by acetolysis
and mounting in glycerin jelly.

Modern Rhizophora pollen

The genus Rhizophora was monographed by Salvoza
in 1936, and was reviewed by Hou 1n 1960. Salvoza
recognized K. Mangle 1.. and R. samoensis (Hochr.)
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Salvoza as separate species, mainly on the basis of their
cgeographical separation into two groups living respective-
ly on the east and west coasts of America, and because
of a difference in length of style. Salvoza also recognized
R. brewistyla Salvoza on the Pacific coast as a species
distinct from R. Harrisonu l.eechm. on the east coast
of America, chiefly on the basis of a difference 1n flower
and flower-bud size and difference in stylar length. Hou
does not think that the difference between the two groups
in each pair is sufficient to warrant specific designation.
He recognizes only three American species: . Mangle
[... B. Harrisonu l.cechm., and R. racemosa G. F. \W.
Mevyer. Of these, only R. racemosa has not yet been
found on the Pacific coast of the Americas, the other
two occurring on both coasts.

Pollen of the various New World species of Rluzophora
had previously not been studied in detail. Van der Ham-
men (1963 ; pers.comm., 1965) has expressed the opinion
that pollen of the three species of Rhizophora occurring
today in British Guiana can be distinguished morpholo-
agically, but he does not separate them in his data. Muller
(1959) observes that pollen of the R/uzoplhora-type shows
“‘rather strong variation in size and in the appearance of
pores.  He attributes this variation, however, to differ-
ence in preservation rather than to morphological dis-
tinction of value in separation of the species.

Observations of modern R/uzophora pollen by the
authors have led them to concur with van der Hammen
that the species of Rhizophora can be separated 1in some
cases by morphological characters, and an attempt to do
so will be made i1n this paper.

The following description of pollen of several species of
modern R/uzophora is presented after study of the Rhizo-
phora pollen available from specimens in the Harvard
University Herbaria and from the Harvard Pollen Collec-
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tion. All size measurements are of the greatest dimension.

Rhizophora 1.." Grains from 11 to 30 w in size, vary-
ing 1n shape from subprolate to spheroidal to suboblate.
Polar view circular to triangular in grains with gaping
colpl. ‘I'ricolporate; ectexinous colpi crossed by colpi
transversales or elongated into a colpus aequatorialis.
Colp1 transversales costate to varying degrees at edges.
Eixine less than 1to ca. 2.5 u thick. Kctexine generally
thinner than endexine except sometimes at poles. Kc-
texine varies from smooth with very indistinct pattern
to scabrate with distinct columellae.

1. R. Mangle L..: Grains 11-28 p, spheroidal to sub-
prolate; circular to triangular in polar view. Shape gen-
erally well-defined and very regular, ranging from circular
to oval with a slhight equatorial bulge in equatorial view.
Costae transversales well developed. Small grains psi-
late; exines of large grains scabrate with distinct colu-
mellae forming regular patterning in surface view. Colpi
transversales of medium width. Plate X1, fig. 3.

2. . samoensis Salv.: Grains 14-28 u, subprolate:
nearly rhomboidal in equatorial view ; grains mostly well
formed, regular in shape. Costae colpi and costae trans-
versales very narrow. Kctexinous colp1 constricted at
junction with colpus transversalis. Columellae not so
distinct as in R. Mangle; ectexine psilate to very finely
scabrate. kKctexine heavier at poles.

3. . racemosa G. . W. Meyer: Grains 15-26 w in
breadth, typically oblate-spheroidal to suboblate: colpi
transversales very narrow, often ragged. Grains tend to
crumple more than do those of X. Mangle 1.. Kctexine

psilate and appearing almost structureless in most grains.
Surface pattern indistinct. Plate X L., figs. 1 and 7.

4. R. Harrisonu L.eechm. : 'This description does not
*Terminclogy from Erdtman (1952) and Faegriand Iversen (1964).
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