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ABSTRACT

Early studxcs on tropical Amecrican Tertiary vegetation and palcoenvironments were hmdcrcd
by a lack of a tectonic modecl accuratcly depicting land-sca rclationships during the Ccnozoxc
improper identification of the specimens, crrors in the age of the floras, imprecise correlations, and
incomplete or mislcading data on the range and ccological characteristics of the modern analogs.
Conscquently, the impression was created that palcobotanical data was inconsistent with and,
thercfore, mostly irrclevant to emerging concepts based on isotope-derived paleo-temperature curves,
Tertiary mammalian faunas and marinc invertcbrates. New data on palynofloras from cight formations
in the Gulf/Caribbcan region have demonstrated a gencral consistency with evidence derived from
other lines of inquiry. In particular, these studies have clarified the history of the northern temperate
clement in the Latin American biota and the time of origin of floristic and faunal relationships
between castern United States and castern Mexico; corrccted misconceptions about the antiquity of
the existing version of the neotropical rain forest and stability of ncotropical Cenozoic palcocn-
vironments, demonstrating support for certain aspects of the refugium model of biological diversi-
fication; and have established a general consistency between the new palcobotanical data and results

from other independent approaches. As part of the review, a catalog is prcscntcd of ‘plant
megafossils and microfossils reported from the Gulf/Caribbean Tertiary.

Study of the Tertiary history of vegetation
in northern Latin America, based on plant mega-
fossils {leaves, wood, seeds and fruits), was active
in the decade between 1918 and 1928 (eqg.,
Berry, 1918, 1921, 1923. Hollick, 1928). During
the past 60—70 years, however, not a single new
megafossil flora has been studied, and none of the
older ones revised. The investigations of Dilcher
and co-workers on tropical Eocene tloras of the
Mississippi Embayment region (e.g., Dilcher &
Dolph, 1970. Dilcher & Mehrotra, 1969; Jones &
Dilcher, 1980), have shown that many identifi-
cations made or accepted by Berry (1916, 1930)
were incorrect:  (Aralia  now  Dendropanax;
Knightiophyllum not related to modern Knightia
nor Proteaceae; Rhamnus now referred to extinct
genus Berhamniphyllum in a different tribe of the
Rhamnaceae). Examination of the Berry and
Hollick soecimens at the Smithsonian Institution
and New York Botanical Garden suggests that many
‘generic  determinations of the Latin American
material are also questionable. In order to better
evaluate the paleobotanical data, a compilation
was made of Tertiary megafossils reported for
northern Latin America (Mexico, Central America,
and the Antilles; Table 1). Excluded were un-
published theses, dissertations and technical reports,
abstracts, mimeographed material, casual mention
of plant material, and artificial generic names

with little or no reference to biological affinities.
The results show that concepts about vegetational
history for the 60 million years of Tertiarv time
for the entire Gulf/Caribbean region were based on
about S0 plants assigned to modern genera, and
experience has shown that many of these are
probably incorrectly determined. Furthermore
Berry was the principal North American paleo-
botanical spokesman arguing for permanence of

- continents and ocean basins in the anti-Wegener

debates of the early 1900's. In a symposium at the
American Association of Petroleum Geologists
meetings (van Waterschoot van der Grach et al
1928), the fiercest attack was that of Edward W.
Berry, Professor of paleontology at John (sic)
Hopkins University. Wegener's method, he said,
“is not scientific, but takes the familiar course
of an initial idea, a selective search through the
literature for corroborative evidence, ignoring most
of the facts that are opposed to the idea, and
ending in a state of auto-intoxication in which the
subjective idea comes to be considered as an
objective fact’’ {(quoted from Sullivan, 1974, p. 12).
It is not surprising, therefore, that the paleo-
botanical data has led to many misconceptions
about Gulf/Caribbean Tertiary vegetational history,
and generally has proved inconsistent with new
concepts derived trom *®0 isotope studies of
DSDP cores, fossil mammalian faunas, and land-sea
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relationships based on Caribbean plate tectonics.

More recently, data have been obtained
from the study of plant microfossils (pollen and
spores) preserved in lignites of Tertiary age in
northern Latin America (Graham, 1976a, 1985,
1987a; Graham & Jarzen, 1969). Lignites
commonly contain well-preserved palynomorphs,

better known than for economically less-important:
deposits. In our studies, about 400 samples havg;
been collected and ca. 75% have vyielded re!
searchable material. Samples were also collected.
from associated terrestrial to near-shore, fine:
grained sediments (shales, clay — and siltsones) t
minimize lithologic control of the assemblages:
A total of eight microfossil floras are presently:

and are important in many Latin American included in the project (Fig 1), and study of four:
countries as a low-cost source of fuel. Conse- of these has been completed and the result
quently, their age and location are frequently published (stippled in Fig.1).
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Fig. 1. Age and distribution of fossil palvnofloras included in the project, Studies in Ncotropical Paleobotany, Stippled formation names

mean study ot the material is complete and the results published.

A compilation of genera represented bv
pollen and spores in Tertiary deposits in northern
Latin America is given in Table 2. A total of 135
palynomorphs have been identified, and although
revision in some identifications may be necessary
as studies continue, the palynological data presently
available provide a more accurate picture of
Tertiary palecenvironments and paleocommunities
than the existing megafossil evidence collected
earlier in the century. It is unfortunate that hoth
mega — and microfossils cannot be used to investi-
gate these complex tropical communities, because
up to one-third of the fossils may be represented
in only one or the other assemblage (based, for
example, on pollen and spore vs. leaf floras pre-
served in the upper Miocene Sucker Creek flora
of southeastern Oregon; Graham, 1965). Herbaceous
plants with leaves that remain attached and wither
on the stem (grasses, sedges, many composites),

plants of upland environments removed from the
basin of deposition, and those with thin, delicate
leaves are often poorly represented in the
megafossil record, while the pollen may be quite
abundant (see Chaney, 1959 for a discussion of
factors that influence numerical representation in
the megafossil record). In contrast. the large and
important tropical family Lauraceae is not repie-
sented as microfossils because the pollen does not
survive fossilization or extraction processes. Thus,
the most reliable basis for reconstructing Tertiary
palrocommunities and  paleoenvironments in
northern Latin America at present is the microfossil
record, and although limited, the approach has
provided new insight into three aspects of vegeta-
tional history. :

The Temperate Element in the Northern
Latin American Biota, and History of the Floristic
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Relationship between Eastern United States and
Eastern Mexico: Along the eastern escarpment of
the Mexican Plateau, in a zone between about
1000 and 2000 m, is a temperate community
known as the bosque caducifolio (deciduous
forest, oak-Liquidambar forest). Represented are
some 50 genera of plants that also occur in the
deciduous forests of eastern United States, their
range disrupted by the deserts of southern Texas
and northern Mexico (see list in Graham, 1973).
The presence cof these temperate elements of
northern  affinity in  ecastern Mexico has long
intrigued biogeographers, and their occurrence was
initially attributed to climatic changes and vegeta-
tional response during the Pleistocene (e.g., Deevey,
1949). A study of the palynomorphs preserved in
the Paraje Solo formation near Coatzacoalcos,
state of Veracruz, Mexico (Graham, 1976a) de-
monstrated that these temperate elements were
ilready established in eastern Mexico by the end
of the Miocene. None were recovered from the
Jligo-Miocene Simojovel group of Chiapas, Mexico
‘Langenheim et al.,, 1967). Furthermore, the
naleotemperature curve of Savin (1977; see later
ection) shows a sharp drop at the end of the
fiocene, with temperatures increasing further back
1to earlier Miocene times. Thus the late Miocene
as not only a favorable time for the introduction
f northern temperate elements into eastern
lexico, but earlier times were less favorable
ecause of warmer, more tropical conditions.
ecent . palynological studies, therefore, have
larified the time of origin of biotic affinities
etween eastern United States and eastern Mexico,
nd reveal a pattern of climatic change and plant
lgrations consistent with evidence from global
aleotemperature curves and Caribbean tectonics.

Rain Forest Stability and the Refugium Con-
ept: Prior to 1970 the biogeographic literature was
onsistent in presenting a picture of great antiquity
or the tropical rain forest, and stability in terrestrial
quatorial environments through Cenozoic time. A
wearch for the paleobotanical evidence upon which
this impression was based revealed only the few scat-
tered studies done in the early 19800's. The identifi-
cations in these older-treatments tended to reflect the
common tropical plants with which temperate-
trained paleobotanists were familiar (Ficus, palms,
‘Piperites’, ‘Melastomites’) which in turn reinforced
an impression of modern tropical forest extending
uninterruptedly through Cenozoic time.

One Tertiary palynological study from an
arca where neotropical rain forest is the present
climax vegetation was on the upper Miocene

Paraje Solo assemblage of Veracruz, Mexico
(Graham, 1976a). Several modern communities
were well  represented, including the manglar

{mangrove), bosque caducifolio (deciduous forcst)
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oyamel (high-altitude fir forest). However, the
selva alta perennifolia (tropical rain forest), which
would have grown immediately adjacent to the
coastal basin of deposition for the .lignites, was
absent or poorly developed. It appears that at
times during the Cenozoic the tropical rain forest
in southeastern Mexico was restricted to more
local habitats, concomitant with expansion of
upland adjacent communities. Subsequent studies
by Leyden {1984) showed that the dynamic and
changing nature of the community continued into
the Pleistocene. Thus the modern version of the
rain forest in the region may be very recent, its
present range and composition dating from late
Cenozoic, possibly post-glacial times. The tropical
rain forest is now generally regarded as a delicately
balanced, ephemeral community that has under-
gone considerable alteration in range and com-
position throughout the Cenozoic (Graham, 1976b).

A consequence of this new view of rain forest
dynamics is support for the Haffer model of diversi-
fication, or the refugium concept. Haffer (1969,
1970, 1974, 1981, 1982) noted that the distribution
of toucan and jacamar species in Amazonia was not
uniform, but clustered in certain localities sur-
rounded by regions of lower species diversity. The
data of van der Hammen & Gonzalez (1960) on
Quaternary vegetation from the adjacent high plain
of Bogota demonstrated that climatic changes
during the Pleistocene affected equatorial biotas at
elevations of about 2500 m. Haffer extrapolated
these” changes into the Amazon lowlands, although
direct evidence from the basin itself was lacking.
According to the model, during glacial times
climates were cooler and drier, and water tables
lower because of lowering sea-levels associated with
expansion of the continental ice sheets. As a result,
the tropical rain forest was confined to climatically
favourable areas (refugia) that perpetuated moist
conditions during periods of drier climates (e.g., at
the confluency of major river systems, base of
mountain slopes, or low areas underlain by imper-
vious hard-pan sediments). The intervening regions
were occupied by drier caatingas-cerrado (savannah-
type) vegetation. During the interglacials climates
were warmer and more moist, water tables rose, and
the rain . forest expanded from the refugia and
coalesced into the widespread community now
occupying the basin; the drier vegetation again
occupied the adjacent slopes, as at present. The
repeated isolation and expansion of the rain forest
during the late Cenozoic was ccnsidered important
in accounting for the high species diversity charac-
terizing the tropics, while the zones of present-day
high species concentration were viewed as marking
the location of former refugia. Subsequently, Brown
(1975; Brown et al., 1974) and Prance (1979) found
that the Heliconiini butterflies and certain plant
families showed patterns similar to those revealed by
the toucans and jacamars {see papers in Prance,

PP
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Obviously, critical to the model is paleonto-
logical documentation that Cenozoic changes in
climate significantly affected lowland neotropical
biotas. As noted earlier, the prevailing view prior to
about 1970 was that the tropical rain forest was an
ancient, unchanging community that had existed
under stable conditions since the Cretaceous. For
this reason the data from Veracruz, Mexico were
important because they demonstrated for the first
time that, in an area where rain forest is presently
the climax vegetation, this community was absent or
poorly developed during late Cenozoic. times.
Evidence is still meager from the critical area of the
Amazon Basin, and recent evidence suggests some
modification in the initial version of the model may
be necessary. For example, Liu & Colinvaux (1985)
have found that at least one area of the basin out-
side the proposed refugia was not occupied by drier,
savannah-like vegetation during the last glacial
period, but rather by elements of the adjacent lower
montane forest. It seems likely that the vegetation
of the Amazon Basin during glacial times was a more
complex moasic than implied by the original Haffer
model. Nonetheless, it has been established that the
tropical rain forest has undergone considerable
change in range and composition during the late
Cenozoic, and this discovery has been one of the
signiticant results of recent studies on neotropical
vegetational history.

Emerging Consistency petween the New
Vegetational History Data and Results from Other
Lines ot Inquiry: Prior to the initiation of palyno-
logical studies on the Gulf/Caribbean Tertiary, the
only available information on terrestrial plant com-

munities came from megafossil floras investigated in.

the early 1900's. In the meantime, now evidence on
paleoenvironments, paleophysiography and histori-
cal biogeography was emerging, based on *®0-derived
paleotemperature curves and fossil mammalian and
marine invertebrate faunas. The new models were
considered within the context of radiometrically
controlled biostratigraphy and land-sea relationships
derived from plate tectonic reconstructions. Thus,
attempts to incorporate information on plant paleo-
communities involved comparing the new data to
paleobotanical results 50 years out of date. It is not
surprising that these results were inconsistent with,
and therefore, generally regarded as irrelevant to
concepts based on other lines of inquiry.

Rerently, attemnts have been made to com-
pare the paleoclimatic picture of the Gulf/Caribbean
Tertiary based on terrestrial vegetation (Graham,
1987b) with the alobal paleotemperature curve

resulting from ™0 analyses ot DSDP cores (Savin, .

1977; Savin & Douglas, 1985; Savin et al., 1975).
These comparisons are preliminary because the
palynological analyses presently include only four of

the eight floras of the project, and refinements in
the paleotemneratiire Aririn avn ales coomes o §

way. One core located oft the eastern coast of
Mexico will be particularly important, but it has not
yet been analyzed for its * 0 content (Savin, pers.
comm., 1986). Nonetheless, some useful informa-
tion is now emerging.

The paleotemperature curve reveals a sharp{k
drop in ocean bottom and surface water tempera- |
tures at the end of the Miocene in the higher!
latitudes of both the northern and southemrn;
hemispheres. Studies by Wolfe (1978; Wolfe &
Hopkins, 1967) in North America, Hubbard &}
Boulter (1983) in Europe, and Tanai & Huzioka
(1967) in Japan show the temperature decline is also
reflected by terrestrial floras of the northern:
hemisphere. Towards the end of the Miocene,
however, there is a decoupling of the histories of the |
high and lower (equatorial) temperatures, with those
of the equatorial regions showing little or no change, |
and perhaps even becoming somewhat warmer
(Savin, pers. comm., 1986). The difference;
apparently involved (1) the final separation of !
Antarctica from Australia and South America, |
resulting in cold waters continually circulating
around Antarctica, (2) late Cenozoic initiation of |
the arctic continental ice sheet, and (3) the freer cir- |
culation of warmer equatorial waters. Since northern
terrestrial floras reflect the late Miocene drop in
temperature, and analyses of the DSDP cores show
equatorial waters no colder than at present, the
question arises as to how far south the temperature
decline affected terrestrial vegetation. In this
connection, results from the late Miocene Paraie
Solo microflora of Veracruz, Mexico {lat. 18° N)
become relevant.

It was noted earlier that the tropical rain
[orest .was absent, or poorly represented in the
assemblage, suggesting lower temperatures. This
interpretation is supported by the presence of pollen
from plants growing removed, altitudinally, from !
the coastal basin of deposition. The bosque caduci-
folio (mid-altitude deciduous forest), bosque de :
pino y encino (higher-altitude pine-oak forest), and
bosque de oyamel (high-altitude fir forest) were all"
represented, suggesting a lowering of ecotones,
bringing these upiand forests into closer proximity
to the depositional basin. Finally, Ficea {spruce) was
present in the assemblage. Spruce grows in Mexico
today only at high eclevations in the northern |
mountains, removed some 1000 km from the Vera- :
cruz site. Collectively, these results suggest cooler
temperatures, and are consistent with the palen-
temperature curve - independently derived tfrom *Q
analysis of Tertiary marine invertebrates.

Another point of agreement involves the
migratory history of temperate elements across the
isthmian region. Because of the misidentification nf
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ical literature, biogeographic patterns and geographic
affinities of the vegetation were obscured. For
example, the fossil genus Knightiophyllum, recog-
nized by Berry from the Claiborne (middie Eocene)
formation of Tennessce, was supposedly related to
the modern genus Knightia (Proteaceae), presently
restricted to New Zealand and New Caledonia. Re-
investigation of the material by Dilcher & Mehrotra
(1969) demonstrated the specimens are not related
to Knightia and do not even belong to the family
Proteaccae.

In contrast, geographic patterns derived from
enera recently identified in the palynofloras are
consistent with those based on terrestrial mam-
malian faunas (e.g., Marshall, 1985; Marshall et al.,
1976, 1981, 1982: Webb, 1976, 1978, 1985),
marine invertebrate (Woodring, 1966; Jones &
Hasson, 1985), and land-sea relationships recon-
structed from plate tectonic models (Smith, 1985-
Donnelly, 1985; Gose, 1985). Collectively, these
studies reveal that the final segment in the isthmian

region, connecting the North and South American
continents, was uplifted about 3.8 Ma. At that
time there began an interchange of large terrestrial
mammals, as well as provincialization of marine
invertebrate faunas into Pacific and Caribbean
communities. It is now known that the plants had
a similar history. Genera such as Alnus, Ilex,
Myrico, and Quercus are known from Tertiary
deposits north ot about the present Panama
Canal region (Graham, 1973), but do not appear in
northern South America until Plio-Pleistocene times
(van der Hammen, in Livingstone & van der
Hammen, 1978). Conversely, Weinmarinia (family
Cunoniaceae), presently distributed from South
America (Chile) into Mexico, is common in late
Cenozoic deposits from South America, but has
not been reported from the Tertiary to the north.
Thus, a hallmark of the new paleobotanical data
from northern Latin America is a general con-
sistency with results from a variety of other
independent approaches, including paleotempera-
ture patterns and the migratory history of other

_groups of terrestrial organisms.



TABLE 1.

Plant megafossils reported from the Gulf/Caribbean Tertiary. Many of the identifications made in the early 1900's are likely incorrect,
and none of the floras have been revised. Spelling of generic names and family assignments follow thet in the original
citations listed in parentheses. Asterix (*) designates genera of exclusively fossil plants

Arranged by Age/Country

Tertiary undifferentiated (most mid-to !ate Tertiary probably Oligo-Miocene to Miocene)

Mexico

*Palmoxylon, *Acacioxylon (Felix & Nathorst,
1893)

Juglans (Mullerried, 1938)

Costa Rica

Anona, Buttneria?, Ficus, Goeppertia, Heliconia,
Hieronymia,  Inga, Nectandra,  *Phyllites,
*Piperites (Berry, 1921a)

Palmacites {Gomez-P., 1971)

*Karatophyllum (Gomez-P., 1972)

Panama

Banisteria, Calyptranthes, Cassia, Diospyros,
Ficus, Guatteria, Hieronymia, Hiraea, Inga,
*Melastomites,  Mespilodaphne, ~ *Myristico-
phyllum, *Palmoxylon, Rondeletia, *Rubiacites,
Schmidelia, *Taenioxylon (Berry, 1918)

7 Antigua

*Palmoxylon (Stenzel, 1897)

“Dominican Republic

Bucida, Bumelia, Calyptranthes, Guettarda, Inga,
*Melastomites, Pisonia, Pithecolobium, *Poacites,
Sapindus, Sophora (Berry, 1921c)

T daiti

Chara, Gymnogramme, Bumelia, Chrysophyllum,
Guettarda, Mespilodaphne, Mimusops, Pisonia,
Stmaruba (Berry, 19233)

Miocene

Mexico

Acrostichum, Gymnogramme, Allamanda,
*Anacardites, Anona, *Apocynophyllum,

*Bignonoides, Cedrela, Connarus, Coussapoa,
Crescentia, Dioclea?, Drypetes, Fagara, Ficus?,
Goeppertia, Gouania, Guettarda, Gymnocladus,
Inga, *Lecythidophyllum, Leguminosites,
Liquidambar, *Melastomites, Mespilodaphne,
Mogquillea, Mpyrcia, Nectandra, Rondeletia?,
Simaruba (Berry, 1923b)

Panama:
*Iriartites (Berry, 1921b), *Palmocarpon (Berry,
1928)

~ Antigua

Phytelephas (Kaul, 1943)

"Cuba .
Gleichenia, *Antholithus, Bignonia, Bumelia,
Caesalpinia, *Caesalpinites,  Cdophyllum,
Capparis, Cassia, Celastrus, Dalbergia, Dodonaea,
Drypetes, Eugenia, Exostema, Fagara, Heliconia,
Inga, Laguncularia, Metopium, Mimusops, Myrcia,
Pisonia, Pithecolobium, Pseudolmedia, Reynosia,
Rheedia, Sapindus, Simaruba, Sophora, Swietenia,
Trichilia, Zizyphus (Berry, 1939)

Oligo-Miocene

Mexico
Acacia, Tapirira (Miranda, 1963)

Costa Rica
*Mixoneura?, *Pecopteris?, Thelypteris?
(Goez-P.,, 1970; tentative identifications,

especially tor tirst two compared to genera of
Paleozoic ferns; material from private collection)

. Oligocene

> Dominican Republic
Grammitis (Gomez-P., 1982)

~ Puerto Rico

Isoetes?, Hemitelia, Zamia, Acrodiclidium, Aniba,
Annona,  *Apocynophyllum,  Aspidosperma,
Bactris, Cassia, *Chondrites, Chrysophyllum,
Combretum, Copaiva, Cynometra, Dipholis,
Echites, Echitonium?, Eugenia, Ficus, Guarea,
Guettarda, Hmcomia, Hufelandia, Icacorea, Inga,
Iriartea, Lonchocarpus, *Malvocarpon, Manicaria,
Melicocca, Misanteca, *Mussophyllum, Mpyrcia,
Myrsine, Oreodaphne, *Palmocarpon, *Palmacites,
*Palmophyllum,  Pithecellobium,  Plumiera,
Psidium, = *Ramulus, Rhizophora?, Sapota,
Sapindus, ~Sideroxylon, Sophora?, Trichilia,
Zizyphus (Hollick, 1928)

Arranged Taxonomically

Incertae Sedis
*Antholithus (Miocene, Cuba, Berry 1939)
*Chondrites (Oligocene, Puerto Rico, Hollick 1928)
*Phyllites (Tertiary undifferentiated, Costa Rica,
Berry 1921a) N
*Ramulus (Oligocene, Puerto Rico, Hollick 1928)

Algas
Chara (Characeae; Tertiary undifferentiated, Haiti,
Berry 1923a) :

Lycopsida
Isoetes? (lsoetaceae; Oligocene,. Puerto Rico,
Hollick 1928)

Filicinease (Ferns)
Acrostichum  (Pteridaceae; Miocene, Mexico,
Berry 1923b)

Gleichenia {Gleicheniaceae; Miocene, Cuba, Berry
1939)
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TABLE 1. (Continued)

Gymnogramme = (Gymnogrammaceae; Tertiary
undifferentiated, Haiti, Berry 1923a; Miocene,
Mexico, Berry 1923b)

Grammitis (Polypodiaceae; Oligocene, Dominican
Republic, Gomez-P. 1982)

Hemitelia (Cyatheaceae; Oligocene, Puerta Rico,
Hollick 1928) '
*Mixoneura? (tentative identification of specimen
in private collection, compared to genus of Paleo-
zoic ferns; Oligo-Miocene(?), Costa Rica, Gomez-
P. 1970)

*Pecopteris? (tentative identification of specimen
in private collection, compared to genus of Paleo-
zoic ferns; Oligo-Miocene(?), Costa Rica, Gomez-
P. 1970)

Thelypteris? (Thelypteridaceae; tentative identift

cation of specimen in private collection; Oligo-
Miocene(?), Costa Rica, Gomez-P. 1970)

Gymnospermae
Zamia (Cycadaceae; Oligocene, Puerto Rico,
Hollick 1928)

. Angfospermae

Acacia (Leguminosze, Subfam. Mimosoideze;
Oligo-Miocene, Mexico, Miranda 1963)

*Acacioxylon (Leguminosae, Subfam,
Mimosoideae; Tertiary undifferentiated, Mexico,
Felix & Nathorst 1893) A

Acrodiclidium (Lauraceze; Oligocene, Puerto
Rico, Hollick 1928)

Allamanda (Apocynaceae; Miocene, Mexico,
Berry 1923b)

*Anacardites {Anacardiaceae; Miocene, Mexico,
Berry 1923b)

Aniba  (Lauraceae; Oligocene, Puerto Rico,
Hollick 1928)

AnnonalAnona {Annonaceae; Tertiary Jn-

differentiated, Costa Rica, Berry 1921a; Miocene,
Mexico, Berry 1923b: Oligocene, Puerto Rico,

Hollick 1928)

*Apocynophyllum  (Apocynaceze;  Miocene,
Mexico, Berry 1923b; Oligocene, Puerto Rico,
Hollick 1928)

Aspidosperma (Apocynaceae; Oligocene, Puerto
Rico, Hollick 1928)

Bactris (Palmae; Oligocene, Puerto Rico, Hollick
1928)

Bapisteria (Malpighiaceze; Tertiary undifferenti-
ated, Panama, Berry 1918)

Bignonia (Bignoniaceae; Miocene, Cuba, Berry
1939)

*Bignonoides (Bignoniaceae; Miocene, Mexico,
Berry 1923b)

Bucida (Combretaceae; Tertiary undifferentiated,
Dominican Republic, Berry 1921c¢)

Bumelia (Sapotaceze; Tertiary undifferentiated,
Dominican Republic, Berry 1921c; Tertiary
undifferentiated, Haiti, Berry 1923a; Miocene,
Cuba, Berry 1939)

Buttneria? (Sterculiaceae; Tertiary undifferenti-
ated, Costa Rica, Berry 1921a)

Caesalpinia (Leguminosae, Subfam. Caesalpin-
ioideae; Miocene, Cuba, Berry 1939)

_Ccfesalpinites (Leguminosae, Subfam. Caesalpin-
ioideae; Miocene, Cuba, Berry 1939) ’

Calophyllum (Guttiferae; Miocene, Cuba, Berry
1939)

Calyptranthes (Myrtacese; Tertiary undifferenti-
ated, Panama, Betty 1918; Tertiary undifferenti-
ated,” Dominican Republic, Berry 1921¢)

Capparis (Capparidaceae; Miocene, Cuba, Berry
1939) )

Cassia (Leguminosae, Subtam. Caesalpiniocideze;
Tertiary undifferentiated, Panama, Berry 1918;
Miocene, Cuba, Berry 1939; Oligocene, Puerto
Rico, Hollick 1928)

Cedrela (Meliaceze; Miocene, Mexico, Berry
1923b)

Celastrus (Celastraceae; Miocene, Cuba, Berry
1939)

Chrysophyllum (Sapotaceae; Tertiary undif-
ferentiated, Haiti, Berry 1923a; Oligocene,
Puerto Rico, Hollick 1928)

Combretum (Combretaceae; Oligocene, Puerto
Rico, Hollick 1928) :
Connarus (Connaraceae; Miocene, Mexico, Berry
1923b)

Copaiva (= Copaifera; Leguminosze, Subfam,
Caesalpinioideae;  Oligocene, Puerto  Rico,
Hollick 1928) :

Coussapoa (Urticaceze; Miocene, Mexico, Berry
1923b '

Crescentia (Bignoniaceae; Miocene, Mexico, Berry
1923b)

Cynometra - (Leguminosae, Subfam. Caesalpin-

_ ioideze; Oligocene, Puerto Rico, Hollick 1928)

Dalbergia (Leguminosee, Subfam. Palionoideae
Miocene, Cuba, Berry 1939)

Dioclea? {Leguminosae, Subfam. Papilionoidese
Miocene, Mexico, Berry 1923b)

Diospyros (Ebenaceze; Tertiary undifferentiated,
Panama, Berry 1918)

Dipholis (Sapotaceae; Oligocene, Puerto Rico,
Hollick 1928)

Dodonaea (Sapindaceae; Miocene, Cuba, Berry
1939)

Drypetes (Euphorbiacese; Miocene, Mexico,
Berry 1923b; Miocene, Cuba, Berry 1939)
Echites (Apocynaceae; Oligocene, Puerto Rico,
Hollick 1928)

Echitonium? (Apocynaceae; Oligocene, Puerto
Rico, Hollick 1928)

?ugenia (My rtaceae; Miocene, Cuba, Berry 1939;
Oligocene, Puerto Rico, Hollick 1928)
Exostema (Rubiaceze; Miocene, Cuba, Berry
1939)
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TABLE 1. (Continued)

8¢

Fagara (fossils subsequently referred to Xan-
thoxylum = Zanthoxylum, Rutacese; Miocene,
Mexico, Berry 1923b. Miocene, Cuba, Berry
1838)

Ficus (Moraceae; Tertiary undifferentiated, Costa
Rica, Berry 1921a; Tertiary undifferentiated,
Panama, Berry 1918; Oligocene, Puerto Rico,
Hollick 1928; Ficus?, Miocene, Mexico, Berry
1923b) )

Geoppertia (Lauraceae; Tertiary undifferentiated,
Costa Rica, Berry 1921a; Miocene, Mexico,
Berry 1923b)

Gouania (Rhamnacese; Miocene, Mexico, Berry
1923b) _

Guarea (Meliaceae; Oligocene, Puerto Rico,
Hollick 1928)

Guatteria (Annonaceae: Tertiary undifferentiated,
Panama, Berry 1918)

Guettarda (Rubiacese; Tertiary undifferentiated,
Dominican Republic, Berry 1921c; Tertiary
undifferentiated, Haiti, Berry 1923a; Miocene,
Mexico, Berry 1923b. Oligocene, Puerto Rico,
Hollick 1928)

Gymnocladus (Leguminosae, Subfam. Caesalpin-
ioideae; Miocene, Mexico, Berry 1923b)

Hancomnia (Apocynaceae; Oligocene, Puerto

Rico, Hollick 1928)

Heliconia (Mussaceae; Tertiary undifferentiated,
Costa Rica, Berry 1921a: Miocene, Cuba, Berry
1939)

Hieronymia (Euphorbiaceae; Tertiary undifferen-
tisted, Costa Rica, Berry 1921a)

Hiraea (Malpighiaceae; Tertiary undifferentiated,
Panama, Berry 1918)

Hufelandia (Lauracese; Oligocene, Puerto Rico,
Hollick 1928)

Tcacorea (Myrsinaceae; Oligocene, Puerto Rico,
Hoilick 1928)

Imga  (Leguminosae, Subfam. Mimosoideae:
Tertiary undifferentiated, Costa Rica, Berry

1921a; Tertiary undifferentiated Panama, Berry,
1918; Tertiary undifferentiated, Dominican
Republic, Berry 1921c; Miocene, Mexico, Berry
1923b; Miocene, Cuba, Berry 1939; Otfigocene,
Puerto Rico, Hollick 1928)

Iriartea (Palmae; Oligocene, Puerto Rico, Hollick
1928)

*Iriarites  (Palmae; Miocene, Panama, Berry
1921b)

*Juglans (Juglandaceae; Tertiary undifferentiated,
Mexico, Mullerried 1938)

Karatophyllum (Bromeliaceae; Tertiary undiffer-
entiated, Costa Rica, Gomez-P. 1972)

Laguncularia (Combretaceae; Miocene, Cuba,
Berry 1939)

*Lecythidophyllum  (Lecythidaceae; Miocene,
Mexico, Berry 1923b)

*Leguminosites (Leguminosae; Miocene, Mexico,
Berry 1923b) :

Liquidambar {Hamamelidacea; Miocene, M‘exico,
Berry 1823b)

Lonchocarpus (Leguminosae, Subfam.
Papilionoideae; Oligocene, Puerto Rico, Hollick
1928)

*Malvocarpon (Malvaceae; Oligocene, Puerto Rico,
Hollick 1928)

Manicaria (Palmae; Oligocene, Puerto Rico,
Hollick 1928)

*Melastomites (Melastomataceae; Tertiary
undifferentiated, Panama, Berry 1918; Tertiary
undifferentiated, Dominican Republic, Berry
1921c¢; Miocene, Mexico, Berry 1923b) .

Melicocca (=Melicoccus, Sapindaceae; Oligocene,
Puerto Rico, Hollick 1928)

Mespilodaphne (Lauracese; Tertiary
undifferentiated, Panama, Berry 1818; Tertiary
undifferentisted, Haiti, Berry 1923a; Miocene,
Mexico, Berry 1923b)

Metopium (Anacardiacea; Miocene, Cuba, Berry
1939)

Mimusops (Sapotaceae; Tertiary undifferentiated,
Haiti, Berry 19823a; Miocene, Cuba, Berry 1939)

Misanteca (Lauraceae; O!igocene, Puerto Rico,
Hollick 1328)
Moguillea (Chrysobalanaceae, Miocene, Mexico,
Berry 1923b)

*Mussophyllum (Mussaceae; Oligocene, Puerto
Rico, Hollick 1928)

*Myrcia (Myrtacea; Miocene, Mexico, Berry 1923b;
Miocene, Cuba, Berry 1939; Oligocene, Puerto
Rico, Hollick 1928)

Myristicophyllum {(Myristicaceae;
undifierentiated, Panama, Berry, 1918)

Myrsine (Myrsinaceae; Oligocene, Puerto Rico,
Hollick 1928) :

Tertiary

Nectandra (Lauraceae; Tertiary undifferenﬁated,
Costa Rica, Berry 1921a; Miccene, Mexico, Berry
1923b)

Oreodaphne (Lauraceae; Oligocene, Puerto Rico,
Hollick 1928)

*Palmacites (Palmae; Tertiary undifferentiated,
Costa Rica, Gomez-P. 1971; Oligocene, Puerto
Rico, Hollick 1928) .

*Palmocarpon (Palmae; Miocene, Panama, Berry
1928; Oligocene, Puerto Rico, Hollick 1928)

’FPalmophyllum (Palmae; Oligocene, Puerto
Rico, Hollick 1928)

*Palmoxylon (Palmae; Tertiary undifferentiated,
Mexico, Felix & Nathorst 1893; Tertiary
undifferentiated, Panama, Berry 1918; Tertiary
undifferentiated, Antigua, Stenzel 1897)

Phytelephas (Paimae; Miocene, Antigua, Kaul
1943)

*Piperites (Piperaceae; Tertiary undifferentiated,
Costa Rica, Berry 19213a)
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iNSACTIONS OF THE 11TH CARIBBEAN GEOLOGICAL CONFERENCE BARBADOS

TABLE 1. {Concluded)

Pisonia (Nyctaginaceae; Tertiary undifferentiated,
Dominican Republic, Berry 1921c; Tertiary
undifferentiated, Haiti, Berry 1923a; Miocene
Cuba, Berry 1939)

Pithecolobium  (=Pithecellobium; Leguminosae,
Subfam. Mimosoideae; Tertiary undifferentiated,
Dominican Republic, Berry 1921c; Miocene,
Cuba, Berry 1939; Oligocene, Puerto Rico,
Hollick 1928)

Plumiera {Apocynaceae; Oligocene, Puerto Rico,
Hollick 1928)

*Poacites (Gramineae; Tertiary unditferentiated,
Dominican Republic, Berry 1921c)

Pseudolmedia (Moraceae; Miocene, Cuba, Berry
1939)

Psidium (Myrtaceae; Oligocene, Puerto Rico,
Hollick 1928)

Reynosia (Rhamnacecae; Miocene, Cuba, Berry
1939)

Rhcedia (Guttiferae; Miocene, Cuba, Berry 1939)

Rhizophora? (Rhizophoraceae; Oligocene, Puerto
Rico, Hollick 1928)

Rondeletia {Rubiaceae; Tertiary undifferentiated,
Panama, Berry 1918; Rondeletia?, Miocene,
Mexico, Berry 1923b)

*Rubiacites (Rubiaceae; Tertiary undifferentiated,
Panama, Berry 1918)

Sapindus {Sapindaceae; Tertiary undifferentiated,
Dominican Republic, Berry 1921c; Miocene,
Cuba, Berry1939; Oligocene, Puerto Rico, Hollick
1928) -

Sapota (Sapotaceae; Oligocene, Puerto Rico,
Hollick 1928)

Schmidelia (Sapindaceae; Tertiary
undifferentiated, Panama, Berry 1918)

Sideroxylon (Sapotaceae; Oligocene, Puerto
Rico, Hollick 1928)

Simaruba (Simarubaceae= Simaroubaceae;
Tertiary undifferentiated, Haiti, Berry 1923a;
Miocene, Mexico, Berry 1923b; Miocene, Cuba,
Berry 1939)

Sophora (Leguminosae, Subfam. Papilionoideae;
Tertiary undifferentiated, Dominican Republic,
Berry 1921c; Miocene, Cuba, Berry 1939;
Sopliora?, Oligocene, Puerto Rico, Hollick 1928)

Swictenia (Meliaceae; Miocene, Cuba, Berry 1939)

*Taenioxylon (Leguminosae, Subfam. unassigned,
Papilionoideae?; Tertiary  unditferentiated,
Panama, Berry 1918)

Tapirira {Anacardiaceae; Oligo-Miocene, Mexico,
Miranda 1963)

Trichilia {Meliaceae; Miocene, Cuba, Berry 1939;
Oligocene, Puerto Rico, Hollick 1928)

- .Zizyphus (Rhamnaceae; Miocene, Cuba, Berry

1939; Oligocene, Puerto Rico, Hollick 1928)

FAMILY INDEX

Incertae Sedis Uncertain
*Antholithis *Mixoneura?
*Chondrites *Pecopteris?
*Phyllites Gymnospermae
*Ramulus Zamia

Charophyta (algae) Angiospermae
Characeae Anacardiaceae

Chara *Anacardites

Lycopsida Metopium

Isoetaceae Tapirira
Isoetes? Annonaceae

Filicineae (ferns) AnnonalAnona
Cyatheaceae Guatteria
Hemitelia Apocynaceae
Gleicheniaceae Allamanda

Gleichenia *Apocynophyllum
Gymnogramniaceae Aspidosperma
Gymnogramme Echites
Pteridaceae Lchitonium?
Acrostichum Hancoria
Polypodiaceae Plumiera
Grammitis Bignoniaceae

Thelypteridaceae Bignonia
Thelypteris? *Bignonoides
Crescentia
Bromeliacea Lauraceae
*Karatophyllum Acrodiclidium
Capparidaceae Goeppertia
Capparis Hufelandia
Celastraceae Mespilodaphne
Celastrus Misanteca
Chrysobalanaceae Nectandra
Moquillea Oreodaphne
Combretaceae Lecythidaceae
Bucida *Lecythidophyllum
Combretum Leguminosae
Laguncularia Caesalpinioideae
Connaraceae Cuesalpinia
Connarus *Caesalpinites
Ebenaceae Cassia
Diospyros Cynometra
Euphorbiaceae Gymnocladus
Drvnetoc B Rl ptienmitectie
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Hieronymia
Gramineae
*Poacites
Guttiferae
Calophyllum
Rheedia
Hamamelidaceae
Liquidambar

Juglandaceae
Juglans

Subfam, unassigned
*Leguminosites

*Taenioxylon

Malpighiaceae

Banisteria

Hiraea
Malvaceae

*Malvocarpon
Melastomataceae

*Melastomites
Meliaceae

Cedrela

Guarea

Swietenia

Trichilia
Moraceae

Ficus
Pseudolmedia
Mussaceae

*Mussophyllum

"FAMILY INDEX —Cont'd

Acacia
*Acacioxylon
Inga
Dithecolobium
Papilionoideae
Dalbergia
Dioclea.
Lonchocarpus

Sophora

Myrtaceae

Calyptranthes
Eugenia
Myrcia
Psidium
Nyctaginaceae
Pisonia
Palmae
Bactris
Iriartia
*Iriarites
Manicaria
*Palmacites
*Palmocarpon
*Palmophyllum
*Palmoxylon
Phytelephas
Piperaceae
*Piperites
Rhamnaceae
Gouania

Myristicaceae

*Myristicophyllum

Myrsinaceae
Icacorea
Myrsine

Rubiaceae
Exostema
Guettarda
Rondeletia
*Rubiacites

Rutaceae
Fagara

Sapindaceae
Dodonaea

Reynosia

Zizyphus
Rhizophoraceae

Rhizophora?

Melicocca (=Melicoccus)

Sapindus
Schmidelia
Sapotaceae

Bumelia
Chrysophyllum
Dipholis
Mimusops
Sapota
Sideroxylon
Simarubaceae
Simaruba

~Sterculiarcea

Buttneria?
Urticaceae
Coussapoa
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riant microtossils reported from the Gulf/Caribbean Tertiary.
Asterix (*) designates genera of exclusively fossil plants.

Arranged by Age/Country

Eocene

g T

Panama RN
Selaginella, Cerafoptenis; Pteris Alfaroa/Engel-
hardla, cf. Araliaceae, Arrabidaea ({as cf,
ParagonialArrabidaea), cf. Campnosperma, Car-
diospermum,  Casearia, cf. Chrysophyllum,
Coccoloba, Combretum/Terminalia, Crudia, En-
gethardia (as  AlfaroalEngelhardia), Eugenia/
Myrcia, Faramea, cf. Ficus, Iex, Lisianthius,
Malpighiaceae, Mortoniodendron, Palmae, cf.
ParagonialArrabidaea, Paullinia, Pelliceria, cf.
Protium, Rhizophora, Serjania, Terminalia (as
Combretum/Terminalia), cf. Tetragrastis, cf.
Tillandsia, cf. Tontalea (Grzham, 1885; Li-
sianthius also Graham, 1984; Pelliceria also
Graham, 1977)

Cuba
*Bombacacidites {Areces Mallea, 1985)

Jamaica
“olliceria (Graham, 1977)

Oligocene

Puerto Rico gl T

Lycopodium, Selaginella, Cyathea, Hemitelia
(Cnemidaria), Jamesonia (Erisosorus), DPteris,
Podocarpus,  Abutilon, Acacia, Aetanthus.
Alchormea, Bemoullia, Bombax, Brunellia
Bursera, Casearia, Catosternma, Chrysophyllum,
Corynostylis, Dendropanax, Engelhardia, Eugenia,
Fagus, Faramea, Guarea, Hauya, Ilex, Jacaranda,
Liguidambar, Marcgravia, Merremia, Myrcia,
Norantea, Nyssa, Oxalis, Palmae, Pelliceria,
Pleodendron, Rauwolfia, Rhizophora, Salilix,
Tecoma, Tetrorchidium, Toumefortia, Zantho-
phyllum (Graham & Jarzen, 1969)

ﬁ; PN e W

Oligo-Miocene
Mexico

Podocarpus, Engelhardia, Pachira-type, Pelliceria, -

Rhizophora (Langenheim et al., 1967)

Costa Rica
Microthyrium—type (fungi), Phaeoceros (Bry-
ophyta), Muscae, Lycopodium, Selaginella,

Cnemidaria (Hemitelia), cf. Hymenophyllum,
Lophosoria, Pityrogramma, Pteris, Podocarpus,
Alchomea, cf. Banisteriopsis, Bomuacaceae
Compositae, Ericaceae, Eugenia/Myrcia, cf. Gly-

cycendrum, cf. Hiraea, Ilex, Lisianthus, Melas- .

tomataceae, Rhizophora (Graham, 1987)

Dominican Republic
*Geotrichites (fungi. Stubblefield et al., 1985)

Miocene
Mexico

Psilotum, Lycopodium, Selaginella, Alsophilia,
Ceratopteris, Cnemidaria [as Hemitelilia,
=Cnemidaria], Cyathea, Discranopteris, Hemitelia
(Cnemidaria), ~ Lomariopsis  (Stenochlaena),
Lityrogrammia;-Pteris, Sphaeropten'S/Trichip teris,
Stenochlaena. [as Lomariopsis (Stenochlaena)],
Trichipteris (as Sphaeropteris/Trichipteris, Abies,
Picea, Pinus, Podocarpus, cf. Acacia, Alchomea,
cf. Alibertia, Allophylus, Alnus, Amaranthaceae
(as Amaranthaceae-Chenopodiaceae) 'cf. Astro-
caryum, cf. Attalea, cf. Bemardia, Borreria, cf.
Brahea, Bravaisia, cf. Bredemeyera, Buettneria,
Bursera, Casearia, Cedrela, Celtis, cf. Chamae-
dorea, Chenopodiaceae-Amaranthaceae, Cleyera,
Coccoloba, Combretum/Terminalia, Comocladia,
Compositae, Cupania, Cuphea, Cyperaceae,
Daphnopsis, Desmanthus, Dichapetalum, Engel-
hardia, Eugenia/Myrcia, Faramea, Gramineae,

Guarea, Gustavia, Hampea/Hibiscus, Hedyosmum,
cf. Hiraea, Ilex, Iresine, Juglans, Justicia, Laetia,
Laguncularia, Liquidambar, Ludwigia, cf. Mapig-

Malpighia, Matayba, cf. Maximiliana type, Meliosma,

cf. Mezia (?) — type, Mimosa, Mortoniodendron,
Mpyrica, Passiflora, cf. Paullinia, Populus, Protium,
Quercus, Rajania, Rhizophora, cf. Sapium, cf.
Securidaca, Serjania, Smilax, Spathiphyllum, cf.
Stillingia, Struthanthus, Symphonia, Terebrania,
Terminalia (as Combretum/Terminalia), cf,
Tetrorchidium, Thalictrum, cf. Tithymalusus
Tourne fortia, Ulmus, Utricularia (Graham, 19763;
Mortoniodendron, Saphaeropteris/Trichipteris
also Graham 1979)

Panama

Micractinium (algae, Graham, 1981), Morton-
fodendron (Graham, 1979)

Arranged Taxonomically

Algae

Micractinium (Chlorophyta;
Panama, Graham 1981)

lower Miocene,

Fungi
*Geotrichites (Deuteromycotina, fungi imper-

fecti; Oligo-Miocene, Dominican Republic,
Stubblefield et al. 1985)
Microthyrium~type {Ascomycetes, Microthy-

riaceze; Oligo-Miocene, Costa Rica, Grzham
1987)

Bryophyta

Phaeoceros - (Anthocerotaceae; Oligo-Miocene,
Costa Rica, Graham 1987)

Muscae (Oligo-Miocene, Costa Rica, Graham
1987)
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TABLE 2, (Continued)

Psilopsida
Psilotum (Psilotaceae; Miocene, Mexico, Graham
1976a)

Lycopsida

Lycopodium (Lycopodiaceae; Oligocene, Puertc
‘Rico, Graham & Jarzen 1969: Oligo-Miocene,
Costa Rica, €raham 1987; Miocene, Mexico,
Graham 1976a)

Selaginella (Selaginellaceae;
Graham 1985:.

Oligocene, Puerto Rico, Grsham & Jarzen
1869, Oligo—Miocene, Costa Rica, Graham
1987; Miocene, Mexico, Graham 19763)

Eocene, Panama,

Filicineae (ferns)

Alsophila  (Cyatheaceze; Miocene, Mexico.
Graham 1976a)
Ceratopteris  Pteridaceae; Eocene, Panama,

Graham 1985; Miocene, Mexico, Graham 1976a)

Cremidaria [also as Hemitelia (Cnemidaria),
Cyatheaceae; Oligocene, Puerto Rico, Graham &
Jarzen 1969; Oligo-Miocene, Costa Rica, Graham
1987; Miocene, Mexico, Graham 19763]

Cyathea (Cyatheaceae; Oligocene, Puerto Rico,
Graham & Jarzen 19869; Miocene, Mexico,
Graham 1976a) '

Dicranopteris (Gleicheniaceae; Miocene, Mexico,
Graham 1976a)

Eriosorus (see Jamesonia)
Hermitelia (see Cnemidaria)

cf. Hymenophyllum (Hymenophyllaceae; Oligo-
Miocene, Costa Rica, Graham 1987)

Jamesonia [as Jamesonia (Eriosorus), Pteridaceae;
Oligocene, Puerto Rico, Graham & Jarzen
1969]

Lomariopsis [as Lomariopsic (Stenochlaena,,
Dryopteridaceae; Miocene, Mexico, Graham
19763}

Oligo—~Miocene

Lophosoria  (Lophosoriaceae;
Costa Rica, Graham 1987)
Pityrogramma  (Pteridaceae; Oligo—Miocene,
Costa Rica, Graham 1987; Miocene, Mexico,
Graham 1976a)

Pteris (Pteridaceae; Eocene, Panama, Graham
1985; Oligocene, Puerto Rico, Graham & Jarzen
1969. Oligo—Miocene, Costa Rica, Graham
1987; Miocene, Mexico, Graham 1976a)
Sphaeropteris  (as  Sphaeropteris/Trichipteris,
Cyatheaceae; Miocene, Mexico, Graham 19763)

Stenochlaena (see Lomariopsis)
Trichipteris (see Sphaeropteris)

Gymnospermae

Abies (Pinaceae; Miocene, Mexico, Graham

1976a)

Ficea (Pinaceae; Miocene,
1976a)

DPinus (Pinaceae;
1976a)

Podocarpus (Podocarpaceae; Oligocene, Puerto
Rico, Graham & Jarzen 1969; Oligo—Miocene,
Mexico, Langenheim et al. 1967; Oligo—Miocene,
Costa Rica, Graham 1987; Miocene, Mexico,
Graham 19763)

Mexico, Graham

Miocene, Mexico, Graham

Angiospermae

Abutilon {Malvaceze; Oligocene, Puerto Rico,
Graham & Jarzen 1969)

Acacia (Leguminosae, Subfam. Mimosoideae;
Oligocene, Puerto Rico, Graham & Jarzen 1969;
cf. Acacia, Miocene, Mexico, Graham 1976a)

Aetanthus (Loranthaceae; Oligocene, Puerto Rico,
Graham & Jarzen 1969)

Alchomea (Euphorbiacese; Oligocene, Puerto
Rico, Grsham & Jarzen 1969; Oligo-Miocene,
Costa Rica, Graham 1987; Miocene, Mexico,
Graham 19763)

Alfaroa (as AlfaroalEngelhardia, . Juglandaceae;
Eocene, Panama, Graham 1985; as Engelhardia-
Oligocene, Puerto Rico, Graham & Jarzen 196¢;
Oligo-Miocene, Mexico, Langenheim et al. 1967;
Miocene, Mexico, Graham 1976a)

cf. Alibertia (Rubiaceae; Miocene, Mexico,
Graham 1976a)
Allophylus  (Sapindaceze; Miocene, Mexico,

Graham 1976a)
Alnus (Betulaceae; Miocene, Mexico, Graham
1976a);

Amaranthaceae (see
Amaranthaceae)

cf. Araliaceae (Eocene, Panama, Graham 1985)

Chenopodiaceae/

Arrabidaea (see Paragonial Arrabidaea)

cf. Astrocaryum (Palmae; Miocene, Mexico,
Graham 1976a)

cf. Attalea (Palmae; Miocene, Mexico, Graham
1376a)

cf. Banisteriopsis (Malpighiaceae; Oligo-Miocene,
Costa Rica, Graham 1987)

cf. Bermardia (Euphorbiaceae; Miocene, Mexico,
Graham 1976a)

Bermoullia (Bombacaceae;
Rico, Graham & Jarzen 1969)

(Oligo-Miocene, Costa Rica,

Oligocene, Puerto

Bombacaceae
Graham 1987)
*Bombacacidites (Bombacaceae; Eocene, Cuba,
Areces Mallea 1985)

Bombax (Bombacacese; Oligocene, Puerto Rico;
Graham & Jarzen 1969)

Borreria (Rubiaceae; Miocene, Mexico, Graham
1976a)

cf. Brahea (Palmae; Miocene, Mexico, Graham
1976a)

Bravaisia (Acanthaceae;
Graham 1976a)
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TABLE 2. (Continued)

cf. Bredemeyera (Polygalaceae; Miocene, Mexico,
Graham 1976a)

Brunellia (Brunelliaceae; Ofigocene, Puerto Rico,
Graham & Jarzen 1969)

Buettneria (Sterculiacese; Miocene, Mexico,

Graham 1976a)

Bursera (Burseraceae; Oligocene, Puerto Rico,
Graham & Jarzen 1969; Miocene, Mevico,
Graham 1976a)

cf. Campnosperma
Panama, Graham 1985)
Cardiosperum (Sapindaceae; Eocene, Panama,
Graham 1985)

Casearia  (Flacourtiacese; Eocene, Panama,
Graham  1985; Ofigocene, Puerto  Rico,
Graham & Jarzen 1969; Miocene, Mexico,
Graham 1976a)

Catostemma (Bombacaceae; Oligocene, Puerto
Rico, Graham & Jarzen 1969)

Cedrela (Meliaceae; Miocene, Mexico, Graham
1976a)

Celtis (Ulmaceae; Miocene, Mexico, Graham
1976a)

cf. Chamaedorea (Palmae; Miocene, Mexico,
Graham 1976a)

(Anacardiaceae; Eocene,

Chenopodiaceae (as Chenopodiaceae/
Amaranthaceae; Miocene, Mexico, Graham 1976a)

Chrysophyllum (Sapotaceae; Oligocene, Puerto
Rico, Graham & Jarzen 1969; cf. Chrysophyllum,
Eocene, Panama, Graham 1985)

Cleyera (Theaceae; Miocene, Mexico, Graham
1976a)

Coccoloba (Polygonaceae; Eocene, Panama,
Graham 1985; Miocene, Mexico, Graham 1976a)

Combretum/Terminalia (Combretaceae; Eocene,

Panama, Graham 1985; Miocene, Mexico, Graham
1976a; see also Graham 1980)

Comocladia (Anacardiaceae; Miocene, Mexico,
Graham 1976a)

Compositae (Oligo-Miocene, Costa Rica, Graham
1987; Miocene, Mexico, Graham 1976a)

Corynostylis {Violaceae; Oligocene, Puerto Rico,
Graham & Jarzen 1969)

Crudia {Leguminosae, Subfam. Caesalpinioideae;
Eocene, Panama, Graham 1985) :

Cupania (Sapindaceae; Miocene, Mexico, Graham
1976a)

Cuphea (Lythraceae; Miocene, Mexico, Graham
1976a)

Cyperaceae (Miocene, Mexico, Graham 1976a)

Daphnopsis  (Thymeliaceae; Miocene, Mexico,
Graham 18763a)

Dendropanax (Araliaceae; Oligocene, Puerto Rico,
Graham & Jarzen 1969)

Desmanthus {Leguminosae, Subfam.
Papilionoideae; Miocene, Mexico, Graham 1976a)

Dichapetalum (Dichapetalaceae; Miocene, Mexico,
Graham 1976a)

Englehardia (see Alfaroa/Engelhardia)

Ericaceae (Oligo-Miocene, Costa Rica, Graham
1987)
Eugenia (see EugenialMyrcia)

EugenialMyrcia  (Myrtaceae; Eocene, Panama,
Graham 1985; Oligo-Miocene, Costa Rica,
Graham 1987; Miocene, Mexico, Graham 139763;
as Eugenia, Oligocene, Puerto Rico, Graham &
Jarzen 1969; see also Graham 1980)

Fagus (Fagaceae; Oligocene, Puerto Rico,

Graham & Jarzen 1969)

Faramea {Rubiaceae; Eocene, Panama, Graham
1985; Ofigocene, Puerto Rico, Graham & Jarzen
1969; Miocene, Mexico, Graham 1976a)

of. Ficus (Moraceae; Eocene, Panama, Graham
1985)

cf. Glycydendrum (Euphorbiaceae;  Oligo-
Miocene, Costa Rica, Graham 1987)

Gramineae {Miocene, Mexico, Grazham 1978za)
Guarea {Meliaceae; Oligocene, Puerto Rico,
Graham & Jarzen 1969; Miocene, Mexico,
Graham 1976a)

Gustavia {Lecythidaceae;
Graham 1976a)
HampealHibiscus (Malvacese; Miocene, Mexico,
Graham 1076a)

Hauya {Onagraceae; Oligocene, Puerto Rico,
Graham & Jarzen 1969)

Hedyosmum Chloranthaceze; Miocene, Mexico,
Graham 1976a) :

Miocene, Mexico,

Hibiscus {see HampealHibiscus)

cf. Hiraea (Malpighiaceae; Oligo-Miocene, Costa
Rica, Graham 1987; Miocene, Mexico, Graham
1976a)

Ilex (Aquifolisceae; Eocene, Panama, Graham
1985; Oligocene, Puerto Rico, Graham & Jarzen
1969; Oligo-Miocene, Costa Rica, Graham 1987;
Miocene, Mexico, Graham 1976a)
Iresine  (Amaranthaceae; Miocene,
Graham 1976a)

Jacaranda (Bignoniaceae; Oligocene, Puerto Rico,
Graham & Jarzen 1869)

Juglans (Juglandaceae; Miocene, Mexico, Graham
1976a)

Justicia {Acanthaceae; Miocene, Mexico, Graham
1976a)

Laetia (Flacourtiaceae; Miocene, Mexico, Graham
1976a)

Laguncularia (Combretaceae; Miocene, Mexico,
Graham 1976a) '

Mexico,




TABLE 2. (Concluded)

Liquidambar {Hamamelidaceae; Osigocene, Puerto
Rico, Graham & Jarzen 1969; Miocene, Mexico,
Graham 1976a)

Lisianthius !Gentianacese; Eocene, Panama,
Graham 1985; Oligo-Miocene, Costa Rica,
Graham 1987)

Ludwigia  (Onagraceae;
Graham 19763)

Miocene, Mexico,

cf. Malpighia (Malpighiacese; Miocene, Mexico,”

Graham 1976a)
Malpighiaceae (Eocene, Panama, Graham 1985)
Marcgravia (Marcgraviaceae; Oligocene, Puerto
Rico, Graham & Jarzen 1969)
Matayba  (Sapindaceae;  Miocene,
Graham 1976a)

cf. Maximiliana type (Palmae; Miocene, Mexico,
Graham 1976a)

Melastomataceae (Oligo-Miocene, Costa Rica,
Graham 1987)

Meliosma  (Sapindaceae; Miocene,
Graham 1976a)

Merremia  (Convolvulaceae; Oligocene, Puerto
Rico, Graham & Jarzen 1969) <

cf. Mezia (?)-type (Malpighiaceae; Miocene,
Mexico, Graham 1976a)

Mimosa (Leguminosae, Subfam.. Mimosoideae;
Miocene, Mexico, Graham 1976a)

Mortoniodendron (Tiliaceae; Eocene, Panama,
Graham 1985; Miocene, Panama, Graham
1979; Miocene, Mexico, Graham 1976a)

Myrcia (see Eugenia/Myrcia)

Myrica (Myricacese; Miocene, Mexico, Graham
19763z}

Norantea (Marcgraviaceae; Oligocene, Puerto
Rico, Graham & Jarzen 1963)

Nyssa (Nyssaceae; Oligocene, Puerto Rico,
Graham & Jarzen 1969)

Oxalis (Oxalidaceae; Oligocene, Puerto Rico,
Graham & Jarzen 1969)

Pachira-type  (Bombacaceae;  Oligo-Miocene,
Mexico, Langenheim et al. 1967)

Palmae (Eocene, Panama, Graham 1985;

Mexico,

Mexico;

Oligocene, Puerto Rico, Graham & Jarzen
1969)

cf. Paragonia/Arrabidaea (Bignoniaceae; Eocene,
Panama, Graham 1985)

Passiflora  (Passifloraceae; Miocene, Mexico,
Graham 1976a)

Paullinia (Sapindaceae; Eocene, Panama, Graham
1985: Miocene, Mexico, Graham 1976a)

Pelliceria (Theaceae; Eocene, Panama, Graham
1985; Eocene, Jamaica, Graham 1977;
Oligocene, Puerto Rico, Graham & Jarzen
1969; Oligo-Miocene, Mexico, Langenheim et
al. 1967)

Pleodendron (Canellaceae; Oligocene, Puerto
Rico, Graham & Jarzen 1969) ’

Populus (Salicaceae; Miocene, Mexico, Graham
1976za)

Protium (Burseraceae; Miocene, Mexico, Graham
19783; cf.
Protium Eocene, Panama, Graham 1985)

Quercus {Fagaceae; Miocene, Mexico, Graham
1976a)

Rajania  (Dioscoreaceze;
Graham 1976a)

Miocene, Mexico,

" Rauwolfia (Apocynacese; Oligocene, Puerto

Rico, Graham & Jarzen 1969)

Rhizophora (Rhizophoracese; Eocene, Panama,

Graham 1985;
Oligocene, Puerto Rico, Graham & Jarzen

- 1869; Oligo-Miocene, Mexico, Langenheim et .

al. 1967; Oligo-Miocene, Costa Rica, Graham
1987; Miocene, Mexico, Graham 1976a)

Salix - (Salicacese; Oligocene, Puerto Rico
Graham & Jarzen 1969)

cf. Sapium (Euphorbiacese; Miocene, Mexico,
Graham 19763)

cf. Securidaca (Polygalaceze; Miocene, Mexico,
Graham 1976a)
Serjania (Sapindaceae; Eocene, Panama, Graham

"Thalictrum

1985; Miocene, Mexico, Graham 1976a)
Smilas (Liliaceae; Miocene, Mexico, Graham
19763)
Spathiphyllum  (Araceae:
Graham 1976a) .
cf. Stillimgia (Euphorbiaceae; Miocene, Mexico,
Graham 19763)
Struthanthus (Loranthaceae; Miocene, Mexico,
Graham 19763a)
Symphonia  (Guttiferae;
Graham 1976a)
Tecoma ({Bignoniaceae; Oligocene, Puerto Rico,
Graham & Jarzen 1969)
Terebrania  (Rubiaceae;
Graham 19763a)

Terminalia (see Combretum/Terminalia)
cf. Tetragrastis (Burseraceae; Eocene, Panama,
Graham 1985}

Tetrorchidium (Euphorbiaceae;  Oligocene,
Puerto Rico, Graham & Jarzen 1969; cf.
Tetrorchidium, Miocene, Mexico, Graham
.1976a) ‘

Miocene, Mexico,

Miocene, Mexico,

Miocene, Mexico,

(Ranunculaceae;  Miocene,
Mexico, Graham 19763) ‘

cf. Tillandsia (Bromeliacese; Docene, Panama,
Graham 1985)

cf.  Tithymalus  (Euphorbiaceae;
Mexico, Graham 19763)

cf. Tontalea (Hippocrateaceae; Eocene, Panama,
Graham 1985)

Miocene,

Toumnefortia (Boraginaceae; Oligocene, Puerto
-Rico, Grsham & Jarzen 1969; Miocene,
Mexico, Graham 1976a)

Ulmus (Ulmaceae; Miocene, Mexico, Graham
19763)

Utricularia (Lentibulariaceae; Miocene, Mexico,
Graham 19763}

Zanthophyllum (Rutaceae; Oligocene, Puerto
Rico, Graham & Jarzen 1969)
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Algae
Chlorophyta

Micractinia

Fungi
Deuteromycotina

*Geotrichites
Ascomycetes
Microthyriaceae
Microthyrium-type
‘Bryophyta
Anthocerotaceae
Phacoceros
Muscae
Psilopsida

Psilotaceae
Psilotum

Lycopsida
Lycopodiaceae
Lycopodium
Selaginellaceae
Selaginella

Filicineae (ferns)
Cyatheaceae
Alsophila
Cnemidaria
Cyathea )
Hemitelia (=Cnemidaria)
Sphaeropteris/Trichi-

pteris

Amaranthaceae
Iresine
Anacardiaceae
cf. Campnosperma

FAMILY INDEX

Dryopteridaceae

Lomariopsis (Steno-

chlaena)
Gleicheniaceae

Dicranopteris
Hymenophyllaceae

cf. Hymenophyllum

Lophosoriaceae
Lophosoria
Pteridaceae
Ceratopteris
Jamesonia (Erio-
sorus)
Pityrogramma
Pteris
Gymnospermae
Pinaceae
Abies
Picea
Pinus
Podocarpaceae
Podocarpus
Angiospermae
Acanthaceae
Bravaisia
Justicia
Amaranthaceae (as
Chenopodiaceae/
Amaranthaceae)
Boraginaceae
Tournefortia
Bromeliaceae
cf. Tillandsia

Comocladia Brunelliaceae
Apocynaceae Brunellia

Rauwolfia Burseraceae
Aquifoliaceae Bursera

llex Protium
Araceae cf. Protium

Spathiphyllum cf. Tetragrastic
Araliaceae Canellaceae Chenopodiaceae/

Amaranthaceae

Dendropanax Pleodendron Combretaceae

cf. Aralia-  Chloran-  Combretum/

ceae thaceae Terminalia
Betulaceac Hedyosmum/Laguncularia

Alnus Convalbula- Compositae

ceae

Bignoniaceae  Merremia  Cyperaceae

Jacaranda Dichapetalaceae

Faragonia/Arrabi- Dichapetalum

daca

Tecoma Dioscoreaceag
Bombacaceae Rajania

Bernoullia Ericaceae

*Bombacacidites Euphorbiaceae

Bombax Alchornea

Catostemma cf. Bernardin

Pachira-type
Marcgraviaceae
Marcgravia
.Norantea
Melastomataceae
Meliaceae
Cedrela
Guarea
Moraceae
cf. Ficus
Myricaceae
Myrica
Myrtaceae
Lugenia
Lugenia/Myrcia
Nyssaceae
Nyssa
Onagraceae
Hauya
Ludwigia
Oxalidaceae
Oxalis
Palmae -
cf. Astrocaryum
cf. Attalea
cf. Brahea
cf. Chamaedorea
cf. Maximiliana

cf. Sapium
cf. Stillingia
Tetrorchidium
cf. Tithymalus
Fagaceae
Fagus
Quercus
Flacourtiaceae
Casearia
Laetia
Gentianaceae
Lisianthus
Gramineae
Guttiferae
Symphonia
Hamamelidaceae
Liquidambar
Hippocrateaceae
cf. Tontalea
Juglandaceae

Alfaroa/Engelhardia

Engelhardia

Juglans
Lecythidaceae

Gustavia

Paullinia

Serjania
Sapotaceae
Chrysophyllum

R S )

cf. Glycydendrum
Passifloraceae
Passiflora
Polygalaceae
cf. Bredemeyera
cf. Securidaca
Polygonaceae
Caoccoloba
Ranunculaceae
Thalictrum
Rhizophoraceae
Rhizophora
Rubiaceae
ct. Alibertia
Borreria
Faramea
Terebrania
Rutaceae
Zanthophyllum
Salicaceae
Populus
Salix
Sapindaceae
Allophylus
Cardiospermum
Cupania
Matayba
Meliosma

Leguminosae
Caesalpinioideae
Crudia
Mimosoideae
Acacia
cf. Acacia
Mimosa
Papilionoideae
Desmanthus
Lentibulariaceae
Utricularia
Liliaceae
Smilax
Loranthaceae
Aetanthus
Struthanthus
Lythraceae
Cuphea
Malpighiaceae
cf. Banisteriopsis
cf. Hiraea
cf. Malpighia
cf. Mezia(?) - type
Malvaceae
Abutilon
Hampea/llibiscus



3:16.

TRANSACTIONS OF THE 11TH CARIBBEAN GECLOGICAL CONFERENCE BARBADOS

FAMILY INDEX (Continued) '

Sterculiaceae
Buettneria

Theaceae
Cleyera

Pelliceria

Thymeliaceae
Daphnopsis

Daplimopsis
Tiliaceae
Mortoniodendron

Ulmaceae
Celtis
Ulmus

Violaceae
Corynostylis
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