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Estimates of SST (sea surface temperature) during the Cenozoic are complicated by uncertainty as to the presence, extent,
and effect of glaciers in the Paleogene, and by an emerging re-evaluation of the accuracy of foraminifera to precisely record
changes in equatorial ocean water temperatures in the Neogene, especially at the last glacial maximum (18,000 yrs B.P.). If
Paleogene marine temperatures were as warm as at present, Early Teniary floras deposited at the ocean-continent interface should
record vegetation comparable in ecological import to that of the present. The middle(?) to Late Eocene Gatuncillo flora from
Panama (9° N latitude) is similar to the modern vegetation along the north (Atlantic) coast of southern Central America. This
argues forthe presence oflimited glaciers, probably on Antarctica, to account forthe increasing 180 in the marine waters. Assuming
that any cooling of low latitude SSTs in the late-glacial extended into early glacial times, at least to some extent, Neogene floras
should reflect these cooler conditions. The Middle Pliocene (N20; 4-5 Ma) Paraje Solo palynoflora from coastal southeastern
Mexico (-18° N latitude) suggests a MAT (mean annual temperature) at least 2°_3°C cooler than at present. The cause (s) likely
involved continued decline in C02 concentration, threshold changes in ocean water Circulation, upwelling, deposition just prior
to closure of the Isthmus of Panama (-3.5-2.5 Ma) which strengthened poleward transport of ocean heat, and also orbitally-in­
duced global lowering of temperatures. The temperature change suggested by the Middle Pliocene Paraje Solo palynoflora is
about mid-way between the calculated _5° C cooling by 18,000 yrs B.P., based on the 180 /160 ratios and strontium evidence
from Barbados corals, and the CLIMAP (Climate Long-range Investigation and Mapping Program) estimate of stable equatorial
SST about as wann as at present.
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INFORMATION from the study of paleovegetation is
being used as validation data for sensitivity tests and
long-term modeling of paleoclimates. This is neces­
sary because until the models can accurately reflect
known past climates (hindcast), little confidence can

be placed in their predictions of future conditions.
Two aspects of modeling Cenozoic paleoclimates
have proven particularly troublesome. First, there has
been uncertainty about tropical marine SSTs during
the Eocene. One method for determining
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paleotemperatures is based on the ratio of 180 /160
in the shells of marine invertebrates, which varies
with the temperature of the ambient water-more
180 is taken up as the water cools. Temperature
values are assigned to the ratios by callibration with
laboratory standards. A complication is that the equi­
librium of the oxygen isotopes also varies with ice
volume. The lighter 160 differentially evaporates
from the ocean surface, but during non-glacial times
it is returned by precipitation, runoff, and ground
water seepage. A nearly uniform distribution of the
isotopes is maintained among the various marine
basins by ocean water circulation. In the absence of
glaciers a change in the ratio can be attributed to
temperature. In glacial times, however, much of the
160-rich water is stored in the cryosphere and the
relative proportion of 180 increases in the ambient
water. If there is agreement about the presence of
glaciers, compensation can be made in assigning
temperature values to the ratios. At the last glacial-in­
terglacial interval the amplitude was -1.7%, and an
estimated -0.4% has been attributed to cooling and
1.3% to ice-volume effect (Shackleton & Duplessy,
1986). If there is uncertainty, and there is for the
Paleogene, this allows a wide range in the estimate
of SST. For tropical regions during the Eocene this
range is from -28° C (about the same as at present)
assuming the presence of some ice, to -18°-20° C (or
8°_ 10° C cooler than at present) assuming ice-free
conditions. Evidence is accumulating for small, tem­
porary glaciers on Antarctica in the middle to Late
Eocene, favouring an inte:pretation of warm
equatorial climates. This is consistent with other
emerging paleontological data (Adams et al., 1990).
A data base is also accumulating for terrestrial
paleovegetation deposited in tropical coastal en­
Vironments, including the middle(?) to Late Eocene
Gatuncillo flora of Panama (-9° N latitude; Graham,
1985).

A second problem in modeling global
paleoclimates has been establishing the temperature
history of equatorial regions during recent glacial
times. The initial effort to reconstruct this history was
CLIMAP (climate Long-Range Investigation and Map­
ping Program, 1976, 1981) based, in part, on the
temperature requirements ofvarious planktic groups
(primarily foraminifers along with coccolithophores,

diatoms and radiolarians). One conclusion was that
while the rest of the world cooled by -5° C at the last
glacial maximum (18,000 yrs B.P.), the lower latitudes
remained about the same. This has complicated un­
derstanding both the record and the mechanism of
long-term temperature fluctuations because when
models adequately account for cooling at the poles,
they also predict a similar cooling for the tropics (Rind
& Peteet, 1985). Also, pollen records suggest a cool­
ing of _6°_8° C in the highlands of Colombia (van der
Hammen & Gonzalez, 1960; Hooghiemstra, 1984,
1989; Hooghiemstra & Sarmiento, 1991) that ex­
tended into the lowlands (-4°-6° C; Absy, 1979,1982;
Absy & van der Hammen, 1976; Colinvaux, pers.
comm., 1995).

The possibility that foraminifera in the CLIMAP
study may be able to adjust to temperature changes
and, therefore, not faithfully record temperature
variations, is raised by a study of corals from Bar­
bados (-13° N latitude; Guilderson et al., 1994). The
isotopes 180 /160 in the calcium carbonate walls sug­
gest a cooling of -5° C at 19 ka. An independent
check was made by measuring the strontium in the
carbonate. Strontium replaces the chemically similar
calcium at a rate dependent on the water tempera­
ture, and thermal ionization mass spectrometry al­
lows accurate measurement of the amounts of stron­
tium present. Temperature values were similar to
those obtained from the oxygen isotope ratios. These
techniques also have potential sources of error
(Anderson & Webb, 1994), and establishing precise
SST in the tropics during the Neogene requires further
investigation.

Although the studies noted above are concerned
with climates at the last glacial maximum, the results
should apply generally throughout recent glacial his­
tory when conditions were similar, or fluctuated
within approximately comparable ranges. Glaciers
became a more widespread and sustained feature of
Antarctica beginning in the Oligocene, as marked by
a sharp drop in sea level at -30 Ma (Haq et aI., 1987;
Vail & Hardenbol, 1979). Further cooling occurred in
the middle Miocene, initiating Arctic glaciations, and
this trend intensified in the middle to Late Pliocene
when ice volume reached about one-half to two­
thirds that of the Quaternary glaciations (Crowley &
North, 1991, p. 203; Curry & Miller, 1989; Raymo et
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al., 1989, 1992; Repenning & Brouwers, 1992). The
Greenland ice sheet was already forming at -3.2 Ma
(millions of years ago; Leg 105 Shipboard Scientific
Party, 1986).

A series of Tertiary palynofloras are preserved in
coastal lignites, clays and silts from the Gulf/Carib­
bean region (for their geographic and stratigraphic
distribution, see Graham, 1992a, 1993a, 1994b). This
data base has been used to address various aspects
of neotropical paleoenvironments and biogeog­
raphy~.g., paleoaltitudes; timing of the closure of
the isthmian land bridge; marine water temperature
during the Eocene; and the history ofvarious lineages
(Leguminosae, Compositae) and vegetation types
(mangrove, tropical dry forest; Graham, 1989, 1992a,
b, 1994a, 1995, in press; Graham& Dilcher, in press).
One of these floras is from the Middle Pliocene Paraje
Solo Formation of southeastern Veracruz, Mexico. It
was deposited in a coastal setting and was both
influenced by, and reflected environmental condi­
tions in the adjacent marine environment. The flora
provides an opportunity for testing the hypotheses of
warm versus cool low latitude SST during the early
stages of polar glaciation. For both the middle(?) to
Late Eocene Gatuncillo assemblage, and the Middle
Pliocene Paraje Solo flora, paleoenvironments
presently must be reconstructed via the modern
analog method from pollen and spore data; there are
no macrofossil floras known from the region suffi­
cient to make independent assessments based on leaf
physiognomy. Thus, there is some latitude in the
estimates of paleotemperature, and conservative
values are presented pending further data.

MATERIAL AND METIIODS

Processing procedures and other methods for
studying palynomorphs from the Late Eocene Gatun­
cillo and the Middle Pliocene Paraje Solo lignites and
associated clays, siltstones, and fine-grained
sandstones have been described previously
(Graham, 1976, 1985). The samples were processed
by standard palynological techniques (Gray, 1965),
involving HCI for removal of carbonates, HF for
removal of Silicates, and HN03 for oxidation of lig­
nins and other organic debris. Identification of the
palynomorphs was through comparisons with a
modern reference collection of -24,000 slides, with

strongest representation of neotropical species. Fif­
teen samples were collected from the Gatuncillo For­
mationnear Alcalde Diaz, 87 palynomorpb types
were recovered, and 47 were identified. A collection
of 55 samples was made from the Paraje Solo Forma­
tion at 6 localities along the Ferrcarril del Sureste (sites
1,2,3) andfrom roadcuts along Mexico 180 (sites 4,
5, 6) near Coatzacoalcos in southeastern Veracruz,
Mexico, One hundred and twenty four palynomorph
taxa were recovered, and 106 were identified.

DISCUSSION

The Gatuncillo flora- The Gatuncillo flora has
been discussed previously with regards to the oxygen
isotope paleotemperature record (Graham, 1994a),
and will be only briefly summarized here. The most
important results relevant to the present discussion
are the distribution of modern communities most
similar to the paleocommunities, and the ecological
conditions (especially temperature) under which the
individual components currently grow. The taxa rep­
resented by fossil palynomorphs sort into three prin­
cipal paleocommunities-- tropical wet, tropical
moist, and premontane wet forests. None of the
modern analog assemblages extend latitudinally into
temperate environments or range altitudinally into
cool montane habitats. The most similar modern
communities are found along the north (Atlantic)
coast of Central America, including a zone between
Gatun Lake and Pina, immediately adjacent to the
collecting site. Thus, at the level of vegetation type
the implied paleoenvironments of the Gatuncillo as­
semblage are comparable to those of the present in
the region-MAT 28° C, with a mean annual mini­
mum of 21.1°C. Among individual taxa, all of the
principal components grow primarily or only in
frostfree climates. These include Ceratopteris 05%),
Pelliceria (11%), Rhizophora 00%), Crudia (3.5%),
CombretumITerminalia (3%), Lisianthus (2.5%),
EuqenialMyrcia 0%), Pteris (0.5%), and Ficus
(0.5%). For example, the northernmost distribu tion of
Rhizophora mangle in North America is to central
peninsula Florida, and it is clearly associated with a
SST minimum of 27° C. Thus, the most numerous
individual components of the Gatuncillo flora also
indicate that paleotemperatures along the coast were
not significantly different from those of the present.
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This would mean that any increase in the 180 /160
ratio was due, at least in part, to early glaciation and
not exclusively to colder waters. This is consistent
with recent paleontological studies and with
evidence for local and temporary late Middle Eocene
glaciers on Antarctica (Adams et al., 1990).

The Paraje Solo Flora-In southeastern Mexico
the picture from the Middle Pliocene Paraje Solo
Formation is qUite different. The sequence of sedi­
ments is typical for paralic (marine coastal) and
paludal (swamp) environments where cycles of
autochthonous lignite, clay, silt, fine-grained and
progressively coarser sandstones are deposited with
changes in relative sea level. Palynomorphs were
recovered from all but the coarser sandstones. The
exposures range from -0.6 to -6 m thick, and sam­
pling intervals were -15 cm, but varied to include all
sediment types at each exposure. Deposition is typi­
cally rapid in these tropical coastal Rhizophora
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Text-figure l-Stfa[igraphic position of [he Paraje Solo Formation in
relation [0 Other in the Isthmian Salt Basin of southeastern Mexico
(from a Machain-Cas[iJlo, 1985).

(mangrove) environments. Although there is some
variation in palynomorph content between sites,
mostly with regards to Rhizophora pollen (Graham,
1976, table 1), for purposes of comparing modern
versus paleocommunities and climates, the as­
semblage is considered as a unit.

The Paraje Solo Formation is underlain by the
Upper Conception Formation, and is overlain and
partly contemporaneous with the Agueguexquite
Formation (Text-figure 1). The latter contains a
diverse ostracode fauna typical of the N20 marine
zone (Machain-Castillo, 1985). Calcareous nannofos­
sil and planktic foraminifera indicate that "the
Agueguexquite Formation must be considered to be
of Middle Pliocene age, and it probably belongs just
above the precise middle of Zone N20" (Akers, 1979;
Akers & Koeppel, 1973). Thus, the Paraje Solo as­
semblage represents the vegetation and coastal en­
vironments at -4-3 Ma. The question is whether it
reflects SSTs similar to those of the present, or cooler
than at present and consistent with the emerging
coral data from Barbados.

Modern vegetation- The study site is located at
the junction of the southern Sierra Madre Oriental and
the eastern terminus of the Transvolcanic Belt near
Coatzacoalcos, Veracruz, Mexico. The region in­
cludes the highest peaks in Mexico-Pico de Orizaba
(5650 m), Popocatepetl (5450 m), and Ixtaccihuatl
(5280 m). The Sierra Madre Oriental began contribut­
ing sediments to the Veracruz. Basin in the Late
Cretaceous/Paleocene (Helu et al., 1977), while the
Transvolcanic Belt was uplifted in the Early Tertiary,
with major elevations attained in the Late Miocene,
Pliocene, and Pleistocene (de Cserna, 1989; Demant,
1978; Ferrusquia-Villafranca, 1993; Nixon, 1982;
Thorpe, 1977). Thus, a diversity of habitats has been
available throughout the Neogene. The coast is
fringed with mangroves (manglar; Laguncularia,
Rhizophora) , bordered immediately inland by the
lowland tropical rain forest (selva alta perennifolia).
The latter is a multi-dominant community of Ber­
noulia, Brosimum, Calophyllum, Dialium, Ficus,
Inga, Lonchocarpus, Nectandra, Pouteria, Pseudo­
lmedia and others (Gomez-Pompa, 1973; Wendt,
1993). In the lower montane zone there is a grada­
tional series of forests (selvas) defined by height and
degree of deciduousness which correlate with in-
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creasing altitude and dryness. At an elevation of
-1000-2000 m there are woods (bosques) composed
of Pinus (pine), Quercus (oak; bosque de pino y
encino) and Liquidambar (sweetgum; bosque
caducifolio). Near timberline, other species of Pinus
are mixed with Abies religiosa (fir; bosque de
oyamel), and this community extends to an alpine
tundra (paramo).

The Pliocene vegetation--The identified
palynomorphs are listed in Table 1, and these have
been arranged into paleocommunities according to
the modern asso<:::ations recognized by Gomez­
Pompa 0973; table 2). Mangrove vegetation is repre­
sented by abundant Rhizophora, reaching 96 per cent
at one locality, and by Lagunculan·a. Although the
tropical rain forest appears well-represented by the
numerous taxa listed in Table 2, it is noteworthy that
all of these presently range through several com­
munities and none are the characteristic or defining
members of the rain forest. The rain forest was poorly
developed to absent as shown by the absence of
pollen from all of the dominants. Pollen of Pinus,
Liquidambar, and Quercus was found, which docu­
ments the presence of the mid-altitude bosque de
pino y encino and bosque caducifolio. Abies pollen
as also recovered from a high-altitude bosque de
oyame\. Today Abies typically grows at elevations
above 2400 m and it does not now occu r in the Vicinity
of the Paraje Solo locality. In addition, Picea(spruce)
pollen was present. These are well-preserved unfrag­
mented grains and show no effect of long-distant
transport or redeposition. Picea in Mexico now grows
only at high elevations in the mountains to the north,
fully 1000 km removed from the depositional site.

Tabel 1- Palynomorphs identified from the Paraje Solo Forma­
tion, southeastern Veracnu: state, Mexico. Ustlng is from the
revised composition (Graham, 1993b) of the original study
(Graham, 1976). Numbers in parentheses are the Wghest percent­
ages encountered among the 6 sites; no number means percent­
age was less than 0.5%
Psilotaceae

Psilolum (7%)

Lycopodiaceae
Lycopodium

Selaginellaceae
Selaginellct..1%)

Cyatheaceae
ALmphila
Cyalhea
Cnemidan'a (Hemilelia) (4%)

SphaeroplerlsITrlchiPlerls

Dryopteridaceae
Loman'opsiS (2%)

Gleicheniaceae
Dicranoplerls

Polypodiaceae (other monolete fern spores) (48%)

Pteridaceae
Ceraloplerls (2%)
Plerls

Pinacae
Abies
Picea(l%)
Pinus(l%)

Podocarpaceae
Podocarpus (2%)

Araceae
Spalhiphyllum(l%)

Cyperaceae
Dioscoreaceae

Rajmtia (7%)

Gramineae (45%)

Liliaceae
Smilax (2%)

Palmae
cf. Aslrocaryum
cr. AI/aka (6%)
cf. Brahea (6%)

cf. Chamaedorea (2%)
cf. Maximiliana type

Acanthaceae
BrauiSia (l%)
juslicia (l%)

Amaranthaceae
lrisene

Amaranthaceae/Chenopodiaceae
Anacardiaceae

Comocladia (l%)

Aquifoliaceae
lIex(l%)

Betulaceae
Alnus

Boraginaceae
Tournefonta

Burseraceae
Bursera (4%)

Protium (5%)
Chloranthaceae

Hedyosmum (2%)

Combreraceae
Combrelum/Terminalia (25%)

Laguncularla (56%)
Compositae (27%)
Dichaperalaceae

Dichapela lu m
Euphorbiaceae

Alchornea (4%)

cr. Bernarldia
cf. Sapium (3%)

cf. Stillingia
cf. Telrorchidium (l%)
cr. Tilhymalus(l%)

Fagaceae
Quercus (34%)
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Flacourtiaceae
Casearia(l%)
Loelia

Guttiferae
Symphonia

Hamamelidaceae
Liguidambar

Juglandaceae
juglans,
AljaroalOreomunnea (13%)

Lecythidaceae
GuslaVia

Leguminosae
Acacia(l%)
Desmanrhus (1%)

Mimosa
Lentibulariaceae

Urriculan'a (I%)

Loranthaceae
Srrurhanrhus (8%)

Lythraceae
Cuphea

Malpighiaceae
cf,Malpighia (6%)
cf.Mezia (» type (I %)

cf,Hiraea

Malvaceae
HampealHibiscus(2%)

Meliaceae
Cedrela (2%)
Guarea

Myricaceae
Myrica (4%)

Myrtaceae
EugenialMyrcia (16%)

Onagraceae
Ludwtgia (2%)

Passifloraceae
Passiflora (I%)

Polygalaceae
cf. Securidaca

cf. Bredemeyera ( 1%)

Polygonaceae
Coccoloba (9%)

Ranunculaceae
Thalicrrum (l%)

Rhizophoraceae
Rhizophora (96%)

Rubiaceae
cf. Alibertia (1%)
Borreria
Faramea (2%)
Terebrania (I%)

Salicaceae
Populus

Sapindaceae
Allop"ylus
Cupania
Marayba (1%)
Meliosma(I%)
cf. Paullinia (l%)

Serjania (I%)

THE PALAEOBOTANIST

Serculiaceae
Buellnen'a

Theaceae
C/eyera

Thymelaeaceae
Daphnopsis(l%)

Tiliaceae '
Mortoniodendron

Ulmaceae
Celris(3%)
Ulmus (1%)

Table 2--Paleoconununities of the Paraje Solo assemblage.
Genera are placed according to their typical occurrence (s) and
may range through several vegetation types
Needle-leaved and scale-leaved forest (including pine and pineoak
forests):

Abies, Picea, Pinus, Alchomea, Alnus, Quercus, cf. Sapium, Coc­
coloba, Smilax, cf. Srillingia (Cyarhea, Liquidambarand Myrica oc­
casionally occur in a typically low-altitude forests).

Broad-leaved (oak) forest:

Alchomea, Coccoloba, Quercus, cf. Sapium

Deciduous (oak-Liquidambai) forest:

psilorum, Lycopodium, Sphaeropreris/Trichipreris, Selaginella, AI­
sophila, Cyarhea, Pinus, Podocarpus, Alchomea, Alnus, cf.
Chamaedorea, Cieyera, Dichaperalu m. AljaroalOreomunnea,
Eugenia, Guarea, Hampea, Hedyosmum, flex, fresine, juglans, jus­
ricia, Liquidambar, Meliosma, Myrica, Populus, Quercus, Srrurhan­
rhus, Toume/ortia, Ulmus

High evergreen selva:

Lycopodium, SphaeroprerislTrichiprris, Podocarpus, Alchomea, AI­
lophyllus, cf. Asrrocaryum, Bursera, Casearia, Cedrela, cf.
Chamaedorea, Cupania, Fa ra mea, Guarea, GusraVia, Hampea, HibL5­
cus, cf. Hiraea, fresine, Marayba, Mortoniodendron, Myrcia, cf. Paul­
linia, cf. Sapium, Sparhiphyllum, Symphonia, Terminalia, cf. Terror­
chidium

High semi-evergreen selva:
Lycopodium, Selaginella, Cyarhea, Alchomea, cf. Bernardia, Bursera,
Casearia, Cedrela, cf. Chamaedorea, Cupania, Daphnopsis, Faramea,
Hampeo, Hibiscus, flex, fresine, cf. Paullinia, ProUum, Quercus,
Rajania, cf. Sapium, Securidaca, Sparhiphyllum, cf. Terrorchidium,
Ulmus
Low deciduous selva:
cf. Acacia., cf. Brahea, Bursera, Casearia., CelriS, Combrerum,
Cupania, Daphnopsis, Eugenia, flex, cf. Sapium, Comocladia
Swamp/Aquatic vegetation
Ceraropreris, Bravaisia, Ludwigia, Urricularia
Mangrove swamp
Hihiscus, Laguncularia, Ludwigia, Mimosa (M pigra rype),
Rhizophora, cf. Sapium

The cause for the differences between the Paraje
Solo and the modern vegetation is undoubted com­
plex and multi-faceted. Sea levels were an estimated
35 m higher along the Atlantic coast of the U.S.A.
during the mid-Pliocene (Dowsett & Cronin, 1990;
Krantz, 1991), and extended further inland than at
any time since the Eocene (Cronin, 1991). This would
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have certainly restricted habitats available for the
lowland tropical rain forest, but it would not account
for the presence of Picea or the representation of
upland to highland elements in the fossil flora. The
explanation must include some lowering of tempera­
tures which would contribute to the absence or poor
development of the rain forest, the downward shift
in ecotones bringing the upland and highland com­
munities into closer depositional range of the accu­
mulating coastal sediments, and the presence of
Picea. The extem of this lowering can only be ap­
proximated, based on the present ecological require­
ments and altitudinal distribution of the modern
genera and communities. The estimate is a minimum
of 2-3° C lower than the present interglacial MAT
(Graham, 1989). The MAT at Coatzacoalcos now is
25.3° C (annual range 22°_27° C), so the maximum
mid-Pliocene MAT along the ocean margin at -18° N
latitude is estimated at -23°C Although the sensitivity
of the method is not precise, the vegetation change
alone reflects parameters different in the Middle
Pliocene compared with the present interglacial. The
ostracode assemblages in adjacent formations were
discussed with reference to paleodepths rather than
paleotemperatures (Machain-Castillo, 1985).

To the extent that these data are relevant to tropi­
cal Atlantic Ocean water temperatures, they are dif­
ficult to reconcile with proposed near-constant
values throughout the Neogene. SST which had al­
ready declined by a minimum of -2°_3° C in the
mid-Pliocene are more consistent with the calculated
5° C cooling during the various glacial maxima, as at
18,000 B.P. A question still open is the relative im­
portance of ocean Circulation, coastal upwelling,
closure of the Isthmus of Panama with greater
poleward transport of heat beginning -3.5 Ma (Wil­
lard et at., 1993), and Milankovitch variations in deter­
mining temperatures at the ocean-continent inter­
face. Sea levels higher by -35 m, at least along the
Atlantic coast of the United States, would argue for
climates warmer than at present and support the view
of a Middle Pliocene warm interval. Local cooling, as
along the coast of southeastern Mexico would be
ascribed to changes in ocean circulation and to up­
welling.

However, the probability that all the differences
between the fossil and modern vegetation can be

ascribed to ocean circulation upwelling, and closure
of the Isthmus is unlikely. These condition~ have
generally prevailed after -3.4 Ma and they do not
presently allow for the presence of Picea, or for
upland and highland communities in the lowlands.
This suggests that MAT was in fact lower that at
present. The apparent difference between the sea
level and paleotemperature record, based on the
Paraje Solo flora, may be due to lag time between
temperature change, glaciation, and the response of
terrestrial vegetation.

The data from the Late Eocene Gatuncillo flora of
Panama supports the emerging view of warm
equatorial waters and some continental ice during
parts of the Paleogene, while results from the Paraje
Solo study are consistent with independent evidence
for cooling equatorial waters during the Neogene. If
these conclusions are sustained by future studies,
fossil lowland tropical floras can be assumed to
reflect SST trends in the nearshore marine realm. This
provides one more approach for assessing models of
the long-term history of ocean paleoenvironments.
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