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INTRODUCTION.

Three years ago I made a preliminary announcement before this
Society® concerning the fossil floras of southeastern North America.
I have, in the interim, completed a monograph of the extensive and
especially well preserved plants of the Lower Eocene, and it is some
of the results of this detailed study that are given in the present
communication. This work has been done under the auspices of the
United States Geological Survey, to the director of which organiza-
tion I am indebted for permission to publish the following prelim-
inary abstract. I also wish to express my great indebtedness to Dr.
T. Wayland Vaughan, who has had general charge of the Coastal
Plain investigations and to whom great credit is due for their com-
prehensive character.

PrvsicaL ConpitioNs INDICATED BY THE FLORA.
There is no part of North America so favorably situated for the
study of the floras which preceded the present, extending backward

1 Proc. Amer. Philos. Soc., Vol. 50, No. 199, 1011.
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to a time which marks the first recorded appearance of angiosperms,
as that of the South Atlantic and Gulf states. No single part of
North America contains so continuous a series of Tertiary deposits
carrying fossil plants. In this area are found abundant floras in the
lower and middle stages of the Eocene, a small flora in the Upper
Eocene, considerable floras in the Oligocene, some in the later Mio-
cene, and rather abundant fossil plants in the Pliocene, as well as
numerous Pleistocene deposits carrying fossil plants. The Rocky
Mountain region is rich in Eocene fossil plants and there are some
Miocene floras, but practically no Oligocene or Pliocene floras are
known. The Pacific coast region likewise furnishes Eocene and
Miocene fossil plants but none of Oligocene age.

The fossil floras of the Coastal Plain are found in an area where
it is possible to attain to some measure of accuracy in predicating the
general character and course of ocean currents and winds and other
physical features of the environment. On the other hand the west-
ern floras just mentioned grew in areas where vulcanism was great at
times; in areas of great orogenic activity, where changes in topog-
raphy were numerous and elevations of several thousands of feet are
recorded ; areas in which climatic conditions not only varied from
place to place, but passed through a large cycle of secular changes.
All these factors greatly complicate the floral history.

The floras of the southern Coastal Plain are moreover checked for
the most part by very abundant marine fauna in intercalated beds, or
the plant-bearing beds which represent the coastal swamps and the
shallow water deposition of the old embayment merge laterally with the
contemporaneous limestones or marls which were forming in more
open waters along the coasts to the southward, so that there is a con-
siderable body of facts bearing on depth, character of the bottom, and
marine temperatures, with which to compare land temperatures.
These criteria have been admirably worked out for the Florida area
by Dactors Dall and Vaughan for the post-Eocene and their results
furnished a reliable datum plan for the deductions to be derived from
the study of the fossil floras of those times.

With the exception of fragments of the petrified stems of coni-
fers, palms and dicotyledons the plant-remains are in the form of
impressions, mostly of foliage, but with a goodly representation
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of fruits and seeds, and in some few cases even flowers are pre-
served.

While the oscillations of the embayment area have been numerous
they have been, as 1 have just mentioned, inconsiderable in amount,
only a few hundred feet at most, and the coastal region has uniformly
been one of slight relief. The various floras show an almost com-
plete absence of upland types. This is in striking contrast to the
European older Tertiary floras. The only large area of the globe
which has been thoroughly studied—Europe—was far less stable
than this region in Tertiary times and lying much farther toward the
pole was subsequently subjected to the rigors of Pleistocene condi-
tions whose influence never reached our southern states.

The paleobotanical record of the Atlantic and Gulf Coastal Plain
furnishes a history which extends back as I have just mentioned be-
yond the oldest known angiosperms to a time (Lower Cretaceous)
when the flora was made up almost entirely of tree-ferns, conifers
and those interesting cycadophytes (Cycadeoidea) whose trunks are
sometimes preserved with such marvelous perfection that the outlines
of the embryos in the ovules can often be made out in detail. Coming
a step nearer my present theme, a step of some millions of years
from the Lower into the Upper Cretaceous, we find the first great
modernization of the floras of the world due to the seemingly sudden
evolution of the main types of angiosperms. These Upper Creta-
ceous floras are well represented in the Coastal Plain from Marthas
Vineyard to Texas. They extend northward to Greenland and south-
ward to Argentina in South America, and are found to indicate very
different physical conditions from those which prevail at the present
time. I do not intend, however, to dwell upon the Upper Cretaceous
floras in this connection but pass to a consideration of the succeeding
Eocene epoch of plant evolution.

The Eocene as defined by Lyell was marked by the dawn of the
recent species of marine mollusca. Tt is equally well marked by the
sudden expansion and evolution of modern types of plants after a
long antecedent Cretaceous development. The floras become thor-
oughly modernized as compared with those which preceded them,
although they are still very different in their general facies and dis-
tribution from those of the present.
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In the earliest epoch of the Eocene known as the Midway, the re-
lations of sea and land in the Gulf area differed in only minor par-
ticulars from that of the late Cretaceous. The waters of the Missis-
sippi Gulf were, however, deeper. This factor combined with a
much less influx of fresh water from the tributary streams, due in
some measure to the low relief of the land, enabled marine faunas to
reach well toward the head of the gulf. These faunas indicate sub-
tropical bottom temperatures northward as far as Paducah, Ky. The
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Fic. 1. Sketch map showing the approximate position of the shore line,
A-A, at the beginning of the Wilcox transgression and B-B the area covered
by the Wilcox sea during its maximum transgression. C-C, the extreme
northern limit of the Willcox flora under existing climatic conditions.

known floras are very scanty and unsatisfactory and in the present
state of our knowledge do not merit an extended discussion. The
maximum transgression of the sea during the Midway epoch is
shown on the accompanying sketch map (Fig. 1).

The Midway Eocene was succeeded by a long interval during
which the sea is believed to have withdrawn southward at least as
far as the position indicated on the accompanying sketch map (Fig.
1, A-1), since terrestrial conditions are known at the extreme base
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of the Wilcox in the most southerly areas of their outcrop. This
interval of emergence of the embayment area was followed by an
equally long interval during which a great thickness of deposits was
laid down that are collectively known as the Wilcox group. The
character of these sediments and their faunas show that the Missis-
sippi gulf was somewhat restricted and much shallower than in the
preceding epoch, with true marine conditions prevalent only in its
lower portion. The shores were low and relatively flat. They were
flanked by current- or wave-built bars and separated from the main-
land by shallow inlets or lagoons. The lower courses of the streams
were transformed into shallow estuaries or broad swamps through
which the smaller streams meandered.

The maximum area covered or underlain by Wilcox deposits is
also indicated on the accompanying sketch map (Fig. 1, B—-B) which
shows approximately the shore line along which the vegetation
migrated. As has been already remarked the Wilcox deposits have
yielded one of the most extensive of known {fossil floras, an assem-
blage of extinct species which sheds considerable light on the phys-
ical conditions of the marginal lands of Wilcox time.

Before taking up in detail the evidence of the flora I wish to point
out certain general climatic conditions based on cosmic causes and de-
duced for the Wilcox from studies of recent climates.

It is to be noted that the factors governing atmospheric circulation
are general and not local and the relatively slight changes in the rela-
tion of land to sea in Wilcox time as compared with the present are
entirely too small to have caused much modification of existing con-
ditions. Then as now there was a persistent area of high pressure
over the North Atlantic and a low over the continent. Consequently
the winds were prevailingly from the east. Cyclonic disturbances
like those that originate today in the Gulf of Mexico or those more
violent and widespread storms of the West Indian hurricane type
which today originate in the Caribbean Sea would traverse at least a
part of the Mississippi embayment. So large an area of shallow
more or less landlocked water would have a very appreciable effect
in raising total temperatures and in the prevention of widely sepa-
rated extremes. At the same time it would increase the rainfall and
increase the width of the marginal lands over which this augmented
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rainfall would be effective. \Whether or not this would be sufficient
to furnish the subtropical conditions that the flora seems to indicate
is doubtful. Speculation regarding the Eocene climate of the world
as a whole is perhaps out of place, nevertheless it remains true that
the sum total of paleontologic evidence indicates that the familiar
succession of seasons or of types of vegetation in passing from the
luxuriant tropics to the ice-capped poles did not hold good for the
Eocene. Paleobotanists have long maintained that the existing cli-
mate is essentially a Pleistocene climate of an interglacial character
and that for the great bulk of geologic time uniformity and not dif-
ferentiation has been the rule rather than the exception. While the
older paleobotanists were inclined to overestimate the conditions
of torridity, it remains true that from the Lower Cretaceous until
toward the close of the Oligocene, not to mention still older floras of
more remote botanical athnities, whenever fossil floras are found,
from beneath the Equator to within the Arctic circle, they show a
degree of uniformity that proves that former climates were secularly
unlike these of today and as is obvious this floral evidence would be
equally convincing if all the vast number of fossil plants were simply
called Phyllites as in Schlotheim’s day and no attempt were made to
determine their botanical affinity.

The student of fossil floras is naturally more sanguine and en-
thusiastic in predicting former physical conditions than perhaps is
warranted by his facts. \When however a common Upper Creta-
ceous flora can be traced from Texas to Greenland or when we find
in the Eocene such unmistakable forms as Arfocarpus leaves, Engel-
hardtia fruits, and nuts of the Nipa palm associated with forms as
characteristic as ferns of the genus Acrostichum all extending almost
across the temperate zone in both the eastern and western hemi-
spheres it would seem that the burden of proof that climates were
not very different from those of today rests with the physicist and
not with the paleobotanist.

It may be noted that all of the Wilcox plants, almost without ex-
ception, are plants whose modern representatives inhabit the warmer
parts of the earth. There is not a single strictly temperate type in
the whole assemblage, the nearest approach to such types being in
the genera Juglans, Myrica, Magnolia, Cercis, Ilex, Nyssa, and Frax-
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inus, and in all of these genera or closely related ones there are ex-
isting tropical forms. None extend beyond the warmer parts of
the temperate zone and some of these as in the case of Juglans and
Fraxinus indicate in their compound leaves their tropical ancestry, as
was first pointed out by Grisebach. The ferns are all tropical types
and their relative unimportance in the Wilcox flora furthermore in-
dicates that the major part of this flora is a strand flora. This is
shown more especially by forms like the Nipa palm which never
grows outside of tidal marshes, by Conocarpus, Laguncularia and
Avicennia which inhabit like situations; by coastal marsh or lagoon
plants like Canna, Trapa and Sabalites; and by the large number of
strand types that inhabit beaches or the jungle behind the beach
ridges or dunes. The more striking of these genera are Myrica,
Artocarpus, Ficus, Coccolobis, Pisonia, Anona, Capparis, Chryso-
balanus, various Lauracez, Apocynacewx, Sapotacee and Legumino-
see, Fagara, Drypetes, Metopium, Ilex, Celastrus, Sapindus, Dodonca,
Reynosia, Rhamnus, Myrcia, Eugenia, Laguncularvia, Combretum,
Terminalia, Cordia, Citharexylon, Exostema and Guettarda.

It needs but a slight acquaintance with the existing Antillean
flora or that of the Florida keys, or in lieu of actual acquaintance a
perusal of the as yet too few ecological discussions of the flora of
the American tropics or even of Schimper's classic Indo- Malayan
strand flora to see at once that the general facies of the Wilcox flora
is overwhelmingly that of a strand flora of which some of the
elements indicate that they grew on the sandy beaches, others in
muddy tidal flats, others between or behind dunes or beach ridges,
and others in estuary bayous or marshes. None of the forms can
certainly be considered as inland or upland types. Even genera like
Baiiksia which is not usually considered a coastal type in the existing
flora furnishes Banksia marginata Cav. to the coastal sand dunes of
South Australia (Tepper) and several others species of the genus
occur on the dunes of Queensland, Victoria and western Australia.

Little has been written of the plant associations of the American
tropics and collectors notes almost always fail to adequately describe
habitats. While the marginal Wilcox lands were low there was such
a large area of continent to the northward to draw from, and the
long coast furnishes such varied edaphic conditions, that the flora
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was far richer than floras of small insular areas of the American
tropics of the present, as for example, that of the Bahamas which are
relatively close to mainland, where in addition to difficulties of intro-
duction there is relatively great uniformity of edaphic factors and
directly adverse factors such as winds, which limit the floral display.

Without pursuing the subject in greater detail it.may be assumed
to be proven that the Wilcox flora is a typical coastal flora. Com-
pared with recent coastal floras it is at once apparent that its affin-
ities are entirely with those of tropical and subtropical America. It
has much in common with the Bahaman flora and that of the Florida
keys, but is far richer in arborescent forms. Comparisons with the
larger islands of the West Indies show more elements in common,
such differences as are apparent being due to the prevalence of por-
ous coral rock along these recent shores while the Wilcox shores were
not of this character. The most complete agreement is furnished by
the floras along the Caribbean coast from Central America to north-
ern Brazil. A considerable number of genera found in the Wilcox
flora do not range through the West Indies at the present time and
the explanation seems to be that the Wilcox flora more closely re-
sembles the original flora of the whole American equatorial region
which became restricted during the epeirogenctic and climatic changes
of the Miocene or Pleistocene and the elements now lacking in the
West Indies never regained all of the area of distribution lost at that
time. :

It may seem improper to say that a flora with abundant forms
of Artocarpus, Nipa, Cinnamomum, Banksia, etc., is entirely Amer-
ican in character but if the brief sketches in the botanical discussion
which follows are read it will be obvious that these genera, oriental
in the existing flora, were cosmopolitan in the early Tertiary, so that
it would be entirely misleading to draw conclusions from existing dis-
tribution alone.

The Wilcox waters of the upper embayment were always shal-
low ; there were fringing bars and lagoons as well as deltas, estuaries
and swampy bayous. The deposits in places show river action and
streams shifting about over sand flats. Regarding actual tempera-
tures so little is known after all of the relations of modern plants to
their climatic environment that results can only be qualitative and
not quantitative.
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It is obvious that the flora could not have existed if the region was
ever visited by frost, and temperatures appear to have been like those
found today on the Florida keys. Aside from the meteorological
certainty that there was a wide coastal belt of abundant precipitation,
there is the confirmation furnished by the flora itself. It would seem
to me proper to compare the Wilcox flora with those of the regions
to which the somewhat loosely used term subtropical rain forest is
applied by plant geographers. Too little is known of the Midway
flora for accurate comparisons. Compared with the Upper Cre-
taceous flora of the embayment area, in which however 40 percent
of the genera are extinct, the Wilcox would seem to have become
more tropical, a progression from what might be termed a warm
temperate to a subtropical rain forest. On the other hand the floras
as well as the faunas show a gradual increase of tropical conditions
in the later Eocene which culminate in the Oligocene, the flora of
which in southeastern North America is strictly tropical.

Lianas were apparently not as common in the Wilcox as they
are in the existing floras with which it has been compared. No
traces of the Bignoniacew, so common in the American tropics, have
been detected, the scandent types being represented by Lygodium,
Aristolochia, Malpighiacee, Canavalia, Pisonia (?), and Zisyphus,
I am inclined to think that the great uniformity of climatic condi-
tions together with the abundant rainfall have combined to make the
Wilcox flora seem more tropical in character than was actually the
case. That reef corals are not found in the Wilcox is, I believe, en-
tirely due to physical conditions other than those of temperature
as Vaughan® has shown to be the case so often in such a striking
manner in recent seas.

I have indicated upon the sketch map (Fig. 1 C—=C) what I con-
ceive would be the northern limit of range of the Wilcox flora under
existing climatic conditions in southeastern North America.

It would seem to be probable that most of the generic types of
the Wilcox were differentiated by the close of the Cretacecous, Ifthe
equatorial region of America was the place of origin of a majority of
those types which have not as yet been recorded from the Cretaceous
as I believe to be the case, they must have spread northward along

2 V’aughan, T. W., Journ. 1Wash. Acad. Sci., Vol. 4, pp. 26-34, 1914.
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the Mississippi Gulf either during the Cretaceous-Eocene interval,
during the Midway or during the Midway-Wilcox interval. While
the time available for this northward dispersal was thus sufficiently
long to account for the migration of even the most slowly spreading
forms a short statement on the adaptations and agencies of this
dispersal is not without interest. The Wilcox genera with winged
fruits or seeds are Engelhardtia, Paraengelhardtia, Dodonea, Palin-
‘rus, Fravinus and the Proteacez and Malpighiaceze. None of these
are capable of long flights except those of the last two families and
these during high winds might readily be carried for miles along
coasts, although it is doubtful if they could have crossed great
stretches of open water, even through the agency of a West Indian
hurricane. The heavier winged fruits such as those of Engelhardtia,
Paraengelhardtia, Paliurus, Dodonea and Fraxinus float readily,
although as far as I know there is no experimental data to show
how long they float in oceanic waters without losing their vitality.
Certainly Dodonea has reached the Bermudas in recent times
through the agency of the Gulf Stream. Among the Wilcox forms
more or less adapted for floating the following genera may be enu-
merated : Nipadites, Canna, Taxodiwin, Pisonia, Sapindus, Sterculio-
carpus, Trapa, Avicennia, Solanites, Exostema and the Combretacez.
Among the foregoing Canna, Taxodium, Trapa and Exostema are
scarcely adapted for sea voyages while on the other hand, Nipadites,
Sapindus, Sterculiocarpus, Avicennia and the Combretacez are sin-
gularly adapted for dispersal by ocean currents and would be in the
van of forms colonizing the shores of the transgressing Wilcox sea.
A large number of the Wilcox genera had fleshy or drupaceous
fruits and formed the dietary of both mammals and birds. Among
these the following may be mentioned: Myrica, Ficus, Coccolobis,
Magnolia, Anona, Asimina, Chrysobalanus, Stmaruba, all the Laura-
cez, Ilicacew, Celastracez, Myrtacese, Ebenacew, Sapotacee, Melia-
cez, Euphorbiacez, Anacardiacee, Zizyphus, Guettarda, Citharexy-
lon, Cordia, Osmanthus, Icacorca, Rhamnus and Reynosia. Many
of these have crustaceous stones that pass uninjured through birds
or are voided with their vitality unimpaired and these could undoubt-
edly be carried long distances over seas. Even in the case of soft
seeds like those of a large number of the Leguminose it has been
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found that birds that have eaten greedily often void them uninjured
and others meet with fatalities before the seeds are digested and
these constitute by no means unimportant factors in distribution.
Clement Reid in his discussion of the origin of the British flora gives
an instance of a dead wood-pigeon with beans sprouting from its
crop, and when it is remembered what a great percentage of birds
meet an untimely end it is conceivable that a single hurricane might
readily be the means of introducing new forms from the Antilles
upon the Wilcox coast. Other Leguminosa, although more rarely,
are dispersed by ocean currents, as is the case in an eminent degree
with the modern Entada or snuffbox seabean.

All of the storms moved from the equator northward, the main
ocean currents had the same general direction, while the prevailing
winds were easterly so that all of these important factors combined
in causing a relatively rapid introduction and spreading of forms
along the Wilcox coasts, so that given favorable climatic conditions
and many of the forms need not have taken the time to spread from
Central or South America along continuous coasts.

BoranicaL CHARACTER OF THE IFLORA.

That the method by which the bulk of the determinations in the
present study are made rests upon real and not fanciful affinities is
of vital importance, since the resulting climatic and other physical
data are largely controlled by these facts. The case is not as intri-
cate or as hopeless as it might seem to the student who remembers the
thousand of living and extinct genera. De Candolle estimated the
total number of flowering plants to be about 250,000 species. This
figure is swollen by the great multiplication of herbaceous species in
recent geologic times. The ratio of arborescent to herbaceous types
was much greater in the Tertiary than it is at the present time and
it seems probable that trees were actually more abundant and
varied than in the existing flora. This was certainly true for all
Tertiary floras outside the torrid zone and may be readily proved by
a consideration of the Eocene floras of North America, the Miocene
floras of Europe or to cite an extreme case the Tertiary floras of
the Arctic and Antarctic regions.

While the arborescent flora of the temperate zone is relatively
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meager, trees increase in passing toward the equator. For example
the state of Maryland which is in latitude 38° to 39° 30’ is in effect
a cross section of the Coastal Plain, Piedmont Plateau and the Alle-
ghany Mountains with great differences of climate, topography and
soils. It is moreover the meeting ground for plants of northern and
southern range. In spite of these facts there are only about 150
arborescent forms in its flora. On the other hand in Small’s recently
published Trees of Florida (1913) there are 366 native and natu-
ralized arborescent forms, and if Florida furnished much altitudinal
variation the number would be much larger. For example the ar-
borescent flora of the Philippine Islands includes 665 native species
and many additional introduced forms. Even remote oceanic islands
if of sufficient size and topographic variety to overcome the adverse
action of winds have a large arborescent flora. Thus the Sandwich
Islands have 223 native species of trees distributed among 435 families,
the larger being the Rutace® (32 species), Rubiacee (31 species),
Campanulaceze (15 species), Araliacee (14 species), Pittosporacer
(12 species), Palmacexe (11 species), Myrsinacea (11 species), and
Malvaceze (10 species).?

The general physical conditions of a remote geological epoch may
be more or less completely deduced in advance from the character of
the sediments: the run-off from the land can be approximated and
consequently the altitude of the land and the probable rainfall as well
as any periodicity in these factors. These are all reflected in the
sediments. Work like that of Vaughan® on the deposits of the
Florida Keys or that of Drew?® on the part played by denitrifying
bacteria in the formation of limestones, enables a careful paleobota-
nist to in a measure predict the character of the flora that clothed the
marginal lands. In deposits that teem with the remains of marine
life as do many of the Tertiary formations of southeastern North
America it is possible to arrive at very close approximations of the
actual temperatures of the coastal waters. It may be safely assumed
that boreal or temperate floras did not flourish in proximity to trop-

3 Rock, J. F., “The Indigenous Trees of the Hawaiian Islands,” Hono-
luly, 1013.

4 Vaughan, T. W., Carnegie Institution, Publication 133, 1910.
5 Drew, G. H., Yearbook, Carnegie Institution, No. 10, 10I1.
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ical marine faunas: that plants reflected their environment in the
past as in the present.

A considerable number of botanists love to dwell upon the temer-
ity of their paleobotanical friends in venturing to determine leaf
impressions. I admit at the outset that some determinations are
much too sanguine, especially when based upon fragmentary mate-
rials. There is more or less convergence in foliar characters in
unrelated or remotely related families and there is also considerable
variation in the leaves of a single species, but the fact remains that
foliar characters in general are more conservative than those derived
from almost any other organs of plants. They are subjected to less
complex environmental factors and always have been. It should be
remembered that characters less essential in the vital activities of
plants, such as leaf form,when once acquired, may continue practically
unchanged for thousands of years and afford a surer clue to relation-
ship than characters more immediately within the field of action of
natural selection. This is shown by the persistence of fern fronds
on the Paleozoic Pteridosperms; by the uniformity of Cycad-like
fronds from the Permian to the Cretaceous; and by the striking per-
sistence of dicotyledonous foliar types from the Mid-Cretaceous to
the present. It is paralleled by Dall’s observations on the persistence
of superficial and ornamental shell characters in the Mollusca from
the Cretaceous to the Recent.

The opinion I mention in a preceding paragraph is mainly the
result of ignorance both of foliar characteristics and paleobotanical
literature, and an unwillingness to spend the time necessary for a
mastery of the subject. I have tested systematic botanists time and
again with recent leaves and the results are not especially creditable.
They generally know that leaves are green in color and that some are
simple and others compound: they may even know whether the mar-
gins are entire or toothed, but the venation 1s usually a closed book.
I know of but one manual that pretends to pay careful attention to
foliar characters and that is Sargent’s “ Tree Book” and even here
the figures pay no attention to venation.® In the tropics where
flowers and fruits are often unobtainable or beyond reach it is easy to

6 Sudworth’s “ Trees of the Pacific Slope” is the most admirable work
in this respect that has ever been published.










































































































































































































































































































































