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A MONOGRAPH

ON THE

BRITISH EOCENE FLORA.

INTRODUCTION.

AvtHoueH for many years no additions bave been made to our knowledge of the
British Eocene floras, in published works, yet during that period material has been
rapidly and steadily accumulating. When, ten years since, my attention was first
directed to the fossil leaves which were then found abundantly at Bournemouth, the
extent of the Eocene flora hidden there was not even surmised. It had been stated, in
fact, to contain but few types. The fossil leaves of Alum Bay, however, were well known,
especially to Mr. Keeping, who had fully ascertained that no very great variety of forms
were to be found there. In addition to these, fossil floras were also referred to as
having been collected from Studland and the neighbourhood of Corfe.! From the
London Basin there were known the Eocene Fruits of Sheppey, and scanty floras from
Reading and Dulwich, and from the outlier of the Hampshire Basin at Newhaven. At
the present day, however, owing to further collecting, we have available a wholc series of
extensive floras, commencing from that of the Woolwich and Reading beds upwards,
embracing the Oldhaven beds, the London Clay, the Lower Bagshot, the Middle Bagshot,
and the Upper Eocenes; in fact, from almost every stage of the Eocenes known to occur
in this country. This magnificent series of floras of consecutive, and in most cases
absolutely defined, age has as yet no parallel in any other country. Its contemplation
gives rise to problems, the direction and tendency of which are so unmistakable that,
in following the facts as recorded in the succeeding pages, they will be apparent to the
student.

I will first call attention to a few examples of the kind of problems which await
solution, and then refer to the value of the determinations of the plant-remains described
in this work.

1 For referepces, see page 1, et seq.




2 BRITISH EOCENE FLORA.

Beginning with the Woolwick and Reading Beds, we have a flora, very limited in
extent, and consisting of a few, but apparently persistent types, which have a temperate
facies. It would be interesting if this could be proved to be a fragment of a flora
descended from the oldest indigenous dicotyledonous flora of the European or Eastern-
Atlantic area, before the Eocene temperature had been raised by causes about which I
have elsewhere hazarded some speculations.!

The next British Eocene flora, second in age and supposed to belong to the
Oldhaven Beds, has quite another character, as far as we can judge from the present
materials. A small collection only has been made; but, by systematic work, results may
be looked for not surpassed by those obtained at Bournemouth. These materials seem
to indicate a relation to the Eocene floras of Sézanne. The same types, and the same
luxuriant preponderance of serrate dicotyledonous leaves, are characteristic of both. It
would almost seem that we have here another really indigenous, but somewhat more
sub-tropical, European flora, without the Australian or American types, which later on
so very considerably modified it.

In America we have, though possibly belonging to a far removed age, just such another
purely indigenous flora in the so-called Cretaceous Dakofa Beds. These floras, which
are perfectly distinct from each other, seem to belong to a period antecedent to the
connection of Europe and Awerica, although the rise of the afterwards connecting
land was probably, I think, even then gradually raising the temperature by shutting
off more and more completely the Arctic currents from the Atlantic. As at Sézanne,
there appears to be an absence of those Australian forms, especially the Profeacee,
which became so abundant at a later Eocene time. Saporta shows that in the so-called
Cretaceous and Eocene European floras, wherever European types are present, the
Australian element, or, at least, the Profeacee, are almost excluded, and that the
reverse is equally the case.’ But the presence or absence of Australian forms is known
in so many localities where they occur, in an apparently arbitrary manner, which cannot
be accounted for either by difference of soil or climate, that the thought arises whether
it may not be possible that the relative ages of the isolated floras on the Continent have
been wrongly inferred. Instead of appearing and disappearing frequently, did not the
members of the Australian flora, like those of the American at a later date, come in, in
the way newly introduced species are now seen to do when climatic conditions are
favorable? The Australian type of plants had a great and sudden extension until

1 ¢Nature,” December 12th, 1878, p. 124.

% With regard to Sézanne, however, it may be urged that there are reasons why leaves of Proteacee
should not be found. The flora is evidently that of a shady, moist, and luxuriantly woody valley. The
leaves are found in a tufaceous matrix, and must have fallen from overhanging trees and adhered to the
sides of a ravine, wet, probably, with the spray of an adjacent waterfall charged with carbonate of lime.
Under such conditions travertine rocks are formed rapidly and enclose masses of leaves, as we see at Tivoli,

for instance, at the present day. It is, perhaps, unlikely, therefore, that Proteacee, which generally have
a dry habitat, even if abounding contemporaneously, would be preserved under such circumstances.
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displaced by the American flora. If so, the floras without Profeacez may,in the absence
of other evidence, be looked upon as the more ancient; and we should fix, in some
measure, the date of the arrival of that Australian element whose presence in Europe,
when discovered and described, caused so much surprise.

The flora of the London Clay, unlike that of other stages, which are represented by
leaves principally, is known from seeds and fruits. I am indisposed at present to
speculate upon its affinities, since there is a possibility of obtaining leaves from the
Basement Bed. 1 will merely say that fruits belonging to the same genera, but specifically
different, are found in the Middle Bagskot Beds, and that Heer believes the Sheppey
fruits and the Alum-Bay leaves belong to the same plants.

The Alum-Bay flora, of Zower Bagskot age, has been so well explored that it is
rare, even after long work, to discover any form in it that is new. It abounds with
what are generally accepted as Proteaceous leaves, and yet these are mingled with larger
leaves of Figs, Laurels, Leguminous plants, and the lobed leaves of Aralias, Maples, &c.,
representing a luxuriant flora which did not grow on sterile ground, or in-a very dry
climate. It is a good example of the Australian type of an Eocene flora, and is most
distinct in England from those above and below it.

The newer Bournemoutk flora, assigned in this work to the Middle Bagshot stage,
appears to be separated from the last by a great interval of time, for the flora seems
almost wholly American, and, singular to say, the small Pliocene flora of California,
described by Lesquereux, more resembles it generically, though the species are different,
than does any other known to me. In it the Profeacee are replaced by the American
Mpyricacee, and it seems to contain a number of existing American genera not previously
recognised among fossils.

If these tentative speculations, founded at present on somewhat superficial know-
ledge, have any basis of truth, they would show that it was between the Lower and
Middle Bagshot periods that North America and Europe were connected by land. The
floras of the Upper Eocene merge gradually, without further striking change, into those
of the Miocene, whose story has been so often and so ably traced by Heer.

Although all these floras are here spoken of as strikingly disconnected, it must not
be supposed they are absolutely so; on the contrary, not a few forms are common to
many, and some may be found in all of them.

As the British Eocene floras become better known through the progress of our work
these speculations may receive confirmation or be altogether set aside. I have, however,
ventured to put them forward, as they may invest the study with an interest beyond
that which the mere description and determination of the Plants alone would possess.

The singularly little attention as yet bestowed upon this subject in England has been
doubtless primarily due to the difficulty in satisfactorily determining the fossils. These
floras, mainly composed of detached dicotyledonous leaves, present such exceptional
difficulties that even when very great thought and care have been bestowed upon the
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work, the correctness of the results may yet be open to doubt. No author has written
upon similar floras without expressing his opinion of the magnitude of these difficulties.
Yet, many seem to have forgotten, during the progress of their work, the caution they
insisted on at its commencement. Nothing is more easy than to assign generic and
specific names to leaf-forms ; but, with such material, the determinations are so much a
matter of opinion that criticism or contradiction is useless.

The publication, however, of careful drawings of fossil plants is of value; and were
the determinations which have been made even more doubtful and provisional in
character than they are at present thought to be, it is, nevertheless, a real benefit to
science to accurately figure and describe all the obviously different leaves and fruits that
have been discovered. Many fossil leaves fade, others crack and peel off from the
matrix; dust can never he completely removed, and necessarily obscures the more
delicaté venation ; indeed, these characters are so easily obliterated that without exceptional
care the specimens soon become valueless. Fossil fruits are from other causes equally
difficult of preservation. Unfortunately leaves formerly collected in quantity from
Corfe, Branksea, Dulwich, and many other places, are no longer to be obtained from
these localities; and almost all of the few specimens still in existence have become s0
obscure that they give very imperfect evidence of the nature of these floras. Thus, links
in the history of plant-life are lost, perhaps beyond recovery.

As long ago as 1854, Edward Forbes, in his Anniversary Address?® to the Geological
Society, called attention to the necessity of doing something with these floras.

“ Were all known fragments of distinct vegetables found in our Tertiaries mono-
graphed and named in the manner of those I shall have presently to mention, described
and figured in the lately published memoirs by Austrian Botanists, our lists would be
considerably increased. They certainly ought to be made the subject of a treatise, and
might be advantageously taken up by the Paleontographical Society, which, as yet,
has given no separate memoir on British fossil plants.”

It is to be greatly regretted that no practical steps have hitherto been taken to
accomplish this work, as, since Professor Forbes made this suggestion, instances have
come under my own notice in which whole beds of leaves have been either carried away
by the sea, or quarried out, or deeply buried under refuse.

It seems likely that the cautions formerly reiterated by such distinguished men as
Hooker, Charles Bunbury, and E. Forbes himself, intended to direct investigation, have
had the practical effect of discouraging British paleontologists from undertaking it, since
the only writings of importance upon our British Tertiary floras are, with the exception of
Bowerbank’s description of the fossil fruits of the London Clay, by foreigners. Botanists
when consulted have very often, unintentionally no doubt, deterred collectors from
taking any further interest in fossil leaf-forms by the emphatic stress they have laid
upon the variation to which leaves belonging to the same species of plant are subject,

1 <Quart. Journ. Geol. Soc.,’ vol. x, p. Ivi.
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and upon plants widely separated in a natural classification having the same form
of leaf. Intending students have been led to think that leaves may not be sepa-
rated into species when they are dissimilar in form, nor united in one when similar.
Surely, however, it does not follow that, because the task is difficult, nothing should
be attempted. Apart from their determination, if we regard leaves merely as signs,
and are indifferent, for instance, as to whether they belong to Oak, or Beech, or
Elm, or to common ancestors of these, they still possess much interest, since frequently
on their evidence alone the date of many a volcanic eruption, change of level, or silting
up of lakes, has to be fixed. Even in our own country, we see that the volcanic outbursts
of Mull and the North of Ireland, and the lake-system at Bovey-Tracey, have been
determined to be of Miocene age entirely on plant evidence.

However great the difficulties may he in determining these fossil plants from the
isolated organs which alone for the most part we possess, the task is certainly not
altogether hopeless. Fortunately we are not wholly dependent upon leaves, but have
large series of fruits and seeds as well, and even occasional flowers to assist us. Were
we, therefore, to find leaves which, although seemingly of Oaks, for example, but which
might be leaves of other and widely separate families, we should hesitate how to
class them; but if we find that acorns had been floated down by the same river
‘which brought the leaves, our doubts would be greatly removed. With the increasing
stock of knowledge such results may be hopefully looked for. But even where we have
nothing but detached leaves to deal with, much may be done. Many plants can be
recognised by the form of the leaves, still more by the venation, and their determination is
more certain when the texture is preserved. The latter is of great importance; for
instance, the leaves of a species of Nettle and of a Cinnamon have the same venation and
form, yet owing to the difference in their texture they could, even if fossil, hardly be
mistaken. Texture, however, although indicated in the fossil, cannot always be reproduced
in the illustrations. Even the leaves of those plants which vary much can generally be
recognised, if a large series be examined, by their venation, though in outline they may
be quite dissimilar. The question is not, however, whether some plants so vary that it
is impossible to determine them from their leaves, but it would be important to determine
whether the species of the living genera to which these fossils have been referred are so
variable. The habit of collecting and attentively examining fossils from deposits of one
age, if extended over many years, induces so great a familiarity with their peculiarities of
texture and aspect that they become easily recognisable by minor differences, which
would escape even a botanical specialist who passed them under examination for the first
time. Again, considerable advantage is gained by attending to the general assemblage
of plants in a fossil flora. As an instance, we find at Bournemouth a leaf, hitherto
supposed to be that of a Casfanea, associated abundantly and almost exclusively with
Palms and Ferns of tropical American type. The correctness of the determination
appears doubtful, since we have no precedent for such a grouping, whereas a species
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of Godoya even more nearly resembles the Bournemouth leaf, and its presence might be
expected in such company. The large series of the same forms of leaves which I have
brought together thus greatly facilitate their determination. The limits of variation
in many given leaf-forms can be recognised ; leaves which would be included as varieties,
if found singly, are seen to be persistent in their form. Gradually the work becomes
easier; to-day we have but isolated leaves; fo-morrow a chance brings to light an
associated fruit or flower, a branchlet of leaves, showing their attachment—some clue by
which conjecture is rendered almost certainty.

In arriving at our decisions respecting the comparative ages of isolated floras, besides
taking into consideration those differences which are likely to be present when they are
widely separated, either by latitude or longitude, we must make allowance for local causes,
which influence and even change the character of neighbouring floras at the present day.
These are so well known that it is only necessary to allude to them here. Plant-remains
from argillaceous, and arenaceous soils would more or less differ. Limestones, serpentine,
and basalts have characteristic plants. Peat and soil impregnated with saline matters
nourish plants that are markedly dissimilar. Local differences in climate, such as are
caused by the prevalence of certain winds, excess of moisture, proximity to mountain
ranges, or to sea-currents of different temperatures, exert a powerful influence on
vegetation. Difference of altitude, it is well known, makes almost as much change in
each foot vertically as in miles horizontally. Some of these conditions have no doubt
modified the floras to be described.

As plants of the Tertiary period are found in a more and more extended area, we see
that very frequently leaves, evidently of the same species, have been placed by authors in
many, and sometimes widely, different genera. As knowledge increases, such differences
will in due course become corrected. Free interchange of ideas, and, where possible, of
specimens before final publication, would obviate much of this burdensome synonomy in
the future. It would also be more dignified and satisfactory were authors of species
themselves from time to time to disclaim those which had become synonyms or were
founded on insufficient characters or data, instead of leaving others, not in so good a
position, to make the corrections. Eventually it is to be hoped that Botanists, who have
made especial orders of living plants their study, following the example so well set by
Mr. Hiern in his ¢ Monograph of the Ebenaces,” may be tempted to devote themselves
to a critical examination of the determinations hitherto made, so that the immense
importance of Plant Remains, which exceeds in many respects that of Animal Remains,
may. be eventually conceded to them.

Notwithstanding their importance, no section of Palxontology has been more
neglected by our fellow-countrymen than the plants of the Tertiary Period. The floras of
our older rocks are familiar to us by the works of Lindley, Hutton, Williamson, Binney,
Carruthers, and others. Phillips has given us a considerable insight into the nature of
the British Jurassic flora; but from Oolitic times plant-history is still, so far as this
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country is concerned, comparatively a blank. It is true that for long ages we have but the
scantiest remains to tell us how vegetation progressed in this area, and the subject, until
Tertiary times are reached, from its very meagreness, has offered few attractions to its
research. Such materials as have been brought to light have been investigated by
Carruthers, who has published in a series of papers as much as there is known respecting
British Cretaceous floras. The vast fresh-water deposits of the Wealden, in which, from
analogy, we should have expected to find series of plant-remains important in the history
of evolution, have yielded little else but Ferns, Cycads, and Conifers. The Neocomian
flora appears to have been similar. The marine beds of our Cretaceous rocks have from
top to bottom yielded only a few isolated remains of Conifers, which had probably been
drifted out to sea. No remains whatever of Dicotyledons have been found in them ; and
a few rolled pellets of wood, with a palm-like structure, are the only traces of
Monocotyledons which they anywhere present.

I have elsewhere' spoken of the immense gap in the geological record which exists in
England between our Uppermost Chalk and our Lowest Eocene, completely severing the
plant-life of the latter period from all that preceded it. If we turn to other countries
we see that this gap is but partially filled up, for it is still doubtful whether any of the
foreign Cretaceous beds containing Dicotyledons were contemporaneous even with our
Chalk, our highest member of the series.

From nearly the commencement of our Eocenes, on the contrary, almost every
section has been found to contain more or less extensive series of plant-remains, forming
a striking contrast, from their abundance and variety, to the remains found in beds
preceding them. Although this has long been familiar to English Botanists and
Geologists, the only attempts to describe English Eocene plants, so far as I know, have,
with few exceptions, been on a very limited scale. These are hereafter noticed in
detail in their stratigraphical and chronological order.

The nearly unbroken sequence seen in the Eocene floras extends into the Miocene.
There is no great break in passing from one to the other when we compare them over
many latitudes, and but little change beyond that brought about by altered temperature
or migration. But if Tertiary floras of different ages are met with in one area, great
changes on the contrary are seen, and these are mainly due to progressive modifications
in climate, and to altered distribution of land. From Middle Eocene to Miocene the
heat imperceptibly diminished. Imperceptibly, too, the tropical members of the flora
disappeared ; that is to say, they migrated, for most of their types, I think, actually
survive at the present day, many but very slightly altered. Then the sub-tropical
members decreased, and the temperate forms, never quite absent even in the Middle
Eocenes, preponderated. As decreasing temperature drove the tropical forms south,
the more northern must have pressed closely upon them. The Northern Eocene, or the
temperate floras of that period, must have pushed, from their kome in the far north,

1 ¢The Popular Science Review,’ January, 1879, p. 55.
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more and more south as climates chilled, and at last, in the Miocene time, occupied our
latitudes. The relative preponderance of these elements, I believe, will assist in
determining the age of Tertiary deposits in Europe, more than any minute comparisons
of species. Thus it is useless to seek in the Arctic Regions for Eocene floras, as we
know them in our latitudes, for during the Tertiary period the climatic conditions of
the earth did not permit their growth there. Arctic fossil floras of temperate, and:
therefore Miocene aspect, are in all probability of Eocene age, and what has been recog-
nised in them as a newer or Miocene facies is due to their having been first studied in
Europe in latitudes which only became fitted for them in Miocene times.

When stratigraphical evidence is absent or inconclusive, this unexpected persxstence of
plant types or species throughout the Tertiaries should be remembered, and the degrees
of latitude in which they are found should be well considered before conclusions are
published respecting their relative age.



FLORA

OF THE

BRITISH EOCENE FORMATIONS.

I. FLora oF THE THANET SAND.

VeRry little is known of the flora of this earliest Eocene Period of England, and there
is some doubt as to the exact age of even the few plant-remains which have been
described as belonging to it.

In the second volume of Lindley and Hutton’s ¢ Fossil Flora,” 1833-5, is a figure' of
a Cone, described as Zamia macrocephala, and in the third volume, another called Zamia
ovata? These were supposed to be Cretaceous, but they are now known to be from the
Thanet Sands. One is from near Deal, the other from Faversham. Additional material
having been discovered, these species were examined and redescribed by Carruthers, in
the ¢ Geological Magazine’ for 1866,® as Pinifes macrocephalus and P. ovatus. In 1870
Carruthers read a paper* on Osmundites Dowkeri, a fossil fern-stem from Herne Bay, and
in 1872 Thiselton Dyer® described fossil wood from the same locality. Coniferous wood
has also been found, Professor Morris informs me, at Richborough in Kent.

II. Frora or THE WooLwicH AND REeapiNG BEkps.

The earliest notice of the occurrence of plants in these strata is to be found in
Webster’s paper® “ On the Strata lying over the Chalk,” published in 1814. To
Warburton belongs the credit of having first discovered the remains of fossil leaves at
Newhaven. They were mentioned in subsequent papers, and in 1817 Sowerby gave a
figure’ of the prevailing leaf, which, he conjectured, might be near to Plafanus orientalis.
Mantell in 1822° held the same opinion when he figured the same species with some
additional forms.

In 1854, Prestwich figured and Hooker described a number of leaves and other
vegetable remains from Reading and from Counter Hill ;* but Hooker declined to hazard

1 PL 125, p. 117.

3 Pl 226, p. 189.

3 Vol. iii, Pls. 20, 21, p. 534.

4 * Quart. Journ. Geol. Soc.,’ vol. xxvi, p. 349, pls. 24 and 25; ¢ Geol. Mag.,’ vol. ix, p. 52.

§ ¢ Geol. Mag.,” vol. ix, p. 52.

8 ¢ Trans. Geol. Soc.,’ vol. ii, p. 191.

7 ¢British Mineralogy,’ vol. v, p. 185, pl. 500.

8 Mantell, ¢ Geol. Sussex,’ pl. 8, p. 262,

® ¢ Quart. Journ. Geol. Soc.,’ vol. x, pp, 88 and 163, pl. 4.
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any determinations upon the very insufficient materials. Shortly after appeared a note by
Hooker ! on Carpolithes ovulum from Lewisham, which he supposed was the sporangium
of a cryptogamous plant ; but this opinion has not been adopted by recent writers, who
consider it the seed of a Nymphaceous plant.* De-la-Harpe® considered that the Reading
leaves might be determined, and in 1856 referred them to various genera.

In the table of fossils from these beds in the fourth volume of the ¢ Geological Survey
Memoirs,” p. 578, six of these leaves have specific names attached to them.

In 1875 Rupert Jones and Cooper King * noticed fragments of leaf-beds enclosed in
strata in a newly exposed section at Reading.

A most careful search there has resulted up to the present in nothing more than
indistinct leaf-remains, principally of Willow form.

Mr. E. S. Dewick informs me that a bed of leaves was cut through fourteen years
since by a railway excavation at Mottingham, and has forwarded me the small fragments
that were preserved. Other leaf-remains have been found at Charlton.

Very few of the plant-remains from the Woolwich and Reading Beds are now in a
condition to be of value for descriptive purposes ; but some, sufficiently well preserved,
exist in the British, Jermyn Street, and the Geological Society’s Museums, and I possess
a series from Dulwich, which were formerly in Bowerbank’s collection. In addition
to this, in 1878 I obtained from Newhaven a considerable number of leaves in a beautiful
state of preservation. This I esteem the more fortunate, since the leaf-bed is very local
and has almost entirely fallen into the sea, whither it will be followed at no distant date
by the rest of the outlier. I shall therefore be able to give an account, though very
imperfect, of this Lower-Eocene flora. Little diversity seems its chief feature, for the
greater part of the leaves found by Mantell, Prestwich, and myself, belong to a small
number of species. An Aralia-like leaf has been found at Lewisham. I have not seen
any remains of the palms mentioned as coming from the formation, or the cone figured
by Prestwich (. c.), and I fear they may now be disintegrated.

III. Frora or THE OLDHAVEN Brbs.

Whitaker ¢ mentions plant-remains in these beds from several localities. The most
important is at Widmore Kiln, Bromley. Some leaves from that place were sub-
mitted to Carruthers, who remarked upon them as follows :—* The series of leaves

1 ¢Quart. Journ. Geol. Soc.,’ vol. xi, pl. xvi, p. 562.
3 Schimper, ¢ Traité de Pal.,’ vol. iii, p. 93.

3 <Bull. Soc. Vaudoise,” vol. v, p. 123.

¢ <Quart. Journ. Geol. Soc.,” vol. xxxi, p. 451.

§ ¢ Mem, Geol. Surv.,’ vol. iv, 1872, pp. 247, 582.
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contain two well-marked types, which have been almost invariably recognised as
belonging to Ficus and Cinnamomum. The carbonised wood is coniferous.”

This flora differs materially from that of Alum Bay, and from that of Newhaven, and
perhaps more nearly resembles the Bournemouth flora than either of them. It is
remarkable that the leaves are usually found adhering to a stem, instead of being
detached, as is generally the case elsewhere. :

IV. Froma or tHE LonpON CrLAY.

The Fosssl! Frusis of Sheppey have been known for two centuries at least. They
occur in abundance in the beds between Sheerness and Warden Point, and are washed
ont with other organic fragments and cement-stones, and gathered on the beach as
copperas. The people engaged in collecting the copperas and cement-stones have for
years been accustomed to set aside the more defined specimens ; but, unfortunately, the
fruits were perishable, and, with few exceptions, have disintegrated in a very short time.

The earliest notice of them, according to Whitaker’s list of works on the London
Basin,! is an anonymous ¢ Fossilie Sheppeiana Catalogus ** of 1709. The next, 1757,
is a paper by Dr. J. Parsons, in which forty-four varieties of fruits are figured.
They were thought to be Figs, Myrobalan, Phaseolus, seeds of an American Gourd,
Coffee-berries, Pods of the Underground Pea, small Melon, Acorn, Plum-stone, Cherry-
stone, berry of Sapindus, fruit of Hura, Mango, Horse-chestnut, Cocoa-nut, &c.

The author thought that if they were antediluvian they would, in some measure,
point out the time of year in which the deluge began, which could not have been in
May, as supposed by Dr. Woodward, but, from the ripeness of the fruits, in autumn.

In 1777 E. Jacob, in an Appendix to the  Plant® Favershamienses,” gives a list of
fossil plants from Sheppey, under the heads of Lignum fossile, Equisetum, Fructus varii
Aristee, and Mycetidee.

In 1811 Parkinson* figured several fruits from Sheppey, but added nothing to
Parson’s list, except the suggestion that Nipadites was probably the fruit of the genus
Cocos.

In 1814 Webster® wrote that the cliffs of Sheppey had long been celebrated, and
that from them, with the beds at Faversham and Emsworth, 700 different species of
fossil fruits were known. In 1828 Brongniart, in his ¢ Prodrome des Végétaux Fossiles,’
describes three fruits from Sheppey, to which he gives the names of Cocos Parkinsonis,

1 «Mem. Geol. Surv.,” vol. iv. 3 ¢ Monthly Miscellany,’ vol. iii, p. 163.

3 ¢Phil. Trans.,’ vol. 1, p. 396, pl. vi. 4 ¢ Organic Remains, &c.,’ vol. i, pls. vi and vii.

8 <Trans. Geol. Soc.,’ ser. I, vol. ii, p. 2. The information appears to have been derived from a
MS. Catalogue (now in the British Museum), by Francis Crow, of Faversham, dated 1810, illustrated
vith 831 drawings, supposed by the author to represent about 700 varieties.

.
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Amomocarpum depressum, and Pandanocarpum pyramidatum, and adds that many unde-
termined species of Carpolithes occur there. In 1832 Lindley and Hutton, in the list
of fossil plants, prefixed to the first volume of the ¢ Fossil Flora,” include the species of
Brongniart, with some additional forms based on portions of plants, as Palmacites,
Flabellaria, Caulinites, Equisetum, and Fucoides.

In 1840 Bowerbank commenced a ¢ History of the Fossil Fruits and Seeds of the
London Clay,” which was to be completed in five parts. The first part was published,
but the second part, although announced as in preparation, never appeared. The
illustrations, by J. de C. Sowerby, are particularly well drawn. The descriptions of
Nipaditis are remarkably accurate, and the correctness of the author’s approximation of
them to Nipu has stood the test of time. Not so, however, the thirteen species into
which the author divides them, it being now considered that few of these can be
maintained. The author seems throughout to have made too many species. It was
supposed that the fruits had been floated from a warmer clime; but Heer, in 1845,
pointed out that the leaves found at Alum Bay belonged to similar groups. Herne
Bay and other localities, in addition to Sheppey, have yielded fossil fruits; and resin,
besides fossil wood, has frequently been met with at Highgate. The impressions of
leaves have been found in the Basement-Bed of the London Clay at Barnet’s End,
near Hemel Hempstead.? I regret that I have not been able to see these plants, which,
if well preserved, are of extreme interest.

Ettingshausen has entirely devoted four months’ stay in London, made in connection
with our work, to a preliminary examination of the Sheppey fruits, and he is already able
to announce the presence of the following genera :—Pinus, Callitris, Salisburia ; Musa,
Sabal, Elais, Iriartea, Livistona, Oenocarpus; Quercus, Liquidambar, Nyssa, Diospyros,
Symplocos, Magnolia, Juglans, Eucalyptus, Amygdalus, Baukinta. He further recognises
three genera of palms, which he is unable yet to determine, and several new and inte-
resting fruits belonging to Apocynacez, Cinchonacez, Cucurbitacez, &c.

V. Frora or tHE Baesmor ForMATION.

~ The plants of these beds form, when united, by far the most extensive and varied
fossil flora, of approximately one age, brought together from any single country. In
treating of their Bibliography it will save repetition to consider them as one.
The leaf-impressions from Alum Bay have been known for a long time, for the first
mention of them which I have met alludes to them as already familiar to geologists.
The first published reference of these remains to any group of plants was by the

1 ¢ Foss. Flora of Great Britain,’ vol. i, p. xliii.
2 ¢« Mem. Geol. Surv.,’ vol. iv, p. 586.
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Rev. W. B. Clarke,' in 1839, when he described a lignitic bed as composed of * relics
of aquatic plants and the bark and seed-vessels of Pine.” The Rev. P. B. Brodie first
announced ‘that fossil leaves in clay were to be found to the east of Bournemouth.?
‘These he supposed to belong to Lauraceze and Amentacee, to Characez and other
Cryptogams. In 1844 Mantell® noticed them, and adopts Brodie’s views; again in
1847,* he mentioned the occurrence at Bournemouth  of the same species of plants as
those found in Alum Bay.” In 1849 Prestwich® fixed the relative position of the
Bournemouth and Alum Bay leaf-beds, and recorded the finding of leaves, although
of few species, west of Bournemouth. In 1850 Dixon’s ‘ Geology of Sussex ’ appeared,
in which a few plant-remains were figured from Bracklesham. Two were identified as
Lycopodites squamatus and Cucumites variabilis, and the third was called Pinites Dizons.
There were also figured some very beautiful sections of palm-stems picked up on the
beach near Worthing and Shoreham.*

In 1851 Mantell,” who was evidently himself acquainted with the Bournemouth
leaf-beds, introduced some notes on the ¢ Foliage of Dicotyledonous Trees,” from ¢ thin
layers of sandy clay in the cliffs west of Bournemouth.” All the leaves were dicotyle-
donous, and appeared to him to have been shed. Many he still considered referable to
Lauracez and Amentacez, and some he referred more specially to species of Willow,
Poplar, and Laburnum. In another of his works® we find a foot-note stating that, while
the vegetable remains from the Isle of Sheppey are tropical in character, those from
Bournemouth, Alum Bay, and Newhaven, are of a temperate climate, e.g., Nerium
and Platanus, whence Edward Forbes inferred that in the former case they were
transported from distant lands by currents, and the latter were the true flora of the
country.

In 1853 the Rev. P. B. Brodie® noticed the occurrence, at Corfe, of elytra of -
Coleopterous Insects belonging to the families Curculionidee and Buprestide. A
Date-palm and a species of Willow are also mentioned by him as having been obtained
from the neighbourhood of Corfe; and he further states that a larger number of plants
had been procured in different parts of the series, appearing to belong to distinct natural
orders. In 1854, according to Prestwich,”® there were only three species of plants

1 ¢ Mag. Nat. Hist.,’ ser. ii, vol. iii, p. 438.

3 «Proc. Geol. Soc.,’ vol. iii, p. 592.

8 ¢ Medals of Creation,’ vol. i, p. 193.

4 ¢ Geol. Isle of Wight,’ p. 169.

§ ¢<Quart. Journ. Geol. Soc.,’ vol. v, p. 43.

6 The exact age of the rolled palm-wood is unknown, but it may be derived from Eocene below the
London Clay. .

7 ‘Geological Excursion round the Isle of Wight,’ 2nd edition, Supplement.

8 ¢ Fossils of the British Museum,’ 1851, p. 51.

9 ¢ Quart. Journ. Geol. Soc.,’ vol. ix, p. 53.

10 ¢ Quart. Journ. Geol. Soc., vol. x, p. 75.
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known in the Bracklesham flora. In the same year the elytra of four Beetles were
figured by Westwood ;' and Ruegg * mentions that the delicate leaf-impressions from the
Dorsetshire pipe-clays belong for the most part to the natural order Salicinez.

Nothing further was published until 1856, when the first attempt to give a general
description of these floras, and to determine their species, was made by De-la-Harpe.
Some 300 specimens were got together from all the known collections. From Alum
Bay alone 200 were examined, all being either in the possession of the Geological
Survey, Bowerbank, or Prestwich. Of the Alum Bay flora 48 species were recognised
and 43 determined ; 13 of these were said to be common to Bournemouth, 7 to Corfe
Castle, 8 to Reading, and 26 peculiar to itself. A Maple and a Poplar were abundant
in individuals. Figs and Laurels are represented by many species; the largest leaf is
that of a Walnut. Two or three Banksias are common ; but the most abundant in species
and individuals are the Leguminose, which, he remarks, are absent at Bournemouth and
Corfe. ,

For the Bournemouth Flora there was only a small number of specimens in the
Geological Survey Museum. Twenty-two species were, however, recognised, 13 common
to Alum Bay, 5 to Corfe, 1 to Counter Hill; all were dicotyledonous, except a small
parasitic Fungus. The species in the same Museum obtained at Corfe were identified, 7
as common to Alum Bay, and 5 to Bournemouth. De-la-Harpe enters into comparisons
of the floras, and bases upon them conclusions which were, perhaps, justified by the
imperfect materials then at his command.

In 1859 Heer,* supposing the age of the Alum Bay leaf-bed to be the same as that
of the Barton Clay, alludes to them as «“ Upper Eocene.” His trained perception led
him to detect the connection between the Alum Bay and the Sheppey floras. The

.leaves of Apeibopsis, De-la-Harpe, are, he says,  perhaps from the same tree whose
fruit Bowerbank named Cucumites variabilis*® At Bournemouth leaves are found,
apparently of Cupania, which may, perhaps, be combined with the fruit of Cupanoides.”
The flora more particularly resembles that of Monte Bolca, 9 species out of 40 being
considered to be common to both.

In 1862 the Geological Survey published a ¢ Memoir on the Isle of Wight,” in which
all the then determined fossil leaves and fruits from Alum Bay were tabulated (pp. 121,
&c.) and 21 species figured (pls. 5, 6, and 7), and described by De-la-Harpe (pp. 109,
&c.). This, the most important work hitherto brought out on the subject, was left
in the hands of De-la-Harpe, Salter having no responsibility in this portion of the work.
In the first introductory sentence by Salter the fossil floras of Bournemouth, Corfe, and

1 ¢ Quart. Journ. Geol. Soc.,’ vol. x, p. 381, pl. xvi, figs. 34, 35; also pl. xiv, figs. 4 and 8, see ‘ Geol.
Mag.,’ vol. vii, p. 348.

2 < Journ. Roy. Agric. Soc.,’ vol. xv, p. 394.

8 ¢ Bull. de la Société Vaudoise des Sciences Naturelles,’ 1856.

4 ‘Flora Tertiaria Helvetiee,’ vol. iii, p. 314. § ¢ Flor. Tert. Helv.,’ vol. iii, p. 314.
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Alum Bay, are said to be *identical,” and a little further on these places are said to be
““on exactly the same horizon,” although their relative positions had long previously been
pointed out by Prestwich and others. The determinations and correlations are very
incorrect, probably from the specimens being mixed, since of 22 species from Bourne-
mouth, 13 are said to be identical with those of Alum Bay; but we now know that
none of the characteristic forms are common to both horizons. Palms are said to be
met with only at Corfe; yet two species are included in the list of fossils from -Alum
Bay, in the body of the work, at p. 42. This memoir does not include any species not
published in De-la-Harpe’s previous work; an addendum contains a rough list from
Heer of the genera found in the Miocene of Oeningen, which has no apparent con-
nection with the subject.

In 1865 W. S. Mitchell,’ who for some time previously had been working at
the Lower and Middle Bagshot Beds, figured a species of Porama, which he pro-
visionally named P. Veclensis. He also noticed various new leaves, to which, however:
he declined to attach either generic or specific names. In 1866* he again announced
the discovery of further leaf-forms at Alum Bay, without offering any opinion as
to the number of species obtained. Some 470 specimens had been collected, and
drawings of some were exhibited to the British Association.® Two years later G. Maw*
expressed the opinion that the Porana of Mitchell, and another flower-like form from
Studland, resemble Kydiz more than Porana. In 1869* A. Wanklyn described frag-
ments of a Gleickenia from Bournemouth, for which he proposed a new genus and two
species. In 1870 Mansell-Pleydell ® noticed the occurrence of plant-remains at Alum
Bay, Studland, &c., especially mentioning Gleickenia and Sabal.

From this time little has been written except the few brief notices in which
I bhave quite recently called attention to the unexpected extent of the Bagshot floras
of Hampshire and Dorsetshire. These will be found in the ¢ Reports of Conferences
held in connection with the Loan Collection of Scientific Apparatus in 1876, Section
of Physical Geography, &c.,” p. 412; in the text of a lecture given in the latter part of
1876, at the South Kensington Museum;’ in a paper read before the ¢ Geologists’
Association,” January 6th, 1877, published in the fifth volume of their ¢ Proceedings ;’
in subsequent papers in ¢ Nature,”® and in an article in the ‘ Popular Science Review ’ for
July, 1878. ’

In Prof. Rupert Jones’s second edition of Dixon’s ¢ Geology of Sussex,’ 1878, p. 162,

1 ¢@eol. Mag.,’ vol. ii (1865), p. 516, figs. 1—3.

3 ¢Geol. Mag.,’ vol. iii (1866), 476.

8 ¢ Report Brit. Assoc.,’ 1866, p. 146.

4 ¢@eol. Mag.,’ vol. v (1868), p. 74.

S ¢Ann, and Mag. Nat. Hist.,’ ser. iv, vol. iii, p. 10, pL. i.
8 ¢ Flora of Dorset.’

7 ¢ Nature,’ January 11th, 1877, and following week.
8 March 29th, August 9th, November 15th, 1877, &c..
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&c., Carruthers determines the plant-remains mentioned by the original authors as
Pinites Dironi, Bowerb., Pinites Bowerbanki, Carr., fragment of a Coniferous twig,
Cedrozylon Worthingense, Carr., Palmacites Dizoni, Carr., Palmacites constrictus, Carr,
Palmacites oblongus, Carr., Carpolites Dizoni, Carr., and Dicotyledonous Wood.

§ 1. Tae Lower-BaessoT FLORA.—Next to that from Sheppey this is the most
widely known of the English Eocene Floras. It has attracted considerable attention,
partly perhaps on account of the beds being conspicuously exposed and easily accessible
at Alum Bay. In the pipe-clay bed which occurs there we have an exceedingly well-
preserved and beautiful, as well as extensive, flora. 'The leaves, almost always detached,
are flat and smooth, and appear to have belonged principally to deciduous forest-trees.
The species are not abundant, compared with the number of specimens. The distinctive
character of the flora is due to the size and variety of the leaves ascribed to the genus
Ficus and to the Leguminose, in a scarcely less degree to a deeply cleft palmate Aralia,
a trilobed leaf resembling Liquidambar, a deeply serrate Banksia, and other leaves referred
to Comptonia, Dryandra, and Myrica. Few, if any, of these have been found in the
Middle Bagshot division at Bournemouth. The inference that the Studland beds were
of the same geological age as those of Alum Bay has been confirmed, many of the
characteristic Alum Bay leaves having lately been found there, including the Aralia and
Liquidambar. The Studland flora, however, has a somewhat different character; for
although all the dicotyledons are identical, they are in the minority, and their leaves
are bent and mingled with masses of broken fronds of large Fan-palms and Ferns;
whilst many Insect wing-cases and Shells have been met with implying, as I believe,
greater proximity to land. Mitchell informs me that leaves in good preservation
were formerly found in the clay-pits at Branksea Island, of this age, but no record of
their forms is preserved. Splendid specimens used to be obtained abundantly from
the Corfe pits, but time and dust have so obliterated the smaller leaves that have been
preserved as to render them valueless for purposes of identification. Fragments of
Fan-palms in various Museums, and some large-lobed leaves in the Museum at Oxford,
-are almost the only well-marked specimens still remaining. Repeated search in these
pits of late years has only brought to light a few leaves of simple form, without distinct
venation. No record of the forms of the leaves discovered in pipe-clay at Newbury exists
as far as I know.! The Lower-Bagshot flora appears to possess such very distinctive
characters that we may be enabled safely to compare it with European fossil floras, and
so to fix their horizon.

§ 2. Tar MippLe-Bagsaor Frora.—This appears to be far more extensive and
more varied than that of the Lower Bagshot beds, although less known, collecting
having been hitherto confined to the cliffs close to Bournemouth. Leaves, flowers, and

! ¢Memoirs of the Geol. Survey,’ vol. iv, p. 312.
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fruits occur there in very small basins; to the number of these which have now been
explored, and to the fact that each basin contains a large proportion of plants peculiar to
itself, are due the extent and richness of the material at our disposal. The western
portion of the cliff-section presents us with the older beds, and these contain principally
leaves of dicotyledonous forest-trees; the central area, adjoining Bournemouth Pier,
abounds in Palms, Ferns, &c.; while to the east we see marsh- or swamp-vegetation,
and finally fruits, seeds, and branches, which have been floated out to sea. Commencing
from the west, we find, at less than half a mile from the rise of the cliffs, some small
patches of clay with a few leaves peculiar to them; the first flora of importance,
however, is contained principally in two basins. The more westerly was the richer of
the two, but is now inaccessible, if not completely lost, from a heavy landslip. It was
characterised by the number of branches with leaves attached, that it contained. The
trees were mainly dicotyledonous, and, I believe, largely evergreen. Palms have not
been observed, but a climbing Lygodium is prevalent. A large pinnatifid leaf, re-
sembling Stenocarpus, is confined to this bed. The occurrence of leaves attached to
branches, of Insect remains, and of a feather, seems to indicate proximity to the shore.
The second basin contains scarcely anything but quantities of single and very perfect
leaves, resembling those of a large Hornbeam or Beech, which are spread in layers.
The next bed is a little to the east, and contains a great variety of small Willow-like
leaves, with entire and serrate margins. It is remarkable that, where any of the
species found in other beds are met with in this, they are seen to be stunted or dwarfed.
My interpretation of these facts is that the western beds present a comparatively upland
flora, the leaves found in the first basins having been shed from luxuriant forests, and
those in the latter from trees or bushes which grew in a more barren tract.

The next beds are in the immediate neighbourhood of Bournemouth. Approaching
from the west, the first leaf-bed is a mass of compact dark clay. The uppermost layers
contain some indistinct leaf-impressions, then we meet with large pinnate leaves of
Palms, crossing each other in all directions ;! and under these a bed of leaves, the pre-
vailing form being a Myrica, not elsewhere met with at Bournemouth. The next bed
contains many especially characteristic plants ; among them being the Gleichenia, whose
fronds occupy a layer by themselves, large pinnate leaves of a Palm, which appear to me
to resemble Iriartea more than any other genus, and a Castanea-like leaf (Godoya ?),
the only one met with at Bournemouth. The succeeding beds under the Coastguard
Station consist of seven or eight layers, separated from each other by coarse quartz grit,
and each characterised by a group of leaves more or less peculiar to it. Several of the
rarer Ferns, both pinnate and palmate leaves of Palms, and some of the most important
dicotyledons, were obtained from them. One layer contains hardly anything but leaves of
a small Ficus. The uppermost:bed, a dark-black clay, is full of the pinne of Osmunda

1 A portion of one extracted measured four feet in length by three feet in breadth.
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Jignitum, Cactus spines, and branchlets of a Sequoia-like Conifer, and recalls most forcibly,
by its aspect, by the identity of its fossils, and by the manner of their occurrence, some
of the beds at Bovey-Tracey. We seem to have in these central beds the remains of a
luxuriant and tropical valley vegetation.

Beyond the Pier a bed contains Ferns, Aroids, Fan-palms, and a Eucalyptus, and
with these a Sequoia-like Conifer, which from the complete absence everywhere of cones,
the similarity of foliage, and the association of plants, may, perhaps, be referred to the
swamp-loving Podocarpus or Dacrydium. The last fresh-water beds met with contain
the remarkable forms referred to the Polypodiacee. They are associated with other
Ferns, Rushes, and the Conifer already mentioned, and indicate a swamp-vegetation.
Thus, by the plants may be traced the change from hill to valley and from valley to
marsh.

In the Marine Beds are found numerous fruits, seeds, fragments of Conifers, Cactus,
&c. The fruits and seeds, although comparatively few in number, are a valuable
discovery, being from a higher horizon than the leaf-patches. They appear, like those
from Bracklesham, to be related to the fruits from Sheppey, which are found in the
London Clay, and therefore below the leaves. About sixteen kinds have been collected,
including, it is supposed, Nipadites, Hightea, Cucumites, and Petrophiloides, sufficient
to establish that no great break took place in the flora as a whole. The assistance of the
Sheppey fruits may thus be important in determining the genera of the Bagshot leaves
and flowers ; for, even with a slight connection established, we should, in cases where
leaves might be referred to different genera, get data for selecting a particular genus
from the Sheppey fruits. These determinations may thus have a value which botanists
refuse to them when based on leaves alone.

The Flora of Bovey-Tracey.—I1t may appear strange to find the flora of Bovey-Tracey,
thought to be typically Miocene, included in that of the Middle Bagshot. It is, however,
perfectly clear to me that the Bovey-Tracey beds are on the same horizon as those at
Bournemouth, from which they are some eighty miles distant. Even in this first section
upon Ferns it will be seen that there are elements common to both, for two of the three
are common to Bournemouth ; and, while one is equally rare at both places, another is
equally abundant at both, and found under precisely similar conditions. The detached
pinne of Osmunda lignitum are found in blackish shaly clay, spread in layers mingled with
Cactus spines and Sequoia, exactly as they are at Bournemouth; and so identical are
they in appearance that, were the specimens mixed, it would be impossible to tell
which belonged to either locality. The third Fern found at Bovey is a common Eocene
form. Of other plants, the Cactus (Palmacites Demonorops, Heer) is found abundantly
in certain beds at Bournemouth and Bovey, and scarcely anywhere else. The fruits are
so similar that handfuls of Anona, for instance, from each place, if once mixed, could
not again be separated. The Cinnamons of Bovey, thought to be so characteristic of
the Miocene, are most abundant everywhere at Bournemouth. The Oaks, the Laurels,

A
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the Figs, in fact nearly, if not quite all the Dicotyledonous leaves are identical, so
_that the Bournemouth flora itself must be Miocene if that of Bovey be Miocene.
Were a minority of the plants, instead of a majority, common to both, it would not be
surprising, seeing that neighbouring patches at Bournemouth differ much more con-
siderably in their contents from each other than does the Bovey-Tracey flora, as a whole,
from that of Bournemouth; and we could therefore hardly have expected to find,
especially taking into consideration the variety and richness of the Middle-Bagshot flora,
an exactly similar assemblage of plants so far removed from each other and growing,
perhaps, at a different level. The Bovey flora, according to Heer, bears the greatest
resemblance to that of Monosque among French Tertiary Floras, of whose Eocene age
I entertain no doubt, for it is the one bearing the greatest relationship to these Middle
Bagshot beds. The three small seeds which are supposed to link Bovey with Hempstead
are, in my opinion, insignificant, and, indeed, are not confined to that section of the
Eocene. The subject might be pursued further, but the progress of this work may be
le ft to show the correctness of my views respecting the age of these beds.

When Heer wrote' in 1861 it must be remembered that no Eocene floras of any extent
had been described, and scarcely-any material existed for comparison, except what was of
Miocene age. The fossil flora of Bournemouth was a sealed book, and many Eocene floras
on the Continent were then thought to be Miocene, so that in making comparisons error
was certain to be introduced. He was also, no doubt, influenced by the Alum-Bay
plants, which hardly resemble those of Bovey, and probably somewhat by the precon-
ceived opinions of English geologists. It appears to me that in the then state of
knowledge regarding these Tertiary Floras he could scarcely avoid classing the Bovey
beds with the Miocene.

As the specimens from Bovey-Tracey were described by Heer in the ¢ Philosophical
Transactions ’ for 1862, it is not proposed to refer further to them except in so far as the
materials here worked up modify the views of the original describer.

§ 8. Trr Urrer-BaesnoT Frora.—No plants whatever have been hitherto described
from beds of this age. I have extracted from some of the lignites at Barton fragments of
Fir-cones and indistinct seeds, and some similar remains are to be found in the Wood-
wardian Museum, Cambridge.

VI. Tae Urper EoceNe FLoRras.

§ 1. Tae HeapoN Frora.—No plants have been recorded from the Headon beds,
except three species of Chara, Carpolithes ovulum, and Folliculites thalictroides.® Palma-

1 <Phil. Transact.,’ 1862, part ii, published in 1863.
2 Bristow, ‘ Mem. Geol. Surv.,’ 1862.
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cites Lamanonis, the woodcut of which has so frequently been introduced by Mantell in
his various works, may be from this stage. Fortunately, however, Henry Keeping, in
1876, came across several fine specimens of a Feather-palm at Hordwell, now in the
Woodwardian Museum. I have since seen large ironstone concretions at Hordwell
traversed by similar leaves.

§ 2. Tue BemBRIDGE FrLora.—Nothing but some fruits of Characez' had been
noticed from these beds; I have, however, seen branches of Conifers and seeds in the
Bembridge Marls, at Hempstead. J. A’Court Smith has recently collected an extensive
flora from Gurnet Bay, including, as he informs me, a large series of Dicotyledons,
Palms, &c.

§ 3. Tue HempsteaD Frora.—This flora was partially known to Lindley and
Hutton in 1832, who alluded to it in the preface to their work, as the ¢ Upper Fresh-
water Formation.” Nymphaa and Zosterites are the only fossils mentioned by them as
occurring in it. Edward Forbes in 1852* separated and described the Hempstead Beds.
In 1856° he again described them, and mentions Typha-like leaves, Zazites Parisiensis,
three species of Chara, and Folliculites thalictroides as occurring in them. In 1862*
a second species of Folliculites was added to the list. In 1862 Heer® described and
figured the then known Hempstead flora, ten species in all. In 1863 Heer, in ¢ The
Lignite Formation of Bovey-Tracey,” by Pengelly and himself, described four species
common to the two localities.

Although the greater part of this flora is composed of seeds and mere fragments of
reed-like plants, beautiful leaves of Nelumbium and a small Fan-palm have been found.

BRITISH EOCENE FERNS.

THE objections to the determination of dicotyledonous leaves apply with considerably
less weight to those based upon Fern fronds. Where these, however, are fragmentary
and no trace of fructification is present, there is still great uncertainty, for a number of
existing genera include species that have the most varied venation. It is fortunate that
many of the Ferns described in the present work have been determined either from very
numerous, or exceptionally well-preserved specimens. We therefore believe that, not-
withstanding the difficulties arising from the well-known tendency of certain Ferns to

1 ¢Mem. Geol. Survey, Isle of Wight,” 1862.
2 <Quart. Journ. Geol. Soc.,” vol. ix.
3 ¢ Mem. Geol. Survey, Isle of Wight,” 1856, p. 44.

4 Bristow, ‘ Mem. Geol. Surv., Isle of Wight,” 1862.
5 ¢ Quart. Journ. Geol. Soc.,’ vol. xviii, p. 369.




EOCENE FERNS. 21

variation in the form of their fronds, and even in the angles and relative proximity of
the venules, errors or unnecessary multiplication of species have been avoided. Nearly
all the specimens from Bournemouth, whence they were chiefly procured, seem to have
been macerated so as to disconnect the pinna and remove the spores.

Ferns are relatively rare in British Eocenes, and yet some twenty distinct forms are
described in this Monograph. The floras consist principally of deciduous dicotyledo-
nous leaves, which, in the ordinary course of events, fell into the water and were tranquilly
silted over. Ferns, on the other hand, would require some violence to remove them
{rom the place of their growth, and their preservation would consequently be exceptional,
and they would be mutilated and fragmentary. This may account for their rarity.

Few as these British forms are in the number of species, they nevertheless form the
largest and most important series of Eocene, even of Tertiary Ferns, yet described from
any one group of beds.

Although our knowledge of the Ferns which existed in Tertiary times is still most
imperfect, yet we find that nearly all of them have allied living representatives, although
none of these now live in the British Isles. So close, in fact, are the resemblances in
many cases, that it is difficult to avoid the belief that they are the more or less direct
descendants of the fossil forms; indeed, some Continental authors, think that in the
Miocenes of Switzerland the directly intervening forms can be traced.

A few of the genera here described belong to groups which have not previously
been found fossil; but many of them are Eocene forms already described. It is
interesting to find that some of these, like a few living species, ranged synchronously over
both hemispheres, as a few are also found fossil in North America.

One of the most remarkable, and a very abundant form, is a Ckrysodium, which ranges
from the Alum-Bay beds at Studland, through the Lower-Bournemouth series, into the
overlying marine beds, and has a no less wide range upon the Continent. The
Polypodiee with reticulated venation are represented by at least three species ; numbers of
specimens of each having been obtained. Their venation is somewhat abnormal, in one
instance approaching so nearly to that of dicotyledons as to leave considerable doubt in
my mind as to its determination. The Pteridee are represented by several species, the
most abundant of which is closely allied to many Eocene and Miocene forms already
known. Another, of which we have only a fragment, is related to a group with reticu-
lated venation now living in Polynesia. A third is hardly distinguishable from the
‘widely distributed Miocene P. (Eringensis. A unique specimen is doubtfully referred to
the dsplenacew. 'T'he Aspidiacee have three representatives, one of which possesses
a new type of venation, somewhat resembling that of certain dicotyledons, and
has been placed by Ettingshausen in a new genus. The others are referred to
Phegopterss, and resembles living forms. Gleickenia, well known in Cretaceous times,
has only been met with in admittedly Eocene strata at Bournemouth, where it is
represented by a trailing or climbing form, of most local and limited distribution. The
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Schizeacee are represented by a Lygodium allied to the recent L. palmatum, and identical
with a species from the Eocene Lignitic Series of America. In this Fern the fertile
fronds have also been met with. A species of Areimia is very abundant and beautifully
preserved at Bournemouth, and is also common to the Eocenes of America and Sézanne,
and possibly Aix-la-Chapelle. The most prevalent form, however, is Osmunda lignitum,
which is equally abundant at Bovey-Tracey, and of which O. Dowkeri, Carr., may
possibly be the stem. Of the other Ferns figured, one, if not two, certainly belongs to
Adiantum ; and there are others upon which no determination can be hazarded.

The Ferns seem to throw some light upon the physical condition and gradual
depression of the land in the Eocene period. At Bournemouth the lower beds, met with
towards Poole, are supposed to contain a wooded and more or less hillside flora, and
Ferns are there represented only by a climbing Zygodium. In the beds further east,
near the Pier, which contain a more luxuriant vegetation, we find the delicate Gleickenia,
both species of Pkegopteris, and Osmunda. These, I believe, required a warm, moist,
shady situation. We next find the large Clhrysodium, Osmunda, Meniphkyllum, and
Pteris, mingled with masses of Aroids, &c., which would require a still more moist
habitat. Finally, in the most eastern and newest beds of the freshwater series, we meet
with masses of Polypodiee, which probably grew at the sea-level in company with a
decidedly swamp vegetation.

Of all the Ferns described, only four were previously known as British, and two of
these were supposed to be from the Miocene. Three were known from the American
Eocene, four from the Aquitanian and Tongrian stages of Western Europe, and one from
Sézanne ; the rest are new. In addition to these, there are several other Ferns, which are
too indistinct to be figured. ‘

Von Ettingshausen, in his work on Tertiary plants, has found it necessary to invent a
distinct terminology for Ferns.! His explanation of the types of venation, and the terms.
he distinguishes them by, so far as he employs them in the present work, will be useful
here.

“The simplest venation in Ferns is the Hyplopteris (fig. 1), in which each division
of the frond is traversed by only one vein.

“ When the veins, and consequently also the divisions of the frond, are arranged in a
compact pinnate or pectinate order, then the Hyphopteris type becomes the Craspedopteris
(fig- 2). In this case the rachis may be regarded as the midrib or primary vein, and the
midribs as secondary veins. This applies more particularly to the Craspedopteris vera,

.where the secondary veins are mostly connected by parenchyma. When the veins are
disconnected, except at their base, it becomes Craspedopteris Clenodes, e.g. Polybotrya
Lechleriana, Mett. ; Ett., Farnkr.,’” Pl. xiii, figs. 5, 6, &c.

1 ¢Die Farnkrauten der Jeztwelt,’ Vienna, 1865.
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“ In most Ferns, however, the divisions of the frond are traversed by several or many
veins. When they are forked primary veins, diverging from each other in a radiate
manner, and equal, or the central one more prominent, the venation is Cyclopteris (fig. 8).
This is divided into several types, of which I will explain the C. simplex @qualis, the C. sim-
plez inequalis, and the C. composita. In the first the primary veins are symmetrically
disposed, forming only forked branches (ez. Adiamtum); in the second the primary
veins are nearly all on one side of the division, or unsymmetrically dispersed ; and in
the last the primary veins send out secondary ones, as in Lygodium.

Fi6. 1.—Hyphopteris. Fia. 2.—Craspedopteris.

“ In all other kinds of venation of Ferns, each ultimate division has only one primary
vein (the midrib or costa) from which the secondary ones spring, and the latter
frequently give rise to ternary veins.

“The primary vein rarely reaches the apex of the pinnule in Neuropteris (fig. 4), but
disappears in a number of forked branches, and the secondary veins are given off from it at
very sharp angles, diverging in curves towards the margin, so that their marginal branches
constantly form more obtuse angles with the primary vein than their stems. Among the

F16. 3.—Cyclopteris. Fi6. 4.—Neuropteris.

types of this kind of venation we notice the Neuropleris vera; here the midrib is
invariably dissolved, and usually at an appreciable distance from the apex, and the
dichotomously branched secondary veins diverge very much. In N. acrosfickacea the
primary vein is prolonged almost close to the apex, or even reaches it; and the
secondary veins are only once or twice forked, and are less divergent (ez. Plerts eocenica,

&c.).
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“This last type comes near that of Zieniopteris (fig. 7), in which, however, the midrib
is very much elongated, the secondary veins exceedingly numerous, given off at right, or
not very acute angles, and never divergent, but either convergent (towards the midrib)
or rectilineal.

“ In the dlethopteris type (fig. 5) the midrib is slender, and gives off short rectilineal or
slightly convergently curved secondary veins at acute angles ; ternary veins are wanting,
or only proceed from the lowest secondary ones, and only on one side (of the pinnule).

Fi16. 5.—Alethopteris. Fi16. 6.—Pecopteris.

« In the Pecopleris type (fig. 6) the undivided or forked secondary veins spring from
the midrib, which is distinctly continued to the apex, at slightly acute angles, and send
out ternary veins (ez. Gleichenia Hanfonensis and Osmunda lignilum).

“ Whereas in the foregoing types of venation all the veins are free, in the following
some or all of them anastomose with each other. Those of the Goniopteris type (fig. 8) all
anastomose, or at least the inner ternary veins, and remain undivided. The two
anastomosing veins blend in one called the ray, which runs through in the Goniopteris-

Fic. 7.—Teniopteris. Fig. 8.— Goniopteris.

Aspidii type, that is to say, it extends to the point of union of the next pair, whilst in
the Goniopteris Meniscii type (Phegopteris pre-cuspidata ; Pl. 1V, fig. 9) they terminate
before reaching the union. All the ternary veins are united in the latter type, but in
that of G. Aspidii (Phegopteris Bunburii, Pl. V) some of them are free.

“ When the ternary veins form a network in which there is a row of larger meshes
on either side of the midrib or secondary veins, we have the Diclyopferis type. In this
either all the veins are connected in a network (D. sémplez), or the secondary ones are
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looped, curved, or marginal, and only the ternary one netted (D. composita). The
secondary and ternary veins are remarkably shortened in the former, and scarcely, or
not distinctly, separated from each other. The meshes of the network enclose free
venules or not, and are accordingly D. appendiculata or D. exappendiculata (Chrysodium
Lanzeanum).

“ Finally, there are the Phlebodium (fig. 9) and Drynaria (fig. 10) types of venation
belonging to the group with anastomosing veins. In the former the very much abbreviated
secondary veins form, by a peculiar anastomosis of their forked branches, a prominent row of
larger long meshes on each side of the midrib, and several rows of loops. In the Drynaria
type the anastomosing ternary veins are given off in a pinnate manner from both sides of

F16. 9.—Phlebodium. F16. 10.—Drynaria.

the elongated secondary ones, which are strongly curved or looped. The rays or appendages
within the ternary meshes anastomose in such a manner as to form a network resembling
the venation of dicotyledonous leaves. The meshes usually enclose free venules. When
the ternary segments are regularly rhomboid or clongated, it is the Drynaria regularis
type ; when these segments are indistinctly outlined and of irregular shape, they belong
to the D. irregularis type (Glossocklamys transmutans, Pl. 111, fig. 3), and when the
secondary veins form neither curves nor loops, but terminate in the margin, combining
with the marginal ones, they compose the Drynaria composita type, a type at present
confined to the fossil genus Meniphyllum.”



CRYPTOGAMA.

OrpEr.—FILICES.
Sus-orDER.—POLYPODIACEAZ.

(A.) Aerostickacee.

CarysopiuM LaNzEaNuM (Pisiani). Plate I and Plate II, figs. 1—4.

ForTISIA LANZEANA, Visiani. Piante fossili della Dalmazia, p. 11, pl. 1, fig. 8; pl. 2,
figs. 1 and 5. :

Ch. fronde coriacea pinnata, pinnis lanceolatis vel oblongo-lanceolatis, acuminatis,
margine undulatis vel integerrimis, basi sessilibus, mediis et infertoribus semi-amplexi-
caulibus, subdecurrentibus, superioribus atfenuatis ; nervatione Dictyopteridis simplicis
ezappendiculate ; nervo primario pervalido, rigido, prominente ; nervis secundariis angulis
acutis variis egredientibus, congestis, abbreviatis, dictyodromis; maculis oblongis, proms-
nentibus, pluriseriatis.

Lower Bagshot, Studland ; Middle Bagshot, Bournemouth; Upper Eocene, Hordwell.

The remains are those of a large Fern closely allied to the existing wide-spread
tropical Ckrysodium vulgare, Fée. The thick carbonised substance of the frond figured
in Pl I indicates its former coriaceous texture. The pinne are lanceolate, and are
so closely seated on the rachis, which is 8 mm. in diameter, that their margins overlap.
They seem to have varied in the form of the base from cuneate to semi-amplexicaul,
according to their position on the rachis, and to the size and development of the frond :
thus, those represented in Pl. I have a broadly amplexicaul, almost decurrent base, and
are from the middle of a frond; whilst in Pl II, fig. 2, a pinna is seen with an almost
acute base, and is therefore supposed to have been derived from the upper part of
a frond. A somewhat similar variation, but in a much less degree, is seen in the bases
of the pinna of Ck. vulgare, which are, however, never amplexicaul, but always stipitate.
The apex is pointed ; the margin undulate. In venation it also approaches Ci. vulgare,
differing slightly only in the greater divergence of the angles at which the secondary
veins start, and in the greater diversity of form presented by the meshes of the network.
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Numerous short, contiguous, intricately anastomosing, fine veins.

proceed from a prominent midrib, at angles more acute on the
less developed pinnz towards the apex of the frond (Pl II,
fig. 2), than those of the middle and base. The limits of the
divergence observed in the angles are 20° and 60°. The short
secondary veins are as close together as in Ck. vulgare. In
length and shape the meshes vary from rectangular to narrow-
lanceolate or linear ; sometimes, as Pl. II, fig. 4, from Studland,
not anastomosing throughout their entire length. 1In CA. vulgare
the range of variation, in this as in other respects, is more circum-
scribed.

The fossil, while closely resembling the recent Ci. vulgare,
seems to have been more variable in its growth, and differed
principally in the more amplexicaul attachment of the pinne.

Chrysodium Lanzeanum was described in 1858 by Visiani
from the Eocene of Monte Promina as Fortisia, a genus which he
founded for this and a closely allied species. In 1877 Saporta
announced the discovery of a Chrysodium from the Aquitanian
beds of Manosque in Provence:'—*“Je ne puis m’empécher de
signaler* * * un trés beau Chrysodium, genre d’acrostichées,
dont une espece encore inédite, recueillie aux environs de
Manosque, se rattache directement aux formes les plus nettement
tropicales.” This Chrysodium from Manosque, of which nume-
rous pinna are preserved on the surface of a large slab, is nearly
allied, Saporta informs me, like the Bournemouth plant, to Ci.
vulgare ; but the pinnz are narrower, more lanceolate, and with a
more acute and attenuated apex, and the whole plant appears to
have been more slender; resembling in these respects the
Hordwell specimens. He therefore thinks that the two can
hardly be identified as a single species. It is remarkable that it
was there associated with Lastrea Stiriaca, Osmunda lignitum,
and Zygodium Gaudini, as at Bournemouth and Bovey-Tracey,
and that with these also occur at Manosque species of Pteris allied
to those of Bournemouth, Pleris pennzformis and P. urophylla,
the latter only a variety of P. Eningensis. There is thus seen
to be a considerable resemblance in the Ferns from the two
localities, which are supposed to differ in age sufficiently to
account for the slightly varying specific characters. Remains of

1 ¢La Nature, Revue des Sciences’ 5 année, No. 224, p. 245, 15th
September, 1877.

Fi6. 11.—Chrysodium vulgare.
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Clrysodium have quite recently been met with by Saporta in the Gypsum of Aix, from
which mrore than 300 forms of plants have been collected. This undescribed species has
been minutely compared by Saporta with specimens of the Bournemouth Cihrysodium,
and he pronounces them to be specifically the same, although the Aix specimens are
somewhat smaller. The venation is shown by Saporta’s drawings to be identical.

The distribution of Ck. Lanz@anum is consequently extended in Europe to the Middle
Eocene of Monte Promina, the Upper Eocene of Aix, and possibly to the Aquitanian of
Manosque. The fossil species appears, therefore, to have had a wide range like the
existing one; a fact in accordance with its exceptional range and abundance in the
English Eocenes.

The presence of Chrysceium in Europe so late as the Middle Tertiary period has thus
been ascertained by numerous specimens, most of them of very recent date.

Saporta and Heer have also detected a resemblance in the Eocene species to Gymno-
gramma Gardneri, Lesquereux ;' indeed, Saporta had suggested this affinity® to Les-
quereux during the publication of his work. Lesquereux, however, informs me, after
comparing the specimens which I forwarded to him, that, although a considerable
correspondence exists, the venation in his species is much looser, and the midrib is of a
different type. With reference to Lesquereux’s determination of the American species as a
Gymnogramma, Heer thinks it still doubtful, until fructification shall have been found,
whether all the species belong to that genus (Dictyogramma, Fée.), or to Chrysodium.

Chrysodium Lanzeanum is locally abundant, ranging from the Lower Bagshot through
the Bournemouth Beds, and is met with in the marine beds overlying them, and at
Hordwell. It is exceedingly common in beds on both sides of Bournemouth Pier, and
scarcely less so in the widely separated beds at Studland.

De-la-Harpe mentions a small fragment in Prestwitch’s Collection, and to which he
doubtfully attached the name Acrostickum, as having been obtained at Alum Bay; but
its occurrence there has not since been confirmed. Usually only torn, twisted, and
detached fragments are met with; and the specimen figured in Pl. I, from a bed of
black clay under the Coastguard Station at Bournemouth, is the only one in which the
pinnz have been found attached. No traces of fructification have yet been detected.
Carruthers, being present when the larger specimen was found, immediately recognised
its affinity to Clhrysodium vulgare. This alliance has also been admitted by Hooker and
other English botanists who have seen it, so that the correctness of the determination,
due in the first instance to Carruthers, is unquestionable.

The specimens figured, Pl. II, figs. 3, 3a, 4, are from Studland ; Pl. II, figs. 1, 1q,
2, 2a, and PL. I, are from Bournemouth. In the former the secondary veins are more

closely set.
1 ¢ Tertiary Flora of America,’ p. 58, pl. 4, fig. 2.
% Op. cit,, p. 58.
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(B) Polypodiece.
Gen.—PopoLoMa, Flt.

Filices herbacee, fronde simplici, integra; sporangia mervis imposita, in soros sub-
rotundos sparsos indusio nullo oblectos collecta. Nervatio Phlebodii irregularis.

Poporoma roLYPoDIOIDES, A/t and Gard. Plate 111, figs. 4, 5, 6, and 9.

P. fronde submembranacea, lanceolata vel lincari-lanceolata, integerrima, utrinque
angustata ; nervatione Phlebodii irregularis ; mervo primario rhackidromo, recto, promi-
nente, apicem versus sensim allenuato, nervis secundariis sub angulis 55—65° orientibus
brockidodromis ; maculis medianis viz distinclis, inequalibus ; laqueis Phlebodii semi-
ellipticis, inequalibus ; maculis lateralibus irregularibus minutis, 1—3 seriatis; appen-
dices numerogos tenuissimos ramosos includentibus.

Middle Bagshot, Bournemouth.

This genus and the next approach the Dicfyopteride of the older floras and certain
recent tropical species of Polypodium belonging to the sub-genus Phyma-
lodes, namely, P. lycopodioides, P. persicariefolium, P. salicifolium, P.
transparens, and P. hemionitideum. The leaves may be distinguished from
dicotyledons, notwithstanding their superficial resemblance, as, independently
of the remains of spore-cases, they possess the peculiar venation of this
section of Polypodium.

The frond represented in Pl. III, fig. 9, offers points of agreement in
form, texture, and venation, with the barren frond of the recent Polypodium
lycopodioides. The fossil presents the Phlebodium type of venation, modified
by a less uniform shape and by the inequality of the meshes abutting on
the midrib, which hardly differ from the rest. The Phlebodium loops are
irregularly arranged and of unequal length and breadth. The two to three
rows of marginal meshes, instead of being elliptical, are irregularly angular,
and filled with numerous free and anastomosing venules (Pl. III, fig. 5).
These differences are the bases of a new type, deviating essentially from the
Phlebodium appendiculatum to which 2. lycopodioides belongs, and is called -
Phlebodium irregulare. Figs. 4 and 9 are of natural size, and show the™™ e’
general form and average size of the pinnz. Fig. 5, which is the base of a pinna enlarged,
accurately shows the venation in detail, and, in three places, what appear to be sori in
an early stage of development, around which the arrangement of meshes is peculiar.
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Fig. 6 is another fragment, further enlarged, showing small spherical markings, which:
require further elucidation.

Poporoma arrFINE, E#f. and Gard. Plate IT], figs. 7, 8.

P. fronde membranacea, lanceolata integerrima; nervatione Phlebodii irregularis ;
nervo primario rhachidromo, reclo, prominente, apicem versus semsim atfenuato ; nervis
secundariis sub angulis 30—A45° orientibus flexuosis brockidodromis, maculis medianis sion
distinctis, laqueis Phlebodii irregularibus, inequalibus; maculis lateralibus inequalibus,
1—2 seriatis, appendices numerosos tenuissimos ramosos includentibus.

Middle Bagshot, Bournemouth.

This is of a more delicate and membranous texture than the preceding, a distinguishing
character in itself. In addition the secondary veins diverge at a more acute angle, are
slightly sinuous, of unequal length, and at different distances apart. The median meshes
which characterise the Phlebodium venation, discernible in the preceding species, are not
perceptible in this, but in the magnified figure (Pl. III, fig. 8) a number of very
irregular meshes are seen abutting on the midrib and taking the place of these median
meshes. The Phlebodium loops, as well as all the meshes, are very irregular and unequal
in form and size. The dots, visible without a lens, are evidently the bases of attachment
of sori.

These two forms of Polypodiez are found massed together in layers in the highest
freshwater beds, immediately underlying the marine beds. Dicotyledonous leaves seldom
accompany them, but they are generally associated with torn fragments of aroids, rushes,
and conifers, and occasionally with remains of other ferns, as Osmunda, Pteris, and
Chrysodium. The venation is usually well preserved and distinct, but the pinnules are
always detached and the fructification removed, as if by maceration. The separating
layers are so thin and brittle, and the leaves so crowded together, that it is extremely
difficult to secure good specimens. The recent Polypodia with which they have been
compared have long creeping rhizomes, with simple and persistent fronds, not articu-
lated ; but the fact that in the fossils the pinnules are invariably detached and in layers
suggests that they belonged to annual ferns with articulated pinne. Their geological
position and the leaves associated with them suggest that they inhabited swampy districts.
near the sea-shore.

Saporta, in a letter full of valuable comments, points out the resemblance which
Podoloma bears to the dicotyledonous Myrsinie, Sapotacee, and the genus Bumelia.
The venation, however, seems to differ more from any of these than from that of some
existing Ferns. The existence of sori, besides, seems placed beyond doubt. Heer also-




EOCENE FERNS. . 81

pronounces a decided opinion that they belong to the division of Polypodium with
reticulate venation, and does not think that they should be generically separated unless
as Polypodites. Hooker, Carruthers, and others see no reason to create a new genus for
their reception. The correctness of our determination of these as Ferns may, we think,
be considered as beyond reasonable doubt.

No fossil Polypodia with reticulate venation resembling these had hitherto been
described.

‘GLossocHLAMYS, F/f.

Filices herbacee, fronde simplici, integra. Nervatio Drynarie irregularis.

GLOSSOCHLAMYS TRANSMUTANS. ZKYf. and Gard. Plate IlI, fig. 3.

G. fronde submembranacea, petiolata, lanceolala, utrinque angustata, apice longe-
acuminata, margine integerrima ; nervatione Drynarie irregularis, nervo primario rhachi-
.dromo, recto, prominente, apicem versus sensim attenuato ; nervis secundariis prominentibus
camplodromis adscendentibus, mediis sub angulis 40—50°, reliquis sub angulis aoutioribus
orientibus ; mervis tertiariis catadromis; laltere exlerno angulo subrecto, latere snterno
olerumgque angulis variis egredienlibus; segmentis tertiariis viz distinctis, inequalibus,
irregularibus, polygonatis ; maculis appendices plerumque liberos includentibus.

Middle Bagshot, Bournemouth.

The texture of this frond was membranous. The apex is very elongated and narrow.
The venation is somewhat like that met with in certain species of Polypodium, as, for
example, Plymatodes hemionitideum and P. transparens, and in some species of Aspidium,
as A. trifoliatum, A. macrophyllum, A. pachyphyllum. 1t deviates, however, in some
essential particulars. The secondary veins are not sinuous, but run towards the apex
of the frond in long curves, close to and sub-parallel with the margin. Their angles of
departure are more acute at apex and base than in the middle of the frond, and in this
respect the resemblance to dicotyledonous venation is great. The remaining characters
of the venation are of the Drynaria irregularis type. In the catadromous loops of
the ternary veins it approaches the above species of Aspidium. The species is founded
upon peculiarities of venation, which consist in the ternary diverging from the outer
side of the secondary veins at right angles, and from their inner side at varying acute
and obtuse angles, and also in their relatively inconspicuous ternary segments, in
proportion to the meshes and venules that are enclosed in them.
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Saporta objects to the reference of this fossil to a Fern, as he considers the venation to
be quite unlike that of any Fern, and to belong to a type common among dicotyledons..
Heer also states that, in his opinion, *“it is not a Fern, but a leaf of a Dicotyledon.” It
is found associated with Podoloma.

(c) Pleridece.

Preris xoc&ENICA, Eitt. and Gard. Plate IV, figs. 4—0.

P. fronde pinnata, pinnis rhacki angulo peracuto insertis, sessilibus valde elongatis,
lanceolato-linearibus, acuminatis, basi obliquis, margine tenuissime serrulatis ; nervatione
Neuropteridis acrostichacew, nervo primario prominente, recto, apicem versus semsim
atlenuato ; nervis secundariis sub angulis 40—350° orientibus, 1'5 millim. inter se distantibus,
bi- vel trifurcatis, rarissime simplicibus, ramis inter se parallelis, cum nervo primario
angulum subrectum formantibus.

Middle Bagshot, Bournemouth.

This species is characterised by its long, narrrow pinnz, which quit the rachis at
angles of about 25°. Towards the apex of the frond they are sometimes confluent,
decurrent below on the rachis, as in Pl IV, figs. 4 and 5, and apparently petiolated
towards the base. The terminal pinna is the largest. The margins of the pinnae are
sinuous or alternately lobed, and very finely toothed. The midrib is prominent and
elongated. The secondary veins are numerous and crowded, spring at acute angles,
curve outwards to the margin, and terminate in the teeth, the majority of them being
once, some twice forked, and a very few undivided. The venation is of the type of
Neuropteris acrostichacea, which is not uncommon in recent and fossil species of Pteris.

P, eocenica-resembles very closely a number of living species of Pteris, as P. crenata,
P. cretica, &. It also resembles the Aquitanian species, P. pennaformis, Heer,' but
may be distinguished by the secondary veins, which are less crowded and more generally
forked, and by the margin, which is lobed and toothed in a much more pronounced
manner. It even more closely resembles P. Parschlugiana, Unger, and P. Gaudini, Heer,
but differs from the former in the much more acute angle at which the pinnz leave the
rachis, whilst the latter, founded upon a single and very small fragment, has no specific
character, and is possibly, as suggested by Heer himself,’ a fragment of P. pennaformis.
The American Eocene® species P. subsimplex and P. erosa, while possessing the same

1 ¢ Flor. Tert. Helv.’ vol. i, p. 38, pl. xii, fig. 1.
2 ¢ Flor. Ter. Helv.,’ vol. i, p. 39.
3 Lesq., ‘ Tert. flora of America,” 1878, pl. iv, pp. 52, 53.

li
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venation, have much broader pinne, and 2. pseudopenneformis has more closely and
obliquely set secondary veins. Blechnum Braunii, Ett., from Monte Promina, has similar
venation and finely toothed margin; and Dr. Debey informs me that he

has Ferns from Aix-la-Chapelle with a nearly related venation. Heer believes b

it bears a resemblance to Pecopleris Hookert, from Bovey Tracey. Osmunda
eocenica, Saporta,! from Gelinden, strikingly resembles it, but seems to have
been a larger Fern, and is considered distinct by Saporta.

Pteris eocenica is abundant at Bournemouth in the ‘* fern-beds,” where
it is associated with the Polypodiee. It becomes rarer westward, having
but once been met with west of the pier, and then only in the highest and
remanié beds near the top of the cliff, immediately under the flagstaff. The
specimen from this locality (Pl IV, fig. 5) is dwarfed and attenuated. The
abundance of this Fern in the newest and most easterly beds of the Bourne-
mouth freshwater series, where it is associated with plants which required
much moisture, its rarity in the slightly older beds to the west, which have
a less swampy character, its dwarfed and starved appearance in the uppermost
beds west of the pier, and its complete absence from all the lower beds in
which, with few exceptions, the dicotyledons have been obtained, point to its
habitat having been, by preference, of a swampy and marshy character, and
near the sea-level. Saporta informs me that at Manosque the closely
allied P. penneformis is, like this, found associated with Chrysodium
Lanzeanum and Osmunda lignitum.

I am indebted to Mr. A. Baldry, of Bournemouth, for the specimen, fig. 5,
P1. 1V, which we at first thought to be distinct, as the pinne are smaller and
narrower, and the secondary veins more widely separated and less diverging.
Fig. 6 (Pl IV) represents a terminal pinna, natural size ; fig. 4, the lower
part of a frond; fig. 6 a. enlarged venation. Fio. 13— Preris

Although species of Acrostichum, Angiopteris, Gymnogramma, &c., possess similar
venation, the characters furnished by this form so closely correspond to what is met with
in the recent species of Pter:s, that its reference to this genus cannot be doubted.

Preris Bournensis, BY. and Gard. Plate IV, fig. 7.

P. fronde bipinnata, pinnulis superioribus angulo acuto, reliquis angulo subrecto rhacki
adnatis, basi lata sessilibus, lanceolalis, acuminatis, magine intergerrima vel leviter
undulata ; nervatione Alethopteridis genuine ; mervo primario debili, recto, infra apicem
valde attenuato, nervis secundariis sub angulis acutis orientibus.

! *Flore Heersienne de Gelinden,” Saporta and Marion, 1878, pl. i, fig. 1.
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Middle Bagshot, Bournemouth.

The specimen figured is apparently of delicate texture, and may be either the apex
_ of a barren frond or the fragment of a pinna. The pinnules are lanceolate and gradually
attenuated towards the apex, entire or slightly undulate, broadest at the base, and con-
fluent. The uppermost pinnules are attached at acute, and the others at about right
angles. The midrib is thin and tapering; the secondary veins, ten or twelve in number
on each side, spring at angles of 50°—60°, and are mostly forked. The venation is of
the true Alethopteris type. The apparently thin texture may be due to the long
maceration to which the leaf has evidently been subjected.

The specimen so closely resembles the figures of P. Eningensis, Unger,! that, judging
from them alone, it might be placed with it. That species, however, is of a more
coriaceous texture, and appears only towards the second part of the Miocene. In
connection with it Saporta has kindly communicated that he considers P. (Eningensis,
which appeared late in the Miocene, to be the forerunner of P. agus/ina, and that the
Miocene form was preceded by P. srophylla, and this by P. Aquensis and P. caudigera
of the Aix beds. The type of P. agmilina is probably very ancient, and may reasonably
be looked for in formations as old as the Lower Eocene. Debey thinks he has a similar
type from Aix-la-Chapelle.

This Fern, which differs essentially from the P. eocenica, is known from a single
fragment only, met with among dicotyledons in a leaf-bed on the coast near Poole
Harbour. Fig. 7 is drawn the natural size; 7 a shows a portion magnified.

The determination of this as Pferss is not absolutely certain in the absence of
fructification, as the venation is common to many Ferns.

() Adsplenieee.
ASPLENITES PRE-ALLOSUROIDES. [Ki#f. and Gard. Plate III, figs. 1, 2.

A. fronde membranacea, tripinnata, pinnis bipinnatis patentibus, pinnulis stipitalis,
ellipticis, subobtusis, tenuissime cremslatis, soris oblongis, bisersalibus; mervatione Cras-
pedopleris vere, nervo primario tesws, infra apice evanescente, nervis secundariis lenuis-
simis, simplicibus. '

Middle Bagshot, Bournemouth.
The specimen appears to be the remains of a fertile frond, and recalls a somewhat

1 Heer,  Flor. Tert. der Schweiz,’ vol. i, p. 39, pl. xii, fig. 5.
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similar form, Asvlenites allosuroides, described by Unger,' from Eocene beds with Ceri-
thium margaritaceum. The frond seems tripinnate, the pinna spreading, and the very
small pinnules shortly stipitate, elliptical, and sub-obtuse at both ends. The margin has
three to five teeth. The secondary veins quit the midrib at angles of 40°—50°, are
simple, and terminate in the teeth, being therefore of the Craspedopteris vera type.
The enlargement (P1. III, fig. 1) is after a drawing by Carruthers, who kindly assisted in
the elucidation of the specimen, which is very obscure indeed. The pinnules were of
great substance, and the leaf has therefore carbonised and broken away. The rachis is
zigzag.

Stur has kindly remarked upon the strong resemblance borne to our species by
A. allosuroides. Unfortunately this was also determined upon a specimen in which
the details were badly preserved, inasmuch as the carbonised leaf-substance from the
same cause has almost entirely dropped out, and only the impression remains. It differs
from 4. pre-allosuroides in size, it being nearly double, and in the more rotundately
elliptical pinnules, and as far as can be seen in their less symmetrical arrangement on the
frond.

It, as well as 4. allosuroides, closely resembles Pleris heterophylla, Linn., which has
coriaceous pinnules of exactly the same form, but larger. In this respect the Sotzka
species connects the two. The recent Pferis scaberula has the pinnules as finely divided
as the Bournemouth form.

It does not bear any close resemblance to existing species of Pellea or Asplentum ;
but Gymnogramma leptophylla slightly resembles it. Its determination is exceedingly
doubtful. Heer is of opinion that it is the fertile frond of a species of ZZyrsopteris.?
It may, should better specimens be found, be necessary to unite our species to Unger’s ;
and this seems the more probable as a great number of Sotzka plants are associated
with it at Bournemouth.

The specimen, which is unique, was found some years ago at Bournemouth, under the
Coast-Guard Station, by Mr. W. S. Mitchell and Henry Keeping, and is now in the
British Museum.

(E) Aspidiec.
Gen.—MEeNiPEYLLUM, Fif.
Filices herbacee, fronde pinnata, nervatio Drynarie composite.

This genus is allied to Meniscium in its marginal secondary and short ternary veins,

1 ¢ Fossil Flora of Sotzka,’ . ¢., p. 25, pl. i, fig. 1.
2 ¢Flor. Foss. Arctica,’ iv, pl. x; Jurassic flora of Siberia.
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ed from this and from Drynaria by the anastomosing of the ternary

veins and presence of free venules in the meshes. In the combination of marginal and
netted venation, it presents a special type of the Drynaria group, which has never been
observed in recent Ferns.

F16. 14.—Meniscium lon-
gifolium.

Branksome Watch
willow-like leaves.

MEeNIPEYLLUM ELEGANS, Fff. and Gard. Pl. I1I, figs. 10—14.

M. pinnis subcoriaceis, stipitatis, lanceolatis, apicem versus acu-
minatis, basi acuta inequalibus vel obliquis, margine integerrimis ;
nervo primario valido prominente, sepe arcuato vel flexuoso, nervis
secundariis sub angulis 175—90° orientibus, numerosis, approximatis,
JSlexuosis ; mervis tertiariis angulis acutis, rarius oblusis e nervis
secundariis egredientibus, abbreviatis, flexuosis; maculis oblongo-
ellipticis, appendices liberos includentibus.

Middle Bagshot, Bournemouth.

At first sight these remains appear to belong to AMentscium, but
although the shape of the pinnz and the arrangement of the
secondary veins point to this affinity, the venation itself is opposed
toit ; for, whilst Meniscium has the Goniopteris, this has the Drynaria
type. Pl III, fig. 13, shows the venation magnified. The fronds
were pinnate and probably coriaceous in texture. The pinne are
shortly stipitate, the stalk passing into the mid-rib, which is curved
or sinuous. The secondary veins are given off at rather obtuse,
often almost right angles, and are numerous and closely set, thicker
and less sinuous, and usually alternate with more slender and sinuous
secondary veins. All extend to the margin, where they are either
forked or remain undivided. The ternary veins form various acute
and more rarely obtuse angles, are mostly very short and sinuous
and anastomose more frequently with the neighbouring secondary
veins than together. The meshes are of irregular oblong and
elliptical shape, and contain branched free venules,

The pinna represented (Pl. III, figs. 10, 11, 12) were found at
Bournemouth in the beds near the top of the cliff east of the Pier,
associated with aroids, palms, and conifers. It is sometimes found
with Podoloma. Fig. 14 is from a solitary specimen found under
Tower, towards Poole Harbour, associated with small oak- and

The pinna seems to have been slightly shrivelled at the margin

before it was imbedded, and hence the lateral marginal vein is hardly discernible.




EOCENE FERNS. 37

This determination should be received at present with some hesitation, since we know
of no existing Fern possessing crowded secondary veins and free venules, and the venation
on the other hand resembles that of certain dicotyledons.!

PHEGOPTERIS PRE-CUSPIDATA, FYt. and Gard. Plate IV, figs. 8, 9.

Ph. fronde pinnata, pinnis lanceolato-linearibus, elongatis, crenato-serratis ; nervatione
Gontopteridis Meniscii, nervo primario prominente, recto; mervis secundariis sub angulis
80—75° orientibus, numerosis, tenuibus, simplicibus, flexuosis ; nervis lertiariis utrinque
4—06 e nervis secundariis angulis acutioribus egredientibus, anastomosantibus, catadromss ;
radiis interruptis vel obliteratis.

Middle Bagshot, Bournemouth.

The pinnz are linear-lanceolate, obtusely serrate, with the venation of Goriopteris, in
which all the ternary veins anastomose. It is referred to the Goniopteris Meniscii type,
'because the rays are interrupted and not continuous. It is probably a Pkegopteris, and,
indeed, differs only from P. cuspidata, Mett., in the following unimportant particulars :
the marginal teeth are rather more obtuse or crenate; the midrib is prominent yet
less thick ; the secondary veins are sinuous instead of only curved upwards near the
margin, less close, and at more acute angles; the lower ternary veins have a distinctly
.catadromous origin ; the ramifications are usually very short, interrupted or abortive
instead of always present. Its similarity to Gymnogramma villosa of Brazil is also
:striking.

There are also certain resemblances between this and the Miocene forms Plkegopteris
Helvetica (Lastrea), Heer,® Pk. polypodioides® and Pk. Stiriaca,* also abundant at Bovey
Tracey.

Heer would unite it with P%. Bunburyi next described, considering it to be a fertile
sond of that species ; but although the venation in the only Bournemouth specimen is so
indistinct that I am not inclined to attach too much importance to it, yet it hardly seems
to justify the union. Pending the discovery of better specimens, I think they must be
considered distinct.

The portion of a fertile frond figured is unique, and was obtained at Bournemouth,
together with a magnificent series of dicotyledonous leaves of large size and palms, from
one of the lower beds under the Coast-Guard Station, and therefore may be presumed from
its surroundings to have had a shady forest habitat, and to have required a high
temperature.

1 Saporta has pointed out that the venation is not very dissimilar to that of the dicotyledonous genus
Andromeda, sub-genus Leucothde,

2 ¢ Flor. tert. der Schweitz.,’ pl. vi, fig. 2, pl. exliii, figs. 2—5.

3 Btt., * Monte Promina,’ pl. ii, figs. 1—4 ; Heer, loc. cit., pl. cxliv, figs. 1—3.

4 Ung., *Chlor. Prol.,’ pl. xxxvi, Heer, loc. cit., pls. vii, viiii.
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ParcorTERISs BUuNBURII, Heer. Plates V and X.

Lasteza Bunsurir, Heer. Flora of Bovey Tracey, p. 28, pl. xii, fig. 1 .

F1a. 15.—Phegopteris cus-
pidata.

Ph. fronde pinnata, pinnis breve petiolatis, lanceolatis, bast
aculis, apicem versus amgustalis, serratis, margine arguta; nerva-
tione Goniopteridis Aspidii ; nervo primario prominente, recto ; nervis
secundariis sub angulis 50—60° orsentibus, temuibus, flexuosis,
pinnatis ; nervis lertiariis utrinque 2—4, sub angulis acutis egredien-
tibus, flexuosis curvatisque ; radiis perviis.

Middle Bagshot, Bournemouth.

To Heer we are indebted for pointing out the identity of the
Bournemouth form with that of Bovey Tracey.

In this Fern the fronds were pinnate, the pinnz usually rounded
at the base and probably acuminate at the apex, and with lightly
toothed margin. The pinne are wide apart towards the base of the
frond and confluent towards the apex. The venation is of the type
of Goniopteris Aspidii. All the ternary veins anastomose among
themselves, and the venules proceeding from them are excurrent.
The midrib is not thick, yet several times more prominent than
the secondary veins, which are themselves slender, sinuous, and
shortly forked at the extremities. The ternary veins are fewer, only
two on each side, they part at a less acute angle than the secondary
ones, and form a sharp curve, which unites them with the next above
of the same order. It rather resembles some existing species of
Asplenium, sub-genus Diplazium, chiefly 4. expansum and 4. Ottonis
of Tropical America. It agrees closely in its characters with 2.
ningensis, Heer,! which differs from ours only in the stipitate pinne,
rather closer secondary veins, and in the possession of three or four
ternary veins on each side of the secondary. Stur sees a resemblance
rather to Osmunda, as O. Claytoniana and O. cinnamomea.

The specimens were found in the fourth bed of the series, under
the Coast-Guard Station at Bournemouth; and no fragments have

elsewhere been met with, except at Bovey Tracey, where it is also extremely rare. It
appears to have been a slender, graceful plant, growing under the shade of the trees
with whose leaves it is found associated. That figured in Plate V is evidently a young,
perhaps sterile plant. In Plate X is shown a perfect pinna. .

1 Loe. cit. p. 32, Pl VI, fig. 3.
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Some difference is apparent between the angles of the venation of the young
pinnz attached to the plant and those drawn on Pl X, figs. 9, 10, which are more
acute.

The original specimen, which should be preserved in the Jermyn Street Museum, is
not now to be found there ; and our identification rests, therefore, partly with Heer, who
states that they are the same.

It would be better, perhaps, that the species should be described under the name of
GoniopTERIS than under that of ParcorTERIS, 28 at page $8.

GonioprTERIS STIRIACA (Unger).

Poryrop1TES 8TIRIACUS, Unger. Chloris Protogeea, p. 121, pl. xxxvi, 1847.
LasTrZA sTIRIACA, Heer. Flor. Tert. Helv., vol. i, p. 31, pl. vi and vii; vol. iii,
‘ p- 151, pl. exliii. 1859,
— HELVETICA, Heer. 1bid,, p. 33, pl. vi, fig. 2; vol. iii, p. 151, pl. exliii, figs.
2—5. 1859.
GONIOPTERIS STIRIACA, 4. Braun. Zeitschrift Geolog. Gesellsch., vol. iv, p. 556. 1852.
- —_ Schimper. Pal. Végétale, vol. i, p. 547. 1869.
LasTRZA STIRIACA, Heer. Flora of Bovey, p. 28, pl. v, figs. 12—15. 1861.
—_ —_ Gaudin et Strozzi. Contributions A la Flore Foss. Italienne, vol. ii,
p. 32, pl. i, fig. 2. 1859.
PHEGOPTERIS STIRIACA, Eftingsh. Flora of Bilin, p. I6, pl. ii, f. 16—18. 1866.

G. fronde pinnata, pinnis linearibus, prelongis, inferioribus grosse crenatis serratisve,
superioribus argute serratis vel serrulutis ; mervatione Goniopteridis Aspidii, nervo primario
valido prominente, recto, nervis secundariis sub angulis 50—65° orientibus, tenuibus, sub-
rectis vel paullo arcuatis, nervis tertiariis in pinnis inferioribus plerumque 6—1, in pinnis
superioribus plerumque 4—5, curvatis, subparallelis, angulo aculo egredientibus. Soris
rotundatis biseriatis.

Middle Bagshot, Bovey Tracey.

This Fern has not, we believe, been met with in England elsewhere than at Bovey
Tracey, where it was formerly found in abundance. The pinne are usually attached to
the rachis, and the sori are frequently preserved. The stems and circinate vernation
placed with Pecopteris lignitum by Heer® belong, in all probability, to this species.’

We have no hesitation in uniting Lastrea kelvetica, Heer, with the present species.
The former was first founded upon most imperfect fragments, and separated upon the
supposition that it was more closely and sharply serrated, and possessed fewer ternary
veins, The much more perfect specimen figured in the third volume of the ¢ Flor. Tert.

1 ¢Flora of Bovey,’ p. 31.
3 See description of Qsmunda lignitum, p. 50.
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Helvet.” shows that the separation cannot he maintained ; for in the drawings there are
in places seven veins in L. kelvetica to five in L. stiriaca ; while comparisons of the
tracings of Heer’s figures,! here reproduced, show that L. sfiriaca is really the more
strongly toothed. It is impossible, in fact, to compare the figure of L. stiriaca, vol. i,
pl. viii, with that of L. Aelvetica, vol. iii. pl. cxliii, fig. 2, without recognising that
the latter is the upper part of the frond of the former. The species was founded upon

P16. 16.—L, helvetica. Flor. Tert. Fra. 17.—L. stiriaca. 1Ibid,, vol. i, Fie. 18.—G. stiriaca (?). ¢ Arct.,’
Helv.," vol. iii, pl. cxlii, fig. 2 (part). oL viii, fig. 4. pl. xlv, ﬁ(g.) y, T o

insufficient material, and should have been annulled when the more perfect specimens
were figured. Specimens of L. dalmatica which we have received present in like
manner no distinguishing specific characters, and should not remain separated.

In the ¢ Flora Fossilis Arctica,’ p. 87, pl. xlv, fig. 7, we find a portibn of a pinna
figured under this name from Atanekerdluk, in Greenland. It possesses, however,
according to Heer’s description, only three ternary veins on each side of the pinnule;
while in the description of the Swiss form six to seven were essential to the species, and

7

i

F16. 19.—G. stiriaca. *Flora of Fie. 20.—G. stiriaca. Ibid,, fig. 13. Fre. 21.—G@. stiriaca. Enlarged by
Bovey,’ pL v, fig. 14 (part). Mr. Fitch.

specimens possessing fewer are separated. He therefore seems to modify his specific
characters to include it, and in modifying them thus, leaves them sufficiently open to

1 Figure 16 shows the strongest denticulation present in the drawing of the fine specimen of L. Aelve-
tica in the third volume.
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admit several other supposed species. It appears from the figure that the pinna is more
tapering, and therefore shorter, than those of G. sfiriaca, and all the veins more sinuous.
The indistinct specimen from Cape Lyell has the exact outline of this species.

G. stiriaca is supposed by Unger and Heer to resemble G. prolifera® * of tropical
America,”® which Fern, however, it is well known, is a native of all the tropics except that
one. The venation is not uncommon among Ferns, and is met with in Acrostickum and
Nepkrodium, as well as in Goniopleris, but the arrangement of the sori is more charac-
teristic of the latter. In the fossil state it has been found in France, Germany, Italy, &c.,
and seems to characterise principally the Middle and Upper Eocenes, and Oligocene.

It appears to have been of much larger growth than G. Bunrburii, and possessed
more numerous and simply curved, instead of sinuous or angulated, veins. The original
specimens are too indistinct to be satisfactorily refigured, and we have, therefore, repro-
duced fig. 19 and part of fig. 20 from pl. v, ¢Flora of Bovey,” and an unpublished
enlargement (fig. 21) by Mr. Fitch, of Kew, who has placed his original sketches for that
work at our disposal.

WooDWARDIA P VENOSA, B#t. and Gard. Plate X, fig. 5, 5 a.

V. fronde pinnata, lacinis anguste lanceolatis, margine infegerrimis ; nervatione
Dictyopteridis simplicis exappendiculate; mervo primario reclo, prominenle, nervis
secundariis brevissimis lenuissimis angulo acufo egredientibus; maculis Diclyopleridis
pluriseriatis, inequalibus.

Middle Bagshot, Bournemouth.

Although but one small and not very distinct fragment has been met with, the
character of the venation is very apparent. The frond may have either been simply
pinnate or bipinnate. There are a number of species of Pteris, as P. patens, P. decurrens,
P. denticulata, P. Woodwardioides, &c., with anastomosing venation and closely similar ;
we cannot, therefore, be certain that it is really a Woodwardia.

We have, however, placed it in that genus, because a very beautiful and undoubted
-species of Woodwardia has been met with in the Eocene of Monte Promina, &c., and
the Aquitanian stage of Switzerland. This form, #. Roessneriana, Unger, resembles
W. radicans, and differs from ours in the possession of a row of free veins between the
areolations and the margin. Our species would fall into the group of Lorinseria, Presl,
of which #. areolata, & native of the United States, from Massachusetts to Florida, is
the best known, and, with one exception, the only existing type.

1 Ett., ¢ Farnkrauter,” pl. cix and ex.
2 ¢Flora of Bovey,’ p. 28.
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ADIANTUM APALOPHYLLUM, Saporta. Plate X, fig. 1, 1 a.

ADIANTUM APALOPHYLLUM, Saporta. Flora of Sézanne, Mem. Soc. Géol. France,
t. viii, p. 313, pL. ii, fig. 1. 1865—1868.

A. pinnulis obovatis subtrapeziformibus, margine superiore sinuatis, nervatione Cyclo-
pleridis simplicis @qualis; nervis primarits tenuissimis @qualibus dickotomis, sorts
apicalibus subconfluentibus.

Middle Bagshot, Bournemouth.

Small Adiantoid pinnee had been met with among the interlaced fronds and stems of
Gleickenia at Bournemouth (see p. 44), to which we considered they might have belonged,
but, as similar pinne have since been found unassociated with Gleickenia and preserving
distinct remains of sori, there is no longer any doubt that a species of Maidenhair, not
much larger than Adiantum capillus-Veneris, formed part of our Middle-Eocene flora.
As we see no reason to consider them distinct specifically from those found by Count
Saporta at Sézanne, which only seem to differ in the absence of sori, we have placed
them, with his concurrence, in that species. The segments seem to be dimidiate, as the
line of fruit is only present on one side. This species differs strikingly from the group
of 4. capillus-Veneris in the linear, instead of obversely reniform, arrangement of the
sori.

Detached segments are occasionally met with among dicotyledonous leaves in beds
west of Bournemouth Pier.

Hewarpia BEGIA, B/t and Gard. Plate II, fig. 5; Plate VII, fig. 2 ; Plate X, fig. 6;
and Plate XI.

H. fronde membranacea simplici trrequlariter inciso-lobata, subrotunda, longe petiolata,
basi subtruncata, lobis lanceolatis integerrimis, undulatis vel sublobatis, margine soriferis,
soris confluentibus ; mervatione Dictyopteridis simplicis, nmervis (ftenuissimis, maculis
angustis lanceolatis.

Middle Bagshot, Bournemouth.

The palmate form, rectangular base, and long stipes show the specimen figured
(P XI, fig. 1) to have been an entire frond, and not a large terminal pinna. So much
of the frond is preserved that little is left to the imagination in restoring it. It was
nearly equal-sided, palmate, somewhat irregular in form, bluntly six-lobed more than
half-way down, each lobe being again once subdivided. It measured six inches
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along the base, which forms almost a right angle with the stipes, and at least four
inches in length. The texture is exceptionally membranous, the sori, where the
lobes overlap each other in places, being distinctly traceable through it; this character
removes it from Pleris, in which genus it might otherwise possibly have been placed.
The stipes was glabrous, rigid, slender, and must have been at least three times longer
than the portion preserved. The veins are very fine and distinct, and anastomose
copiously, but become less conspicuously reticulated towards the margin, as seen in the
enlargements, Pl. X, fig. 6 a; Pl XI, fig. 4. The sori form long linear patches upon
both edges, but do not extend to the extremities of the lobes. The specimen, Pl. II,
fig. 5, is probably a small barren frond of the same species. Only the outline is
preserved, which is suborbicular, with margin entire.

The slender stipes, membranous texture, and marginal sori are characters only com-
bined in Adiantum and Lindsaya. In the latter genus L. sagiffata possesses simple
fronds and is not very inferior in size; but it is in the section of Adiantum with anasto-
mosing veins, Hewardia of J. Smith, that we find the nearest resemblance to it. H.
Wilsoni, although not possessing perfectly simple fronds, sometimes has its pinnz almost
all united in a single trilobed terminal pinna, approaching the fossil species in dimen-
sions. Even the nearest living species, however, differ very widely from it, and it thus
appears to be one of the few Tertiary Ferns that have become completely extinct. We
are not acqnainted with any fossil species with which to compare it.

We had frequently noticed fragments of a very membranous Fern with anastomosing
venation, and two of these had been figured without any clue as to the form of the leaf,
before the magnificent specimen on Pl. XI had come to light. Our attention was called
to it by & lady, who found it in a small concretion of white clay near the base of the
black clays, in the leaf-beds nearest to, and on the west side of Bournemouth Pier. The
other fragments were found in the same beds.

(?) Gleickeniacee.
Genus.—GLEICHENIA.
(Sub-genus.—MERTENSIA.)

GrricHENIA HanToNENsis (Wanklyn). Plate VI and Plate X, figs. 2, 3, 4.

MerTENSITES HANTONENSIS and M. CRENATA, Wanklyn. Annpals and Magazine of
Natural History, vol. iii, pl. i. 1869.

G. fronde gracili stipilata dichotoma ; stipite scandente ; cirrhis abbreviatis uncinatis ;
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rachs tenut ; pinnis oblongis ; pinnulis approzimatis patentibus, linearibus vel lanceolato-
oblongis, margine integerrimis vel crematis ; apice oblusis ; mervatione Pecopleridis vere ;
nervo primario e rachi angulo subacuto, rarius recto ezeunte, tenui, plus minusve flexuoso ;
nervis secundariis cum primario angulos acutos formantibus, abbreviatis, catadromss, furcatis,
rarius simplicibus; nmervis tertiariis caladromis, arcuatis, simplicibus, rarius furcatis,
snfimo lateris exterioris receptaculum punctiforme emittente. Soris singularibus vel duobus
rotundis, lobatis.

Middle Bagshot, Bournemouth.

The stipes and rachis are slender, and are always found associated with the remains of,
and sometimes attached to the pinnules The repeatedly dichotomosing character of the
stem is well seen in the specimen, Pl. VI, fig. 8, in which is also shown one of the young
buds produced at the forking of the larger stipes. The stipites were furnished with short,
hook-like tendrils. TFigs. 9 and 10 show these tendrils with remains of the rachis, and
fig. 11 with the attachnent to the stipes only. On this piece and at fig. 8 are spirally
rolled buds. The relative position of the tendrils and pinnz is shown on PI. X, fig. 2.
The remains of pinne, represented in PL VI, figs. 1, 2, 3, and 7, show them to have
been of an elongated, almost lanceolate shape, bearing linear or lanceolate pinnules of
unequal length. These are closely set, with crenate or entire margin and rounded apex.
The venation is that of Pecopteris vera. The midribs of the pinnules are sinuous and
relatively slender; they leave the rachis, which is itself slightly flexuous, at angles of 65°
to 80°, rarely either more acute or obtuse. The secondary veins leave the midrib in cata-
dromous order at the same angles as those formed by pinna and rachis, and are mostly
forked, rarely simple. The ternary veins are also catadromous and mostly simple. The
sori occur on one or both of the exterior venules of each group of veins. The sporangia
were deciduous, and arranged round a small, oval, punctiform receptacle. There are
visible six to eight impressions to each cluster, but only the bases of these are seen in
places where the leaf has chipped off.

The fossil form is distinguished from all existing Gleickenie by the possession of
tendrils or hooks, indicating & more pronounced creeping or climbing habit. With this
exception, however, it bears a close resemblance to two recent species, forming sections
of the sub-genus Mertensia, G. pectinata and G. dickotoma. The size and form of the
pinne, the branched and zigzag stipes, the buds occurring in the forks, the venation,
and the sori, are all similar. The resemblance is considerably heightened by the very
unequal lengths of the pinnules, even when side by side, and by the fact that only those
which are much longer than the rest are regularly crenated, as if the crenations were an
expression of luxuriant growth. Adiantoid bracts are sometimes developed at the
forkings, and these, being found associated with the fossil Gleickenia, had been thought
to indicate the presence of Adiantum.

G. pectinata, which it the more particularly resembles, is a native of tropical South
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America, where it is common ; and G. dickofoma, according to Hooker, is of * tropical and
subtropical regions, almost universal, in the New and in the Old Worlds, Pacific Islands,
and as far north as Japan.” A note by S. Hayes, in the British Museum Herbarium,
informs us that the former grows in extensive patches along the line of the Panama
Railway.

The genus Gleickenia appears to have reached its maximum development in Europe
in Pre-eocene or so-called Cretaceous times, and then to have died out or migrated, since
no species have been met with in the Miocene. Saporta has found similar fragments in
the gypsum of Aix,in Provence. Fragments are also met with at Aix-la-Chapelle, which
closely resemble it, but are stated by De Bey, after comparing specimens, to be all
more or less distinct.

The distribution of this Fern in England is almost limited to a thin band, only a few
inches thick, in the leaf-patch under the Highcliff Mansions at Bournemouth. In this
layer it was abundant, and numerous specimens were obtained by residents, in some of
whose collections they are still preserved. It was only after an interval of many years that
some small fragments were found last autumn, the result of extended digging in a
neighbouring patch. Its restricted distribution here should be taken into account in
generalising on the absence of Gleickenie in the Miocene of Europe.

The position in which the remains are found, overlying a marly bed, penetrated every-
where by its rootlets, seems to imply that it flourished in a considerable patch in a wet
clayey hollow. :

Mr. Wanklyn kindly lent the specimens figs. 1, 3, 4, 6, Pl. VI; Mr. Pender
figs. 2 and 5; and the Woodwardian Museum figs. 2, 8, 4, PL X.

ANEMIA SUBCRETACEA (Saporta). Plates VIII and IX.

ASPLENIUM SUBCRETACEUM, Saporta. Flor. Foss. Sézanne, Mém. Soc. Géol. France,
3e sér., vol. viii, p. 315, pl. xxiii, fig. 4. 1868.
GyYMNoGRAMMA HAYDENIN, Lesquereuz. U. S. Annual Report, 1871, p. 295 and
Tertiary Flora, U. 8. Geol. Survey of the
Territories, vol. vii, p. 59, pl. v, figs. 1—3.

1878. .

A. stipite dickotoma, fronde bi-tripinnata, pinnis ovafo-oblongis, pinnulis adnato-
sessilibus, subdecurrentibus lanceolatis vel lanceolato-linearibus, acuminatis, grosse dentatis
vel inciso-lobatis, lobis acutis integerrimis vel crenulatis; loborum nervatione more
Cyclopteridis simplicis equalis, nervis tenuissimis valde congestis, mediano viz prominente.

Middle Bagshot, Bournemouth.
The materials for the determination and description of this Fern are abundant and
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exceptionally well preserved. Pl IX, fig. 2, represents an almost perfect frond (unfor-
tunately reduced in the engraving to one fourth the natural size), in which there is a
double forking of the stipes and a tripinnate limb. The pinna are ovate in general out-
line, with sessile pinnules, almost decurrent at their base, as in Pl. VIII, fig. 1, or more
rarely, and in the lower part of the pinnz only, shortly stipitate (Pl IX, fig. 2). The
pinnules vary from broadly to linear lanceolate, and are very acuminate at the apex. The
margins are coarsely toothed, laciniate-dentate to lobed, the lobes being acute or crenulate.
The venation, magnified on Pl. VIII, figs. 8 and 4, is of the type of Cyclopteris simplex
equalis. There is either no midrib, as in the fig. 4 referred to, or it is faintly visible,
as in fig. 8, and the veins are very slender and close together. No traces of fertile pinnz
bave hitherto been met with.

The repeated forkings of the stipes and the type of venation point more to the genus
Anemia than to Asplenium, as dichotomy is characteristic of the Sekizeacew, and similar
forked branching occurs in Anemia, either in the stipes of the sterile fronds only, or in both
the fertile and sterile fronds.

Saporta and Heer do not agree in our determination, and the former has kindly stated
at some length his reasons for differing : they are, that no known living 4nemsa has so
lanceolated and attenuated a form, nor so coriaceous a texture ; and that each segment,
whether entire or subdivided, is attached directly to the rachis as a pinnule or pinna, and
is never either decurrent or confluent. Anemia, he thinks, is adiantoid in growth, and
has nothing in common with this Fern. On the other hand, he felt, when he described it
from Sézanne, extremely doubtful whether it should be placed with Asplenium ; and, these
doubts being now further confirmed, he has suggested® that, since it appears to be an
extinct form with doubtful affinities, a new genus, perhaps allied to Zbdea through
T. barbara, should be formed to receive it.

Dr. Stur, from an examination of the plates and a small specimen which I forwarded
to him, believed it to be an Osmunda. We cannot find, however, that any existing
Osmunda more closely resembles it than O. regalis, and this seems so unlike in general
growth that the data for placing it in that genus appear to us insufficient. Neither are
we able to consider it an Asplenium ; for, although many species of that genus resemble
it somewhat in their general free growth, cutting, and venation, yet no vestiges of the
sori, so abundant and persistent on the fronds of Asplenium, have ever been found in any
locality upon any of the great number of specimens examined. It seems almost certain
that the fertile pinne were separate ; and, as we have seen in the similar cases of Crysodsum
and Osmunda, therefore rarely, if ever, preserved. Notwithstanding that it does not agree
very closely with any existing species of 4nemia, the general form and dichotomy of the
frond, the venation, the length and strength of the stipes, the separation of the fertile and
barren pinne, have, after much consideration, induced us to place it in the genus Anemia.

In addition to the genera mentioned, it is also not unlike ZZyrsopterie and some

1 In letter.
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Davallie, but no known Fern resembles it so closely as Anemia adiantifolia,! Sw., an
inhabitant of Cuba, Bahamas, Florida, and Mexico to Bahia.

Saporta has kindly compared specimens from Bournemouth with those of Sézanne,
and writes respecting them, *“ Je n’hésite pas a déclarer qu’il s’agit d’une seule et méme
espéce.” Lesquereux, to whom we are much indebted, has also compared Bourne-
mouth specimens with those from the Eocene of North America, and has written, “ I do
not see any difference whatever.”

Asplenium Feersteri, Deb. and Ett., described in the ‘Urweltliche Acrobryen des
Kreidegebirges von Aachen,’ pl. ii, figs. 4, 7, 11, is also closely related to, if not
identical with, 4. swbcrefacea. De Bey sees in them a close resemblance, but not
identity. The specimens figured by Heer in the ¢ Kreide-Fl. der Arct.-Zone,’ p. 93,
pl. xxvi, fig. 1, as 4. Fersteri, seem to belong to quite a different species, and Dr.
De Bey writes that this and other identifications were made without any comparison
with his specimens.

This Fern is found more especially to the east of Bournemouth Pier, and
appears to have attained its greatest luxuriance when growing with Aroids and Conifers.
It decreases in size and abundance in the beds westward, towards Poole Harbour,
and at Branksea small pinne only are met with, such as are drawn on Pl IX, figs.
8 and 5. The specimen, pl. vi, fig. 6, ¢ Lignites of Bovey Tracey,” from Bovey, may
belong to this species. Heer is confident that he has seen it from Alum Bay, but it may
possibly have been erroneously labelled.

A fragment of this Fern, probably the one just alluded to, was named Asplenium
Martinsi by Heer, but not figured, and has been referred to in several subsequent
works.

() Schizeacee.

Lycopiom Kavrrussi, Heer. Plate VII, figs. 1, 3—8; Plate X, fig. 11.

LyaopiruM Kavrrussr, Heer. Flora of Skopau, Beitriige zur niher Kenntniss d. Sachs-
Thiiring. Braunkohle, p. 409, pl. viii, fig. 21; pl. ix,
fig. 1, 1861. .
—  NEUROPTEROIDES, Lesquereux. Annual Report U.S. Survey, 1870, p. 384;
' 1871, p. 284. Tertiary Flora, U.S.
Survey of the Territories, vol. vii, p. 61,
1878, pl. v, figs, 4—7; pl. vi, fig. 1.
ANeMia Kavurrussi, Heer; Crié. L’ouest de la France 2 1'’époque tertiaire, p. 22,
pl. , fig. 3, 1878.

1 Ett., ¢ Farnkrduter,” pl. clxxiii, figs. 7, 8.
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L. fronde fertili superne simpliciter, inferne bi-vel ternato-pinnata, pinnis simplicibus vel
bi-tripartitis, lacinsis integris, demtatis, fructiferis spicas lineari-oblongas compressas
obtusiusculas formans ; fronde sterili inequaliter bi-tri-quadri-partita vel simplice,
undulata ; lobis inequilongis, sub angulis aculis, variis divergentibus, e basi plus minusve
dilatata, elongato-lanceoldtis, apice obtusis; mervatione Cyclopteridis composite, nervis
primariis inequilongis subflexucsis; nmervis secundariis densis, sub angulis acutissimis
orsentibus, prominentibus tridichotom:s.

Middle Bagshot, Bournemouth.

The pinne in this species, as in most Zygodia, are variable, and may be entire
when little developed or cleft palmately into two, three, or four divisions. All these
forms are represented on Pl. VII, and might have occurred on the same plant. The
lobes are usually unequal, and diverge from each other at angles of from 30° to 60°.
They are narrow, lanceolate, sometimes very elongate, generally widened at the base,
where they are confluent, undulate, more or less acuminate, but sometimes obtuse at the
terminations. The venation, enlarged in fig. 6, is that of Cyclopteris composita. The
primary veins are divergent and curved from the base, sinuous, attenuated upwards,
excurrent or lost in the lamina (fig. 7). The secondary veins are close together, and given
off at acute angles of from 10° to 30°, thrice forked, and so sharply defined throughout
their whole course that their ramifications are discernible without the aid of a lens. The
lobes of the fertile pinnz are petiolated (Pl. X, fig. 11); in the upper part solitary or
undivided, but in the lower part two or three occur together or are twice or thrice
divided. The pinnules are linear, elongated, rather obtuse, and finely toothed on the
margin, and the rachides were not winged. A small fragment was figured by Heer
from the Eocene beds of Skopau. His enlargement is in form and venation identical
with ours, and they cannot be specifically separated, as was indeed first pointed out by
Heer' himself. A comparison, by Lesquereux, of actual specimens from Bournemouth
has shown, as appeared evident from the plates and description, that Z. neuropteroides
and the English species were one. Lesquereux says® that “it is positively identical.”
Dr. Crié also has found it in the Eocene ‘“ Grés de la Sarthe.” Other allied species,
L. parvifolium and L. exquisitum, have been found at Aix in Provence, and Count
Saporta informs us that the fertile fronds in these are identical with the British form.
Since pinnee are comparatively rare in all these widely separated localities we may infer
that Zygodium had a still greater geographical range in Eocene times.

The two fossils described by Watelet as Lggodsum, from the Paris Basin, belong to
one species, and this bears little resemblance to any belonging to that genus.

L. Kaulfussi appears nearly allied to the form described as Miocene. Heer, in his
¢ Tertidrflora der Schweiz,’ vol. i, pp. 41—43, distinguishes five species ; but, from the
figures, the propriety of giving them specific rank seems doubtful, especially in a Fern

1 In letter. 2 In letter.
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bearing fronds of such unequal size, and so variable that the number and angle of
divergence of the lobes differ strikingly in the same plant, while the primary veins may
also be either excurrent or merged, frée to the base or united. If the Swiss species are
united, it is seen that the British form differs from them in having, on the average,
considerably larger and longer, slightly undulating lobes. It also bore simple fronds,
none of which have been met with in the latter. The lobes in the former always
diverge at acute angles, whilst in the latter they frequently diverge at obtuse angles. In
the British form the venation is more pronounced and the veins more crowded together.
Count Saporta has met with one of these, L' Gaudini,in the Upper Oligocene of Céreste,
and has again found that the fertile fronds are identical with those of Bournemouth.
Another very similar form has been described in De Bey and Ettingshausen’s ‘ Kreide-
Flora von Aachen,’ from mere fragments. Lesquereux, in the ¢ U.S. Geol. Survey of the
Territories,” vol. vii, 1878, describes three other species, two of which, however, appear to
us to have been founded on scarcely sufficient material.

Among recent species, L. pa/matum, inhabiting Florida to Massachusets, bears the
closest resemblance to L. Kaulfussi, especially in the form of the fertile fronds. The
barren fronds of the fossil were much larger, and tapered to the base; yet no other
existing Zygodium has such a thin and sinuous mid-rib, nor precisely the same form of
fertile frond. It is remarkable, as Saporta has pointed out,' that all the fossil Zygodia
yet described are referable to the section of the genus now represented by the single
species L. palmatum.

L. Kaulfussi is found sparingly at Bournemouth, associated with dicotyledonous
leaves of forest trees ; more rarely in company with other Fern remains. It is occasion-
ally found in the leaf-beds under the High Cliff Hotel, but more generally in the beds at
the western termination of the Bournemouth Cliffs, near Poole Harbour. The bases of
the fronds are seldom preserved either in this or the Miocene form, whilst the ends of
the lobes are constantly doubled over, as if they were of soft consistence and could not
withstand maceration. The fertile fronds have not been met with associated with the
barren fronds, but were found under the High Cliff Mansions by Mr. A. Baldry, junior,
to whom we are indebted for the opportunity of figuring them.

(8) Osmundacee.

OsMUNDA LIGNITUM, Giebel (sp.). Plate IV, figs. 1—3.

PECOPTERIS LIGNITUM, P. CRASSINERVIS, P. LEUCOPETRE, P. ANGUSTA, Giebel. Zeit-
schrift fiir die gesammten Naturwissenschaften, vol. x,
pp. 303—307, pl, ii, 1857.

1 In letter.
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ASPIDIUM LIGNITUM, Heer. Beitr. Sichs.-Thiiring. Braunk., p. 424, pl. ix, figs. 2, 3,
1861.
DRYANDRA RIGIDA, Heer. Ib., p. 427, pl. x, fig. 15.
Asriprum MEYERI, Ludwig (non Heer). Palseontographica, vol. viii, p. 63, pl. xii, fig. 3,
1860.
PecopTERIS LIGNITUM, Heer. Lignites of Bovey Tracey, Phil. Trans., vol. clii, p. 1047,
pl. Iv, figs. 5 and 6 (not fig. 4) ; pl. lvi, figs. 2—11
(not fig. 1), 1861.
OsMUNDA GRUTSCHBEIBERI, Stur. Jahrbuch der k. k. Geol. Reichsanstalt, vol. xx,
4 p- 9, pl. ii, 1870.
—_ L1GNITUM, Heer. Ueber die Braunkohlen-Flora des Zsily-Thales, Jahrbuch
der k. Ungar. Geol. Anstalt., vol. ii, p. 9, pl. 1, figs.
2, 3, 1872. :

0. fronde pinnata, pinnis elongato-linearibus, subcoriacets, apice valde attenuatis et
acuminatis, basi breviter petiolatis, margine profunde inciso-serratis rarius remote
denticulatis vel basi undulatis ; nervatione Pecopteridis vere, nervo primario bast valido
prominente, subrecto, apicem versus atlenuato, indiviso; nervis secundariis numerosis,
angulis acutis egredientibus, plus minusve flezuosis sub apicibus loborum plerumgque
Jurcatis ; nervis tertiariis inferioribus furcatis sub angulis minus acutis orientibus, rarius
elongatis convergenti-arcuatis, sinum attingentibus ; nervis lertiariis superioribus sub
angulis acutissimis orientibus, s@pe simplicibus subcurvatis flezuosisve.

Middle Bagshot, Bournemouth and Bovey Tracey.

The pinnules are found in layers in some of the black clay beds both east and west of
the pier at Bournemouth. Whole slabs are often covered with these pinnules, which are
always detached. When first found they are perfectly preserved and of a substance like
coal, but on exposure to the air the leaves crack and dry up from the matrix in a few
moments, ard their preservation is difficult. Occasionally well-preserved pinnules are
also found in the Fern-beds under the Marine Beds ; elsewhere they are rare, and towards
Poole I have found but a solitary fragment. T'hey occur precisely as at Bovey, and are
equally associated with terminal buds of a Sequoia-like Conifer, rush-like leaves, and
spines of Cactus. Stur has figured a specimen with pinne attached, which he has
named O. Grufschreiberi ; and he has obliged us by stating that he still considers the
presence of a small basal expansion on the under-side of the pinna as of specific value.
In the ¢ Quarterly Journal of the Geological Society,” vol. xxvi, pl. 24, p. 349, Carruthers
described and figured a Fern-stem under the name of Osmundites Dowkers, from the
Thanet Sands, which was so beautifully preserved that even the starch granules were
replaced by silica and so preserved. It belonged to a larger species than O. regalis
(see p. 53).

The following corrections have, in our opinion, to be made in Prof. Heer’s descrip-
tion of Osmunda lignitum (Pecopteris, Heer), from the ¢ Lignites of Bovey Tracey.’

Pl.v, figs. 9,10, 11, ¢ Lignites of Bovey Tracey,’ represent circinate vernation, found as-
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sociated with abundant remains of Goniopleris stiriaca and Osmunda lignitum, and assumed
by Heer to belong to the latter (op. cit., p. 31), “as being the commonest >’ Fern. Nothing
of this nature has been met with at Bournemouth in beds in which the pinna of Osmunda
are alone massed together; but at La Rochette,' where Osmunda lignitum is absent and
Goniopleris stiriaca present, identical remains are found and described by Heer as
portions of the latter Fern.

Pl iv, figs. 4a, 5, 6, represent parts of the rachis of a Fern, but there is nothing to
support Prof. Heer’s idea that these belong to his Pecopteris lignitum (op. cit.,p. 30), as
no pinnules were found attached to them. Against his views we have the fact, that the.
rachis of Osmunda is rarely met with in the fossil state, and is easily recognised by the
deep scars left by the deciduous pinne, also that pinnea have never been found attached
under the conditions in which the Bovey and Bournemouth specimens are preserved ;
they have in fact but once been met with attached, and that under totally different condi-
tions of preservation.® Indeed, Prof. Heer’s own figures show them in closer juxta-
position with G. stiriaca, the pinna of which have everywhere been met with attached to
this kind of rachis. The enlarged fig. 6, pl. vi, is no portion of this Osmunda; but
(when reduced to its natural size) is seen to be a fragment of Anemia. Compare our
fig. 1, P1. VIIL.

PL vii, fig. 1, represents a fossil very abundant at Bovey, and of which specimens are
still preserved in the Museum at Jermyn Street. They are called by Heer * large rhizomes
quite covered with petioles” (op. cit., p. 81). We are assured, however, by Mr. Baker,
of the Kew Herbarium, associated with Sir W. Hooker in his ‘Synopsis Filicum,’
that, in his opinion, they are not even portions of any Ferns, but apparently more like
stems of the Australian Grass-trees; and in this view we entirely coincide. The rhizomes
with cicatricules, fig. 2, loc. cit., also do not appear to us to belong to Osmunda.

Perhaps the most remarkable, because completely unfounded, of the assertions which
Heer made regarding this Fern is to be found at pages 25 and 38, op. cit., where, only
because he fancied it might be an arborescent Hemifelia, and the pinn are abundant, he
states that its stems and those of Sequoia  certainly contribute the greatest amount of
lignite,” and ““in the shade of the forest throve numerous Ferns, one species of which
(P. lignitum) seems to have formed trees of imposing grandeur.” The facts, however,
as far as we know them, are that no vestiges of stems of Tree-ferns have ever been found
at Bovey or in any British Eocene bed; while Tree-ferns in their native habitats, as in
Australia, seem to form a mere undergrowth to trees which are really of imposing
grandgur.

It is strange that in each case in which Heer has figured this Fern he has permitted
the lithographer to make the leaf an impossible one, by colouring the outer pair of veins

1 Heer, ‘Flor. Tert. Helv.,” vol. i, p. 82, pl. viii, fig. 7. ? ¢ Lignites of Bovey Tracey.’
3 See reference to O. Grutackreiberi, Stur, in list of synonyms The original specimen is in the
Imperial Geological Institute at Vienna.
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as if they were the margins of the leaf; for example, ¢ Lignites of Bovey,’ pl. vi, fig. 2,
‘ Flora of Skopau,’ pl. ix, figs. 24, 2, 3 ; “Flora des Zsilythales,’ pl. i, figs. 2, 3; and in
each case he has given it a different name. We find it described by him as Aspidium,
Pecopteris (in the belief that it was a Hemitelia), Dryandra, and Osmunda. The last
name did not appear in his works until two years after its true affinity was pointed
out by Stur; and yet it so exactly resembles the wide-spread and well-known
O. javanica that not even a good specific distinction can be pointed out. It might,

F16. 22.—Dryandra rigida, Heer Fia. 23.—Aspidium lignitum, Heer F1e. 24.—Osmunda lignitum
(Skopau). Skopau). (Bournemouth).

perhaps, have been thought that the invariable absence of any traces of spores on the
pinne would at least have directed his attention more especially to those genera which
have fructification like Osmunda. When determining the Bovey plants Prof. Heer
““sought in vain for sori amongst many hundreds of pinnules,” and hesitated to name it
Hemitelia, “ till the fruits are found, which certainly will be soon” (p. 31).

In the ¢ Flora Fossilis Arctica’ Heer compares a fragment named by him Pecopferis
Torellii with this Fern ; but the two do not at all resemble each other.

This fossil Osmunda appears to have been simply pinnate, the barren pinne cuneate
at the base, slightly stalked, with sharply-toothed margin, and of almost coriaceous
texture.

It has been frequently described, for it is met with in many localities of France and
Germany, from the Tongrian and Aquitanian stages. It was not a Miocene Fern in
Europe, so far as we know at present, but was essentially characteristic of the Middle
Eocene and Oligocene. Notwithstanding its great abundance, fertile pinna have not been
remarked, and only in one instance (0. Grutschreiber?) have the pinnz been found attached
to the rachis.

A separate specific name appears almost superfluous, for the fossil species so closely
resembles some of the forms of Osmunda javanica, Blume, as to be indistinguishable. In
the latter the pinna are petiolated, and very readily become detached, leaving a pit-like
scar on the stem, and this structural character, rare in Osmunda, seems to account satis-
factorily for the detached state in which the fossil pinna have been found. The fertile
pinne in the living plant are made up of numerous sessile clusters of too dense a nature,
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perhaps, to preserve any distinct form if fossil. 0. javanica ranges from Kamschatka to
Java and Ceylon, and is described by the Rev. C. P. Parish as a magnificent plant,
similar to Cycas in growth.!

‘OsMUNDITES DowkERI1, Carruthers.

OsMUNDITES DOWKERI, Carruthers. Quart. Journ. Geol. Soc., vol. xxvi, p. 349, pls.
: xxiv, xxv, 1870.
—_— —_ —_— Geol. Mag., vol. ix, p. §2, 1872.

Thanet Sands, Kent.

This species is based upon a portion of a stem found at Herne Bay, and is admitted
to have been derived from the Thanet Sands. The whole of the tissues are replaced by
silica, so that the cells and vessels, and even the starch granules, which abound in the
parenchyma of Ferns, are exquisitely preserved. The structure, minutely described by
Mr. Carruthers, is seen to agree with similar portions of the stem of O. regalis, which are
figored by him for comparison. The fossil has been a larger plant than our recent
O. regalis. In discussing the paper Mr. Etheridge mentioned the discovery of fossil Fern
stems of somewhat similar character at Bromsgrove.

Preris (?) PrestwicHn, E#. and Gard. Plate X, fig. 8.

P. pinnis elongatis lanceolato-linearibus, margine integerrimis, nervatione Neuro-
pleridis acrostichacee, nervo primario prominente, apicem versus sensim attenuato ; nervis
secundariis sub angulis acutis orientibus, valde approximatis, bi- vel trifurcatis, ramis inter
se parallelis, cum nervo primario angulum acutum formantibus.

Woolwich and Reading Beds, Counter Hill, near Lewisham.

Our illustration is copied from that given by Professor Prestwich in the ¢ Quart.
Journ. Geol. Soc.,” vol. x, p. 156, pl. iii, fig. 6. We have not been able to ascertain
that any of the original specimens are now preserved. Prestwich describes it as * one of
the recent discoveries by the Rev. Mr. De la Condamine at Counter Hill. This Fern is
probably’ an Asplenium ; the leaflets occur in some numbers, and are associated with
fragments of monocotyledonous leaves, . . . and onme or more dicotyledonous
leaves”” (p. 156).

There is no particular reason to suppose it to be a Pferis; but in the absence of
contradictory generic characters we have thought it convenient to consider it as belonging

1 See a sketch in the Kew Herbarium.
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to that genus, especially as it seems to differ but slightly from Pleris pennaformis, Heer,
P. pseudopennczformis, Lesquereux, and other Eocene Ferns. .

The specimens figured by Heer in the ¢ Flora Tert. Helvetica,” vol. i, as P. Parschlu-
giana, P. pennaformis, and P. Gaudini, belong, with perhaps one exception, to a single
species. He only separates them on account of the occasionally twice-forking veins and
the slightly-toothed margin of the latter. Both characters, however, are seen to be shared
by P. pennaformis, the first in pl. xii, fig. 1 ¢, and the second in fig. 16. P. Gaudins
is also identical, and the species is described merely o a rather smaller pinna. Fig. 2 a
seems to be an entirely different form.

Preris (?) Hookkri, Heer (sp).

r Pecorreris Hookkri, Heer. Lignites of Bovey Tracey,
p. 33, pl. vii, fig. 3, 1863.

P. pinnis elongato-lanceolatis, tenue-serratis; nervatione Ale-
thopteridis genuine, nervo primario tenui, nervis secundariis angulo
acutissimo orientibus, ramss elongatis.

Middle Bagshot, Bovey Tracey.

The drawing reproduced is from the original study by Mr.
Fitch, which is not, as stated by Heer, of the natural size, but
/ enlarged two or three times. The specimen itself was lost before
Heer described it, but Mr. Fitch’s experience and reputation in
delineating Ferns is so great that the accuracy of his drawing
cannot be questioned. It slightly resembles portions of the Pteris
~ L Focenica of Bournemouth ; and approaches, both in its venation
r‘&ﬁ'ﬁff&’;‘;‘w and serration, the apices of pinnules of a number of existing

species of Pteris, as well as of other Ferns.

.

(1) Marattiacee.
Mararria Hookeri, Z¢t. and Gard. Plate XI1I, figs. 1—17.

M. fronde quadri- (?) pinnatifida, submembranacea, rkackide anguste alata, wﬁnentis
oblique oblongts parce dentatis ; nervatione Craspedopleridis, nervo primarto e rhackide
angulo acuto oriente, tenui, nervis secundariis paucis tenuissimis, vix distinctis.
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Lower Bagshot, Alum Bay.
This species appears to have been closely allied to the existing Marattia Kaulfussii,
J. Smith ; and its fronds were probably, as in the recent species, tri-quadripinnatifid, and
of large size. Although the pinnules figured are fragmentary and
mostly detached, this condition appears to have resulted mainly from
the accidents of collection. The pinnules are lanceolate and profoundly
«pinnatifid. The segments are obliquely lanceolate, largest on the upper

side next the rachis, and with acuminated apex; toothed towards the

base of the pinnules, becoming simple and finally confluent at their apex.

The rachis is slender and very distinctly winged. The texture seems

to have been herbaceous to membranaceous. The primary veins of the

segments are sharply defined and distinct to the apex, but the secon-

dary veins are very indistinct, and only traceable on one specimen

(figs. 4 and 4 a), in which they seem to be few, simple, slightly curved,

forming an obtuse angle with the mid-rib, and terminating in the

marginal teeth; and on another (fig. 6, 6 @), from apparently a basal

pinnule, in which they are seen to be more complex. In the existing . ,c  rorarsia
species the synangia are situated on the secondary veins of the seg- Kavifusrii.
ments, not easily removed, and leave behind them the basal part of the short stalk
by which they are attached. No trace of even this attachment, however, is discernible
in the fossils, except in one instance where there is an appearance of the synangia themselves
being preserved (fig. 6). The fragment, barely two centimétres in length (Pl. XII,
fig. 7), presents greater decurrence in the segments, and might on this account have
been considered separate, but that this character is seen to an even greater extent in the
ends of the pinnules of M. Kaulfussii.

Marattia Kaulfussii is the only species belonging to the group Fupodium, separated
on account of its short-stalked synangia without an involucre. Its fronds measure
three to four feet in length. It inhabits the West Indies and Columbia to Ecuador and
Rio Janeiro. M. Hookeri is distinguishable by its more elegant and slender pinnules,
the more sharply lanceolate and less deeply toothed segments, and less amply winged
rachis, resembling in these respects, very closely, the young fronds of the existing species
with which it is compared.

No fossil Fern distinctly belonging to Marattia had previously been described.

M. Hookers seems not to have been rare at Alum Bay, but it had been overlooked in
collections owing to its superficial resemblance to Conifers with which it had been found
associated. There is now but little hope that better specimens will be obtained from the
locality.

FILICES INCERTAR SEDIS.

I. The specimen figured in Pl. II, fig. 6, presents no sufficient characters for
9
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determination. It is apparently an oval leaf, sessile on a stem, something like Pola-
mogeton. The venation is * Cyclopteris,” and therefore cannot be that of a Monocotyledon,
and, although obscure, is seen to be converging, and the veins may have been united to
the stalk. In one place, near the base, a distinct forking is seen. Heer regards it as
referable to Alisma or Potamogeton.

II. A fragment of a leaf (fig. 27), from Reading was figured, together with others,

by Professor Prestwich, in the ¢ Quart. Journ. Geol. Soc.,’ vol. x,

pl. iv, fig. 11. Sir Joseph Hooker, who examined it, remarks (op.

cit., p. 166) that it resembled a fragment of a Fern frond, * but

equally well represents a portion of the pinnatifid leaf of a

composite or umbelliferous plant, and may, indeed, be referred

to very many other natural orders.” . Leaves of composite or umbel-

liferous plants, however, are not met with in the Eocenes, while Ferns

are seldom absent from any assemblage of their vegetable remains;

since, therefore, the form closely approaches to that of some Ferns, as

B ead afeey Asplenium dimorphum, &c., it seems most probable that its place is

foure, | c™et*  among them. It bears a resemblance to forms, from the supposed
Cretaceous rocks of Greenland, described by Heer as Jeanpaulia.

III. PL X, fig. 7, represents the only fragment of Fern yet found at Bromley. It
might be placed in Aspidium or Gleickenia, and there are fossil forms figured in Heer's
¢ Arctic Floras’ with which it could possibly be united.

IV. There are, in addition to the Ferns described above, indications of a variety of
other forms from Bournemouth, which we have thought too uncertain or fragmentary
to be worth including in our descriptions. Three of these appear to be Polypodia,
one recalling P. serpens and another P. bifrons.

Perhaps the most striking fact brought to light during the progress of our work thus
far,is the identity, or at least similarity, of the majority of our British Eocene Ferns with
those of other fossil floras containing dicotyledons, already described from Europe or
America. All of them are well represented elsewhere, with the exception principally
of our group of Phymatodes, Hewardia, and Maraftia. This, and other facts con-
nected with them, will be best brought out by tabulating them according to Sir W.
Hooker’s classification (omitting, however, all those about whose determination we feel
any degree of doubt), and uniting with them their fossil allies. Although each of the
groups so composed only comprises forms which might apparently be united, since they
seem to come within the limits of variation seen in analogous species of existing Ferns,
yet it is most desirable to retain all specific names which mark constant differences. Not
only may these become of the greatest value in determining the relative ages of fossil
floras in the absence of stratigraphical evidence, but by a due appreciation of the slight,
but progressive changes in what must, in a broad sense, be considered as the same species
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of plant, we may hope to trace its life-history. Thus, it can scarcely be doubted that we
are already in possession of a series of modifications of the species of Zygodium now
represented by Z. palmatum, a form so distinct at the present day that it is the only type
of one section of the genus, and the history of which, traced back to pre-Eocene times, is
marked by slight but frequent modifications in the form of the barren fronds, while the
fertile fronds have remained almost unchanged.®* On the other hand we see, for example,
that hardly any modification bas taken place in Chrysodium aureum, and none is
perceptible in Osmunda Javanica since Eocene times.

TABLE OF THE MORE DISTINCTIVE OF THE BRITISH EOCENE FERNS, WITH THEIR
NEAREST FOSSIL AND EXISTING ALLIES, ARRANGED ACCORDING TO SIR W.
HOOKER'S CLASSIFICATION.

In Eumors.

f; e
< : o
: i
= % |Z% | Range of nearest existing representative
g . = (for details, consult Hooker’s ¢ Synopsis
8 H — Filicum.’)
§ § < o
s 8 f|el:
g T 5 8|8
Sus-orpER I = © =2lRAm
GLEICHENIACEZ.
G HGetnm Gleichenia. S S ( G. dichotoma, Tropics of Eastern
t G. Haotonepais . . . U and Western hemispheres.
Sus-orpER II.
POLYPODIACEZ.
Tribe VI, PrERIDEE.
Genus ddiantum. A. capillus-veneris, Sub-tropical and
A. apalophyllum R 8. temperate regions of Eastern
Sub-genus Hewardia. and Western hemispheres.
HH. regia ) . . S H. Wilsoni, Tropics of Western

( hbemisphere.
Genus Pteris.
P. eocenica. (P. Gaudmx, Heer,

Osmunda (?) eocenica, Sap., perate regions of Eastern and

{P. cretica, Sub-tropical and 8. tem-
) . } Western hemispheres.
P.Bournensis. (P Aquenm, Sap.,) | 4 P. aquilina, Northern and temperate
P. (Eningensis, Ung., and} R — g to tropical regions of Eastern and

very many others) . Western hemispheres.

Tribe VII, BLECHNER.

Genus Woodwardia.

* W. Reessneriana, Ung. (This,

although not a British fossil,

is tabulated in place of the

more doubtful W. venosa) .
Tribe XI, PoLYPODI1Z.
Sub-genus Goniopteris.
* G.Bunburyi. (G.polypodioides, G. diversifolium, Tropics of Western
G. (Eningense, A. Braun, &c. )} hemisphere.

s 5 ( W. radicans, sub-tropics, Eastern

............

and Western hemisphere.

® We are indebted to Count Saporta for information concerning the fertile fronds.
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Ix Eusork. dle.
: i [E%
z L
5 : Z e Range of nearest existing representative
g . - (for details, consult Hooker’s ¢ Synopais
] g Filicam.”)
é = g g ?
SRR
]S 8 8 §|m|m . .
@. Stiriaca. (G. Dalmatica, and ? {G. proliferum, Tropics of Eastern
many others) . hemisphere.
Sub-genus Phymatodec p T ‘W
. geminatum, Tropics of Western
*t P. polypodioides . . . _ { hgemisphere. P
Tribe X111, ACROSTICHEE.
Sub-genus Chrysodium. .
* O. Lanzeanum {C. aureum, Tropics of Eastern and
: T Western hemispheres.
Sus-orper III.
OSMUNDACEZ.
Genus Osmunda.
*

0. gee‘;')'bg:f‘::’ (geg:,t‘ogcus O. regalis, t‘Al;ct:io to l;b-‘:’ropieal
Tubulated ss British () —|] resions of Enstern and Western
through O. Dowkeri. . 0.3 p T' s . of B
- . Javanica, Tropics, &c., of Eastern

* 0. lignitum . . . { hemisphere. P
Sus-orper IV.
SCHIZZEACEA.
Genus Anemia.
A.subcretacea. (A. Foersteri, Deb. A. adiantifolia, Sub-tropics, &c., of
&Ew) . . . 5| { Western hemisphere.
Genus Lygodium.
L. Kaulfussi. (L. Gaudini, Heer, 3 4 L. palmatum, Sub-tropics, Western
L. exquisetum, Sap., &c.) .| 77 { hemisphere.
SusB-orDER V.
MARATTIACEZ.
Genus Marattia.
M. Hookeri . {M. Kaulfussii, Tropics of Western
’ : ) : : hemisphere.

* Bignifies that the form is almost specifically indistinguishable from existing species. + Indicates
that the fossil species has only been met with in England. ... That the form is represented by a less
closely allied species. 1, 2, 3, are Aix-la-Chapelle species. 4, L. Kargii, Heer, of Oeningen. 5, W.
latiloba, Lesg. 6, W. venosa. The allied species are enclosed in ( ).

The above table comprises fifteen species, which have been described from such exceptionally ample
and well-preserved specimens that it seems unlikely that doubt can arise respecting the accuracy of their
determination. The list might have been extended, yet even as it stands no striking group is omitted
except the Tree-ferns of Sézanne, and it is thus remarkable that nearly all the distinctive forms and those
of most value for comparison should belong to our British Eocene flora. Compared with the total number
of existing Ferns they appear very few ; yet, contrasted with the present fern-flora of North America,
which contains but fifty species, with that of Europe, which possesses but sixty, or still more so with
that of Great Britain, which has but thirty-six, their number does not appear insignificant.
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The preceding table® is full of suggestive interest and contains new evidence bearing -

upon questions of the highest physical importance.

In conclusion the principal types are recapitulated, in order to include details of
distribution and relationship to other recent and fossil Ferns omitted in the specific
descriptions. o

1. GrricEENIA HANTONENSIS, Wanklyn. (Page 43.)

The only Gleickenia yet met with in the Eocene closely resembles G. dickotoma, the
sole existing representative of a well-defined subsection of the genus. The agreement
between them is striking, and extends to some minute details ; thus, the primary veins
are grouped and divided identically, the sori are identical in form, and, like in G. dicko-
toma, although usually situated on the upper or left hand secondary vein only, some-
times occur on both the secondary veins. This duplication of the normal single sorus to
each primary vein characterises De Bey and Ettingshausen’s genus Didymosorus, a
genus which can hardly now be sustained since G. dickofoma has sometimes more than one
sorus to each primary vein. From the very fragmentary condition of the few specimens
figured by De Bey and Ettingshausen, it cannot yet be said that the possession of two
sori to each primary vein is a constant character. But were the fixity of this character
apparent there might now be hesitation in attaching specific value to it. The stipes,
rachis, and even the leaves in vernation were glabrous.

Specimens of Gleickenta dickotoma from Sydney and East Australia appear less rigid
and more membranous in character than those from elsewhere, and the Eocene species

1 We have but to consider the almost complete absence of any records of other herbaceous plants, the
difficulty with which mountain species, which form a large proportion of fern-floras, or species with such
habits as Ophioglossum, Asplenium ruta-muraria, A. Ceterack, &c., could find their way into these deposits,
to realise that we are probably only acquainted with those ferns whose habits favoured their preservation.

Bat as nearly the whole of them have been found at Bournemouth, almost on one spot, and as
repeated search has brought no new forms to light, there can be little doubt but that we possess a nearly
complete knowledge of the Eocene lowland forest fern-flora of at least this locality, and probably no existing
area would furnish a greater variety of types under similar conditions. Although, therefore, the number is
emall compared to other orders of plants, we cannot help believing the fern-flora to have been extremely
rich, considering, as we have said, the complete absence of genera even as cosmopolitan as Asplenium, whose
habits are less favorable to preservation.

The British and foreign Ferns provisionally placed together in this table were united, in some cases,
from a comparison of illustrations and descriptions only, and the grouping is therefore to a certain extent
but an indication of useful work still to be carried out.

10
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seems more closely to agree with them in this, as well as in the undulation and frequent
crenation of the margin of the longer pinnules.

In spite-of so many points of resemblance the specific difference between the fossil and
its existing ally is extremely well marked. The fossil form appears to have possessed
a longer and more repeatedly branching stem. In the recent form the.pinnee are
dichotomous, and, as I interpret the fossil species, it also was dichotomous, for the hook
or short tendril at the base of the single pinna represents the aborted second pinna
converted into this singular form. This highly specialised condition may have been
induced by the comparative length and weakness of the rachis, the want of rigidity in
which is indicated in the fossil by the somewhat sinuous midribs of the pinnee.

Fre. 28.—Habit of Gleickenia Hantonensis restored.

The conversion of these pinnee into tendril-like supports appears to have been
compensated by the former development of the now rudimentary buds, always present
between the forking of the stem, into a third pinna or smaller pair of pinne.! With the
disappearance of the tendrils in the existing plant this central bud has ceased to expand,
or exceptionally becomes a barren adiantoid bract. PL VI, fig. 3, may represent one of
the simple pinne from the base of the forked branches, characteristic of the section of
G. dichotoma. The position of these in the existing plant is shown in fig. 28.

Remains of this fern were formerly so abundant at Bournemouth that it is to be

1 The restoration shows a pair of terminal pinnee, taken from Plate X, fig. 2.
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regretted that no collector should have secured specimens exhibiting its growth in a
more satisfactory manner. Remains of forked stems, 3 to 5 mm. in width, associated
with the pinne, are doubtless the thicker parts of the rachis, and show that these and
the fronds were of large size.

This description, although differing in some respects from the former one, is, I
believe, more correct, being based upon a larger number of fragments.

G. dickotoma is almost universally distributed in Tropical and sub-Tropical regions,
but varies much in habit. The characters given above and the glabrous leaves in
vernation and the stipes bring the fossil more distinctly near to the Australian than to any
other of the representative types of the species.

Although rare or absent in the Eocenes, Gleickenias are abundant in the supposed
Neocomian and Upper Cretaceous rocks of Greenland. Heer has separated the
fragments into sixteen species, although the greater part, when compared with G. glauca,!
their nearest existing representative, seem to come well within the limits of variation of
that species at the present day, even if specimens from one locality only are examined.
The presence of the genus in these high latitudes is repeatedly alluded to by Heer as
indicating a former approach to a tropical climate in the Arctic regions. Yet Gleickenias
now flourish in the rigorous climates of the Magellan and Falkland Isles, S. lat. 53°,
which have an isotherm of 45° and are also found on the mountains of Tasmania and on
the Andes at an altitade of 10,000 feet, which Humboldt places at the level of gentians
and near the limit of arborescent vegetation. It is instructive to notice that while the
fossil Gleickenia of the Eocene of our latitude has its nearest ally in the distinctly tropical
G. dickoloma, the living representative of all the Arctic forms should be the only one
still ranging into the northern temperate regions in China and Japan.

2. ADIANTUM APALOPHYLLUM, Saporfa. (Page 42.)

The British fossil examples are detached pinne of small size, like those found at
Sézanne, but preserving in some instances the arrangement of the sori. They differ from
the existing European species in the linear instead of obversely reniform arrangement of
the sori, and in being dimidiate, yet no species bears a greater general resemblance to them
than 4. Capillus-Veneris. A. formosum, from the Arctic Neocomian, supposed by Heer to
be an Adiantum with small simple reniform fronds, has the stem and appearance of one of
the Ginkgos, which are everywhere characteristic of the secondary rocks in those regions,
nor was anything advanced to support his view. No certain 4diantum is known from
the Polar Tertiary flora, and but mere indications of it from the Miocenes of Europe. The
Oligocene of Armissan has, however, yielded a portion of a frond with nearly fifty cuneate

1 G. longissima, Hooker, ¢ Synop. Filicum.’
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segments, bordered along their upper margin with sori, which Saporta sees reason to refer
to Lindsaya.!

8. HewaRrDIA REGIA, Elf. & Gard. (Page 42.)

This is perhaps the most remarkable form ohtained from Bournemouth, and is quite
distinct from any other Eocene Fern. The largest specimen measures 5 inches across,
and is probably an entire frond. The only existing Fern resembling it is Hewardia
Wilsoni, from Guatemala, belonging to a section of Adianfum characterised by anasto-
mosing venation. There are but four species of Hewardia known, all of them almost
peculiar to the Equatorial and Central America. The fossil differs enough, however,
from even its nearest known ally to entitle it to be considered an extinct type.

4. PrERIs ROCENICA, Fit. & Gard. (Page 32.)

This form, widely spread in beds of Tertiary age, in the temperate regions of Europe
and America, resembles Pferis cretica and other existing allied forms of Pferis. Fossils
from other localities falling into this group have received many separate names upon such
characters as the toothing of the margin and the angle and forking of the veins,’ yet
may possibly belong even to the same species.

P. eocenica is, perhaps, the best type of the species, which should, under whatever
name, include all the forms with pinna, whether entire or toothed, which have veins
running for the most part at a rather obtuse angle with the midrib, simple to twice-

forked, and not too crowded together., Other distinct Tertiary species are known, such as
P. gladifolia of Ludwig, with extremely closely-set parallel veins, resembling P. pellucida
of the Philippines, but the group needs revision. No examples, it is important to notice,
of this type seem ever to have existed in any Arctic fiors, although they are so abundant
everywhere in the beds approximating to the same ages in temperate zones.

1 Gervais, ‘ Mém. de I'Acad. de Montpellier,’ vol. v, p. 311, pl. x, fig. 1.

$ In the ‘Flora Tert. Helvetica’ the same form appears as P. parschlugiana, P. Gaudini, and
P. pennzformis, the first being separated on account of its occasionally twice-forked veins, notwith-
standing that the figure of P. penneformis has also twice-forked veins, and because its pinne
are partially denticulated. The value of the second specific character is shown by the fact that,
while in China and Japan, P. cretica is generally deeply toothed, it is found in many other regions with
a perfectly smooth margin. P. Gaudini is only separated because it is somewhat smaller. There are
many other forms which, judging by the published illustrations and descriptions, may possibly have to be
included, such, for instance, as Osmunda eocenica.
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5. Preris Bournensis, Eit. & Gard. (Page 38.)

This is rather an unsatisfactory species, and should be included with a large number
of other so-called species from the Tertiaries. These forms when united would be an
even more extensive group than the last, and, unlike it, are met with fossil in the far north.
It seems to figure under at least five names in the ¢ Flora Helvetica,’ and is almost equally
well represented in Austria and France. By omitting a trifling character, Heer unites
a specimen from Atane with one of the Swiss forms. The living P. aguslina, to which
it is allied, is found, not only in all temperate zones and in the Tropics, but, like the
fossil, passes into the Arctic Circle. Owing to the variability of the pinnee the living
Fern also has an extensive synonomy.

6. WooDWARDIA ? VENOSA. Elf. & Gard. (Page 41.)

The British fossil species is founded upon a small fragment, barely sufficient to show
that, if truly belonging to Woodwardia, it differs completely from the better-known
fossil form and falls into the group of Zorinseria, Pres., of which . areolata, Moore, a
native of the United States, from Massachusetts to Florida, and #. Harlandis, Hk., from
Honkong, are the only existing types. Unger’s Aquitanian species, #. Ressneriana,
from Austria and Switzerland, is known from fine specimens with venation and sori
beautifully preserved, and, together with very similar forms from the Lignitic Eocene of
America, belong to the monotypic group of Euwoodwardia. They agree almost precisely
with W#. radicans, which still inhabits Southern Europe, Northern India, Java, Japan,
California, Mexico, and Guatemala. The same species has been found in the Pliocene of
Meximieux and in the Quarternary of Madeira. Woodwardites arcticus, of Heer, from
Greenland, is transferred to Onoclea (page 68).

7. GoniopTERris Bunsuril, Heer. (Page 88, under name PEEGOPTERIS.)

This species represents a type which appeared in Europe in the Middle Eocene, and
survived until the Miocenes,’ but has not yet been met with in any of the Arctic or
American fossil floras. It is distinguished from the next and far commoner type by its
angulated and much anastomosing yeins. It apparently closely approaches some of the
varieties of G. diversifolium and G. tetragonum, of Brazil, but the persistent absence of sori

1 G. polypodioides and G. Oeningense appear identical with it.
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renders it more probable that it may belong to' Strutkiopsis, a section of Onoclea, with
similar venation, in which the fertile fronds are separate and of a kind not easily
preserved. The venation is also met with in Acrostickum and Nephrodium, one species
of the latter, N. amboinense, resembling the fossil almost as much as the Goniopteris
mentioned.

8. GONIOPTERIS STIRIACA, Unger. (Page 89.)

This and a number of similar species, most of which need not have been separated,
are distinguished by their pinnatifid or distinctly crenate pinne, and by curved, instead,
as in the former species, of angular, secondary veins. In the Bovey and some other
instances all the secondary veins anastomose, in others fewer, or the lower pair only.
The attachment of the pinnee to the rachis and the sori to the pinna is remarkably con-
stant, even in small fragments. In England it has only been collected at Bovey Tracey,’
but in Switzerland, Austria, Italy, France, and America, numerous specimens have been
found and sometimes described as distinct species. On the other hand, it may be doubted
whether the specimens from the extreme north, as Cape Lyell and Atanekerdluk, are
really the same.

The venation is of a type common to many genera among Ferns, and, like that of
G. Bunburii, occurs in Aecrostichum and Nephrodium, but in the present case the
arrangement of the sori lends support to our determination. Unger considered that it
most resembled G. proliferum, but there are species which even more nearly approach it,
and the form and venation recur in several genera.

9. PHYMATODES POLYPODIOIDES, Zi#t. & Gard. (Page 29, under genus PopoLoma, Eit.)

No Polypodium with reticulated venation has previously been met with fossil in such
excellent preservation. It is strictly confined at Bournemouth to a local bed, in which
the pinne abound, lying flat and in layers, having been articulated and deciduous. They
so resemble dicotyledonous leaves as to have induced some scepticism with regard to
their classification, but comparison with existing Ferns, especially with those indigenous
to Tropical America, such as P. geminatum, P. stigmaticum, P. lycopodioides, and
P. persicariefolium, places its position beyond all reasonable doubt, and also shows the
genus Podoloma to be unnecessary. It appeared especially remarkable from the fact
that the reticulations converge round the sori (Pl. XII, fig. 10), but an examination

1 The same species may be represented at Bournemouth by the pinna described as Phegopteris pre-
cuspidata.
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of the upper surfaces of the fronds above the sori of P. geminatum and the other species
named, shows that this peculiarity is shared by them in an identical manner. Intextare
and every other comparable character they are the same. Only slight traces of this group
have been met with elsewhere. The form named Glossocklamys appears also, from more
perfect specimens (Pl. XII, figs. 8, 8 a), to be an Acrostickum, allied perhaps to 4. Pres-
lianum, Hk., A. variabile, Hk., and 4. nicotianafolium, Swz.

10. Curysopiusm LaNzzanuy, Visiani. (Page 26.)

The species i3 ane of the most distinctly characterised of all the Eocene Ferns, and
50 closely resembles C. gureum as to be indistinguishable from it, except that in luxuriant -
fronds from the Middle Eocene the pinne are sometimes more decurrent than has been
observed in the living species. It has been found abundantly in the Lower, Middle, and
Upper Eocenes, or Oligocene in England, and in similar beds in France and Austria.
The existing species is spread over almost the whole coasts of the Tropical and sub-
Tropical World and prefers sea air. The pinnules seem to decrease in size from Lower
to Upper Eocene, but no good specific distinction is apparent.'

11. Osmunpa Heern, Gaudin. (Page 63.)

This species may be said to be almost indistinguishable from O. regalis. It has not
been found fossil in England unless Osmundites Dowkeri, from the Thanet Sands, be its
stem. It appears as early as in the supposed Neocomian Komeschichten of Greenland, as
O. petiolata, and may probably be united with Ferns of even older rocks. It next
occurs in the supposed Upper Cretaceous of Atanekerdluk, as O. Heeris and O. Ober-
giana?® 1t has also been found in the Eocene Lignitic of America, the Aquitanian of
Switzerland, the supposed Miocene of Manchuria and Greenland (?), and the Quartenary
of Madeira.

1 The late M. Watelet’s collection from the Grés du Soissonnais having come into my possession,
I am able to state that Lygodium crassicostatum, Wat., and L. capillare, Wat., figured, Plate xiii,
“ Plantes foss. du Bassin de Paris,’ appear to be merely fragments of C. Lanzeanum. The indistinctness of
the specimens, which are in a coarsely-grained matrix, and the possession of a dried frond of a Lygodium
with anastomosing venation and somewhat similar outline, doubtless led to their otherwise unaccountable
reference to that genus. .

3 There seems a possibility, from the figures and descriptions published by Heer, that Asplenium
Boreyana, A. Nordstremi, and Pecopteris Pfafiana, may be but a smaller variety of it, since the only
supposed marks of sori mentioned among any of the latter were found on a single small specimen, aud
stated to be very indistinct.
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- The present range of O. regalis is from Sweden to Siberia, Japan, Azores, Bombay, -
Cochin, Hong-kong, Africa, and from Canada to Rio. Unlike O. javanica, the fronds of
O. regalis attain their greatest luxuriance in moist, temperate regions, such as Ireland,
and decrease in size towards the Tropics. Its absence from our Eocene beds (except
possibly from the Thanet Sands) is very significant.

12. OsMUNDA LiGNITUM, Giebel. (Page 49.)

This is a species of somewhat limited vertical range common in the Middle Eocenes
of Central Europe, France, and England, where specimens have been found in profusion.
It is indistinguishable by any specific character from the existing O. javanica, and the
expediency of giving it a separate name is very doubtful.

Osmunda javanica is a magnificent species inhabiting the East Coast of Asia, from
Kamschatka to Java and Sumatra; more than sixty degrees. It attains in the latter
countries a luxuriance unknown elsewhere, some pinne collected by Beccari in Sumatra
measuring 9 inches in length, by 1} inch broad, while the pinna of plants from farther
north, especially from Kamschatka, do not exceed 4 inches in length, and are only  of an
inch broad. It is in the more average-sized pinnz from Formosa, latitude 24°, that
we meel with the most absolute identity, as far as the fragments admit of comparison,
with our fossil form.! If the size of the pinne actually decreases progressively with
the isotherm, as appears to be the case in the large series at Kew, this fossil, from
its identity with the existing species, may be of use in determining our Eocene
temperature. It is remarkable that the most luxuriant fronds from Java and Sumatra
have simple margins, while the smaller northern forms become usually more or
less deeply .serrated. The greater luxuriance attained by it in southern habitats shows
it to be an essentially tropical form, while as fossil it has never been found in northern
latitudes : nor either recent or fossil in any part of America. It seems to be met with in
Europe in Middle Eocene and Oligocene times, and no case is yet known to me of its
occurrence in beds of much later date, notwithstanding that Saporta places its horizon in
the Miocene.

1 The longest pinna in my collection, an imperfect one, measures nearly six inches and nine-tenths in
length,
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13. ANEMIA SUBCRETACEA, Saporfa. (Page 45.)

Anemia subcrelacea is very abundant and well preserved, and in one instance nearly
an entire frond was obtained from Bournemouth. It seems essentially characteristic of
the older Eocene, and even pre-Eocene Rocks, and has never been found in horizons
higher than that of Bournemouth in Europe, and the lowest stage of the Great Lignitic
in America. To the same group belong, without doubt, the Fern described as Asplensum
Joknstrupsi and 4. Dicksonianum, Heer, from the Cretaceous Komeschichten of Greenland,
and Adsplenium Forsteri, from Aix-la-Chapelle. They possess the same strength and
peculiar dichotomy in the stipes and vernation, the same graceful cutting in the leaves and
easy flowing venation, the same universal absence of sori, plainly indicating that they
could not belong to Asplenium. A. Nordemskioldi and A. Ayperborea may be smaller
species belonging to the same genus, and Spkenopteris eocenica of Europe and America
should certainly be linked with it.

These varieties might be united into at most two or three species. The larger, a
singularly well-marked form, ranged from the South of France to the Arctic regions,
though, perhaps, not synchronously, and first appears in the Cretaceous, and somewhat
suddenly disappears in the Middle Eocene. It bears no very striking resemblance to any
existing Fern, but the one most like it is 4nemia adiantifolia, indigenous to America from
Florida to Mexico and Bahia. The fossil form appears to have attained its greatest
luxuriance in the Eocenes of temperate latitudes, and there is a marked difference in this
respect between the average of our specimens and those from the Arctic regions.

14. Lyeopium Kaurrussi, Heer. (Page 47.)

The fossil is found in Central Europe, France, England, and the United States, and-
is essentially a Middle Eocene Fern. A smaller and somewhat modified form seems. to
have preceded it in the Cretaceous rocks of Aix-la-Chapelle. L. palmatum,' indigenous
to Massachusetts and Florida, approaches it closely in some respects, but the Eocene
form was very much larger in the barren pinna, and the fertile pinne were much smaller
and even more deprived of parenchyma. While possessing several characters of
L. palmatum, it far more resembles Tropical species, such as L. dickofomum in size and
general mode of growth. No species of Lygodium have been met with among the
Arctic fossil flora.

1 1t is remarkable that all the fossil Lygodia belong to the section of L. palmafum. The barren
fronds of the species found at Bournemouth are large compared to those from other Eocene, Oligocene,
and Miocene localities, yet no differences are perceptible between any of them in the fertile fronds.

11
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The discovery, subsequent to the publication of our description, of fertile fronds of
Lygodium with very short and completely separated pinnules, closely resembling in
their appearance and disposition the specimen described with some doubt as Asplenites
pre-allosuroides, has convinced me that this supposed species is only an example of the
fertile frond of Lygodium, with exceptionally abbreviated pinnules. The thick car-
bonized substance and consequent indistinctness of this and of the original Asplenites
allosuroides from Sotzka, is entirely in favour of this view, and both species must,
I think, be referred to this species.

15. Mararria Hooker1, Etf. & Gard. (Page 54.)

Marattia Hookeri has only been detected at Alum Bay, where it is by no means
rare (Pl. XII, figs. 1—6). It appears to be closely allied to M. Kaulfussii, of the West
Indies, Columbia, and the Brazils ; more particularly resembling it when the fronds are
not fully developed. M. Kaulfussii is the only species belonging to the group Eupodium,
separated on account of its shortly stalked synangia without an involucre. No fossil
Marattia was known previously, and no other Fern is known from Alum Bay, unless it be
Anemia subcretacea, which Heer states to have been found there.!

16. OnocLEa HEBRAIDICA (Forbes). Plate XIII, figs. 6 and 6.

FILIcITES HEBBAIDICUS, Forbes. Quarterly Journal Geological Society, vol. vii, p. 103,
pl. ii, fig. 2, 1851.

ONocLEA SENSIBILIS, L., Newberry. Ann. Lyc. Nat. Hist., N. Y., vol. ix, April, 1868.

WoopwarD1TES ARCTICUS, Heer. Flora fossilis arctica, vol. i, p. 86, 1868.

0. fronde pinnata, pinnis oblongis vel linearibus, pinnatifidis, lobis rotundatis, denticu-
latis vel integerrimis; mervatione Dictyopleridis composite ezappendiculate, nervo
primario subrecto prominente, nervis secundariis tenuibus flexuosis, angulo acuto egredien-
tibus ; mervis lertiariis brevissimis dictyodromis, maculis Dictyopleridis 2—3 seriatis,
in&qualibus. ‘

From the Ardtun Beds, Mull.
The material upon which the description of this Fern is based consists of the apex of

1 This and C. Lane@anum are given in Baron Ettingshausen’s list of the Alum Bay flora, I think in
error, as neither Keeping nor myself have, after years of collecting, ever come across them, and mno
specimen of either Fern from that locality is now preserved in the national collections.
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a frond and numerous smaller fragments. The section Euonoclea, of the small genus
Onoclea, L., with which we have identified it, is represented by a single species, O. sen-
sibilis, a large herbaceous dimorphic Fern, with copiously anastomosing veins, belonging
to the tribe Dicksoniez of the sub-order Polypodiacese.

The pinne in fig. 6 are simple and not divided to the rachis, the lobes bluntly
rounded and but slightly cleft, the margins undulated as in the existing fern; their full
length is not preserved, the breadth is three quarters of an inch.

To judge from existing species, the frond may have been of large size, with the pinne
simple, decurrent near the apex, and slightly stalked towards the base. The membrana-
ceous fronds seem to have been quickly destroyed by maceration, for, with one exception
(fig. 5), only fragments (fig. 6) are known. They occur in a black shaly matrix, and
are therefore not easy to trace out, while the undulations of the pinne have become pressed
into folds in places, rendering the venation confused.

The rachis is moderately thin, the midribs of the pinne slender, and the veinlets fine
and decided. The venation of fig. 5, accurately enlarged at 54, is the less common
type, and anastomoses less than is usual in the existing species. The primary veins
are seen to leave the midrib at an angle of about 60°. The veinlets are unequal and are
more numerous and important above the primary vein, or nearer the apex of the pinna
than below it. The lower veinlets start from near the base of the primary vein of each
group and unite with the next, forming a series of angulated areolations on each side of
the midrib. Nearly all fork once, sometimes twice, and are continuous to the margin
which is slightly denticulate. Some veinlets unite with those of the same, and others with
those of contiguous groups for short distances, and then again diverge, forming oblong,
angulate, or ovate meshes, which vary greatly in size. In fig. 6 a the anastomosis is more
frequent and complicated, the veinlets on the lower side of the primary vein being alwost
entirely absorbed in the system of meshes proceeding from the upper side. This, by
far the more abundant type of venation, is reproduced exactly in the existing species.
Similar variations were noticed among the American fossils.

Known from Mull, from the Fort Union group of Dakotah, and from Greenland,' this
Fern differs strikingly from others of the European Tertiaries. It is found everywhere
in a lacerated condition, and presents great variability in its venation. Specimens
brought by Mr. Whymper from Greenland were also figured by Heer,’ and should now
be in the British Museum, though I am unable to find them. Their identity with the
Mull Fern is considered certain by Saporta;* and if, as the plates show them to be, the

1 ¢Flora fossilis arctica,” 1868, vol. i, p. 86, described as Woodwardites arcticus from Atanekerdluk.

3 ¢ Phil. Trans.,’ 1869, pl. xl, fig. 6.

3 The Marquis de Saporta, in a letter received since the text was in type, points out its resemblance
to Pleocnemia, a group of Aspidiece. :

“ Votre Fougére de Mull Filicites khebraidicus est effectivement identique avec le Woodwardites
arcticus de Heer ; il suffit pour s’en convaincre de comparer les figures du ¢ Flora fossilis arctica ’ avec les
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veinlets are in groups they cannot be placed in #oodwardia. Another and more abundant
Fern, bearing a resemblance to it when figured, has been described in the same work as
Pecopteris, Hemitelites, and Osmunda Torellis, but the specimens themselves show the
Fern to have been of stronger and coarser growth.

Onoclea kebraidica is, as pointed out by Newberry, almost identical with the existing
species. This is a monotypic form inhabiting the United States from Florida to
Canada; Northern Asia, Amur, Japan, and Manchuria. It also somewhat resembles the
more tropical genus Pleocremsa.

The specimen (Pl. XIII, fig. 6) had already been figured by the Duke of Argyll in the
¢ Journal of the Geological Society,” and briefly described by Prof. E. Forbes as “ part of
a frond, probably that of a Fern, but presenting some anomalous features which future
specimens will probably explain. For the present it may be called Filicites (?)
kebraidicus.” Our etching represents the venation in a clearer manner than the litho-
graph referred to, but conveys the undulating habit less accurately. Fig. 6, selected from
a large number of specimens in the Hunterian Museum of the Glasgow University, was
found by Mr. Koch in 1880.

The preceding notes embrace all the distinctly characterised species except
Mensiphyllum elegans, on which no additional light can yet be thrown, and therefore
even its claim to be considered a Fern seems doubtful. On the other hand, one of the
forms, very imperfectly figured (Pl. II, fig. 6), and placed among the *“ Flices tncerie
sedis,”’ mway prove a fragment of a coniferous leaf, possibly of Dammara.

The Ferns already mark the distinction that exists between the floras from above and
from below the Londcn Clay, the few fragments from the latter belonging to quite
different forms. The Bournemouth flora alone has furnished examples of every Fern
met with in England from above the London Clay, except the Marattia, that is supposing

votres. Vous pouvez done les identifier et tirer de cette identification les résultats qu’elle comporte. Elle
pourrait entrer dans les genres Aspidium et Phegopteris, et presqu’ au méme titre ; mais il faut remarquer
que les Phegopteris ne sont réellement que des Aspidium dont le tégument avorte, et, sans fructification
vous ne pouvez arriver & une détermination plus précise,

“ Yous avez d’une part I’ Aspidium Leuseanum, Kunze (4. coadunatum,Wall,, ¢ Ett. Farnkraiiter,’ pl. 128,
fig. 6), d’autre part vous avez le Phegopteris macrodonta, Mett., etle P. Brongniarti, Mett. ; avec ces derniers
le rapprochement est encore plus frappant & cause de I’extrdme analogie du réseau veineux. J’sjoutersi
encore comme indice que parmi les espéces inédites des Gypses d’Aix (éocéne supérieur) je posséde une
belle empreinte de penne de Fougdre qui me parait se ranger fort naturellement dans ce méme genre
Phegopteris, non pas précisement & coté de la vbtre mais tout auprés du Phegopteris prolifera, Mett. Ls
figure de cette espéce dans I'ouvrage d’Ettingshausen, tab. cix, fig. 2, est une réproduction presque exacte
de mon échantillon, que je nomme Phegopteris provincialie, mais que je n’ai encore ni décrit ni figure.”
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the pinna described as Phegopleris pre-cuspidata to be identical with Gonsopteris stiriaca,
which I now think probable, and setting aside Pferis (?) Hookeri (Heer. sp.), which
may be but the drawing of the enlarged lateral pinna of Pleris eocenica. It is very
remarkable that of all these only one is found passing either into the Lower Bagshot or
the Upper Eocene. Only three species are met with in the older beds at Bournemouth,
six are added in the middle beds, five of which disappear in the upper beds and are
replaced by three others,

It appears as if we had now a nearly complete knowledge of at least the Ferns of the
Bournemouth stage, whose stations were woodland or marsh, for, though work during the
past two years has multiplied, and in some cases produced finer specimens, no new type
has been brought to light. This concluding part of the monograph on ‘ British Eocene
Ferns,’ though enabling several corrections to be made, only adds one species, and this,
not because it has been newly discovered, but in view of the extreme probability that the
Scotch and Irish Tertiary plants are of Eocene age.

We are able, in addition, to figure some more perfect and larger specimens of
Osmunda, Plate XIII, figs. 1, 2, 3, 4, a dwarf frond of Lygodium (fig. 8) from the
same, and a specimen of Gomsopteris Bunburii (fig. 7) from Lough Neagh.

The Ferns already published furnish data of considerable value, and indicate how
much we may expect to learn from the remainder of the flora. Among them, three are
peculiarly important through the ease with which they can be identified, for each is scarcely
distinguishable from an existing and widely distributed species, yet like no other in the
world. There is thus absolutely no shade of doubt about either the authenticity of their
determination or the close relationship they bear to a sharply defined existing species.
No more definite data could well be imagined, and it may be instructive, even at this
early stage, to reflect upon what these and other Ferns teach, before commencing a new
subject. One of these cannot be separated by any specific character from the existing
Chrysodium aureum, a magnificent plant with dark glossy foliage, inhabiting preferably
swampy places, and almost confined to tropical or sub-tropical regions. A description
by Mosely’ of its growth in Bermuda reads like a restoration of the Eocene period at
Bournemouth.  “ The most refreshing and beautiful vegetation in Bermuda is that
growing in the marshes and caves. The marshes or peat bogs lie in the inland hollows
between two ranges of hills. These bogs are covered with a tall, luxuriant growth of
Ferns, especially two species of Osmunda (O. cinnamomea and O. regalis). Some Ferns
are restricted to particular marshes. In some Acrostickum aureum grows® densely to a
height of from four to five feet. Together with the Ferns grow the juniper, which
thrives in the marshes, and a palmetto, which gives a pleasing variety to the foliage.”

" The species seems to have arrived with the sudden increase of temperature apparent
in the London Clay period, for its pinne are massed together in the Lower Bagshot at

1 <A Naturalist on the Challenger,’ p. 23.
3 A name preferred to Chrysodium, in Hooker’s ¢ Synopsis Filicum.’
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Studland. It maintained its ground during the physical changes of the Middle and
Upper Eocene and Lower Oligocene ages, and only migrated away during the lower
temperature that accompanied the deposition of the Hempstead beds. 1Its absence from
Alum Bay and the older Bournemouth beds shows that these stations were unsuited to
it, probably through want of moisture, while it was excluded from the otherwise suitable
swamps of Bovey' through the higher elevation of that district during the Eocene, and
from the swamps of Hempstead, where a palmetto still grew, by decrease in temperature.
The localities from which it is absent, no less than those in which it is present, show
that this part of England must have been almost on the confines of its range, and the
minimum temperature of our Middle Eocene and Lower Oligocene may be gauged to
some extent from it.

The second Fern is so completely identical with the existing Osmunda javanica, that
it seems merely misleading to continue to use a separate specific name for the fossil
pinne. Notwithstanding its abundance in both a recent and fossil state, its identity
remained unrecognised for twelve years by Heer, who speaks of it in 1869 as Hemilte-
lites, closely allied to H. Torelli, of Greenland. There is little to add to our former
description, though its late arrival and speedy migration from England are both
remarkable. 1ts present range from Kamschatka to Java shows that it might have
withstood, better perhaps than most tropical species, a change of temperature, and,
indeed, the relatively small size of the pinne at Bovey, prove that it supported there a
lower temperature than in the swampy tracts at Bournemouth, where the pinne reach
nearly twice the size. Its occurrence from the oldest to the newest beds at Bourne-
mouth, shows that it existed throughout our Middle Eocene and was not specially
localised, so that its absence at Hordwell, Gurnet Bay, and Hempstead, where many of the
associated plants of Bournemouth and Bovey survived, seems a reality. Like the
Chrysodium it must, with its Cycas-like growth, have formed a conspicuous feature in
the swamp vegetation of Bournemouth. Though apparently strictly a Middle Eocene
Fern with us, Saporta states that it is confined to the Oligocene in the South of France,
a dryer atmosphere and soil doubtless excluding it from the Eocene of Aix in Provence,
while farther east, the strata in which it is found seem even newer. From this visible
migration eastward it might almost be inferred that it reached its present habitat, the
extreme east of Asia, and the islands to the south, from the westward, and incidentally
that it failed to penetrate into Hindustan® on its route on account of some impassible
barrier. It seems likely that this Fern may be useful in fixing the age of plant remains
in England, and perhaps also in the South of France, though it must not be inferred
from its presence that deposits in different countries are contemporaneous, since, as
a still existing species, it might occur in any tertiary or quarternary deposit where

1 Bovey-Tracey is eighty miles distant from Bournemouth, and situated among hills, whence some of

the Eocene river sediment was probably derived.
2 It is only met with in southern India.
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sub-tropical plants are found. From a comparison of the relative size of recent pinne
from different latitudes with those of Bournemouth and of Bovey, the difference in
temperature and consequently of elevation between the two stations might be gauged
the more safely from the persistency with which the average size is maintained at each
locality. Want of heat evidently excluded it, like the Ckrysodium, from the Scotch, Irish,
and all Northern Eocenes, though in a stunted form it is now acclimatised in Kamschatka,
while the absence of both from the entire series of Swiss I'ertiaries, shows that
unsuitable conditions continuously prevailed there.

A third Fern, Onoclea kebraidica, from the basalt formation of Mull, is equally
identical with a living species. A discovery made during the progress of this work,
while still leaving the true age of this formation somewhat a matter of doubt, shows so
conclusively that the North British and Irish Tertiary floras are a continuation of the
Eocene floras to the south, that to omit them in this work would be to omit a clue
which may render possible the solution of the most interesting problems connected with
past and present plant distribution.

The floras from the Eocenes below the London Clay are remarkably homogeneous in
England, and present relatively few species. They are, as long since pointed out by Sir
J. Hooker in the case of the Reading plants, of remarkably temperate aspect, the leaves
and fruits of Plafanus being conspicuous, among a number of undetermined prevailing
types. This flora is sufficiently similar to that from the Greenland Tertiaries collected
by Mr. Whymper, and different to other Tertiary floras, to show that a close relation-
ship must have existed between them. The inference from this is obviously that as
temperature increased during the London Clay period the old temperate indigenous
flora of our latitudes was driven as far north as Greenland, where it must have remained
until a diminution of heat again enabled it to descend. The effect of the convergence
for so long a time, of perhaps very dissimilar floras from different longitudes towards the
land areas of the pole, consequent on a general rise of temperature in the northern
hemisphere in Eocene time, would be to mingle the floras of three continents; so that
when they redescended, quantities of new forms would almost certainly appear in each
area. During nearly the entire Eocene period they were probably continuously modified
in the direction of existing trees, and in that sense species no doubt did originate near the
pole, as Saporta claims, and when they reoccupied the temperate latitudes of Europe it
was a8 a Miocene flora. The recognition of an Eocene temperate flora in our latitudes,
and consequently of a period when arctic conditions prevailed at the Pole similar to those
of the present day, explains the universal break in the sequence of floras between
Cretaceous and Tertiary, noticed all round the Arctic circle, and is also a considerable
step towards a comprehension of the past and the existing plant distribution of the northern
hemisphere. It fixes for the first time the ages of the Arctic Tertiary floras, and limits
the period during which they could possibly have grown there to between the London Clay
and the close of the Oligocene. The Mull and the Antrim floras are intermediate between
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the closely-allied English Lower Eocene and Greenland Middle Eocene floras, and they
possess species in common, not only with these but with the warmer Middle Eocene flora
of the South of England, and therefore must be assigned on plant evidence to an age inter-
mediate between these periods. They must, in fact, be relics either of the passage of the
Lower Eocene flora north, or of the descent of the Miocene flora south, or else the
permanent Middle Eocene flora of those latitudes. Against the former supposition we
have the occurrence of the flora in many localities in both Ireland and Scotland,
rendering it unlikely that they all were deposited in so limited a period as that in which
the change in temperature can be proved to have taken place, even if the mixture of
Middle Eocene forms from the south among them were not conclusive. Against the
second supposition we have the appearance of immense antiquity presented by the basalts,
and the dissimilarity of these floras to those of the European Miocenes. It must be
remembered that there is no stratigraphical or other evidence whatever, except the floras,
as to the ages of the Scotch, Irish, Icelandic, or Greenlandic plant deposits, though the
colossal denudation of the basaltic formations in which they are enclosed, had led many
independent observers to assign to them a far greater antiquity than the plant evidence
has hitherto seemed to warrant.

Onoclea hebraidica occurs fossil at Mull, at Greenland, and in the Fort Union group
of Dakotah, and it still exists unchanged as Onoclea sensibilis in the United States and
on the temperate east coast of Asia. It might therefore be found among any Tertiary or
more recent assemblages of fossil plants in countries in which it still lives without
affording a clue to their age, and it would therefore be useless to endeavour to make its
presence a tést of the real age of the Fort Union group. Professor Newberry, however,
made its occurrence in the American Tertiaries the basis of speculation which it now
seems desirable to challenge, as the more recently ascertained distribution may be equally
well read in a different sense. He considered that since this and other species, at that
time common to the Old and New Worlds, have disappeared from Europe, while they
continue to flourish in America, it would follow that these were American types which
had colonised Europe by migration, and that when their connection with the mother
country was severed they were overpowered and exterminated by the present flora of
Europe, which Prof. Gray has shown to be mainly of north Asiatic origin. The occur-
rence of Onoclea sensibilis on the Island of Mull, while it has not been found in the
Tertiary beds of other parts of Europe, indicated he believed not only an American
connection during the Miocene period, but an American origin for that species. We
need not here follow Prof. Newberry further, as the remainder of his essay is based on
the community of American and European Miocene genera, a question not directly
connected with the present subject, but it is only necessary to point out that if the
Onoclea occurs in older rocks in Europe than in America, as well as in the intervening
Greenland, the evidence, so far as it goes, favours the theory of its migration north from
Europe to Greenland during the warmer Eocene, and south from Greenland to America
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during the cooler Miocene, thus giving it a European origin. 1Its existing distribution in
Asia and America entirely favours the theory that it spread from the Greenlandic centre,
and its occurrence at Mull only traces its origin still farther back to Eocene Europe.

The following very valuable remarks by Prof. Newberry' supplement our knowledge of
this Fern :—* The collection of Dr. Hayden contains a great number of examples of this
beautiful Fern, showing the upper and under surface of the frond, the variation of form of
the pinne of different fronds, and different parts of the same frond. The robust habit
of this plant, the strong, waved and reticulated nervation, and broadly waved rachis,
which seem to distinguish it at a glance from all known fossil species, suggested a
comparison with some of the strong-growing tropical Ferns; and it was only after a
laborious examination of all the genera of exotic Ferns contained in the herbaria to which
I had access, or described by authors, that I was led to turn my eyes nearer home. The
common form Onoclea sensibslis grows abundantly in all parts of our country, and is one
of the first plants collected by the youthful botanist. In this we have the rachis of the
frond more or less winged, and a nervation on the same general plan with that of the
{ossil before us, but more distinctly reticulated. By this I was at first misled, but in
examining Dr. Torrey’s var. obtusilobata, I found in some specimens the exact counter-
part of our fossil in the lobation of the pinne and nervation. The gradation of characters
in this variety is very great and interesting. In some specimens we have a distinctly
bipinnate frond ; the pinne composed of numerous remote, even obovate, pinnules, and
the nervation not reticulated, the nerves of the pinnules radiating and forked, but never
joining.” The agreement in character with our fig. 5 is very remarkable, and but for
these remarks I should have remained ignorant of the existence of a living representative
of this variety of our fossil species, for no examples are preserved in the Kew Herbarium.
Prof. Newberry continues :—* This is the extreme form, but even here the rachis of the
frond is more or less winged. In an intermediate form we find the rachis winged, the
pinna deeply lobed, and precisely the nervation of the fossil. Even in the common form
the nervation is similar in plan, and the elongated spaces, destitute of nerve branches, on
either side of the rachis of the pinn, form a noticeable feature in both. There is little
room for doubt, therefore, that during the Miocene age a species of Onoclea flourished in
the interior of our continent, of stronger habit than either of the living varieties, and
holding a middle position between them. This fact suggests the question, whether they
could not have been differentiated from it.”

“ Varying, as the living Onoclea does, in the size, outline and nervation of the sterile
frond—from six inches to three feet in height, from a finely reticulated to an open,
dichotomous nervation; from a bi-pinnate frond with remote, obovate pinnules to a
pinnate form with wave-margined pinne and broadly alate rachis—it plainly includes
all the characters of the fossils before us, and I therefore find it impossible to separate
them.” :
1 ¢Ann. Lyc. Nat. Hist. N.Y.,’ vol. ix, p. 39, April, 1865.

12
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This description applies equally to the Mull form, about fifteen specimens of which
I have examined. They, except fig. 5, were all found by Mr. Koch in 1880, and include
facsimiles of the forms of lobation and venation seen in the existing species, while their
texture and preservation led me to anticipate a living representative with mem-
branaceous fronds and fine, distinct black veins. The fertile fronds, as in nearly all
Ferns in which these are separate and unexpanded, are unknown fossil, and we have here
the only pretext which can possibly be held to justify the continued separation of the
Tertiary forms of at least the Chrysodium, Osmunda and Onoclea just described, from the
surviving species.

The distribution of the Bournemouth Gleickenia is at present the most restricted of
any fossil Fern that has been met with at all plentifully, for it is absolutely confined to the
small local patch near which it grew. Its peculiar climbing growth has been sufficiently
described and is no longer met with in living Gleickenias. The Anemia, a graceful and
well-marked Fern, seems a survival from the Cretaceous period, since extinct, and to have
been descended from a northern pre-eocene group. From the plants with which it is
associated at Bournemouth, it appears to have been epiphytal, occupying the same
position that the not very dissimilar Daval/ia does in the moist and luxuriant forests of
Madeira at the present day. The Zggodium, associated with it at Bournemouth.
undoubtedly occupied similar stations. It possessed larger and more variable fronds
than the American species most resembling it,and which seems to have become but
recently acclimatised to the temperature it now supports in the United States, since it
would probably otherwise have been found in some of the more northern Eocene floras.
The much smaller size of the fronds in the Swiss Miocene show, perhaps, that a change
was even then in progress. The Hewardia, a remarkable form of Adiantum with
anastomosing venation, probably possessed habits analogous to those of 4. reniforme at
present. 1It, like the 4nemia, Lygodium, Marattia, Phymatodes, and several others, can
only be looked upon as extinct species, whose resemblance to tropical American, rather
than to any other living species, is a fact that acquires significance through the accumu-
lation of instances.

The only Ferns among them resembling existing European species are Pteris eocenica,
P. Bournensis, and Adiantum apalophyllum, but the wide range and the number of species
contained in the corresponding types at the present day, render it difficult with our material
to identify them more definitely with one than another. The Goniopleris section of the
Polypodiee, of which three species were described, would perhaps be more correctly repre-
sented by two, through the union of G. pre-cuspidata and G. stiriaca. The latter had
apparently a northern range, though the remains are not very distinct, and from the
variation among them it is possible that several species or genera are included under the
same name. The British species was able to thoroughly establish itself at Bovey-Tracey,
but not, so far as we yet know, elsewhere in either England or France, though it
abounded in Switzerland. G. Bunburii is easy to identify notwithstanding that the vena-
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tion is of a usual type. From its restricted vertical range at Bournemouth, and its
presence at Bovey, it might be inferred that the former locality marks almost its extreme
southern range at that time, while northward it reached to Antrim, which may also have
been near its limit, since it is apparently absent at Mull. It was evidently a woodland
and not a marsh Fern, and its exclusion from Hordwell and Hempstead on this supposition
is natural. The importance of the discovery of the Irish locality lies in the fact that it
helps to link the Bournemouth Eocenes with those of Antrim, which are themselves linked
to the Greenland Tertiaries. I have re-engraved (Pl. XIII, fig. 7) the original specimen
figured by Mr. Baily in the © British Association Reports’ for 1880, pl. 2 fig. 1. It was
found in an ironstone pebble among silicified wood on the shores of Lough Neagh,
and though undescribed, the name of Hemitelites Frasers is attached to it.

All these species are obviously divisible, through the plants associated with them, into
marsh Ferns and woodland Ferns, while some which have the greatest range were evidently
not entirely excluded from either station. Examples of the latter are the Chrysodsum and
Osmunda, remains of which occur in the greatest profusion, mingled with palmettos and
other swamp plants, but which are also found with distinctly forest vegetation. Examples
of woodland Ferns are the Zygodsium, Anemia, the two Adiantums, &c. Goniopleris Bun-
burii, a purely woodland Fern at Bournemouth, existed perhaps in a lower temperature with
a damper station at Bovey, while G. sfiriaca luxuriated as a marsh Fern at Bovey, but has
only been met with once among forest leaves at Bournemouth. It will perhaps be safer,
however, to defer these and other inferences until more plants have been described. With
the exception of the last-named Fern and the Osmunmda, which we have seen shows
evidence of relatively lower temperature, the higher elevation at Bovey seems to have
excluded the contemporary Bournemouth Ferns, or rendered them rare.

While we apparently know much respecting the Ferns of the British Eocenes, com-
pared with what is known of those from the Tertiaries of other countries, several conside-
rations tend to show how insufficient and how incomplete is our grasp of the subject.
The present inability to explain the restricted range of so many Eocene Ferns, such as Piy-
matodes, for which there is no apparent reason, the absence of any trace of such widely
distributed and ancient forms as Dicksonia, Asplenium, Lomaria, and Todea, throughout
almost the whole Tertiary period ; the failure to detect any trace of the fertile pinnee of
so many and such comparatively abundant Eocene Ferns, and the vague knowledge
possessed of some other forms, renders the present portion of our work far from
satisfactory, and has shown the necessity of a more attentive consideration than it has
received.

In comparing our fossils with those of other countries in Europe, we see that even
the Ferns may afford some clue to the relative sequence of many of the plant-bearing
beds, whose ages cannot be ascertained stratigraphically. The presence, in the Cretaceous
series of Aachen, of Jurassic types, now confined to distant isles, indicates their relative
antiquity. The presence of a portion of the least archaic of the Aachen types at Sézanne,
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and the absence of all but the oldest of the Bournemouth types, mark out roughly the
age of a deposit, further distinguished, alone among Eocene floras, by the presence of
tree Ferns, referred by Saporta to the genera Hemitelia and Cyathea,' and interesting
because existing tree Ferns do not penetrate farther north than the moist valleys of the
Himalaya. The flora of Gelinden contains no Ferns common to our Middle Eocene, but
may be found to present affinities with our Lower Eocene flora. The Grés du Soissonnais
posssesses a flora approching that of Alum Bay, and Chrysodium Lanzeanum is common
to it and to our Lower Bagshot. The distinctly Middle Eocene types first appear im
France in the Eocene of Aix, many of them, however, being kept away, probably through
a dry climate, until the beginning of the Oligocene. Without pursuing these comparisons
further, it is evident that our Eocene and Oligocene Ferns appeared in a definite order,
and are, when contrasted with those of the rest of Europe, singularly tropical and
luxuriant, suggesting, indeed, that England was then situated in the line of some warm
current or under exceptionally favorable meteorological conditions.

In comparing the Eocene Ferns with those of the Arctic regions, the absence there
of all the sub-tropical types met with in England is very striking. The absence of
Adiantum, for there is nothing in the Adiantites of Heer to prove affinity with ddiantum, .
shows the nature of the climate, for one species now ranges as far north as the Jura, Tyrol,
and south-west of England, where it withstands considerable frosts, while others are found
at a height of 6000 to 8000 and even 9000 feet in the Himalayas. Equally significant
is the absence of the type of Pteris eocenica, for it is present in nearly all similar beds in
Europe and America, and is now but little less hardy than Adizntum, standing even severe
frost, and extending, according to Hooker, to 9000 feet in the Himalayas. Another
instance is seen in Woodwardia radicans, a type of which abounded in the Tertiaries
of Austria, Switzerland, and America. The gradations in temperature were then, in fact,
as pronounced as they are in some equally separated temperate latitudes at the present

- day.

In comparing them with the Tertiary American Ferns, we find two even among the
very few yet described from the Great Lignitic series, which are certainly specifically
identical with our own, and these are the two oldest types. They are also accompanied
by representative, if not identical, species of the following European Tertiary Ferns :—
Sphenopteris eocenica, Pleris penneformis, Woodwardia Rissmeriana, Gonioplteris
stirtaca, and Osmunda Heerii. It is thus remarkable that the Eocene Ferns of America
are much less tropical in aspect than those of Europe at the same period, and con-
sequently more resemble those of the Miocene of Europe. The temperature of the
western hemisphere seems to have remained colder throughout the Tertiary period than
ours, and hence its floras seem to have preeeded ours, and present a relatively newer
facies. While it is just possible that these Ferns may have passed over, or descended

1 A pinna of Osmunda lignitum was figured, ¢ Ann. Mag. Nat. Hist.,’ ser. 4, Jan., 1869, vol. iii, pl. i,
fig. 5, by Mr. A. Wanklyn, with the remark that it seemed allied to some genus of CyatAee.
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from, northern latitudes, the knowledge we already possess of the Arctic and North
American fossil floras effectually takes away every ground for supposing that the strong
relationship between the Neo-tropical Fern flora of the present day and that of our
Eocene could have been due to any land communication north of latitude 50°.

The relationship of our own Eocene Ferns to the present subtropical American flora is
apparent from the fact that of seventeen types all but one are known in it. A connection
less in degree is seen between them and the Ferns of Eastern Asia and Java, where six
only of the types are absent. Scarcely any of the Middle Eocene types have remained in
Europe, except Pleris cretica and Adiantum, for those related to Osmunda regalis and
Woodwardia radicans seem only to have reached Central Europe from the north during
the Miocene. The Eocene forms of Marattia, Anemia, Gleickenia, Phymatodes, and
Hewardia were the first to disappear, and it is remarkable that these happen to differ
most widely from their living representatives. Few of the present European Ferns can
be traced back to fossil ancestors, even among those of the Arctic regions, while they
seem 80 closely connected with the living Ferns of North America, that of our thirty-six
British species, all except three of Nepkrodium and Asplenium lanceolatum and A.
germanicum, also exist there.

No more is sought for than to claim for such inferences and conclusions as have
been arrived at, that they seem warranted by the results of the work so far.
There are, however, in all probability living Ferns still undiscovered, and we are as yet
cerfainly acquainted with but a fraction of the Eocene Fern world. Still, however incom-
plete the data for interpretation may be, the possibility that something may come to light
in the future to change or modify views based upon our present knowledge, does not
deprive them of current value. The interest attaching to these Ferns is increased by the
fact that while the higher orders of plants from the Tertiaries have formed the basis for
much speculation as to former temperatures, distribution, &c., the inferences to be drawn
from Ferns have hardly been taken into account.

Amidst inference and hypothesis, the fact at least is certain, that there is no real break
between Eocene and Miocene floras when they are traced over many latitudes. The sup-
posed Miocene floras of the Arctic Circle are, we shall see, but modified temperate Eocene
floras which had migrated north when warm conditions set in, and which redescended
south, still further modified, when the decrease of warmth during the Miocene again per-
mitted them to do so. The results that followed the forced convergence towards the land
areas of the Pole of perhaps very dissimilar floras from long separated lands of different
longitudes, through a general increase in the Eocene temperature of the Northern hemi-
sphere are as yet faintly sketched and perplexing, but with patience they can be unravelled.
At present it can only be stated that when they redescended as Miocene floras, they were
greatly moditied and enriched in genera and species.
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PLATE 1.
FroM TsE MipDLE BacsHOT BEDS, BoURNEMOUTH.
Chrysodium Lanzeanum (Visiani).

Fig. 1. A unique specimen, with pinne attached. (Gardner Collection.)












PLATE 1I.

FroM THE LowerR Baessor BEDs oF StupLAND, AND THE MIDDLE Baesmor Bep

Fig. 1.

oF BOURNEMOUTH. |
Chrysodium Lanzeanum (Visiani).

Fragment of a pinna, from Bournemouth.

1 a. Portion of the venation, magnified.

2.

Terminal pinna, from Bournemouth.

2 a. Portion of the venation, magnified.

3.

Apex of a pinna, with unusually close venation, from Studland.

8 a. Part of the same, magnified.

4.

ot

Fragment of a pinna, from Studland, with few anastomosing ternary veins.

(All the above from the Gardner Collection.)

Filices incerte sedis.

Adiantum ? (From Mr. Pender’s Collection.)
Leaf with Cyclopteris venation. (British Museum.)
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Fig. 1.
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10.
11.
12.
18.
14.

PLATE IIL
FroM tHE MipDLE Bagsnor Beps, BouRNEMOUTH.
Asplenites pre-allosuroides, Ett. and Gard.

Part of frond, magnified. (British Museum.)

. The specimen, natural size. .

Glossochlamys transmutans, Ett. and Gard

. Frond, natural size. (Gardner Collection.)

Podoloma polypodioides, Ett. and Gard.

. A pinna, of average size.

A shorter pinna.

. The base of a pinna, magnified, showing sori.

Fragment, magnified, probably of a different species, showing impressions of sori.
(Gardner Collection.) .

Podoloma affine, Ett. and Gard.

. Fragment of pinna.
. The same enlarged, showing bases of attachment of the sori.  (Gardner

Collection.)

Meniphkyllum elegans, Ett. and Gard.

A small pinna, nearly perfect.

The base of a larger pinna.

A fragment of a still larger specimen.

A portion of the venation, magnified.

Slightly shrivelled pinna. (Gardner Collection.)
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Fig. 1.

1 a.

8.
9.

PLATE 1V,
FroM tHE MipDLE Bagssor BEDS, BoUurRNEMOUTH.
Osmunda lignitum (Giebel).

Pinna, natural size.

The same, magnified.

A small pinna, natural size.

A pinna, natural size. (Gardner Collection.)

Pteris eocenica, Ett. and Gard.

Portion of frond, with pinna attached to the rachis, natural size. (Gardner
Collection.)

Terminal portion of a stunted frond, natural size. (From the Collection of
Mr. A. Baldry.)

Terminal pinna, average size.

. Part of the same, magnified. (Gardner Collection.)

Pleris Bournensis, Ett. and Gard.

Pinna with pinnules, natural size.

. Part of the same, magnified. (Gardner Collection.)

Phegopteris pre-cuspidata, Ett. and Gard.

A unique pinna, natural size.
Portion of the reverse of the same specimen.

9 a. Part of the same, magnified. (Gardner Collection.)
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PLATE V.
FroM tHE MippLe Baessor Beps, BourNEMOUTH.
Phegopteris Bunburii, Heer.

Fig. 1. A young plant, natural size. (Gardner Collection.)
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PLATE VI.
FroM tHE MippLe Baessor Beps, BourNEMOUTH.
Gleickenia Hantonensis (Wanklyn).

Fig. 1. Portion of pinna. (From Mr. Wanklyn’s Collection.)
2. Another specimen showing the apex. (From Mr. Pender’s collection.)
3. Another, showing the base of the pinna. (From Mr. Wanklyn’s collection.)
4, 5, 6. Details of above magnified, showing variations in the venation and pits left
by sori. (Figs 4 and 6 Mr. Wanklyn’s Collection, fig. 5 Mr. Pender’s.)
7. The apex of a pinna.
8. Part of the stipes.
9, 10. Fragments with hook-like tendrils.
11. Tendrils and vernation. (Figs. 7 to 11 in Gardner Collection.)
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PLATE VII.
From T8E MipDLE BaGsHOT, BoUuRNEMOUTH.
Lygodium Kaulfussi (Heer).

Figs. 1, 3, 4, 5, 7. Pinne of various sizes.
8. Pinna; the specimen should have been an inch longer, and only a part is
engraved.
6. Portion magnified to show venation.

Hewardia regia, Ett. and Gard.
2. Fragment for comparison with Lygodium.

(The above in the Gardner Collection.)
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PLATE VIIIL
FroM T™8E MipDLE BaGsHOT, BOURNEMOUTH.
Anemsa subcretacea, Saporta.

Fig. 1. Part of a large pinna.
2. A small pinna.
3, 4. Portions enlarged from different parts of frond for comparison of venation.

(The above in the Gardner Collection.)



EOCENE

FERN:s

[N]

PLATE vio

Wieet '&an:nj









PLATE IX.
FroM tHE MIippLE BacesHOT, BoURNEMOUTH.

y Anemia subcretacea, Saporta.

Figs. 1, 3, 5. Fragments of pinna. (Gardner Collection.)
4. Parts of pinnules. (Mr. Pender’s Collection.)
2. A large frond, reduced to one fourth the natural size. (Gardner Collection.)
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Fig. 1.

PLATE X.
From THE MIDpDLE BacGsEOT, BOURNEMOUTH.

Adiantum apalophyllum, Saporta. (Gardner Collection.)

. Part enlarged.

Gleickenia Hantonensis, Wanklyn, showing hooks and foliage attached, and sori.

. Enlargement, showing two sori to each set of veins.
. A sorus magnified.

Pinne with sori.

Pair of hooks, with fragments of the midribs of pinne attached. (Figs. 2 to 4
in Woodwardian Museum.)

Woodwardia venosa, Ett. and Gard.

. Enlargement. (Gardner Collection.)

Hewardia regia, Ett. and Gard.

. Enlargement. (Gardner Collection.)

Goniopteris® Bunburii, Heer. A nearly entire pinna.

. Enlargement of the venation,

Venation of another pinna enlarged. (Gardner Collection.)
Lygodium Kaulfussi, Heer. Fertile frond. (Mr. Baldry’s Collection.)

FroM tHE OLDHAVEN BEDS, BROMLEY.

Fragment of Fern, undetermined.

. Enlargement. (Gardner Collection.)

FroM THE WooLwica axp Reapine Beps, Counter HiLL.

DPleris Prestwickii, Ett. and Gard.

* Termed Phegopteris on p. 38.
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PLATE XI.
FroM tHE MIDDLE BagsHorT, Bouanr.u‘ov'm.
Hewardia regia, Ett. and Gard.
Fig. 1. A magnificent specimen, showing marginal sori.
2, 3. Parts of smaller pinne.

4. Portion enlarged, showing anastomosing venation.

(Gardner Collection.)
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PLATE XII.
FroM THE Lower Bagsuor, ALuM Bar.

Figs. 1—6. Marattia Hookeri, Ett. and Gard. (British Museum').
2 a and 4 a. Apices of pinne enlarged.
4 6. Part of pinna enlarged.
6 a. Enlargement from a specimen showing secondary venation.

FroM tHE MipDLE Bagssor, BoURNEMOUTH.

7.  Adiantum apalophyllum, Saporta (British Museum).

8.  Glossocklamys transmutans, Ett. and Gard. (British Museum).

8 a, 8 4, 8 c. Enlargements, showing position of sori.

9. Fern fragment, indeterminable (British Museum).

10. Podoloma polypodioides, Ett. and Gard. Enlargement of veins beneath sorus.

11. Pteris eocenica, Ett. and Gard. Fragment showing the relative proportion of
terminal and lateral pinne (Jermyn Street Museum).

11 a. Enlargement.

1 The specimens marked ‘ Gardner Collection * in this work are now in the British Museum.
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PLATE XIII.
FroM tHE MipDLE BaasHOT, BOURNEMOUTH.

Figs. 1, 2, 8. Osmunda lignitum (Giebel, sp.). Terminations of pinnz (British Museum).
4. Full size frond, showing base, part only figared.
1 a, 8 a, 4 a. Enlargements.
8. Lygodium Kaulfussi, Heer. Dwarfed, barren frond (British Museum).
9. Simple frond, which when perfect tapered to a narrow base.

FroM THE ARDTUN BEDS, MULL.

5. Onoclea hebraidica (Forbes, sp.). Part of frond near apex (Jermyn Street
Museum).

5 a. Enlargement.

6. Fragment (Hunterian Museum, Glasgow University).

6 a. Enlargement.

FroM TBE ANTRIM Beps, LoucH NragH.

7.  Goniopteris Bunburii, Heer (Geological Survey Collection, Dublin).
7 a. Enlargement.
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