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PREFACE

N the Preface to Volume IT published in 1910 I rashly stated
that it was my intention “to devote such space as ig avail-
able within the limits of a text-book to the neglected subject
of the geographical distribution of plants at different stages
in the history of the earth,” also that Volume IIT would he
completed with as little delay as possible. Though nearly seven
years have elapsed since the publication of the second volume it
may fairly be said that the delay is not entirely due to causes
which it was in my power to control. The subject of geographical
distribution teceives no connected treatment in Volumes ITT |
and IV for the simple reason that I underestimated the space
required for the deseription of the Gymnosperms. The alter-
natives were either to insert a greatly compressed survey of the
successive floras of the world at the end of Volume IV or to
attempt a fuller and less technical treatment of the subject in
a separate book. In choosing the latter course I am conscious
that a further obligation is undertaken which it may not be
possible to fulfil; but the risk is deliberately taken. Volume
IV is in the press and will, it is hoped, be published before the
end of 1917.

It is a pleasant duty to repeat my thanks to many friends
who have helped me in various ways. Dr Kidston generously
and without reserve allowed me access to his splendid collection
of Palaeozoic plants, and the frequent occurrence of his name in
the list of illustrations shows how freely I have availed myself
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of his kindness. He has read some of the chapters and greatly
assisted me by his friendly criticism and encouragement. By
reading the proofs of this volume Dr Scott has further increased
my already large debt to him. It is impossible to thank him
adequately ; he not only corrected many careless mistakes but
by wise counsel and advice he rendered me g service which
I greatly appreciate.

The exchange of views with Prof. Zeiller has been a constant
source of profit and enjoyment, and it is hard to realise that the
completed book will not receive his kindly criticism. He was
a singularly unselfish and generous colleague, always ready fo
help fellow workers, and he had the faculty in an unnsual degree
of influencing those who had the privilege of his friendship
by his sound advice and lovable personality.

The death of Count Solms-Laubach has deprived Palaeo-
botany of one of its most learned and strongest supporters.
In common with all students of fossil plants I owe much to
the critical treatment of the subject in the Hinleitung in die
Paliophytologie. Prof. Jeflrey has very kindly given me several
photographs and sections which have been of great service, and
I am similarly indebted to Prof. Zalessky. To Prof. Nathorst
my thanks are due for the great interest he has taken in my
work and for his generosity in providing drawings and showing
to me many of the treasures in the famous Stockholm Museum..
Prof. Bertrand and Prof. Lignier freely supplied photographs
and drawings of specimens in their possession, and I am
particularly grateful to them for the willingness with which
they always responded to my requests.

Through the death of Prof. Lignier in March 1916 Palaeo-
botany has been deprived of another original thinker who
devoted himself with whole-hearted enthusiasm to botanical
research and for many years faithfully served the University
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of Caen: he was a generous friend to whom one never appealed
in vain for assistance. Through the kindness of the Director
of the Indian Geological Survey I have been able to examine
several fossils from the Caleutta Museum deseribed by Oldham
and Morrig and by Feistmantel. With the Director’s permission
several photographs and drawings made for a [orthcoming
paper to be published by the Indian Survey are reproduced
in this volume. T take this opportunity of thanking friends
m Australia who recently afforded me facilities for examining
fossil plants in their charge, and I would especially thank
Mr A. B. Walkom of the University of Brishane, who has
recently undertaken an investigation of the rich plant-beds
in the Ipswich district, for all that he did to enable me to make
the most of a very short time available for palacobotanical
worlk.

For the loan of specimens and for other help I am indebted
to Prof. Bayly Balfour, Prof. Bower, Prof. Margaret Benson,
Prof. Oliver, Sir David Prain, Dr Smith Woodward, Prof. Weiss,
the Director of the Geological Survey, Dr A. H. Church, Dr
Arber, and other friends. I would also acknowledge a debt,
by no means inconsiderable, to my Colleague Mr Hamshaw
Thomas. Among younger friends in the Cambridge Botany
School to whom 1 am indebted 1 wish particularly to thank
Miss Ruth Holden. Miss Banecroft, My mayvers, Mr Dutt and
others who have rendered me willing help.

In the List of Illustrations mention is made of Corporate
Jodies and individuals from whom blocks have been obtained,
and I am grateful to them for readily responding to my
applications.

My Wife, though prevented by more urgent calls in the
later stages of my task from giving as much time to the illustra-
tions as in the two former volumes, has contributed several

ab
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drawings, and my daughter Phyllis S8eward has also given me
much help in preparing drawings from previously published
figures.

In spite of the vigilance and wise counsel of many friends
numerous blemishes remain and for these the author is alone
respongible.

A. C. SEWARD.

Dowyivg CoLLece Lopce,
Febryary 10, 1917,

Nore, The letters A and B added to references in the footnotes
indicate that the works will be found in the Bibliographies at the end
of Volumes 1 and 1T. :
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CHAPTER XXVIII
CYCADALES (RECENT).

Awone the fossil genera described in the last chapter of the
second volume some were spoken of as true Ferns though most
of them, it was added, ‘may safely be regarded as plants which
will ultimately be shown to belong to some other group, in most
cases that of the Pteridosperms.” Since this was written additional
evidence has been obtained in favour of the inclusion of certan
genera in the Pteridosperms. In the case of Taeniopteris, one
of the genera already deseribed, there is reason to believe that
at least one species is a member of the Cycadales and not a true
Fern ag formerly supposed.

The Pteridosperms so far described are represented for the
most part by sterile leaves preserved as impressions, the genera
founded on more satisfactory material having been reserved for
treatment in this volume, As these genera are founded to a
large extent on anatomical characters oscillating in their essential
features between recent Ferns and Cycads, it is important that
the student should he in possession of the anatomical character-
istics of both of these classes; and for this reason a general account
of recent Cycads is intercalated between the Pteridosperms
already described and those reserved for treatment in this volume.

The section of the Gymmnosperms known as the Cycadales,
répresented by nine recent genera and less than 100 speeies, i3 of
®Xeeptional importance phylogenetically and demands special
attention {rom palaeobotanical students. Familiarity with the
Morphology of recent forms is essential not only in relation to extinet
Cyeadean plants but also to types which, though not sufficiently close

S, Io1 1
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to surviving species to be included with them in one class, exhibit
features regarded by many botanists as indieations of an affinity
cither to true Cycads or to some generalised stock of which they
are an oflshoot: The Cycads of to-day may fairly be spoken of
a8 anachronisms, plants appropriate to a former age but out of
harmony with the present. They are confined to tropical and
sub-tropical regions in both the old and new world. In habit

¥ra. 377. Cyeas circinolis. From a photograph taken by Mr A, Maling Smith
at Teldeniya (Cevlon).

many of them resemble tree-ferns, but the columnar stem, which

may live to a great age and attain a height of 20 metres, differs

from that of ferns in its gradually tapered form consequent on

the presence of one or more cambial eylinders. Though often

unbranched (fig. 377) branching of the main trunk is by no means
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Cyoas revoluta, as grown by Japanese hovticulturalists.

(After Wieland.)

Fia. 379. Encephalartos horridus.
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unusual (fig. 378; fig. 381, B). Many Cycads are geophilous and
have short tuberous stems (figs. 383, 395, 1a; 396, E): the genus
Zasmia includes a few epiphytic forms'. The typical cycadean
stem is covered with persistent petiole-bases with or without an
admixture of smaller scale-leaf bases (figs. 379, 380), while in
several species a transversely wrinkled or irregularly fissured
periderm forms the superficial tissue (figs. 381, B: 383). The
foliage-leaves are relatively large and, with the exception of the
bipinnate fronds of Bowenia (fig. 391), they are always pinnate.
The fronds usually form a terminal erown (fige. 37T, 379) and

Tra, 380, Chyeas circianlis. Stem ghowing alternate zones of leaf-hases ( F) and
scale-leaf bases (S).  (From the Eneyclopacdia Byitannicn.)

as many as 100 may be produced [rom one bud. In Zaniia
pygmaea® the fronds are only 10—12 em. long, but in some cycads
they reach a length of several metres. On both young foliage-
Jeaves and scale-leaves long and very rarely branched® unicellular
hairs (fig. 396, N) form a characteristic feature and take the place
of the ramental scales of the majority of ferns. The apex of the
stemn shown in fig. 386, A is covered with a mass of woolly hairs
and several scale-leaves are seen on the lower part of the bud.

All recent Cycads are dioecious. The reproductive shoots,
except the megasporophylls of Cycas—which have departed toa
less extent than those of other genera from the foliage-leaf plan
(fig. 381, A; fig. 392, A—C) and are bhorne in a terminal cluster

1 Wieland (06) p. 190. 2 Botanical Magazine, Tab., 1741.
3 Matte (04) Pl x1. fig. 185 (Microcycas).
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through which the stem subsequently pushes its way —consist
of a varying number of micro- or mega-sporophylls in dense
Spirals on the axis of an elongated or oval strobilus (figs. 386, B,
393, 394), The microsporophylls are occasionally verticillatel.

Fia. 381, A, Cyeas revolute, megasporophylls.
B. Zamin Loddigesii, branched stem.
Ihe strobili are sometimes though rarely branched® and
generally but by no means invariably® terminal on the main
Stem  which branches sympodially®. A striking example of
Il Thibout (96).
. ‘l.: r‘“lih'.rut (96) PL 1v. fie. 3. A hranched microstrobilng of & Macrozamia is
X J_thn.l.-d in the Botanical Department of the British Museum.
'1 Pearson (06),
Solms-Lanbach (90): South and Compton (08); Smith, F. G. (07).
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lateral strobili has recently been described by Chamberlain! who
figures a stem of Macrozamia Moorei with fertile shoots wedged
among the persistent petiole-bases, a condition very similar to
that in the Mesozoic Bennettitales. Pearson has also described
clear cases of laterally-borne cones in Encephalartos. Cyeas
exhibits two kinds of branching, the female plants being mono-
podial while in the male the branching is sympodial. The micro-
spores are produced in sporangia grouped in more or less well
defined sori (figs. 389, A; 392, E—G). There is no definite
annulus, but in the occurrence of groups of thick-walled cells
some microsporangia recall those of certain ferns?. The ovules
vary considerably in size, sometimes exceeding 5 ¢m. in diameter:
there are usually two on each megasporophyll (figs. 393, C;
394; 395, 1d) but in most species of Cyeas (fig. 392, B) and
occasionally in other genera the number is larger®. A thick
integnment encloses the nucellus with which it is fused except
in the apical region (fig. 396, A, B). Below the comparatively
long micropylar tube is a well-developed pollen-chamber (fig. 396,
B’, p), a striking feature of Cycadean ovules, immediately above
the megaspore; the latter is filled with prothallus-tissue and
bears a small apical group of archegonia on the floor of a depression
(fig. 396, A-—B'). In Microcycas® as many as 200 archegonia
are recorded—a very exceptional case—and these are not confined
to the apical region, though only the apical archegonia are
functional. Each archegonium is characterised by a very large
oval egg-cell and a much reduced neck®. The microspores usually
produce a single prothallus-cell, a stalk-cell, and body-cell, and
from the body-cell are developed two spirally ciliated spermato-
zoids (fig. 396, M). In this respect also the monotypic genus
Microcycas is peculiar: it may have as many as 8 body-cells
and 16 male gametes in a single pollen-tube (fig. 396, &), while
in Ceralozamia® 4 gametes have been seen in one tube. The
pollen-tube grows like a fungal myeelium into the nucellar tissue
and the male gametes are formed in the distended proximal end

! Chamberlain (13). * Lang (97); (00).

# Chamberlain (09) p. 410. * Caldwell (07).

3 For figures and reforences, see Coulter and Chamberlain (10).
@ Chamberlain (12) p. 11.
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which on bursting liberates the motile sperms with the watery
cell-sap. TFertilisation is succeeded by the development of a
homogeneous proembryo partially or completely filling the zygote
(fertilised egg): by the formation of long suspensors the embryo
18 brought into contact with the food-store of the prothallus.
In some Cyeads, eg. Encephalartos, the embryogeny exhibits a
close resemblance to that of Ginkgol. The embryo is dicotyle-
donous?.

The single stele of the stem is characterised by a large pith
which in some genera (e.g. Encephalartos, Macrozamia) containg
an apastomosing system of collateral bundles. The vascular
tissue of a cycadean stem forms a cylinder of secondary xylem
and phloem, the primary xylem being represented only by a few,
usually crushed, protoxylem eclements on the inner margin of
the reticulately pitted or scalariform tracheids. Both xylem
and phloem are traversed by numerons broad and deep medullary
tays3, The looser texture and more parenchymatous structure
of Cycadean wood afford a ready means of distinguishing 1t from
the wood of Conifers: for the Cycadean type the term manoxylic
is proposed and pyenoxylic for the more compact coniferous
Wood4, Rims (or ‘bars’) of Sanio, of which much has been said
In digcussions on the phylogeny of Conifers, have recently been
described in the petiolar xylem of Cycas revolula: the rims are
short, and ‘cling closely to the horders of the pits,” features which
also characterise the rims found in the cones of the Araucarineae
and in the root- and cone-wood of certain Pines®. In some
Uyeads the secondary xylem and phloem form a single cylinder,
but in others (Cyeas, Encephalartos, Macrozasmice, Boweni) the
Cambium is succeeded by one or several conmcentric cylinders
of wmeristem which have their origin in the perieycle. The
8pasmodic occurrence of separate arcs of inversely orientated
Secondary xylem and phloem between the mormal cylinders is
& feature of importance from the point of view of comparison

j Saxton (101).

* For an explanation of the ocenrrence of a single cotyledon in Ceratozamia,
ee Dorety (08). ’

® Worsdell (00): (01); Chamberlain (11).

_ Mavis, porous, loose in texture; mukeds, compact.

* Sifton (15).
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with the Palaeozoic Medulloseae!. The oceurrence of concentric
cauline strands in the cortex of C'yeas is also a peculiarity worthy
of notice. Succegsive bands of periderm, and occasionally a
eonsiderable amount of phelloderm?, are formed in the peripheral
region of the stem.

The leaf-traces in an adult stem exhibit a striking feature in
their mdirect or girdle-like course to the leaves (fig. 396, 1L, ¢)
and in the gradual change from an endarch (fig. 396, O) to an
apparently mesarch structure (fig. 400) as they pass from the
perimedullary zone to the petiole: except at the base of the
petiole the vascular bundles of the frond-axis consistof (i) centri-
petally developed xylem with a median protoxylem and a much
smaller amount of centrifugal xylem (fig. 400) separated by a few
parenchymatous elements from the centripetal xylem, (i) an
external arc of protophloem and within this metaphloem and
parenchyma®. In the slender petiole of Bowenie there are a few
collateral bundleg arranged in the form of a circle or ellipse?; in
Cyeas and some other genera the more numerous bundles form a
pattern like an inverted U, and in some species of Encephalarios
the number is greater and the strands more irregularly scattered?.
In the vegetative stems there is no centripetal xylem in the stele,
but scattered centripetal tracheids occasionally oceur internal to
the protoxylem in the steles of the peduncles®,

Cycadeae. Megasporophylls each hearing 2—8 ovules, borne separately
like foliage-leaves and not in strobili. Pinnae have a midrib but no lateral
veins (fige. 384, 387, A). Cyeas (fig. 377).

Zamieae. Both kinds of sporophylls form strobili. Pinnae have several
dichotomously branched, move or less parallel veins., Zamio (figs. 388—390),
Mucrozaria, Encephalarios (figs. 379, 386, ), Ceratozumia, Dioon (fig. 386. B),
Microcyeas.

Stangerieae. Strohili as in Zamieae. Pinnae fern-like; numerous dicho-
tomously branched lateral veins given off from a midrib.  Skangeria.

Bowenieae. Leaves bipinnate (fig. 391), strobili as in Zamienc. Bowenio.

Distribution. The most widely spread genus, Cyeas, occurs
Siam, India, the Nicobar Islands, Ceylon, Madagascar, and

i1

! Woradell (00); (06). See posiea, Chap. xxx. * Woradell (08%).

4 For figures, see Metteniug (60) B.: de Bary (84) A.; le Goc (14); Marsh (14).
1 Wieland (06) pp. 62, 63.

3 Matte (04) PL vin fig. 111,

B Soott (97): Matte (04) p. 164,
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Australia, in many of the islands in the Indian and Pacific oceans,
in New Guinea, Borneo, New (Caledonia, New Britain, China and
Japan!. Zamia, the most northerly genus, extends from North
Mexico and Florida through Central America and some of the
West Indian islands to Ecuador, Bolivia, Chile, and Peru. Dioon
and Ceratozamia arve confined to South Mexico, and Micracycas
flourishes on the Cuban mountains. The continent of Africa
Possesses two endemic genera Encephalurtos and Stangeria.  Hnce-
Phalgrtos extends from Cape Colony through Natal and Zululand
to Zanzibar and Mombasa?: a specimen in the Kew Herbarium
(probably E. Hildebrandti) is said to have been collected as far
north as the Soudan. Two species are recorded from the Congo?
and F. Barteri, discovered by Barter in Central Africa, is recorded
ijrom the Gold Coast®. Stangeria has a much more limited range
m B . Africa®; Australia possesses Maerozamia, represented by
Several species in Western Australia, New South Wales and
Queensland. Cycas in Queensland and the Northern territory
'L‘j“] the Queensland genus Bowenia. There are no Cycads in
New Zealand. As a whole Cycads have a limited range and with
the exception of Cyeas and Zamia none of them extend beyond
bhe limits of a single continent. They are as a rule not gregarious
Plants and play a subordinate part in the facies of the vegetation.
Macrozamia forms dense thickets® in some districts and occurs
both in exposed sitnations and in association with Palms in
f];mlp Queensland forests. Chamberlain? speaks of 100 plants of
Divon edule as visible in one view in South Mexico where the
Species forms a mountain forest. In Florida Zamia pumila®
g“‘““’-‘i in dense moist woods, a habitat in contrast to that of many
Cycads. The Mexican Ceratozamia is associated with luxuriant
Vegetation, while its compatriot Dioon® lives in blazing sunshine.

' The species Cyoas laiwanensis was founded by Mr Carruthers (93) on material
 Formosa, and €. rewluta has also been recarded from Formosa [Thiselton-
mﬂt.l'iﬁ(??_) P. 559], but according to Mr Elwes it is very doubtful whether any

e Yyead occurs on the island.

 ngler (65) p. 92; Stapf (14).

_ bard. Chron. June 11, 1904, p. 370,

_ Bot. Mag. 1909, Tab. 8232

" Chamberlain (129,

% “'L‘i')hr'e:‘ (01).

fro;

& Pearson (06).
7 Chamberlain (06).
1 (Chamberlain (09).
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Sir Joseph Hooker! speaks of Cycas living in the deepest and
hottest valleys in Sikkim. Fncephalartos is essentially a xero-
philous genus.  Stangeria paradoxe is said to be confined to forests
i Cape Colony, and another species grows among the grags of
the Park-lands in open country®. While it is true that many
Cycads are characteristic of dry regions some species flourish
in places where ghade and moistnre are abundant.

Though it is impossible in many eases to form an estimate
of the age of individual plants, there are eclear indications that
some specimens afford notable instances of longevity. Chamber-
lain estimates the age of some plants of Dioon spinulosun as
exceeding 400 years and mentions an example of D. edule that
1s probably 1000 years old.  An unusually tall plant of Encephalar-
tos in the Botanic Garden of Amsterdam is believed by Prof. de
Vries to have reached the venerable age of 2000 years®. The
restricted range and in many cases the solitary existence of recent
Cycads, with their tall stems clothed with the persistent cork-
covered stumps of thousands of fronds, deepens the impression
of antiquity derived from a study of the geological history of
this dwindling race.

Stems. The tall colummar stems of some species of Cyeus,
often branched or bearing numerous ovoid buds like enlarged
bulbilst, are characterised hy the regular alternation of large and
small leaf-bases as seen in the stem of C. circinalis reproduced
in fig. 380. In older stems of this species the leaf-bases are
exfoliated and the stem is covered with wrinkled and fissured
cork; butin Cyeas revoluta the leaf-bases are even more persistent,
The columnar but relatively stout stems of Encephalartos (figs.
379, 382, 386, A) and Ceratozamia are similarly encased in a
covering of petiole-bases, but in these genera the differences
between foliage-leaves and bud-scales is much less obvions and
there is no zonal alternation. On the stems of Macrozamia the
rhomboidal leaf-bases are more uniform in size and there are no
scale-leaves. The tall and often palm-like stems of Microcycas

! Hooker, J. D. (91) A. p. 98 (footnote). 2 Pearson (06).

® Prof. de Vries kindly informed me in a letter that this estimate is not to he
regarded as anything more than a rough gusss,
1 Btopes (10).
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sometimes show transverse rings on the bark marking the position
of former terminal buds, and in older trunks these may disappear.
leaving a fissured barkl. In Cyeas siamensis the tuberous stem

—

¥, 382. FEncephalartos Ghellinekir, (i nat. size. )

Is similarly covered with a rough bark (fig. 383) and the stems

of Zaimia are also characterised by an absence of persistent leaf-

bases (figs. 381, B; 395, Ta, a). It is pertinent to remind the
L Caldwell (07),
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palacobotanical student of the occurrence of flowering plants
with stems closely simulating those of some Cycads. Prof. Bower!
in deseribing Rhynchopetalum montanum, an Abyssinian Lobelia-
ceous plant, drew attention to the similarvity in surface-featuves
and to some extent in anatomical structure to cycadean stems.
The resemblances are further emphasised in a more recently
published account of the same species umlez a different name,
Lobelia  Rhynchopetalum?,

Fra, 383. Oyeas siwmensis. (From the Encyelopaediv Britunnica.)

Fronds. A general acquaintance with the various types of
fronds illustrated by recent Cycads is important to the student
of Tossils not only to enable him to compare existing and extinet
forms but as afiording safegnards against possible sources of error
in the desceription and identification of impressions®. The verna-
tion exhibits less uniformity than in Ferns: in Cycas the rachis
1s straight and the pinnae circinately coiled (fig. 220, B, vol. 1.
p. 283); in Zamie and Stangerie the rachis is bent and the pinnae
straight, while in Ceratozamia and other genera hoth the axis
and leaflets are straight. As Braun pointed out, there is as a
rule no terminal leaflet, or it may be pushed to one side giving
a forked appearance to the frond apex?.

1 Bower (84). 2 Rosen (11).
3 Seward (95) A. pp. 16 el seq. % Braun, A. (78).
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as.  The presence of & strong midrib and the absence of lateral veins
are distinguishing featurés: the lower margin of the lamina is frequently
decurrent (fig. 387, A). In (. cireinadis the pinnae may reach 40 cm. in length
with a fairly uniform breadth of 2 em. A frand of this species in the British
Museum, not quite complete, has a length of 112 em.: on the lower part of
the rachis strong spines replace the leaflets and near the apex of the leaf
concresgent pinnae form a vontinuous lamina traversed by seven ribs and
dissected at the margin into acuminate teeth (fig. 384): some of the pinnae

F1a.384. Oyeas circinalis, abnormal frond. (From a specimen in the British Musorm.
! il

are forked as in Cyeas Micholitzii® (Hg. 385). BSeveral years ago I noticed a
similar instance of concrescence in a small plant of (. e¢ircinalis in the Royal
Gardens, Kew (fig. 387, T). TIn Cyeas Micholitzii the pinnae, reaching a length
of 20 em., are repeatedly and deeply forked (fig. 385. A, B; fig. 400): the
pinnae of . Rumphii var. bifide® are also deeply disseeted.  Clyeas Beddomer
has very narrow pinnae (15 cm. x 2 mm.) similar to those of the Wealden

! Thiselton-Dyer (63) B.; Bot. Mag. 1909, Tab. 8242,

# Thiselton-Dyer (02) p. 560.
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species Cyeadites Saportae, and it is noteworthy that narvow leaflets with a
strongly revolute lamina would produce casts with two parallel ribs (the
grooves between the midrib and the edge of the lamina) simulating the double
midrib of the fossil genus Psendocycas. In some fronds. eg. €. Cairnsian,
the midrib is hardly visible on the upper face of a dried pinna which shows a
longitudinal wrinkling simulating parallel venation.

W

Pra. 385, A, B, Cyeas Micholitz{i. (After Thiselton-Dyer.) €, Zamia angustifolic.

Encephalarlos. The fronds of this genus, in Encephalartos Lavrentianus?
veaching the exceptional length of 7 metres, bear alternate pinnae exhibiting
a considerable range in form and breadth, In E. longifolius, £. Allensteinii
(fig. 386, C), H. Lehmannt, ete., the pinnae are for the most part linear, reaching
a length of 20 em. and a breadth of 2 em. : in B. caffer (fig. 387, D), £. f"'i'fj'u/.;t(-::,
and others the pinnae are broader and shorter and often spinous. A frond of
B. longifolius or H. Allensleinii may bear both entire and lobed, spinous
pinnae. In £ Frederiei-Guilielm (fig. 387, G) and E. Ghellinekii* (fig. 382)
the pinnae are very narrow and almost filiform, with revolute edges. The
thick and leathery pinnae of some gpecies are attached obliguely to the edge or

L Gard, Chron. 1904, June 11, p. 370. ? Beward (97).
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Fio. 386, A

. Encephalartos Altensteinii, apex of stem,
B. Divonedule, megastrobilus. (From a phatograph by My 8. M. Wadham.)
C. Encephalartos. Altensteinii, frond,
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to the upper sloping sides of the rachis which forms a prominent ridge between
the rows of leallets, and characteristic oval scars are left on the fall of the
pinnae (fig. 387, D, G'). The lamina in most species contains several veins
more or less parallel to the margins and often much more prominent on the
lower than on the upper surface,

Fre. 387. Cyeadean fronds. A, Cycas circinalis; B. Muoecrozamia  Fraseri;
O, Macrozamia Denisoni; D). Encephalurtas caffer; B, F, INeon edule from
below and above; G, Bacephalurtos Frederici-Guilielmi, G, side-view;
H, Ceratozamio mexicana; I, Cycus circinalis, lower part of yonng frond,

Zamyig. In Zamia ongustifolio (fig. 385, C) and Z. linifolia the pinnae
are long and very narrow: the other extreme is represented by Z. Wallisiit
(fig. 388) with broad ovate segments veaching a length of nearly -5 metre
and aftached to the rachis by a short stallk; the veins are prominent
and dichotomously branched. Other forms of pinnae ave represented by
Z. antegrifolia, Z. floridana, and Z. Loddigesii (figs. 380, 390, 395). The

1 Braun, A, (75%) p. 376.
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Fic. 388. Pinna of Zamin Wallisii. From a drawing after A, Braun

in the Kew Herbarium. (% nat. size.)
8, 1 2




CYCADALES

Fia. 380, Zawia integrifolia bearing a megastrobilus and showing foliage-leaves
and scale-leaves. A, microsporophyll; B, megasporophyll. (After Rendle,
from Jacquin.)

T, 390. Small frond of Zamia Loddigesii. (3 nat. size.)
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broad and short pinnae of Z. furfuracea® bear a close resemblance, except in
the absence of an auriculate base, to those of some species of the fossil genus
Olozamites. The broadly linear pinnae of Z. psendoparasitica (45 em. x 3 em.)
often show longitudinal wrinklings on drying which suggest comparison with
the corrugated lamina of the fossil species Nilssonia brevis. A basal pad or
callosity on the slender bases of the pinnae is characteristic of many Zaemin
tronds,

(

eratozamia. The fronds bear a fairly cloge resemblance to those of
Macrozamin: in Ceralozamin mexicana the linear pinnae reach a length of
over 30 em, and a breadth of 2—3 ¢, ; the lamina tapers to a narrow apex
and is more abruptly contracted at the base (fig. 387, H). The veins in
Ceratozamia arve sub-parallel and dichotomy oceurs up to the middle of the
lamina? A striking feature is the ovcurrence of two opposite stipule-like
Projections a short distance above the base of the petiole.

Macrozamia. A noteworthy feature in some species is the attachment
of the linear pinnae along the middle line of the rachis (fig. 887, C); in others
(fig. 387, B) the leaflots are attached laterally and may have a basal callosity.
The parallel veins, which branch dichotomously near the base of the lamina,
are often much more prominent on the lower than on the upper fage. In
M. leteromera® (fig. 396, T, T) the narrow pinnae arve deeply forked and
Strongly revolute. The spirally twisted rachis of M. spiralis, M. heleromera,
€., is a striking feature recalling the Rhaetie fern Camplopteris spiralis
Naths, A ™

Dioon. The arrangement of the linear pinnac of D, edule (fig. 386, B),
D. spinulosum, and D. Purpusiid formg a ready means of distinguishing the
fronds of this genus: the pinnag, often contiguous and at right-angles to

the rachis, are attached in a lateral groove by an expanded and slightly
decurrent, base. The difference between the lower and upper face of a frond
{fig. 387, B, F) affords a good illustration of a common source of error in the
dentification of fossil specimens. The leaflets of 0. spinwlosum, which
EXeept in their spinous margin are very similar to those of D. edule, may
teach a length of 15 cm. and a breadth of 8 mm. The parallel veins are
unbrancheds.

Microeyeas?. The pinnae of this genus, very like those of the Wealden
SPecies Zomiles Buchionus, reach a length of 20 em. and a breadth of 8 mm. :
;m fulling they leave oblong scars resembling thoge on the rachis of Encepha-
Artos.

Stengeria. This genus iz particularly interesting because of its fern-like
habit and venation. The large fronds of 8. paradoxza® hear broadly linear
' Bot. Mag. 1818, Tab. 1969. 2 Matte (04) p- 34

® Seward (95) A. p. 5; Robertson (02) fig. 4.
* Vol. m fig. 287, p. 380 # (Chamberlain (09).
® Braun, A. (75); Bornemann {56) A. PL x,
* Caldwell (07); Caldwell and Baker (07).
Bot. Mag. 1859, Tab. 5121.
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aguminate pinnae with entire, unevenly lobed, serrate, or pinnatifid margins,
Some leaflets are so deeply dissected as almost to justify the appellation pinnate.
Both entire and dissected leaflets may oceur on one frond and the lower ones
may be stalked while the upper pinnae are sessile. The venation agrees
closely with that of the genus Taeniopterist.

Bowenia. The large fronds of this genus (fig. 391) are peculiar in being
bipinnate; they may reach a length of 2 metres and have a long slender
petiole: the asymmetrical lamina of the segments, entire or deeply serrate,
iz attached by a very short stalk; the veins branch dichotomonsly® and

Fic. 391. Bowenin spectabilis, frond. (From the Encyclopaedia Brilannica. )

diverge slightly. Both entire and serrate pinnae may oceur on the same
plant, but Chamberlain has revived André’s specific term serrulata in preference
to the generally adopted designation for the serrate forms, B. speclubilis
VilT. S?T‘T{l!l’la.

Reproductive shoots®. In Cyeas circinalis, C. Rumphii, and
other species the megasporophylls reach a considerable length and
bear several lateral ovules each of which may be as larce as a

! Vol. 1r. p. 485. ¢ Lignier (04).

3 Chamberlain (122). :

¢ For information on the anatomy of reproductive shoots, see Thibout (96);
Scott (97); Worsdell (98); Matte (04),
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Fro. 302, A Clycas pectinata, apex of megasporophyll. (4 nat. size.)

B, C. Cyecas Riwminiona, megasporophyll. (§ nat. size.)

D.  Ercephalartos Altensteinii. Distal end of megasporophylls. (From
the Gardeners’ Chroniele.)

E, ¥. Oycas angulate, microsporophyll and sorus,

(x, L Ceratozamia mexicandg, I, microsporophyll with scars of sori(s):
G, sorus. (After Thibout.)

H. Stangeria paradora, megastrobilus.
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googe’s egg: the sterile distal end has the form of a spear-point
with an irregularly serrate edge. In C. revoluta, €. pectinata, ete..
the sterile part is deeply dissected and may hreak off (fig. 392, A)
from the lertile portion of the sporophyll. The megasporophylls

Fra. 393. A. Slangerin puradoxa, part of microstrobilus.

B, D. Encephalarios villosus, megastrobilus in surface-view and in

section. (} nat. size.)

C.  Ceratozamia mewicana, single megasporophyll.
of . Rivmintana exhibit a striking variation in form (fig. 392, B,
Cy; some are 15cm. long with several ovules, while others,
reduced to 8 cm., bear only two ovules and resemble the sporo-
phylls of Dioon. In all other genera the megasporophylls are
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aggregated into cones, but in Dioon the strobili are characterised
by their more ovoid form and by the looser arrangement of the
sporophylls (fig. 386, B), each of which consists of a horizontal
stalk expanded distally into a broadly lanceolate upturned end
covered with a thick felt of hairs and bearing at its base usually
2, rarely 5—6, ovules on cushion-like swellings. In Dioon spinu-
losum the cones may be 50 cm. long. Between the cones of
Microeycas, over 90 em. long, and those of some Zamias, a few
centimetres long, there are many intermediate forms. The

Tra. 304. Macrozunie Preissii, megastrobilus and (A) single megasporophyll;
a, axis of coné; p, stalk of megasporophyll; s, unripe seeds. (After Rendle.)

large strobilus of an Encephalarios reproduced in fig. 393, D,
shows the convex ends of the sporophylls with a jagged edge,
and in monstrous cones the marginal lobes may be abnormally
developed and assume the appearance of pinnac'. Hach mega-
sporophyll bears two large ovules (fig. 393, B). In certain species
of Encephalartos the swollen ends of the sporophylls have a trun-
cate centre like the flattened umbo of some Pines (fig. 392, D).
The presence of two divergent spines is a peculiarity of the mega-

i Thiselton-Dyer (01); Bof. Mag, 1915, Tab. 8592, 8593. TFor instances of
monstrons cones, see Miguel (69), Wieland (02).
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sporophylls of Ceratozamia (fig. 393, C): in Macrozamia (fig. 394)
the distal ends are prolonged as tapered processes. The surface
of the strobilus of Siangeria is formed by imbricate and rounded

Fie. 395. Zamin floridana. 1a, complete plant;: «, main trunk; b, branch-sear;
¢, secondary root; d, primary tap-root. (! nat.size.) I, Ic. megastrobilus,
( nat. size.) Id, megasporophyll, (1 nat. size.) Ie, pinna. (§ nat. size.

After Wiclund., )
ends of sporophylls (fig. 392, H) not unlike the cone-scales of
Pinus excelsa or P. cembra. The megasporophylls of Zamia are
expanded into regular cushion-like hexagons with a flat central
area (figs. 389, B; 395, 1b).

The microsporophylls (figs. 389, A; 392, E) are in all genera
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aggregated into strobili which often bear a close resemblance to
seed-cones (fig. 393, A). On a single sporophyll of Cyeas crrctnales
there may be as many as 700 sporangia while in Zamaia Sfloridana
there are only two microsporangia. The spore-output is large
and in extreme cases, e.g. in Dioon spinulosum, the average number
of spores in a sporangium is said to be 30,0001,

Seeds. In the great majority of recent species the seeds may
be deseribed as large and afford a striking contrast to the small
seeds of the Mesozoic Bennettitales, A feature of interest from
the point of view of comparison with Palacozoic seeds is the
absence of a resting stage, germination in some cases following
sepd-fall without an interval. As Warming pointed out, the
embryo is often undeveloped when the seeds are ghed. An
interesting fact is recorded by Capt. Dorrien-Smith® with regard
to seed-dispersal: he describes the heavy pebble-like seeds of a
Macrozamia as being hurled from the ripe cones a distance of 12 £t.
The seeds of Cyeas are platyspermic; the woody shell exposed
on removal of the outer flesh is slightly flattened and has two
Prominent angles, but three-angled seeds may oceur as in Ginkgo
biloba (fig. 631, C). In other genera the seeds are radiospermic.
The seed of Encephalartos Altensteinii® (fig. 396, D) has a square-
cut distal end with a small papilla at the summit of the unusnally
long micropylar canal (17 mm.). The stone of this seed (fig. 396, )
shows parallel curved ridges which mark the position of vascular
strands in the inner region of the outer flesh. The large ovules
of Qyeas circinalis® have an integument 1 cm. thick consisting of
an outer and inner flesh and an intervening stony layer which
reaches its greatest development at the base and apex. Three
vascular strands enter the base of the seed, the concentric strand
breaks up in the broad inner flesh into a group of bundles which
embrace but do not penetrate the lower end of the nucellus.
Each of the two lateral strands branches in the outer flesh near
its entrance into the seed; the outer and larger collateral and
mesarch bundle passes up close to the surface of the shell to the
seed-apex, while the inner branch penetrates the shell and,
Oceasionally branching, passes up the inner region of the inner

* Chamberlain (09). - ¢ Dorrien-Smith (11) p- 287.
® Stopes (04) p. 467. 5 Stopes (04) p. 438, fig. 1; Warming (77) PL mm,




wn
=]
=
-
a
-
&)
=
8




XXVIIT | SEEDS 27

flesh as far as the micropyle. In other seeds the tracheal supply
of the outer flesh consists of several bundles and not two as in
Cyeas. The inner flesh abuts on the nucellus and is connected
with it except at the apex (fig. 396, B). In ripe seeds the nucellus
is reduced to a thin membrane enclosing the large megaspore at
the upper end of which is a depression (fig. 396, B) or sometimes
two depressions (fie. 396, T) in the prothallus containing the
archegonia. 1In the seed of Dioon edule® (fig. 396, A) the position
of the absciss-layer (s) is indicated by a slight transverse con-
striction. In the seeds of Bowenia, constructed on the same
plan, the inner series of vascular strands appears to he nucellar
in position, thus differing from the strands in Dioon, Uycas, and
other genera which are confined to the integument. Miss Kershaw?
in deseribing Bowenin speaks of an upper and a lower pollen-
chamber; the former serves as a storage-place for the microspores

1 Chamberlain (06). * Kershaw (12).

Fra. 306. A. Sced of Dicon edule in longitudinal section; a. integnment;
v, vaseular tissue m, prothallus: 7, nucellus: p, pollen-chamber;
s, absciss-layer; ar, archegonia. (After Chamhberlain.)

B, B’. Sced of Cyeas circinalis; o, v, integument (sarcotesta) and
vascular tissue: b, sclerotesta: ¢, inner sarcotesta; s, n. pro-
thallus and nucellus. (After Stopes.)

B’. Apex of mucellus; p, pollen-chamber; i, integument; 7, nucellus;
¢h, archegonial chamber; ar, archegonia.

¢, D. Seed of Bncephalarios Altensteinii; C, surfage of stone. (After

Stopes.)
B. Stem of Bowenin serrulgia; g, level of ground. (After Chamber-
lain.)

F, F'. Pinnac of Macrozamia heleromera.
G. Pollen-tube of Microcyeas Calocoma. (After Caldwell.)
H. Transverse section of stem of Enrcephalarfos horridus: s. stele;
g, girdle-bundles. (After Mettenius. )
Apical view of prothallus of Cycas showing two archegonial chamhers
(ek). (After Trenb.)
K. Encephalartos Barteri. Transverse section of stem; 2, xylem ;
p, phlocm. (After Matte.)
L. COycas siamensis. Transverse section of vascular tissue of young
stem. (After Matte.)
M. Cyeas vevolula; two motile sperms. (After Miyake.)
N. Long hair with short basal cell from the petiole of Macrozamia
heteromere. {After Robertson.)
0. Vascular bundle of Dicon edule from hase of petiole; p, phloem;
¢, cambium, (After Mettenius.)

-t
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prior to their further development in the lower chamber. Dr
Stopes® regards the integument as double in origin, a view
suggested by Griffith? in 1835, and as homologous with the single
integument plus the cupule of Lagenostoma. This view is supported
by Mrs Thoday®: on the other hand Miss Kershaw’s investigation
of Bowenia seeds leads her to regard the integument as single.
Although there would seem to be a prima facie case in favour of
the dual nature of the integument, the arguments on the other
side have greater weight?.

Recent observations point to the probability that insects
play a part in the pollination of cycadean ovules. Kraus® drew
attention to the strong smell emitted by the microstrobili of
Dioon edule and noticed that small bees were attracted to the
ripe strobili of Macrozamia, while odourless cones of a neighbouring
Ceratozamia received no attention. Pearson® and Rattray” have
obtained evidence that beetles and weevils act as pollinators to
species of Ancephalartos.

Amatoniical features. Allusion has already been made to gsome
of the more striking anatomical features; the large pith, the
oceasional occurrence of medullary vascular bundles, the presence
of one or more cambiums, the large size of the nedullary rays,
ete. It is worthy of remark that the occurrence of an anastomosing
system of medullary bundles is not a constant feature within a
genus; in Macrozanvia Fraseri such a system is predent, but
absent in M. Denisons®. In the pith of stems with no medullary
bundles eylinders of collateral bundles may oceur in connexion
with a fertile shoot. These bundles arise from the inner face of
the main cylinder and pass upwards as a domical system into
the base of the terminal strobilus which is eventually pushed to
one side by the growth of a lateral bud?. The secondary xylem
tracheids are usually provided with several rows of bordered
pits on the radial walls and resemble those of the Araucarieaelt,
but in Cycads the pits are often not contiguous and less compact

1 Stopes (04). 2 Oliver (13).

? Thoday (Sykes) (11); Sykes (10); Thoday (Sykes) and Berridge (12).
4 Salisbury (14) p. 72. 5 Kraus (96).

& Pearson (06). ? Rattray (13).

¥ Worsdell (96); (01). 9 See anle, p. b.

' Chamberlain (11); Wisland (08).
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in their distribution. The wood of Stangeria is peculiar in con-
sisting of scalariform tracheids? (fig. 397). (hamberlain describes
growth-rings in the wood of Dioon; but this is exceptional. In
tangential sections of the stele leaf-trace bundles are constantly
seen passing horizontally through the broad and deep medullary
rays. The pith-cast of a cycadean stem reproduced in fig. 398
shows the wide meshes in the reticulum of tracheal tissue originally
occupied by parenchyma, which on decay left lenticular depressions

Fra. 397. Tracheids from the stem of Fra. 394. Pith-cast of a Macrozamia
Stangerin paradoza. (After Marsh. ) stem. (§ nat. size.)

represented on the cast by tapered convex areas occasionally
bearing the impress of an outgoing trace in the form of a narrow
groove. The secondary phloem often rivals the xylem in breadth
and is not always easily distinguishable from it; it vonsists of
sieve-tubes, parenchyma, and fibres. The secondary cambial
cylinders characteristic of Cyeas, Encephalartos, Macrozamia, and
Bowewia, to which reference was made in the summary of
anatomical features, arise in the pericycle, and a lew layers of

1 Pavolini (09); Marsh (14).
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pericyclic parenchyma occur hetween adjacent extrafascicular
cylinders of xylem and phloem. In a stem of Cycas media 35 em.
in diameter examined by Worsdell there were 12 concentric
cylinders. Matte' and Miss Dorety? have deseribed partially
flattened ares of extralascicular xylem and phloem in the hypo-
cotyl of Ceratozamia mewicana. Worsdell® first drew attention
to the oceasional oceurrence of short tracheids on the inner edge
of the secondary wood and to the spasmodic development of
cambial arcs in the tissue between the extrafascicular eylinders
forming strands of inversely orientated xylem and phloem. More
recent work by Matte gives support to Worsdell's comparison
between Medullosean stems and those of recent Cycads with
inversely orientated arcs or concentric vascular cylinders. The
French author draws attention to the close resemblance between
the seedling stems of such species as Encephalartos Barteri
(fig. 396, K) and Cycas siamensis (fig. 396, L) with their polystelic
type of strueture and the adult stems of Medullosa®. In the
stems of Dioon, Microcyeas, Stangeria, and Zamia no extratasci-
cular eylinders are recorded. Two main vascular bundles enter
the cortex from each leaf-base and in most stems these diverge
right and left and more or less completely encirele the stele hefore
passing through the medullary rays and joining the inner portion

of the xylem of the stele either as double or single bundles. These

girdle-bundles (fig. 396, H) first described by Karsten and Mettenius
form & very characteristic cycadean feature®. Adjacent girdles

are joined by connecting cortical bundles and, in addition, there

are cauline collateral bundles in the cortex which form an

anastomosing system. TIn some cases, e.g. species of Macrozamia

and occasionally in Stangeria, the female peduncle of a Cerato-

zamia, and in seedlings of Bowenia and Cycas revoluta®, the leaf-

traces pursue a direct course from petiole to stele as in stems of

Bennettitales. Tt is noteworthy that in seedlings of Microcyeas?,
a .genus characterised by a large number of male gametes—

presumably a primitive feature—the leaf-traces are of the girdle-

type. The two bundles at the hase of a petiole by repeated

1 Matte (08). # Dorety (08%); (09). & Worsdell (96).
4 Matte (04) cspecially pp. 185—202. See also Woradell (00); (08) ete.
& Matte (04) p. 210. 5 Worsdell (982), * Caldwell (07).
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subdivision give rise to the numerous collateral strands of the rachis.
A leaf-trace in its passage to the leaf is like that of a Conifer in
having the protoxylem on its inner edge, whereas in the petiole
and elsewhere in the frond it is characterised by an arrangement
of the xylem that has usually been deseribed as mesarch. A typieal
vaseular bundle from a eycadean [rond is seen in fig. 399, C; by
far the greater part of the xylem is centripetal, the centrifugal
xylem being confined to an arc of scattered tracheids or a small
strand separated by a few parenchymatous cells from the
Protoxylem.

Fic. 399, Sketehes illustrating the changes in the structure of Cycadean vascular

bundles in their eourse from stem to leaf: cp; ¢f, centripetal and centrifugal
Xylem; p, phloem; pz, protoxylem. (After Marsh.)

As considerable stress has been laid on the anatomical features
of the cycadean foliar bundles in discussions on the affinities and
i’]l}"logl’-‘u}»’ of certain Palaeozoic genera, it is important to consider
the facts more closely!. Trench anatomists described the cycadean
bundle ag diploxylic on the ground that the centripetal and
tentrifugal xylems are distinctly different things, the centripetal
iylem being primary—a rvelic of a former organisation—and
the centrifugal xylem secondary and homologous with the normal

L Carano (04); le Goo (14): Marsh (14).
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wood of the cauline bundle. The term mesarch has in recent
years been applied to the cycadean type of bundle. A mesarch
bundle is, however, one in which centripetal and centrifugal
xylem are alike in origin, both being primary structures derived
from a desmogen strand. Typical mesarch bundles occur in
several recent ferns; in the stele of the Osmundaceae, Gleichenia,
and other genera; but in these plants the xylem is all produced
directly from one primary desmogen region and there is mno
question of “primary’ and ‘secondary’ as in the two portions of
the xylem of a cycadean bundle. Recent researches into the
development of cycadean foliar bundles show that they do not
conform to the mesarch type as generally understood. A leal-
trace at the hase of a petiole (fig. 399, A) comprises centrifugal
xylem only, and this consists of regular rows of tracheids separated
by medullary rays: in the lower part of the petiole the structure
is gradually modified, the centrifugal xylem is reduced and
the formation of centripetal xylem is initiated. At a higher
level (fig. 399, B) the centripetal xylem is in excess of the
centrifugal and the latter, for a time connected with the former,
eventually becomes separated by a few parenchymatous cells
from the protoxylem and persists as a small strand or are of
tracheids. Tig. 399 illustrates stages in the transformation of
a typical collateral bundle, at the base of a Stungeria petiole,
into one in which the xylem is almost wholly centripetal at a
higher level in the axis of the frond. A cambium is present in
all: in B the centrifugal xylem is more or less clearly differentiated
into two portions, loosely arranged tracheids near the phloem,
and the more compact groups abutting on the centripetal xylem :
figs. C—K show a further reduction in the centrifugal tracheids,
The conclusion drawn from developmental study is that the two
xylem portions of the bundle are independent in origin'. Marsh
has, however, shown that in Stangeric bundles near the hase of
the petiole the centrifugal xylem consists of rows of secondary
tracheids and an inner portion not in rows which connects the
centrilugal with the centripetal elements ; this connecting portion,
he adds, is ‘probably primary and connects up the Cycadean foliar
bundle with the truly mesarch bundle of the Cycadofilices.’

! Le Goe (14); Marsh (14).

-
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In the xylem portion of the bundle from the midrib of a forked
pinna of Cyeas Micholitzii shown in fig. 400 the centrifugal xylem
elements are unusually numerous: the space between the two
xylems is occupied by parenchyma and the whole strand is enclosed
by a sheath of crystal-containing cells, s, with thick inner walls.
Fig. 400, 1—4, illustrates the gradual change in the form of the
bundle in the region of dichotomy!. The ground-tissue of the

Fra. 400, Oyoas Micholilzii. Vascular bundles in a forked pinna; pa, proto-

xylem; s, sheath of thick-walled cells; of, ep, centrifugal and centripetal xylem.

petiole is abundantly supplied with secretory canals and in the

hypodermal region is a cylinder of stereome. In some petioles,

e.9. Macrozamia heteromera®, the ground-tissue cells are lignified

and reticulately pitted, a feature met with in some Mesozoic

cycadean leavesd. In Cycas medic Worsdell noticed a tendency
L Seward (06). * Robertson (02). 3 Seward (122).

8. T 3




a4 UYCUADALES [cH. xxXVIIn

of the leaf-trace bundles towards a concentric arrangement and
similar vascular strands are recorded in the peduncle of Dison
edule, in various sporophylls® and in other cases, It is possible,
as Worsdell believes, that the fairly frequent occurrence of con-
centric bundles in plants characterised by collateral bundles may
have a phylogenetic significance.

The pinnae are dorsiventral and the veins exarch or pseudo-
mesarch: secretory canals oceur between (Encephalartos), above,
or below the veins, The mesophyll of Cyeas is characterised by
the presence of isolated xylem-elements passing from the midrib
to the edge of the lamina and, as Lignier® suggests, these may he
regarded as a reduced system of lateral conducting strands,

The epidermal cells of the leaflets have straight or slightly
curved walls except in Stangeria where they are undulate and fern-
like®. The stomata, with few exceptions confined to the lower
epidermis, are larger than in other gymnosperms (on the
075 x -034 mm.) and are more or less depressed below the surface :
the guard-cells are usually surrounded by 4—6 subsidiary cells.

The roots exhibit no feature to which attention need be called :
the pericycle is several cells broad and as in the ste
be extrafascicular cylinders of xylem and phloem.

£ \’El'ihgﬂ

m there may

1 Worsdell (98). # Lignier (92).
8 Nestler (95); Porsch (05): Thomas and Banecroft (13); Duddnek (13).




CHAPTER XXIX.
PTERIDOSPERMEAE,

I. LYGINOPTERIDEAE.
LYGINOPTERIS,

THE genus Lyginopleris is selected for the first place in this
t']mp'rer ~1mpl\' on the ground that we have a fuller knowledge of
its morphology than in the case of other types. It is not regarded
as the most primitive member of its class. Lyginopteris may be
deseribed in a few words as a plant having the habit and to a large
extent the anatomical features of a Fern, but differing from existing
ferns in the possession of integumented megasporangia. or seeds
and in the power of secondary growth in thickness by means of
@ cambium in both stem and root. The seed (Lagensstoma)
agrees with those of recent Cyecads and Gnetales more closely
than with the corresponding organs in Conifers or any other group,
while the structure of the secondary wood is practically identical
with that of Cycads. The microsporangia occur ag groups of
small bilocular sporangia, or synangia, at the tips of fertile pinnae
of highly compound fronds.

Nomenclature and Historical Summary. Tn 1866 E. W. Binney!
of Manchester published a short description of a small petrified
stem from the Lower Coal Measures of Lancashire and named it
Dadoxylon oldhamium, employing Endlicher’s term Dadouylon
which that author substituted for Pinites as previously used by
Witham?® Three years later Williamson® drew attention to
certain features in which Binney’s type differs from the genus
Dadozylon and substituted a new name Dictyoxylon, suggested
by the reticulate pitting on the walls of the tracheids. In a

1 Binney (66). * Unger (50) A. p. 378. # Williamson (G9).

3—2




36 PTERIDOSPERMEAE [cH.

subsequent paper Williamson! gave a fuller deseription of Binney's
species and spoke of it as “one of the most common plants in the
calcareous nodules of the Lower (oal Measures® of Lancashire
and Yorkshire. He connected certain casts of arborescent
dimensions with Binney’s type on the ground that the surface-
features of the casts are such as would be produced by partially
decorticated stems having a hypodermal reticulum of mechanieal
tissue like that preserved in the small petrified specimen deseribed
by Binney (fig. 402). Mr Carruthers called Williamson's attention
to a paper by Mr Gourlie? in which the generic name Lyginodendron
is instituted for stem-casts identical in surface-features with the
fossils fignred by Williamson. Tn spite of the much larger dimen-
sions of the reticulum on the casts described by Gourlie s compared
with that in the outer cortex of Binney's stem, Williamson con-
cluded that Lyginodendron is “undoubtedly an inorganic cast of
the prosenchymatous layer of the bark of Dictyoxylon.” Tt is but
fair to add that Williamson was influenced in coming to this
conclusion by a discovery by Mr Nield of a piece of a large petrified
stem believed to be generically identical with Binney's type,
but subsequently referred to a distinet genus®, which was com-
parable in size with the stems responsible for Gowrlie’s Lygino-
dendron casts. The type-specimen of Gourlie’s Lyginodendron
Landsburgii®, from Carboniferous rocks at Stevenston in Avrshire,
Scotland, is represented in fig. 401. The convex areas represent
casts of depressions in a veticulum of cortical tissue, originally
occupied by comparatively delicate cells, which decayed or shrunk
more quickly than the enclosing framework of stronger fibrous
clements that remained as a prominent reticulum and produced
the depressions bonnding the raised portions of the cast. Such
a cast would undoubtedly be formed by the stem on which Binney
tounded his species: the radially disposed bands of thick-walled
cells seen in the outer part of the section (fig. 402) are portions
of an irregular anastomosing mechanical system, the reticulate
arrangement of which is seen in the impression of a rachis of a
Lyginopteris frond shown in fig, 405, E, and indicated in the more
slender axis reproduced in fig. 404, A, h. This reticulate form of
1 Williamson (73) A. * Gourlie (44). ¥ See page 1B6.

t Solms-Laubach (91) A. pp. 8, 217, 218.

P
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cortical stereome on which Brongniart founded the genus Dicty-
oxylon’, a term since applied by Solms-Laubach and other authors
to a certain type of cortex not confined to a single genus of plants,
oceurs also in some Palaeozoic lycopodiaceous stems® and in itself

Fre. 401. Lyginodendron Landsburgit. (Kidston Coll.  § nat. S1ze. )

cannot he regarded as a safe eriterion of botanical affinity. The
largest example of Gourlie’s Lyginodendron that has come under
my notice is an incomplete sandstone cast from Upper Carboni-
ferous strata near Harrogate reaching a length of 100 cm. and

< Bolms-Laubach (91) A. pp. 8, 217, 218 2 Vol. 1. p. 220.
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with convex areas 13 em. long. A similar cast, 36 cm. broad,
has recently been figured by Nathorst® from the Culm of Spitz-
bergen, and from the Upper Devonian of Ellesmere Land the
same author has deseribed impressions of a cortical reticulum
under the name Lyginodendron Sverdrupi?. These specimens ave
interesting as pointing to the former oceurrence in the Arctie
regions of stems—probably Lepidodendroid—reaching the dimen-
sions of a fairly large tree. As Potonié® pointed out, Gourlie's
generic name serves a useful purpose for casts of stems of the
type shown i fig. 401 that cannot be assigned to a definite
systematic position. The genus was first used for a specimen
which has nothing to do with the plant usually spoken of as
Lyginodendron oldhamium (Binney). Though loath to give up
a name by which Binney’s type has long been known, in spite of
its retention in the second volume of this work I feel compelled
5o far to conform to the recognised principles governing nomen-
clature as to adopt Potonié’s generic term Lyginopterds.

Lyginopteris oldhamia (Binney).
i. Stem.
1866. Dadoxylon oldhwmiwm, Binney, Proe. Lit. Phil. Manchester, vol. v.
p. 113.
1869. Dictyozylon oldhamiwm, Williamson, Mounthly Mieros. Jowrmn. vol. 11
p. 66, :
1878. Lyginodendron oldhamiwm, Williamson, Phil. Trans. Roy. Soc. vol.
OLXIIL. p. 404,
1899.  Lyginopleris oldhamia, Potonié, Lehrhuch der PHanzenpalacontologie,
p: Lil
ii. Leaf.
1828,  Sphenopteris Hoeninghausi, Brongniart, Prodrome, p. 51.
1872.  Hdraxylon, Williamson, Proc. R. Soc. vol. xx. p. 438,
1874. Rachiopteris aspera, Williamson, Phil. Trans. B, Soe. vol. cLxiv. p. 684,
1877, Clalymmatotheca Hoeninghausi, Stur, Culm Flera, 1. p. 266.
1905.  Crossotheen Hoeninghausi, Kidston, Proe. R. Soe. vol. nxxvi, p. 358.
1. Seed.
1877, Lagenostome, Williamson, Phil. Trans. R. Soe. vol. enxvil. p. 234,
1903, Lagenostoma Lomaxi, Oliver and Scott, Proc. B, Soe. vol. Txxr. p. 477.

iv. Root,
1876.  Kalozylon Hookeri, Williamson, Phil. Trans. R. Soe. vol. oLxvr. p. 23.
! Nathorst (14) PL vav. fic. 1. * Nathorst (04) B. p. 11.  * Potonié (09) B. p. 171.

A
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1. Stem.

The petrified stem on which Binney founded the species was
first figured by Dr Arber! from a seetion in the Binney collection
in the Sedgwick Museum, Cambridge: this section (13 mm. in
diameter) is reproduced in fig. 402. The most striking features
are: (i) the pith consisting of an unusually large and irregular
group of dark thick-walled parenchyma, (ii) the broad cylinder
of manoxylic secondary xylem characterised by multiseriate
medullary rays, (iii) the outer cortex composed of dark radially

Fie. 402, Lyginopteris oldhamia. Transverse section of the type-specimen in
the Binney Collection, Sedgwick Museum, Cambridge. (After Arber.)

disposed and oblique bands of mechanical tissue separated from
one another by partially destroyed and tangentially elongated
Parenchymatous elements. It is this outer cortex that Williamson
aptly compared with the Roman numerals on a clock-face. In
the perimedullary region and in contact with the inner edge of
the secondary-xylem cylinder are six strands of primary xylem

1 Arber, E. A. N. (02),
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representing the xylem halves of collateral bundles separated
from the primary phloem strands by the intervening cylinder
of secondary wood. Two of the primary xylem strands in lateral
contact are seen in fig. 404, C: the other four oceur as separate
bundles. Each primary xylem strand contains a small group of
spirally thickened protoxylem elements (pr) associated with .a
few parenchymatous cells. The large primary tracheids internal
to the protoxylem arve characterised by multiseriate hordered
pits on their walls, while those external to the protoxylem, which
are in contact with the innermost secondary tracheids, have
scalariform pitting. The dark patch s (fig. 404, C) is a portion of
the large group of sclerenchymatous cells, shown in figs. 402, 403.
The perimedullary xylem strands of mesarch structure are the
lower portions of leaf-traces and, as Scott points out, ‘each of
the bundles surrounding the pith is, in fact, a sympodinm, com-
posed of the united lower ends of successive adjacent leaf-traces.’
The larger of the two bundles shown in fig. 404, C, is on the point
of passing out to a leaf, while the smaller strand is on its way
to a higher level before bending outy rards throngh the secondary
wood. Slightly beyond the middle of the secondary xylem there
is an are of narrower tracheids comparable with an incomplete
annual ring. Although zones or arcs of narrow tracheids are not
uncommon in the wood of Lyginopteris there is no satisfactory
evidence of regularly recurring seasonal changes. On the outer
face of the secondary wood are a few leal-trace strands pursuing
a vertical course in the pericyele region: but the structure and
behaviour of these bundles are more clearly illustrated in the
stem reproduced in fig. 403. The tissue between the erushed
phloem and pericycle and the outer cortex (fiz. 402) consists of
radially compressed parenchyma with scattered secretory cells
separated from the more internal tissue by a narrow band of
periderm formed by a phellogen in the outer part of the pericyele.

A larger and better preserved stem, 3:7 cu. In diameter, is
seen in fig. 403. Tn this stem the pith of parenchyma and scattered
sclerenchymatous nests is larger in proportion to the stele than
in Binney’s type-specimen. From the inner edge of the secondary
xylem several primary xylem-strands project as rounded wedges
or tangentially elongated groups where two traces are laterally
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united in the perimedullary zone. The cylinder of secondary
wood is partially interrupted at » by the bending outwards of
the stele of an adventitious root cut across transversely as it
bends down after emerging from the outer cortical region. In
more or less close association with the outer surface of the secondary
xylem are four pairs of leaf-trace bundles and one larger trace
at d containing two widely separated protoxylem strands and
faced externally with an are of secondary xylem: this is a leaf-
trace which shows by the slight constriction on the outer edge
of its primary xylem that it is beginning to divide into a pair
of equal strands. A precisely similar strand is shown on a larger
scale in fig. 404, D. The twin bundles seen at b, fig. 403,
represent a divided leaf-trace at a slightly higher level than the
partially severed trace at d, and the ares of secondary xylem
are narrower. The appearance of the double leaf-frace at a
still higher level is shown at ¢: the two strands are farther
apart and the secondary xylem has almost disappeared, while
those at e, nearer their entrance into the leaf-stalk, consist exclu-
sively of primary xylem and phloem. At a the two gtrands of
a leaf-trace, still nearer to the petiole, are inclined towards one
another preparatory to reunion after reaching the leaf-stallk.
A slender root is seen in transverse section at »* immediately
outside the two leaf-bundles. As Williamson and Seott! have
pointed out, there are always five leaf-traces beyond the xylem
eylinder of a Lyginopteris stem as seen in transverse section, and
these traces in the pericycle, separated from one another by #
of the circumference, alternate in position with the lower portions
of leaf-traces in the perimedullary region of the same stem. The
phyllotaxis is thus seen to be 2.

The secondary wood is succeeded by a cambium of normal
structure passing gradually into a narrow band of secondary
phloem which in well-preserved stems is seen to consist of sieve-
tubes and parenchyma with medullary rays rather broader than
those in the xylem. Beyond the phloem is the comparatively
broad pericyele consisting of parenchyma with nests of scleren-
chyma like those in the pith and scattered secretory cells. In
the outer layers of the pericycle a phellogen was formed at an

I Williamson and Seott (95)-
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early stage in the growth of the plant, producing several layers
of secondary ti-ssm-: which is regarded as periderm and forms a
conspicuous feature in Lyginopteris stems; it appears as a com-
Paratively dark sinuous band where it bends outwards to wrap
tound the leaf-traces in their almost vertical course through the
pericyclic region (fig. 403). The periderm is clearly seen at p
close to the crushed secondary phloem of the dividing leaf-trace
in fig. 404, D. All the leaf-traces seen in fig. 403 beyond the
secondary wood are still within the deep-geated periderm and, as
Williamson and Scott showed, each leaf-trace after emerging from
the second ary wood remains in the pericycle-zone for a length of
o internodes as it vers gradually inclines outwards. Onece
free from this region the twin bundles bend more sharply towards
the petiole. Stated briefly, the history of each leaf-trace from
i perimedullary region to the leaf-base is as follows: at the
outer edge of the pitl;l a single trace consists of a mesarch xylem
bundle with one protoxylem strand; it passes vertically through
five internodes and then bends out through a foliar gap in the
xylmu-c-_\-lmder, and the primary tracheids receive additions from
the cambium of the stele on thr.:il‘ outer face. As the trace leaves
the sseon dary xylem it hends upwards and, as seen at d, fig. 103,
begins to divide into twin bundles. As the trace passes higher
the bisection of the protoxylem and metaxylem is completed and
the secondary xylem-arcs are gradually lost until the separate
strands of each pair are reduced to single mesarch bundles composed
Wholly of primary tracheids. As the trace bends outwards through
Bio eostex e phloem gradually encircles each xylem-strand
unt-‘ﬂ & coneentric strueture is substituted for the collateral dis-
position of the conducting tissue. At the same time the proto-
xylem strands divide and occupy a position near the inner edge
of. the metaxylem. On reaching the petiole or after passing some
distance up the axis of the frond, the twin bundles unite and

Usually form a V-shaped vascular strand (figs. 404, E; 405, A).
The single me

prepu.]‘atur}'
The

SSEale subSHqu(JUﬂ.‘-' divides into two e(.jua] port.inl-;_s
to the bifurcation of the petiole (fig. 406).

e cortex, consisting of parenchymatous tissue and
many secretory cells with an oceasional group of sclerenchymatous
elements in place of the abundant nests of this tissue in the peri-
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Fra. 404. Lyginopleris oldhamia.
A, B. Frond fragments: a, pinnule; b, reticulum of sclerenchyma,
C. Portion of stele of the stem reproduced in fig, 402,
D. pa, protoxylem; s selerenchyma; leaf-trace cloge to the edse of the
secondary xylem; p, periderm.
E. Petiole; m, meristele, _
(A, Kidston Coll, 664 B: B, Camb. Botany School 508; (1, Binney Coll. 179;
D, E, Camb. Botany School, 93, 159,)
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cycle, has been invaded in the stem shown in fig. 403 by numerous
}‘Uﬁtﬂlets of Stigmaria and Lyginopteris, some of which are seen
nterrupting the continuity of the outer cortex. The greater
width of the cortical region at f, fig. 403, is due to the decurrent
base of a petiole the meristele of which is not included in the
section. The lighter and broader bands between the cross-sections
of the stereome-network in the outer cortex are occupied by re-
mains of tangentially stretched parenchymatous cells, and beyond
this zone in a younger stem there are a few layers of parenchyma
forming the superficial tissue, but there appears to be no well-
defined epidermal layer,

Young stems have been recognised in which there is very
little secondary xylem and phloem: in these the stereome bands
in the outer cortex are closer together than in the stretched hypo-
dermal tissue of older shoots and the scattered sclerous nests are
represented by anthickened cells. In addition to young stems
Williamson and Scott deseribed a distinet type of small stem in
which the primary xylem forms an almost complete ring! com-
parable with the primary xylem of some adult Sigillarian stems
(vol. 11. p. 220) but distinguished by its mesarch structure and by
the reticulate pifting of the cputupr’ml xylem.

A characteristic feature of the stem is the occurrence of
emergences from the outer cortex which have the structure either
of spinous processes, broadly linear or flask-shaped, or of stalked
glands2. A portion of a gl andular emergence is shown in fig. 405, B:
the group of small cells immediately below the blunt apex is in
this instance still intact though showing signs of disorganisation
in the centre; but in many cases the secretory tissue has not been
preserved and the head of the emergence is oceupied by a space.
A single stoma is seen at s in longitudinal section. Further
reference to the emergences is made in the deseription of the leal.

It. occasionally happens that a meristematic layer is formed
in the parenchymatous tissue immediately internal to some of
the perimedullary xylem strands of a Lyginopteris stem from
which either secondary parenchyma is produced or a zone of
secondary xylem and phloem, the phloem facing the centre of
the pith. An example of such internal xylem was figured by

1 Williamson and Secott (95) p. 720. * Williamson (90) PL xm. fig. 6.




46 PTERIDOSPERMEAE [om.

Williamson! and similar occurrences are more fully dealt with
by Williamson and Scott? who consider that the perimedullary
cambium may represent an internal extension through a leaf-gap
of the normal cambial eylinder. Tn the stem represented in fig.
403 there are two perimedullary xylem strands to the left of the
hottom of the V-shaped gap in the secondary xylem-cylinder, #,
and on the inner face of one of these, as shown in fig. 405, C,
there is a narrow arc of internal secondary xylem, ¢, between the
xylem-strand and the outer edge of one of the sclerous nests.
The sporadic occurrence of arcs of inversely orientated secondary
vascular tissne affords an interesting parallel with a similar mor-
phological feature in some recent Dicotyledonous genera such
as Tecoma and lodes. As Williamson and Scott point out, this
similarity affords ‘a striking warning against the indiscriminate
use of even conspicuous anatorical characters®,.” While admitting
the necessity of guarding against the danger of attaching impor-
tance to occasional and abnormal characters they may have some
significance as collateral evidence in comparisons of different
types of stems. It is coneeivable that these anomalous arcs of
secondary tissue on the inner side of the primary xylem strands
may, as Worgdell* maintaing, be reversions to an ancestral character
and in this sense comparable with the strands of inverted vascular
tissue in some recent Cycadean stems. The question of relation-
ship of Lyginopteris and allied types to recent Cycads and the
Palaeozoic Medulloseae is considered in a Jater chapter.

In 1902 Lomax® deseribed two branching specimens of Lygin-
opleris, and more recently two others have been discovered at
a locality near Bacup in Lancashire which have been thoroughly
investigated by Miss Brenchley® who constructed models from
drawings of serial sections?. One specimen shows six leaf-bases
in a length of 43 inches and branches spring from the axils of five
of them: some of the branches show secondary ramifications.
The phyllotaxis of the leaf-bases on a branch is always the reverse
of that on the main stem, a divergence to which no parallel was

! Williamson (90) PL xmr. fig. 38, &
* Williamson and Scott (95) PL xxui. fig. 8. 3 Thid. p. 7232,

¢ Worsdell (06) pp. 140 ef seq. 5 Lomax (02). 8 Brenchley (13).
? For a description of the method, see Salisbury (13).
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found i 4

selection of trees and shrubs examined by Miss
Brenchley.

The secondary wood of the stem swells below the
Point of exit of a branch and frequently a fairly large amount
of wood occurs in the pith when a branch is given off: this
Ahomalous weod may help to close the branch-gap.

ii. Leaf,

ll] l| lt)‘

account of Lyginopteris stems published in 1873 William-
i 1 ' 2
80N S0ggested that the vascular bundles met with outside the

S¥lenm-cylingo might be the leaf-traces of large fronds and
“Xpressed ¢

ie opinion that the ‘stems or petioles’ previously
"lespl'ihli‘

d by him under the generic name Edraxylon might belong
nopleris. A vear later he substituted the name Rachi-
§ aspera for the petioles previously referred to Edraxylon
iclined to the view that this type of Rachiopleris may be
Petiole of the Carboniferous fronds known as Sphenopleris

Oeninghausq Brongn., an inference based to a large extent on
bhe occurrence of r}ﬁjergenees on Racliopleris aspera (fig. 404, E)
Preserved gq petrifactions like those on impressions of Sphen-
“Pleris Hoeninghausi as fignred by Brongniart (figs. 404, A;
<05, p, D). In 1890 Williamson was able to demonstrate the

0 Lygi
U']Jlr’;’[
and
the

truth of the surmise that Raehiopteris aspera and Lyginopteris
r.;!rl!unm'q are respectively the petiole and stem of the same

Plant, which he believed to be an arborescent fem?. The
Petioleg of Lygunopteris fronds, which may reach a diameter of

Lem, ape attached by a broad base to the stem, and as already
*Uggested by the number of internodes traversed by each leaif-

06, the leaves are comparatively far apart. A transverse

SeCtion of 4 petiole is shown diagrammatically in fig, 405 A. The
YPodermal stercome is @ prominent feature, but the narrow
"dja] plates of the stem-cortex tend to be replaced in the rachis
¥ broader and confluent masses of strengthening elements:

® Upper surface of the petiole is slightly grooved. Glandu.lar
0 Spinous emergences are often very abundant, as in the section
"®produced in fig. 404, E. A glandular emergence iz seen atl @
" fig, 405, A, The spinous emergences may be compared with

 Williamson (73) A. p. 403. 2 Williamson (90,
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those of Davallia (Odontosoria) aculeata’, a West Indian fern of
climbing habit and with the prickles on Hematelia and other
recent Cyatheaceous fronds?, while capitate glands, though simpler
than those of Lyginopteris, occur on the leaf-stalks of some recent
Polypodiaceous species®. The concentric meristele may congist

Tia. 405. Lyginopteris oldhamia. A, petiole section; a, glandular emergence:
¢, root. B, stalled gland; ¢, stoma. C, inner edge of wood of a stem; ¢, are
of inversely orientated vascular tissue. D, D', part of a frond of Sphenopleris
Hoeninghausi. E, parbof axis of D. (A, €, D, Kidston Coll.; B, Manchester
Coll. R. 645.)

in the lower part ol the petiole of two separate and slightly
curved strands like those seen in fig. 404, E, m: sooner or later
the two strunds unite to form a wide-open V or a W-shaped
bundle with several slightly internal protoxylem groups close to
the lower edge. The two sections represented in fig. 406, A and

1 Vol 1. p. 299, fig. 232, 2 Bower (12) Pls. xxx. XXXITT.
3 Hithlke (02).
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B show the gradual divergence of the two meristeles of a petiole
as they approach the level where it divides into two equal branches,
4 characteristic. festure of Sphenopteris Hoeninghaust and allied
{ronde: At & lower level than that repregented in fig. 106 the
vascular strand of the petiole would have the form of a W as
li;m‘url by Williamson in one of his earlier memoirs!. The phloem
with scattered secretory sacs and the adjacent tissue of the leaf-
stalkk are (mu;lsinrmll'\'_111"‘!*“1"*"'“1 1 \\-.7-,ﬁde[.fu] Infrf«,‘m'-inu‘—'_ No
endodermis has }_;e(-nlu*r?r):_ffii»‘i“(l- Sclerous nests are seattered in

tettie. a5 dre also secretory sacs (figs. 404, B 40D, ;\).
A small rout h l

in fig. 405, A,

the gronund-

88 penctrated the pavenchyma of the rachis shown

Fra. 406, Lyginopieris oldhamyin.

. Transverse seetion illustrating branching
of potiole,

(From a drawing snpplied by Prof. Oliver.)

5

‘ "\';i"'f“""!”/”"”"‘"" Hoeninghausi Brongn.?, founded on material from
I'A‘II}'_TJISII Coal Measures, was r-e;{;ll‘t'll‘-t‘ bv Williamigon as the foliage
l.‘{ Eyginoptenis chiefly on the ground of the oceurrence of emer-
.Ift‘fhl:oe. on the axes (figs. 404, A, B) and laminae of the impressions
ike those on the petrified stems, and this comparison received
S}ll‘["?l't from the resemblance of the fragments of pinnules asso-
ciated witl, Lf,n'!l'—‘””}””“'?"' and its petioles in the calcareons nodules

t Williamson (74) PL 11 fig. 1.
1 ?)f'nl,l (09) B. fiz. 130, ]‘).-3?-3-
Srongniart, (28) A. P 199, Pl o For synonymy, see Kidston (11) p. 42.
ST
4
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to the leaflets of Brongniart’s type. This identification is sup-
ported by subsequent work. The quadripinnate fronds, which
attain a considerable size, resemble those of recent species of
Davallia and other ferns, but the forking of the rachis and branches
of the frond is a striking feature: the pinnae may reach a length
of 15em.!  The portion of carbonised rachis shown in fig. 405, B,
reveals the exigtence of a hypodermal reticulum like that in the
outer cortex of a Lyginopleris stem and the same feature is seen
in the more glender axis represented in fig. 404, A, at 5.2 The
pinnules are usually deeply lobed and the segments may be
comparatively broad and blunt or narrow?® (fig. 290, C, vel. 1.
p. 399; fig. 404, A, a, B; fig. 405, D). The lamina has a well
marked dorsiventral structure: the palisade-tissue next the
upper surface is separated from the epidermis by small hypo-
dermal cells, possibly functioning as a water-storage layer, and
the central part of the mesophyll consists of looge aerenchyma :
the veins are collateral ag in recent ferns and stomata ocenr in
the lower epidermis. Kmergences ave seen both on impressions
(fig. 405, D’) and on petrified specimens. A striking leature of
the pinnules is the rounded surface caused by the revolute edge
of the lamina as seen in the section reproduced in fig. 104, B.
This character eoupled with the oecasional occurrence of groups
of short tracheal elements at the termination of the veins denotes
a tendency to a xerophilouns habit.

On the strength of a very close regsemblance between Sphenop-
teris Hoeminghawsi and Calymmatotheca Stangerd (fig. 408, E, T)
—characterised by fertile pinnules bearing stellate groups of
small linear valves, regarded by Stur as the open lobes of an
indusium— Zeiller included Brongniart’s type in the genus Caly-
matotheca. The resemblance in general habit between the two
gpeeles extends to the presence in their rachises of the Dietyoryion
form of cortex*. The view formerly held by some authors that
the valve-like appendages to the fertile segments of Calymmalo-
theca are sporangia is inecorrect: a re-examination of Stur's

1 Yeiller (88) A. p. 82, PL v,
2 See also Kidston (06) B, fig. 5. p. 417; Renier (102), Pls, 60, T0.
# Kidston (06) B.

4 Btur (77) p. 267, Pls. XXV, XXVIL
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specimen (fig,
The stellate 1
investment o f

408, E, F) has confirmed the original description’.
obes are now regarded as portions of a (‘LllPLLIar
a seed similar to Lagenostoma Lomazi, the female
reproductive apparatus of erg!.WW,,.,I.{S oldhamia. The axes of
the fertile pinnae bear small thorn-like emergences probably
identica] with those on the cupule of Lagenostomae and on the
petioles of Lyginopteris oldhamia. 1t was stated in vol. 11 that
the fronds known ag Sphenopteris  Linkii (Goepp.) 1-e]:)re-sc.*ﬂt-,
with other closely allied forms, leaves belonging to Heterang Fo
Stems.  Thig stn.t‘emeut was based on a misconception: the "‘”".}“S
of Sphenopteris Linkii, as 1 have satisfied myself by an examination
of impressiongs shown to me by Dr Kidston, exhibits the reticulate

Pattern characteristic of Lyginopteris and not the transverse ribs
characteristic of Heterang;

7 Wi
It i3 not

an eagy task even for those most familinr with
Carboniferoys fronds to distineuish clearly between species

agreeing with Sphenopteris Hoeninghausi, a species

generally
regarded by some authors as the “Pooln pRGR f Terd sl ins
and closely allied forms all of which were probabiyborte ol
stems referable to the genus Lyginopteris. The species .L'U'géwp_
terts oldhamig as generally understood probably includes s
type, and it is safe to assert that in the Carboni-
L_J,Jg,'a'u.uln'c-ris was represented by several [(,1.-“15
by highly compound fronds with forked rachiges
nopteris Linkii, S, Hoewinghausi, and others. Th-e
features characteristic of fronds included in the Sphenopteris
Hoewinghaus; group have recently heen described by Gothan®

name Calymmatotheca originally applied to the
Stangeri was applhed to Sphenopteris Hoeninghausi by
and although the fronds of the latter type have not been
found with fertile appendages of the Calymmatotheca type there
¢an be no doubt as to the generic identity of these, barely distin-
L{_T.lishahle. species both of which belong to stems of Lyginopteris.
Prof. Johnsons has recently described some inapressions from e
Coal Measures of Ireland, which he refers to 8. Hoeninghaust,
stellate groups of lobes like those of Calymmatotheca, and
TLone case he describes a seed in the middle of the carbonised

1 .
Oliver (05) fig. 6.

than one specific
ferous period
characterised
like Sphe:

AL i
SIS generic
species (.
Zeiller,

hl-_“rl)‘ih,t_r

* Gothan (13) p. 40, 3 Jolnson (L1).
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St

remains of a stellate group of cupular segments. An éxamination
of the specimen in Dublin convinced me that there is no satis-
factory evidence of the seed-nature of the appearance on the
rock believed by Johnson to be an elliptical Lagenostoma-like
seed. The actual attachment of the stellate lobes to the pinnae of
the frond is not clearly demonstrated.

iii.  Microsporangia.

In 1905 Kidston! announced the discovery of microsporangia
on fronds of Lyginopterts: he deseribed specimens from the Coal
Measures of Dudley identified by him with Sphenopteris Hoening-
hausi showing sterile and fertile pinnae in organic connexion.
The fertile pinnules (fig. 407, B) are slightly expanded distally
into an oval limb about 2 mm. long bearing 6 to 7 bilocular
fusiform microsporangia 3 mm. long and 1-5 mm. broad: in the
immature condition the gorus is hemispherical, the summit being
formed of the incurved apices of the sporangia. At maturity
the sporangia spread ont, the gorus agsuming the form of an
epaulet. Fig, 408, H, shows a sorus in transverse section and in
fie. 408, G, the limb and two pendulous sporangia are shown.
The microspores, 50—70 p in diameter, are studded with numerous
blunt spines and each spore shows a triradiate ridge. The section
reproduced in fig. 407, A, from the Coal Measures of Oldham is
probably a hilocular sporangium of the same type as those
deseribed by Kidston from Dudley. Dr Kidston?® deseribes a
second type of microsporangial sorus as Crossotheca Hughesiana
which agrees closely with . Hoeninghausi, but the fertile segments
are not associated with any sterile pinnae. The generic name
Cirossotheca, founded by Zeiller® in 1883, was substituted for
Sphenopteris on the ground that Brongniart’s species S. Hoening-
howsi is shown to possess sporangia of the Crossotheca type. If
Kidston’s specific determination is correet, his discovery demon-
strates that Lyginopieris [ronds bore microsporangia having the
characters of Crossotheca, a type characteristic of several Carboni-
ferous species belonging both to the form-genera Sphenopleris
and Pecople Reference has already been made to the diffieulty
of digtinguishing between impressions of fronds of the Sphenopteris

1 Kidston (05). 2 Kidston (06) B.

3 Zeiller (83) B.
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Hoeninghansi group, a difficulty that is illustrated by Dr Gothan’s
statementt that the Dudley ‘specime.ns of Crossotheca are not
wentical in the character of the sterile pinnules with Sphenopteris
Hoeninghansi.  An examination of Dr Kidston’s specimens led
e to agree with his determination: but, it may be asked, have

Crossotheca Hoeninghawsi.
Pinnule with a sporangium, s.

Tha. 407, A, B.
(

(4 Kidston oll, 1277: B, after Kidston; €, Camb. Botany School, 508,)
::mf;t-‘;ﬁ;vi‘-l‘ﬂ;c?& (_.1[ the ass.ncia.t:iou with Lyginopteris fl:ouds of
Chods ;:2 A ;]ij %Ij than t.}]o.v.r\' of th.ol Crossotheca typa?. Prof.
"(-’CQSi()‘ua]]\; T“; H_JE]L‘{ certain petrified fragments of. plgn_u].t;s
i ﬂpparr:nt;lf with in the (‘a'lcara()us mdu}es. bearu?g gessile
hese ] -}_-ﬂ-lmula.te BRSIAnCi be?(mg fg Lyginopteris fronds.
Sporangia appear to he identical with those named by

1 g )
Gothan (13) p- 49. * Chodat (08) B.
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Scott Pteridothece Bulterworthi' and regarded by him as filicean
sporangia that cannot be referred to any known Carbonilerous
genus. The piece of lamina bearing an empty sporangium,
which may or may not have possessed an annulus, reproduced
in fig. 407, C, occurs in association with the larger specimen
shown in fig. 404, B, and it would seem not unreasonable to
recard both as parts of the same frond, namely a frond of Lyginop-
teris. As Prof. Weiss? points out, the accurate determination of
small pieces of petrified pinnules is exceedingly difficult and without
more decisive evidence we are hardly justified in asserting that
the sporangia figured by Chodat and Scott and that shown in
fig. 407 belong to the genus Lyginopterss. Although the available
data appear to favour the view generally held that Kidston’s
conelusion is correct additional evidence would be welcome.
Telangium. Reference was made in vol. 1.* to the genus
Telangivm instituted by Dr Benson for some petrified sporangia
from the Coal Measures regarded by her as the microsporangia
of a Pteridosperm, probably Lyginopteris. The sporangia of
Telangivm are similar to those of Crossothecw. Seott points out
that they are borne on a flat dise or lamina ‘quite comparable
to a fertile pinna of Crossotheca®, and he concludes that these
sporangia are not generically distinet from the impressions on
which the genus Chrossofheca was founded. Kidston® regards
Telangiwm Scotir, Benson, as the microsporangium of a Pteridogperm
though not of Lyginopteris, on the ground that the microsporangia
described by Miss Benson are not attached to a limb and that
they have a single loculus in place of the double loenlus (fig. 407, A)
of Crossotheca. The presence of a limb in Telanginm recognised
by Scott removes one of these distinguishing features. There
are, however, no adequate reasons for regarding Telangium Scolli
as specifically identical with Crossotheca Hoeninghausi. The
synangiwm of Telangivm Scotti, 5 mm. in length, consists of 6—12
sporangia united basally and opening when ripe by longitudinal
dehiscence. Fig. 493, B, shows eight sporangia of a synangium in
transverse section: the two sporangia at the lower end of the
section are less distinet than the others, some are full of spores
! Scott (08) B. p. 292. ? Weiss, T. T (12). # Vol 1. p. 632,
1 Scott (09) B. p. 400, i Widston (06) B.
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wag the first to recogmise ag the megaspore-bearing organ of
Lyginopteris oldhampa. Tts structure has been thoroughly described
by Oliver and Scott' and these authors contribute a judicial
summary of the evidence on which Lagenostoma and Lyginopteris
are believed to stand for one and the same plant. The evidence
is hased chiefly on the following considerations: an agreement
in the strueture of the vascular bundles in the investments of the
seed with those in the leaves of Lyginopteris; the pregence in
the outer envelope of the seed of stalked glands identical with
those on the stems and petioles. The evidence does not as yet
amount to absolute proof, as the seeds, which occur eithér with
or without a stalk, have not been found attached to a Lyginopteris
frond. But “where vegetative and reproductive organs presenting
identical structural features, not known to occur in other plants,
are thus found in close and constant association, the inference
that the one belonged to the other appears irresistible.” While
most botanists believe that a satisfactory case is established there
are a few?® who refuse to believe in a connexion between Lagenostoma
and Lyginopteris until an actual union has been demonstrated.
The discovery by Kidston? of geeds attached to pinnae hearing
Newropleris pinnules and the demonstration of organic continuity
between seeds and the pinnules of other Palaeozoic fern-like
fronds supply abundant confirmatory evidence that leaves no
doubt as to the occurrence of seeds on modified pinnae of Sphenop-
teris Hoeninghausi and of other elosely allied fronds which represent
the foliage of different forms of Lyginopteris. In this connexion
it is pertinent to add that Grand’BEury?* has found seeds of the
Lagenostoma type in close association with impressions of Sphenop-
teris Dubuissonis and other leaves of gimilar habit.

A seed ol Lugenostoma Lomezd veaches a length of 55 mm.
with a maximum diameter of 44 mm. ; it is broadly oval or harrel-
like (fig. 408, C) and when immature was invested hy a loose
irregularly lobed glandular envelope (fiz. 408, B) from which the
seed eventually freed itself by a natural process of abscission. The
central body or nucellus, except in the apical region, is concrescent
with a fairly stout integument or testa (fig. 408, C, f) the outer

1 Qliver and Scott (03): (04). 2 Hirich (06) p. 48.
3 Kidston (052) B. i Grand Eury (05¢) B,
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408. A, A’, Lagenospermum Sinelairi. B, Lagenostoma, restoration. U, Lage-
aostoma Lomeaxi: ¢, micropyle; d, space between integument and nneellns;
€, cupule: f, integument; ch. chalaza. D, microspores of Lageaostomae
ovpides, B, ¥, Calymmatotheca Stangeri. G, L. Orossotheca Hoeninghausi.
H, section of (G in line of arrow. (A, after Arber: B, C, B, F, after Olivers
D, after Benson: (i, H, after Kidston.)
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portion of which is characterised by regular longitudinal rows
of palisade-like cells comparable with the broad palisade-layer
in the sporocarp of Pilularia. On the exposed surface of this
palisade-tissue are small dark structureless pegs®, possibly the
remaing of a mucilaginous laver such as occurs on the sced-coats
of some recent Flowering plants. At the base of the nucellus
the chalazal region, fiz. 408, C, ch, 1s provided with sclerous
elements and forms a hard investment to the axial vaseular strand
from the pedicel. Tt is at the hase of this chaluzal region that
the seed is eventually cut off by an absciss-layer. The integument:
is supplied throughout its length by nine vascular bundles of

Fra, 409. Lagenostoma. Transverse section near the micropyle, showing the
pollen-chamber, pe. the space, s, between the nueellus and integument, the
fluted eanopy with vascular bundles, ». (After Oliver.)

endarch, or approximately endarch, strueture. The free portion
of the integument seen from the outside (fig. 408, B) has the form
of a fluted cone with a circular opening at its summit. The
areater part of this domical apex, as seen in longitudinal seetion
in fig, 408, €, appears to be hollow, but in the living state the dome,
or canopy as Williamson called it, was filled with parenchyma
in which the vascular bundles were embedded and, as shown in
the transverse section in fig. 409, the canopy is divided into
compartments by radial septa which in it basal region are replaced

1 Oliver and Scott (M) Pl x. fig. 28; McLean (12).
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by regular and deep furrows on the inner [ace. TEnclosed by the
Canopy, with its outer surface fluted as the result of the partial
collapse of the outer wall of each compartment due to the decay
of the filling tissue, is the flask-shaped apex of the mucellus;
between the apical cone of nucellar parenchyma and the super-
ficial layer is an annular cavity which Williamson® called the
lagenostome. The parenchymatous core tapers to a narrow
Summit which slightly overtops the integument andis constricted
at the broad hase (fig. 493, A, B; page 311). The bottle-shaped
dpical tissue is sepa‘ra.t(:ﬂ by an annular space, ¢, fig. 493, B,
from the limiting layer of the nucellus: this space is the pollen-
chamber formed I-in the living seed by the disorganisation of the
subepidermal cells of the nucellar apex. The pollen-chamber 18
A feature characteristic of recent cycadean ovules (see p. 6).
In Lagenostoma the anmular form of the pollen-chamber is a
Peculiarity distinguighing this type of seed from those of recent
gym””s[""l'nm and most other Palaeozoic seeds. As Oliver says,
1t marks an ‘advance in precision "2 over other forms as the MiCro-
SPores which fall into the chamber are brought direct to the surface
of the underlying megaspore and presumably to the archegonia
which, it s reasonable to helieve, were disposed in a circle at the
base of the annular crevice. Microspores frequently occur in
J.[']w‘ pollen-chamber and some have been discovered apparently
I the act of liberating male gametes?.

The outer wall of the nucellus is bounded externally by a
%i“m‘*" circular space (d, figs. 408, C; 493, B) which separates it
from the domical ('u.unpv.i In the great majority of specimens
the central tissue of the seed is not preserved and an empty sac
Supported from the base of the nucellus-apex occupies nearly
the whole of the interior: the shrunken wall of the sae is all that
Temains of the large megaspore. 1t would seem, then, that the
tucellus was almost completely destroyed as a consequence of
the erowth of the megaspore or embryo-sac, which eventually
oteupied nearly the whole of the seed-body.

Tn an exceptionally well preserved specimen recently described
ind admirably illustrated by Mr MclLean? part of the parenchy-
Matous tissue of the prothallus which originally filled the megaspore

" Willizmson (76).  # Oliver (03) p. 462.  Benson (08). ¢ McLean (12).
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is clearly seen: its surface-layer consists of small cells succeeded
by a broad band of radially elongated elements closely resembling
the alveoli in the prothalli of some recent Gymmnosperms, parti-
cularly certain Conifers. No archegonia have been discovered.
The cupular envelope of immature seeds, compared by Oliver
and Scott with the lobed and glandular husk of Corylus colurna
L.1, receives several vascular bundles of collateral and mesarch
structure from the axial strand, and these subdivide as they
ascend. The glands which occur on all parts of the cupule are
sesaile or stalked and identical with those on the vegetative organs
of Lyginopleris. Assuming that pollination oceurred at a com-
paratively early stage in the development of the seed when the
cupule was still intact, it is conceivable, as Sir Joseph Hooker
suggested, that the glandular secretion may have attracted insects
and so aided in the transport of pollen which were perhaps drawn
down the narrow pollen-chamber by exuded muecilage as in recent
Conifers. The evidence obtained in recent years in favour of
insect-pollination in certain Cycads and in Welwilschia lends
support to this view: the dragon flies hovering over a fertile
Lygimopleris frond in a recent restoration® may be a legitimate
addition. .

A striking feature of Lagenostoma as of other Palaeozoic
seeds is the absence of an embryo: this and other considerations
have led certain authors, notably Chodat?®, to question the justi-
fication for the use of the term seed. Various suggestions have
been offered in explanation of this fact. In recent Cycads, as
already pointed out, the development of the embryo does not
always occur before seed-fall. It may be that these older seeds
had no resting-period or there may have been a period of rest
after fertilisation and not as now at a stage subsequent to the
formation of the embryo*; it is also suggested by Scott that
‘the nursing of the embryo had not yet come to be one of the
functions of the seed, and that the whole embryonie development
was relegated to the germination stage®.” In this connexion

-

For figure, see Lotsy (04) p. 714

Seott (11) p. 105,

Chodat (08) B. L Séott (03).

5 Soott (09) B. p. 220, See also Oliver (05); Oliver and Scott (04) p. 231

=]



61
XXIx] LAGENOSTOMA
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62 PTERIDOSPERMEAR [cH.

similar body is seen still enclosed by the lower microspore. It
is by no means improbable that these are antherozoids: they
were presumably ciliate like those of Ginkgo and recent Cycads
(fig. 396, M). The microspores are approximately 70 u in length
and the supposed antherozoids have a maximum diameter of
45 o, the latter being about } the size of the sperms of Microcycas
and } the diameter of those of Zamia. The smaller and more
delicate cells near the lower microspore (fig. 408, D) are no doubt
fungal cells as Miss Benson suggests. With reference to the
difficulty of determining the nature of Miss Benson’s supposed
gametes it is worth calling attention to some figures given by
Zopft of vesicular cells and sporangia of the Phycomycetous
genera Rhizophidium and Lagenidium in the pollen of Flowering
plants and Pines. It has been suggested by Burlingame® that
the * gametes’ may be prothallial cells: but this is very improbable.

Lagenostonia ovotdes Williamson,

In the memoir in which the genus was founded Williamson
deseribed two species from the Lower (C'oal Measures of Lancashire,
Lagenostoma ovoides and L. physoides®.  The seeds deseribed under
the latter name had previously been assigned by him to another
new oenus, Physostoma, and named P. elegans®. Lagenostoma
physoides was afterwards figured by Butterworth® who recognised
some new features. For this species Prof. Oliver® has adopted
Williamson’s  earlier name, Physostoma eleguns. The former
species, which has recently received exhaustive treatment by
Miss Prankerd”, agrees generally in its morphological characters
with L. Lomazi, but differs in the strueture of the surface-tissue
of the intesument and in some anatomical features. Moreover
no cupules have been found and there is “very little trace of a
layer of separation’ such as occurs in L. Lomaxi. Over the
surface of the integument is a layer of prismatic cells, much shorter
and less palisade-like than those in L. Lomaxt, and there are none
of the pegs which are a constant feature in that species. There

1 Zopf (92) Pls. 1. 11 ® Burlingame (15).
¢ Williamson (77) B. s Williamson (76) p. 160.
5 Butterworth (7). s Oliver (09) p. 74.

7 Prankerd (12).
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are, however, indications that mucilage was poured out by the
fapture of the distended cells. Some microspores were found
i the pollen-chamber with an average size ol 72 x 53 u; they
My be as much as 90 & long. None were observed with Eperm-
h}"e contents like those deseribed by Dr Benson. DMiss Prankerd
d‘f*"v"'ls-““fﬁs the morphology of the integument in relation to that
of eyeadean seeds and makes an instructive comparison between
1"']1*" lagenostome (that is the modified nucellar apex) and such
Tern spor.

but eSpecially the sporangia of
annulys,

angia ag those of Angiopteris, Osmunda, and Schizaea,

Senftenbergia® with their multiseriate

An iuteresiillﬁ feature is shown in the longitudinal section
Teprodneed i hi{ 498, & [p. Sl The mpex ol tils. pHoatar
F.m-le appears to be composed of thick-walled, dark cells and it
18 suggested thy

t this may have served as a stopper blocking up
the cirey]
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betwea : : ;
®tween the nucellar cone and the thick surface-layer of the

1 . : :

ticellus) anq Serving as a protection to the embryo. A comparable

Clost 8 - = W= § e 2
OSIng-up of the micropyle oceurs in the seeds of Gnefuin Gunemon?
a lld m HJ(‘ }}"

ak of cycadean seeds. At the time of pollination,
When the 'l‘f-']]u?lwhaz-ulwr must have extended to the apex of
the lagenostome, the tip of the nucellar cone may have secreted
Some sticky substance to which the microspores would adhere.
Prof, Lignier? ha

tmfn the Westphalian Coalfield of Ostrau in Austrian Silesia
\‘\?h“:.h l'll}

made the type of a new genus Millagia, after Herr

& recently described some large megasporangia

M; - e - ; ;
Ittag, Director of Mines. Two sporangia, hetween 2 and 3 mm.
in i - ; : s ;

: ‘]1']‘“1%!‘-1, were found in close association as though belonging
0

& single soryg:
Megaspores,
18 very gimil
It appare

one was empty and the other contained four
The structure of the thick wall of the sporangia
ar to that of the testa of Lagenosiome Lomazi, but

: ntly split into two valves. Lignier refers the new type,
iftﬂ[(’.gf:’f- seminiformis, to some unknown Palaeozoic group of
1;(;?:":{??01'0115 Filicineae, ]—.-c';ssﬂ:».]y the ancestral stock of H.w
o o"perms, and he thinks it probable that the sporangia
resembled seeds in their facilities for dispersal. In the structure

1 Vol. 1. P- 364, fig. 270, ® Berridge (11).
% Lignier (13%).
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of the sporangial wall Mittagia also resembles the sporocarp of
Pilularic.

Seeds presented as impressions, without internal structure,
superficially resembling Lagenostoms.

Lagenospermum Nathorst.

This generic name is adopted for seeds represented by casts
or impressions agreeing in external features with Lagenostoma
but which on the available evidence cannot be confidently
assioned to that genus'. Two types of seed were described by
Arber? from the Lower Coal Measures of Scotland as Lagenostona
Kidstowi and L. Sinclairi: the former has been removed by
Oliver® to Physostome and both are included by Arber! in a
vecent paper in the genus Radiospermuim. This new generic term
is proposed by Arber for a number of small sub-cylindrical seeds
founded on impressions including ‘small seeds which, when the
structure is preserved, are known as Lagenostoma, Physostomaa,
and Conostoma.” The question of nomenclature is invariably
raised by cages in which impresgions resemble in their superficial
characters genera founded on anatomical characters: the seeds
originally referred to Lagenostoma Sinclairi afford a good example
of this difficulty. Nathorst has vecently proposed the generic
name Lagenosperinumns as preferable to Lagenostoria and Radio-
spermum in the case of Lagenostoria Sinclairi and similar seeds
which afiord no proof of the possession of such morphological
characters as would justify their inclusion in the genus Lagenostoma
but which may be examples of that genus. As Nathorst points
out, the adoption of Radiospermun: for L. Sincladrs is inadvizable
on the ground that it is also applied to geeds of a different type.
The type-species of Lagenospermu 13 L. Sinclawre and Nathorst
describes additional species from Lower Carbonmiferous rocks n
Spitzbergen.

Lagenospermum Sinclairi (Arber ex Kidston ws.).

Although it is not certain that these seeds are morphologically

:dentical with the genus Lagenostoma, a brief description is inter-

1 Nathorst (14) p. 20. 2 Arber (05).
3 Qliver (09). 1 Arber (14) p. 102.
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calated here ag the habit of the seed-bearing axes supplies a
Probable key to the habit of the fertile fronds of Lyginopteris. The

collected by Mr Sinclair from the Lower
Coal Measures

of Ayrshire Scotland, and recorded by Kidston as
Lagenostomg, sp.: tl

Seript L. Sinclasri a
seeds are o[

type-specimens were

1ey were afterwards named by him in manu-
nd handed to Dr Arber for description.  The
ptical-oblong, 4-5-5 » 1-5-3 mm.. radially symmetrical
and enclosed by 5 loose eiwelupn which is longitudinally ribbed and
il‘l‘fide"l distally into several linear-lanceolate lobes (fig. 408, A, A").
This COvering, though much longer than the cupule of Lagenostoma
L(,';,gﬂll_l..,-‘ 2 probably a h(mmlng{)ﬁs structure. The most interesting
POMT is the attachment of the seeds to slender branches of a

compound gxiq (fig. 408, A). Tt is probable that the seeds were
"OTNe on a frong char

a.fmrtion of the sterile ]

fd.yj‘.mpferi._\- elegans?,

acterised by the reduction or complete
amina or perhaps, as in the recent Fern

some of the pinnae of a large compound
fl‘_()m_l were fertile. Tt ig worthy of note that Arber recognised
Piiimles of g thenopteris obtusiloba® in association with L. Sincla
A fact, ag |

" 1€ 8ays, i dfself of no value but which acquires signifi-
Cance in vigy of the
Proximity ¢, the

B} Stopes

"i-_-.

discovery hy Carpentier® of cupules in close
Samie species of frond. Specimens described by
from Westphalian rocks of New Brunswick as Pleri-

b e sy g
4 Ot firoatis® hoax a close teseniblance 6, L. ‘Sinclai,

Lagenospery,
“AGENOSPermm oblongum (Kidston).

T Y ADeeina . i i ; |
k B Species recently described by Dr Kidston® as Lagenostona
longa from the

closely allied 4 f.lr_nl_tll_Sti]ﬁop{lfh?rl‘-.BE{H-I'ﬁ‘?lfl ATRALE; 40 ]w
f‘j; ‘. d to Arher's L. Sinclairi: it is r'l*.[n't-*:-:nntc*(] h}’ pairs
E)li;""]-_])"'\;]i”;“*? at the ends of forked branchlets: the seed is 2-5 mm.
e o 2mm. broad snd is' surrounded by a longer oblong
cupule divided ,Vuﬁt.&”}.- into 6 free lobes. | -
by ?;il:;,]‘g(‘l' ‘t}\'[le of seed, 3 cm.
] Ston® from the same co
A r:]]nra.c—h;n'im.ir'
promine:m e

long and 2-5 em. broad, is deseribed
al-field as Lagenostoma ? wreeolarts.
feature is the truncate apex surrounded by a
: anopy formed of the expanded .upi(':-ll free portion of
Val. O A
‘ (arp:n][‘:—lg i- 1“14) ]:)q:

_ Ridstop (14) p. 180, P1. ViL. figa. 1, 2,
161, PL xvr, figs, 9, 10.

* Vol. 1r. p. 529, fig. $52.
* See page 66.
4 fbi(ﬁ. P

85 1
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the integument. The lack of anatomical data in both these seeds
is a reason for the substitution of some less committal term than
Lagenostoma.

Grand’Eury® and Carpentier® have published accounts of
impressions of seeds from the Coal Measures of France compared
by them with species of Lagenostoma though not assigned to new
species. These and similar seeds should be referred to Nathorst's
genus Lagenospermam.

The difficulty of recognising the true nature of seed-like
impressions is illustrated by some specimens in the Goldenberg
collection in Stockholm described by Arber® as Carpolithus
Nathorsti: these consist of pieces of Sphenopteris pinnae probably,
as Zeiller suggested, Sphenopteris Schawmburg-Lippeana (Stur)
bearing at the ends of the segments of deeply divided pinnules
what appeared to be seeds 1 mm. long, oval and longitudinally
ribbed, and possibly eneclosed in a cupule. Arber considered
the “seeds’ to be related to Lagenostoma, probably belonging to
gsome member of the Lyginopterideae. An examination of the
specimens by Nathorst* showed that the supposed seeds are
collections of spores; but whether the spores of a true Fern
or the microspores of a Pteridosperm cannot be determined.

Plerispermostrobus Stopes.
Prerispermostrobus bifurcalus Stopes.

Dr Btopes® has recently called attention to a resemblance
between specimens from the Westphalian of New Brunswick,
deseribed by her as Plerispermostrobus bifureatus, and Lageno-
spermaum Sinclairi. The New Brunswick fossil is made the type
of a new genus Plerispermostrobus, which is emploved for fructi-
fications of Pteridosperms that cannot be associated with a known
species of parent and may be either seeds or complex male organs
borne on a definitely branched rachis. The type-species is repre-
sented by a slender axis bearing lateral branches divided into
two widely divergent arms each of which bears a terminal body,
I Grand'Bury (05%) B. = Carpentier (11),
* Arber, E. A, N. (08).

! Nathorst (08) p. 10, PL m. figs. 10—21.
5 Stopes (14) p, 74, Pls. xvir. fig. 45, xxv, fiz. 689, text-fiz. 15.




XX'IX] PTERISPERMOSTROBUS 67

4% 3 mm., characterised by 35 apical lobes extending 2 mm.

beyond the distal end of the seed-like organ and resembling a
Cupule. In this as in many other cases it is impossible to determine
the true nature of the reproductive bodies, whether they are
small seeds or groups of microsporangia: the new generic name
serves a useful i_;-urp()se though it is not always possible definitely
to refer doubtful fructifications of this kind to a Pteridosperm.
The organs in question may also be compared with Codonotheca.

Pterispermostrobus pusillus (Nathorst).

The name, Codonotheca pusilla, is given by Nathorst? to some
doubtfu specimens from the Culm of Spitzbergen representing
short stallks bearing linear-lanceolate scale-like bodies, 9—10 mm.
long by | mm. broad, coalescent at the base. Nathorst compares
them with Sellard’s species, Codonotheca caduca, but adds that they

May he cupules of some Pteridosperm and calls attention to
their resemblance to some fossils figured by Carpentier as

Calymmatotheca acuta. Both Nathorst’s gpecies and the French
Specimens described by Carpentier? as cupules may be referred
to Dr Stopes’ genus Plerispermostrobus as their morphological
Nature cannot be determined.

V. Roots.

In 1876 Williamson* described some petrified vegetative
organs from the Lower Coal Measures of Lancashire under the
hame  Kalogylon Hookeri characterised by a division of the
secondary xylem into cuneate masses (fig. 415, C) like those in
Some recent Bignoniaceous stems. Williamson at first believed
Kdlozylon to be a stem, but in a later memoir he expressed the
Opinion that ‘it is difficult to believe that these organs have been
other than roots’s. Felix® had meanwhile described a gpecimen
from the Coal Measures of West phalia as Kalozylon cf. Hooker:
and Suggested that it might be a wa terplant. In 1894 Williamson
and Scott” demonstrated that Raloxylon Hookeri is the root of
L-’J’-‘f’j"”"ﬂff"?‘fl.v, a conclusion independently reached hy Hick®,

* See page 124. 2 Nathorst (14} p. 23, PL xv. fig. 43.
. Carpentier(13)p,391.  * Williamson (76) B. 5 Williamson (87) p. 297.
* Felix (86) A. p. 51. 7 Williamson and Scott (94). 8 Hick (95) p. 114,

5—2
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The roots of Lyginopteris arise on all sides of the radially sym-
metrical stem in the pericycle region; they are copiously branched
as is shown by the abundance of roots of various sizes in close
association. No roots have been discovered exceeding 1 cm. in
diameter nor have any been recorded with secondary periderm-
tissue. The absence of root-hairs and the more or less lacunar
structure of the cortex are indicative of swampy ground. 1t
is seldom that the palaeobotanist has an opportunity of investi-
gating the growing-points of Palacozoic plants, and for this reason
some well-preserved apices of Lyginopleris roots, attributed to
that genus on the ground of constant association with Iragments
of stems in the calcareous nodules of Dulesgate, are of special
interest. One of these specimens was figured by Dr Stopes and
Mr Watson! in their account of plant-bearing nodules, and a de-
geription of that and other examples has since been published by
Prof. Weiss?. A longitudinal section of a root-tip, -21 mm. in
diameter at its broadest part, shows a root-cap which suggests
an origin from a single cell, but an examination of the plerome-
cylinder in a slightly tangential section does not afford conclusive

evidence of the occurrence of a single initial cell. Weiss on the
whole inclines to the view that Lyginopleris possessed a single
apical cell like the roots of Leptosporangiate Ferns, though he
prefers to leave the decision open. Attention is drawn to the
fact that the plate of tracheidal tissue in emeroing lateral rootlets
is vertical as in Phanerogams and not horizontal as in recent
Pteridophyta.

The vascular tissue of a Lyginopleris oot (fig. 410) consists
of from three to eight alternate strands of centripetal xylem
and phloem, and with the metaxylem is associated a small amount
of conjunctive parenchyma which does not form a central pith.
The pericycle, one to several layers broad, is succeeded by an
endodermis which occasionally shows the characteristic thickenings
on the radial walls. A broad cortex of thin-walled lacunar tissue
with numerous secretory cells is bounded externally by a super-
ficial eylinder of two or more layers of comparatively large and
thin cells, the outermost of which are radially elongated. This

1 Stopes and Watson (08) PL xvi. fig. L.
3 Weiss, F. E. (13).
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superficial tissue forms a striking feature by which a Lyginopteris
root may often he recognised at a glance. The root represented
in fig. 410, approximately 2 mm. in diameter, has a heptarch
stele divided into seven xylem-groups by crushed bands of
parenchyma and a protoxylem strand occupies the apex of each
projecting angle (fig. 410, px). The superficial cylinder of clear
cells is seen at @. A very small root is seen at 7 in fig. 410.

Fie. 410, Lyginopterie oldhamia. young root., x 30. {(Kidston Coll. 403.)
Fig. 415, C, represents part of an older root in which the pent-
arch primary xvlem is enclosed by broad wedge-like groups of
secondary xylem and phloem separated by conspicuous medullary
Tays opposite the protoxylem strands (pz). Crushed primary
Phloem ares, 1, ate often clearly Tecognisable beyond the cambium.
The secondary thickening, as Williamson and Scott state, “takes
Place exactly in the manner typical of roots of Dicotyledons,
80 that this fossil might very well be used for purposes of demon-
S‘il‘ﬂticm as illustrating the secondary growth of a root with
diagrammatic clearness™. The young roots of Lyginopteris
Tesemble in many respects those of Marattiaceous Ferns, though

the presence of a single apical cell, if such occurs, is a distingnishing

! Williamson and Seott (95) p. 73%.
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feature; but in the presence of secondary conducting tissue they
agree with those of Phanerogams.

Distribution of Lyginopterts.

The frequency with which petrified fragments of Lyginopteris
stems oceur in the calcareous nodules of the English coal seams
shows that the genus must have been plentifully represented in
the Upper Carboniferous vegetation, and the occurrence i both
North American® and European localities of fronds identical with
or closely resembling Sphenopleris Hoeninghausi affords evidence
of wide geographical range. Petrified specimens were recorded
by Felix® from Westphalia in 1886, and Zalessky® has recently
discovered Lyginopteris in the Donetz coal-basin of Russia. An
investigation by Kubart! of the calcareous nodules, to which
attention was first drawn by Stur, in the Ostrau Coal Measures
led to the discovery of several examples of Lyginopleris stems.
The deseriptions and figures so far published are hardly sufficient
to enable us to estimate the degree of relationship to the English
type, but some of the stems appear to be new species and Kubart
considers them all to be specifically distinet from Lyginopteris
oldhamia. Lyginopleris heterangioides contains scattered tracheids
in the pith and thus affords an interesting transitional type between
Laginopteris and Heterangium, In L. lacunosum the inner cortex
is lacunar and the primary xylem bundles pursue an independent
course in the stele in contrast to the anastomosing arrangement
in L. oldhamia and in another Hungarian species L. tristichum.
The species recorded by Kubart oceur in the Millstone grit and
the Coal Measures.

The geological range of Lyginopterts as represented by petrified
stems does not extend beyond the limits of the Carboniferous
gystem.

HETERANGIUM.
The weneric name Helerangium was first used by Corda® for
a piece of stem from the Coal Measures of Radnitz, Bohemia,
represented by part of the vascular axis of a stem consisting
* White (99) B. p. 40. ¢ Felix (86) A.

3 Zalessky (10). 1 Kubart (14); (L1).
Corda (45) A. Pl. xvi.

B
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of strands of larwe reticulately pitted tracheids intermixed with
parenchyma and exhibiting structural features differing apparently
from those of any known type. (lorda’s material has been
re-examined by Kubart® who figures a section from it. Heleran-
giuim is a genus closely allied to Lyginopteris both in habit and in
general anatomical characters, The stem is monostelic; the
vascular eylinder prior to secondary thickening resembles the
protostele of certain recent species of Gleichenia and may be com-
parved also with Trichomanes scandens® 1t agrees with that ‘of
L?}f,'iun‘,u,!g,‘j.-.- in the posse

ssion of primary mesarch bundles but
'f“ﬂcl‘.%' in the substitution of a cauline axial mass of metaxylem
for the pith of Lyginopteris. The secondary vaseular tissue agrees
F']"“"J_V with that of recent Cycads and Lyginopteris. A character-
istic feature is the occurrence of numerous horizontal bands of
selerous cells in the cortex (fig. 412) of the stem and in the ground-
tissue of the rachis and larger branches of the fronds. The stem
Was erect and rarely branched ‘giving off large foliar appendages
at somewhat distant intervals and from its entire circumference 2.
Qll'l' knowledwe of the reproductive organs is Jess precise than in
the case of Lyginopteris; but we are justified in asserting that
]?"'"!””“.‘!'3"”!:- iz a Pteridosperm which in all probability hore fern-
like microsporangia and seeds similar in general plan to Lageno-

-"'ft));nra,

A . - " =3 - 4 o S - ‘-‘ - 1 o
The association of some seeds included in Williamson s genus
{lg ! : : Yt we Rl b ) :
Uonostome with Heterangivm Grievii n the Pettyeur beds and

Hll'[;' resemblance to L._f‘;{;g-),ﬂf;.};)’hmr.'. the SP‘:‘(]. of L:n’fs})!.nl'J"H{(’f'l:--\".

sug

. sted the possibility of actual connexion : further evidence
I support of this view has recently been brought forward by
r Blare s . : v - ; ;
Dr Benson® in the case of a species of Conostonia which she transfers

to a new genus Sphaerostoma.

™hea . : . .. i » .

1 Che two species Heferangium Grievii and H. tilineoides are
tleserihind 2 1 - e ¢ L

_‘&ﬁlhul in illustration of the genus and reference 13 made to a
few other types.

Kubart ( fig.

2 Vol. m. p. 310, fig. 237, C; p. 311, fig, 238.
4 Williamson (73) A. p. 403.

Benson (14).
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Heterangium Grievii Williamson.

(Stem.)
IR372.  Dictyoxylon Grievii, Williamson, Brit. Ass. Rep. (Edinburgh Meeting),
P 1125

i873. Heterangivm Grievii, Williamson, Phil. Trans. R. Soe. Vol. 162, p. 404.

(Lea)

1720,  Fumaria officinalis, Volllmann, Silesia gubterranea, p. 111, Pl xiv.
fig. 2.

822.  Filicites (Sphenopteris) elegons, Brongniart, Class. Vég. p. 233,

1828, Sphenopteris elegans, Brongniart, Hist. Vég. Fors. p. 172.

(836, Cheilunthites elegans, (_;('1(-];;!!_']'1. Foss, Farnkr, p. 233.

I187T.  Diplothmema elegans, Stur, Culm Flora, 1. p. 130.

1. Stem.

At the Edinburgh meeting of the British Association William-
on' gave a brief account of gome petrified stems from the Lower
Carboniferous strata of Bumntisland on the Firth of Forth which
e included in the genus Dietyoxylon. One of these was named
D. Grieviv alter Mr Grieve the discoverer of the specimens, In
1 later and more complete deseription Williamson adopted Corda’s
reneric name on the ground of the close resemblance of the Scoteh
stem to the Bohemian fragment Heterangium paradorum. In
18732 Williamson added new facts in vegard to H. Grievis and
in 18903 he described a very closely allied type from the Lower
Uoal Measures of Lancashire. Five years later his descriptions
were (;tlilsidembl},-' extended and modified in the joint memoir
with Dr Scott?.

The great difference in age hetween the English Upper Car-
soniferons stem and the Scotch specimens from the Lower
Carboniferous beds of Burntisland suggests a probable specific
lifference. Dr Scott has recently adopted the name Heterangium
Lomauwi, proposed but not published by Williamson, for the En‘glish
;ype. Though in the following account the species Hr:'tefrm[}'r'tfm
{Frievii s treated in the broader sense it should be recognised that
the geologically younger stem is worthy of speeific recognition ;
t is characterised, to quote Scott®, by “the great distinctness of
he primary xylem strands, by their nearly exarch structure,

1 Williamson (722). ¢ Williamson (73) A. 5 Williamson (90).
4 Williamson and Seott (95). & Seott (15).
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with little primary centrifugal wood, by the abundant secretory
sacs of the stele, and by the rather scattered leaves.
Heterangium Grieviv has a radially symmetrical stem hearing
compound leaves with decurrent petioles which give to the other-
wige eylindrical axis an angular outline as seen in trangverse
section (fig. 411, A). The phyllotaxis appears to be 2. The

A e
W‘W’Wﬁ'\ﬁ;]

T

L e
:?\ B __‘,1" Af‘hm

(AN

= aa B

o — (D
=veianpialy

3 ) 2 ) 5 <

G, "_ 11, l"f!“f.’rrun_}mm Grievii. It a, b,.e, leaf-traces; . P“fm-‘.l.h‘ with Pomdcrm:
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8, selerous tissne.
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Stem vraralv > 5 - S | i !
bem rarely exceeds 1+5 cm. in diameter: In the cenfre is a com
Paratively large stele con: :

sting in young stems ol primary xylen
and phloem, but in older stems t hese are separated by a cylinder
of seconda ry vascular tissue which in this species is always narrowel
tjh.ém in Lyginopteris oldhamiu and, as Williamson pointed ouf
often of unequal thickness on different radii. The medullated stel
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of Lyginopteris is replaced by a solid xylem-cylinder consisting
mainly of groups of large tracheids, reaching -3 mm. in dizmeter,
with multiseriate bordered pits (fig. 411, D) embedded in an
anastomosing parenchymatous tissue-system. In the stele repro-
duced in fig, 411, B, which with the exception of a very narrow
zone of secondary xylem, 22, consiste entirely of primary xylem,
@', the parenchyma is represented by a darker reticulum (cf-
fig, 415, B) dividing the metaxylem into islands as in Gleichenia.
In the peripheral portion of the xylem the tracheids are rather
narrower and arranged in more definite groups in many of which
is a single strand of narrow spiral elements (fig. 411, A’, pa) close
to the outer margin. These peripheral primary bundles in which
protoxylem is recognisable may be described as leaf-traces of
mesarch structure consisting of centripetal xvlem and, to a much
less extent, of smaller centrifugal elements for the most part with
dense spiral bands in place of the multiseriate pits of the rest of
the metaxylem. The structure of these leaf-traces is practically
identical with that of the primary bundles of Lyginopteris. There
is, however, a difference to which attention is drawn by Williamson
- and Scott. While in Lyginopteris in any transverse section the
primary bundles in the stele are equal in number to the leaf-
traces in the pericycle and cortex, in Helerangiun the peripheral
groups in the stele may be as many as twenty, a number consider-
ably in excess of the leaf-traces beyond the limits of the primary
xylem of the stele. It may be that the leaf-trace of each leaf,
which joins the stele at a distanee of 6—10 internodes below its
entrance into the cortex from the leaf-stalk, may branch in its
descent in the axial region, or sowme ol the primary groups of
xylem may be conlined to the axial region and independent of
the leaf-traces. Portions of the peripheral region of the stele
may be oceupied by metaxylem groups without protoxylem and
identical with those which make up the bulk of the metaxylem.
. Scott! has recently published a note in which he states that
most of the British Coal Measures Heterangiums were polydesmic.
Two bundles, and not a single strand as in the Scotch H. Griewi,
leave the stele for each leaf, and these divide into four, in some
cases at least, before entering the petiole.

1 Seott (15).
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The secondary xylem is continuous at its inner edge with the
outermost primary tracheids (fig. 411, A') and consists of rows of
tracheids, 1—3 elements broad, alternating with numerous broad
medullary rays of radially elongated parenchyma. Beyond a
typical cambium-zone the secondary phloem consists of parenchyma
and sieve-tubes bounded by crushed ares of primary phloem.
Abutting on the phloem is a pericycle composed of several layers
of small parenchymatous cells (fig. 411, A, p) and in the outer
layers of this tissue a phellogen (fig. 411, €, p) and some periderm
are usually present thongh, as Williamson and Scott point out,
the periderm is less regular and narrower than in Lyginopieris.
The inner cortex, composed of short parenchymatous cells, I8
traversed by numerous narrow bands of dark, thick-walled cells
similar in the structure of the elements, though peculiar in the
horizontal elongation of the groups, to the sclerous nests in the
perieyele and pith of Lyginopteris. These characteristic bands
are chiefly seen in the oblique longitudinal section of a stem
tepresented in fig. 412. In this section, 25 mm. in length, the
lighter band, 4, is the pericycle and in it a few obliquely cut leaf-
traces are shown as dark patches. The horizontal bands are
similar in structure and shape to the diaphragms of thick cells
in the pith of Abies magnifica’, and in both plants they probably

serve as supports to the softer parenchyma. There may be as
many as 46 bands in a vertical length of cortex of 1 inch (about
19 per centimetre). It was the occurrence of precisely similar
transverse lines on the carbonised impressions of the rachis of
Sphenopteris elegans that led Kidston® to suggest a connexion
between that species and the stem of Helerangium Grievii.
The outer cortex, consisting of alternate strands of parenchyma
and stereome similar to that of Lyginopleris, is much narrower and
a less conspicuous feature than in Heferangivm; the stereome
bands do not form so regular a hypodermal network and extend
much further vertically without anastomosing. The epidermis
has been described as a layer of fairly thick cells showing in one
case an appearance of a depressed stoma®. There are no secretory
canals like those of Cycads but, as in Lyginopteris, scattered cells

L Jeffrey (05) Pl 1. fig. 21. 2 Kidston (91%) B. p. 49.
& Williamson and Secott (95) p. 753.
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with dark contents in the stem-tissues probably represent secretory
sacs.

The leal-traces on leaving the stele pursue a very gradually
ascending course to the petiole; they retain their collateral
structure in the pericycle and cortex and have no secondary
xylem, but become concentric as they enter the base of a leaf.

;i‘i

Fra. 412, Heterangivm Grievid. Oblique longitudinal section of stele and part
of cortex; p, pericycle. 3 3. (Kidston Coll. 529.)

Before passing to the description of the leaves, the more striking
features In the stem may be summarised with reference to the
disgrammatic sketches shown in fig. 411. Fig. 411, A, represents
a section of Helerangiwm Grievii approximately 2 cm. in its
maximum diameter; at the periphery of the primary xylem, a2,

and close to its outer margin are several protoxylem groups,
not shown in the drawing, each of which marks the position of
a mesarch trace. The zone of secondary xylem, «2 is interrupted
by the exit of leaf-traces and one of these is seen at « in fig. 415, A,
separated from the central primary xylem by a foliar gap filled
with parenchyma. The pericycle is shown at p in fig. 412 and
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its outer boundary at p in fig. 411, A. Beyond the 1J§r‘1C}'cle
15 the hroad parenchymatous cortex with leaf-traces, %, ‘d.l.l‘(l
Some sclerenchymatous patches, s. The vascular St-]“d].ll'.l.- @ is
Passing into the base of a leaf-stalk. In the stem shown in fig.
411, B, 14 em. % 7 mm., a decurrent petiole is seen at the upper
end with its single vascular strand, @, and two sclerous nests;
a similay fhon(_,]llhd,gt.d(_-he{_l leaf-base oceurs at the opposite end of
the long diameter, Other loaf-traces are seen at b and c. From
the left-hand side of the stele a curved strand of tracheids is
passing out to supply a root, 7.

1. Root.

Adventitious roots of endogenous origin are occasionally met
with in Heterangium stems, but we have less information as to
their ana tomy than in the case of Lyginopteris. In a specimen of
H eteranginm Lomaxs ficured by Williamson and Scott! three roots
aTe seen in a vertical series ‘EL:(_,wm(_, otitwards through the cortex
of a stem. The roots agree generally with those of Lyginopleris
but the outermost cortical Jﬂ!v.ers possess no speeial features.

1ii, Leqf.

The Jarge compound fronds long known as Sphenopteris elegans
Were recognised by Kidston as the leaves of Heterangium by the
closely arranged transverse striae or narrow ribs on the rachis
and pinnae which are the expression on the carbonised impressions
of the horizontal plates of sclerous tissue in the petrified stems
and petioles of Heterangivm. The dichotomously branched fronds
are ineluded by Stur in his genus Diplotmema and that author
figures several typieal examples in his ‘ Culm Flora’®. Fig. 413, A,
shows a forked axis with the bases of more slender branches and
‘.the characteristic transverse bands and in fig. 413, B part of a pinna
JS_ reproduced. In general appearance, except in the bifurcating
Pinnae, the fronds resemble those of Davallia tenuifolic with
V.\’hich Brongniart compared the Palaeozoic species. There is
little doubt that Sphenopteris dissecla and some other species
were also horne on Heterangium stems. The rachis and petioles

' Williamson and Scott (93) PL xxvi, fig. 28
* Btar (77) p. 236, Pls. xur xiv.
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differ from those of Lyginopteris fronds in the absence of emergences
(¢f. fig. 404, E). The petioles (fig. 411, B, a) have a single con-
centric vascular bundle with internal protoxylem.

I
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=
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=

[t

>

B

¥rc, 413, Sphenopteris (Diplotmema) elegans. A, Forked rachis with bases of
lateral branches (Kidston Coll.); B, pinna. (After Stur.)

iv. Reproductive organs.

As yet no satislactory evidence hag been published with regard
to the nature of the microsporangia but in all probability these
were constructed on the same plan as those of Lyginopteris.
There is a strong prima focie case for assigning the seed Sphaero-
stoma to Helerangium: absolute proof of organic connexion is
still Jacking though Dr Benson’s recent account of the seeds
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associated with Heterangium Grievii almost amounts to demon-
stration of continuity between vegetative organs and seeds.

) e
Sphaerostoma ovale (Williamson).

In 1877 Williamson described some detached petrified seeds
from the Tower Carboniferous rocks of Fifeshire, Scotland, as
Conostoma ovale and (. intermedium. Dr Benson's investigation?
of these two forms leads her to confirm Williamson's doubts as
to the validity of a specific separation and she assigns the single

Fra. 414, Sphaerostoma ovale. A. Longitudinal section showing the cupule, e,

mbtegument, e, [, with vascular bundle, the upper part of the nucellus, n,
and megaspore, m; a, archegonia. B, Transverse section through the roof
of the pollen-chamber, pe, and the summit of the nucellus. x. (After Benson.)

tYpe to the new genus Sphaerostoma. The seeds are always
dssociated with the vegetative organs of Heterangivm Grievii.
I[," 1909 Oliver? n;-};pre:ssed the opinion that the Burntisland species
?t Conostoma (= Sphaerostoma) is probably the seed of Heterangium.
.P he seed consists of a central body representing the nucellus, an
tiner integument, and an enveloping cupule or outer integument:
Most specimens have lost the cupule and in this condition they
are 35 mm. long with a maximum breadth of 2-2 mm. In the

' Benson (14), 2 Qliver (09) p- 111.
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middle the seed is circular in transverse section and octagonal
near the base and apex. The free apical part of the integument
forms a frill (canopy) round the micropyle and extends beyond
the nucellar apex which congists of a relatively flat plinth sur-
mounted by a central dome or lagenostome (fig. 414). The
lagenostome is swrrounded by an annular pollen-chamber on to
the lower surface of which abuts the large embryo-sac, and
temains of archegonia were noticed below the pollen-chamber.
The roof of the chamber in the young state consists of a layer of
thin-walled cells extending across the flattened apex of the
nucellus, n, but as the pollen-chamber becomes differentiated
from the nucellar tissue by the disorganisation ol the zone of
cells its rool-cells thicken their vertical walls and assume the
structure of a multiseriate annulus, which acts as a mechanism
for opening the pollen-chamber by a eircular dehiscence in such
a way that the edge of the ruptured roof of the pollen-cham ber
slightly overlaps the periphery of the central column of nucellar
tissue after it has returned to its original position subsequent to
the entrance of the microspores. The micropylar region is sur-
rounded by eight lobes of the integument and each is chara cterised
by a crest of radially elongated cells, fig. 414, [ especially promi-
nent on the outer side. External to this is the slightly longer
cupular sheath (fig. 414, ¢) which may also have heen lobed. The
surface of the integument below the terminal erests consists of
a layer of cells with small papillae which eventually ruptured
and discharged mucilage, Both integuments have a vascular
supply, that of the inner integument heing represented by eight
vascular bundles, some of which were found to have mesarch
xylem, given off from the single strand in the pedicel. Fig. 414
shows the apical region of a seed of Sphaerostoma: the flat-topped
nucellar cap, #, is surrounded by the annular pollen-chamber, pe,
below which are indicated the archegonia: the wall of the mega-
spore (embryo-sac) is seen at m and external to this vascular
bundles, », run up the inner portion of the integument accom-
panied by some large cells (aqueous tissue). The elongated
epidermal cells at the apices of the lobes of the integument form
the frill, f, and at a lower level the cells of the same layer are much
smaller and papillate (¢): the outer integument, ¢, forms the
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so-called cupule. The transverse section shown in fig. 414, B,
is taken at the level of the roof of the pollen-chamber and of
the nucellar cap; it illustrates the contrast between the ‘multi-
seriate annulus’ and the central colurn of small parenchyma.

Sphaerostoma difiers from Lagenostoma in the whorl of crests
around the micropyle, in the nearly hemispherical form of the
lagenostome and in the relatively wider pollen-chamber with
its peculiar form of dehiscence. Miss Benson, while regarding
Sphaerostoma as similar to Lagenostoma in general plan, believes
the distinguishing features of the former to be such as are con-
sistent with a more primitive form.

An important areument in support of connecting this seed
With Heterangium is derived from the juxtaposition of some
seeds and luiﬁ'tions of Heterangium petioles, a juxtaposition that
s believed to demonstrate original continuity.

Grand’Eury? has recorded the association of two species ol
leaves, Sphenopteris elegans and S. dissects, with small seeds
compared by him with Lagenostoma. In the absence of petrified
Specimens it would be practically impossible to digtinguish between
Lagenostoma and Conostoma or Sphaerostoma.

Carpentier? has described some impressions from French
Westphalian beds as Conostoma and he records cupules without
Seeds on fronds of S phenopteris obtusifolic which he speaks of as
ha ving transverse striations like those of Heterangium. Dr Kidston
Pointed out to me that the surface-features of the Sphenopteris
L"'l‘('}lis are probably due to ramental scales and not to the presence
Dt' horizontal selerons bands. (Carpentier’s seeds may be compared
with L‘-’!I'?Mi'o','rw'mH. m Sinclairi.

Heterangium tilinenides Williamson, Phil. Trans. R. Soe. Vol. 178,
P- 289.

This species, founded by Williamson on material from the
Lower (loal Measures of Halifax, Yorkshire, while agreeing in
bhe structure of the primary stele and in the general features
”.f the cortex with the older Heterangium Grievii, is clearly dis-
Uinguished by certain well-marked characters. Sclerous groups
o¢eur in the inner cortex as in H. Grievti but they are present also

1 (_h-and‘h;m.}. (052).

S. II

® Carpentier (11) PL xir. fig. 1.
6
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Fra. 415. A, B, Heterangium. A, H. Grievii; a, loaf-traces. By H. diliqeoides.
¢, root of Lyginopieris.,
(A; B, Kidston Coll., 529, 204; C, Williamson Coll., 1631.)
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in the pericycle. The peripheral leaf-traces in the stele show the
mesarch strueture rather more distinetly than in H. Giievii, and
the secondary xylem, which forms a much broader cylinder
than in the Scoteh type, is divided by broad medullary rays
into characteristic cuneate masses each of which rests at its base
on the centrifugal tracheids of a leaf-trace strand of xylem
(fig. 415, B). The most striking distinctive feature is afforded
by the secondary phloem, which is often preserved in wonderful
perfection; this is unusually thick and owing to the tangential
expansion of the principal medullary rays the secondary phloem
is divided into separate masses which decrease in breadth towards
the external ares of primary phloem. The triangular form of
the phloem rays, composed of tangentially stretched parenchvma,
Suggested the speeific name tiliaeoides on account of their striking
resemblance to the rays of Tilin. The leal-traces are nearly
always in pairs as they pass out through the cortex; they sub-
Sequently divide and appear as four vascular strands in the
Petiole. The portion of stem reproduced in fig. 415, B, 8 mm.
broad, shows clearly the separation of the secondary xylem and
Phloem into wedge-shaped groups: in each group there are several
tarrow medullary rays. The extrastelar tissues are represented
by a few fragments only. Several layers of erushed periderm
9¢cur in the pericyelic region but the more external tissues have
been almost completely exfoliated®.

Reference has already heen made to Heterangium Lomaxi,
the English type originally included by Williamson in Heterangium
Griewii. The provisional species Heterangiunm eylindricum William-
01 and Scott? differs, as Scott says, in no important respect from
H. Lomazi and should not be retained. A new gpecies, H. mani-
:’{'-’i“h Scott?, has been founded on a very small stem from the
“oal Measures of Dulesgate in which the leaf-traces leave the
stele g single bundles as in the Scotch H. Grievii.

The French species Heterangium Duchartrei* Ren. from Permian
j.m'_i""" was originally referred by Renault to the genus Porozylon :
0 1s represented by little more than the xylem of the stele and

1 &
. }:m' a fuller deseription, see Williamson and Scott (95).
Seott (09) B. p. 410; (15). s Seott (15).

* Renault (79) B. p. 276, PL xav. figs. 4—8; (96) A. p. 251, PL Lxv. figs. 1, 2.
6—2
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bears a close resemblance to H. tiliceoides. Heterangium punctaiun
Ren. and . Renaulti' (Brongn.) also from the Permian of France
were originally placed in the genus Lycopodium and afterwards
recognised ag stems of Heteramgium. A fourth French Permian
species, H. bibractense?, is peculiar in the posgession of a very
small primary stele encircled by deep wedges of secondary xylem,
but without more information it is impossible to speak with
confidence as to its systematic position. Kubart® has recently
published brief descriptions of some stems from the Ostrauer
coal-bagin in Moravia all of which he regards as specifically distinet
from the English types. In Heterangium Sturd the primary xylem
is almost exarch and the peripheral xylem groups are not very
clearly defined: in H. alatum, so called from the presence of lateral
wings on the petioles, the leaf-trace strands are more sharply
differentiated from the rest of the stele. H. polystichum is a
similar type, and H. Andrei, with a relatively larger amount
of parenchyma in the stele and thicker stems forms an additional
link between Heterangium and Lyginopteris®. Prof. Johnson® has
deseribed a species of Helerangiwm, H. Liberndcwm, from Upper
Devonian and Lower Carboniferous beds in Co. Cork, Ireland, baged
on some impressions of frond fragments without any pinnules. The
occurrence of numerous {ransverse striae on the rachis and lateral
branches suggests comparison with Heterangium fronds, but an ex-
amination of the specimens led me to suspect that some at least of
the striae are cracks and not original features. The presence of
spur-like appendages from the lower surface of the pinnae near their
origin from the rachis is recorded as a peculiar character, and gome
obscure oval bodies, the nature of which is extremely doubtful,
are considered to be seeds. The imperfection of the material
hardly justifies the institution of a new species of Heterangiuim.

Heterangium ranges from the Lower Carbonilerous to the
Permian strata and is thus older than Lyginopteris which in the
form of petrified stems is not recorded from the Lower beds of
the Carboniferous system. Heferangium has been described as

1 Renault (96) A, pp. 253, 255. 2 Jhid. p. 2562, PL. oxv. figs. 3, 6.

3 Kubart (14).

& Dr Scott who has seen sections of this species tells me that it is a striking

intermediate form,
3 Johnson (12).
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having a ‘great preponderance of fern-like characters,” but having
regard to the resemblance of the primary xylem of the latter to
that of the Osmundaceae it would seem doubtful whether in
their relation to the Ferns there is amy important difference.
Heterangiwm may safely be spoken of as the more primitive genus.
The polydesmic character of the petioles of most species is parti-
cularly interesting as it brings the genus nearer to the Medulloseae
and to Rhetinangiuwm®.

1 Beott (15).




CHAPTER XXX,
II. MEDULLOSEAE.

Tuw term Medulloseae was first employed by Goeppert and
Stenzel! for a family of Palacozoic plants that appears to have
reached its maximum development in the Permian period: the
oldest representatives so far discovered are of Upper Carboniferous
age. Our knowledge of the family is chiefly derived from a study
of the anatomical characters of stems, and it is therefore on this
bagis that any grouping of genera or species should be attempted.
Although there is little information with regard to the reproductive
organs of Medullosa, the type-genus, it is certain that the Medul-
loseae are Pteridosperms differing from members of that group
included in the Lyginopterideae in the presence of more than one
stele in the stem, in the habit of the fronds, and in the structure
of the rachis, as also in the structure of the seeds, though these
organs bear a fairly close resemblance to the seeds of Lyginopieris
and Heterangivm. The fronds of the Lyginopterideae are of the
Sphenopteris type while in the case of such species of Medullosa
as afford evidence of connexion between stems and leaves the
latter have the characters of Newropleris, Alethopteris, Odonto-
pleris, Linopteris, and other form-genera usually included in
the Neuropterideae. Dr Lotsy? speaks of Lyginopteris and
Heterangium as members of the Sphenopteridophylla and assigns
species of Medullosa either to the Neuropteridophylla or to the
Pecopteridophylla, the latter subdivision including species with
fronds of the Alethopteris type. There is, however, little doubt
that other forms of leaves, such as Odonfopteris and possibly
Taeniopterts, were borne on Medullosan stems. It is undesirable

1 Goeppert and Stenzel (81), * Lotsy (09) p. 723.
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except in the absence of more trustworthy criteria to make use
of so protean a feature as leaf-form as a basis of classification.
The name Neuropterideae has been frequently employed for
Pteridosperms other than the Lyginopterideae on the ground that
the foliage of Medullosa is represented by species assigned to
form-genera included in the Neuropterideae. It is, however,
preferable to restrict the family-name Neuropterideae to fronds and
to speak of the second family of Pteridosperms as the Medulloseue,
including the genera Medullosa, Suteliffia, and Rhexoxylon.

MEDULLOSA.

Some species of Medullosa probably resembled in habit Angio-
pleris evecta and the larger Marattias: they had short and relatively
thick stems clothed with the large decurrent bases of long com-
pound fronds superficially like those of some recent Ferns and
the leaves of the Cycad Bowenie. It is probable that, as Zeiller!
has pointed out, the fronds of Medullosa and of other Pteridosperms
had a greater tendency than those of true Ferns to a dichotomy
of the rachis. In other types the stems reached a considerable
length and leaves and branches were separated by several feef of
bare stem. The large size of the leaf-stalks in proportion to the
diameter of the stem as shown by such species as Medullosa
anglica and M. Leuckarti (lig. 416) suggests either a short and
thick main axis or, in the case of long stems bearing scattered
leaves, a plant that supported itself partially at least by a habit
of growth comparable with that of tropical Aroids or other lianes.
While Medullosa anglica with its contiguous leaf-bases affords
an example of the first type, the oceurrence of stems of a Permian
Species, M. stellata, 3} metres long without branches or leal-scars,
Suggests the habit of a liane; similarly a specimen of Medullosa
Leuekarti in the Chemnitz Museum bearing a few spreading petioles
but little narrower than the stem and given off at a wide angle
would seem to favour the view that some species were ill adapted
to be mechanically self-supporting plants. The longest piece of
stem that has come under my notice is a specimen of M. stellata
in the Chemnitz Museum reaching a length of nearly 8 metres:
Some species attained a diameter of about 50 centimetres.

1 Zeiller (05) B. p. 725.

5
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Medullosa is always polystelic: the plan of the vascular system
varies congiderably as regards both the number and form of the
steles, but there is a uniform type of structure within the limits
of each stele that recalls the single stele of Heferangium. The
steles consist of a central region composed of primary xylem,
originally surrounded by phloem, which in its mesarch or exarch
structure agrees with the vascular tissue of some gpecies of
(fleichewia or Lygodinm. To this central region a cambium
added secondary xylem and phloem either in the form of a cylinder
ol uniform breadth, or more frequently the centrifugally developed
xylem exceeded in amount the secondary conducting tissue added
to the inner side of the primary region. Apart from amatomical
details a Medullosan stem with its several steles, each with
secondary tissue, embedded in parenchymatous ground-fissue
regembles the stems of some Dicotyledonous elimbers sueh as
Thinowia scandens, species of Serjunin and Paullinia®.

Anatomically the muin features of the stelar system of MWedul-
losa, neglecting the secondary xylem and phloem, are in closer
agreement with the stems of Ferns than with those of any other
plants. Tt has been shown that the genus Heterangium bears
a close resemblance to Gleichenia in the structure of the primary
stele (fig. 418, C): one of the oldest types of Medullosa, M. anglica,
may be deseribed as a Heferangium with three steles and may be
compared with a dictyostelic Fern in which the irregular vascular
framework is made up of three main strands. In eertain types
of Medullosa (fig. 416) the ground-plan of the vascular system
recalls that of a solenostelic Fern, while in others the greater
complexity suggests comparison with such Ferns as Matonia,
Angiopteris, Psaronius, or Cyathee; ‘it is as though Nature were
at the Carboniferous moment in the midst of a series of amazing
engineering experiments, most of which were either buried deep
in Palaeozoic oblivion, or permitted to survive only as vestigial
relics and atavistic ghosts’™>.  Though many Medullosae resemble
Ferns there is an important difference between the two groups
in the origin of the various plans of Medullosan stelar systems:
in Ferns the leaf is the determining factor in the evolution of
stelar arrangement, while in Medullosa the occasional interruption

1 Sehenck (93) B. Pls. 1—v, etc. * White, D. (05%) B. p. 389.
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of a solenostele or the development of an apparently complex
dictyostele are features independent of the leaf and leaf-traces.
In the structure of the secondary xylem and phloem and in root-
strueture Medullosa agrees with recent Cycads. The genus is in
short a generalised tvpe with filicinean and eyeadean affinities.
In the possession of seeds borne on modified pinnae of compound
fronds, Medullosa resembles both Cycas and the Lyginopterideae.
The seeds exhibit a fairly close agreement with those of Lygino-
Pleris, Heterangium and recent Cycads, but they appear to have
advanced further towards the cycadean type than is the case
with the closely related seeds of the Lyginopterideae. The
microsporophylls are very imperfectly known but they were
undoubtedly much less advanced and more fern-like than the
megasporophylls.

The genus Medullose is recorded from the Permian strata of
Saxony, France, and Bohemial; also from the Coal Measures
of England, and the discovery of petrified petioles of Myelowylon,
the type borne on Medullosan stems in FEuropean species, may
be taken as evidence of the existence of the genus in North America
during the Carboniferous period

The name Medullose was applied by Cotta® to three types,
Medullosa elegans, M. stellata, and M. porosa, from the Roth-
liegende of the Chemnitz district. The first of these was recognised
by Brongniart! as a distinet genus for which he proposed the
designation Myeloaylon and this was afterwards identified by
Renault, Williamson, and other palaeobotanists as a petiole and
not a stem. Further reference is made to Myeloxylon on a later
Page. Cotta spoke of Medullosa as the most puzzling of the
Zenera dealt with in his “Dendrolithen,” and in spite of the many
additions to our knowledge the position of this Palacozoic genus
Is still a fertile source of speculation. The generic designation
Medullosa is applied to stems, with or without petioles; petioles
01 rachises of fronds that frequently occur apart from stems are
referred to the genus Myeloxylon. The leaves of Medullosa
include several well-known species of Carboniferous and Permian
genera such as Alethopteris, Newropteris and others that have m

1 Solms-Laubach (97) PL v1. fig. 3. ¢ Penhallow (97).
Cotta (32) B. p. 5% i Brongniart (49) A. p. a7.
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recent years been transferred from the Filicales to the Pterido-
sperms. In a few instances seeds have heen found in organic
connexion with Medullosean foliage, and there can be no reasonable
doubt that Trigonocarpus, some forms of Rhabdocarpus, Pachytesta,
and other seeds represent the integumented megasporangia of
Medullose or some closely allied genus.

Before attempting to summarise the salient features of
Medullosa a description of a few selected types will serve to place
us in a better position to consider the genus as a whole. The
British species are placed first on the ground that they are both
geologically the oldest though, historically, the most recently
deseribed, representatives of the genus; and in the organisation
of the stem they are simpler than the continental species. Their
resemblance to Heferangium serves to some extent to bridge the
gap between the majority of species of Medullosa and the simpler
types of Pteridosperms represented by Heferangium and Lygino-
plers.

Medullose anglica Seott!,

Prior to the discovery of this species the genus Medullosa
had not been recorded from Britain. A section in the Williamson
collection recognised by Scott as that of a Medullosa had been
identified by Williamson as a large Heferangium stem. An
undeseribed specimen was found by Arber? in the Binney collection
at Cambridge which afforded some &dd.ltl(]ﬂd] information as to
the strueture of the roots.

The specimens on which Scott’s thorough description is based
were obtained by Messrs Wilde and Lomax from the Lower Coal
Measures of Lancashire. The stem of this oldest species has the
habit of a tree-fern and is almost completely invested by the
stout decurrent bases of the petioles of large spirally disposed
compound fronds with a phyllotaxis of 2, the leaves of the same
orthostichy being separvated from one another by a vertical distance
of approximately 10 cm.

A transverse section of a slightly flattened stem is shown in
fig. 416, A, the bases of three petioles give to it an angular form.
Its dimensions are approximately 10 x 4 em. The ground-tissue

1 Seott (99). 2 Arber, E. A, N.(03)
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of two of the petioles is continuous with that of the stem, while
that of the third leaf-stalk is cut through near its separation from
the stem and its adaxial face is already defined by a hypodermal
band of stereome, d. The surface of the stem is characterised
by fine lon gitudinal ribs caused by the slightly projecting stereome
in the outer cortex, and from the narrow furrows between the
leaf-bases adventitious roots emerge in vertical series. The
position of an interfoliar furrow is shown by a small arrow
in fig. 416, A. There are three steles, 2-3 em. % 6-10 mm. in
diameter: each agrees very closely in structure with the single
stele of Helerangium. Medullosa anglica may be described as
a polystelic Heterangium and as having the same relation to
Heterangium as regards the stelar system as Primula auwriculo
bears to the monostelic Primula. The central core of the stele
(the black patches in the diagram, fig. 416, A) consists of an
anastomosing system of tracheal groups embedded in an irregular
parenchymatous reticulum. The large primary tracheids reach
a diameter of 150 u and have multiseriate pitting: at the periphery
of the primary xylem there is a more definite grouping of tracheids
as in Heterangium, and the slightly internal (mesarch) protoxylem
elements are associated with scalariform and densely spiral
tracheids (fig. 416, B, C) narrower than the more internal reticulate
elements. The secondary xylem is manoxylic as in Cycads,
tracheids in 2-4 radial series alternating with medullary rays
1-3 cells broad and usually of considerable depth (fig. 416, B).
The principal rays are continuous with the parenchymatous matrix
of the central core. Thick-walled tubular elements, no doubt of
the nature of sieve-tubes, form a conspicuous feature in the
phloem.

The three steles occasionally divide and fuse with one another.
The tissue between the steles is crushed and digsorganised and in
the living plant was probably small in amount. In the imper-
feetly preserved inner cortical region there is a sinuous band of
Secondary parenchyma (periderm: fig. 416, A, ¢) developed from
& deep-geated phellogen; in older stems this formed the super-
ficial tissne after the fall of the leaves. There is no definite
boundary between the cortex of the stem and the petiole-bases
except when the hypoderm cuts across the cortex preparatory to
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A, transverse section;
a, accessory vascular strand; b, accessory strand enclosed by periderm;
e, band of periderm encircling steles; d, selerenchyma between leaf and stem.
B and C, longitudinal sections, (After Scott.) D, Medullosa stellata: a, star-
rings; p, ‘partial pith.’ (After Weber and Sterzel) B, Medullosa Solmsi.
(After Weber and Sterzel.) B, Medullosa stellata, from a spevimen in the
British Museum (No. 13767). G, Medullosa stellate var, cortica; v, leaf-bundles.
(After Weber and Sterzel) H, I, Medullosn Leuckarti. (After Wober
and Sterzel and Solms-Laubach.) K, Medullosa stellata var. giganien; a, con=
centric steles b, b, later oylinders of centrifugal tissue. (Adapted from Weber
and Sterzel) L, Medullosa Solmsi var, gnosa. M, Medullosa porosa. (L, M,
after Weber and Sterzel.)
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the separation of a leaf-stalk. The stem-cortex and the ground-
tissue of the petioles consist of parenchyma with numerous
secretory canals, not sacs only as in Heferangium, and are
abundantly supplied with scattered vascular bundles of collateral
and exarch structure.

The leaf-traces are furnished by the peripheral tracheal groups
at the free surface of the primary portion of each stele: each
trace is at first concentric and consists of primary xylem with
one or more protoxylem strands near the outer surface and is
completely or partially enclosed by secondary xylem and phloem.
In the course of its passage to the leaf a leaf-trace loses its secondary
tissues, which were added by the cambium during the traverse
of the zone of secondary wood, and divides into small collateral
bundles consisting mainly of spiral and scalariform tracheids.
The collateral bundles accompanied by some narrow fibres are of
the Myelozylon type (fig. 420), the xylem being wholly centripetal.
In the behaviour of the leal-traces and in the vascular system
of the petioles Medullosa differs from Heterangiuin and Lyginopteris.
Each leaf-base is supplied by sets of vascular strands which pass
into it from the stem at different levels; a large leaf-base reaching
fem. in diameter reccives as many as 70-80 bundles. The
hypoderm is like that first described in the French species Myelo-
@ylon Landriotis! and often spoken of as the Spargunum type of
hypoderm. The branching of the rachises points to a compound
frond, and the occurrence of numerous linear pinnules with
revolute margins (fig. 420, D) in association with the stem suggests
that the ultimate segments were of the dlethopteris form. This
inference receives confirmation from the occurrence of petrified
specimens of undoubted Alethopteris rachises with the structure.
of Myelowylon. 1t is practically certain that the leaves borne
on the stems of Medullosa anglica are those long known as
Alethopteris lonchitica (Vol. 1. A, p. 553, fig. 364).

An interesting feature in the stems is the oceurrence of cortical
vascular strands (fig. 416, A, @, b), reaching a diameter of 7 mm.,
containing scattered tracheids in a parenchymatous core surrounded
by secondary xylem and phloem. These cauline bundles are
almoest identical both in structure and distribution with the

1 Renault (76) B.
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accessory steles in the stem of a recent C'ycas, and the agreement
is emphasised by the presence of short square-ended tracheids
in the primary xylem,

The roots branch freely and may attain a diameter of more
than 1 cm.: they are generally triarch and the triangular primary
xylem is enclosed by secondary xylem except opposite the proto-
xylem. The cortex is like that of Lyginopteris roots and a con-
spicuous double layer of superficial tissue is another feature common
to both (¢f. fig. 410). The exceptionally well preserved specimens
described by Arber! show very clearly the thick zone of periderm
which forms the covering of older roots, and in some of the sieve-
tubes groups of dark brown patches show the form and arrange-
ment of the sieve-plates.

Beproductive organs. We have as yet no precise information
in regard to the reproductive organs of Medullosa anglica, but
there can be liftle or no doubt that the fronds bore seeds that
have long been known under the generic name of Trigonocarpus.
Many years ago Mr Hemingway noticed the almost constant
association of the fronds of Alethopteris lonchitica with Trigono-
carpus, and Dr Kidston’s discovery? of seed-bearing Neuropteris
pinnae considerably strengthened the evidence derived from mere
association. The structure of Trigonocarpus is deseribed later
(p- 117) in & section devoted to reproductive organs attributed
to Medullose. Nothing is known as to the microspore-bearing
organs,

While in the structure of each of the steles Medullosa anglica
agrees very closely with Heterangium, it differs from that genus
in the presence of three steles and in the structure of the petioles
which are much less fern-like than the simpler petioles of Heter-
angium and  Lyginopteris, From the continental gpecies the
British species is distinguished by its simpler stelar system, though
there is a close correspondence as regards individual steles.

Medullosa pusilla Scott.

This species, briefly referred to by Scott in 19093 and fully
described in a recent paper?, is founded on material from the

L Arber, B. A. N. (03). * Kidston (05%) B.
3 Beott (09) B. p. 441 (footnote). 1 Scott (14).
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Lower Coal Measures of Colne, Lancashire. It agrees in essential
features with Medullosa anglica, but differs in the following parti-
culars: the linear dimensions of the stem are about one quarter
those of a typical stem of the older species: the leaf-traces possess
little or no secondary xylem and the relatively large decurrent
leaf-bases have a narrower and simpler hypoderm. The stem
has a tri-stelar vascular system enclosed in a ring of internal
periderm, and each stele (3 mm. in diameter) consists of a roughly
triangular strand of reticulate tracheids and a gmall amount of
scattered parenchyma. The protoxylem is either exarch or, as
in M. anglica, mesarch, the exact position being difficult to deter-
mine in the available material. The secondary xylem closely
resembles that of M. anglica.

Scott suggests the possibility that Alethopteris decurrens may
be the foliage of Medullosa pusille. It is possible that there is
o specific difference between M. pusilla and M. anglica, but
on the present evidence the employment of a distinctive name
15 desirable.

Medullosa centrofilis de Fraine.

This species was founded by Miss de Fraine! on a petrified
stem from the Lower Coal Measures of Lancashire. The masximum
diameter of the flattened stem includin g tour decurrent leaf-hases
18 5em.  The vascular system consists of an outer group of four
steles, reduced to three by fusion in the upper part of the specimen,
enclosing a central smaller stele or star-ring (fig. 417). Tt is the
Presence of the star-ring that distinguishes this type from the
other two British species and forms a connecting link with certain
continental Medullosae. The peripheral steles agree with the
steles of M. anglica but, as in M. pusilla, there is some doubt as to
the exarch or mesarch position of the protoxylem. TIn the struc-
ture of the xylem the central stele conforms to the rest of the
Vascular system and a strand of protoxylem is preserved that is
almost certainly exarch. There is evidence that the peripheral
Steles occasionally anastomose, but the central stele follows an
independent course at least in the piece of stem examined. TLeaf-
traces are furnished by the primary xylem of the outer steles, and

! De Traine (14).
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they appear to he without secondary tracheids as in M. pusilla.
A zone of secondary cortex encloses the vaseular system as in the
other British stems: it is pointed out by Miss de Fraine' that
this tissue, usually described as a deep-seated periderm, must
have differed from cork in that there is no sign of drying up or
decay in the tissues external to it. The leaf-bases are of the usual
Myelozylon type. In size this species is intermediate between
Medullosa anglice and M. pusilla.

Fra, 417. Medullosa centrafilis.  Transverse section showing the deep-seated
“periderm’ (broken line) surrounding four steles. (After de Fraine.)

Medullosa stellata Cotta.

Cotta? described Medullosa stellota as a stem characterised
by the occurrence of several many-rayed stellate columns (*viel-
strahlige Sternsdule’) in a pith enclosed by a double eylinder of
secondary xylem. The so-called pith is the central ground-tissue
of the stem and the double ‘striated ring’ of Cotta is a eylindrical
stele identical in structure with each of the steles of Medullosa
anglica but having a tubular form instead of forming a relatively
broad and short band (¢f. fig. 416, D and A). (oeppert® in his
Permian Flora gave a detailed account of the species, some of
his sections being cut from Cotta’s material, and by the employ-
ment of varietal epithets emphasised the range of variation
within the limits of the type. Goeppert and Stenzel* and, several

1 De Fraine (14) p. 269, See also Kisch (13).

® Cotta (32) B. p. 66, Pl. xur.  The well-preserved specimen figured by Cotta
in his PL xmm. fig. 2 is in the Dresden Museum.

8 Goeppert (66) A. p. 209, Pls, XT.—XL10L
4 Goeppert and Stenzel (81).
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vears later, Weber and Sterzel! adopted the same plan as a con-
venient method of drawing attention to differences in anatomical
characters. As Schenk? pointed out, there is a considerable risk
in the case of small pieces of stems of attaching excessive import-
anee to structural variations, and it is by no means improbable,
as he said, that differences which are the expression of states
of preservation or stages in development hive been incorrectly
regarded as distinguishing marks of individual plants. 1t is,
however, . convenient to recoghise some of the more striking
deviations from the type-species by speaking of the different
forms as varieties though, as Weber and Sterzel fully admit,
such varieties and even some of the species must be looked upon
ag provisional. Weber and Sterzel give expression to the provi-
sional nature of their grouping by classifying the species with
their varieties into form-cycles. Under the form-cyele Medullosa
stellata five more or less well defined forms are recognised, the
type-species being Medullosa stellata var. typica®.

Medullosa stellata var. typica.

Part of a transverse section of a cylindrical stem is represented
diagrammatically in fig. 416, D. Very little of the cortex is pre-
served: a parenchymatous axial region with seattered secrebory
canals contains four oval or cylindrical vascular steles, the stellate
columns of Cotta or star-rings of later authors. These are of the
same nature ag the small central stele in the English Medullosa
centrofilis. The central region of the stem in this specimen is
completely surrounded by a narrow cylinder of inversely orientated
secondary xylem and phloem (fig. 416. D), the phloem being on
the inner side of the xylem. Beyond the xylem is a parenchy-
matous band containing scattered groups of primary xylem
tracheids with spiral, scalariforni, and reticulate pitting, and
this zone, which is usually designated the ‘partial pith,’ is
suceeeded by a second and broader, normally orientated, cylinder
of secondary xylem and phloem. In this section the two con-
centric cylinders separated by the partial pith form a solenostele
like that of several recent Ferns except in the presence of secondary

1 Weber and Sterzel (96) B. 2 Schenk (89).
3 Weber and Sterzel (96) B. p. 51; Schenk (89).
8. 101 7
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tissue. The term ‘partial pith’ applied to the tissue between
the two cylinders of secondary tissue is misleading: this tissue
(fig. 416, D, p) is the primary xylem of the stele and is homologous
with the primary portion of the stele of Heterangium and of the
steles of M. anglica. In many seetions the continuity of the
tubular stele is broken. In a seetion in the British Mugeum cut
from one of Cotta’s specimens!, 6 x 35 em. in diameter to the
outer edge of the vaseular tissue, the eylindrical stele is interrupted
at two places. An example of the interrupted type of stele is
shown in fig. 416, I, and in fig. 416, H: the latter belongs to a
distinet species, The complete type of cylindrical stele is excep-
tional and oceurs occasionally at different levels in the stem.
An important point is that the frequent breaks in the cylinder are
not connected with the exit of leaf-traces and do not, therefore,
correspond to the foliar gaps in the solenostele or dictyostele
of a Fern,

The secondary xylem is of the cycadean type (fig. 418, B, D)
like that of Heterangium and Lyginopteris and several other stems.
Bach of the star-rings in the axial region consists of a paren-
chymatous core with scattered primary tracheids enclosed by
secondary vascular tissue (fig. 418, B). The star-ring shown in
fig. 418, B, from a Chemnitz stem illustrates the characteristic
cycadean character of the secondary xylem with broad medullary
rays: some of the innermost elements are in contact with the
primary tracheids. The phloem is rendered conspienous by the
black contents in some of the elements. Both the star-rings and
the larger peripheral steles are constructed on the same plan and
agree with the steles of M. anglica. The star-rings occasionally
branch and anastomose with one another and with the encircling
stele. The star-ring in fig. 416, D at « is about to give off a small
strand.

Leaf-traces are furnished by the primary xylem at the edge
of the ‘partial pith’ of the outer stele: as a leaf-trace passes
outwards through the outer cylinder of secondary xylem the
cambinm invests it with secondary xylem and phloem, but as it
passes through the cortex of the stem it becomes reduced to its
primary elements, and by successive branching gives rise to
t No. V. 8093,
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small collateral bundles which enter the petioles. The piece of
stem shown in fig. 416, G, illustrates the exit of leaf-traces from
the stele and their subsequent divigion into several small bundles,
2, which are seattered in the cortex with strands of selerenchyma.
In a specimen identified with Medullosa stellaia, Schenk! found
part of a leaf-base attached to the stem: its vaseular system was
of the Myelowylon type, the bundles being identical with those
in the cortex of the stem sgeen in fig. 416, G.

In some stems of M. stellata the outer, centrifugally developed,
portion of the main stele is very much broader than in the example
represented in fig. 416, D. The diagrammatic sketch reproduced
in fig. 416, F, represents a section of a Chemnitz specimen in the
British Museum? in which the axial region containing several
star-rings is almost enclosed by an inner zone of secondary xylem,
and 1)0}:011(1 the narrow primary xylem (black in the sketch) the
rest of the block consists exelusively of secondary xylem 55 em.
broad. This example illustrates a common tendency in Medullosa
towards a large excess of centrifugal over centripetal secondary
vascular tissue. A similar specimen of Medullosa stellata is
figured by Mougeot? from the Vosges showing a considerable
development of centrifugal xylem comparable with that in the
British Museum stem, Weber and Sterzel* describe stems of
Medullosa stellata showing slight periodic swellings which it is
suggested, though there is no evidence in support of the opinion,
may be connected with reproductive organs.

Medullosa stellata var. corticata®. The specimen referred to this
variety, represented in fig. 416, G, has already been quoted as
affording data with regard to the origin and behaviour of the leaf-
traces. In this type of stem the outer portion of the main stele
18 narrower than in M. stellata var. typica and the stele never forms
a complete tube. The star-rings in the centre of the stem are
more numerous than in the type-species of the genus. In the
axial region of some stems included in the form-cycle to which

! Schenk (82). See also Zeiller (90) B. p. 286.

* No. 13767, probably identical with M. sfelluta var. lignosa Weber and Sterzel,
4 Mougeot (52) A. p. 36, Pl. . figs. §—10.

* Weber and Sterzel (96) B. p. 108,

5 Thid. . S,
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M. stellata belongs there may be flatter and tangentially elongated
vaseular strands in addition to the eylindrical star-rings; these
are termed plate-rings.

Tn Medullosa stellota var. lignosae® the outer xylem reaches
a breadth of 4 ecm. and the star-rings are reduced to one. The
form M. stellata var. gigantea® (fig. 416, K) is of special interest
as an example of a stem reaching a diameter of nearly 50 em.
and having as many as 43 large and small star-rings in the axial
region. A large tubular stele like that of the type-species (fig.
416, D) surrounds the cenfral region, but in this form the eylin-
drical stele @ is succeeded by concentric cylinders of normally
orientated xylem and phloem (fig. 416, K, bb) produced by
successive cambiums either cortical or pericyelic in origin. This
type of stem presents a striking resemblance to stems of Cyeas
and Macrozamia except in the possession of a double cylindrical
stele consistitig of both centripetal and centrifugal secondary
xylem and phloem separated by a zone of primary xylem (partial
pith).

Medullosa gigas Renault.

This species was founded on a piece of stem from the Permian
of Autun3, consisting almost entirely of secondary xylem, which
Brongniart had previously placed in his genus Palaeoxylon®.
The secondary xylem reaches a diameter of 45—50 cm. and in
the portion of the central region preserved there are a few vascular
gtrands like the star-rings of other species. The considerable
development of secondary xylem indicates a form of stem similar
to some forms of M. stellata (e.g. fig. 416, I), but as the available
data are insufficient for accurate determination Renault’s specific
name is retained. Renault describes the internal xylem cylinder
(i.e. the centripetal xylem) as very slightly developed or as hardly
visible, a feature in which the French specimen shows a mnearer
approach to the structure of a recent Cyead.

1 Weber and Sterzel (96) B. p. 3. 2 lbiwd. p. G6.
8 Renaunlt (96) A, p. 297; (83) A. Pl nxxr. figs. 1—6.
4 Brongniart (49) A. p. 77.
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Medullosa porosa Cotta.

The second of Cotta’s species!, which has been fully investigated
by Weber and Sterzel, is constructed on the same plan as that of
M. stellata, but the stem is distinguished by the greater number
of star-rings and, more especially, by the presence of an outer
system of vascular strands in the axial region (fig. 416, M): these
form a frequently interrupted eylinder of anastomosing strands
characterised by the feeble development of secondary xylem and
phloem or by the absence of this tissue on the outer face of the
strands. The component parts of this outer geries occasionally
fuse with the internal star-rings.

Medullosa Solmsi Schenk? var. typice Web. and Ster.?

This type has a large axial region containing several very
small star-rings enclosed by two concentric zones of separate
plate-rings (fig. 416, E) each consisting of a complete flattened
cylinder of secondary xylem and phloem enclosing primary xylem.
As the complete eylindrical stele of the stem of Medullosa stellata
shown in fig. 416, D, was compared with the solenostele of a
Fern, so in this stem (fig. 416, B) the vascular eylinder may he
compared at least superficially with a dictyostele. From the
inner circle of plate-rings strands are given off in the form of
star-rings and these pass through the gaps in the outer system,
eventually breaking up in the cortex into numerous collateral
bundles. In another form of this gpecies, var. lignosa (fig. 416, L),
the axial region is enclosed by a cirele of plate-rings like those
in the type-form, but these are succeeded by a circle of very
asymmetrically developed and large steles with the outer xylem
and phloem much broader than the inner. Moreover in this
form additional cylinders ol normally orientated vascular tissue
are added as in M. stellala var. giganteq and in some recent Cycads.
It is noteworthy that the secondary wood of Medullosa Solmsi
i_ﬁ rather more compact than in other species, & feprABOGORN
it to some extent agrees with the South Adrican 7 s

1 Cotte (32) B. p. 63, PL xm. figs. G, 7. |
¢ Schenk (89) p. 339, t
3 Weber and Sterzel (96) B. p. 541, Pls 1%

estiaan 4
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Medullose Leuckarti Goeppert and Stenzel.

In this species?, also from the Permian of Saxony, the central
region ineluding some star-rings is surrounded by sinuous flattened
concentric steles (snake-rings) agreeing anatomically with the
steles of other species and characterised by the comparatively
small breadth of the secondary xylem and phloem (fig: 416, H).
Leaf-traces are given off, as in M. anglica and other species, from
the outer edge of the primary xylem. In some forms there is
a single set of snake-rings: in others there is a double series.
Fig, 418, D, shows part of the secondary xylem of a stele of this
species from Chemnitz: the tracheids are in some places con-
tinnous with the primary xylem, and on the outer edge of the
secondary, wood is a cylinder of phloem. A section of Medullosa
Leuckarti figured by Goeppert and Stenzel® shows some radial
rows of very thick-walled elements in the secondary phloem
which they describe as bast selerenchyma, but Solms-Laubach?®
believes them to be sieve-tubes. Precisely similar elements are
figured by Scott! in M. anglica and as this author suggests the thick
walls are probably not an original feature. The structure of the
primary xylem is more clearly seen in fig. 418, C, and the relation
between primary and secondary xylem is shown in fig. 416, I,
where the position of the protoxylem may be either exarch or
mesarch. The protoxylem is only occasionally recognisable but
some of the peripheral primary tracheal groups are undoubtedly
mesarch. External to the stele, a part of which is reproduced in
fig. 418, D, are strands of stereome elements and beyond them
a band of radially elongated cells that may be ‘periderm’: still
farther out there are some imperfectly preserved vascular bundles
that are leaf-traces. This species is important as aflording a
complete demonstration of the organic connexion between the
gtem and petioles of the Myeloxylon Landrioti type which indicate
that the fronds were probably Alethopteroid.

The specimen on which the diagrammatic drawing reproduced

1 (joeppert and Stenzel (81) p. 123, PL xvL. figs, 13—15; Solms-Laubach (97)
Weber and Sterzel (96) B, p. 79, Pls, 1v. V. 1,
& Goeppert and Stenzel (81) PL, 1, fig. 15.
3 Solms-Laubach (97) p. 179,
¢ Seott (99) p. OO
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Fra. 418. A, Myeloxylon radiatum, part of petiole. B, Medullosa stellafe; star-
ving; x 14. C,D, Medullosa Lewckarti: O, primary xylem : D, part of primary
stelar tissues and secondary xylem and phloem; x 6. (A—D, Kidston
Coll., 1014, 1307, 1238.)
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in fig. 419 is based has been investigated by Webher and Sterzel!
and by Bolms-Laubach?, The figure is a slightly simplified
version of that given by Weber and Sterzel; it represents the
stem of Medullosa Leuckarti as a transpavent objeet, the two

lower transverse sections. B and C, being seen in perspective through

1V

A
I

‘-/
2
.-
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]

Fie. 419, Medulloss Leuckarii. Diagrammatic sketch of stem showing longi-
tudinal and transverse sections: for explanation see text. (After Weber
and Sterzel,)

the longitudinal faces. The steles are shaded obliquely in the
longitudinal sections, and in the three transverse sections, A, B, C,
the primary xylem (partial pith) is black and the enclosing
secondary vascular tissue radially shaded. The whole hlock is
9 em. in length and 6 cm, broad. Only a part of the axial region
is shown internal to the peripheral snake-rings and in it are the
star-rings S, S, b, and ¢. Outside the main steles is the narrow

1 Weber and Sterzel (96) B. p. 95, Pl 1x. * Solms-Laubach (97).
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cortex R and portions of leaf-bases I—IV. 'The lowest section,
C, shows part of a peripheral snake-ring with a slight swelling at
S on its inner side which, as seen in sections B and A, foreshadows
the separation of the star-ring S and the consequent break in
the continuity of the snake-ring (d, e, scet. B). In section A
the gap is closed: in the longitudinal section between B and A
the star-ring S is seen to form two branches, @ and b, the branch
% closing the gap between d and e in section B. These sections
demonstrate the formation of a star-ring from the main peripheral
stele and the formation of additional gtar-rings by branching.

Numerous vascular bundles destined for the leaves are scat-
tered in the cortex. The course of the decurrent leaf-base I is
shown on the longitudinal faces, its boundary being marked by
Crowded stereome strands (of the Myelozylon Landriotii type);
Other leaf-bases are represented by [I, [I1, and IV.

In habit Medullosa Leuckarti differs from such a type as M.

Stellata in its relatively shorter and stouter stem and in the shorter
Wternodes,

Ste

I‘]'i-ﬂ’h‘i\' AND RErropUuCcTIVE ORGANS.

i. Leaves. Tt has already been stated that in some cases
Petioles oceur in organic connexion with Medullosan stems,
Uotably in M. anglica and M. Leuckarti: in the exceptionally
ek collection in the Chemnitz Museum, which forms a fitting
emorial of the work of the late Prof. Sterzel, there is a stem
of M. Leuckarti bearing large petioles of the type known as
'H-"/'JU:"-'.UZUJE radiatum. The occurrence of vascular bundles in
the cortex of other species of stem identical with those in the
“ttiached petioles points to a uniform type of leal-structure so far
48 Tegards the petioles and rachises of Medullosa. While it is

Clearlv A . . . .
learly Unnecessary to distinguish by a special generic title the
Petrifie -

: d portions of fronds known to belong to certain species
0 =

" Stems, the frequent occurrence of detached petioles necessitates
e distinctive term. The name employed is Myeloxylon: the

e o - s . £ JIh N ) X

=PIUS was instituted by Brongniart in 1849 for Cotta’s species

Me , :
o ullosa elegans the petiolar nature of which was suspected by
luney in 1872, ‘
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Myeloxylon (Medullosan leaf-stalks).

1832,  Medullosa clegans Cotta. 1865, Sienzelin Goeppert. 1876. M yelo-
pteris Renaunlt!; 1877, Awlacopteris Grand Hury=.

There is a very close agreement in general anatomical structure
between the numerous specimens of Myelozylon from the Permian
strata of Saxony and France and the Coal Measures and Millstone
Grit of England3; the genus is also recorded from the Upper
(Carboniferous of Kansas®t. Two well-defined types instituted by
Renault are, however, readily distinguished by the form of the
hypodermal stereome strands. Myelozylon may be defined as
follows: Oval or cylindrical branched axes, reaching a diameter
of 15 cm., bearing pinnae having the characters of Alethopteris,
Neuropteris, Odontopteris, and some other genera that were formerly
classed as Ferns. Below a single-layered epidermis, in which
stomata have been recognised, occur a few layers of parenchyma :
this superficial tissue, which is ravely preserved, is succeeded by
a hypodermal region consisting of parenchymatous tissue and
numerous vertical groups of narrow thick-walled fibres arranged
as rtadial plates or circular, oval, or reniform strands (the
Sparganuwim type of cortex). In the hypoderm as in the ground-
tissue generally secretory canals, often accompanied by stereome,
are a characteristic feature. The vascular system ig represented by
a considerable number of collateral bundles scattered through
the ground-tissue and especially abundant in the outer region:
the bundles sometimes assume a more or less regular disposition
in concentric circles. Kach bundle consists of a small group of
xylem tracheids, for the most part spiral or sealariform, though
reticulately pitted elements are by no means rare, with a single
protoxylem group on the outer face next the phloem (fig. 420, B, C).
As a rule the xylem is wholly centripetal, but occasionally the
exarch structure becomes mesarch by the oceurrence of a few
centrifugal tracheids. The phloem, rarely preserved (fig. 4120, B).
congists of narrow sieve-tubes with parenchyma, and the bundle
as a whole is often partially enclosed by a sheath of fibres.

1 Renault (76) B. p. 7.
2 Grand’ Bury (77) A. p. 1225 (90) A, p. 2872
4 Seward (93). + Penhallow (97)-
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Superficially the anatomical structure is similar to that of
the petioles of 4 ngiopteris or Marattin, and both Williamson! and
Renault placed Myelozylon in the Ferns: but the collateral form
of the vascular bundles, the position of the protoxvlem, and the
arrangement of the hypoderm tissues, are cycadean features.

Myelozylon radiatum (Renault).

This type is characterised by the radially elongated stereome
of the hypoderm. Prof. Zeiller?, who has given a very clear and

T . .

. 420, A B, Myelowylon radiutum; A, petiole £ nat. size; B, vascular hundle.
c, Myeloxylon sp. vascular bundle; g, protoxylem. D, Medullosa anglicas
Stetion of pinnule. (A, B, after Zeiller; D, after Scott.)

« s = e J : : 2 5
101101.513 deseription of Myelozylon, is disposed to regard Cotta’s
;;fec?u[.lom elegans as a specifically distinet form on the ground
1% there are two concentric zones of stereome in the hypoderm ;

! Williamszon (76) B. p. 8. 2 Zeiller (90) B.
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but this feature is shown only in one of Cotta’s figures, and Weber
and Sterzel'! point out that a doubling of the hypoderm zone
may be caused by accidental juxtaposition of two faulted pieces
of peripheral tissue. The drawing reproduced in fig. 420, A,
shows the structural plan of an unusually large petiole from the
Permian of Autun: a portion of the outer tissue is seen in fig. 418, A.
The vascular bundle, fig. 120, 0, from a Millstone Grit specimen®,
shows the centripetal nature of the xylem and fragments of phloem
in the outer half of the bundle, with imperfectly preserved fibres
abutting on the xylem. The characteristic hypoderm is shown
also in fig. 418, A; the double xylem strand on the left illustrates
a common feature caused by the branching of vascular bundles.
Several secretory canals arve scattered in the ground-tissue. The
pinnules of Myelozylon radiatum, or at least of some specimens,
have been shown by Renault to be of the Newropteris type.

Myelozylon Landrioti (Renault)?®.

In this species the distingnishing feature is the oceurrence of
the hypodermal stereome in the form of eircular, oval, or reniform
strands in place of the radial plates of M. radiatym. 1t is this
form of petiole that was borne by the stems of Medullosa anglica
and M. Leuckarti. In M. anglica the pinnules (fig. 420, D) are
of the Alethopteris type, almost certainly A. lonchitica. Renault
and Zeiller have described French specimens of Myelozylon
Landrioti bearing pinnules like those of Alethopteris aguilina and
A. Grandini.

Myelozylon topekense (Penhallow),

The occurrence of Myelozylon petioles in the New World
was recorded by the late Prof. Penhallow* who founded this
species on some imperfectly petrified specimens from Upper
Carboniferous strata at Topeka, Kansas. Enough material was
available to show the Myelozylon characters, but the preservation
is too imperfect to admit of a complete diagnosis. The hypodermal
stereome shows a tendency to form tangentially extended strands
in place of the more cirenlar or radially elongated groups in the
European species.

L Wober and Sterzel (96) B. p. 102, fig. 26. 2 Seward (93).
3 Renault (76) B. ¢ Penhallow (97
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In addition to Alethopteris, Newropteris (including Cyclopteris)
and Odoniopleris fronds, which are known to possess rachises with
the Myeloxylon features, there is reason to believe that the Permian
Callipteris fronds and possibly some of the older Taeniopteris leaves
Mmay alzo belong to Medullosa!. It is, however, unsafe to assume
that the occurrence of Myeloxylorn petioles necessarily denotes
the existence of Medullosa. The French stem Colpozylon aeduense
Bl‘ﬂllgu.'-’ bore leaves with the same general anatomical features
48 those of a typical Myeloxylon, and there can be little doubt
that other genera of the Medulloseae also possessed fronds con-
Structed on the same plan as those known to have been borne
by Medullosa. An interesting illustration of an injured organ
that had produced a wound-cambium is afforded by a Myelozylon
Petiole from the Coal Measures deseribed by Mr Holden?.

Rep RODUCTIVE ORGANS.

Reference was made in volume 11, to the reasons which led to
the vemoval of several genera, of Carboniferous and Permian
'onds from the Filicales to the Pteridosperms, and in Chapter xxix.
of the present volume certain species of Sphenopteris are deseribed
A the foliage of Lyginopteris and Heterangium. Tt is with such
genern as ;\:;?ci.f'fi}'lfft'?..ﬁ. Alethopteris, Linopteris and others that we
are now more especially concerned, as they represent some of
the types of leaves borne hy Medullosa and other members of the
"I'i"iilﬂlost‘-ﬂe_ The absence of any specimens among the large
Wmber of these common genera bearing undoubted sporangia
Tonsed suspicion as to the correctness of the generally aceephed
View that these fern-like fossils were the leaves of Palacozoic Ferns.
%lli)sequ&'nﬂ.\‘ the suspicion based on negative evidence was con-
med by researches into the anatomical structure of the leal-
Yases, petioles, and fragments of pinnae attached to and associated
With stems of Medullosa. It is only in a few cases that actual
OTganic connexion between reproductive organs and Medullosan
®aves has been demonstrated, but from such facts as are estab-
lished it is safe to make the general statement that stems of

Medullosq—q generic term that undoubtedly includes plants
* Weber and Sterzel (96) B. p. 139, * Page 142.

* Holden, H. 8. (10).
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which, had we a fuller knowledge of them as complete individuals.
would be assigned to more than one generic type —possessed
fronds simulating in habit those of certain Ferns with some of
the pinnae bearing seeds often of considerable size and in all
cases of complex structure, agreeing in many respects with those
of existing Cycads, while other fronds, or in some cases it may be
other pinnae, bore microsporangia similar in form to the sporangia
of Ferns.

w. Microsporangia.
Newropteris. A.  Newropteris heterophyllal,

Several examples of supposed fertile specimens of Newropteris
are recorded in palaeobotanical literature, but it was not until
1887 that any satisfactory specimen was discovered. In that year
Kidston? deseribed a specimen of Newropteris heterophylla from
the Lower Coal Measures of Scotland in which slender forked
branchlets bear small bodies at their tips some of which appear
to represent four-valved organs (fig. 421, D), though the imperfect
state of preservation renders impossible any definite pronounce-
ment as to their structure. To the specimen are attached a few
sterile pinnules, showing that it is a portion of a frond of N, hetero-
phylle characterised by the substitution of reproductive organs
for pinnules. The subsequent discovery of seeds attached to
pinnae of the same species afforded strong presumptive evidence,
almost amounting to proof, of the microsporangial nature of the
Scoteh specimen.  For this specimen, although no precise diagnosis
18 possible, Dr P. Bertrand® has proposed the generic name
Neurotheca. Tn 1911 the Abbé Carpentier? described some small
ovoid hodies, 1—1-5 mm. long, from the Cloal Measures of France
arranged in groups of 4 to 6 and in some cases said to be horne
on a slender pedicel which he found in association with N. hefero-
phylla and compared with sporangia described by Lesquereux
from the Coal Measures of Arkansas as Sorocladus stellatas. These
supposed microsporangia have recently been assigned by Bertrand®
to Sphenophyllum.

L Vol 1. p. 568, fig. 371. * Kidston (87) B.
# Bertrand, P, (13)p. 117. * Carpentier (11) p. 10.
* Lesquercux (80) A, p. 328, Pl. xuvim. ® Bertrand, P. (13) p. 120.
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B.  Newropteris gigantea, ete. Poloniea, Zeiller.

In 1899 Zeiller! instituted the name Pofoniea for some peculiar
fertile leaves found in the Coal Measures of Heraclea consisting
of a branched axis with cuneate segments, 7-—10 x 6—8 mm.,
bearing numerous fusiform bodies, 1—1-5 mm. long, at the upper
edge (fig. 421, A). These marginal bodies he regarded as sporangia

2 .14"’
& i
;
E 2

\ %
W

Potowica adiantiformis Zeill. (very slightly enlarged).
B.  Microsporangia of Polonico (enlarged).

C.  Linopieris obliqua; side-view of microsporophyll.

D, Newropteris heterophylla, pinnules and microsporangia ().
E.  Linopteris obligua, surface-view of microsporophyll

(4,

C, K, after P. Bertrand; B, after Carpentier; D, after K idston.)

G T [ 2 0 - : .

of d expressed the opinion that Polowiea may be the fructification
ome form of Neuropleris, Mariopteris or Alethopteris. Car-

JBNtiar2 . t 5. e

Pentiey afterwards described similar though rather larger examples

b o
Zeiller (99) B, Pe 52, PL 1v. fig, 19. 2 Carpentier (11) p. 12, Pls XvI. XvIL.
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from the Pas-de-Calais coal-field as microsporophyll fragments
of some Pteridosperm: he stated that similar specimens had
been found by Kidston in England. In a later work Carpentier®
deseribed the sporangia as crowded in groups (fig. 421, B) in the
substance of the thick lamina of Pofoniea, and he connected the
fertile segments with Newropteris gigantea, N. pseudogiganieq
Pot. and Linopteris oblique (Bunb.). Similar specimens are said
to have been found in Holland and Silesia, Bertrand? also
records the association of Poloniea with Newropleris gigantea and
N. pseudogiganten: he describes some specimens as belonging to
N. gigantea Sternb. while others, distinguished only by small
differences, he attributes to N. pseudogiganiea. Kidston® has
recently drawn attention to the inconstancy of the characters
mentioned by Potonié as distinguishing features of N. psewudo-
gigantea, and he shows good cause for referring the examples so
named to N. gigantea. The fertile lamina is almost orbicular
in surface-view and attached to a slightly excentric pedicel; the
microsporangia are borne on the lower surface and probably in
eroups as deseribed by Carpentier.

Neuropteris Carpentiert Kidston. Kidston! has recently de-
scribed some fertile leaflets under this name from the Wegtphalian
series of South Staffordshire which he identifies with French
examples referred by Carpentier® to Potoniea adiantiformas Zeill.
The fertile pinnules are thick and sub-cyclopteroid in form; the
upper surface bears densely packed, narrow and long, miecro-

sporangia, 4 x (-5 mm., containing more or less spherical micro-
spores 45—60 p in diameter; the ventral face of the lamina on
the removal of the spores shows several strong veins. With
these are associated sterile pinnules of the Neuropteroid type,
and examples are described intermediate between the sterile and
fertile leaflets. Kidston believes the specimens to be micro-
sporophylls of some species of Newropleris, but as the material
does not suffice for identification with any known species a
new name 18 proposed. It is pointed out that in some states ol

1 Carpentier (13) p. 387, PL, x. ligs. 1—6.

1 Bertrand, P. (13) p. 125. # Kidston (14) p. 108.
4

L

Ibid. p. 112, PL vim. figs. 1—7.
Carpentier (11) p. 13, PL xvr. fig. 1.
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preservation the leaflets resemble Goeppert’s Permian species
Diciyothalamus Schrollianus®.

Alethopteris.  Linopteris.

No specimens of Alethopteris fronds have so far been described
that afford any information as to the nature of the microsporangia,
and we have no means of knowing whether they were borne on
naked pedicels as in Newropleris heterophylla, or on modified
pinnules as in N. giganiea.

Zeiller in 18882 described some fertile pinnules of Dictyopleris
Schiitzii. Roem. from Commentry bearing two rows of long
sporangia: he subsequently transferred this species to the genus
Linopteris® and expressed the opinion that the sporangia occur
singly and notin groups as he originally believed. Zeiller compares
the fertile pinnules with the type Chrossotheen. Bertrand?, as
the result of examining similar specimens, has suggested that
the fringe of pendulous bodies regarded by Zeiller as sporangia
may he tooth-like lobes of modified pinnules which served to
protect microsporangia borne on the lower surface of the lamina.
The nature of the impressions is not clear, though there iz little
doubt that they are microsporophylls. The lertile pinnae of
Linopterss obligua (Bunb.) described by Carpentier® and Bertrand®
closely resemble the microspore-bearing organs which have been
referred to Newroplerts giguntew; they have the characters of
Potoniea and consist of oval laminae similar to the sterile pinnules
but about half their size: the lamina was attached excentrically
to a slender stalk (fig. 421, C, E) and traversed by numerous
occasionally anastomosing veins. No actual microsporangia have
been discovered in organic connexion with the lamina.

b.  Megasporangia.
Neuropteris.

Kidston’s discovery of undoubted seeds attached to pinnae
of Newropteris™ marked an important step in our more exact

2 Renault and Zeiller (88) A. p. 273, PL xxxi. figs
- - (90) B. PL x1. fig. 9; (00)* B. p. 108, fig. 83. See Vol. 1. p. 5
i Bertrand, P. (13) p. 132, PL v1. fig. 7.
5 Carpentier (13) p. 375, PL vi fig. 1.
® Bertrand, P. (13) p. 135, pl. vi. figs.
T Kidston (04); (04%); (14) p. 107, fig. !

—4,

S ory

8. m 8




114 MEDULLOSEAR [cm.

knowledge of the morphology of Medullosan gporophylls. Speei-
mens from the ironstone balls (Coal Measures) of Coseley near
Dudley showed seeds attached to portions of pinnae bearing
pinnules of Neuropteris heterophylla. The seeds are approximatély
3 em. long and from 1-10 to 1-40 em. broad; oblong and gradually

Fra, 422, Newroplerocurpus Kidstoni (Avber). (After Kidston: = 3.)

tapering from the middle to a slightly curved and obtuse apieal
snont (fig. 422). The outer surface shows numerons longitudinal
ribs which no doubt represent hypodermal fibres. The preservation
of the seeds, which appear to be circular in section, is not such
as to render possible a description of structural features. In their
asymmetrical form the geeds agree with the genus Plalyspermum
as recently defined by Arber, but Kidston’s specimens are in all
probability radiospermic. Kidston compares the Neuropleris seeds
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with Rhabdocarpus tunicalus as figured from the Commentry
coalfieldt and with specimens from Gard named by Grand’Eury
B. subtunicatus®.

Additional proof of the occurrence of seeds on Newropteris
fronds is furnished by examples from the Coal Measures of Holland
described by Kidston and Jongmans®: these seeds are of the same
general type as those from Coseley but nearly twice as large, and
they were borne at the tips of a dichotomously branched pedicel
of Newropteris obliqua. Grand’Eury in 19041 recorded the associa-
tion of radiospermic sceds with Newropteris fronds though no case
of actual attachment was found. It is, however, noteworthy
that he speaks of the frequent association with Newropteris of
Seeds characterised by six or rarely twelve longitudinal keels,
& feature recalling the sclerotesta of Trigonocarpus and allied
Seeds.  Until petrified specimens are available it is impossible to
tefer the seeds of Newro pteris to a generie type founded on structural
features: the seeds described by Kidston are, as he says, very
Similar in external characters to species assigned to Rhabdocarpus,
4nd there can be little doubt as to the generic identity of the
Newrg pleris seeds and some of the impressions referred to Rhabdo-
“@rpus which are characterised by a similarity in form, an apical
Stont that gives an asymmetrical appearance to the specimens
Wd the presence of numerous longitudinal striationss. It is,
howe-qr, by mo means certain that these seeds possessed the
Morphological features of Rhabdocar pus as deseribed by Brongniart
M petrified examples from St EtienneS.

The seeds of Ne uropterts may, as Kidston suggests, agree ana-
tomically more closely with Pachylesta’, a type that Grand Eury
ASsociates with Alethopteris fronds. With a view to avoid the
danger of incorrectly identifying petrified specimens and im-
Pressions that cannot he proved to belong to the same generic
“¥pe, I have suggested the restriction of the name Rhabdocarpus®

" Renault and Zeiller (88) A. Pl rxxm, fig. 19,
. brand'Bury (90} A, PL v, fir. 6.

3 fre
i Kidston and Jongmans (11). b Grand Eary (04); (042).
p OF. also Riabdocarpus eonicus and other forms fiered by Renault (93) A.
i LXXXvT
[ ; I
J-”'f"nl;_rru:u-t- (74) PL xxr; (81) Pls. rx—xr.

Sec Chaptor xxxy. ® Bee Chapter xxxv.

8§—2
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to seeds that do not furnish evidence as to internal structure,

and the employment of the designation Rhabdospermum for seeds

that conform to those described by Brongmiart as Rhabdocarpus.

The seeds of Newropteris may be of the Rhabdospermum type

or they may agree anatomically more closely with T'rigono-

carpus or Pachylesta; they are members of either the Trigono-

carpales or the Cardiocarpales, probably the former group.

Dr P. Bertrand! assions to Newropteris giganleq some seeds

of the Hexapierospermum (= Hezagonocarpus®) type which occur

in association with cupule-like organs. These supposed cupules
resemble the Potoniea leaflets with microsporangia also referred
to the same species of Newropleris; they are characterised by
a laciniate edge and may be compared with the Indian fossil
deseribed by Zeiller as Otfokaria bengalensis® (fig. 433). Dr Arber?
and Dr P. Bertrand® have independently proposed the generic
name Neurospermum for the seeds ol Neuropteris heterophylla
and N. obliqua in preference to Rhabdocorpus: the former author
speaks of the seeds of NV. heterophylla as Neurospermuwm Kidstont.
The generic term Neuroplerocarps used by Grand’Eury in 1904,
though not defined by him, has priority and avoids the a doption
of a new designation for seeds attached to Neuropteris fronds.
In his definition of Newrospermum Arber makes no reference to
the obliquity of the apical snout that is clearly shown in fig. 422,
There is no evidence that Newropterocarpus possessed a cupular
investment comparable with that of Lagenostona. Additional
instances of the association of seeds with Neuropteris fronds are
recorded by Renier from the Belgian (oal Measures, also by
Bertrand and Chodat from France: Renier found seeds associated
with N. Schlehani Stur and with the same species of frond Bertrand
found impressions of oval ribbed seeds. Prof., Chodat? has
fignred some fragments of Neuropteris pinnules referred to N.
auriculata Brongn. from the Stephanian of France which show
small seed-like bodies apparently in organic connexion with
the lamina; but the specimens are too imperfect to aflord any

1 P, Bertrand (13) p. 129, P1 v figs. 1, 2, 7. ? See Chapter XxxXv.
3 See page 139 1 Arber (14) pp. 98, 103, PL v fig. 47,
5 P, Bertrand (13) p. 12L 6 Ciennd’ Bury (04%) p. 785 (footnote).

7 Chodat (08) B. p. 33, fig. 15.
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satisfactory evidence as to the nature of the reproductive
Organs.,

Lotsy! has expressed the opinion that the bodies attached
to Newropteris pinnae described by Kidston and other authors as
seeds may possibly be vegetative buds, but if this were the case
one would expect to find some evidence of the bud-nature in
Some at least of the specimens that have already heen found.

It would seem that the microsporophylls of Neuropteris were
constructed on different plans, some being of the type described
by Zeiller and other observers ag Potoniea, while others bore
Sporangia on pinnae without any accompanying laminae; but our
l\‘no\\'lled_t_n‘ of the latter form represented by Kidston’s specimen
of Newrapieris heterophylla (fig. 421, D) is very incomplete. On
the other hand the seeds appear to have been characterised by
features suggesting a close affinity to Trigonocarpus and pointing
o membership of the same family.

Alethopteris.

Although no specimens have been discovered showing actual
Connexion hetween fronds and seeds, it is practically certain
that Alethopteris leaves, or at least some species of the genus,
bore seeds of the Trigonocarpus ty pe. The association of Trigono-
Carpus Parkinsoni with Alethopteris lonchitica is too frequent to
be fortuitous and there is further evidence afiorded by certain
anatomical resemblances. TIn France other species of Alethopteris,
€.g. Alethopteris Serlis and A. Grandini, oceur in association with
P’-"‘»Fwy{e.s-mﬁ. a large seed similar to Trigonocarpus, and Trigono-

“arpus is found in the Pas-de-Calais coal-field with Alethopteris
N[’rf;:!'_

TRIGONOCARPUS. Brongniart.
 The generic name T'rigonocar pum was instituted by Brongniart
th 1828% for ovoid longitudinally ribbed ‘fruits’ from Upper
éflirl‘ao])ifcz:uns strata, the type-species being named T. 1?(;{3(“«591.30?1‘.i.
1& generic name is often altered to Trigonocarpon: Williamson®,
! Lotsy (09) p. 72. 2 Grand Eury (04); (04) B.
* Brongniart (28) A. p. 137. .

4 Tale rd e S .
. 7‘:\ illiamson (77) B.; Scott and Maslen (07) p. 90 {footnote) also refer to Trigona-
“Pon ag llm'ing been used by Brongniart in 1849,
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who adopted this form, states that Brongniart substituted Trigono-
carpon for Trigonocarpum in his Tableau®, but in that work the
original termination is used, the form Trigonocarpon, probably
the result of a slip, appearing only in the index, In his later
work on geeds Brongniart adopted the name Trigonocarpus, and
in recent years this has been widely employed. Among other
species named by Brongniart are two previously referred by
Sternberg to Palmaciles. Several examples of Brongniart’s genus
were described by Lindley and Hutton, and in their deserip-
tion of 7. Noeggerathii the statement is made that a fractured
specimen demonstrated that “the fossil in its ordinary state is

o

H1c. 423, Casts of the seed-cavity of T'rigonvenrpus Parkinsons.
(Manchester Museum. } nal. size)
an interior part divested of feshy covering’®; this suspicion of
the true nature of the nut-like fossils was afterwards proved
correct hy the investigations of Hooker and Binney® and by the
later work of Williamson. The specimens on which the genus
was founded are casts of seed-cavities and it is in this state that
the seeds are usually preserved, often in large numbers, in the
sandstones of the Coal Measures, as in the block shown in fig, 423
from the famous quarry at Peel near Bolton, Lancashire. Another
type of preservation is represented by the seeds figured by Lindley
and Hutton as Curpolithes alata®, but the generic identity of the
two states was not recognized until the discovery of petrified
material afforded the clue. Figs. 424, 1, 425 illustrate the appear-
ance of T'rigonocarpus when preserved as a carbonised impression

! Brongniart (49) A, p. 91. * Lindley and Hutton (35) A. p. 172.
3 Hooker and Binney (53). 4 Lindley and Hutton (33) A. PL 87.
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slmwing a thick fleshy envelope enclosing an oval kernel with
2 hard wall prolonged upwards as a longer or shorter micro-
Pyle. Clasts of the sced-cavity are represented in figs. 423;
424, 2, 3. The surface of these casts occasionally shows one or
Mmore short eylindrical projections which are probably extensions
of the sand or mud into holes formed in the testa by boring insects.
The view that Trigonocarpus seeds are ‘obviously Palm fruits’
Was not accepted by Hooker and Binney who inclined to regard
them as the seeds of Conifers and compared them especially with
the similar nuts of Ginkgo seeds (¢f. fie. 631, C). It was Mr Wild!
Who was first struck by the association of T'rigonocarpus and
the petioles of Medullosa (Myelozylon) and by some resemblances
N structure hetween the testa and the hypoderm of the petioles ;
though, as Scott and Maslen? point out, the agreement is not so
tlose as Wild believed, his view of a possible connexion between
tb_l.a reproductive and vegetative organs has been confirmed.
\\:illialn'lﬁf'lu extended our knowledge of the genus by his account
of Trigonocarpus olivaeformis Lind, and Tutt., a form that is
-E'I)l“t‘iﬁcuiiy identical with 7. Parkinsons Brongn. This author
also drew attention to the close resemblance between Brongniart’s
Thr_c-g- gonera Prigonocarpus, Hexapterospermum, Triplerospermaten,
i“_l{.l expressed doubts as to the possibility of founding specifie
dl..ﬁeren(:ﬂqs on casts of the Trigonocarpus type without the evidence
01 4natomy. Our knowledge of the structure of Trigonocarpus
h"‘-‘i I recent years been considerably extended by the researches
of Oliver, Scott and Maslen, and Salishury.

1 *ugonocarpus Parkinsoni® Brongniart.

_The seedg of this species like all examples of the genus are
]"mlm'“ll‘l"-ﬂuic, that is radially symmetrical in contrast to the
ﬂﬂ”*:‘{1@t1 or platyspermic seeds. The complete seed is elongate
oval in form when preserved as an impression (fig. 425, A) and
m“'—"heﬁ a length of 4—5cm.: the casts of the seed-cavity are
f}“ﬂd and provided with three prominent ridges (fig. 424, 2, 3).
:-h& testa forms a thick covering diflerentiated into three regions,
an outer flesh oy sarcotesta, a sclerous shell or sclerotesta, and

T Wild (00).

g # Seott and Maslen (07) p. 96.
© Seott and Maslen (07).
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an inner flesh. Transverse sections show that the sclerotesta

has three sharp longitudinal keels with corresponding furrows
on the inner face, and between each pair of main ribs are 2 3
lesg prominent ridges, usnally 12 in all (fig. 426). The sarcotesta

consists of thin-walled parenchyma passing externally into a

b, sclern n; ¢, cast of seed-cavit 3, apical and baszal view
of seed-cast. (Approximately nat. size.) M. S,

Fra. 425. Trigonocarpus Parkinsont.
A. Impression showing the nucule and sarcotesta. (= Carpolithes
glafe Lind, and Hutt.)
B. Specimen with long mierapyle. (A, nat. size; from the Lower
Coal Measures of Kilmarnock; B, nat. size; Middle €. M, of
Yorkshire. Kidston Coll., 1579 and 1062.)
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more lacunar tissue with a palisa de]-like h_\;]pc;dermri utl:ht(;](‘?:t;?ia
F thick cells which interlace and form an e

:}:r\lr:\s}‘:jﬁllﬂmil;oi i”:.h\(\- ];I;-i-aifc-l:;lt-raamj{l S(Llertlﬂnasta i}; t :;:111:11%;(:
] b drandl edi as the wall of the long mm yle, )
?:lrlnj-]l; 11}5::11117 ij(rill(t,:‘;llgirl ;[Je;-'ﬂicr[ th(;.. sclerotesta at the apex of

Fie. 496,

Trigonocarpus Parkinsoni.
testa. solarotest:

A, longitudinal section: Sa, Se, if. sarco-
sta, inner flesh; i, micropyle; Pe, pr)ll%-n-chambcr_;hl\'., ;m;utll:.
spore and prothallus: ¢, tracheal dise; J.n‘,, trac (ju q l.L ..,m‘
verse section of the upper region sho.wmg t}le ba..l.;‘:? 51.;
and the micropyle. (€, transverse section of 7. Parkinsont.

> . o Q 1 1 ‘ [t ;T
cetion of Trigonocarpus shovensis. (A, C, after Soott; S
> after Salisbury.)

bundles; g,
hucellus. B, tra,

selerotesty (black)
> transverse ¢

Wild; D
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the integument!, The micropyle is triangular in section and may
exceed in length the whole seed (figs. 425; 426, A). [Its form
as seen in transverse seetion (lig. 426, B) suggests the presence
of wings: this appearance may be deceptive and due to pressure
or, more probably, it represents an orviginal feature. The seed-
body, that is the portion enclosed by the integument, consists
of the nucellus, represented by a few crushed layers of cells,
bounded by a well-defined epidermis; the nucellus is separated
from the integument from the base of the seed upwards, an
important feature in which this and seme other Palacozoic seeds
differ Irom Lagenostoma and the seeds of recent Cycads which
are characterised by an integument adnate to the nucellus up
to the level of the shoulder; the seeds of the Conifer Phylloclads
afford an example of separation of integument and nucellus as
in Trigonocarpus. The innermost layer of the nucellus consists
mainly of tracheal tissue investing the large megaspore (fig. 426,
A, C, m) which is preserved as a contracted membrane detached
from the nucellus ‘after the death of the seed. At the summit
of the nuecellus is a relati vely small pollen-chamber (fig. 426, A, Pe)
like a broad and low cupola bearing a terminal beak which extended
some distance into the micropylar tube, No microgpores have
been found in this species, but Oliver? records the occurrence of
multicellular microspores in Trigonocarpus pusillus. The pedicel
of the seed had a central strand of gelerous tissue penetrated by
a concentric vascular bundle which gives off six strands to supply
the sarcotesta (fig. 426, O, v) and then passes into the nucellus
where it forms a tracheal sheath (fig. 426, A, nf) surrounding the
lower part of the megaspore and at a higher level breaks up into
anastomosing strands of tracheids which reach up to the plane of
insertion of the pollen-chamber.

A second species described by Scott and Maslen as Trigono-
carpus Oliver: has been further investigated by Salish ary who finds
that it is an 8-angled seed which cannot be retained in the Zenus
Trigonocarpus: its systematic position ‘must for the present
remain uncertain®’ Dr Arber has recently described a new species
of Trigonocarpus, T. Moyseyi%, from the Nottingham Coal-field

L Arber, A (14). ¥ Oliver (04) p. 07.

3 Balisbury (14) p. 65. * Arber, E. A. N. (14) p. 95, Pl vr. fig, 1.
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(Middle Coal Measures), similar to 7. Parkinsoni but much
broader in proportion to its length: this species is founded on
40 impression without structure.

The species  Trigonocarpus Dawesi Lind. and Hutt.), from
the Middle Cloal Measures of Lancashire, was founded on casts
r.liﬂ'v;-iug in their large dimensions from those of 1. Parkinsoni:
SPecimens referred to this species were described by Fiedler®
from Saxony in 1857 and Lesquereux?® figures similar casts from
the Upper Carboniferous and Permian rocks of North America.

Trf'y“”'(’f'”f‘jﬂf.\‘ shorensis Salishury.

b 1 3 r 1 [ T * i ‘

This species, founded on specimens from the Lower Coal
Megs e < . | E
Measnrog of Shore, Lancashire?, may exceed 4 em. in length and
hag 4 breadth of 25 ¢cm. In general plan it agrees with T'. Parkin-

S0nt but, there are certain well-marked differences: the micropyle
'S much shorter; the thick sarcotesta, attaining a breadth of
6 Hm. at the base of the micropyle, 1s characterised by the presence
ol six peripherally placed vascular bundles (fig. 426, D, ¢) in
L‘Jf-ll.ztl-ugar to the deeply embedded bundles of T. Parkinsoni.
Lf—']f—’“' the epidermis of the sarcotesta is a hypoderm formed of
]“adlﬂnﬁ‘ disposed plates of sclerous tissue similar to that of Myelo-
"l‘yir"’.’ and different from the palisade-like hypoderm of the type-
“Pecies. Within the sarcotesta is a hard shell, the seclerotesta,
lr‘l"'il'&Cf-Ol‘ised by three prominent ribs extending from base to
PeX and three shorter ribs which reach from the chalaza to
about & third of the length of the seed. The fact that the sarco-
jf-t*sf_:a_ and sclerotesta pass gradually into one another is a point
D favour of the view that the integument is a single structure.
E‘here dppears to be good evidence of the restriction of an inner
"33[1 to the micropylar region, whereas this tissue in 7. Parkinsons
e Probably continuous over the whole inner face of the sclero-

testy - i .
. The sarcotesta is lacunar in its outer part as in some other

Tymes o - . :
H-]*“_" of Palaeozoic seeds, a [eature probably connected with
Oating i o : : . Ly
“.;l‘““;_—’ efficiency.  Trigonocarpus shorensis oceurs in association

ith

Myelozilon petioles, and there is a resemblance hetween

) {:?““le.\' and Hutton (37) A. P1. 221; Arber loc. cit. p. 95, Pl vr. fig. 8.
5 J“ﬂ“m' (57) PL xxvin. fig. 39.
“SShereux (80) A. PL 85; (84) A. PL 1. 1 Balisbury (14).
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the seed and the vegetative organs in the structure of the hypoderm
as also in the structure of the secretory sacs which are particularly
numerous in this gpecies. Salishury draws attention to the close
resemblance between the form of 7. shorensis and the seeds found
in organic connexion with pinnae of Newropleris obliqua®.

The species T corrugatus described by Renault® hears a close
resemblance to 7. shorensis.

Oraegr GENERA FOUNDED IN PART oN Repropuctive ORGANS
WHICH MAY BRELONG To THE MEDULLOSEAE.

Codonotheca, Schiitzia, Whittleseya, Dolerophyllum, Otto-
karia, Strobilites.

CODONOTHECA. Sellards.

Codonotheca caduca Sellards. This genus was founded on
some spore-bearing bodies from the Coal Measures of Illinois®:
nothing is known as to the plant which bore them, but Sellards
is inclined to associate them with Newropteris decipiens Lesq.*,
a species abundant in the same coal-field. Whatever may have
been the parent-plant it is probable, as the author of the genus
believes, that Codonoiheca is the microspore-bearing organ of a
Pteridosperm. As shown in fig. 427, 5, the form is that of a stalked
cup consisting in the basal portion of a stout axis, the peripheral
tissue of which is helieved to have been fleshy, containing an
axial rod of conducting tissue running up to the floor of the cup,
¢, and then dividing into six vascular strands, each of which forks
into two branches. The upper part is composed of six linear
gegments united basally to form the sloping surface of the cup.
On the inner face ol each segment is a more or less well-defined
depression covered with large elliptical spores -29—31 mm. long
by 1819 mm. hroad (fig. 427, 6, 8). The presence of a median
ridge (fig. 427, 8) indicates a bilateral origin. *There is no grouping
of the spores or other indication of the location of the sporangia,
which were doubtless more or less completely immersed in the
tissue, the dividing wall disappearing at maturity.” The spores

I See page L15.

2 Renault (96) A. p. 399: (93) A. PL nxxxv. fig, 9; Salishbury (14) p. 66.

3 Sellards (03) p. 905 (07).
1 Tesquereux (80) A. p. 93; (84) A. p. 733, PL xorv. figs. 1, 2.
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are geen in fig. 427, 2, 3, on the inner face of the lobes. Some of
_the specimens have a fairly long pedicel: in the example shown
in fig. 427, 1, the fleshy part of the basal portion is not preserved,
only the more resistant vascular core. In a later account of these
organs Sellards speaks of several lying by the side of a central
stalk to which he thinks they were originally attached by slender
pedicels. Tn view of Dr Benson’s interpretation of the morpho-
logy of Telangium it is permissible to suggest that if a central

Fig, 497 . : ;
10, 497, Codonotheca caduca. 1. The vascular tissue preserved as a conienl

base which was originally surrounded by fleshy tissue (¢f. 5); [—I1I, VI,
vascular bundles (% 2). 2, 3. Segments with spores; ¢, floor of cup (naf.
size), 4. Vaseular tissue as a cone in the middle of the fleshy base (nat.
size). 5. Plan of the whole orzan opened out flat (nat. size). 6. Spores
(% 28). 8. A single spore showing median slit (x 84), (After Sellards.)

Sporangium in such a synangium as that of Codonotheca developed
& megaspore and the peripheral sporogenous lohes were sterilised,
the result would be an arrangement not unlike the apical region
of fthn. seed Physostoma, the tentacles of which have been homo-
logised with the canopy of Lagenostora. There are obvious diffi-
Culties in the way of this, perhaps strained, comparison: the
larger size of the spore-bearing linear segments of Codonotheca
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led Sellards to regard each as a synangium rather than a single
sporangium. But precise information as to the structure of the
American fossils is not as yet available. If the association of
Codonotheca with Newropteris fronds has any significance it would
favour a reference of these organs to the Medulloseae. In the
absence of anatomical data it is impossible in some cages to dis-
tinguish microspore-bearing organs of the Codonotheca type from
small seeds enclosed in a lobed cupule or even seeds with a lobed
integument: a case in point is the New Brunswick species
Pterispermostrobus bifurcatus Stopes!,

A Spitzbergen, Culm, fossil recently deseribed by Nathorst?
as Codonotheca (?) pusille is briefly referred to under the genus
Pterispermostrobus.

SCHUTZIA. Geinitz,

This generic name was instituted by Gieinitz® for some Permian
fossils obtained by Bergmeister Schiitz and regarded by the author
of the genus as probably fertile branches of some Conifer. A more
complete account was published by Goeppert* in his ‘Permian
Flora,” where the name Awnthodiopsis Beinertiana oceurs on
the Plates, printed before the publication of Geinitz’s de-
seription, but in the text the specimens are veferred to Schiitzia
anomalao.

Selditzia anomale Geinitz.

The type-species, recorded from Bohemia and Silesia, is repre-
sented by fertile shoots consisting of a thick main axis bearing
apparently two-ranked though probably spirally disposed short
lateral branches, each of which terminates in a receptacle with
numerous crowded linear-lanceolate bracts superficially resembling
a partially expanded inflorescence of a Composite. Coeppert
believed that the branches hore seeds and he refers to this gpecies
a number of detached, longitudinally striated and bluntly ter-
minated, seeds. The same author deseribes other speciniens from

L Stopes (14) p. 74. See page 66,

2 Nathorst (14) p. See page G7.

5 (leinitz (63) p. 526, PL v

* Goeppert (65) p. 161, Pls. xxmr—1v. The specimens figured hy Goeppert,
which 1 saw some years ago in the Breslan Museum, do not show the finer
characters very clearly.

¥
3 18
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the same localities associated with Sehiitzia anomala, which he
tames Dactyothalamus Schrollianus': in habit these agree closely
With Schiitzia but the receptacles, the reticulate appearance of
which sucgested the generic name Dictyothalamus, bear a large
number of small bodies regarded as seeds. The preservation of
the fossils is not such as to enable us to determine their true
lature but it is probable that Sehiitzie and Dictyothalamus are
N0t generically distinet. In his deseription of Dictyothalamaus
Goopvpert sugi_{esis that the two associated types may be the
male and female shoots of one plant, but he speaks of seeds in
both cages. Schimper?, who unites Dictyothalamus with Sehiitzia,
fegards the latter as female and the former as male.

Schiitzia Ben nreana Kidston.

This species, described by Kidston® from the Calciferous series
of Scotland, differs from 8. anomala in its much more slender
8X1s and in the relatively narrower and less globular clusters of
bract-like appendages. The principal axis bears three lateral
branchesg with terminal clusters of acute and narrow linear seale-
leaves, No seeds were found in association with the specimens.

Sehiitzin permiensis (Renanlt).

Renault founded this Permian species as Antholithus permiensis®
. 4 speeimen from TLodéve: it consists of an incomplete
Wilorescence 6-4 cm, long bearing four lateral branches with stalks
1510 2 em, long terminated by clusters of small oval bracts 5 mm.
long, Renault compares the fossil with the recent Conifers

trobus and Tsuga, but it exhibits a much closer resemblance
Y Schiitzia anomala,

on

G yptos

The genus Sch titzaar, originally described from Permian strata,
¢corded also from Westphalian strata in North Africa® as well
A from Lower Carboniferous rocks in Scotland. The data at
Present available are insufficient to determine the morphological
Uature of the fertile branches: the evidence adduced by Goeppert
W support of the oceurrence of seeds is not convineing and the

18

.], (f'_""'l’l"“” (65) p. 164, Pls. xxiv—v. # Sehimper (72) A. p. 358.
. Ridston (84) pl, v, fig. 2,  Renault (96) A. p. 379, fig. 78.
Zeiller in Dauvillé and Zeiller (08).
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interpretation of the bract-like appendages is still an open question;
they may have formed a cupular investment to seeds, but in the
Seoteh species the general appearance rather suggests that they
may he microspore-bearing organs comparable with those of
Codonothecal. There are no adequate grounds for supposing
Schiitzia to belong to the Coniferales, a view advanced by some
authors; it is much more likely to represent the fertile shoots
of a Pteridosperim.

WHITTLESEYA. Newberry.

The genus Whittleseya, referred by many authors to the
Giinkgoales, has no substantial claim to be regarded as allied to
that group: its position is still uncertain, but the recent discovery
of fertile specimens suggests the probability of a relationship to
Potoniea and an identification of Whittleseya as another form of
microsporophyll of a Pteridosperm.

U

Fra. 428. A, . Whitileseya elegans. A, single leaflet, from Pennsylvania.
(After Lesquereux; § nat. size.) C, diagrammatic skefch of
part of a leaflet showing the teeth, the striated texture of
the carbonised layer, and the vein-like markings on a lower
surface. (After Thomas; enlarged.)

B. Whittleseyn brevifolia. (After White; the smaller figure § nat.
size.)

The generic name was given by Newberry? to some leaves,
or possibly leaflets, originally described by C. Whittlesey from

1 See page 124, * Newberry (54).
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the Coal Measures of Ohio. Whittleseya is represented by species
from several North American localities! in Ohio, Pennsylvania,
Arkangas, Nova Scotia, and New Brunswick?: it occurs in Silesia
and hag recently been found in the English Coal Measures?®.
The genus is confined to Upper Carboniferous strata.

The leaves are fairly thick; the lamina is oblong, cuneate,
Iiu‘uarilly triangular or linear, usually rounded and truncate (fig. 4128,
A, (), generally dentate at the distal end, the proximal portion
b"’illﬁr gradually or abruptly contracted and oceasionally prolonged
Mto a short pedicel. The veins or ribs are parallel to the sides
of the lamina and except near the base unbranched.
'rfatfu!c.s'm;!r elegans Newberry.

The type-species, from North America and Europe, is char-
ACterised by its shovel-like lamina from 3 to 6 em. long closely
1'_f58<*131})1i11,§ in shape some lepidopterous scales; the surface is
tibbed, each rib corresponding to a tooth on the distal margin;
N each of the parallel ridges are 4—5 longitudinal lines indicating
®ither veins or stereome strands (fig. 428, A, C). The examination
of Preparations made by Dr Kidston from a leaflet of this species
f"“”’]‘js me to add a few facts with regard to the mierospores.
The spores, which cover almost the whole surface of the lamina,
33"'_\\ & tendency to a more or less definite arrangement in longi-
F“llmul rows. Two types of cuticularised membrane are repre-
Sehted among the associated fragments: in some pieces of cuficle
the cells dre short and have straight walls while in others the
wtion is inferior and the eells appear to be longer and
Uarrower, One or hoth of these membranes probably helong to
f‘l”-‘ Sporangia. The oval slit, which is a striking feature on
l"‘?-‘"'??.'a] of the spores (fig. 429), points to their hilateral nature
‘”T‘l dehiscence along the major axis. A comparison of these
“POTes with those obtained by Kidston from the English species
r”‘!””‘r‘f"*‘?.’ﬂf- Jertilis reveals a very close agreement both in size
:]]Jl;‘c]:l]]:]lw t:‘mrl t:nuﬁrmsj-l_m identification of t.he Stu'ﬁt)]'ds';hire
: S as leaflets of Whittleseya. The large size of the miero-
“Pores and the gaping oval aperture in some of them are features

A ke B o ; ;
. ]\;';;"“’7””‘“ (80) A. p. 523, PL1v; (84). Tor other references see Potonid (04).

irte, DL (01). * Thomas, H. H, (12); Kidston (14) p. 166.

9

I)l' eservs
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in which they agree closely with the spores of Dolerophyllum
fertile described by Renaultl. In both cases the spores tend to
be arranged in long groups and they are practically identical
in form and in the nature of the exine; those of Dolerophyllun
are 280 long while those of W. fertilis reach a length of 220u.
In some of the Whittleseya spoves the exine has split as in the
specimen shown in fig. 429, but in others there are two curved
lines along which dehiscence has begun, a character in which
the spores appear to be identical with those of Dolero phayllum

Fra. 429. Microspores of Whittleseya eleguns. A, a group of sporesy B, a single
spore. (Preparations made from an American specimen, No. 2314, in
Dr Kidston's Collection. )

described by Renault who speaks of dehiscence by means of an
operculum. There is, T venture to think, little doubt as to the
very close affinity of the two types. The systematic position
of Dolerophyllum is not certainly established ; il the generic
identity of the leaves described as D. Berthieri Ren. and the
petrified specimens named D. fertile is assumed, it is a lemtimate
inference that the genus is founded on fertile pinnules of a Pterido-
sperm with foliage of the Neuropteris or Cyclopterss form. It
would seem probable that both Whittleseya and Dolerophyllunt

1 Renault (93) A, PL nxxir; (96) A, p. 268. BSee page 137.
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Jertile are microspore-bearing leaflets of Pteridosperms, possibly
of some Medullosan plants. The leaflets of Whattleseya agree in
form fairly eclosely with those of Potoniea adiamtiformas Zeill.
described on a previous page! as the male organs of a Pteridosperm.

The specimens described by Lesquereux from Pennsylvania
as W. integrifolia and W. wundulata are less satisfactory than
W. elegans. The Arkansas species W. microphylla®, characterised
by the obeuneate form of the lamina, is said to oceur not only
a8 detached leaflets but in loose bunches at the ends of slender
axes, a circumstance favourable to the suggestion, based on the
recently deseribed English specimens, that the Whiitleseya leaves
May be fertile pinnules of a Pteridosperm frond. Among other
Species attributed to Newberry's genus is W. brevifolia Wh. from
Nova Scotia® with much smaller broadly triangular leaves T mm.
1‘*_”1}'1 exclusive of the petiole and 8 mm. broad at the distal end
(fig. 428, B). Dr Matthew* has also described a Canadian species
W. concinna from New Brunswick in beds assigned by Dr Stopes®
o the Westphalian series.

Whity leseya fertilis Kidston.

Since the discovery of Whittleseya elegans in the Coal Measures
Of Staffordshire recorded by Mr Thomas, Dr Kidston has published
41 account of some spe(.lmenb from the same district under the
Hame Whittleseya (7) fertilis®: these consist of smaller cuneate
Scale-leaves or leaﬂeh 1-4—2-4 em. long and 8—9 mm. broad;
the lamina has a dentate upper margin and is longitudinally
Tibbed. The scales oceur in superposed pairs, closely fitting but
110t organically connected, at least in the state in which they are
Preserved; each pair forms a sporangium-like case enclosing

llmmm'r,nu:q spores but the actual sporangia or synangia have not
]J“’“ preserved. Kidston describes the spores as 210222y in
T“”t]l elliptical, and characterised in many cases by an oval
S they are practically identical with the microspores of .
elegans.

: Pﬂ.gc' 111, ¢ White (01) p. 108.

. ib”" P 104, PL v fies, 3, Sa. 4 Matthew (10).

Slopee (14) p. 78, ¢ Kidston (14) p. 166, PL xv. figs. 1—10.

9—2
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DOLEROPHYLLUM. Saporta.

This name was proposed! primarily for a large ovoid petrified
bud composed of rolled Cyclopteroid leaves from Permian rocks
in the Ural Mountains, which had been previously described by
more than one writer under different names and regarded as a
young shoot of a Palm or other Monocotyledon, Eichwald®,
who published good drawings, called the tossil Noeggerathia
Goepperti. Saporta connected with this species some leaf-impres-
sions from the Permian of Bohemia described by Goeppert® as
Noeggerathia cyclopteroides: in his family Dolerophylleae® the
French author included other leaves which are probably not
closely related to the type-species, Dolerophyllum Goepperti.
The Dolerophylleac are spoken of by Saporta and Marion® as
Progymnosperms. Before the publication of Saporta’s note
Grand’ Bury had instituted the genus Doleropieris® and the family
Doleropteroideae; in the former he included several forms of
leaves agrecing generally with Goeppert’s Noeggerathia cyclo-
pleroides. Zeiller” adopts Grand’Rury’s designation for the
Russian fossil in preference to Dolerophyllum, a choice justified
by considerations of priority: but the latter name is retained
in this account as it was assigned by Saporta to the specimen of
greatest botanical interest, namely Dolerophyllum Goepperti, and
hecause it does not suggest affinity to Ferns.

Dolerophyllum Goepperti (Eichwald).

The type-species is from the Zechstein of Orenburg in the
Urals and no specimens having precisely the same structure have
been found elsewhere. Eichwald assigned it, with leaf-impressions

- of various kinds, to the Noeggerathieae and named it Noeggerathia
Goepperti: 1t had previously been deseribed by Kutorga® as
Aroides crassispatha and Unger? included it among the Palms as
Palacospathe aroidea. The species has been described also by
Saporta and Marion and by Renault'. The following account is

1 Saporta (78). 2 Richwald (35) Pl xvim. fig. 18: (60) p. 252.
3 (loeppert (65) p. 157, PL xx1. fig. 4. t Baporta (T8%).
3 Saporta and Marion (85) pp. 16, 68.

8 Grand' Bury (77) A. p. 192, 7 Zeiller (002) B. p. 217.

8 Kutorga (42). 9 Unger (50) A. p. 334

0 Renault (96) A, p. 262
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based on sections cut from a specimen in the British Museum?
Wwhich, though assigned on the label (within a query) to France and
Named Dolerophyllum Berthieri, is undoubtedly Eichwald’s species
from East Russia.

The specimen (fig. 430) is 9 em. long and 4-2 cm. broad: at
the slightly contracted and hroken base is a piece of immature
axis (fig. 480, B, @) 12 mm. in diameter overtopped by a mass of
closely packed leaves encircling one another like the bulb-scales
of an Onion (fig. 430 A, C)2. Most of the leaves included in the

“ 430, Dolerophyilum Goepperti. Bud in surface-view, A; in longitudinal
Selion, B, (!; in transverse section, D. (British Museum; A, % nat. size.)

bud were attached to the axis below the broken base. The
(Ylllrved, dichotomously branched, veins are seen on some of the
Pleces of Jamina on the surface of the bud (fig. 430, A). The
“onsiderable breadth of the leaves is demonstrated by the longi-
“udinal and transverse sections. In fig. C most of the laminae
“an be traced through the whole height of each of the steep-sided
arches: a few overlapping margins are seen in fig. D. The veins
4re for the most part imperfectly preserved and appear as clear
iNt‘J. V. 8114,
~ A specimen from Orenburg in the Dresden Musenm shows the same surface-

Teatures ; :
ﬁ,lL: ULes as the British Mugeum speeimen and agrees with the originals of Goeppert’s
#ures which are in the Breslau University Museum.
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spaces at regular intervals in the brown mesophyll. The axis
of the shoot consists of homogeneous parenchyma except near
the sloping sides where narrow dark bands (fig. 430, B, @) mark
the position of desmogen-strands of thin-walled elongated elements

Fra. 431, Deolerophyltmmn Goepperti.  Transverse sections of leaves. e, epidermis ;
8, secretory cells; 7, translusion-tracheids; pe. protoxylem. (British Museum,)

representing an early stage in the development of vascular bundles
some of which have already produced spiral tracheids. Short
secretory cells accompany the immature conducting elements.
The lamina slightly exceeds 2 mm. in thickness in the broadest
part: the mesophyll is composed of large parenchymatous cells
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of elliptical or spherical form often loosely attached owing to the
Well-developed system of intercellular spaces. The lower epi-
dermis, assuming that the outer face of the rolled leaves is the
morphologically lower surface, forms a uniform layer of palisade
cells characterised by their free conical ends (fig. 431, A, B, ¢)
Which in some oblique sections appear as sharply pointed papillae
With almost filiform apices: but while the cells were doubtless
3_’a]Jill(Jse like those of the epidermis of a velvety petal, the pointed
torm is due in part to the greater distinctness of the dark contents
4% compared with the lighter cell-walls. The upper epidermis
18 uch less distinet; it consists of smaller flattened cells with
Otcasional stomata. Renault! figures a specimen with stomata
M a better state of preservation. The vascular bundles are
tendered conspicnous by large secretory cells on the lower side,
0 the larger veins in the form of an arc or irregular group (fig.
432, A), but in the finer veins as single cells (fig. 431, A, B). These
Sacs resemble the tannin cells accompanying the veins in a leaf
U.f Ginkgo (¢f. fig. 631, (). The xylem-elements are of two kinds,
(1) ‘flmlga.ted spiral and sealariform conducting elements, forming
 Vertical plate of a few rows in the larger veins (figs. 431, 432)
9‘4 small corpact group in the more slender veins (fig. 413, A, B);
W) much larger isodiametric cells with reticulate or spiral
‘rhiﬁ‘ken_ing_; resembling the transfusion-tracheids of (Clonifers or,
Perhaps more closely, similar elements in the leaves of Lepido-
dendron, These short tracheids are egpecially abundant on the
flanks of the conducting tracheids (figs. 431, t; 432, A, ), but
they sometimes form a complete investment. In the obliquely
f:jut vein reproduced in fig. 431, D, the transfusion-tracheids are
EL].'mUda-U’r: a few are enlarged in fig. 431, E. In the smaller veing
(fig. 431, A, B) they are represented by the larger elements, ¢,
'”‘f the sides of the conducting strands, The l_)r()tr)xy!em lies
?:'21":&’{&-1;10111]rpei' edge i'n H]-r.‘ nliddilc line (pr figs. 4 31 A -?H-’)?.-,. A);
£ hp‘ Sh_;]ll t ’Cf.) determine its precise _pns'-ltlon, b.u t it would seem

: l‘ e tly Hlf-(ﬂ‘l:'l'('il, L_he. F;:m.u;llr_*; ll)t?mg not quite endarch. N-n
lfl Ofm was recognised in the British Museum specimen, but it
Presumably oceurred, if present, where the black pateh is shown

* Renault (96) A. p. 265, fig. 43.
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in fig. 432, A. Renault describes some phloem in sections which
he examined.

The mesophyll next the upper surface i in most cases repre-
sented by- spaces between the veins which give a crenulated
outline to the parenchyma (fig. 430, C, D): in some places the
spaces contain remains of very loosge and crowded cells suggesting
the original presence of very lacunar tissue or possibly of thin-
walled storage-cells. The confinement of stomata to what is
assumed to he the upper surface may, as Renault and others
have snggested, indicate leaves which floated on water, an
inference opposed to the view that the gaps in the mesophyll
mark the position of water-tissue.

No specimens have been described which enahle us to correlate
with certainty mature leaves or foliage-shoots with the petrified
bud. 1t is, however, not improbable that the impression from
Mount Pelé near Epinac named by Renault Dolerophyllum
Berthier:t may be correctly referred to the same genus. The
type-specimen consists of an axis, whether a rachis of a compound
leaf or a shoot with simple leaves cannot be determined, bearing
partially overlapping more or less orbicular leaves 18—20 em, in
diameter, with a Cyclopteris venation. Among other leaves of
unknown affinity referred to the same genus attention is drawn
to Dolerophyllum pseudopellatum (Grand Hury)? with an orbicular
lamina reaching in some specimens 22 x 19 em. Specimens
of Dolerophyllum pseudopeltatuwm are figured by Renault from the
Commentry coal-field®, some of which reach a diameter of 12 em.
The only British specimen of a leaflet of this type which I have
seen is one in Dr Kidston’s collection from the Stephanian series,
(:lamorganshire. It is probable that some at least of the
impressions assigned to Dolerophyllum or Doleropteris would be
more appropriately included in Cyclopteris or Cardiopteris and
may have been borne on the axis of large Pteridosperm fronds.
Grand Bury?* has also called attention to the difficulty of distin-
guishing the larger Cyclopteris leaflets from Dolerophylium. Some

Renanlt (96) A. p. 262, PL xxir. fig, 1.

Grand Eury (77) A, p. 196, PL xv1; (90) A. PL. vi fig. 1 Zeiller (06) B, p. 192,
Renault and Zeiller (90) A. p. 556, PL vnvin.

Grand'Eury (04).

O - )
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of the Cyclopteroid leaflets figured by Roehl! on Neuropteris fronds
differ but slightly from those of D. pseudopeltatum. The shoot
showing ]argé leaf-scars figured by Saporta and Marion® as proba-
bly the axis of'a Dolerophyllum may well be a piece of Cordaites.

Microsporophylls assigned to Dolerophyllum,
Certain problematical fossils found in association with the

sterile leaves of Dolerophyllum Berthieri have been described by
Py
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Diolerophylium Goepperti, section of vein. B. Dolerophyllum

Fic. 439, AL
J,‘j”"""'.‘fi'*-! s, microspores. C. Dolerophyllum  fertile. D. Dolevoplyllum
Jertile, nmicrospores.  (After Renault.)

B,ma'l‘]t as the male organs of that species. These are elliptical

dises, 6 x 5em., with an excentrically placed stalk: embedded

arbonised lamina are numerous rows of elliptical bodies,

L R )
Roehl (69) B. Pl xvn. ¢ Saporta and Marion (83) fig. 20.

In 4 ¢
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410 x 280, characterised by two curved longitudinal grooves
on the surface and regarded by Renault as pollen-grains. The
chains of these microspores radiate outwards from the neighbour-
hood of the stalk and cover most of the suwrface of the dise (fig.
432, B). Some silicified pieces of similar spore-bearing dises
from Grand’ Croix named Dolerophyllum fertile® afford additional
information as to these remarkable reproductive organs. The
earlier account of this species by Renault is confirmed by Solms-
Laubach? who examined the original sections. The peltate
fleshy dises preserved as incomplete specimens consist of lacunar
parenchyma 15—I8 mm. thick traversed at right angles to the
surface by numerous loculi (fig. 432, (), circular or oval in trans-
verse seetion, containing large numbers of microspores, s, similar
in size and form to those on the carbonised dises of the Mt Pelé
specimen. Vaseular strands occur between and parallel to the
gpore-chambers, The spores econtain 8 10 cells (fig. 432, D)
and Renault believes that dehiscence of the exine occurred along
the two deep grooves which mark the limits of an operculum.
He emphasises the peculiar structure of the microspores by
speaking of them as prepollinia: in size and in the presence of
internal cells (? male prothallus) they resemble the spores found
in the pollen-chamber of a seed described by Renault as delheo-
testa elliptica® which he thinks may belong to a member of the
Dolerophylleae. Tt has also been suggested that Codornospermam
may he a seed of Dolerophyllum®. An unconvineing specimen
described by Saporta and Marion® as a seed-bearing bract is
regarded by them as referable to Dolerophyllum, but the evidence
for any connexion ig far [rom satisfactory,

There i3 nothing definite to be said with regard to the affinity
of Doleroplyllum Goepperti or the microsporophylls represented
by D. fertile and the specimens associated with D. Berthieri.
Renault considers that both sterile and lerfile specimens belong
to the same genus, which he assigns to a position between Pterido-
phytes and Cycads. As Solms-Laubach says, the evidencesup-
plied by the structure of the veins of D. Goepperti in favour of a

1 Renault (96) A; p. 267, PL xxm. * Solms-Laubach (91) A, p. 126.
3 See Chapter xxXxVv b Zeiller (06) B, p. 227,

5 Saporta and Marion (83) lig. 37, p. 76,
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eyeadean alliance is not convincing. The type ol vernation is
unlike that of any known Cyead or indeed of any (fymnosperwu :
the large size of the leaves is another though weaker objection
to this comparison, as the pinnae of Bowenia (fig. 391) and especially
those of some species of Zamia (fig. 388), are of equal or larger
dimensions. 1f, as seems probable, the xylem-strands are mesarech
that is a point of contact with recent Cyeads, but the hundle as
a whole bears but a remote resemblance to that of a eyeadean
leaf and is much more like the veins of Ginkgo. The bud shown
in fie, 430, A, is probably a young shoot and not merely a large
compound leaf. If 1t were an unexpanded frond of N curopleris
hearing Clyclopteris pinnules we should expect to find indications
of scattered desmogen-strands such as would occur in the Myelo-
zylon type of rachis. The resemblance to m ost forms of Cordailes
18 by no means close though a few leaves referred to that genus
(e.g. €. circularis, fig. 468, B) are similar to those of Dolerophyllum?.

The male organs are unlike those of any other plant: they
may he described as sporophylls with microsporangia or perhaps
Synangia embedded in the mesophyll and containing microgpores
similar to those of some Pteridosperms or true Gymnosperms.
Attention has been called to the close resemblance of the spores
shown in fig. 432, C, D to those recently discovered by Kidston
and referred to the genus Whittleseya (fig. 429), and 1t is Very pro-
bable that the striking similarity is an index of affinity.

Ottokaria. Zeiller.

Ottokaria bengalensis Zeiller. A specimen of doubtiul affinity
from the TLower (jondwana (Karharbari beds) of Passerabhia,
India, was originally described by Zeiller? as Feistmantelia
bengalensis, but in a postseript he substituted the name Ottolaria
on the ground that Feistmantelia had previously heen employed
by Lester Ward. Fig. 433 is drawn from the original gpecimen:
It consists of a stalk attached in a slightly excentric position to
an almost orbicular lamina, 2:5 em. in diameter, with subacute
Margina] teeth and traversed by numerous radially disposed

o
-~ Sehmalhnusen (87) PL v. fige. 7—9: this specimen, figured as Dolerophyllum
T P el o . ¥ - oy B ) " -
“Pperti, is very similar to Cordaites circularis [Grand’Eury ($40) A. PL ovi fig. 15]).
Zeiller (02) B. p. 34, PL 1v. figs. 9, 10.
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striations. Zeiller compares the fossil with Whittleseya elegans
and Rhipidopsis ginkgoides and assigns it with some hesitation
to the Salisburieae. An examination of the type-specimen led
me to form the opinion that it may be a cupular organ of a Pterido-
sperm that enclosed a seed. The lamina is slightly concave and
has the form of a shallow cup; moreover the surface-features
resemble those of a bract rather than the regularly veined lamina

Tic. 433. Ottokaria bengalensis. (Nat. size; drawn from the type-specimen.)

of a foliage-leaf. The specimen hears a very close resemblance
to one figured by Bertrand! as the cupule of Hezapterospermum
modestae which he connects with fronds of Newropteris gigantea.

Ottokaria oceurs in agsociation with fronds of (lossopteris
wndica and with the large seeds described by Zeiller? as Cardio-
carpus indicus, 1 have lately obtained some evidence in favour

1 Bertrand, P, (13) p. 131, PL v fig. 6.
& Zeiller, loe. cit. p. 37.
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of assigning Feistmantel’s seeds Carpolithes Miller:' to the genus
Glossopleris: among several specimens from the Lower Gondwana
rocks of India I found an example showing a seed partially covered
by a scale-leaf in its natural position which appears to be identical
with sealeleaves of Glossopleris. It may be that the specimen
represented in fig. 433 belongs to Cardiocarpus. indicus, though
this is a mere guess: my bhelief is that Offokariu is a cupular
organ that enclosed the base of a seed borne on a Pteridosperm.
There is little doubt that as additional data are obtained it will
be found that Pteridosperms played no inconsiderable part in
the vegetation of Gondwana Land.

Strobilites. Schimper and Mougeot.
Strobilites Milleryensis (Renault).

This specics, from the Permian of France, was placed hy
) 3 = e . . :
Renault in Cyeadospadiz?, but having regard to the fact that it

Fia. 434. Strobilites Milleryensis.  (Natural size; after Renault.)

differs essentially in habit from Mesozoic examples of that genus
the provisional name Strobilites? is suggested. The type-specimens
i"e long and narrow spikes or loose strobili, 816 em. long and
Sy B - ) . o ) . -
= 6 em. broad; a stout axis bears spirally disposed bracts
'l‘_‘ 10 mm, long attached by a slender decurrent pedicel expanded
18tally into a fan-shaped laciniate lamina with a convex upper
1 Peie = P ) ;
- Feistmantel (79) B. p. 30; (81) A. p. 59, PL xxx. fig. 14; (82) B. p. 43,
LI- XV, figs, 5—12. Dr Arber [(05) B. p. 2057 has substituted for Carpolithes
l{._m“"' appropriate designation Ourdivear pres.
¢ Renault (96) A. p. 320; (93) A. PL Lxxm.
bchjmpv-r and Mongeot (44) A, p. 31. Seward (08) B, p. 101.
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face, and there are said to be two seeds attached to the sides
of each pedicel (fig. 434). The oval seeds appear to be platy-
spermic and resemble Swmaropsis fluitans Daws. Two of the
strobili figured by Renault arve attached at right angles to a
second axis, a habit suggesting comparison with that of a large
compound frond. Renault is ineclined to regard these fertile
shoots as cycadean and sugeests a possible connexion with the
Permian stems Plychouylon or Poroawylon, both of which are known
to have produced fairly numerous branches. In habit the spikes
are similar to some of the longer examples of Cordaianthus, but
their preservation is not sufficiently good to afford accurate
information as to the relation ol seed to sporophyll. Strobililes
Milleryensis 1s, perhaps, more likely to he the fertile hranch of a
compound frond of a Pteridosperm, and it is significant that the
seeds have been found in association with Callipteris leaves.

COLPOXYLON. Brongniart.

Colpoxylon aeduense Brongmart. The genus was founded by
Brongniart! on a piece of stem 15cm. in diameter from the
Permian of the Autun district and regarded by him as a distinet
type, with eertain resemblances to recent Cycads. A thick section
in the British Museum, 13 em. in diameter (fig. 435, A), illustrates
the main anatomical features described by Renault®, to whom
our knowledge of the genus is chiefly due. There are two large
steles of irregular outline closely resembling those of Medullosa
Leuckarti (¢f. fig. 416, H); each consists of a band of secondary
xylem with broad medullary rays and a narrow zone of phloem
enclosing a central region composed of parenchyma, in which
strands of primary tracheids, both reticulate and spiral, pursne
a more or less horizontal course, associated with a few small groups
of vertical xylem-strands at the inner edge of the secondary
wood. The manoxylic nature of the wood is clearly shown in
fig. 436 ; the continuons ink-line marks the position of the cambinm
and the dofs show the internal protoxylem. Homogeneous
parenchyma surrounds the steles and beyond this is crushed
fissue containing large gecretory canals and nests of stercome

I Brongniart (49) A. p. 60,
2 Renault (96) A. p. 299; (93) A. Pls. 66, 67.
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Frc. 435. Colporylon aeduense. A. Diagram of a transverse section of a specimen
in the British Museum. (V. 9303, 1 naf. size.) B. Stele; much reduced
from Renault’s figure. €. D. Sceretory canal with fibres and collateral
vaseular bundle (Kidston Coll, 1946).

Fia, 436, Colpoxylon aeduense. Transverse section of half of the stem; a, stele
of branch. Slightly enlarged. (Kidston Coll, 1946.)
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fibres either as separate groups or in contact with the canals
(fig. 435, C). In the same peripheral tissue occur scattered
collateral vascular bundles (fig. 435, D) identical with those of
Myelozylon. The outer cortex of the stem is marked off from
the more homogeneous inner region by a fairly distinet line
where there is some indication of periderm. The anatomical
features are clearly shown in fig. 436, a photograph from a section
in Dr Kidston’s collection. At e is an imperfectly preserved
vascular bundle with a erescentic gronp of secondary xylem
which is probably a leaf-trace that has just emerged from the
secondary cylinder. Renault speaks of these more or less eircular
strands as possibly connected with reproductive shoots, but it
is more probable that they are homologous with the strands in
the pericycle and inner cortex of Medullosa and represent leaf-
traces hefore division into smaller collateral strands. Renault
describes the stem as possessing seven vascular eylinders in the
apical region and suggests branching of the main axis as the cause
of the increase in number: there is, however, no evidence to
support such correlation. The two steles seen in fiz. 435, A,
become merged at a lower level into a single stele of sinuous form
(fig. 435, B).

Beyond the facts furnished by the leaf-trace bundles in the
outer cortex and the occurrence of two large scars about 5 cmi.
in breadth on a stem figured by Renault, we have no positive
information as to the form of the leaves or the structure of the
reproductive organs. There ig little doubt that the fronds were
large and compound like those of most species of Medullosa.
There is, however, some slight evidence that Alethopteris Grandini
Brongn. and seeds of the Pachylesta type (fig. 497) were borne
on Colpozylon stems; this rests solely on the association in the
Loire coal-basin! of Alethopteris fronds with stems presenting
structural resemblances to Colpozylon acduense.

The striking resemblance between Colpozylon and Medullosa
Leuckarti has led certain authors® to propose the substitution of

1 Grand Bury (08) B. p, 1242.

2 (zoeppert and Stenzel (81) p. 125; Weber and Sterzel (96) B. p. 79. Solms-
Laubach [(97) p. 196] draws attention to the resemblances between the leaf-scars
of Colpoxylon and Medullosa,
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Medullosa for Colpowylon. The resemblances though close are
|5€u‘dl_\' suflicient to warrant this course. In Colpoaylon the stelar
System is simpler; there is no central region with star- or plate-rings
a8 in Medullosa Leuckarti but, as in Medullosa anglica, the vaseular
tissue consists only of large steles without a medullary system.
{f""]]JfJ.!‘{/!’er differs from M. anglica in the reduction in some parts
of the stem of the vascular system to a single stele and, moreover,
Fh"} primary portion of the steles is much more parenchymatous
1 structure and contains more irregularly anastomosing tracheal
Strands than is the case in M. anglict.

The alteration in the pattern formed by the vascular system
46 different levels in some Medullosan stems, especially in Colpo-
TYlon, may be compared with the varying disposition of the
Véascular strands in the thick dorsiventral rhizomes of Polypodium
f"_f’"'l’f*f'f"lt-m Kunz. and P. guercifolivm L. In the rhizome of
P. heracleum there are two vascular systems, an outer, cortical,
S¥stem in the form of a hollow eylinder composed of a lattice-work
With polygonal meshes from which branches are given off to the
f00ts, and a more complex medullary system that is concerned
With the emission of leaf-traces. As shown by a series of drawings
Y®produced in an account by Klein! of the anatomy of these
Species of DPolypodiwm, the inner system of steles consists of two
®¥linders connected towards the upper surface of the stem by
ounded arch of vascular strands; nearer the leaf-base the two
'I’}’|i11r,iel's meet and eventually a larger cylinder is produced partly
from the upper halves of the two eylinders of the previous section
and in part from the connecting arch: the remains of the two
aller cylinders become connected with the outer vascular system.

'6s¢ and other changes suggest comparison with Colpoaylon as
also wity the stelar changes in the stem of Ptychoxylon. The
““Mparison cannot be carried beyond the grosser features and is
F]“r’ﬂ}‘ Interesting as affording a further illustration of a similarity
" plan hetween some recent Ferns and extinct Pteridosperms
4d other Palaeozoie genera,

1 Klein (81) Pls. xx11.—xxiv.

8. 11l _10
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RHEXOXYLON. Bancroft.

Rhexoxylon africanum Baneroft. The genus Rhexoxylon was
instituted for a new type of stem represented by a single incomplete
specimen from the Karroo series of South Africa: its precise
geological horizon is not known but it may be referred provisionally

Tia. 437, Rhexorylon africanum. Transverse section of stem shiowing puripht‘i‘ﬂl
gteles and central (¢) stele.  (After Bancroft; = 2.)

to the lower or Palacozoic portion of the series. Though out
knowledge of the morphological features of the type-species 18
far from complete owing in part to the method of preservation
of the gpecimen and in part to the destruction of the outer portiont
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of the vascular tissue and the whole of the cortex, Miss Bancroft’s
careful description’ demonstrates the existence of characters
which justify the employment of a new generic name, Rhexoxylon
Is more nearly related to the Medulloseae than to any other group
and is particularly interesting as the first recorded example of
this group from the Southern Hemisphere.

Fig. 437 shows a transverse section (7 x 5 em.) of the stem.
The ground-tissue consists of fairly large-celled parenchyma with
sclerous nests and a few bands of periderm. At the periphery
t.1_|’ the stem are radially disposed groups of vascular tissue varying
M size and to some extent in shape. Unfortunately the stem is
ncomplete and it is impossible to say how much vascular or other
tissue originally existed beyond the present corroded edge. The
Vascular groups, or steles as they may legitimately be called,
follow a vertical course through the length of the block (6:5 cm.)
and afford only slight evidence of branching or anastomosing.
A close examination of the steles shows that they consist of portions
of two series, an inner and outer set; thereis also a curved vascular
band in the central ground-tissue (fig. 437, ¢) and some isolated
and scattered patches of vascular elements. Each stele of the
tiner seiies is made up of two parts, an outer smaller and normally
Otientated group of secondary xylem and a larger inversely
Stientated inner group of identical structure. A single stele of
the inper series is shown in fig. 438, B, C: the larger inner portion
“Ousists of slightly divergent rows of tracheids and uniseriate
Medullary rays and is separated from the smaller portion by a
Narrow space, a, occupied by crushed tissue which may correspond

% the *partial pith” or primary xylem of a Medullosan stele.
The two
&]‘(-;s;“

groups of xylem are no doubt the products of two cambium
the protoxylem of each group being situated on the flat
her face, The cambium and phloem are represented only by
_(‘Tl.lshelfl brown cells on the curved outer edge of the xylem. The
““parate individuality of the two portions of each stele is indicated
o ouly by the presence of the ‘partial pith’ but by the discon-
qu”-_"‘ of the tissue at the ends of the narrow space. The tracheids
Te"_"” at b, fig. ¢, are in oblique longitudinal section and are probably
g detached to form a leaf-trace. This type of stele may be
! Baneroft (13).

10—2
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compared with the steles of Medullosa Solimsi (fig. 416, L) but
those of Rhexozylon difier in the lack of continuity of the secondary
xylem round the narrow band of crushed primary xylem. The
other steles of the inner ring exhibit the same dual nature though
with local modifications. In the stele seen in fig. 438, B, there
ig a close approach to a continuous cylinder of secondary xylem
especially on the right-hand side. External to the inner series are
geveral portions of normally orientated secondary xylem-groups
(fig. 437): these probably represent & second series of steles
separated from the inner series by a narrow crushed arc of tissue
on which the protoxylem strands of the outer groups abut. The
xylem of the outer steles agrees in its normal orientation with

Fra, 438. Bhexoxylon africanum. A, radial wall of tracheid; B, C, peripheral
steles; @, primary portion of stele; b, lateral strand. (After Bancroft.)

the outer and smaller part of the inner steles and, as there is 10
accompanying group of inversely orientated xylem corresponding
to the larger mass of secondary xylem of the inner series, the
outer strands are designated partial steles. The central stele
consiste of two eurved irregular bands composed of vertically
and obliquely running tracheids: the central part of this stele
consists of crushed tissue that probably represents primary xylem
like that between the two parts of each of the peripheral steles.

Rhexozylon differs from the usual Medullosan type in the
structure of the secondary xylem which is composed of tracheids
with an Araucarian form of pitting: there are usually two alternate
rows of contiguous pits (fig. 438, A) and occasionally one or three
rows. The medullary rays are uniseriate and 3 to 15 cells in depth,
a feature characteristic of coniferous wood and not of the wood
of the Medulloseae.
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In the absence of more complete information as to the
anatowiecal structure of this stem and of all information as to the
leaves or reproductive organs it is impossible to fix with precision
the systematic position of the genus. Itis, however, clear that
Rherorylon is closely connected with Medullosa in certain features
though in the structure of the wood it exhibits important pecu-
liarities, The imperfectly known stem Cladozylon Kidstoni® shows
4 fairly close agreement with the African plant in the form of
the steles (fig. 460) but the pitting is scalariform,

SUTCLIFFIA. Scott.
:Srgt(;{;ﬁ,! wnsignis Scott,

The generic name Suleliffic was given by Dr Scott? to a peculiar
type of stem from the Lower Coal Measures of Shore, Lancashire,
i recognition of the valuable services rendered to Palaeobotany
by the late Mr W. T. Sutclifie, the owner of the colliery from
Which several new types of plants have been obtained. Two
Stems are recorded, the type-specimen and a more recently
discovered stem, also from Shore, described by Miss de Fraine?,
Which differs in several particulars from Dr Scoft’s species. In
View of the well-marked peculiarities of the second stem it is
Convenient to speak of it as forme B instead of including it without
4 digtinetive epithet in Sutcliffie insignis. We know nothing of
the reproductive organs of the genus.

L. Sutcliffia insignis, forma a.

~ This consists of a piece of stem approximately 12 x 7em.
I diameter characterised by a broad cortex of parenchyma with
Secretory sacs and duets and strands of mechanical tissue (fig.
;39,- A). Decurrent and massive leaf-bases form a prominent
feature as in the stem of Medullosa anglica. The stele, though
Compressed hefore petrifaction, was probably not quite eylindrical
Ut more or less polygonal or broadly triangular in section; it con-
SIsts of groups of large primary tracheids (350y in diameter) with
Numerous hordered pits (fig. 439, B, and fig. 440) embedded in an
WMastomosin g system of parenchyma containing scattered secretory
a8, a type of protostele like that of Heterangium and Medullosa

* Page 305, 2 Scott (06). 3 de I'raine (12).
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Tic. 439. Sutcliffie insignis Scott. A, B, E, forma a. (After Beott.) C, 1),

forma 8. (After de Fraine.)

A.  Tranaverse scction of stem; a, b, double rows of leaf-trace bundles.
The larger black masses are the meristeles: the smaller patches
represent bundles derived from the meristeles.

Longitudinal scction of a radially symmetrical bundle from &

=

leal-hase.
(.. The junction hetween the primary and secondary xylem.
D. Vascular system in transverse section: i, m', meristeles; s, main
stele; e, extra-fascicular strands; If, leaf-traces; e, sceondary
cortex.
F. Vascular bundle from petiole showing a ring of large sieve-tubes
surrounding the xylem, and portions of stereome strands,




XXX| SUTCLIFFIA 151

anglica exeept in the possession of exarch protoxylem strands.
The metaxylem tracheids contignous to the external protoxylem
elements have a dense spiral or scalariform type of pitting. In
the lower part of the stem the primary xylem is enclosed by a
cambimm which has added a few secondary tracheids (120 In
diameter), but in the upper part of the specimen the cambium is
only partially developed and the addition of secondary xylem has
hurd]f begun (fig. 440). A narrow band of secondary phloem
Was recognised in places consisting of small-celled parenchyma
With some sieve-tubes and medullary rays continuous internally

Frg, 440, Suicliffia insignis, Part of the primary xylem showing on the upper

edee the A : : : ! =3
dge the beginning of secondary growth. (Cambridge Botany School, 560.)

With the parenchymia of the primary stele. In close association
and occasionallv in organic connexion with the surface of the
S,t'?le are several tangentially elongated and large groups of vaseular
T]SS“Q associated with smaller oval strands varying considerably
0 size. These groups, designated meristeles (Fig. 439, A), are
Wdentical in structure with the main stele and are occasionally
Mvested by a feebly developed zone of secondary xylem and
1:’]11()631]'[, The meristeles are detached at intervals from the parent
Stele around which they form by anastomoses an irregular network :

the laroe : : ; .
1¢ larger meristeles give off smaller strands and from these the
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actual leaf-traces are produced by subdivision. It appears,
however, that in this type the meristeles are not completely used
up in the production of the leal-traces, portions of them behaving
as cauline vascular strands., A protoxylem of a meristele still
attached to the central protostele occupies an internal position,
and at a higher level, as separation of the meristele is effected,
the spiral tracheids ocour on the inner face. New meristeles are
given off atintervals from the main stele “to compensate for those
parts of the reticulum which were used up in the formation of
leaf-trace strands’.” The meristeles form the starting-point for
the leaf-traces, an intermediate system between the main stele
and the actual leaf-traces; they differ, therefore, from the parent
leal-traces of Medullosa anglica, which arve completely used up by
repeated subdivision. Moreover in Sulcliffia the leal-bundles are
concentric and not collateral.

A conspicuous feature of the stem of forma « is the occurrence
of two double rows of vaseular strands stretching across the cortex
(fig. 439, A, @, b). These are interpreted by Scott as downward
continuations in the stem of the inner surface of leaf-hases. The
outer cortex of the stem and leaf-bases has hypodermal strands
of stereome which remain separate or rarely anastomose, and form
a superficial zone exactly like that of some species of Medullosa.

The leaf-trace bundles may be radially symmetrical or uni-
lateral in the arrangement of the xylem which is in all cages
completely swrrounded by phloem. Tig. 439, B, shows part of
a longitudinal section of a large leaf-trace bundle: spiral proto-
xylem elements (pz) abut on the phloem (ph) and are succeeded
to the left by narrow scalariform and large reticulately pitted
tracheids. 1In the larger and radially constructed traces there
are several protoxylem-strands distributed over the surface of
the xylem, while in the smaller unilateral traces there may be
one or two protoxylem strands. A characteristic feature of
the xylem of the leaf-traces is the admixture of parenchyma
with the ftracheids (fig. 439, B, E) and another noteworthy
character 1s the oceurrence of large thin-walled tubes in the
phloem deseribed by Scott as sieve-tubes and compared with the
large sieve-tubes in Marattiaceous leaf-bundles. TImmediately

L Seott (06) p. 53.



XXx] SUTCLIFFLA 153

nternal to the hypoderm is a row of leaf-bundles (fig. 439, A)
¢ach of which is accompanied by stereome strands.

The petioles, which reach a diameter of 12em., contain
Humerous, occasionally anastomosing, concentric bundles. Nothing
18 known of the fronds as a whole beyond the faet that they are
Spirally disposed and had decurrent bases of large dimensions in
Proportion to the stem.

Sutcliffia insignis, Jorma B.

This form, deseribed by Miss de Fraine as Suteliffic insignist,
I represented by a stem rather smaller than the type-specimen
deseribed by Scott, though it is probably an older example of the
Same species. It is distinguished by a greater development of
Secondary xylem and phloem both on the main stele and the
Meristeles: it differs also in the absence of the greater part of
the cortex and leaf-bases which have been cut ofl as the result
of the formation of a deep-seated periderm (fig. 439, D, C). The
Weristeles are smaller and fewer than in the larger form and are
‘1-l$tinguished by some other peculiarities. At #' in fig. 439, D,
4 meristele is seen attached to the main stele. In Swutcliffia
signis forma a the main stele is enclosed by an irregular network
of sul_msicﬂ:u-y steles or meristeles and these form the points of
departure of the leaf-traces, but the meristeles are not completely
Used up in the process of conversion into leaf-traces. Tn Sutcliffia
'eir.._\:n'gi'f'i.s" orma [ the meristeles agree in structure with the main
Stele except in the smaller amount of secondary tissue: they
do not, however, lorm a network as in formea a but oceur as strands
Parallel to the central stele, ‘giving off leaf-traces and ultimately
dividing up into smaller strands, often unequal in size, the primary
Wood of the meristeles being entirely used up in the production
of radially symmetrical or unilateral bundles.’ Tn this respect,
28 Miss de Fraine points out, forma B agrees more closely than
Jorma o with Medullose anglice and supports Scott’s view that
S_“"’!’.'ﬁ?‘-!r is a primitive type of Medullosan stem. The leaves were
glven off at fairly long intervals as in some species of Medullosa:
the leaf-traces are exarch and similar to those of the type-species.
The most striking feature of the new stem is the presence of a

1 de Fraine (12).
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vascular network (fig. 439, D, e) which encloses hoth the main
steles and the meristeles; it consists of extrafascicular strands
composed of normally orientated bands of secondary xylem and
phloem often assuming a fan-like arrangement and occamnmllv
almost coneentric or inversely orientated. These strands are
always accompanied by short, usually reticulate, Tmchmd\ oun the
inner margin of the xylem: similar isodiametric tracheids also
oceur in the pericyclic region. The extrafascicular strands are
believed to he secondary structures phylogenetically independent
of the meristeles and main stele, comparable with the successive

eylinders or arcs of secondary xylem and phloem in some recent
Cyeads and in some species of Medullosa?.

The stele is exarch and roughly triangular; except in the
broader zone of secondary tissue it agrees w ith the protostele
of forma a. The secondary xylem (fig. 439, C) possesses numerous
medullary rays 3—4 cells broad and of considerable depth: the
secondary phloem is characterised by the presence of thick-walled
elements, presumably sieve-tubes, like those of Medullosa Leuckart @
and M. anglica.

The ground-tissue is rich in seeretory tissue and the stem-
surface, from which the leaf-bases have been detached, is limited
by a wide zone of gecondary tissue produced by a phellogen.

Sutclifia Williomsoni (Seward).
1876. Myelopteris (pars) Williamson, Phil. Trans. R. Soe. Val. 166,
PL 1. figs. 7, 8; PL 1v. fig, 17.

1893.  Rachiopteris IWilliamsoni Seward, Ann. Bot. Vol. vir. p. I.

1804.  Rachiopteris Williamsoni Seward, ihid. Val. vrie. p. 207, P1. xu.

1906, Swuicliffic Williamsoni Scott, Trans. Linn, Soc. \ul. VIL Pt 1V.

p. 62,

In an account of Myelopteris (= Myelozylon) published in
1876 Williamson included some sections ol petioles from the
Lower (oal Measures which I afterwards with hig concurrence
transferred to the genus Rachiopieris as R. Willinmsoni. Tn
Rachiopteris Williamsoni  the vasenlar bundles are concentrie
and not collateral, and are further distinguished from those ol
Myelozylon by the association of parenchyma w ith the tracheids.

1 Refercnee should be made to the helpful drawings of models of the vasenlar
system in Miss de Fraine's paper.
L 2
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In the arrangement of the bundles and in the structure
of the ground-tissue the petioles of Rachiopteris Williamsons
agree with those of Myeloxylon. An outstanding feature of
the vascular strands of the former is the occurrence at lairly
regular intervals in the peripheral part of the phloem of compara-
tively large tubes deseribed by me as secretory canals on the
ground that evidence was furnished of their development by the
schizogenous separation of cells to form a central canal. The
canals were compared with the large sieve-tubes of the Marattia-
ceae, but with the qualification that ‘their mature form and their
manner of development are strongly suggestive of small secretory
canals’ Nothing was known as to the stem which bore these
Petioles until Scott’s discovery of Sulcliffia with vascular bundles
in the cortex and leaf-bases of the same type as those of Rachio-
Pleris Williamsoni. As Scott says, there are a few distinguishing
f@a-t.mes which suggest that R. Williumsoni is not specifically
Identical with the petioles of Sulcliffic insignis, though the agree-
ment is such as to justify the substitution of Swicliffic for Raclio-
pleris, The tubular elements in the phloem which T considered
t0 he secretory canals are regarded by Scott and Miss de Fraine
88 sieve-tubes.
Miss de Fraine gives an excellent summary of our knowledge
(.’1' the genus and discusses, in the light of the additional facts
furnished by the second stem, the position of Sutcliffia in a phylo-
Senetic series. The new form strengthens the comparison insti-
tuted by Scott between Suteliffic and Medullosa and gives support
t0 a close connexion between the Medulloseae and the Cycadaceac.
Scott lays stress on the fact that the Medulloseae, except Sulcliffia,
are polystelie, while the Cycads, at least the adult stems, are
Monostelic. The views of Worsdell and other hotanists who
elieve that the Medulloseae and the Cyveads are intimately related
are discussed on another page: in reference to these views Miss
.dr‘ Fraine adds a caveat as to the danger of attaching excessive
mportance to evidence based on seedling anatomy when we are
Concerned with broad phylogenetic questions. The stele of a
“yeadean stem may be derived from a protostelic type such as
that of Sutcliffic by the gradual disappearance of the internal
tracheids: in Suteliffia, as in some Cycads and species of Medullosa,
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extrafascicular strands and cylinders are a characteristic feature
and these may well have arisen independently of the central stele
in response to physiological requirements. From such a type
as Suteliffia evolution may have proceeded along two lines; in
one direction new types were produced in which inereasing com-
plexity, as represented by a multiplication of steles, was an
outstanding feature. These forms, illustrated by Medullosa
anglica. and other more elaborate species, proved inefficient and
were unproductive, Along another line the protostelic condition
was maintained though in some cases extrafascicular strands or
cylinders and cortical steles were superadded: it was this line
that led to the recent Cye

ads,

General considerations suggested by the analomical fealures

of Medullosa.

A comparison of the stems deseribed under the generic name
Medullosa reveals a considerable range in the grosser anatomical
features superadded to certain fundamental characters denoting
a common origin!. Tf additional data were available giving us
a fuller knowledge of individual plants differences between species
would be more elearly defined and would provide adequate grounds
for the institution of new genera for some of the types now included
in the comprehensive genus Medullosa. A proposal by Dr Lotsy®
to adopt the names Pecopleromedullosa and Neuropteromedullosa
rests primarily on the relatively unimportant difference between
the fronds associated with certain Medullosan stems and, as Scott?
points out, this two-fold division if applied to such a species as
Medullosa Leuckarti would result in its separation from species
which anatomically are clearly of the same generic type. In
Medullosa anglica, one of the oldest and simplest types, there
are three steles of equal importance, and each of them ig practi-
cally identical with the single stele of Heterangiwm. Hach stele—
as indeed all Medullosan steles—consists of a strand of primary
xylem enclosed by secondary xylem and phloem, and it is obvious
that the development of a constantly increasing eylinder of

1 For additional figures of the principal types of Medullosa, see Miss Bancroft's

paper (14).

? Loty (09) p. T19. 3 Seott (14) p. Y98,
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secondary conducting tissue about three centres would lead to
serious mechanical difficulty: a stem constructed on the plan of
Medullosa anglica or the smaller M. pusilla could not increase the
thickness of its secondary vascular tissue beyond a certain point
without detriment to its efficiency. In some types this difficulty
is partially overcome by the production of complete concentric
eylinders of centrifugally developed conducting tissue external
to an inner system of concentric steles agreeing individually with
those of Heterangium (fig. 415, B). Medullosa anglica, regarded
from the point of view of the architectural effi ciency of its vaseular
system, affords a much less promising point d’appui for further
evolution than some of the forms described under Medullose
stellata in which the mechanical impasse is avoided by the adoption
of the cycadean plan as represented by such genera as Cycus
and Macrozamia. The English species Medullosa centrefilis
(fig. 417) affords the first example of a characteristic Medullosan
teature, namely the presence of a small concentric stele in the
Central region of the stem: this go-called star-ring differs not only
in its smaller dimensions but in its more cylindrical form From
the larger peripheral steles. In the later Permian species, e.g.
Medullosa porosa and M. Solmsi, the single star-ring of the older
M. centrofilis is replaced by a large number of precigely similar
conducting strands. These star-rings are structurally comparable
with the cortical steles of ('yeas and, in position, with the medullary
System of bundles in a Macrozaniia; they are essentially cauline
and take nmo part in the emission of leaf-traces. Medullosa
Leuckarti (fig. 416, H) resembles in its vascular plan M. centrofilis,
but in this larger stem there are several star-rings and the en-
]f'lr ged peripheral steles are more or less sinuous. In Medullosa
Solmsi (fig. 416, B) the star-rings ave still more numerous and
the main vascular system consists of a double series of con-
Centric steles, each agreeing with the larger peripheral steles
of M. Leuckarti.

Some of the forms included in Medullosa stellata appear to
hﬁ very different from M. anglica and M. Leuckarti (cf. fig. 416,
F, A, H), but their similarity is apparent if we imagine Medul-
056 anglica with only one main stele (with the addition of
Star-rings) which is stretched tangentially until it becomes a
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long and narrow plate-ring and is then rolled into a hollow
eylinder like that in fig. 416, D. A modification of the tubular
type of stele is seen in Medullosa stellata var. corticata (fig. 416, (+)
in which the vascular eylinder is broken up inte two or more curved
plate-rings, a change superficially similar to that by which a
dictyostele is produced from a solenostele, but in Medullosa it
is not the overlapping of leaf-gaps that is the cause of the change.
A striking feature in the stem of Medullosa stellata represented
in fig. 416, D and F (especially ), is the inequality in breadth
of the centrifugal and centripetal xylem: this inequality is an
expression of the difficulty caused by the presence of an internal
as well as an external addition of secondary conducting tissue.
A limit is set to the production of secondary centripetal xylem by
the space available for extension, whereas there is unlimited room
for increase in the cage ol the centrifugal tissue. This tendency
to a greater development of xylem and phloem on the outer side
of the primary portion of the steles is illustrated also in M. Solms:
var. lighosa (fig. 416, L) where the outer of the two series of
peripheral steles hag a much larger proportion of centrifugal
xylem. In M. anglica the secondary xylem on the inner side of
the steles is not infrequently broader than the corresponding
tissue on the abaxial sidel; but this is exeeptional in the genus.
A further development of centrifugal conducting tissue without
any corresponding development of centripetal tissue is eflected
in certain cases (fig. 416, K, L) by the addition of concentrie
eylinders of centrifugal xylem and phloem beyond the original
concentric steles. The type illustrated by Medullose Solmsi var.
Lignosa and M. stellata var. gigantea (fig. 416, L, K) at once suggests
comparison with stems of Cyeas, Macrozamia, and Encephalartos,
the chief difference being the presence in Medullose of an inner
series of concentric steles and a central ground-tissue containing
star-rings, though the latter may be regarded as corresponding
to the medullary system of bundles in Macrozamia. In Macro-
zamie the central region of the stem is considered to be the pith
of a monostelic stem, whereas in Medullosz the stem is polystelie.
In recent cycadean stems it is not uncommon to find patches of
inversely orientated xylem and phloem internal to one or more

1 Scott (99) p. 89,
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of the cylinders of centrifugal vascular tissue. These abnormal
developments are considered by Worsdell! to be relies of the inner
portions of coneentric steles possessed by the Medullosan ancestors
of recent Cycads. This interpretation affords a means of bringing
into closer relationship the polystelic Medulloseae and the mono-
stelic Cycadaceae, the apparent simplicity of the latter being the
result of the progressive loss of centripetal xylem and phloem,
the normal cyeadean eylinder being therefore regarded as a one-
sided remnant of a concentric Medullosan stele. In other words,
the Cycads are descended from polystelic ancestors. As further
evidence in support of this view Worsdell points to the occurrence
of concentric steles in the cortex of Cyeas and their ocecasional
Presence in the pith of other genera. Matte® has shown that in
the seedling stem of Encephalartos Barters (fig. 396, K) there are
three concentric steles each similar to a normal Medullosan stele:
4t a higher level in the axis the steles become ‘unrolled’ and
assume the form of one-sided cylinders of centrifugal xylem
and phloem.
In the peduncles of some recent Cyecads, e.g. Stangeria, there
I8 a tendency towards a somewhat irregular orientation of the
collateral bundles that constitute the vascular eylinder, and
tracheids occasionally oceur internal to the protoxylem of the
individual bundles®. Worsdell regards these features as evidence
of & Medullosan ancestry. If the sinuous plate-rings of a stem
of Medullosa Leuckarti (fig. 416, H) were broken up into separate
Portions and wholly or in part deprived of the centripetal xylem,
the result would be an arrangement of bundles comparable with
that in a Stangeria peduncle®. The scattered centripetal tracheids
discovered by Scott in Stangeria and other cycadean peduncles
are interpreted by Scott and by Worsdell as relics of some
#hcestral centripetal xylem, but with this important difference in
the point of view; Scott believes that they represent the almost
“ompletely aborted centripetal xylem of a single stele like that of
Yginopteris, while Worsdell sees in them fragmentary vestiges of
the centra] primary xylem of two or more Medullosan steles.
! Worsdell (96); (98): (00); (06) ete.

* Matte (04); (08). See also Bancroft (14); Dorety (09).
% Beott (97). 1 Worsdell (06).
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An abnormal seedling of Araucaria Bidwillii described by §haw!
exhibits features analogous to those in some cycadean seedlings:
within the normal stele a cambium forms an inversely orientated
vaseular eylinder which at a lower level becomes continuous with
the outer centrifugal tissue, the whole vascular system being
eventually represented by two concentric steles. The polystelic
stage is a development of a monostelic condition, and the inner
or inverted portion of each of the two concentric steles is derived
from an inversely orientated cylinder in the central region of the
root. This abnormal root does not, however, supply an argument
in favour of the derivation of a monostelic type of stem from one
that was polystelic, but it shows a close relation between the two
plans in one organ. The seedling is not altogether normal in
form apart from structure and it is not improbable that the ana-
tomical abnormality is connected with some pathological cause.
It has been suggested? that Worsdell attaches too much
phylogenetic significance to the irregularities in the disposition
and form of the vascular bundles in the peduncle of Stangeria,
and the criticism that insufficient allowance is made for the
possible reaction on structure of the special physiological require-
ments of reproductive shoots is well founded. Granting an
overestimate of the arguments drawn from the occasional occur-
rence of concentric vasceular strands, a considerable body of
evidence remains in favour of Worsdell's main contention.
Mrs Thoday® has drawn attention to certain features exhibited
by the inflorescence-axes of Welwitschia, particularly the occur-
rence of concentric and inversely orientated bundles, similar to
those characteristic of the seedling of Cycas siamensis* deseribed
by Matte, and to anatomical characters occasionally present in
adult cycadean stems and normally represented in Medullosa.
She is of opinion that the occurrence in Welwitschie of certain
Medullosan features has a phylogenetic significance. The dif-
ferences between the Gnetales, Medulloseae, and Cycadales are
considerable, and it would seem unlikely that the anatomical
resemblances described by Mrs Thoday are of great value as criteria
of close relationship. The comparison of Lagenostoma with

1 Shaw (09). 2 (e Fraine (12) p. 1060.
3 Hykes, M. G. (10%); (10} 1 Matte (04) Pls. xv. xvI.
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guetalean seeds is alluded to elsewhere. To the statement that
the presence of concentric and inversely orientated steles in
Welwitschiz are reminiscent of the polystelic Medullogeae, Mrs
Tl'llu'laj\-' adds the qualifying remark that the oceurrence of four
“Oncentric groups of vascular tissue in the hypocotyl of Welwitschia
is not sufficient to justify the conclusion that the ancestral type
Was polystelic. This reservation accords with the contention of
Scott and other botanists, that the occasional oceurrence in
¥cadean seedlings and adult stems of anatomical features sug-
Zestive of po]}-—'Shﬂ_v does not in itself furnish an adequate reason
for doubting that the apparent monostely of Cycads is phylo-
Senetically what it seems to be, nam ely, an indication of monostelic
ncegtyy. This brings us to the question of a possihle mono-
Stelie a.nc'e.&-‘.tm'. It may be that the Upper Carboniferous FeNTS
S”“ﬁn’{ﬁfz. afiords a clue to the problem of the origin of the polystelic
type illustrated in various forms by Medullosa. The protostele
of .f\'u.!r!iﬂiﬂ bears a close resemblance to each of the three steles
of Medullosa anglica; the fact that Swuteliffie is exarch and that
Meq ullosa anglica has mesarch xylem is of secondary lmportance,
Particularly as exarchy is represented within the genus Medullosa.
The ‘:‘Kh‘a.J:a‘sc-icu[ar strands of xylem and phloem and the ACCESHOrY
Strands are points in which Suteliffia and Medullosa anglica agree
and, as Miss de Fraine? adds, the meristeles of Suteliffia may he
hr”“"-']“,armjs with the leaf-trace strands of Medullosa. Scott?
Zave E:\izyressit'»ll to the characters shared by these two types by
<_1|-sr:1'ibin;._g Suleliffia as the most primitive of the Medullozeae.
Ttis "-"“ﬂﬁ;f“slﬁd th:i t the protostelic axis of Sutcliffia may be regarded
48 the starting-point of the monostelic Cyeads, the central mass of
tracheq] tissue heing replaced by a parenchymatous pith, while

1€ extrafascicular and accessory strands arose iu("hrpent']ent[\-'
of the central stele in response to increased physiological demands
“Onsequent on the increase in size of the stem. From the same
Sta"tilig-pcﬁnt evolution may have progressed along another line
thmu)’-’h such a type as Medullosa anglica leading to the more

“Omplex Permian species of Medullosa. Chodat’s view® that the
‘{E'J“]l"ﬁﬂél-v are Protocycadaceae, if we include Suteliffia as well
' de Fraine (12). ® Scott (06) p. G4
a Chodat (08) B. p- 38.

S. 1
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as Medullosa in the Medulloseae, is probably correct. There is
clear evidence of a close bond of union between recent Cycads
and the Medulloseae, and Sulcliffia offers a possible means of
deriving complex polystelic types from a monostelic ancestor.

Worsdell's opinion! that the stele of Lyginopleris afiords
evidence of derivation from a polystelic ancestor and is not homo-
logous with the true monostele of Heterangium is opposed to the
undoubted signs of intimate connexion exhibited by these genera.
The Lyginopterideae are, as Scott® says, a less advanced group
than the Medulloseae and, it may be added, they are more remote
from the modern representatives of the Cycadales. The Lygino-
pterideae and the Medulloseae are probably offshoots of a common
stock, but the Medulloseae occupy a position farther removed
from the filicinean ancestry than Heterangium and Lyginoptervs®.

The relative meagreness of our knowledge ol the reproductive
organs of the Medulloseae gives precedence to anatomical data
in phylogenetic considerations, but the evidence furnished by
Trigonocarpus and other seeds that may fairly be assigned to
Medullosan plants is in harmony with the conclusions based on
vegetative characters with regard to a close affinity between the
Medulloseae and Cycads.

The comparative examination of recent Cycads naturally
suggested by any attempt to compare the group as a whole with
Palacozoic types leads to some apparently contradictory results.
The habit of the megasporophyll of Cyeas is usually quoted as
a primitive attribute: the close resemblance in plan and in manner
of oceurrence on the stem between megasporophylls and foliage
leaves recalls both Ferns and Medullosan fronds. On the other
hand the production of eight body-cells in the pollen-tube of
Microcyeas® in place of the usual single cell may also be regarded
ag a primitive character. It is perhaps possible, as Miss Dorety®
says, that the polyspermy may be a case of recurrence and not
a direct inheritance. Microcycas differs from Cyeas in having
only one vascular cylinder, and if the presence of several concentric

1 Warsdell (06) pp. 140 ef seq. 2 Seott (09) B. p. 464.
3 Tor o general summary of * Pteridosperm anatomy and its relation to that of

& Dorety (00%) p. 144,
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Cylinders in Cycas be interpreted as an indication of a closer con-
nexion with a Medullosan ancestry, the Mierocycas type would
Tépresent & more advanced stage in evolution. Attempts to
rrange plants according to a natural sequence are frequently
frustrated by instances of unequal progress in the development
of vegetative and reproductive organs: one or other set of members
lags hehind; some characters point to the retention of primitive
traits while others indicate a marked progressive tendency. It is
Noteworthy that the Mesozoic Bennettitales are characterised hy
& greater simplicity of stem-structure than is the rule in recent
Cycads, and both in their vegetative features and in the structure
Of the seeds they are further removed from the Medullosan type.
1A STELOXYLEAE.

Bteloxylon. Solms-Laubach.

Stelozylon Ludwigii (Goeppert and Stenzel). The genus is
founded on a piece of stem from Siberia, possibly of Permian

Py : : : i 5
B, 441, Stelozylon Ludwigii. A, surface-view (longitudinal) of stem showing
]'v'ﬂlf?l]nse.s. (After Solms-Laubach.) B, longitudingl sedtion showing anasto-
Mosing vaseular strands. C, steles, the lower one showing the emission of a
leaf trace, (B, C, after Schenk,)
d, s c o
€8 though not improbably older, which was originally de-
8¢ - : oy 0 d
“fibed as Medullosa Ludwigiit, Tt is characterised by numerous
! Goeppert and Stenzel (81) p. 126, PL xvir.
11—2
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cylindrical and band-like vascular strands forming an irregular
anastomosing system (fig. 441, B) and by crowded spiral leaf-
scars on the exposed face. The appearance presented by the
transverse section figured by these authors, while suggesting
comparison with Medullosa, reveals a distinetive character, namely
the absence of a definite peripheral system of vasenlar rings such
as forms a striking feature of the continental Medullosae. A more
complete description was afterwards published by Schenk® who
recognised more fully the peculiar features and hinted at the
possibility that the species might more appropriately be regarded
as a member of a distinet group. Solms-Laubach® went a step
further and instituted the generic name Steloxylon, and in a later
publication gave a fuller account of the anatomical characters.
The complete stem must have reached a diameter of approximately
13 em. The homogeneous ground-tissue forms a matrix enclosing
an anastomosing vascular system of cylindrical or oval steles
(fig. 441, ). Each strand consists of a band of secondary xylem
tracheids with one or several rows of circular or oval bordered
pits on the radial walls and narrow medullary rays usually 1—2
cells broad and 1—4 cells deep, though occasionally deeper. No
phloem is preserved. The tissue in the centre of each stele is
very imperfectly preserved, but it is clear that the secondary
xylem enclosed a central region (‘partial pith’) like that in the
steles of a Medullosa, doubtless consisting of primary xylem and
conjunctive parenchyma.

The stem is covered with leal-bases of oval or circular section
and between them are small organs, probably multicellular hairs
(fig. 441, A). A leaf-base consists of an outer zone of strengthening
tissue and a parenchymatous ground-tissue traversed by two or
mare small vaseular strands which assume various forms. These
petiolar strands are simply portions of the main vascular system
which bend outwards at the periphery of the anastomosing network.
The more noteworthy features in which Stelozylon diilers from
Medullosa, particularly such species as M. stellata and M. Leuckarti,
are (i) the crowded and comparatively small leaf-bases in place
of the massive decurrent petioles of Medullosa; (i) the supply

t Schenk (88) p. 525, PL 1. figs. 1—16.
¢ Solms-Laubach (96) B. p. 62; (97) p. 197; (10) p. 542, PL 1. fig. 9.
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of the leaves by compact branches of the stelar network instead
of the bundles detached as leaf-traces from a stem-stele of
Medullosa (the origin of a leaf-trace in Stelozylon is shown in
fig. 441, €'); (iii) the absence of a peripheral system of vascular
plate-rings and the irregular distribution of evlindrical and plate-
steles in the ground-tissue. Nothing is known of the reproductive
organs or leaves beyond the structure of the attached leaf-bases.
The opinion expressed by P. Bertrand! that the fossil described
by Stenzel as Asterochlaena (Clepsydropsis) kirgisica is the petiole
of Stelowylon was abandoned after the additional facts published
by Solms-Laubach.

As regards the affinities of Stelozylon: the structure of the
steles agrees closely with that of the star- and plate-rings of a
Medullosa, while the pitting of the tracheids is more like that in
Medullosa than Cladoxylon. In the tendency to a more radial
than tangential disposition of the band-like steles Stelozylon
recalls Cladoxylon rather than Medullosa, but in Cladozylon the
Vascular system does not form an irregular network as in Steloaylon.
The information as to the structure of the primary xylem is very
Meagre, but it pointsfo a closer connexion with Medullosa than
with Cladozylon. On the whole Stelozylon may perhaps be,
defined as a genus allied to the Medulloseae in the anatomical
features of the stem more closely than to other genera, but suffi-
ciently distinct to be excluded from the Medulloseae as at present
understood 2.

! P. Bertrand (08); (11) p. 47 (footnote).

* In a recent note on Stelowylon to which Dr Seott has drawn my attention
Bertrand records the genus from Saalfeld (U pper Devonian) and expresses the
Opinion that Stelozylon m ay be a condition of Cladoxylon and not a distinet type—
P. Bertrand (14) p. 448.




CHAPTER XXXI.

PTERIDOSPERMS REPRESENTED BY SEED-BEARING LEAVES
ONLY OR LEAVES IN CONSTANT ASSOCIATION WITH
SEEDS.

Brrore describing other genera represented by petrified
vegetative organs exhibiting in their anatomical features points
of contact with the Medulloseae, a short account iz intercalated
of some imperfectly known seed-bearing fronds and seeds belonging
to the Pteridosperms but which do not afford sufficient data to
admit of their reference to a more precise position in a natural
classification.

Pecopteris Pluckenety (Schlotheim).

In the section in Volume 11. devoted to the genus Pecopleris
reference was made to the species P. Pluckenetit, further treatment
being deferred until other Pteridosperms had been described.
The fern-like fronds originally deseribed by Schlotheim as Filicites
Pluckeneti® and afterwards transferred by Brongniart and other
authors to Pecopteris® are now recognised as the leaves of a
Pteridosperm. Some doubt has been expressed as to the specific
identity of the specimens figured by Schlotheim and Brongniart
regpectively, but Potonié’s examination of the type-specimen
of the earlier author convineed him that Brongniart’s leaves were
correctly named. The large fronds of Pecopteris Pluckenelr are
characterised by the bifurcation of the principal axis which bears
opposite pairs of bi- or tri-pinnate branches and in the angles of
the bifurcations-of the rachis undeveloped buds oceur on prolonga-
tions of the axis, a habit recalling recent species of Gleichenia®

1 Yol. o p. 576. ¢ Schlotheim (04) A, PL x, fig. 19.

¥ For synonomy, see Kidston (86) A. p. 125 and Potonié (93) A. p. 81.
4 Sterzel (83); (86%) B.; Zeiller (06) B. p. 60.



CH, XXX1] PECOPTERIS PLUCKENETL 167

(figs. 225 and 226, vol. 1.). The variation in the form of the
pinnules is shown in fig. 442, A, which represents both the apical
portion and parts of pinnae 10 em. lower on the rachis of a large
leaf from the Coal Measures of Radstock. The species is character-
istic of the Upper Coal Measures and is recorded also from Permian
strata, In 1883 Sterzel adopted for this species the generic
name Dichsoniles because of the occurrence of shallow circular
cups at the end of the lowest lateral vein on some ol the pinnules
which he believed to be sori of the Cyatheaceous type. The eups

Fra, 442, Pecopleris I—’!ur:)i‘mw(i A, apex and lower pinnae (Kidston Coll.,
23.45: B, pinnule with supposed sorus (after Sterzel); C, pinnule with seeds
(atter Zeiller).

L,%-WE. an involute margin and occagionally a small scar in the centre

“M"r.' 442, B). Stur! declined to accept Sterzel's evidence as

Satisfactory and suggested a fungal origin for the sorus-like

;ITJI’TPssiom_ a view, as Sterzel objected, that is rendered improbable

¥ the constant position of the single cups on several pinnules.

jh@ nature of Sterzel’s ‘sori’ has not been demonstrated: it is

Siggested by Grand Kury? that they mark the position of micro-

! Stur (85) B. p. 203. * Grand'Bury (05).
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sporangia. Some seed-bearing specimens in Dr Kidston's collee-
tion show cups, like those figured by Sterzel, on pinnules from
which the seeds have fallen, and it is not improbable that they
ave the scars of seeds.  In 1905 Grand Eury published a deseription
and photographs of specimens of P. Pluckeneti from the 8t Etienne
coal-field showing hundreds of well-preserved seeds, many of
them attached to pinnules characterised by a very slightly reduced
lamina. Some fronds were found to be entirely fertile, while
others bore both sterile and fertile pinnae. The smallest seeds,
5 mm. long and 3 mm. broad, were found at the tips of unexpanded
leaves: the mature seeds, only slightly larger, agree in their
broadly oval form and narrow marginal ‘wing’ with small examples
of Samaropsis’, The seeds were figured by Grand Eury® in an
earlier work as Carpolithes granulatus. They are believed to have
hung free from the lamina, a conclusion based on the position of
the seeds relative to the plane of the pinnule in well-preserved
examples. Prof. Zeiller informs me that he is by no means
certain that Grand'Eury’s seed-bearing fronds should not be
referved to Pecopleris Sterzeli; but as that species and P. Pluckeneti
are very closely allied forms and may well have borne the same
general type of fructification, the question of specific difference
does not affect the significance of Grand’Eury’s discovery. A
statement was made m vol. 1.3, quoted from GrandEury, that
the fronds of P. Sterzeli were borne on a Psarontius stem, but
Prof. Zeiller told me that in his opinion the fronds and stem are
merely in association and not in organic contact. It is probable
that the Psaronius stem bore fronds of some species of Pecopferis
with sori of the Asterotheca or Scolecopteris type and not seeds.
Pecopteris Pluckeneti and P. Siterzeli are no doubt the fronds
of a Pteridosperm?, but apart from the seed-impressions there is
no evidence as to the nature of the reproductive organg or stem.
The form of the seeds with a fairly thick sarcotesta, which gives
them a winged appearance, suggests a member of the Medulloseae
rather than a plant with seeds like those of Lyginopteris and
Heterangiwm.

See also Zeiller (05) B, p. 725.
Grand Eury (77) A. Pl xxxm. fig. 7. 3 Vol. . p. 410, fig. 207,
Zeiller (0G) B. p. 63.
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Eremopleris artemisaefolia Sternberg with Samaropsisacuta
Lindley and Hutton.

The generic name Eremopleris was instituted by Schimper for
2 type of frond from the Coal Measures of Newcastle degeribed
by Sternberg as Sphenopteris arlenisaefolie. He. included also
4 second species, E. Neesii, from the Permian of Bohemia: this
Was removed by Zeiller to Callipteris. The type-species of
Eremopteris is included in this chapter on the ground that the
almost constant association with the fronds of seeds comparable
With those described by White as Aneimiles (Wardia) Jertilis
affords a strong argument in favour of assigning Eremopferis
Wrlenisaefolia to the Pteridosperms.
1826, Sphenopteris artemisaefolia Sternberg, Flor. Vorwelt, Fasc 1v. p. 13,

Pl mvr fig. 1-
1833, Sphenopteris erithmifolie Lindley and Hutton, Foss. Flor. Vel .

Pl. xnvr.
1833

Cardiocarpon aculwm, Ihid, Pl. LXXVL
1864,

Eremopteris artemisaefolin Schimper, Trait. Pal. Vég. Vol. . p. 416.
1914, Samuropsis acuja Kidston, Trans. R, Soe. Edinb. Vol. . Pt 1. p. 156.

The large compound fronds of this species' are charactérised
by the regular dichotomy of the main branches, a feature frequently
met with in Palaeozoic fern-like leaves: the cuneate or oval-
Cuneiform pinnules (fig. 443, A, C) vary considerably in breadth
from the typical cuneate type of segment as figured by Brongniart®
1|0 narrow, almost linear, leaflets like those of Sphenopteris erithmi-
Jolia. Several spreading veins traverse the lamina. Lindley
and Hutton, while aduﬁtting a very close resemblance between
their species and S. artemisaefolia, adopted a distinetive name.
The only evidence so far obtained as to the stem of the plant is
turisheq by some specimens in the Hutton collection (Newcastle-
UPon-Tyne) one of which shows a piece of rhizome bearing several
Petioleg (fig. 443, B): there are no pinnules attached to the
Tachises but some oceur in close association. Brongniart noticed
e Irequent association of Eremopleris fronds with small seeds,

b N ; : o
W he regarded it as accidental. Dr Kidston® has recently
: For a more complete synonymy. see Kidston (03) B. p. 770,
; Brongniart (282) A, Pls, XIvi., xLvit.; Lebour (77) Pls. xxxu.—Iv.

Kidston (14) p. 156; Duns (72).




PTERIDOSPERMS

drawn attention to a note by Prof. Duns published in 1872 on
the juxtaposition of seeds and fronds, and Mr Howse! in his
Catalogue of the Hutton plants considers that the seeds were
borne on the Eremopteris leaves; in his synonymy of B. artemisae-
Jolia he includes Cardiocarpon acutuimn Lind. and Hutt. as the
‘spore-cases or sporangia.’ The Eremopteris seeds are of the
platyspermic (Samaropsis) type, broadly oval and about 7 mm.

Fic. 443.  Hremopteris artemisacfolie. A, part of a frond with associated secds
of Swmaropsis acwia: B, rhizome with fragments of fronds; . pinnule.
(Drawn by Mr L. D. Sayers from specimens in the Hutton Collection, New-
castle. A, B, £ nat. size.)

long with an obtuse base and two slightly divergent acute processes
at the apex (fig. 444). Some specimens in Dr Kidston’s collection
from the Lower Coal Measures of Midlothian, which were associated
with Eremopleris fronds, ave preserved as mummified cuticular
membranes and on microscopical examination they show clearly
the presence of a pollen-chamber. The seeds arve of the Samia-
ropsis type. The drawings reproduced in fig. 444 were made
for me by Dr Kidston from two specimens, in his collection,

1 Howse (88) p. 45.
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of exceptionally well-preserved seeds from Midlothian: the
seeds of this species vary considerably in size and form; some
are almost orbicular and show no distinetion between nucule and
border (fig. 444, A) while in others (B) the impression of the
flattened and longitudinally striated sarcotesta is clearly distin-
Quished. Kidston is of opinion that in younger seeds there is
a single apical point replaced in a later stage of development by
two cusps, as seen in figs. A and B, formed by the opening of the
Micropylar tube. A ridge in the middle of the flattened surface
Indicates the position of the vascular bundles in the principal
Plane as in Cardiocarpus. The fully developed seeds are 8—9 mm.
I'm;'. The correlation of the seeds represented in figs. 443 and
M4 with Eremopteris fronds furnishes an additional illustration

Fie. 444, Samaropsis acuta. (From drawings by Dr Kidston of
specimens in his collection, 3475 (A), 3316 (B); = 2.)

of the impossibility of trusting to external form as a criterion of
Mhinity, for it is known that seeds of the Samaropsis type were
Produced by Pteridosperms with foliage represented by Eremopteris
“Memisacfolia and Pecopleris Pluckeneti, also by some members
o the Cordaitales (e.g. fig. 480). Dr Arber! has recently proposed
% new generic name Cornucarpus for Cardiocarpon acutum, but
the drawings that he gives of seeds from fthe Kent coal-field
ref‘ﬂ'_l'ed to this species suggest a type distinet from that of Lindley
:_m‘l Hutton. 1In the absence of specimens showing actual attach-
uent it, is impossible to say how the seeds were horne, but the
Walogy of Wardia fertilis and Pecopteris Pluckeneti lends support
I_Sth:?:d";@“" that the :-;eeds- were :{ttutht?d to pinTm]es Tith a

SR damima.  Eremopleris artemisaefolia occurs in the Lower
nd Middle Coal Measures of England: a species recorded by

1 Arber, E. A. N. (14) p- 97: (09) p. 20, PL 1. fig. 5.
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Kidston from the Calciferous sandstone of Seotland as E. Mae-
conochii® is now believed by that author to be generically distinet®.
With the exception of the unsatisfactory specimen reproduced in
fig. 443, B, we have no information with regard to the habit of
the stem to which the Eremopleris leaves were attached.

WARDIA. White.
Wardin fertilis (White). Another example of a [fern-like
frond bearing seeds is afforded by specimens from the Lower

Fro. 445, Wardia fertilis (White). A, sterile portion of frond; B, D, enlarged
pinnules: (! seed. (After White. A, cu, nat. size; B—D, x 2,)

Pottsville series of Virginia (correlated with the Millstone grit
of British geologists) described by Mr David White® as Aneimites
(Wardia) fertilis. The compound fronds usually referred to the
L Kidston (83) B, p. 540, PL xxxir fig. 3.
2 White refors some fronds from the Missouri Coal Measures to Hremopferis

but their generie identity with the type-species is open to doubt. White (99)B.
p. 16. 3 White (04) B.
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genus  Adiantides or Adiantites' ave characterised by cuneate
Pinnules with a thin lamina and forked, slightly divergent veins
(fig. 445, A, D). White discards the name Adiantides in favour
of Dawson’s genus Aneimites on the ground that Goeppert?, who
stituted the former term, applied it in the first instance to leaves
of Ginkgo which he identified as simple Fern fronds. In spite
of this misapplication of the name it has been constantly used
and iz well established. The discovery ol seeds is, however, a
teason for the adoption of a new generic name, and as White
Proposed Wardia for the seeds it may appropriately be extended
%o the fronds in place of the provisional term Anedmites. The
seeds which occur at the apices of slender pedicels on pinnae
b“duu« relatively small pinnules with a reduced lamina (fig. 445,
B, C) are thomboidal in shape, 4:-5 mm. long and 2-5 mm. broad.
th bilaterally symmetrical seeds were probably enclosed, as
White suggests, in a fleshy integument which on pressure became
1&1011}1\' extoudm] as a wing-like border. In some of the seeds
there is an indication of a bhght collapse within the apex of the
hutlet,” which may mean the presence of a pollen-chamber; but
While the preservation is too imperfect to afford any decisive
®vidence as to anatomical features, there is no reason to doubt
the conclusion as to the seed-nature of the organs described by
White, Nothing is known of the stem, though the opinion may
be hazarded that Wardia is a member of the Medulloseae.

Adiantites bellidulus Heer and Lagenospermurm Arberi Nathorst.

. Reference is made to the genus Lagenosperiminn in the account
of Lagenostoma®. The species Lagenospermun: Arberi has recently
¢en founded by Dr Nathorst* on some seeds obtained from

Hower Carboniferons rocks in Spitzbergen: a brief description is
Iter :alated here because it is probable that they were borne on
lll_m(h of the Adiantites type gimilar to those on which White
uu:ld the seeds deseribed by him as Wardia. The seceds of
L. Arberi, 14—18 % 5mm., are spindle-shaped with an obtuse
7‘?“ and longitndinally ribbed with a stalk at least 7 mm. long.
Sathorst considers that a cupule was probably present: the

Vol 1. 1. 376. 2 (Goeppert (362) A. p. 216.
? Rea page 4, 4 Nathorst (14) p. 30, PL xv. figs. 18, 60—G68.
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specimens do not convey the impression of naked seeds and in
some examples there are indications of an investing envelope,
though this may be the result of tearing of the testa. Nathorst
regards the Spitzbergen seeds as probably specifically identical
with a specimen described by Schmalhausen® from Carboniferous
rocks in the Urals as Rhabdocarpus orientalis Eich., a species which
agrees closely with Lagenospermuin nitidulum as described by
Heer? (under the name Caipolithes nitidulus) and Nathorst® from
Spitzbergen. Tt is also possible that Kidston's Rhabdocarpus
elongatus®, from the Lanarkshire coal-field and elsewhere, recently
transferred by Arber® to Platyspermum, is an example of the
same species, The chiel interest of Lagenospermum lies in the
fact, assuming Nathorst’'s correlation of the seeds with Adiantites
bellidulus Heer to be correct, that it is a typical radiospermic
seed, while Wardie, borne on foliage of the same general type,
is an equally typical platyspermic seed.

Schmalhausen (83) PL 1v. fig
Heer (77) A, PL v. pp: 23—
8 Nuthorst (14) p. 30, PL xv. fig. !
Kidston (86) p. 70, PL o fig. 6.
Arher, E. A. N. (14) p. 96, PL v fig. 12




CHAPTER XXXII.
CYCADOFILICES.

Ix this chapter are included several types represented by
Stems, but which in the absence of definite information with
Yegard to the reproductive organs cannot be assigned to the
P”fr'idt,vsperms.

MEGALOXYLEAE.
Megaloxylon. Seward.

This genus is represented by a single species founded on a
Piece of stem from the Lower Coal Measures of Lancaghire
discovered in the Binney Collection in the Sedgwick Museum,
(-‘Fil.znbrid;_:el. Nothing is known as to the leaves, reproductive
OTgans, or roots. The type-specimen consists exclusively ol
}'Tilum‘}' and secondary xylem.

-‘fr-,f;,_!z,_-,l,y},-,.,;_ Secottr Seward.

The type-specimen, reproduced natural size in fig. 446, A, B,
“Onsists of a fragment of stem which at first sight bears a close
"®semblance to Cordaites, but the apparent pith, 1-9cm. in
Wareter, is the primary xylem of the stele and is enclosed by
0 incomplete cylinder of secondary xylem 2em. broad. The
distinction between the lighter primary xylem and the darker
S¢condary cylinder is especially well marked in the longitudinal
'?'@(‘f,irm (fig. 446, B). The central region, shown on a larger scale
0 fig. 447 is occupied by groups of tracheids varying in size and
Shape associated with thin-walled parenchyma: the latter is
T_e]ll'e:senteul by lighter patches in the section. The majority of

© tracheids are characterised by their great breadth—in some

1 Seward (99) B.
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cases +4mm.—and their iso-diametric or even horizontally
clongated and flattened form. Some of these large metaxylem
elements are seen in longitudinal section at m in fig. 448 where
the shrinkage and partial decay of the parenchymatous tissue
have resulted in the separation of transverse bands of xylem

balafn ol

> ¢

Fra. 446. Megalozylon Scotti. A, B. Transverse and longitudinal scctions.
P
&1, w®, primary and secondary xylem; It leaf-traces.

Nat. size. C. Secondary
xylem.

simulating the discoid pith of a Cordaites. The walls of these
tracheal cells are covered with multiseriate pits. With the
short and sometimes flattened xylem elements oceur others of
greater length, but these are chiefly met with in the more peri-
pheral part of the central region where some of the tracheids are
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1“11‘_:, 447
stele wi 1 :

cle with leat-traces, f, and the inner edge of the secondary xvlem.

8. 1y 12

Megalorylon Scotii. Transverse section of the primary portion of the
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much narrower and have the form of ordinary water-conducting
elements. On one side of the primary xylem in fig. 447 an oval
and more compact group of narrow and longer tracheids is seen
at lt1; this is a leaf-trace about to enter the secondary-xylem

1 TP,

transverse section at the junction of the
primary and secondary tissues: B. longitudinal section showing the inner

Fic.
edge of the secondary xylem, a2 a leaf-trace, if, and the metaxylem, .

cylinder on its outward course. The same leaf-trace is shown
at It in fig, 446, B: as it descends the frace becomes less distinet
and its elongated elements gradually merge into the general

mass of metaxylem. A portion of this leaf-trace is seen in fig.
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448, B, It, close to the inner edge of the secondary xvlem, z2, and
abutting internally on the contracted tissue, s, which consists
mainly of large and short tracheae with remains of associated
Parenchyma. The trace includes some conjunctive parenchvma
interspersed with the tracheids: on its outer surface, that is on
the abaxial edge of the ovate xylem strand as shown at [ in
fig. 447, there are six external protoxylem strands. In the peri-
Pheral region of the primary xylem of the section reproduced
in fig. 447 there are several more or less well-defined leal-traces,
©g. I3, U3; these differ from that seen at J! in their greater
tangential breadth and in the less compact arrangement of the
acheids. As each trace is followed downwards in the primary
Yegion of the stele it tends to become broader, especially in a
tangential direction: the spital protoxylem strands are more
Widely separated (fig. 448, A, pz) and the elongated and com-
Patatively narrow tracheids as they spread out fan-wise are
Teduced in length, finally passing over into the broad and short
"eticulately pitted cells. Each leaf-trace can be followed through
4PProximately four internodes before its individuality is lost
N the general mass of metaxylem. The disposition of the peri-
Phera] traces is such as to Justify the conclusion that the phyllo-
"xis of the stem is g3

The secondary xylem (fig. 446, C) resembles that of Lyginopteris
nd Heterangium though it is less parenchymatous. The medullary
'4¥s are numerous and vary in breadth from 1 to 5 cells, while
the tracheids, with multiseriate bordered pits on their radial
‘}‘alls, form bands 1 to 8 elements in breadth. There are no
- egular rings of growth but occasional ares of narrow tracheids
Mterfere slightly with the otherwise uniform structure of the wood.
- teaftrace in it oblique outward course through the wood
3‘:.]0211%1 completely enclosed b_\: a tg_vlil_lder of secondary x:@«'lem
tisane U“ appears to be concentric, meg to the abgence of any
as 4 :;\Tsernal to the secuuqar.\f xylem of t‘he stem, stu.t-emc?'lts
"Dn]- t'] e subsequent behaviour of t}:ll‘ ](ﬁit.i-il'if(fﬂs on emerging
: he stele are purely hypothetical. Tt is, however, mot

Mpreh. = 2 .
Probable that each concentric trace lost its secondary tissue

' For additional figures, see Seward (99) B.
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and broke up into several collateral strands, a suggestion based
on the behaviour of the leaf-traces in Medullosa anglice.

The most striking characteristics of Megaloxylon ave: (i) the
structure of the primary xylem, particularly the unusual form
of the majority of the metaxylem tracheids, a form obviously
correlated with storage rather than with conduction of water:
(ii) the gradual spreading of the leaf-traces and their absorption
as they descend into the main mass of the xylem; (iii) the exarch
structure of the primary xylem. Confining our attention to the
primary region of the stele; a comparison is at once suggested
with Heterangiwm. In Megalozylon the peculiarities are the
substitution of the large storage-tracheids for the normal xylem-
elements; the greater irregularity in the groups of metaxylem:
and an exarch instead of a mesarch structure. In these lust
features the primary xylem agrees with that of recent species
of the Schizaeaceous Fern Lygodium and the external protoxylem
is a character shared with Rhelinangium. The occurrence of
short tracheids similar to thoge of Megalowylon in the inner portion
of the stele of the Osmundaceous Fern Zalesskya gracilis (Hich.)!
may be quoted as an example of parallel modification but, as
Scott? points out, the resemblance has no phylogenetic signi-
ficance. The secondary xylem though less parenchymatous than
in recent Cycads agrees more closely with the manoxylie than
with the pyenoxylic type.

Megaloxylon affords an interesting example of a combination
of primary stelar anatomical features, comparable in the exarch
position of the protoxylem with the stele of Lygodium, and
secondary wood similar to that of Lyginopteris and Heterangiwm.
The large metaxylem tracheids may be regarded as derivatives
of elements which in some ancestral type were structurally fitted
for the réle of water-transport and made up the xylem of a
Lygodium-like stele with little or no secondary xylem. As the
cambial activity increased and centrifugal xylem became a
prominent feature, usurping the function of the centripetal xylem,
the latter became modified and fitted for a new service,

1 Vol. 1. p. 326.
* Seott (09) B. p. 476.
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RHETINANGIEAE.
Rhetinangium. Gordon.
Rhetinangium Arberi Gordon.

The stem on which this genus is founded was discovered by Dr
Gordon? in the Calciferous Sandstone series of Pettycur: aspecimen
collected by Dr Kidston in Berwickshire may be specifically
identical with the Pettycur plant. We know nothing of the
leaves or reproductive organs of  Rhetinangium. The stem,
approximately 2 em. in diameter, was probably cylindrical: it
Possesses a single stele consisting mainly of a central primary
groups of tracheids, 130—150p
I digmeter, embedded in parenchyma containing numerous
secretory sacs and duets. In the peripheral region of the stele
the groups of tracheids consist of narrower elements characterised
by exarch protoxylem. Rach peripheral group forms the base of
4 wedge of secondary xylem (fig. 450, 22), the primary medullary

Tegion occupied by anastomosing

fays being in direct connexion with some of the parenchyma of
the primary xylem. Thesecondary tracheids, 45—85y in diameter,
have multiseriate bordered pits on their radial walls and the
tays ave broad and deep as in Heferangium and Lyginoptéris,
With the exception of the external position of the protoxylem,
the stele of Rhetinangium is practically identical with that of
Heleyangium, though in Rhetinangivm the primary tracheids form
larger and fewer groups. The inner cortex is composed of thin-
Walled cells with many secretory sacs: there are no stereome
lements. In the outer cortex (fig. 449, ¢r) radially disposed
bands of stereome form a reticulum with narrow and very long
Meshes like that of Medullosean petioles.

The recently recorded occurrence of polydesmic petioles? in
Heterangium is of special interest from the point of view of the
Comparison of that genus with Rhetinangium and the Medulloseae.

The very broad decurrent petiole-bases are a striking feature,
the major diameter of the pulvinus-like base of the leaf-stallk
“Xceeding that of the stem (fig. 449, p). Several xylem-strands

" Gordon (12). The rich development of seeretory tissue suggested the name
Rhetinangium (fnrivy, resinous gum): the same prefix had previously heen

Adopted by Renanlt in his genus Retinodendron [Renault (96) A, p. 365].
® Seott (15).
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from the peripheral region of the primary xylem go to form a
single leaf-trace: these U-shaped strands of xylem destined for
a leaf are connected laterally by parenchyma and form an irregu-
larly corrugated band. Fig. 450 shows a petiole-trace still enclosed
on each side by the secondary xylem eylinder z2.

Fic. 449. Rietinangivm Arberi Gord. Transverse section of stem with large
leaf-base: er, outer cortex of stem; p, petiole. (After Gordon; > 12.)
There are several protoxylem groups in a leal-trace, one on

the outer face of cach xylem-strand. In the petiole the xylem

aroups are more intimately connected an d the trace has the form
of a flat band with abaxial protoxylem. There is no indication
that a leal-trace undergoes division into separate strands. The
roots are described as tetrarch with well-developed secondary xylem.

Fra, 430. Transverse scction of leaf-trace of Rhetinanginm Arberi showing the
exarch structure: 2, sccondary xylem. (After Gorden.)

The primary xylem of Rhelinangium agrees in its exarch
structure with the Palaeozoic genera Sutcliffic, Megaloxylon and
Stenomyelon, also with Lygodivm and some other recent Ferns:
the secondary wood is of the manoxylic type like that of Lygino-
pteris, Heterangium and other genera. Tn the general structure
of the stele Rhetinangium agrees with Sutcliffie and, except in
the exarch structure of the primary xylem, with the steles
of Heterangium and Medullosa anglica®; but the structure
and origin of the leaf-traces are characters which mark it off

1 Page 9.
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from Sutcliffie. The sclerenchymatous bands in the inner cortex
of Heieranginm arve unrepresented in Rhettnangium, and in the
latter genus the abundance of secretory sacs and ducts is a
characteristic {eature, moreover in Rhefinangium, the leaf-trace
consists of several groups of primary xylem-elements. Dr Gordon
regards Megalozylon as the type which comes nearest to Rhetin-
angium; but the differences in the structure of the gecondary
wood and the marked contrast between the leaf-traces are too
Pronounced to justify a preference for Megalozylon over Heter-
angium in the order of affinity. Gordon considers that the
undivided leaf-trace of Rhetinangivm may represent a form
transitional between the simple leaf-trace of Lyginopteris and the
much divided type in Medullosa. The external poesition of the
Protoxylem is a character to which too much weight may easily
be attached: the difference in position between the protoxylem
of Rhetinangium and Heterangivm is in some examples ol the
latter genus hardly perceptible. Kubart! speaks of the stele of
bis species Heterangium Sturi as being almost exarch. The incon-
stancy in the position of the protoxylem in the xylem of Osmun-
f.la:‘_-m»us stems and in the primary bundles of Eristophylon and other
Palacozoic senera is worthy of consideration in this CcoNnexion.

STENOMYELEAE,
St'.Eiﬁolfnyelon. Kidston.

Stenomyelon tuedianwm Kidston. The specimens on which
thig monotypie genus is founded?® were obtained from the Tower

e i ; = o :
16. 451, Stenomyelon tuedionum Kidst. Transverse section of stern.  The black

patches represent leaf-traces. (After Kidston; x 13.)

) - -~ -p - ) T
Carboniferous rocks (Calciferous Sandstone series) at Norham
B“‘h{‘f, Berwickshire, Scotland. They consist of petrified pieces
of - }

8 flattened stem, a fra gment of a rachis and portions of laminae :

! Kubart (14). 2 RKidston and Cwynne-Vaughan (12)
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there iz no evidence as to the nature of the reproductive organs.
The original form of the stem is obscured by the destruction of
a considerable part of the cortex and the consequent flattening
of the whole with the production of wing-like extensions of the
imperfectly preserved tissues enclosing the almost eylindrical
stele (figs. 451, 452).

The stele consists of a bluntly triangular cove ol primary
xylem, 3—4 mm. in diameter, composed almost entirely of reticu-
lately pitted tracheids reaching a diameter of 160u: a few paren-
chymatons cells occur in the peripheral region and a band of
parenchyma extends from the middle of each of the three sides
of the xylem to the centre of the stele, thus dividing the primary
conducting tissue into three groups which are the expression ol
a phyllotaxis of 3. The tracheids near the outer face of each
xylem-group are narrower than the others and have scalariform
pitting. The secondary xylem first appears along the slightly
coneave sides of the primary stele, eventually enclosing the whole:
it consists of tracheids with multiseriate pits on the radial walls
and numerous deep medullary rays 1--6 cells broad. No phloem
is preserved though it is probable that a narrow band was originally
present. A characteristic feature is afforded by a zone of thick-
walled cells, regarded as periderm, encireling the stele and {formed
by a deep-seated phellogen. On the outer face of this band there
are projecting bosses, and similar sclerous nests are scattered in
the cortex. The outer cortex has a Sparganum® type of hypoderm,
that is long vertieal strands of fibres alternating with parenchyma.
The leaf-traces are formed from the blunt angles of the primary
xylem; an angle becomes nipped off ag a more or less cylindrical
strand enclosed by a zone of secondary tracheids which is very
narrow on the adaxial side (fig. 452). Protoxylem was recognised
only in the leaf-traces and not in the rest of the stele. A pair
of protoxylem strands occurs on the onter edge of a prominent
angle of xylem before it becomes detached from the stele, and
these form a single strand at a lower level. As a leaf-trace passes
outwards, the exarch xylem strand becomes mesarch and there
is a single protoxylem group except at a point near the bifurcation

1 Similar to the Dictyorylon type except in the independent and not anasto-
mosing course of the stercome strands.



XXXII] CYCADOXYLON 185

of a trace. In its passage through the cortex a leaf-trace divides
repeatedly, the secondary xylem on the outer face of each strand
being retained for a considerable time.

Our meagre knowledge of the nature of the leaves is based
on incomplete fragments found in association with the gtem.
The leaf is believed to have been simple and characterised by
a thick lamina with a hypodermal zone of sclerous strands and
several vascular bundles.

Frc. 452, Stenomyelon tuedignum. Transverse section of stele,
(After Kidston; = 7.)

As Kidston and Gwynne-Vaughan! remark, Stenomyelon is a
Very distinct type: while resembling Sutcliffic In some respects
it differs from that genus not only in the structure of the primary
stele but in the absence of the system of meristeles which form so
Characteristic a feature of the latter genus,

CYCADOXYLEAE.

Cycadoxylon. Renault.

_ This generic term? is applied to a few types of Permian and
U pper Carboniferous stems possessing a vaseular eylinder, which

1 Kidston and Gwynne-Vanghan (12) p. 269.
¢ Renault (96) A, p. 307.
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may reach a considerable breadth, of secondary centrifugally
developed xylem and phloem enclosing a large pith containing
either a narrow, peripherally placed, and more or less continuous
cylinder of inversely orientated conducting tissue or scattered
bands of centripetal xylem and phloem. The secondary xylem
is manoxylic, while the internal vascular tissue recalls that of
Ptychowylon and to a less extent the inverted ares that are rarely
met with in Lyginopleris stems. A brief diagnosis of two species
may serve to illustrate the genns: a third species is included in
Cyeadozylon, but it is founded on material too incomplete to
admit of satisfactory diagnosis.

Chycadoxylon Fremmyi Renault,

This Permian speciestis represented hy a pieceof stem 2—2-5em.
in diameter (fig. 453, B) characterised by (i) a fairly hroad
parenchymatous cortex with secretory canals and several hypo-
dermal nests of sclerous tissue, (i) a eylinder of secondary xylem
and phloem nearly the whole of which is centrifugal, (iii) a large
pith containing several scattered narrower bands or arves of
centripetally developed xylem and phloem. The tracheids, with
4—6 series of hexagonal pits, form radially disposed rows, 1—4
elements broad, separated by broad and deep medullary rays.
Renault does not mention the occurrence of any primary xylem
as distinct from the secondary centrifugal xylem, but in a section
which I examined some years ago in his laboratory there
appeared to be a group of primary tracheids. There are no
anastomoses between the main cylinder and the internal bands
of inversely orientated tissue.

Cycadozylon robustuin (Seward).

This species® is based on a piece of stem from the Lower Coal
Measures of Lancashire first described by Williamson and identi-
fied as an unusually large example of Lyginopteris.  Williamgon
and Scott, while recognising certain features in addition to the
large size of the stem, which must have reached 14 em. in diameter,
expressed the view that “there is a presumption that it really
belonged to a Lyginodendron, or to some plant of the same type
of structure.” The examination of additional material led me to

! Renault (96) A. p. 308, figs. 55, 6. * Seward (97%).
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adopt the name Lyginodendron robustum, though 1 suggested
that pessibly Cycadozylon might be the more appropriate genus.
Subsequently Scott! proposed the substitution of Cycadozylon
for Lyginodendron.

The type-specimen consists of secondary xylem agreeing
closely in structure with Lyginopteris and recent Cycads: the
pith, 2:9 cm. in breadth, is incompletely preserved; there is a
narrow band of centripetal xylem? at the periphery of the peri-
medullary region and cloge to the inner face of the main mass of
wood (fig. 453, C; the black line marks the position of the centri-
petal xylem). Nests of sclerous tissue and secretory canals are
scattered in the medullary parenchyma and deeper in this region
are arcs of secondary parenchyma, possibly periderm. In placoq
the centripetal and cvn'mhwal xylem are in contact and occasion-
ally the tapered ends of the rows of centrifugal tracheids merge
into groups of punmn xylem elements. The preservation in the
Centr (11 region ig far from complete, and although the occwrrence
of primary xylem groups is probable it cannot be said to be
Positively mtnh]iﬂwd At the inner edge of the centrifugal
Xylem and in tangential longitudinal sections a few leaf-traces
Are seen, but ]10‘”]]“”’ is known as to the nature of the leaf-traces
n their course beyond the stele nor have we any data with regard
to the Jeaves or reproductive organs.

This older species differs from Cycadozylon Fremyi in the
limitation of the centripetal xylem to the outer portion of the
Pith and in the presence of sclerous nests in the medullary region,
though the latter character is probably of no great taxonomic
Value, Cycadoxylon robustum approaches more closely to Lygino-
Pleris, and although the differences are sufficient to justify a
Tiistim"rive generic name, there can be little doubt as to a fairly
ntimate relationship between this type of Cycadoxylon and
Lf-fgi?m}»{r,"r"i,'e'-'.

Ptyc:hoxylon Renault.

Ptychoxylon® Levyi Renault. Like many Palaeozoic genera
founded on anatomical features, Ptychozylon® is rvpmwn’red only
! Seott (00) B. p. 364

* A second band is sometimes present.  Seott (00) B. p. 484,
® rrtt, 2 fold. & Renault (89); (96) A; (93) A. PL nxix.
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by stems, our knowledge of the leaves being confined to the leaf-
traces in the stem which appears to have a phyllotaxis of . The
stem of this Permian species has a diameter of 5—6 ¢m.: the
comparatively broad cortex contains numerous secretory canals,
but in place of hypodermal strands of stereome there is a super-
ficial periderm. The wvascular tissue. consisting of secondary

e,

wnm’«‘}w =
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Fra. 453. A, Ptychoxylon Levyi; transverse section of stem; a, stele of branch.
(Alter Renault.)
B.  Cycadoxylon Fremyi; transverse seetion ofstem, (After Renault.)
C. COyeadozylon robustum; centre of stem.
I—4, diagrams of sections of the stem of Plychoxylon at different
levels, (Simplified from Renault )

xylem and phloem, assumes different patterns at different levels.
There is an outer vascular cylinder of centrifugally developed
xylem and phloem; the xylem is manoxylic and the tracheids



XXXII| PTYCHOXYLON 189

have 35 rows of bordered pits on the radial walls. At intervals
the continuity of the main stele is broken by the formation of
leaf-gaps and belore one gap is repaired a second may be produced,
thus converting the cylinder into two crescentic and infolded
bands (fig. 453, A). A striking character is the occurrence in the
131'{!6.‘ parenchymatous central region of internal vascular bands
Or arcs varying in size and number at different levels and com-
Posed of centripetally developed secondary xylem and phloem.
These internal bands differ from the outer and broader cylinder
both in their inverse orientation and their limited vertical range.
The connexion between the inner and outer vascular tissue and
the alteration in plan of the conducting tissue at different levels
are illustrated by fiz. 453, 1—4, simplified from some of Renault’s
figures of successive sections throu ch a vertical distance of 4—5 em.
In section 1 the main cylinder is continuous except for a small
24p where a leaf-trace is about to be given ofl : there are three
terna] vascular bands similar in structure to the outer stele
but inver sely orientated. At a higher level (section 2) the leaf-gap
s lar ger and in it is a double leaf-trace of two collateral strands
(Ouslmmg of primary centripetal xylem and a fan-like group of
fecondary xylem and phloem. The free edges of the outer stele
of section 1 have curved inwards and united with the two lateral
Wedullary bands, while the lower internal band of section 1 has
Wereased in extent and forms a discontinuous arc with the upper

Portions enclosed by the loops formed by the infolded ends of
‘thf

»

outer vascular tissue. In section 3 a second leaf-gap has
beey formed in the outer stele and its invaginated ends have
fuseq with the internal bands. Tn section 4 the first leaf-gap is
Llnxeci and the invaginated bands of section 3 have broken up
into an irregular cirele of shorter bands. The section reproduced
in fig. 453, A, shows the main eylinder in the form of two curved
and flattened loops, each composed partly of the centrifugally
“eveloped xylem and phloem of the main stele and in part of the
m\r[‘l‘sel\ orientated tissue of the inner bands. At a lower level
the two bands b, b, will become detached as the upper leaf-gap

18 closed and form part of an inner cylinder like the discontinuous

5 thP formed by the two bands ¢. The section of a branch-stele
I8 seen at a,




190 CALAMOPITY BAE [cH.

Ptychozylon differs congiderably from Medullosa, which Renault
included in the Cyeadoxyleae, in the plan of the wvascular
system: there is nothing corresponding to the ‘partial pith’ or
primary region which forms the central portion of the plate-
and snake-rings in Medullosa. The double leaf-trace and the
absence of the Medullose type of hypoderm are other dis-
tinguishing features. The paired leaf-bundles suggest comparison
with Lyginopteris among other genera and, as Scott! points out.
the internal arcs of inversely orientated tissue which sometimes
occur in the peripheral region of the pith of Lyginopteris
(fig. 405, C, ¢) behave like the internal bands of Ptychozylon in
oceasionally joining the main cylinder at a leaf-gap; but the
differences outweigh the resemblances. As regards the general
arrangement of the vascular tissue in two irregular concentric
circles and their conmexions with one another, but not in the
structure of the xylem and phloem, there is a similarity between
this genus and such a Fern as Matonia. In the varying patterns
formed by the vascular system at different levels in the stem
Ptychowylon resembles the Ferns Polypodium quercifolium and
P. heraclewm?,

CALAMOPITYEAE.
Calamopitys. Unger.

In 1856 Unger® described several fragmentary petrifactions
from Thuringian strata of Upper Devonian age, the majority of
which he referred to the Calamarieae and the Rhachiopterideae.
In an earlier publication® he gave a list of species including two
families, the Haplocalameae and the Calamoxyleae, assigned by
him to the group Calamarieae: in the Haplocalameae he placed
the new genera Kalymma, Calamosyriz, Calamopteris, and Haplo-
calamus, These were subsequently examined by Craf Solms-
Laubach and identified as portions of petioles, for the most part
belonging to unknown stems. In his second family, the Calamo-
xyleae, Unger included the single genus Calamopitys represented
by the type-species (. Safurni. The type-specimens have heen
thoroughly investigated by Solms-Laubach® who instituted the

L Seott (09) B. p. 492, * Klein (81).

8 Richter and Unger (56) B. 1 Unger (54) p. 599.
i Solms-Laubach (96) B.
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family-name Calamopityeae and recognised a close anatomical
affinity between Calamopitys and Lyginopteris, a conclusion which
led to the incorporation of Unger’s genus in the Pteridosperms.
Further data have been supplied by Zalessky® and, more recently,
by Scott and Jefirey? who have recognised Calamopitys in Lower
Carboniferous beds in Kentucky.

(-'f.!fr.uhopi!gjs Saturny Unger.

Our knowledge of this and other species is confined to stems
and petioles. One of the largest examples of the species is a
Piece of stem with a diameter of 15 em.: the single stele consists
of a parenchymatous pith enclosed by secondary xylem made
Up of tracheids with 4—8 rows of bordered pits and medullary

(@)

Fio. 454 Calamopitys Saturni. B, stem with leaf-base; @, primary xylem
and pith; black patehes represent leaf-traces; €, stem with two leaf-bases;

D, seefion of petiole.  (After Solms-Laubach.)
‘ays more than one cell broad and of considerable depth. Between
the inner edge of the wood and the pith are groups of primary
Xylem (fig. 454, B, ) which, like those in Lyginopteris, constitute
”‘“-‘ leaf-traces: each has a single internal protoxylem strand
€. 405, B). The comparatively wide cortex consists of paren-
¢hyma with a hypoderm of the Sparganuwm type. Hach primary
Iylem-strand passes out as a single leaf-trace through the secondary
Xylem and on emerging divides into two as in Lyginopteris: these
‘nch in the cortex and the two are replaced by six in the
leaf-hase (fig, 454, B—D). As seen in figs. 454, C, 455, A, the
Joundary hetween the stem proper and the decurrent leaf-base
'S marked by a line of stercome strands. The petioles of Calamo-

! Zalessky (11). ¢ SBeott and Jefirey (14).
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putys Saturni agree generally in structure with the imperfect
specimens on which Unger founded his genus Kalymma®, so
named in reference to the structure of the hypodermal zone.
A specimen described by Solms-Laubach as a Kalymma petiole
oceurs in organic connexion with a stem of Calamopitys (fig. 454,
C: a detached petiole is shown in fig. 454, D). The identification
by White? of this attached petiole with Unger's K. grandis has
been confirmed by Scott and Jeffrey. A fuller account of Kalymmie
(fig. 456) is given on a later page, as the petioles so named belong
to more than one species ol stem.

Fia. 455. Calamopitys Soturni. A, stem with leaf-bases; x 6. B, stele
showing leaf-trace after emerging from the secondary xylem; x 16. (After
Zalessky.)

In Calamopitys Saturni we have a plant agreeing with Lygino-
pleris in the possession of secondary xylem of the manoxylie
type and in the structure of the common primary bundles, while
it is distinguished from Lyginopteris by the greater number and
by the structure of the bundles in the axis of the leaf.

b kdhuppe, @ veil or covering. * White (05%) B. p 384,
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-(«'fﬁrr'm:r)]n:i_ﬁ/s annularis (Unger)l,

This species, originally assigned to the genus Stigmaria, hag
4 more strongly developed primary vascular system and there is
# more decided tendency towards the formation of a continuous
Zone of primary xylem on the inner edge of the secondary wood ;
but where the protoxylem tracheids oceur the metaxylem elements
form definite strands, like those of C. Saturni. It has been pointed
Out by Scott and Jefirey that there is some evidence of the
O¢currence of tracheids in the parenchymatous pith of this species,
1 important feature distinguishing it from €. Safurni and con-
Uecting it with C. americana. Information with regard to the
_llfr?l,un-'iour of the leaf-traces is far from complete, but there are
Mdications that each trace divides into two before emerging from
the secondary xylem?®. The leaf-traces in the cortex are concen-
Bie ag in €. Saturni.

L’-"f?mo-pif__:,r;\' americana Scott and Jeffrey.

This Lower Carboniferous species® from the Waverley shales
of Kentucky is represented by portions of stems and leaf-bases
“nd detached petioles, The secondary wood consists of tra cheids,
'—]"J«-fiu,a in diameter, with deep and broad rays; the small pits on
the tracheids form 5—~6 alternating series. Phloem and cambium
are very imperfectly preserved. The outer cortex is of the same
'¥Pe as in other species. At the inner edge of the secondary
X¥lem there is a ring of primary xylem strands of mesarch
Structyre composed of rather larger tracheids, 80—120y in diameter,
“®Parated from one another by narrow strips of parenchyma.
20 far the vascular tissue agrees with that of €. annularis. In
e American species the axial region is not a parenchymatous
Pith byt 4 protostele, consisting of parenchyma and a larger or
“Maller number of tracheal groups, the number being less in stems
\:ml' & larger central region. The peripheral strands alone are
_L:"7""l‘-1‘11r_~¢] with the emission of leaf-traces. as in Helerangium.

g o - e ia 5 - o
“ACh primg ry xylem strand divides into two as it leaves the peri-

M@ F
edulla ty zome and passes through the secondary xylem as two
}
7 Richter and Unger (56) B. p. 174, PL x. figs. 1—3; Solms-Laubach (96) B.
S :

o2 Beott (12) p. 1027,
; ";';-T'tl and Jeffrey (14) p. 326.
hid, p. 317, Pls. 27, 28, 30, 31.
o 13
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bundles, each being accompanied by an arc of secondary tracheids
which, in the cortical region, completely surrounds the primary
elements. At a later stage the single protoxylem of each trace
divides into two and before entering the leaf-bage there is a further
division. In some specimens leaf-bases of the Kalymma type
were found attached to the stem. Thé oceurrence of tracheids
in the axial region is a distinguishing feature and suggests a
comparison with Heterangium, while C'. Saturni agrees more closely
with Lyginopteris; the species €. annularis would appear, from
the recent observations of Scott and Jefirey, to oceupy an inter-
mediate position.

Calamopitys, as the generie designation is here employed, is
confined to central Germany and Kentucky and occurs in Upper
Devonian and Lower Carboniferous strata. There ig, however,
some doubt as to the exact geological horizon of the rocks in
both countries though in neither case is there any question of an
horizon higher than Lower Carboniferous. Certain specimens
from the Lower Carboniferons of Scotland described by Scott!
as species of Calamopitys have heen made by Zalessky the type
of a new genus, Eristophyton, and are dealt with under that name.
Kalymma. Unger.

Kalymma grandis (petiole of Calamopitys). Under the generie
name Kalymima Unger described specimens from Thurvingia of
Upper Devonian age which he assigned to two species, K. grandis
and K. striglym. Solms-Lanbach has shown that Kalymma is
not an independent stem as Unger believed but a petiole of
Clalamopitys, and this has been confirmed by Secott and Jefirey
who found a leal-hase with the Kalymimna type of structure in
connexion with a piece of Calamopitys stem, probably C. anericana.
An examination of a section (2:3 em. broad) of Unger's K. grandis
in the collection of the Geological Survey enables me to confirm
the conclusions recently published by Scott and Jeffrey. The
best specimens of Kalymme, which appear to be identical in
essential features with Unger’s type-species, are [rom Kentucky,
some from the (fenessee shales of Upper Devoniin age and others
from beds (Waverley shales) believed to be Lower Carboniferous.

1 Seott (02).
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4.}

(From a section in the possession of Prof. Bower; x 4

Kalymma grondis.

Fig. 456.
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Through the kindness of Prof. Bower 1 have had an opportunity
of examining sections from the older horizon in his possession.
The transverse section reproduced in fig. 456 has a diameter of
3-8 x 22 em.': on one side the radially placed plates of stereome
are clearly shown, and in the outer portion of the ground-tissue
is a ring of vascular bundles varying in size and shape but with
a general tendency to a radially elongated form. The ground-
tissue consists of homogeneous parenchyma: in one place 1
noticed what appeared to be a large secretory canal, but secretory
tissue, generally at least, is unvepresented, The xylem i3 com-
posed of imperfectly preserved elements, which appear to have
scalaviform pits; spiral protoxylem strands, embedded in the
metaxylem as two or four groups. occur near the ends of the
long axis of the bundle and in some cases also near the centre.
The phloem probably surrounded the xylem, though it is not
certain whether the arrangement was collateral or concentrie:
there are no secondary-xylem tracheids, though in some places
I noticed a tendency to a radial disposition of cells at the periphery
of the vaseular tissue simulating an early stage of secondary growth.
Unger’s second species Kalymma striate is characterised by an
arrangement of the bundles similar to that in a petiole described
by Scott and Jefivey as Calwmopleris Hippocrepis which differs
from Kalymina in the partial substitution of bands of vascular
tissue for separate bundles and to some extent in the dispogition
of the bundles. The two types of petiole Kalymima and Cala-
mopterss, as Seott and Jeflrey state, are very closely allied. Dawson
and Penhallow® have also described Kalymma grandis irom
Kentucky but they, like Unger, mistook the hypodermal stereome
for an outer zone of vascular bundles. The petioles from Germany
and North America included under the name Kalymma grandis,
though too similar to be referred to different species, no doubt
represent petioles of stems which are unquestionably distinct
types: as in the case of Myelowylon in its relation to the genus
Medullosa, Kalymma stands for geveral closely allied forms of
petioles belonging to several species ol Calamopitys.

1 Scott and Jeffrey (14) p. 328, vefer to a specimen over 6 cm. in diameter:

these authors give several excellent figures of Kalymma.
2 Dawson and Penhallow (91).
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Eristophyton. Zalessky.

Eristophyton fasciculare (Scott). The gemeric name KEristo-
phyton' was proposed by Zalessky? for two incomplete stems
of Lower Carboniferous age provisionally® referred by Scott to
drauecariozylon and subsequently to Calamopityst. The species
E. fasciculare was founded on material obtained by Dr Kidston
from the Lower Carboniferous of Dumbarton, Seotland, and on
& specimen in the Williamson collection from Northumberland.
There is a small pith of parenchyma, 23 mm. in diameter, with
eight strands of primary xylem of varying diameter (fig. 457)

Fra, 457. Bristophyton fasciculore, Transverse section showing the relation of
primary (black) to scecondary xylem. (After Scotb.)
and in each a single protoxylem-group. The primary xylem
tlements are considerably larger than the secondary tracheids.
These xylem-bundles are leaf-traces and their disposition points
t
When about to pass out through the secondary xylem. The
_tr?’tcl'leids are refticulate and scalariform while some have am
Wtermediate type of pitting. A leaf-trace on reaching the pith
Stadually moves further from the xylem-cylinder and may be
Separated from it by 2—6 layers of parenchyma: as it passes
down the pith the protoxylem strand assumes an almost endarch
Position consequent on the reduction of the centripetal xylem.
1 Beott’s words, ‘each circummedullary strand branches at regular

O a phyllotaxis of 2. The traces attain their maximum size

* épards, to he disputed. 2 Zalessky (11).
¥ Scott (99%). 1 Seott (02).
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intervals; the one branch, that on the anodic side [turned towards
the course of the genetic spiral], becomes the leaf-trace and passes
out, while the other continues its course up the stem as a reparatory
strand, until the next leaf of the orthostichy has to be supplied’.’
The secondary xylem consists almost entirely of tracheids with
3—4 rows of pits on the radial walls and medullary rays usunally
one cell hroad varying in depth from 1 or 2 to 16 or more cells.
A characteristic feature of the secondary xylem is the oceurrence
on its inner face ol numerous short and broad tracheae similav
to the still larger tracheae in the primary stele of Megalozylon®.
Nothing is known as to the behaviour of the leal-trace in the
extragtelar region, but the fact that an ontgoing trace was found
to have two protoxylems points to a subdivision similar to that
of the foliar bundles of Calamopitys Satwrni. A well-marked
difference between Eristophyton fasciculare and Calamopilys and
Lyygimopteris
it is pyenoxylic and not manoxylic. Prof. Zalessky in criticising
the use of the generic title Calamopitys puts forward several
arguments in support of his institution of a new designation:
(i) the primary xylem strands of Eristophyton are not confined
to the periphery of the pith as is the case in Calamopitys Saturni,
though he speaks of one leal-trace in the latter species separated
by several layers of cells from the xylem-cylinder; (ii) some of
the pith-cells have thick walls and dark contents in distinction
to the homogeneons parenchyma of Calamopitys, a feature of
little importance; (iii) the difference in the structure of the
secondary wood already alluded to, thongh this loses some of

is the more com ]_,)E.l(‘t structure of the E-l‘-CO]_ldﬂT}' “'('l()[l:

its significance by the occurrence of narrower rays, more like
those of Eristophyton, in C. annularis: (iv) the more elliptical
and broader pits in the secondary tracheids in place of the more
regular hexagonal form in Cealamopitys. While admitting @
certain degree of relationship between the two types, Zalessky
agserts that as yet we have insufficient evidence to justify their
generic union. Scott? maintains that Zalessky does not attach
sufficient weight to the form and mesarch structure of the primary
xylem bundles as a feature common to both genera.

1 Seott (02) p. 336. 2 Page 175.
3 Seott (12) p, 1027,
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Eristophyton Beinertianum (Goeppert).

1850.  draucarites Beinertianus Goeppert, Mon, Foss, Conit. p- 233, Pls. 42,43,

1872, 4 raucariorylon Beinertionwwm Krans, in Schimper’s Trait. Pal. Vol. 11,
p. 881

1888. Arawucarites Beinertionus Goeppert and Stenzel, Abh, K. Preuss.
Akad. Wiss. p. 30, PL 1v.

1902,  Calamopitys Beinertins Scoth, Trans. R. Soe. Edinb. Vol. 40, p. 341
Ble) wyavs v

s

1909Y.  Ullmanwites Beinertinnus Tuzson, Result. Wiss, Erforsch, Balatonsees
Bd 1. Teil 1. p. 24.

L1 Fristophyton Beinertianum Zalessky, Com. Geol, 8t Petersh. p- 24.

£l

The pith, 13 15 mm. in diameter, is rather larger than in
E. fasciculare and is characterised by the occurrence of dark
sclerotic nests surrounded by radially disposed rows of parenchyma.
The primary xylem strands are more numerous and smaller than
in . fasciculare and these inerease in diameter as they approach
the secondary wood. In places the primary xylem elements
form a more or less continuous band as in ( lalamopitys annularis.

¥

el @
»ie

o
s
AR

Fro. 458 Lristophylon Beinertionum. A strand of primary xylem, showing the
Protoxylem, pr, abutting on the secondary xylem. (x 35. After Zalessky.)

The largest leaf-trace bundles at the periphery of the pith are
Mmesarch (fig. 458), but as each trace passes down the pith the
Yeduction in the centripetal xylem is carried further than in
E. fasciculare wntil the xylem-strand becomes endarch in the
lower part of its course. The secondary tracheids have usunally
fWo contiguous rows of pits and the medullary rays are one cell
broad,

There can be no doubt as to the generic identity of the two

1 Tuzson (0Y).
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species referred to Hristophylon, but the question as to the degree
of affinity to Calamopitys is more difficult to settle. There is
force in Zalessky’s contention that these two stems should not
be retained in Cealamopitys: the recently described American
species, C. americana Scott and Jeflrey, gives emphasis to the
view that the restriction of Calumopitys the German (and
American) types is the safer course. While Calainopitys as thus
restricted is almost certainly a Pteridosperm, the inclusion of
the types referved to Eristophyton in the same category rests on
a more slender basis.

CLADOXYLEAE.

This order was founded by Unger! for some imperfectly
preserved stems from Palaeozoic strata in Thuringia and in it
he included the two genera Cladozylon and Schizowylon. There
is some doubt as to the precise age of the Thuringian beds; they
were assigned by Richter to ﬂw Devonian system and Mﬂ)‘-(“
quently pI‘lc-oc in the Culm: Selms-Laubach in his later reference
to Unger’s plants favours a Devonian horizon®, Unger included
the Cladoxyleae in the Lycopodiales, and though this conclusion
is not accepted the position of the order is still uncertain. His

genus Schizozylon has no claim to generic separation from Clado-
aylon.  An inspection of the illustrations in the memoir by Richter
and Unger reveals a striking resemblance in the main anatomical
features between several types assigned to different genera and
distributed among the Cladoxyleae and Rhachiopterideae (a term
first used by Corda for petrified rachises or petioles of ferns) and
other orders. Solms-Laubach®, to whom our more accurate
information as to Unger’s plants is chiefly due, is inclined to
regard the specimens referred by Unger to the genus Arefopodiit
ag young stems of Cladoxylon, and he draws attention to a close
similarity between Hierogramma, another of Unger's genera, and
Cladozylon. Paul Bertrand* goes further in considering that the
following genera represent one generic type, namely Syncardid
(fig. 4569, ¥), Hierogramma, Arctopodiwim, Cladozylon, and Schizo-
aylon. The same author interprets the fossils so named by

1 Unger and Richter (56) B. p. 178. * Scott and Jeffrey (14) p. 364,
3 Solms-Laubach (96) B. & P. Bertrand (08),
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Unger as stems and does not agree with the inclusion of any of
them m the Rhachiopterideae. Without losing sight of the fact
that Bertrand’s conclusion is not based on proof but ig the
€Xpression of a view suggested by a cloge agreement, in general
anatomical plan, T venture to adopt the designation Cladozylon
N a wide sense primarily on the ground that Bertrand’s view is
Probably correct and in part for the sake of convenience of
d"‘ﬂﬂ‘ipﬁnn As Unger’s species of Cladozylon differ from one
4nother in features which may fairly be regarded as of minor
Importance, they are included under one “1)(‘(]flt‘ nate.
Cladoxylon. Unger.

Cladozylon. warabile Unger'. The following are regarded s
Specifically identical with or closely allied to Cladoz i;fon mir (abu's"
C. dubium, Sehizowylon taeniatum, Hierogramme mysticum, Syn-
cardig pusilla, Arctopodiwimn insigne and 4. radiatum?,

1. Stems. The stems assigned to Cladoxylon are characterised
by & complex system of Stolpb either simple or branched and
Otcasionally anastomosing, presenting in transverse section the
form of oval or (Tlmﬂural strands or narrow, straight or curved

‘ands arranged on a more or less clearly marked radial plan
(fig. 459, A B.D). In some stems the primary vaseular tissue
ig énclosed by secondary xylem and phloem (fig. 460, B), while
I others (Unger’s Aretopodium, Hierogramma®, Syncardia) theve
B 1o evidence of secondary thickening., The diagrammatic
rll&‘ﬂnm represented in fig. 459, F, shows a section of a small
axis, regarded by Unger and Solms as a petiole (3 mm. in diameter),
“Otaining four vascular strands composed exclusively of primary
Eylem, cach with one or, in the case of a double strand., two
Protoxylem groups. This type may be a slender stem or branch
SE Possibly a petiole. The other extreme, as regards complexity
of vascular structure, is represented by such stems as those shown
111 f:rr 459, A, B, D. In Unger’s Cladoxylon mirabile (fig. 459, A ;

2. 460, B) the stem reaches a diameter of 3 em. and consists
01 Several radially disposed plates of vascular tissue with an
D B U‘;'U and R 1s.hte1 (56) B. p. 179, PL xm. figs. 6, 7; Solms-Laubach (96) B.

= PL . figs. 11, 13 (%)

, L‘ué‘-l and Rwhtp Pl xm. figs. 3, 4; Solms-Laubach (96) B. PL x1. fig. 10,

Bee footnote 3, p. 205.
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occasional smaller oval or cylindrical stele embedded in a ground-
tissue composed of thick-walled cells. The plates are curved
like a U or sinuous and not infrequently anastomosing. ln a
section of this type figured by Unger the vascular plates appear
to form a complex anastomosing system, but Solms® states that
the drawing exaggerates the amount of fusion between the strands,

W

Fra. 459, A, Cladoxylon mirabile, section of stem; B, Cladoxylon laeniatum,
section of stem; €, Cladoxylon dubium, section of steles 1, €. dubium, seetion
of stems B, Cladoxylon (?) mirabile, section of petiole; ¥, Syncardia pusilla;
G, development of leaf-trace in Cladoxylon taeniatum. (A—H, after Solms-
Loubach; F, after Unger; G, after P. Bertrand.)

and an examination of a section in the collection of the English

Geological Survey cut from Unger's specimen enables me to

confirm this statement. Kach vascular plate consists of a narrow

median region composed of primary tracheids with a scalariform
type of pitting surrounded by secondary tracheids with inter-
spersed medullary rays one cell broad. The thickness of the

1 Solms (96) B. p. 53.
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secondary xylem varies considerably in the same specimen and
in places this tissue is hardly represented, a fact of importance
In view of the very striking resemblance between Adrctopodium
and Cladoxylon, the sections referred by Unger to the former
genus having steles without any secondary xylem. The oceur-
tence of one or two elongated spaces (shown in black in fig. 459, A)
hear the distal end of each plate mark the position of the proto-
Xylem tracheids. Fig. 459, C, represents a stele of a stem referred
by Uncer and by Solms to Cladoazylon dubiym which shows the
typical Cladoxylon structure, namely the central primary xylem
With distally placed protoxylem and the enclosing sheath of
Secondary xylem. In the stem shown in fig. 459, D (C. dubium)
there are 12 steles, each constructed on the plan already described,
differing in their relatively broader and shorter form and in the
freater breadth of the secondary xylem from those seen in fig.
459, A (C. mirabile). The black areas in fig. 459, A, show the

Primary xylem, and the protoxylem is seen in fig. 459, C. A stem

deseribed by Dawson?! as A steropteris noveboracensis from Devonian
beds i (-t,n;\]nn'et'l by him with Unger's Cladozylon mirabile and
Yegarded as possibly allied to it. The radial plates of xylém in
Dawson’s plant meet in the centre like those of Asterochloena
and the leaf-traces are of the Clepsydropsoid type.
~ The type ol stem for which Unger founded his genus S izoxylon
IS represented in fig. 459, B; there are five small steles in the
Centre and external to these eleven radially arranged plates,
With oval steles between them, in the peripheral region of the
ftem.  Each stele consists of primary (black in the figure) and
Secondary xylem and agrees with the steles in the other stems.
From the type of stem illustrated by Cladoxylon mirabile to
that on which the genera Arctopodinm® and Hierogramma® were
foundeq is a very small step: the vaseular tissue has the same
Characters hoth as regards gross and minute anatomy, but there
' 10 evidence of cambial activity in the stems referred to the
"o latter genera, a difference in itself hardl y worthy of generie
Tecognition.

. Dawson (81) A, p. 299, PL x1m. figs, 1—9; Solms-Laubach (91) A. pp. 173, 188
; Chis type is represented in the Geologieal Survey Collection (No. 15871).
For fignres, see Solms-Laubach (96) B. PL .
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i. Leaves. Before deseribing a second type of stem referred
to Cladoxylon it is important to consider briefly such evidence
as we have as to the vascular supply of the leaves. Nothing is
known of the reproductive organs and there is no satisfactory
information with regard to the form of the fronds. Solms-Laubach
has deseribed the only known example of a lateral branch of a
Cladoxylon stem (fig. 459, K): this has a single concentric vascular
strand of plate-like form with two blunt projections and there
are four protoxylem-groups, two in the angle of the plate and
two at the base of the projections. The structure is essentially
fern-like; the xylem is wholly primary. This type of vascular
strand agrees fairly closely with that of a petiole described by
Unger as Megalorhachis elliptica, a section of which is in the Musenm
of the Geological Survey!. The petiole is oval in section and
laterally winged, and the meristele is tangentially elongated and
has two blunt projections almost identical with those in fig. 459, F.
There is no evidence as to the nature of the supporting stem,
but there can be little doubt as to the close connexion with
Megalorhackis and the section shown in fig. 459, F. In a note
published in 1908 P. Bertrand stated that he had identified
several of Unger’s genera as stems which bore leaf-fraces having
the form and structure of Clepsydropsis, one of the types referred
by Unger to the Rhachiopterideae and deseribed in the second
volume of this work? as a Coenopteridean petiole. Bertrand
points out that in the oval or plate-like steles of Cladowylon,
Arctopodivm, Hierogramma, ete., there is a single protoxylem
group near the distal end of the primary xylem, and he adds
that the leaf-traces were formed of strands cut off from the distal
portions of the vascular plates. Similarly the hour-glass-like
leaf-trace in the primary rachis of Clepsydropsis gives ofl from
each end a ring of xylem to supply a secondary rachis. These
laterally detached annular strands are, he believes, similar te
the leaf-trace cut off from the steles in a Cladozylon stem. The
conclusion is that Cladozylon iz a fern stem and its leal-trace
represents the simplest form of the Clepsydropsis type, namely
an oval bundle of xylem with a central protoxylem, which is

! No. 15870. Unger and Richter (66) B. PL vir. figs. 19—21.
* Page 472, fig. 324,
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also the form of the trace given off from the stem of Asterochlaena.
Solms!, while admitting that Bertrand may be correct in uniting
under one genus Cladozylon and such types as Syncardia, Hiero-
Sramma, and Arelopodiwm, disagrees with the view that they
are Clepsydropsts stems. A Clepsydropsoid leaf-trace has never
been found in direct association with any of the stems of the
Cladoaylon type and such evidence as there is indicates a leaf-
frace of an entirely different form (fig. 459, B). In his more
fecent memoir on Asterochlaens Bertrand? draws attention to
Solms’ figures of a stele of Cladoxylon (fig. 459, C) in which the
distal portion is on the point of being separated as a small annular
Strand. This, Bertrand considers, would gradually become con-
Verted into a Clepsydropsis form of stele as it passed to the
Petiole. Bertrand’s drawings made from a section of Cladozylon
taenigtum (Ung.) (fig. 459, G) illustrate successive stages in the
departure of a leaf-trace from one of the plate-like steles of the
Stem (fig, 459, B). In fig, 459, G, 1, a piece of the stele is detached
4nd near its extremity is a group of thin-walled cells with proto-
Xylem: a later stage is seen in fig. 2, and in fig. 3 a small ring of
X¥lem is being detached which, Bertrand assumes, would laterin its
Course he converted into the Clepsydropsoid strand (fig. 4), which
“Onsists of primary tissue. The weak point in Bertrand’s contention®
8 the absence of any proof of a true Clepsydropsoid trace in con-
exion with a Cladoxylon stem, and there is a strong probability that

the leaf-trace of Cladoz ylom has the form shown in fig, 459, E.

r"f'-’"f'ﬂ-ﬂ’;fff:iz HKidstons Solms-Laubach?,

This species, founded on imperfectly preserved material in
Dr Kjg lston’s collection from Lower Carboniferous rocks in Berwiclk-
shive, 15 referred to Cladozylon on evidence that cannot be regarded

i Solms-Labach (10) p. 540. * Bertrand, P. (11) p. 47.
~ Since this account wus printed my attention has been drawn by Dr Scott to

5 Uote by Bertrand in which he considerably modifies his views. He finds that

erogramma and Syncardia are probably different states of the petiole of

LH'{"’"‘{'.’HGH and while agreeing with Solms-Laubach’s conclusions he hag heen ahle

: Add important new facts. Bertrand has now given up the opinion that Clep-

;‘;ﬁr(’?-"":-j‘ i5 the petiole of Cladoxylon. For J;lll"t-ht‘!t details students shonld consult

i Prelimingry note which it is hoped will be followed by a fully illustrated
Boir [Bertrand, P. (14)].

* Solms-Laubach (10) p. 537, PL . figs. 7, 11, 13.
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as convineing. The type-specimen consists of a small piece of
stem about 3 em. in breadth showing three complete oval steles
and portions of two others which seem to be in their original
position and probably formed part of a series of peripheral steles

Trg. 460. A, C. A single stele and tracheids of Claderylon Kidsioni. (Kidston
Coll. 630 B, 630 C.)
B. Cladoxylon mirabile, part of a stele. (Museum of Practical
Geology, 15872.)

such as those shown in fig. 459, D. Hach stele consists mainly
of secondary xylem (fig. 460, A) with some crushed tissue, pre-
sumably phloem, on its outer face. The secondary xylem is
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narrower on the inner side of each stele where a wedge-shaped
piece is partially detached. In the centre there is a narrow area
parallel to the long axis of the stele containing crushed tissue
which probably consists of parenchyma and primary xylem, but
the preservation is very imperfect. The secondary xylem has
a fairly compact structure and the rays are narrow. 1—10 cells
in depth. The pits of the tracheids are described by Solms as
sealariform with occasionally two rows of elliptical pits on the
radial walls. A carveful examination of the type-specimen leads
me to deseribe the pits as uniseriate and transversely elongated,
very like those of Protopitys, or biseriate and almost cireular like
those of Conifers, the pits of the two rows being alternate or
sometimes opposite (fig. 460, C): n places three rows of bordered
pits are present. There is a certain degree of resemblance between
the steles of this species and those of the South African stem
Rhexoxylon®, but the data are inadequate for a satisfactory
comparison.

There is & close similarity between the vascular systems of
Cladowylon and Medullosa, but an obvious difference is the sub-
stitution of the oval, transversely elongated, pits on the xylem
elements for the multiseriate pitting of Medullosa. In Cladoxylon
Kidstons the pitting shows transitional forms between a narrow
scalariform uniseriate type and a biseriate or triseriate arrange-
ment similar to that in the Araucarineae and Cordaitales. In
Cladoxylon, as limited by Unger, the presence of secondary wood
Is a generic feature, but by the inclusion of Aretopodivm and
other forms this character no longer holds good. The inclusion of
these more fern-like stems without secondary xylem brings Clado-
@ylon (in the wider sense) into closer contact with Asterochlaena,
& comparison previously suggested by more than one author.
In Medullosa the development of secondary xylem is on a
larger scale than in Cladoxylon, and the vascular system of the
former genus assumes a more complex form. Moreover the
Myelozylon type of petiole, which is a distinetive feature of
Medullosa, differs widely from any form of leaf-trace associated
with Cladozylon.

1 Bancroft (13).
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Volkelia. Solms-Laubach.

Volkelia refracta (Goeppert). The generic name Vilkelia' was
proposed by Solms-Laubach? as a substitute for Sphenopteris® in
the case ol some petrified stems or petioles associated with frag-
mentary impressions of fronds from Lower Carboniferous rocks in
Silesia. Both leaf-impressions and petrifactions were included
in the genus Sphenopteris: Solms, while retaining Goeppert’s
designation for the leaf fragments, proposed a new generic name
for the petrifactions on the ground that there is insufficient
evidence of their connexion with the leaves. The short account
of Goeppert’s petrified specimen given by Graf Solms-Laubach
in his ‘Fossil Botany?’ is supplemented by a fuller description in
a later paper. The fragments of highly compound fronds are
characterised hy very small filiform ultimate segments, but the
specimens are too imperfect to afford a clear idea of the habit of
the leaf. The ‘stem’ bears a close superficial resemblance to
that described by Unger as Cladoxylon dubiuvm (fig. 459, C, D)
and was regurded by him as an example of that species : it contains
several radially placed steles represented by fairly well-preserved
xylem, but no phloem has been recognised. The steles vary in
size and shape: five reach almost to the centre (fig. 461, A) and
smaller xylem groups occupy a peripheral position. Each stele
is excentric in structure and consists of (i) an outer zone of
secondary tracheids of horse-shoe form in transverse section, but
the apparent gap in the secondary xylem on the oufer edge of
each stele is due to the crushing of the tracheal tissue and to its
smaller breadth in the distal part of each group; this is shown
in fig. 461, B, where the apparent gap is seen to be occupied by
distorted and erushed tracheids, a, identical with those which
forni the vest of the outer zone (fig. 461, B, b): (i) a zone of
tracheal tissue continuous with and originally identical in appear-
ance—except that the elements are rather narrower—with the
outer secondary xylem; (iii) an excentrically situated island
composed of tracheids enclosing a small central area occupied
by thin-walled parenchyma. This third region, represented by
After the late Herr Volkel of Neurade.

1
2 Solms-Laubach (10), PL rm: figs, 1—4.
3 Goeppert (52) PL xir. 4 Solms-Laubach (91) A. p. 164.
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black patches in fig. 461, A, in all probability represents the
Primary part of each stele to which the rest of the tissue has been
ddded by the cambium. A striking feature of the secondary
Yylem js the absence of medu llary rays: the tracheids resemble
those of Cladozylon and Protopilys in the transverse elongation
of the pits (fig. 461, D) which form either a single row or several
Uregularly distributed rows. The primary xylem consists in the
Peripheral region of tracheids with very narrow scalariform
Pitting which at first sight suggest cloge spiral bands (fig. 461, C),

1000900000 00080
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P, 461, Valkelia refracta. A. Transverse section of a specimen in the Breslan

Museum, B. Portion of a stele: @, the crushed xylem on the outer side;
b, the inner side. (. Longitudinal seation showing the median protoxylem.
Tracheid from the secondary xylem. (After Solms-Lauhach,)

T‘"hi}t. the inner tracheids are either annular or reticulate and
88ociated with elongated parenchyma. The imperfectly preserved
Bround-tigsye appears to consist of homogencous parenchyma
W”‘h Tadially disposed bands of stereome in the outer cortex.
Our knowledge of Volkelia, though far from complete, justifies
Beneric separation from Cladozylon from which it differs in
g _laf'k of medullary rays and in the structure of the primary
i[::"':;ml of each stele. In the form anld‘am'a-ngement of the pits
1€ secondary tracheids Velkelia differs from Medullosa and

S- 1 14
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vesembles Cladoazylon. The opinion expressed by P. Bertrand!
that Velkelia is probably the stem of one of the Zygopterideae
is based on the older accounts of the genus and not on the fuller
deseription of 1910.

PROTOPITYEAE.
Protopitys. Goeppert.

~ The only species so far described is that for which Goeppert
founded the genus in 1850, substituting Protopitys® for the name
Araucarites, adopted in an earlier paper, on the ground that the
structure of the xylem denoted a distinet generic type. The type-
species is from the Upper Devonian rocks of Falkenberg in Silesia.

Protopitys Buchiana Goeppert.

1845, Aramcarites Buchianus Goeppert, in Wimmer's Flor. Schlesien (edit.
m.) p- 218.

1847. Pinites Goepperti Unger, Chlor. Protog. p. 31

1847. Dadoxylon Buchianwm Endlicher, Syn. Conif. p. 300.

1850. Protopitys Buchiona Goeppert, Foss. Conif. p. 229, PL xxxvir. ligs-
4—7: PL xxxvim. figs, 1, 2.

In his Monograph of Fossil Conifers Goeppert ficured a large
picce of stem consisting mainly of secondary wood and descri bed
the more important anatomical features. Te recogniged the
narrow, transversely elongated, pits on the radial walls of the
tracheids as a feature of special interest indicating a type ol pitting
transitional between that of Ferns and Conifers. A furthet
description was given by Kraus® who included under Goeppert’
name both the Falkenberg stem and a second specimen from Basel
though the latter is Triassic in age and a distinet plant; he sug
gested a comparison of Protopitys with Sigillaria and Stigmarit
rather than with Conifers. Itis, however, to Graf Solms-Laubach®
that we owe the most thorough account of this species. Nothing
is known of the leaves or reproductive organs. The largest piece
of stem is nearly 1 {t in diameter and consists mainly of secondary
xylem resembling that of Conifers and Cordaites except in the

1 P, Bertrand (08),

2 The name Palaeopitys, with which Prolopifys misht be confused, was used
by MeNab for an imperfect specimen from the Old Red Sandstone of Seotlant

described as Palacopitys Milleri; MoNab (70).
3 Kraus (92). i Solms-Laubach (93).
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form of the bordered pits on the radial walls of the tracheids

(fig. 462, D).

The centre of the stem is occupied by a parenchy-

Matous pith, elliptical in transverse section, enclosed by a band
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Pits on the medullary-ray cells. (Affer Solms-Laubach.)

ary xylem composed of large polygonal tracheids (fig. 462,
characterised by a delicate scalariform pitting on all their
- The primary xylem forms a narrow layer on
5 of the ellipse, 1—3 elements broad (fig. 462, A, B), but

14—2
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‘4 increases in breadth at the ends of the long axis where the
tracheids are intermixed with parenchyma. The primary xylem
and pith-tissue at the ends of the major axis of the central region
assume difierent forms at different levels, owing to the detach-
ment of leaf-traces and the consequent formation of foliar gaps
as portions of the primary xylem pass obliquely outwards into
the secondary xylem on the way to the distichously arranged
alternate leaves. The diagram, fig. 462, A, shows the inner
part of the secondary xylem (see also fig. 462, C, 22) which at
one end, I, has formed an oval group about to pass out as a leaf-
trace: at the opposite end the strand 1s detached and divided
into two equal branches. The two swellings of the primary
xylem ellipse shown at @ in figs. 462, A and B, are a characteristic
feature: these are clearly seen after the leaf-trace has become
detached; at the inner edge of each of them there appears to
be a protoxylem strand. After the formation of a foliar gap these
swellings of the xylem gradually meet and so re-establish con-
tinuity below the outgoing leaf-trace. No protoxylem has been
detected in the actual trace, which is believed to be concentric.
The formation of the leaf-gap and the shoulders bordering it
constitute interesting filicinean features, recalling corresponding
characters in solenostelic Ferns. At the upper end of the diagram.
fig, 462, B, the outgoing leaf-trace is undergoing dichotomy while
at the opposite end the trace has passed out of view. The
secondary xylem shows incomplete rings or arcs of narrower
elements, which at first sight give the impression of annual rings:
the occurrence of similar incomplete or pseudo-rings is & common
feature in Lepidodendron and other Palaeozoic stems. The
secondary tracheids (54-4p n tangential diameter, 68:5p n radial
diameter) have usually a single series of broadly oval bordered
pits on the radial walls with here and there two rows (fig. 462, D)-
In one case only were the pits of the medullary rays recognised
(fig. 462, F). The rays are uniseriate, generally 1—2 cells deep:
but occasionally 3 cells in depth and very rarely deeper. The
cambium is of the normal type, and in some specimens secondary
phloem was found consisting of bands, 4—5 layers broad, of
stone-cells alternating with tubular thin-walled elements, Ppre”
sumably sieve-tubes.
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As Solms-Laubach says, it is highly probable that each leaf-
trace, which forks close to its exit from the primary xylem, became
further subdivided before reaching the leaf. Morphologically,
Protopitys is of special importance as a type possessing characters
that indicate a connexion with Conifers or Cordaitean genera,
notably the structure of the secondary wood, while the presence of
foliar gaps is a feature reminiscent of Ferns. The primary xylem
resembles that of some of the Palaeozoic arborescent Liycopodiales,
but in Protopitys the interruptions in this tissue are due to the
emission of leaf-bundles, whereas in the discontinuous primary
xylem of some Sigillarias? the gaps have no connexion with
leaf-traces. Moreover the distichous leaves of Protopitys and
the larger, branched. leaf-traces are other distinguishing features.
The pitting of the primary xylem is like that in the Lycopodiales
and Filicales, while that of the secondary wood shows a closer
approach to the coniferous type. A comparison may also be made
with the transversely elongated pits of Cladoxylon Kidstoni®.

A piece of wood agreeing anatomically with the Silesian
Species of Protopitys has been found in the Yoredale rocks of
Englands.

The peculiarities of the genus have been em phasised by Solmng-
Laubach by the institution of a familymame Protopityeae: the
2enus is essentially a generalised type exhibiting in the structure
0f its stem both Filicean and Coniferous features. The bordered
Pits differ from those in recent Conifers in their flatter form,
but in this respect they exhibit a closer agreement with the trans-
}'l‘l‘n'-,‘l.\' stretched pits of Xenoxylon playllocladoides Goth.%, a
Mesozoie Bpecies.

" Vol m. p. 212, fig. 200, A, B.

° Bee page 206,
* In the form of the pits on the tracheids and in the strueture of the medullary
tays the English species (as represented in Dr Kidston's Collection) agrees very

clc:se—.l_\-' with Goeppert’s type.
' Gothan (072) p. 10.




CHAPTER XXXIII.
CORDAITALES.

A. POROXYLEAE.

Poroxylon. Renault.

In 1879 Renault! briefly summarised the anatomical features
of some silicified vegetative shoots from the Permian of Autun
for which he instituted a new family, the Poroxyleae. The more
complete account contains a description of two species, Poroxylon
Boysseii and P. Duchartrei: the latter was afterwards recognised
as a stem of Helerangium. Renault considered this new genus
to be closely allied to Sigillaria and Sigillariopsis and pointed
out, its resemblance to Cordwites. Additional species have since
been deseribed but as yet the genus has not been found outside
France in Permo-Carboniferous strata of Autun and the 8t Etienne
district. The .results of a more defailed investigation of the
anatomy of the genus were published by Bertrand and Renault
in 1882 and since then® Bertrand, Renault, and Scott have added
to our knowledge of this interesting type. In several respects
Poroxylon stems present a striking resemblance to Lyginopteris
but the recent discovery of the genus Mesoxylon has given greater
significance to the characters in which Poroxylon agrees with
representatives of the Cordaitales. Our knowledge of the genus,
though exceptionally full with regard to the anatomy of vegetative
shoots, does not include any precise information as to the repro-
duetive organs. ‘

1 Renault (79) B. p. 272, Pls. xmr. xIv,

2 Bertrand and Revnault (82); Bertrand, C. E. (89); Renault (96) A. p. 2
(93) A. Pls. zxx1v. LXXV; Scott (09) B. p. 500. See also Scott and Maslen (I
Maslen (11) p. 409.

i
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The slender cylindrical stems, not exceeding 2—3 em. in
diameter in specimens so far recorded, hore large broadly linear
léaves similar in form and venation to those of gome species of
Cordaites which were attached singly to slightly swollen nodes
Separated from one another by internodes several centimetres
long. The base of the rather fleshy lamina passes imperceptibly
from the narrow lower portion into a tangentially expanded
petiole which forms a decurrent ridge on the stem. Axillary
buds frequently occur. Little is known of the leaf-impressions,
but if Grand Eury? is correct in his identification of certain gpeci-
mens from French Stephanian beds as the leaves of Poroxylon,
the lamina reached a length of 1 met. and a breadth of 15—20 em.
In habit the stems probably resembled some of the larger-leaved
Bamboos. The only. evidence bearing on the nature of the re-
Productive organs is furnished by Grand’Eury who believes that
Some Rhabdocarpus seeds and bractless inflorescences associated
With the leaves assigned to Poroxylon belong to that genus.

The single cylindrical stele has a relatively large solid pith,
the perimedullary region being characterised by the oceurrence
of a row of primary crescentic strands of centripetal xylem of
€xarch type, though not improbably in some cases shghtiy mesarch,
vVarying in size and shape and forming single or paired bundles.
These strands represent the xylem of collateral leaf-traces similar
% those of Lyginopteris but differing in the absence of well-
defined centrifugal elements: the curved form of some of the
Xylem strands gives them an appearance similar to that of
the leaf-traces of Lyginopteris. The leaf-traces, except in the
lowey part of their course through the pith, are double and pass
f-hrmlj;'h several internodes before the centripetal tracheids die
out.  The secondary xylem (fig. 463) is manoxylic and very similar
o that of Lyginopleris though rather less parenchymatous. The
Secondary phloem and cambium are often very well preserved.
5\‘0 endodermis and no distinct pericycle has been recognised.

he cortex is parenchymatous and, like the pith and to some
®Xtent the phloem, contains numerous secretory sacs: in the
Outer cortex the presence of hypodermal strands is a prominent

1 Grand’Eury (05).
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feature. At an early stage in the growth of the stem a deep-
seated phellogen forms secondary tissue both externally and
internally and decortication ensues.

Tra. 463. Poroxylon Edwardsii. A, Transverse section of stem. B. The
contral region of another stem of the same species. (A, = 0; University
College Colleetion; B, from a photograph supplied by Prof. Bertrand of @
specimen in the Renault Colleetion, Paris.)

The bundle of each leaf-trace is accompanied by an are of
gecondary centrifugal xylem as it passes through the secondary
wood and this is retained in the leaf except in the finer veins.
After entering the petiole the leaf-trace branches and an are of
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bundles is produced, the concave side facing the upper surface
of the thick lamina (fig. 464, A). Further reference is made to
the structure of the leaves in the description of Poroxylon
stephanense. The specimens of roots so far described are charac-
terised by a diarch plate of primary xylem and two masses of
secondary vascular tissue separated by two medullary rays
Opposite the protoxylems. Bertrand mentions the oceurrence of
roots of P. stephanense with more than two protoxylem strands.
The phellogen was produced in the pericycle as in the roots of

fecent Gymmnosperms. It is suggested by Lignier! that some
silicified rootlets from Grand’ Croix (Loire) described by him as
Radiculites reticulatus and at first compared with roots of Sequoin

may belong to some Cordaitalean plant, possibly Porozylon.
P'??'U.'r'j/fr.m Edwardsii Renault.

This species? affords a good illustration of the generic characters
already snmmarised. The strap-like leaves are fieshy and the
Occasionally forked. parallel or slightly divergent, veins are
embedded in a homogeneous mesophyll with hypodermal strands
of mechanical tissue. The pith consists of parenchyma in vertical
Series with scattered secretory sacs and differs from that” of
Cordaites and Mesozylon in the absence of transverse discs. There
are 13 primary-xylem strands cloge to the inner edge of the second-
Ary wood: the ecentripetal tracheids are sealariform or have
Multiseriate pitting like that in the secondary xylem. The
Structure of the leal-traces is clearly shown in fie. 464 : the double
frace seen in fig. 464, €, has two protoxylem-strands accompanied
by some parenchyma, and these are almost enveloped hy the
Metaxylem tracheids which abut on the secondary wood. At
this stage in its course, that is just before bending outwards, the
Centripetal xylem rveaches its maximum development and the
frace forms a prominent and broad twin-strand in striking con-
trast to the two narrower and tangentially extended strands
shown in fig. 464, B, D, Each of these strands with a gingle
Protoxylem-group would at a higher level assume the broader
and more compact form and contain two protoxylems as in fig.
464, C.  The tracheids of the secon dary xylem have 4—T7 alternate

1 Lignier (118), # Renault (80).
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T, 464. Porevylon. A, B, Porosylon Boysseti. A, transverse section of leaf

{ in the region of lateral expansion of the petiole; J’, portion of vascular tissu€
of A, C—E, Poroxylon Kdivardsii. €, leaf-trace showing recent separation of

the two protoxylems; D, leaf-trace at a lower level with more widely se ym‘ar'-‘d

protoxviems, pe; E, leaf-trace intermediate between C and D, (From

photographs supplied by Prof. Bertrand. )
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rows of contignous alternate pits on the radial walls: the medullary
tays are 2—3 cells broad and may be 60 cells deep. According
to Renault! several small oblique pits occur on the radial walls
of the ray cells. The secondary phloem, separated by a normal
cambium from the xylem, forms a broad band of sieve-tubes
with lateral sieve-plates like those in Medullosa anglica alternating
With tangential rows of parenchyma. The cortex iz relutively
harrow and in older stems is chiefly ocenpied by secondary tissue
formed from deep-seated phellogens.

Pru'u._rf,vfmr, Boysseti Renault.

The stems of this species agree closgely with those of P.
Edwardsii, the chief difference being in the structure of the
Secondary phloem which does not show the regular concentrie
alternation of sieve-tubes and parenchyma.

Lorozylon stephanense Bertrand and Renault.

This the oldest species, from Stephanian beds at Grand’ Croix,
differs in no essential features from the other representatives of
the genns. Tt is from a study of the leaves of this type that
Bertrand and Renault have obtained most of the facts with
'egard to the anatomy of Porozylon loliage. In the median
Tegion of the fleshy leaf the bundles are characterised by a com-
Paratively large amount of centripetal xylem accompanied by
% considerable development of secondary centrifugal tracheids:
the bundles are connected laterally by both centripetal and
“entrifugal xylem and thus at certain levels in the lamina the
r"flsf_'uléu‘ tissue has the form of a continuous plate (fig. 464, A, B).
The veins become independent on branching and near the edge
of the lamina they consist only of primary elements. Secretory
Saes of elongated form are scattered in the homogeneous meso-
})h.}_']]} and thick stereome-strands underlie the epidermis. The
®pidermal cells are rectangular and rows of stomata oceur on
0th surfaces. |
B. comrparTEAE.

Cordaites. Unger.
| A preliminary statement with regard to nomenclature may
Ve to vemove possible misconceptions in connexion with the

1 Renault (93) A. PL pxxav. fig. 8.
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application of the generic name Cordaites. 1t has been the general
practice to apply this name to certain forms of linear leaves
which are particularly abundant in Carboniferous and Permian
strata in Europe and North America, and in recent years a few
palacobotanists have substituted Cordaites for Noeggerathiopsis
as the more suitable designation for Permo-Carboniferous specimens
abundant in the rocks of Gondwana Land. It has been customaty
to assign to Cordailes certain veprodnctive shoots, seeds, and
stems described under the generic names Cordaianthus, Cordai-
carpus, Cordaicladus, Cordaiozylon, ete. Stems agreeing anatomi-
cally in their main features with those of recent Araucarineae
have long been attributed to Cordaites, but a few years ago a new
type of stem was discovered which, though almost identical
with that of Cordaites, is distinguished by the character of the
primary xylem. For this new type the name Mesoxylon' was
proposed. Nothing is known as to the reproductive organs borne
on Mesoxylon stems, but the leaves are externally at least indis-
tinguishable from those referred to Cordadtes. Tt is therefore

obvious that when we apply the name Cordaites to leaves of
other plant-organs, under that designation are undoubtedly
included specimens belonging both to Mesozylon stems and t0
stems with the characters of Cordaites (Cordaioeylon). Further
regearch may enable us to subdivide Cordailes into more pré-
cisely defined types distinguished by well-marked |nm'phologi('ﬂ-l
characters, but at present the only course would seem to be 0
restrict the term Mesoxylon to petrified stems exhibiting the
features of that genus and to retain Cordailes as a comprehensive
designation in accordance with the general acecount of the genus
given in the following pages. This widely distributed and mainly
cially well represented in the coalfields
of France where in gome localities it contributed largely to the
formation of seams of coal?, and it is chiefly from the researches
of French Palaeobotanists that our knowledge of its morphology
is derived. Cordaites has shared the fate of most other abundan®
fossil plants in the distribution of its disjuncla membra among
several genera and classes, but on the whole the information that

Palaeozoic genus is espe

1 See page 270. 2 See Vol. 1. p. 76. fig. 13.
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I8 now available enables us to reconstruct the complete plant
With a greater degree of confidence than is usually attainable.

Cordaites may be described as a forest-tree closely resembling
m habit and probably in size the recent Conifer Agathis, more
especially such species as A. macrophyllus, A. vitiensis and others
with leaves considerably longer than those of the Kauri Pine
(4. australis)l. The main stem reached a considerable height
before giving off scattered hranches bearing spirally disposed,
sessile, and often crowded leaves? like the foliage of Agathis. The
absence of any evidence of a two-ranked arrangement of leaves
on lateral branches suggests a general tendency towards a vertical
father than a horizontal direction of growth. The sessile and
closely set leaves for the most part of leathery texture VaTy
onsiderably in length and breadth in different types (figs. 466—
472): in some the broadly linear lamina with its parallel veins
and perfectly constructed I-shaped girders (fig. 465) reached
a length of nearly 100 ¢m., in shape like the blade of a straight
broad-sword or the leaves of a Yueca, torn by the wind into
8frips: in other forms the lamina is shorter and more ohovate,
While in some the leafy shoots must have looked like slender
Stems of the smaller-leaved Bamboos. There is no proof that
Young vegetative branches with their spirally rolled leaves? were
Protected by bud-scales, but some oval triangular scales (fig. 468, (),
O¢casionally found in association with larger foliage-leaves, may
have served that purpose. The branches from which leaves had
fecently fallen at the time of fossilisation are characterised by
transversely elongated oval scars, occasionally showing a slightly
Curved row of pits like the marks of leaf-traces on the scars of
& Horse Chestnut, sometimes terminating a feebly projecting
decurrent leaf-cushion (fig. 466, C). The leaves persisted for a
Comparatively long period as in Arawearia imbricata, and on
oOlder leafless branches the scars are transversely stretched ;
the leaf-cushion loses its individuality and eventually the develop-

' See Vol, 1v,

® For restorations, see Grand Eury (77) A. PL D; good examples of foliage-
shootg are figured by Renault and Zeiller (88) A. Pls. 1XVI LXXXL Grand'BEury
(90) A, Py, txiv.; Kidston (02) B. Pl uxiv. fig. 2.

* Renault (79) B. Pl xvri. fig. 1; Lignier (13%). Cf. Dolerophyllum, p. 133.
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ment of secondary cortical tissue causes the exfoliation of the
superficial bark.

In the form and structure of the fertile shoots Cordaites parts
company with Agafhis; the trees bore no cones in the ordinary
sense, but unisexual infloreseences—whether on one plant or on
different individuals is uncertain—were produced in the axils or
from a supra-axillary position as compound spikes or compact
racernes. Both the longer female shoots and the shorter and
more compact male branches are constructed on a similar plan.
The ovulate inflorescence may exceed 30 cm. in length (fig. 479);
a stout axis bears two-ranked linear bracts subtending short
lateral bud-like shoots with one or several sessile or stalked
ovules (fig. 480) between the sterile scales. The seeds are platy-
spermic and agree much more closely with those of Cycads and
Gingko than with the seeds of Conifers. The male inflorescence
is on a smaller seale, in habit not unlike the elongated male shoot
of Cephalotarus pedunculata and some other Conifers; each
bract subtends a small oval bud composed of imbricate scales
and highly modified microsporophylls borne singly or in clusters
(figs. 4181, IF; 482). A microsporophyll consists of a comparatively
long pedicel bearing at its apex a few long microsporangia. The
term microsporophyll implies a morphological interpretation
which is not accepted by all palaeobotanists. some of whom
prefer to regard the microsporangia as stamens or microsporos
phylls reduced to their simplegt terms and sessile on an elongated
flower-stall.

The stem agrees very clogely in its more important features
with that of an Araucaria or an Agathis: the primary xylem
forms the inner surface of the thick eylinder of secondary wood,
merging eradually into it as in recent Conifers; there are no
separate bundles of primary centripetal xylem. The medullary
rays are narrow: in other words the secondary xylem is of the
pyenoxylic type. The pitting of the tracheids is Araucarian and,
as in Agathis, the leaf-traces arise as twin-bundles. The pith
is larger than in the Araucarineae and more homogeneous in
structure; it shares with the pith of Juglans and some other
recent plants an almost constant tendency to assume a discoid
structure. Anatomically the leaves agree more closely in the
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structure of the vascular bundles with Cycads than with Conifers
though there are points of contact with both of these classes.
The roots branch freely and their horizontally extended arms
(figs. 468, A; 478) suggest growth in swampy ground ; anatoni-
cally they conform to the recent Gymnospermous type and there
Is good evidence that in some cases fungal mycelia lived symbio-
tically in the cortex of coralline rootlets.

Sternberg? figured some leaves of Cordaites from Carboniferous
rocks in Bohemia under the generic name Flabellaria in the belief
that they belonged to a Palm. Brongniart substituted a new
Name Pyenophyllum® on the ground that Corda had disproved
the supposed relationship with Monocotyledons. The name
Cordaites was instituted by Unger?, his definition being baged on
leaf-form as well as on stem-anatomy. It has recently been
Proposed to revive the forgotten designation Pycnophyllums, but
the reasons given are hardly likely to induce botanists to discard
the familiar generic name which perpetuates the memory of
Corda. As already pointed out, the name Cordaites, even though
fployed in what has always been regarded a legitimate genge,
18 no doubt often given to specimens of some other allied member
of the Cordaitales which can only be recognised as such in the
Case of more completely preserved material. The naming of
Wood of the Cordaitean type, but which may equally well belong
to another genus, raises a difficult question: if there is satisfactory
®Vidence from collateral sources that the wood is that of a
C"H'r,frffi.rw Grand’Bury’s name Cordaizylon® or Schenk’s form
("H'rlf,u'n.r‘r,fw‘5 may be used, though there seems to he no adequate
J:"iiS()lj against the use of the name Cordaites. T there is no con-
f“'lt‘mt.m"\' evidence available and it is impossible to say whether
t]'_‘-* wood is that of a Conifer or a Cordaites, or some other plant
With the same type of secondary xylem, Endlicher’s term Dado-
Zylon? is most conveniently employed. The confusion liable to
follow from the use of the two generic names Dadoxylon and

; R_bf'min.'l‘;f (23) A. PL xvur * Brongniart (49) A. p. 65
~ Unger (50) A. p. 277. & Tuzson (09) p. 18.
; Grand’Eury (77) A. P 250

Sehenk in Schimper and Schenk (90) A. p. 243,
Enr]]_i(:h(:r (47) P 208,




224 CORDATTEAR [CH.

Arancariozylon for wood of the same type difiering only in
geological age is an argument in favour of extending Dadozylon
to all specimens having certain anatomical characters, which
cannot be certainly assigned either to the Araucarineae or the
Cordaitales, irrespective of geological age. The term Cordarcladus
sometimes applied to branches is hardly necessary, but the sub-
generic names Bu-Cordaites, Dory-Corduiles, and Poa-Cordaites,
ingtituted by Grand’Bury for different forms of leaf, are frequently
employed and serve a useful purpose as descriptive terms though
the characters which they connote are of small importance and
by no means always well defined or constant. For inflorescences
it is customary to adopt the name Cordawianthus suggested by
Grand’Eury as a substitute for Antholithus and some other terms.
The same author uses Rhizo-Cordaites for roots.

The nomenclature of seeds is more difficult: in a few instances
geeds occur in organic connexion with Cordaitean shoots, but
there is no doubt that many platyspermic Palaeozoic seeds
preserved as detached fossils belong to Cordasfes or some other
member of the group. The difficulty is that in the present state
of knowledge we cannot definitely determine in many cases whether
a seed is Cordaitean or whether it belonged to a genus of Pterido-
sperms. For this reason the account of several seeds that were
probably borne on Cordailes or some allied genus is given in &
later chapter devoted to Gymnospermous seeds. There is no
doubt that under the generic names Cardiocarpus, Cordaicarpus,
and Samaropsis are included true Cordaitean seeds, though it
would be incorrect to say that all the seeds so named belong to
members of the Cordaitales.

Clordaites reached its maximum development in the Carboni-
ferous and Permian periods; the genus or some closely allied
types pemsisted into the Triassic and Rhaetic periods, and there
is reason to believe that the group was represented in some post-
Rhaetic floras. The genus is one of many remarkable examples
of the high degree of specialisation attained by Palacozoic plants.
The complex mechanisms represented by Cordaites and simila®
types give force to the conviction that we cannot hope to penetrat®
below the higher branches of the genealogical tree which had its
roots in a period of the earth’s history inaccessible to botanical
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investigation. The plants of the present age are to a large extent
the result of evolutionary tendencies more correctly described
as the result of degeneration or simplification than as the latest
phase in a series composed of a suceession of types gradually
growing in complexity. Cordailes is essentially a generalised
type, a composite product of an age characterised by an activity
in the elaboration of the complex from the simple. Botanical
records furnished by the geological series available for investigation
furnish evidence of the sorting of characters among gradually
diverging races and of changes in plant-organisation tending
towards simplification and increased efficiency.

Cordaites, using the generic designation in a wide Sense, oceurs
in Carboniferous and Permian strata i Europe, North America,
and China: it is recorded from several localities in Russia and
Siberia for the most part from Permian vocks, from Permo-Car-
boniferous (Lower Gondwana) beds in India, Australia, South
Africa, and South America. Wood agreeing generally in the
Structure of its secondary tracheids with that of Cordaites is
*epresented in Devonian rocks, and there can be no doubt as to
the existence of Cordaitalean plants in pre-Carboniferous floras.
It is represented in the Rhaetic flora of Tonkin and has recently
been discovered in strata probably of Rhaetic age in Mexico,
[AEA\'F.E-.

It is important to recognise the fact that leaves included
Wder the generic name Cordaites were in many cases not borne
Ol stems or branches with the anatomical characters of Cordaites.
Seott in his account of the genus Mesoxylon says, ‘T feel no doubt
that most of the British specimens of Cordaitean leaves really
‘belmm to Mesoxylon, which is a much commoner type of stem
!N the Coal Measure petrifications than that of Cordaites itselfl.’®
Some of the Cordaitean leaves were probably attached to stems
of the Porozylon type? and it is not improbable that, as investi-
fations are extended, additional genera of vegetative shoots will
be discovered provided with leaves similar at least in external
Characters to those which it is customary to refer to Cordaites.
" the present state of our knowledge we cannot make use of

! Scott (12) p. 1024 * Grand’Bury (05).

.1 15
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anatomical characters as criteria by which to distribute the foliage
of the Cordwites form among the genera Cordailes, Mesoxylon,
and Poroxylon, using these names as designations of certain types
of anatomical structure. The specimen reproduced in fig. 465
is in all probability a piece of a leal of Cordaites principalis, but
on anatomical grounds Miss Benson' has made it the type of a
new species, (. Felicis, and more recently Scott? has brought
forward evidence supporting the view that it s a leaf of Mesouwylon.
As, therefore, neither impressions nor petrifications of Cordaitean
Jeaves can in the great majority of cases be referred with confidence
to their respective genera of stems, pending [uller information
the only course would seem to he to use the name Cordaifes in
a comprehensive sense indicating in special cases where evidence
is available the more precise systematic position of the specimen.
The clagsification of Cordaitean leaves proposed by Grand Eury®
is based partly ou the form of the Jamina and in part on the equality
or inequality of the ‘veins.” The actual veins, which are embedded
in the fairly thick mesophyll, do not directly affect the super-
ficial ribbing on the carbonised impression of the leaves and, as
seen in fig. 465, the most prominent hypodermal strands of sup-
porting tissue which would appear as the main velns or primary
ribs on an impression do not correspond in position with the
vascular bundles. Although in some cases the largest stereome-
strands coincide with the veins, forming the upper and lower
parts of I-shaped girders the centre of which is occupied by the
veins, this is by no means always the case. Grand Eury has
drawn attention to the difference between the upper and lower
surface of some carbonised leaves: in C. crassifolins (fig. 468, D)
there are five to seven finer ribs between each pair of primary
1ibs on one face while the other shows ridges and grooves with
a 1ib corresponding to each. Aftention iz called on a later pagf
to the variable character of the ribbing even on different parts of
the same lamina. The lower surface of the leal, seen in sectiont
in fig. 465, would show a number of approximately equal ribs.
or possibly primary ribs (midway between the veins) sepa.rat.etl

by two interstitial ribs, while on the upper face there would be

1 Benson (12). 2 Seott (12) p. 1022
3 (rand Bury (77) A. p. 208. t Grand KBury (90) A p. 321
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three rather smaller secondary ribs. In a section of a leaf called
by Renault C. crassus?, a specific name used also by Lesquereux?
for an impression of a leaf originally described by Goeppert as
Noeggerathia crassa, there are deep stereome-strands between the
veins next the lower epidermis alternating with single smaller
Strands, while on the upper surface the hypodermal strands
O¢eur only immediately above the veins. Tn & section figured
by Felix® from North Germany as C. robustus, the hypodermal
Stereome forms continuous bands:; on the upper face the bands
are uniform in thickness but next the lower epidermis they form
d series of ribs.

Grand'Eury’s subgeneric terms Cordaites. Daory-Cordaites, and
Poa-Cordaites have therefore very little value as regards differences
In the i bing of leaf-tmpressions: the large size of leaves included
in Dory-Cordaites and the more acute apex of the lamina as
“ompared with the obtuse apex of smaller leaves of Cordaites
are features of limited application and of minor importance as
diagnostic characters. The name Poa-Cordastes is, however,
Wefully employed for the narrower linear leaves with an obtuse
APex,

The structure of a Cordaites leaf is clearly shown in fig. 465;
the laming is approximately 1 mm. thick and there are about
30 veins in a breadth of 2 cm. - Strong I-shaped girders with the
Webbing composed of thick-walled oells divide the mesophyll
Witg rectangular compartments: the interveni ng hypodermal
“rands differ in number and size on the two taces. The epidermis
ot pregerved - specimens of other leaves show that the stomatat
Ccur in rows on the lower surface, The mesophyll shows no

it e o . .
l”l'-—'l'*‘lﬂ'mﬁ:jm nto 1‘»;‘11|_.~5:1d(~ and Spongy |_rurenchylrm, and in
t|iix - ‘

!

respect the leaf agrees with many other forms: but in some
':”""-‘h the palisade-tissue is well developed, as in €. lingulatus

N5 The central region of the lamina consisted of lacunar
1[.5::!_1::. portions of which are preserved, with a more compact
Sheat}

1 of parenchyma enclosing each vein. In some leaves there

) ifu_‘nnuh (79) A. PL xvi, fig. 7. # Lesquereux (78) p. 318,
] Felix (86) A. PL 1. fig, 1.

~ Renault (79) A pL. xvL fig. 11 bis; Wills, L. (14).

~ Renault (79) A. PL xv1, fig. 5; Stopes (03) P 1x. fig. 1; Lignier (132),
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is a narrower sheath of thick-walled cells more sharply contrasted
with the mesophyll. The vascular bundles agree in structure
with those in the rachis of a Cycadean frond more closely than
with the veins of an Araucarian or other Coniferous leaf. The
xylem consists mainly of centripetal elements which form a
deltoid strand with the protoxylem at the apex, and in close
association with this is a larger or smaller amount of narrower
centrifugal tracheids: in the section shown in fig. 465 the centri-
fugal xylem may extend all round the centripetal tracheids, but
it usually forms an irregular arch with its bage attached to the
sides of the larger tracheal strand. ep, separated, exeept at the

Fie. 465. Cordailes leaf (Cordaites Felicis Bens.), probably harne on a Mesozylom
stem. ep, centripetal xylem; ph. phloem; pa. protoxylem. (Kidston Coll-
No. 2194.)

base of the arch, by a small amount of conjunctive parenchym?
from the centripetal xylem. The phloem is not preserved and 18
represented only by a few patches, ph, below the cent-rifugal
tracheids. Dr Benson! in her account of this type of leaf gives
additional details and compares the anatomical [eatures with
those in other species. The dual nature of the xylem like that
characteristic of recent Cycads has usually been regarded as ®
definite feature of Cordaites leaves; Dr Stopes, on the other hand:

1 Benson (12).
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imterprets the narrower tracheids (oceupying a position similar
to those in fig. 465) in some sections of a leaf identified with €.
principalis from Grand’ Croix, as an inner sheath of transfusion
elements (‘primitive transfusion tissue’) possibly devived from
the centripetal xylem with which it is clearly connected at the
sides precisely as in fig. 465; but in the Grand’ Croix leaf the
Phloem is enclosed within the sheath of narrower tracheids and
ot external to it as it is in the section shown in fig. 465 and in
4 section of C. lingulatus figured by Dr Stopes. It ig, however,
difficult to recognise any fundamental diflerence between the
‘mner transfusion tissue’ and centripetal xylem. The cells of
the outer sheath in Dr Stopes’s specimens of (. priveipalis have
bordered pits on their walls and this character is mentioned also
by Renault in other specimens,

Prof. Lignier! has deseribed the structure of fragments of
adult Jeaves from the Stephanian of Grand’ Croix (Loire) which
he refers to Cordaites lingulatus, and the same author gives an
il'nferesf&ng account of the anatomical features of a bud of the
Same species. The bud, which resembles in general appearance
that of Dolerophyllum (fig. 430, p. 133) is 3em. long, oval in
fransverse section—as the result of compression—and consists
of four convolute leaves and a piece of a fifth. The outer leaves
have 75 to0 80 veins: the inner laminae are sinistral in their
Curvature while the three outer leaves are dextral. In the second.
the first in which the tissues are recognisable, the small desmogen-
Strands afford some evidence that the phloem preceded the
¥lem in the order of differentiation as is often the cage in recent
Plants, The first tracheids oceur almost in the centre of the
'}f'sn.lu"_re!rstl‘ﬂnd and to these are added the other tracheids of
the centripetal xylem, the oldest elements being spiral, the next
Sealariform and the later tracheids reticulate. The centrifugal
E¥lem is formed at a later stage, and at about the same time are
Ll;lhsreutizm-t,{ the elements called by Dr Stopes the inner sheath

a;:.—l by Lignier the *hois diaphragmatique.” Lignier also describes
t (] d )
- e

: velopment and structural features of the other tissues of
1}1(1

Young leaves and compares the anatomical features of the

! Lignier (132,
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French leaves with those of Cordaites Felicis described by Prof.
Benson.

The main features of Cordaites leaves are (i) the presence of
two kinds of xvlem in the veins, the larger centripetal tracheids,
or chief water-conducting elements, and the narrower tracheids,
in some cases attached to the sides of the centripetal xylem, in
others forming free groups, usnally between the protoxylem and
the phloem, but sometimes encloging the phloem ; (ii) the frequent
presence of a well-defined sheath of cells round each vein composed
of comparatively thick-walled elements comparable with the
transfusion-tracheids in Conilers; (iil) the presence of lacumar
tissue in the centre of the mesophyll and in some cases of trans-
versely extended tracheids similar to those in some Podocarp
leaves: (iv) a well-developed system of stereome-strands and
I-shaped givders. The structural features on the whole suggest
a xerophilous type, and the frequent absence or feeble develop-
ment of palisade tissue points to diffused rather than to brilliant
sunlight.

The considerable range in size and form among Cordaitean
leaves as well as the obvious dependence on conditions of preserva-
tion or growth of such a relatively unimportant feature as the
presence or absence of the so-called false or mterstitial veins—
the variability of which has been demonstrated in several instances
—renders specific determination exceedingly difficult. The follow-
ing species are briefly deseribed rather with a view to illustrate
the nature of the characters employed by authors than as imply-
ing the existence of so many well-defined types.

Clordaites principalis (Germar).

This species was founded! on a large specimen from the (Joal
Measures of Wettin showing a fan-like cluster of longitudinally
torn and partially overlapping leaves spread out in the position
that would be assumed on the compression of a shoot with &
close spiral phyllotaxis. This form of Cordaites is the most
abundant in the British Coal Measures. The broadly linear
Jamina is characterised by an obtuse apex (fig. 466, A), a tendency
to split into strips, close-set parallel ribs, the stouter ribs or vemns

I ({ermar (48) B. p. 55, Pl xxnm.
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Fro. 466, A, Corduites principalis, part of leaf. B. dutisio transversy, pith-
“ast. C. Cordaites principalis, branch with leaf-scars. (A, % nat. size;
B.C, nat. size; Kidston Coll.)
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separated [rom one another by 23 or it may be as many as 5
finer ribs or interstitial “veins.” A statement by Weiss that in
Glermar’s type-specimen the longitudinal ribbing of the lamina
is very imperfectly preserved confirms the scepticism that is justly
felt as to the validity of this character as a satisfactory specific
criterion.

The incomplete example shown in fig. 466, A, is 19-5 cm.
long and has a maximum breadth of 3:5 cm., but the complete
leaf was much larger and tapered gradually to the comparatively
broad and slightly concave or amplexicaul base. The narrow
elliptical proximal end of a specimen figured by Kidston® from
the Middle C'oal Measures of Yorkshire is 2-8 em. broad indicating
that the tangentially expanded leaf-scars on a branch recently
deprived of its foliage must have been a conspicuous feature. In
his synonymy of this species Kidston® includes Knorria tawina,
a species founded by Lindley and Hutton® on a piece of stem from
the Coal Measures of Newecastle. The type-specimen, as Mr
Howse* gtates, is much larger than the published drawing and
closely resembles in the decurrent leaf-bases with broad apices
the picce of stem represented in fig. 466, C, which Kidston identifies
as (. principalis. Geinitz® refers to this species the seeds named
Cordaicarpus Cordai (Gein.), but there is no evidence of connexion.
Kidston® points out that this seed is rare in Britain: he helieves
that Cordaianthus Pitcairnae (Lind. and TTutt.) is probably the
inflorescence of €. principalis.

Clordaites principalis oceurs in both Carboniferous and Permian
strata. The leaves deseribed by Lesquereux” from Penusylvania
as (. Mansfieldi agree closely with €. principalis. Another
similar or possibly identical form is represented by €. Oltonas
Gein.®

1 Kidston (93) A. PI
2 Kidston (93) A. p. 362.

& Howse (88) p. 112, fig. T
5 (zeinitz (35) A, p, 40, Pl xx71. figs. T—16.
& Kidston (93) A, p. 3
T Lesquerenx (80) A, p. 537, PL nxxviin.
Geinitz (62) p. 148, PL xxxv.

. fig. 183 (02) B. Pl xiv. fig. 3.
3 Lindley and Hutton (33} A. PL 95.
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Cordaites borassifolius (Sternberg).

The leaves of this species, originally referred to Flabellaria',
tesemble those of C. principalis but differ in the ovate-lanceolate
and less obtuse apex and in the presence of only one or ravely
two finer striations between the stronger ribs. Corda’s drawing?
affords a good illustration of the crowded spiral disposition of
the foliage comparable with that on an Agathis shoot. The
lamina is usually 48 em. broad but in exceptional cases may
reach a breadth of 12 em. The species oceurs in the Coal Measures,
especially in the Westphalian series and in Permian roecks.
I‘l‘hnudmvp unites with this type Cordaianthus Pileairniae (fig.
480, A). but as in other cases there may be a confusion between
C. borassifolivs and €. principelis.  Leaves deseribed by Tes-
Yuereux as C. communis* are, as White says, not distinguished
by any well-marked characters from this q]JPCIEA White® figures
Some good examples of C. borassifolius from Missouri, Iuﬂ.chmg
Il one case a ]n—*nef‘rh of 40 em., showing on the lamina the fructi-
fications of a fungus, Hyster n‘m cordaitis® Grand'Eury. The leaves
deseribed from Canada and the United States as €. Robbii™ Daws.
4re closely allied to if not identical with Sternberg’s type. Amoéng
Other species differing in no definite character from €. borassi-

Jolius iy (. lancifolius described by Schmalhausen® from the

Permian of Russia.
Cordaites lingulatus Grand Eury,

The leaves of this species? are characterised by the obovate
laming and bluntly rounded or almost truncate apex; it affords
4 Zood illustration of the une ertainty of the ribbing as a diagnostic
Character, The lamina of a well-preserved specimen from the

Bl

anzy coalfield described by Zeiller'® reaches a length of 35 e¢m.
d 4 breadth of 10—11 em. decreasing to 4 em. at the base

(fig. 7). In the lower part of the lamina Zeiller describes the
! Sternbe st (23) A, Pl xvmn 2 Corda (45) A. Pl xxtv. fig, S
¥ Feistmantel (72) p. 293. + Lesquereux (78).
® White (99) B. p. 260, Pls. 1t Xvr. XLVL
i : Zeiller pecords the same fungus on leaves of Cordailes (Noeggerathiopsis)
“2pi from Tonkin; Zeiller (03) B. p. 151,
: ‘_‘-mpn (14) p. 82. 9 Sehmalhausen (87) PL vi
. Grand'® ury (77) A. p. 218, PL xx. figs. 1—4.
Zeiller (06) B. p. 182, PL x1vL.; Grand’E tary (90) A. PL v, figs. 1, 2
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Corduites lingulatus.

(After Zeiller;

I nat. size.>

[cH.
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ribs as unequal in prominence, the stronger ones being separated
by 1—3 finer ribs, while in the middle and upper portions the
tibs appear to be of equal size. Sowe of the finer ribs are due
to folding of the lamina and are not represented, as are the ribs
due to the presence of stercome-strands, by dark streaks in the
detached cuticle.

Reference has already been made to the anatomical features
of leaves of this species described by Lignier! and other authors.

Cordaites grandifolins Lesquereux,

The leaves so named by Lesquereux?, from the Coal Measures
of Pennsylvania, are distinguished by the elongate cuneate
lamina, which reaches a length of 38 em. with a narrow base and
& slightly rounded truncate distal end, 16 em. broad, characterised
by a few broad and shallow crenulations. By contrast with gome
American specimens in Dr Kidston’s eollection Lesquereux’s
figures convey an imperfect idea of the size of the leal. A large
leaf from the Coal Measures of Belgium deseribed by Cambier
and Renier as a new species of Psygmophyllum, P. Delvali®, is
Perhaps identical with the American type: the lamina of sub-
tangular form has approximately the same dimensions; the
¥eins are numerous and repeatedly forked. The leaf is much
longer than any known Psygmophyllum and the veins are much
More numerous than in P. majus Arh.*, the largest representative
fjf that genus. Palaeobotanists who have seen the type-specimen
Mform me that they have no doubt as to the Cordaitean nature
Qf the Beleian specimens, which may be desipnated Cordaites
Delvali, 11 is, however, not impossible that Psygmophyllum and
Cordaites are allied genera: our knowledge of the former is limited
fo Unimportant characters.

Olond.. : : ;
“Ordaites ( Dory-Cordaites) palmaeformis (Goeppert).

) . i s A ; =
’ This. Permian type, originally deseribed by Goeppert® as
' Yqgerathia palmaeformis, is characterised by numerous slender

*s: according to Weiss® there may be as many as 3—5 in 1 mm.

; ]fjg”i‘-'l‘ (132). * Lesquerenx (78) p. 318; (80) A. PL LxxvIL

| (_-;a-UJilitcr and Renier (10); Renier (10%) PL 118,

. Dbe posten, 5 Goeppert (64) A, PL xxm. fig. 2.
Weiss, 0, L. (72) p. 199.
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The leaf is broadly lanceolate; it tapers gradually to an acute
apex reaching a length of 80 cm. and a breadth of 10 em. In
habit the young foliage-shoots® resemble those of C. prineipalis
and C. borassifolius.  Grand Eury records the frequent association
of Samaropsis seeds with this species; it occurs in Upper Carboni-
ferous and in Permian strata and is recorded from a few British
localities.

Cordaites (Poa-Cordaites) microstachys Goldenberg.

Weiss® first figured this species from drawings supplied by
Goldenberg at whose suggestion the name C. microstachys was
adopted. The type-specimen consists of a slender axis bearing
numerous narrow linear leaves and a few imperfect fertile axillary
shoots. A specimen is figured by Kidston® from the Upper
Coal Measures of Radstock: it is a rare type in Britain. The
species is readily distinguished from C. principalis and similar
forms by the narrow lamina which varies considerably in length,
rarely as long as 30 em. and not exceeding 1em. in hreadth.
The apex is obtuse and the ribs are either equal in strength or
1—2 finer striae may alternate with the stronger ribs. The base
of the lamina is 3— 4 mm. wide and the leaf-zears have a slichtly
arched upper margin and an almost straight lower edget. The
folinge of this species, generally regarded as identical with
C. linearis Grand’Eury, bears a close resemblance to that of the
Mesozoic genus Phoenicopsis from which it is distinguished by
the occurrence of the leaves in bunches.

C. gracilis Lesq.® is a similar type. The shoot on which
Lesquereux founded his genus Desmiophyllum® may perhaps be
an example of Poa-Cordaites. Poa-Cordaites tenuifolins Schmal.”
from the Permian of Russia may be identical with C. microstachys-

As examples of other forms of leaf referred to Cordaites,
though as in other cases without any proof of connexion with
branches having the anatomical features of the genus, reference

e

v Grand'Enry (77) A, PL xvrn.; Renault and Zeiller (88) A, Pl 1xvL
2 Weiss, C. H. (72) p. 195. § Kidston (02) B. PL nxav, fig. 2.
 Zeiller (80) A, p. 146, PL orxxyv. fig. 1; Grand Eury (77) A. p. 225 (90) A-
Pl, vir. fi : Renault and Zeiller (88) A, Pl nxvm. figs. 1, 2.
5 Lesquerenx (80) A. p. 539. ¢ Lesquereux (78) p. 322.
? Schmalhausen (87) PL vr. figs. 4—6.




TXx1T] CORDAITES 23

May be made to Cordaites eircularis Grand’Bury? from Gard
(fig. 468, B) and a smaller leaf from the same locality compared
“'idl('.Lr.u'rmi[ﬂg.-—lfiS,(‘) Lesq, Cordailes eireularis is characteriged
by the almost orbicular lamina traversed by slightly spreading
it recalls some of the larger Cyclopleris pinnules of Pterido-
“Perm fronds and is indistinguishable from some leaves assigned
fo the genus Dolerophyllum?.

Velng .

Fl’(‘-_ 468, A,

Cordaites Toot-syate B, Oordaites circulavis
lea; @, Cordaites sp., ef. Cordaites Lucoci; D, Cordaites crassifolins, upper
aud lower surface of loaf. (After Grand’Eury.)

The species . Lacoer was founded by Lesquereux?® on some
detacheq specimens 3—12 em. long and 1-5—5 em. broad: it is
"V N0 means certain that a specimen referred by Grand Bury*
With some hesitation to this species is Cordaitean,

The generic name Scuto-Cordaites was proposed by Renault®
& specimen from Commentry consisting of a flattened branch
BATIng g foy imperfectly preserved leaves. The surface of the
]"a"l“v'h shows semicircular leaf-scars on decurrent, s pirally disposed
®at-cushions and bears a certain resemblance to a slender stem

h’) T

! Grand Bury (90) A. p. 325, PL ve fig. 14

* Schmalhausen (87) Pl v. figs. 7—9,

Lesquereux (80) A. p. 535, PL rxxxvin figs, 24,
Grand’Bury, lec, cif. p. 324, PL 1v, fig. 14.

Renanlt and Zeiller (88) A. p. 603, PL rxnr. fig. 6.

3
4
&




238 CORDAITEAR [cH.

of a Clathrarian Sigillaria. The leaves of the type-specimen of
Seuto-Cordaites Grand Euryi appear to be broadly linear, 13 cm.
long, the breadth gradually increasing from the base: a short
distance from the proximal end the lamina is broken up into
narrow segments; the veins are -5 mm. apart with finer striations
between them.

Some specimens from Pennsylvania made by Dawson! the
type of a new sub-genus and named Dictyo-Cordaites Lecoi agree
in shape and arrangement with some species of Cordaites, but
differ in an occasional anastomosis of the veins as in Psyqmo-
phyllum flabellatum. 1t is, however, impossible to determine the
true nature of the fossils from the published figures.

CORDAITEAN LEAVES FROM INDIA, THE SOUTHERN HeMmispHERE,
AND SIBERTA. NOBGGERATHIOPSIS, FrrsrmanTeL; RArero-
ZAMITES, SCHMALEAUSEN; Boryravrrvs, FEISTMANTEL.

| Cordaites aequalis Goeppert.
| Cordaites (Noeggerathiopsis) Hislopi (Bunbury).

In 1845 Goeppert® instituted the species Noeggerathia aequelis
(fig. 469) and N. distans for incomplete broadly linear and ohovate
leaves, from Siberian Permian strata, having a contracted bage
and equal parallel veins, The specimens so named are no doubt
specifically identical. Goeppert’s species N. vequalis has recently
been carefully investigated by Zalessky? who agrees with
Kosmoysky® in identifying it with Noeggerathiopsis Hislops
(Bunb.) and Rhiptozamites Goepperti Schmal. Sehmalhausen®
had previously pointed out the probable identity of his gpecies
with Noeggerathia palmaeformis Goepp. (— Cordaites). The
question of specific identity of these leaves from different localities
and of other hardly distingnishable forms is of secondary import-
ance; the main point is that they are all examples of Cordaitean
leaves, Cordailes or some allied genus, and point to the existence
of this group of Gymmosperms during Permo-Carboniferous
times in Siberia, China, India, Australia, South Africa, and

! Dawson (90) p. 3. * Goeppert (45%) p. 7. Pls. xxvin xxvim.
¥ Zolessky (12) p. 36; (12%). See also Gothan (11).
1 Kosmovsky (92). ® Schmalhausen (79) A. p. 32; Zeiller (96) A-
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C D E

Fra, 40 )
469, A C, E, Cordaites aequalis; D, Cordaites Oleyed. (After Zalessky;

& nat. size.)
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S. Ameriea, also in the Rhaetic florag of Tonkin! and Mexico®
The fragments from Devonian strata at lguana Creek, Australia,
named by MeCoy?® Cordaites australis are probably pieces of the
rachis of some large frond.

Wieland? recently discovered Cordaitean leaves exhibiting
a wide range in size and shape in the Mixteca flora of Mexico
in the lower members of a series which extends from the “upper
borders of the Rhaetic® through the Liassic to the lower beds of
the Inferior Oolite. These leaves are referred to Noeggerathiopsis
Hislopi, and it is elear from an examination of photographs
received from Dr Wieland, one of which is reproduced in fig. 470,
that the Mexican Cordailes cannot be specifically distinguished
from Bunbury's type ag represented by specimens described from
India, South Africa, Siberia, Tonkin, and elsewhere,

The ocewrrence of Noeggerathiopsis is also recorded by New-
berry from the Rhaetic series of Honduras®.

Noeggerathiopsis. This genus was founded by Feistiantel® for
some leaves from Lower Gondwana rocks in India originally
described by Bunbury? as Noeggerathia (Cyclopteris?) Hislopt
(figs. 470—472) and regarded by him as probably Cycadean.
Several authors have added to our knowledge of this widely
gpread southern type and in many localities the leaves occur
in association with platyspermic seeds of the Samaropsis or
Cordaicarpus type, pieces of stems with Cordaitean leaf-scars,
and petrified wood agreeing in the structure of the secondary
xylem with that of European species of Cordaites. In some
Permo-Carboniferous sandstones at Vereeniging, South Africa,
stumps and spreading roots (fig. 478) resembling those deseribed
from Trance by Grand’Eury (ef. fiz. 468, A) have also been
discovered. A remarkable occurrence of roots and prostrate
stems of some forest-tree was recorded some years ago in the
bed of the Vaal river near Vereeniging where the surface of a seam
of coal was exposed over an area of more than two acresS. Large

L Zeiller (03) B. For other references see Seward (14).

* Wieland (13). 3 MeCoy (74) B. Decade 1v. p. 22
1 Wieland (13). 5 Newberry (88) p. 350.
& Teistmantel (79%) p. 23; (80%), 7 Bunbury (61) B. p. 334.

Mellor and Leslie (06) B.
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Fig, 479,

Cordailes (Nosggerathiopsis)
From Mexico. (After Wie-
it nat. size,)

Hi-slup;'_
[a'ﬂ(i;

8. 1
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A

Bre. 471, Corduites (Noeggerathiopsis)
Hislopi. From Vereeniging, (A, e,
& nat. size; B, ew, } nat. size.)

16
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branched roots (fig. 478) spreading over the coal for a distance |
of several feet and thick stems 40— 50 ft in length with very '
few branches and but little decrease in diameter afford a striking
picture of a forest-floor. The frequent occurrence of Cordaites
(Noeggerathiopsis) Hislopi in the associated strata suggests a
reference of the stems and roots to that species. Moreover the

Fre. 472. Cordaites (Noeggerathiopsis) Hislopi. From India.

(Caleutta Museum; § nat. size.)

gtructure of the secondary xylem of some petrified pieces of
stem sent to me by Mr Leslie from Vereeniging agrees closely
with that of a European Cordaitean stem.

The leaves of Cordaites (Noeggerathiopsis) Hislopy vary €ou”
siderably in size, in some cases reaching a length of 80 em. (fig. 471);
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the lamina tapers gradually from a short distance behind the
obtuse apex to a relatively narrow base: in venation and form
the leaves are very similar to those of (. principalis and other
Buropean and North American species. The specimen from
India represented in fig. 472 shows several spathulate leaves
attached in a close spiral to a branch. As White! and Zalessky
bave shown, the stronger ribs are separated by less prominent
Striations indicating the presence of two sizes of hypodermal
Strands. The obvious resemblance between Noeggerathiopsis
Hislop; and species of Corduites has long been recognised and
Many authors have included Feistmantel's genus in the Cordai-
tales?.  Prof. Zeiller® preferred to retain the name Noeggerathiopsis
% a precautionary measure, chiefly on the ground that the
Stomata appeared to be less definitely arranged in rows and more
Scattered than in the European leaves of Cordaites, and because
of the absence of interstitial veins. We have as yet little informa-
.ti'm 98 to the arrangement of the stomata, but in view of the
regularity in stomatal grouping in recent leaves this feature is,
Perhaps, of minor importance. The presence of interstitial
Veins® has now been established in Indian® and South American®
leaves, 1y 4 paper published in 19088 the name Cordailes was
Substituted for Noeggerathiopsis and Zalessky’s recent werk
SUpports this step. The description by Zalessky of the ribbing
" Goeppert's species Cordaites aequalis from Siberia shows how
Ycertain and variable a character the venation is even in different
PAItS of the same Jeat,

Cordyjpes Clereir Zalessky,

This species (fig. 469, D) was instituted for some small lanceo-
Ate or Spathulate leaves from the Petschora basin (Adzva River)?
1.'&:10[;%:1;'_1 a length of 6 em. and a breadth of 1 em. It js separated

oM Cordgites aequalis on the ground that the veins are more
Mimeroys, g5 many as 44 in a breadth of | ¢m.

A Tecent investigation by Miss Holden® of the carbonised

i, White (08) B, p. 540.

; e "_'Jffl' (03) B, p. 178, gives references to other authors,

eillop (03) B. p. 140, PL xz. 4 Zalessky (12).
X .Whirrf (08) B. p, 544. 8 Seward and Leslie (08) B. p. 120,
o 22essky (13) p. 20, PL 1. figs, 46,

1€ Tesults have not yet been published (September, 1913).

1

16—2
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cuticles of some Indian specimens, sent to Cambridge by the
Director of the Indian Geological Survey, and a comparison -of
them with preparations made from Buropean Cordaites leaves, have
revealed certain distinguishing features which support Zeiller’s
view that the Gondwana-Land leaves, though similar superficially
to those of Cordaites, are probably distinct. 16 is, however,
impossible in many cages to obtain any information with regard
to epidermal characters, and though it would seem probable that
had we a fuller knowledge of the Indian and southern hemisphere
plants represented for the most part by leaf-impressions well-
defined distinguishing features would be recognised, the compre-
hensive name Cordailes may conveniently be retained on the
ground that in the abgence of well-preserved cuticles no satis-
factory distinguishing features are exhibited by the impressions
of Noeggerathiopsis.

Phylladoderma. Zalessky.

Phylladoderma Arberi Zalessky.

Zalessky! founded this genus on some Permian leaves from the
Petschora basin (Adzva River) which closely resemble those of
Cordaites but are characterised by a coarser venation. The
lanceolate lamina reaches a length of 18 cm. and a breadth of
1-2 om.: the veins are 2 mm, apart and occagionally forked near
the base of the leaf. The epidermal cells have straight walls and
stomata are abundant on the lower surface. As Zalessky sayss
the systematic position of the leaves is uncertain though they are
probably Cordaitean. The coarseness of the venation is a featur®
of minor importance and hardly worthy of generic recognition.

Rhiptozamites Schmalhausen.

This genus was instituted by Schmalhansen? for leaves from
beds in the Kusnezk basin regarded by him ag Jurassic. Thes€
strata are now recognised as Permian® and homotaxial with thos®
from which Schmalhausen® subsequently recorded the samé
species. The leaves, though smaller than many of the India®
and South African specimens of Clordaites (N r‘J(ﬁg_(](f)‘{THH:U’;13‘?‘5A

1 Zalessky (13) p. 23, Pls. . fig. 4; 1 figs. 7. 93

2 Sehmalbausen (79) A. p. 29.
4 Sghmalhansen (87) B. p. 37.

i, fies, 3, 5—38, 10, f % 52
¢ Zeiller (96) Az (02)-
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His(up'{, may belong to that species. Zeiller and others definitely
assioned the Russian leaves to Cordaites.

Ewryphylhum. The Indian leaves for which Feistmantell
Proposed this name are, as several writers have pointed out, in
all probability referable to Cordailes.

The general conclusion to be drawn from this imperfeet
Summary of an extensive literature is that the employment of
the generic names Noeggerathiopsis, Rhiptozamates, Euryphyllum,
and others has tended to exaggerate the difference between the
Elll‘l)]')l}ﬂl\ and Southern botamical provinces during the Permo-
Carboniferons period.

‘S"”fff’-fel':a?r’.s, seeds, and slems.

The occurrence of small scale-like leaves of the type represented
n fig_ 468, (', in association with Cordaites (Noeggerathiopsis) Hislopi®
in India, Brazil, Siberia, and elsewhere may mean that these
Organs are seales of large foliar buds. The oceurrence of several
forms of platyspermic seeds, in some cases apparently identical
With Buropean forms and sometimes distinet types, in close
d8sociation with Cordailes (Noeggerathiopsis) Hislopt has already
been mentioned. Examples of such seeds are described in
Chapter xyxv. under the genus Somaropsis.

There ave very few satisfactory examples of Cordaitean braffches
om the southern hemisphere. Schmalhausen® figures good
SPécimens from Siberian rocks from which his Rlptozamites
“aves were obtained. Branches with spirally disposed leaf-scars
figured by Zeiller* from the Rhaetic of Tonkin closely resemble
r’”’"””””/'h Feistmantel’s drawing of a fossil from the Kar-
arbari serjes, compared by him with a T“m'u rhizome®, may be
8 Cordaitean branch, and the same author describes a stem®
om New South Wales as Caulopteris Adamsi which bears a close
®Semblance to a branch of Cordaites, Similarly a leafy shoot
f:;ifl'l‘ibp( from India by Zeiller as Araucarites Oldhami? may be
bared with hranches of the Poa-Cordaites type.
l Feistraante] (79%) p. 26: Arber (05) B. p. 186.
) PLMnmnui (82) p. 42, PL x1v.; White (08) B. Pl. x; Schmalhausen (87) B.
P&hmnﬂhansm (87) B. Pls. v., ViL 4 Zeiller (03) B. PlL. xn.
[,;::;lﬁﬂuthl (79%) Pl xm. fiz. 6. . s
antel (90) A. PI. xxt. figs. 1, 2. ¥ Zeiller (02) B. PL vin fig. 6.
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StEMs. 1. Pith-casts.
Artisia. Sternberg.

A character to which authors tend to attach excessive import-
ance as a diagnostic feature is the almost invariable tendency of
the parenchymatous pith of Cordaites to break up on contraction
into transverse diaphragms, thus producing what is known as
a discoid pith. TIn the stem shown in fig. 473 the pith is repre-
sented by a more or less eylindrical cast characteriged by fainly
regular transverse ribs and narrow grooves; in the upper part

Fra, 473. Cordaites (or Mesowylont) stem showing the diseoid pith
partially enclosed by wood. (% nat. size.) M. S.
of the fossil the peripheral tissue of the pith is preserved in the
form of narrow plates projecting from the inner face of the wood.
As Renault! pointed out, this type of pith is the expression of
certain conditions of growth and is not a satisfactory distinguishing
feature of any particular genus or family. The same tendeney
to form a discoid pith is characteristic of Mesowylon, and 1t occur®
also in some other Palacozoic genera. Corda long ago figured
a stem attributed by him to Lomatofloyos with a typical discoid
pith, and a similar pith is recorded in a stem of Dicranophyllum®
Among recent plants Juglans regia affords perhaps the most
familiar instance of an identical form of pith: the same typ®

1 Renault (79) B. p. 287, 2 Renault and Zeiller (38) A. Pl Lx=3L
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oceurs in the white Jasmine, in Ceropegia pellata, and some other
Howering plants. An interesting case is that of the tree Groundsel,
Senecio praccox D.C.2, of Mexico: in this plant, which grows in
arid districts, the pith serves as a water-store and as the water
is drawn off the thick turgescent dises contract and form thin
transverse diaphragms separated by wide spaces, as is also the
Case on drying in some succulent Euphorbia stems. It may be
that in Cordaites the medullary region also served as a water-
reservoir and the depth of the medullary dises would vary aceording
to the state of their contents.

The earlier writers regarded the pith-casts as stems with
Scars of amplexicaul leaves: Artis? deseribed specimens from
the English Coal Measures as Sternbergie, one of which he stated
Yo be 6 ft long: a few years later Sternberg® proposed the name
.:lm'._e;'” and this has been generally used on the ground that
Sternbergia is the name of a recent flowering plant. A specimen
(.')f Aritisia transversa (Art.) from the Coal Measures of Yorkshire
I8 shown in fig. 466, B, and similar specimens varying considerably
M diameter up to about 10 em. are abundant in European and
American Coal Measures, The prominence and depth of the
ransverse ridges, the presence or absence of anastomoses between
adjacent discs are, as Zeillert says, of very doubtful value as
Specific characters. Dawson in 18463 spoke of Artisia as probably
the pith of a tree, a view suggested to him by Mr Dawes. In
1851 Williamson® published a deseription of some specimens in
Which 4 pith-cast, Artisia approvimate Lind. and Hutt., was
e}‘“l‘-'seti by wood showing very clearly Cordaitean characters.
Further demonstration of the true nature of Artisia was supplied
by Gl‘anri'Eur}' from 8t Etienne material. If the generic name
Artisia is applied to all pith-casts showing the transverse ridges
And grooves like those seen in fig. 466, B, it must be remembered
that it is not safe to assume a connexion with Cordailes or Meso-

T X . - 3 = T
Ylon. A Liassic species described by Lignier” from France as
1 3
1’1:[1‘5_:]]]—"_;1.591. (98). * Artis (25) A. Pl v

7 .J H““"“h@rg (38) A. p. 192, Tor examples of Ariisia, see also Renault and
ellil(-.[‘ (88) A, p. 581, PL rxv.
6 AI.‘?“W (06) B. p. 188, 5 Dawson (46) p. 135,
Williamson (51). 7 Lignier (95) PL vir fig. 13
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Artisia alternans is quoted by authors as evidence of the persistence
of Cordaites into the Jurassic period; but in view of the fact
that the discoid type of pith is not by any means confined to
Cordaites or even to the Cordaitales the occurrence of Artisia is
in itself of no great botanical significance. ;

Tt is also true that a discoid pith is not an invariable attribute of
stems closely allied to the genus Cordaites ; but if these reservations
are made the use of the generic term Arfisia serves a useful purpose.

ii. Petrified stems.
Dadoxylon. Endlicher.

Palaeobotanical literature contains numerous deseriptions of
Palacozoic petrified wood occasionally enclosing an Aitisia pith-
cast described under such names as Dadozylon, Cordaioxylon,
Araucariozylon, ete., and regarded as portions of Cordaitean
stems. It is, however, certain that much of this material belonged
to stems other than those of Cordaites. Recent research has
demonstrated the insufficiency of the secondary xylem alone,
however well preserved, as a safe guide to generic position : stems
identical in the structure of the secondary xylem differ in that
of the primary portion of the stele, and it is on the characters of
the latter tissues that several genera have recently been founded.
Mesoaylon affords a striking example of the importance of the
primary xylem as a distinctive feature. As Gothan® points out.
the species of Calamopitys recently made the type of a new genus
Eristophyton® would, in the absence of the primary xylem, probably
be regarded as Cordaitean. It is important to recognise the
limitations imposed by the imperfection of the material: we
cannot in most cases determine whether a specimen should be
referred to Cordaites or Mesoaylon, and while it may be des ibed
as probably Cordaitean in affin'ty there remains the possibility
that some of the Palacozoic plants with secondary wood like that
of Cordaites, if their reproductive organs were known, would nov
be included in the Cordaitales. Goeppert’s species Araucarites
Tchihatcheffi, which Renault® quotes as Cordadles, has recently
been assigned to a new genus Mesopitys® because of certail)

1 (othan (05) p. 28, 2 See page 199
3 Renault (79) B. p. 288, 1 See page 206,
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distinetive features of the primary xylem. Additional examples
might be quoted pointing to the tendency of recent and more
thorough investigation to establish the fact that the occurrence
of Permo-Carboniferous wood of the Araucarian type does not
necessarily denote the existence of Cordaifes. The question of
nomenclature is necessarily raised in this connexion.

In recent years it has been customary to assign Palacozoie
wood with Araucarian pitting to the genus Dadozylon, while
wood of the same general type from more recent strata is by
many authors referred to Arawearioxylon'. This arbitrary dis-
tinction based on a difference in age is open to serious objection.
Fossil wood of the Araucarian type is widely scattered in strata
ranging from Carboniferons to Jurassic periods: it also oceurs
in later formations. The fact that on the one hand Araucarian
plants, as recognised by cones and foliage-shoots, are especially
characteristic of Jurassie florag and occur more ravely in Rhaetic
dnd Triassie floras, and on the other hand that Cordadfes and its
allies reached their greatest development in Permo-Carboniferous
times, renders it probable that in the majority of cases a distine-
tive name based on geological age would be in accordance with
botanical differences. But we have no satisfactory data as to
the upper limits of the Cordaiteae or the lower limits of, the
Araucarineae: in all probability the two families overlapped and
Co-existed for more than one geological period. 1t i3, moreover,
the plants from formations where overlapping occurred that are
the most eritical from a botanical standpoint. The age-distinction
I8 therefore at hest an artificial one and may be seriously mis-
leading. Potonié? and Gothan3 have emphasised the desirability
fjf adopting the name Dadoxylon for all wood of the Araucarian type
Urespective of age. If a particular specimen can be correlated
definitely with Cordaites or some other genus it should be so
designated, but the fragmentary nature of the records usually
Precludes this simple course. The most logical plan is to use the
Bame Dadozylon for all woods with Araucarian characters if there
810 sufficient reason for employing a less provisional term. If

l_ Felix (86) A, p- 56; Knowlton (90); Zeiller (95) B. p. 627; Penhallow (')U]
a4,

* Potonié (02) p. 229. & Gothan (05) p. 13.
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the evidence clearly points to the Araucarineae the generic name
Araucariozylon should be added in parentheses after Dadowylon,
but whether or not this is done, a statement as to the geological
age of the fossil will in itself be some assistance in enabling the
student to form an opinion on the balance of probability in favour
of a Cordaitean or an Araucarian affinity. The course suggested
by Gothan', namely to add Clordaites after Dadoxylon if an Artisia
pith is present, is rendered inoperative now that we know that a
discoid pith occurs in more than one genus. In this chapter we
are concerned primarily with Cordeadtes and with such stems as
may fairly be regarded as Cordaitean: examples of fossil wood
from later formations are dealt with in another place. A distine-
tion between Araucariozylon and Cordaiozylon stems has been
based by Felix on the nature of the pith-casts; those of the
Artisia type he refers to Cordaioxylon, while Palaecozoie stems
with Tylodendron pith-casts are assigned to Arawcariozylon®.
This distinetion can, however, only be made in the comparatively
few cases in which the pith-cast is preserved. Tts validity is,
moreover, open to question. A Tylodendron (= Schizodendron)
cast shows on its gurface the characters of the inner face of the
secondary xylem, projecting spindle-shaped areas representing
the inner ends of medullary rays and a reticulum of grooves
formed by the more resistant and prominent inner edges of the
rows of tracheids (fig. 746). A pith-cast of a stem in which the
destruction by decay of the medullary parenchyma had not
extended to the edge of the xylem-cylinder might show transverse
diaphragms. The occurrence of Tylodendron casts means that
decay had extended to the surface of the wood. But in view of
the occurrence of T'ylodendron casts in stems that are not those
of Cordaites a short account of the genus is given on another page®.

The main features of the stem of Cordaites have already been
enumerated. The stele agrees with that of Araucaria and Agathts
and especially with Agathis in the double nature of the leaf-trace.
Williamson# in 1877 described pieces of wood from the English

L Gothan (05) p. 15. 2 Sterzel (03).

3 Bee Chap. xLv.

1 Williamson (77) A. p. 226, Pls. vir.—Ix,; (80) A. p. 518, PL xx. fig. 16; (83%)
A. p. 470.
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Coal Measures and the Lower Carboniferous of Scotland which
he referred to Dadozylon but without any specific name. These
include the Coalbrookdale stem in which he had previously
demonstrated the connexion between Artisia and Dadozylon.
The structure of the xylem is like that in D. Brandlingii and the
Specimens may belong to that species. The most interesting
fact recorded by Williamson is the occurrence of double leaf-
traces, a feature which led him to suspect a remote generic affinity
to (finkgo. This double trace may be an important diagnostic
feature but unfortunately the majority of descriptions of species
of Dadoaylon throw no light on the character of the foliar bundles.

Thomson and Allin! have recently pointed out that a double
leaf-trace occurs in a stem from the Permian of Kansas deseribed
by Penhallow? as Pityoxylon chasense and referred to that genus
because of the snpposed occurrence of resin-canals in some of
the medulla ry rays: the canals are apparently leaf-traces traversing
broad rays in the secondary wood.

The primary xylem of Cordaites is in direct continuity with
fihf* secondary tracheids and does not form mesarch strands as
M Mesoxylon. The pith is usunally discoid. The pitting on the
tracheids is a character of gpecial importance: while it is froe
o say that as a rule the number of pits on the radial walls of a
Single tracheid is larger than in the Arvaucarineae, this is not always
the case. In Araucaria there are occasionally as many as five
1'0?‘"8 of alternate polygonal pits (fig. 691, A) and in some Palaeo-
“oic Dadoxylons there are only one® or two rows. The very
broad zone of transitional elements at the inner edge of the xylem-
C¥linder is a characteristic feature shared by the Araucarineae*;
the spiral protoxylem-tracheids are succeeded hy scalariform
Clements and these, by the gradual anastomosing of the transverse
YATS, pass into tracheids with multiseriate pitting. In this broad
“one we probably have a primitive feature, an epitome in a
SIngle stem of the course of development of multiseriate from
Sealariform pitting. In some Palaeozoie species with wood of
the py enoxylic type and agreeing generally with typical Cordaites

! Thomson and Allin (12); Thomson (13) p. 14

: [.lg-nlmlluw (0D) p. 76. ¢ White (08) B. p. 683,
Seward and Ford (06) B. p. 341
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the bordered pits are sometinies separate and circular, and opposite
pits oceasionally replace the usual alternate arrangement. Another
feature on which stress has been laid is that in Cordailes the pits
occupy the whole breadth of the tracheal wall; but this, though
frequently the case, is by no means a constant [eature. In
Dadozylon Newberyyi® the pits tend to form groups, leaving
unpitted areas, as in the genus Coenoxylon®. Tn the stem of
Dadorylon materiarum Daws. represented in fig. 475 the pits do
not always cover the whole of the tracheid-walls: this stem is
also instructive as an example of the different appearance presented
by pitted tracheids according to the state of preservation. In
some places an oblique pore is well shown while in others only
the outer border of the pit is seen. Gothan® has described a
specimen in which some of the pits are circular and occupy only
the central area of the xylem elements: separate cireular pits
oceur also in D. Pedroi Zeill.* (lig. 476). Similar departures from
the normal arve illustrated by recent species of Araucarineae.
The absence of a torus is another feature shared by Dadoxylomn
and true Araucarian wood. Annual rings other than incomplete
and spasmodically formed rows of narrower tracheids are not as
a rile present, and in this respect also Araucarie aflords a close
analogy. Thomson® has figured a transverse section of a root
from Fnglish Coal Measures in which rings of growth are well
defined; and other instances are recorded. In an Australian
species named by Arber D. australe®, there are well-marked rings
of growth, and this is equally the case in some Indian wood? of
Permo-Carboniferous age, more nearly allied to Mesoxylon than
to Cordaites, and in a Dadozylon of similar age from South Africa.
On the other hand the statement that annual rings occur in
Palacozoic wood is often incorrect, partial rings having been
confused with regular concentric cylinders of summer elements.
Dawson and Matthew® described rings in D. ouangondianint,
and Goeppert and Stenzel®, who examined the Canadian material,

L Penhallow (00) p. 64, fig, 12, 2 See page 293.
8 (zothan (05) p. 16. 3 See page 269.
& Thomson (13) p. 19, ¢ Arber (05) B. p. 191. See postea, p. 200

An account of this wood is being published by Miss Holden.
Matthew (10) p. 77, Pls. 1., 1.
9 Goeppert and Stenzel (88) p. 10.

&
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refer fo circles like annual rings; but Penhallow?! states that
there is no evidence of true growth-rings.

The medullary rays are uniseriate and consist of thin paren-
chymatous cells with unpitted walls; they wvary considerably
in depth, usually comparatively shallow but in some cases 40 or
50 cells deep. In recent Arauearineae the rays are generally
shallower. The absence of special receptacles, other than
occasional resiniferous tracheids, for products of secretion is a
feature common to Dadoxzylon and the Araucarineae. The phloem
presents no features of special interest, but our knowledge of this
tissue is comparatively meagre.

Among other examples of large Dadoxzylon stems some of
which no doubt bore Cordaitean foliage—though as a rule we
have insufficient information as regards anatomical characters
to enable a decision to be made between Cordailes and Mesoxyloi—
reference should be made to the imposing array of silicified trunks
In the grounds of the Chemnitz Museum?® These were obtained
from Lower Permian strata at Hilbersdorf near Chemnitz from
beds overlain by porphyry tuff and resting on quartz porphyry,
the voleanic material which furnished the siliceous solutions.
Several large pieces of wood were found in association with stems
of Medullosn and Psaronius, leaves of Cordaites, Ariisia pith-
casts, and Cardiocarpus seeds with specimens of Walchia, Gompho-
Strobus and other plants. Sterzel describes a stem 16-5 met.
1011g and 1-H met. in diameter; on the main trunk the branch-
Stars are scattered but on some branches there is a tendency to
& whorled arrangement. This and many other stems are referred
to Araucariorylon (or Dadoxylon) sawonicum, a species first de-
scribed by Reichenbach as Megadendron sawonsewm. In one
Specimen Sterzel states that the bordered pits are generally in
l—2 rows, though rarely in 3—4 rows, on the radial walls of the
tracheids which they do not completely cover: the medullary
fays reach a depth of between 20 and 30 cells. It is noteworthy

that the stem 16-5 met. long has a pith-cast of the T ylodendron
type. )

1 Penhallow (00) p. 67,
* Sterzel (00); (03): (12). BSee also Goeppert (80).
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Dadozylon (Cordailes) Brandlingii (Lindley and Hutton).

1831. Pindtes Brandlingii Lindley and Hutton, Foss. Flor. Vol 1. Pi. 1.

1850, Araucarites Brandlingii Goeppert, Foss. Conif, p. 232, Pls. sxxrx.—x11.

1890. Cordaioxylon Brandlingii Schenk, in Schimper and Schenk, p. 853,
fig. 408,

This species was founded on ‘a fossil giant of the vegetable
kingdom’ discovered at Wideopen near Neweastle in Carboniferous
strata on the estate of Mr Brandling. The stem, 72 {t long and
far from complete, showed an irregular and not a whorled distri-
bution of branch-scars. It is noteworthy that in D. medullaris
(Goepp.)!, a Permian species from Saxony, the branch-sears,
while for the most part irregularly scattered, in one case showed
an approach to a whorled disposition as in recent Araucarias.
Witham?® gave a fuller account of the structure of the stem than
is included in the original deseription, and the species has been
described by many later authors from both Permian and Carboni-
ferous localities. The pith is discoid and the broad transitional
region at the inner edge of the wood is a characteristic feature®.
Thomson? points out that there is a tendency to a vetention of
the scalariform type of pitting in the region of the medullary
rays. There are 1-—5 rows of pits on the radial walls of the
tracheids. The rays may reach a depth of 40 cells; they are
usually one cell broad. It has recently been shown that as many
as six vascular strands® may form one leaf-trace instead of the
customary pair, a feature suggesting comparison with Meta-
cordaites Rigolloti Ren. with its five foliar bundles, Other gpecies
agree very closely with D. Brandlingii and it is impossible to
determine with accuracy the precise specific limits of stems
agreeing generally with this type; but for the sake of emphasising
the variation in anatomical structure it is worth while to draw
attention to a few more or less divergent forms from different
geographical areas.

* Goeppert and Stenzel (88) Pl m. fig. 14

* Witham (33) A.

3 Scott (09) B. p. 528, fig, 190. See also Penhallow (00) p. 62, with references
to literature,
# Thomson (13) p. 19
5 Jbid. p. 16.




XXX111 | DADOXYLON 2565

Dadozylon protopityoides Felix.

An interesting feature in this Westphalian type from Germany
is the occurrence of transversely elongated pits on the tracheids!
associated with those of normal form closely simulating the pits
n the xylem elements of Protopitys.

Dadoxylon nummularium White.

In this Brazilian wood? from Permo-Carboniferous beds the
medullary rays are very numerous, mostly uniseriate and 1—30
cells in depth. The pits on the tracheids are in 1-—2 rows and are
often contiguous. In another type, D. meridionale, described by
the same authors, the pits are strictly uniseriate and generally
Contiguous. As White says, the absence of the pith and cortex
and of any evidence as to the structure of the primary xylem
enders impossible any definite expression of opinion as to the
affinity of these and many other species.

Dadoxylon Nicoli Seward.

Dr Arber? in naming this species, from the Newcastle (Permo-
U'dl'hmli]je1'(]115) Series of New South Wales, Dadozylon australe,
does not mention Crid’s earlier account of some wood from New
Caledonia under the name Araucariozylon australe®. The ladter
gfleric name according to the usage adopted in this volume
should be superseded by Dadoxylon, and this necessitates a fresh
Specific name for Arber’s specimens. The name Nicoli is suggested
0 place of aqustrale, as the sections on which Arber founded his
Species form part of the Nicol collection in the British Museum.
. The xylem shows distinct rings of growth, a feature also seen
M Indian stems of approximately the same geological age and
Yecorded by Shirley® in wood from Queensland which needs more
“areful examination. The bordered pits, usually multiseriate
f‘ml contiguous, are not infrequently in 1—2 rows and separate.

he uniseriate medullary rays are very numerous as in White’s
!fl'ﬂ'zilian species D. nummularium, and as a rule 6—12 cells deep.
Some well-preserved specimens from Permo-Carboniferous strata
' Felix (86) A, PL v. fig. 4. 2 White (08) B. p. 579, PL xmm.

* Ibid. p. 583, PL xv. 4 Ather (05) B. p. 191, figs, 40—43,
* Crié (89, ¢ Shirley (98) p. 14; Arber (05) B. p. 201,
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in Natal and Zululand have been described by Warren® as Dado-
aylon australe Arb., showing interesting anatomical features, but
the material almost certainly includes more than one specific
type and would repay more detailed mvestigation.

Dadowylon materiarwm Dawson.

This species was described by Dawson? from Carboniferous
gtrata in Nova Scotia and afterwards referred by Penhallow® fo
the genus Cordadtes. In the transverse section reproduced in
fig. 474, A, the tracheid-walls have been reduced in thickness
by partial decay, but some of the hordered pite are clearly shown
on the radial walls; the pits usually form 2—4 contiguous rows
(fig. 475) in some cases with an oblique pore while others are
represented either by the outer border of the pit or by the pore
only. The narrow medullary rays are as a rule uniseriate and
may be 60 cells deep (fig. 474, B). Dawson states that some
specimens have large Aitisia pith-casts, a fact that formerly
would have been regarded as prool of the Cordaites nature of the
wood, but in the absence of evidence with regard to the nature
of the primary xylem it is impossible to say whether the stem
18 Cordaites or Mesomylon.

Dadoxylon sp.

SBome wood received from Mr Leslie, collected at Vereeniging.
South Africa, in Permo-Carboniferous rocks, shows well-defined
rings of growth. The pits form either a single row, a double,
alternate and contiguous row, or rarely three series on the tracheid
walls. The medullary rays are usually uniseriate and 1- 30 cells
deep.

Dadoxylon Kayi Arber.

This species is represented by some large trunks, in some
cases with a diameter of 40 cm., discovered by My Kay in the Coal
Measures of Worcestershire. The pith is very small and shows no
mdication of a discoid structure, but owing to its poor preserva-
tion no sections could he obtained of thig region. The secondary
wood is characterised by the large number of uniseriate medullary

1 Warren (12). ? Dawson (63%).
3 Penhallow (00) figs. 13, 14, 17. 1 Arber, H. A, N. (13%).
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Fra, 474, Diddaeylon: materioruwm.  Transverse (A) and tangential (B) sections

of the secondary xylem. (Kidston Coll. 229 224.)

A B ]

F = B - o= . .
16, 475, Dadowylon materiaram, A—C radial longitudinal sections of the

secondary xylem. (Kidston Coll. 225.)

S. AT 17
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rays 1—27 cells in depth; the tracheids have usually two or
sometimes three Tows of alternate and contignous bordered pits
on the radial walls. Arber regards the absence of a discoid pith
as a fatal objection to a reference of the stems to Cordaites and
speaks of them as affording further evidence of the occurrence
of Coniferae in the higher Coal Measures of the Midlands. It is,
however, impossible to determine the position of the species in
the absence of any data with regard to the structure of the peri-
medullary region, and without such information we are hardly
justified in regarding Dadoxylon Kayi as a member of the Coni-
ferales.

Dadozxylon Pedroi Zeiller.

This species from Upper Carboniferous or possibly Lower
Permian strata in Brazil® has a pith 3-8 em. in diameter composed
of parenchyma with scattered secretory sacs and characterised
by the occurrence of three equidistant bays projecting into the
cylinder of wood (fig. 476, A) which extend through the length
of the specimen (6 em.): these, as Zeiller suggests, may be coun-
nected with the departure of leaf-traces or branches. The xylem
is entirely composed of centrifugal elements and shows a broad
transitional zone (fig. 476, B) including spiral, scalariform, and
reticulate tracheids, but the bordered pits are less numerous and
less crowded than in many species of Dadoxylon. The rays ate
12 cells broad and reach a depth of 50 cells. The most striking
features are the solid and not discoid pith with its three rounded
bays and secretory canals, also the smaller number and frequently
cireular form of the pits on the tracheids. Zeiller considers that
the stem is that of some Cordaitean plant though probably not
a true Cordaites. White? questions the advisability of adopting
the generic name Dadoxylon and suggests the possibility, though
without any satisfactory evidence, that it is the stem of a Gangd”
mopleris. Failing further information, there would seem to be
no sufficient reason for the institution of a distinetive generic

name.

1 Zeiller (95) B. p. 619, PL rx. figs. S—I19.
2 White (08) B. p. 577.
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Dadozylon permiense ( Renault).

This Permian species from Autun?® differs from typical examples
of the genus in the differentiation of the pith into a central thin-
walled region contracted into transverse diaphragms surrounded
by a cylinder of stouter tissue and in the greater breadth of the

Bre = A 3 5 13
1 478, Dadozylon Pedroi. A, transverse section showing the pith and part

of the secondary wood, B, longitudinal section of part of the secondary
Wood,  (After Zeiller.)

Medullary rays. The tracheids have 3—4 rows of pits of the
Sual type, Spirally disposed, decurrent, leaf-hases oceur on the
Surface of the stem, and the cortex includes secretory canals and
Strandy of hyypodermal stereome. A small number of veins pass
P the median part of the lamina which in this respect and in its

! Renaunlt (96) A. p. 350; (93) A. PL uxxvir
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greater thickness differs from that of Cordastes leaves. Renault
speaks of the rays as a cycadean feature, but they are only two
cells in width and shorter than in recent Cycads.

Dadozylon spelsbergense Gothan.

In this species' from Spitzbergen, of doubtiul age though
probably Palaecozoie, there is no xylem-parenchyma and the
medullary rays are from 2 to 5 cells deep: the bordered pits
oceur in 1—2 or rarely 3 rows on the radial walls of the tracheids;
they are alternate but not flattened and characterised by their
small size (7p high); they do not cover the whole face of the
tracheids. It is pointed out that in many Palaeozoic and Mesozoic
Dadoxylons the pits are larger than in recent species (16—17-5p
as compared with 9—12p) while in D. spetsbergense they are still
smaller. The large size of the medullary-ray cells is another
noteworthy feature, also the absence of annual rings, a character
possibly connected with conditions of growth in northern regions.
Tt is, however, pointed ont by Nathorst® that the fossil was not
found n sitw and, as he saye, it may have been carried by currents
from a more southern locality.

Metacordaites. Renault.
Metacordaites Rigolloti Renault.

Renault founded this species® and genus on a stem from
Autun which, like D. Pedroi, differs in certain respects {rom stems
usually attributed to Cordaifes. The pith is golid and contains
secretory ducts and cells; the tracheids have often a gingle ToW
of pits, and multiseriate pitting is, much less common than 10
Dadoaylon. The medullary rays are generally 1—6 cells deep-
A striking feature is the ocewrrence of groups of five vasculal
bundles penetrating the secondary wood in V-shaped groups:
each group being regarded ag a multiple leaf-trace, a type recently

recognised by Thomson in D. Brandlingii. In one of Renault’
figures a larger scar, presuma bly a branch-scar, is shown {nmne-
diately above a group of foliar bundles. The genus Metacordailes

is considered by its anthor to be intermediate between Clonifers

1 Gothan (10) p. 5, PL 1, figs. 1—3.
2 Nathorst (113) p. 22

8 Renanlt (96)
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and the Cordaitales, but nearer to the former. This conclusion
is, however, based on insufficient evidence, as nothing is known
of the reproductive organs.

Roors.

In 1871 Williamson?! gave an account of a petrified plant from
the Lancashire Coal Measures which he named Dictyozylon radicans,
but he afterwards came to the conclusion that the gpecilnens so
named were portions of the subterranean axis of some other
plant, possibly Asterophyllites, and proposed a new generic term
Amyelon®. In 1874 he brought forward fresh evidence in support
of connecting Amyelon radicans with Asterophyllites ov Spheno-
phyllum, genera which Williamson believed to be very closely
related. It has since been recognised that Amyelon is the root
of Cordaites or of some closely allied member of the Cordaitales.
Our knowledge of Cordaitean roots is based chiefly on the work
of Williamson and Renault®, and more recently Osborne* has
added new faets of considerable interest. In the larger roots
the primary xylem may be diarch or there may be as many as
four or five protoxylem groups (fig. 477). The primary tracheids
are spiral or scalariform and the space, s, separating them from
the surrounding secondary xylem seen in fig. 477, B, was“no
doubt originally occupied by conjunctive parenchyma. The
secondary wood is composed of tracheids, with contiguous hordered
pits identical with those in the xylem of the stem, and narrow
Medullary rays. The seetion, 4 mm. in diameter, represented in
fig. 477, A, shows a tetrarch primary xylem strand enclosed by
Secondary wood composed of rather thin-walled elements succeeded
]].“ a zone of phloem including some secretory sacs, and beyond
this is a eylinder of periderm, p. In a section of a root figured
by Renault from Autun the periderm is separated from the stele
by a broad band of parenchyma which appears to be cortical,
but in the British specimens the deep-seated origin of the periderm
i clearly shown: Oshorne states that it arises in a layer imme-
diately outside the endodermis. In one of the gpecimens ligured
! Williamson (722). * Williamson (74) A. p. 6.

)

_* Renault (79) B. p. 294, PL xv. figs. 13—17. See also Scott (09) B. p. 631,
fig. 191

* Osborne (09).
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by Williamson! the secondary wood shows clearly marked irregular
concentric lines simulating rings of growth, but there is no evidence
of any regularly recurring variation in the diameter of the xylem-
elements. From the descriptions of Williamson and Osborne ib

Tie. 477 A, root of Cordailes. B, centre of the root enlarged; p, periderni;
s, spuce. (Kidston Coll. 1906.)

is evident that the roots of Cordaites were profusely branched and,
as the latter author has shown, the method of branching points
to the formation of coralline roots like those of recent Cycads,
some Conifers and Dicotyledons. Osborne found that the cortex

1 Williamson (74) A. PL 1x. fig. 56.
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of small rootlets is composed of two zones, an outer parenchyma
without cell-contents and an inner parenchymatous tissue charac-
terised by the occurrence in some of the cells of tangled masses
of fungal hyphae almost always unseptate. In some cases the
hyphae bear terminal vesicles similar to those observed on fungal
hyphae in the cortex of Podocarpus roots. Osborne makes out
a good case for regarding the fungus as symbiotically related to
the tissues of the lateral roots, a relationship identical with that
it many existing trees, particularly Myrica and Alnus. It is
suggested that the formation of the coralline root-tubercles is a
feature consistent with the view that Cordaites lived in saline
marshes, a physiologically dry habitat favourable to the occurrence
of mycorhiza.

Fig, 478. TRoot (Cordaites?) exposed in the bed of the Vaal river.
(After Mellor and Leslic.)

Reference has already been made to the habit of Cordaitean
0ots in the general account of the genus (figs. 468, A, 478). The
SPecimen shown in fig. 478 may be a root of Cordaites (Noegger-
thiopsis) Hislopi, but nothing is known as to its structurel,

! Mellor and Leslie (06) B.
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REPRODUCTIVE ORGANS.
Cordaianthus. Grand Eury.

We have as yet no definite knowledge of the nature of the re-
productive organs of Mesozylon and Poroxylon, but having regard
to their close resemblance in other respects to Cordaites, particulatly
in the case of Mesoaylon, the presumption is that some of the seeds
and fertile shoots attributed to Cordaites may belong to other
members of the Cordaitales. Despite the abundance of Cordaites,
or at least of material assigned to that genus, and the comparative
frequency of fertile shoots in actual connexion with foliage-shoots,
the practical identity of Mesoxylon and Cordaiies leaves precludes

name in a strict sense.

ed a small bud-like fossil of Tertiary

any confident use of the latter
In 1822 Brongniart! deserik
age as Antholithes liliacea, and this generic name in fthe form

Antholithus became widely used for fertile shoots or flowers from
different geological horizons. As knowledge became more precise
other names replaced Antholithus, though Renault? retained it '
for some inflorescences from Commentry which could not definitely ‘
be included in Cordaites. Lindley and Hutton® employed the
genus for a specimen, now recognised as a (lordaitean fertile shoot,
from the Coal Measures which they called Antholithus Pitcairniae,
the specific name being chosgen to indicate a possible affinity to
the Bromeliaceous genus Pifcairnia. A lew years later Morris*
described a similar inflorescence as A. anomalus. In 1872
Carruthers® substituted Brongniart’s term Cardiocarpon for
Antholithus and called A. Pitcairniae Cardiocarpon Lindleyi and
Morris’s species (! anomalum. The specific name Lindleyr has
been widely adopted, but there would séem to be no adequnate
reagon for disregarding the priority-rule. It is, however, cus-
tomary to use Grand Eury’s term Cordaianihus for all Cordaitean
inflorescences. Goeppert® suggested the name Botryoconus for
an inflorescence similar to . Piteairniae and for this €. E. Weiss’

substituted Noeggerathionthus on the ground that he considered
Goeppert’s specimen to be the male inflorescence of Noeggerathia.

1 Brongniart (22) A. PL xrv, fig. 7. * Renault and Zeiller (90) A. p. 593-
¢ Lindley and Hutton (33) A. PL Lxxxir

4 Morris (40) A. Pl xxvmr fig, 5. 5 Carrnthers (72%) B.

Gioeppert (63) p. 152. 7 Weiss, C. E. (69) B. p. 201
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Grand Bury resuscitated Botryoconus® for some spikes from the
Gard coalfield connected by him with Dory-Cordaifes. The
nature of the seeds borne by the inflorescences has largely influenced

authors in the choice of a generic name: Carruthers used Cardio-
carpon while Zeiller? speaks ol Samaropsis Pitea irngge.  The genus

Cardiocarpon was founded by Brongniart for
compressed eordiform seeds, but it was not
antil later that their gymnospermous nature
Was vecognised. Further reference to the
nomenclature of seeds of the Cardiocarpon
type will be found in Chapter xxxv. The
correlation by Grand Eury and other authors
of different species of inflorescences and species
of Cordaites is frequently based on association,
and in the absence of more satisfactory evidence
the safer course is to deal with Cordaitean

generial sense.

tertile shoots in a

(@) Ovulate shoots. These are represented
by a considerable number of forms in both
E!Il'n]nﬂ;m and American localities. Tn rare
Cases the compound shoot reaches a length of
30 em, (fig. 479), but it is usually much shorter;
the lateral compact buds may be more or less
‘r\:ills;-l}f separated : the seeds have long pedicels
(fig. 480, A) or appear to be sessile (fig. 480, B)
?i-Iu] there may be one or several seeds on a
Single lateval shoot. The seeds are platy-
Spermic and, as seen in fig. 480, A, in some
II‘U‘JI‘!.'.%'(:-Jnr'«'-ﬁ they show very clearly the
.‘.\rumr-,-:_nj;.w?,— features. It would, however, be
Musafe to assume that all Samaropsis seeds
Were horne on Cordaitean plants. Among
O_t]”"l' types of seed referred by authors to
Cordaites are Cardiocarpus, Cordaicarpus, Sarco-

tapus T ;
®us,  Tazxospermum, Diplotesta, and Lepto-

Fia, 479, Cordaianthus.
I'rom the Middle Coal
Measures of Lanca-
shire.  (Manchester
Mugeum ; 4 nat. size.)

Cay 3 . z X 3 - .
"Yon. But in most cases there is no evidence of actual connexion

* Grand’Eury (77) A. p. 299; (90) A. p. 330. ¢ Zeiller (00%) B. p. 211.
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between seeds and vegetative organs, and while it is possible to
state with confidence that many of the seeds represented by
impressions described ag species of Samaropsis and Cordaicorpus
are undoubtedly Cordaitean, it is certain that not all seeds refer-
able to these genera were borne by Cordaitalean plants. Cordaitean
seeds are characterised by certain morphological features recalling
those found in recent Cycads and in the seeds of Ginkgo as
illustrated by species of Cardiocarpus and some allied types.
As most of the Palaeozoic seeds known in a petrified state cannot
be assigned to their parent-plants they are dealt with in a separate
chapterl,

Cordaianthus Piteairniee (Lindley and Hutton).

This type of inflovescence? is considered by Kidston to belong
to the tree which bore leaves known as Cordaites principalis, bub
if this is the case it is probable that the stem possessed the
anatomical characters of Mesowmylon.,

Fra. 480,
Vollmanni. B, portion of B enlarged. (A, B, nat. size; Kidston Coll. 2374, 1174.)

The portion of an inflorescence shown in fig. 480, A, from the
Middle Coal Measures of Yorkshive, illustrates the occurrence at

7: Kidsto?
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the bud-like fertile shoots and the stalked Samaropsis seeds.
A species described by Renault! from Commentry as Cordaianthus
@eicularis may be identical with the British species.

Cordaianthus Volkmanni Ettingshausen.

The example of this species® seen in fig. 480, B, shows the
Yelatively small size of the lateral buds, presumably unexpanded,
Compared with the large subtending bracts.

Petrified specimens of Cordaianthus.

Our knowledge of the structure of Corduianthus is bused
o the researches of Renault®, supplemented by those of Prof.
Bertrands to whose kindness T owe the photographs reproduced
i fig. 481. The inflorescences described by Renault are referred
by bim to different gpecies, but in the following briel account
these are treated from a generic standpoint. The tangential
Section of Cordadanthus Williamsoni Ren. shown in fig. 481, D,
Vas originally ficured by Renault and more recently by Bertrand;
it shows the spirally digposed leaf-traces in the lower part of a
Stout axis, and at the sides some vascular bundles are seen pass-
g up into the bracts. A very small proportion of the bracts
Subtend ovules; two are seen at @ and b, and at ¢ is the tangentially
St Wicropylar canal of a third borne near the apex and covered
¥ the terminal cluster of bracts. The ovule a, separated by a
Narrgw space from its short stalk, consists of a thick single integu-

Went—not two as stated by Renault—extended at the apex as
4 Micropylar canal: the apical extension is more completely
gh )

OWn in the tangentially cnt ovule b. The central body is much
Ontracted and the two spaces, s, at the base are regarded by
rand as cavities in the integument separated from one another
Y & central strand of conducting tissue which gives off two
nd]e

] $ to the integument, one at each end of the long axis of
t]_(: L

Seed (fig. 481, A, v). The dark patch, # (fig. D); is the upper

d broader end of the shrunken nucellus the apex of which
*tends upwards as a slender beak, and this originally no doubt
tted intg the micropyle. TFig. 481, C, shows a female inflorescence

1

X Benaylt and Zeiller (90) A. p. 592, Pl zxxum. fig. 31

. F:‘Ltu\:_rshunsun (52%) p- 5, PL W. ;
Renanit (79) B. p. 304. & Bertrand, C. E. (11).
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Fre. 481. A, B, Cordaionthus Grand Euryi. ovuale showing apex of nucellus, B,
with microspares, p: pe, pollen chamber: &, heal of nusellus; w», vascular

hundle. €, transverse section of Hower-bud with ovules, a, b. D, Cordaianthind
Williamsoni, longitudinal section: a—e ovules: s, spaces: n, nucellis:
E, Cordwianthus Zeilleri, transverse section showing four large ovules and oD
aborted ovule (a): », vascular bundle. ¥, transverse section of male flowers
m, microsporangia. (From photographs supplied by Prof. Bertrand.)




XXXI11 CORDAIANTHUS 269

in transverse section: the stele consists of a ring of bundles
separated by broad medullary rays and enclosing a compara tively
large pith: the leaf-traces are seen in the cortex and one is cut
through as it bends out into a bract which is not yet free from
the axis. Two ovules, seen in section at ¢ and b, are represented
by the bilaterally symmetrical and compressed integument
enclosing small pieces of nucellar tissue. Fig. 481, E, is a trans
verse section of an inflorescence at a higher level and above the
apex of the axis: there are four large ovules and one ahorted
ovule, ¢. Bertrand describes two vascular bundles in the integu-
ment of the ovule @, one at each end of the long axis.

Fig. 481, A, B, Cordaianthus Grand Euryi Ren., shows a
longitudinal section of the nucellus, 1-5 x -7 mm., and part of
the integument of an ovule at the time of pollination, which was
probably aided by the secretion of a drop of mucilage as in the
ovules of recent Conmifers. The integument, separated by a
broad space from the nucellus, is cut in the plane of the two
vascular strands, v. From the centre of its broad upper surface
the nucellus projects upwards as a beak, b, and this originally
engaged with the micropylar canal formed by the integument:
the lighter pateh below the beak is the pollen-chamber (fig. 481,
B, pe) containing two mierospores, and two more, p, are seen
above the nucellar beak. In another species described by Renault,
C. Lacattii, the nucellus fills the space bounded by the integument.

(b)  Staininate inflorescences. The male inflorescence, though
Smaller, is similar in habit to the ovulate shoot: the secondary
branch congists of a short axig bearing crowded, spirally disposed,
l--,racrs, and the actnal flowers ave represented by single stamens
O groups of 2—3 highly specialised microsporophylls. Hach
micmspow]_Jh_\'ll consists of a long filament with a central vascular
Strand hearing af its apex 3-—4 long microsporangia (fig. 481, I, m)
Which open longitndinally as seen in fig, 482, A. The micro-
Sporangia are 2-5—3 mm. long covered by dark palisade cells
and thin-walled parenchyma, shown as indistinet patches in the
lﬂlvo“r.ugra ph. Some of the elliptical and comparatively large
Microspores are geen in fig. 482, B: the exine is finely punctate
and inside are the remains of a few thin cells in which presumably
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spermatozoids were developed. The microspores shown in fig.
482, B, have a maximum length of 0-1 mm.: Renault deseribes
some ag 0-9 mm. long while others are much smaller. Fig. 481, F,
Is a transverse section of a staminate inflorescence showing near
the centre five groups of microsporangia, each sporangium having
the form of a curved incomplete dark band indicating that de-
hiscence has oceurred.

Tra. 482, Cordmianthus. Microsporangia, A, and Microspores, B.
(University College Collection, London.)

Mesoxylon. BScott and Maslen,

This generic name was instituted for stems obtained by
Messrs Lomax from the Lower Coal Measures of Lancashive®
previously referred by Scott? to Cordwiles and Poroxylon. Further
investigation showed that while agreeing closely with those
genera. they possessed certain distinetive features demanding
recognition. The name chosen suggests the intermediate nature
of the stems. The more striking features may be summarised
as follows: In the largest specimens so lar described the stem,

1 Seott and Masglen (10); Secott (12). * Scott (09) B. pp. 511, 526.
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including leaf-bases, reaches a diameter of 5 or 6 cm.; the large
pith consists in the central region of diaphragms of parenchyma
separated by horizontal spaces produced by splitting and shrinkage
consequent on the failure of the tissue to keep pace with the
general growth of the stem. The secondary xylem is of the
Araucarian type and has narrow medullary rays varying in
depth from 1 to 25 cells. The leaf-traces are represented by twin-
bundles which fuse in the downward direction, the level at which
fusion occurs being regarded as a specific character. The presence
of centripetal xylem is an essential feature of the traces: the
occurrence of single or double traces consisting of centripetal
elements and, externally, a large amount of centrifugal xylem
18 an important feature in which Mesowzylon differs from Cordaites.
The double leaf-traces divide after emerging from the secondary
wood and each strap-like leaf receives several collateral bundles
(fig. 483, C). An axillary bud may oceur at the base of each
leaf (fig. 483, A, D). The phloem, including sieve-tubes and
8ecretory sacs, is succeeded by a broad pericyele, and the com-
Paratively narrow cortex is traversed by successive bands of
periderm. In the outer region of the cortex the presence of
Tadial hands of fibres is a characteristic feature. The reproductive
organs are unknown. The anatomical features are well illustrated
by M. Sutclifiii first deseribed by Scott, who provisionally placed
1t in Poroxylon, and afterwards more fully investigated by Maslen®,
Mesoaylon Sutcliffiv Scott.

The average diameter of the stem is 3 em.: the section repro-
duced in fig. 483, A, has a maximum breadth of 3-5cm.; the
leaf-hases cut at different levels give an itregular contour to the
Surface like that of a Lepidodendron. An axillary bud, either
Teproductive or vegetative, is seen at b consisting of a short axis
lJearing crowded bud-scales. Theleavesare crawded and aceording
to Maslen have a phyllotaxis of £ : the lamina is linear like that
of Cordagtes with 16 collateral bundles in the petiole. The presence
of & meristematic band at the base of the lamina affords evidence
of & deciduous habit. The large size of the pith is a striking

feature with its central tissues in the form of transverse diaphragms

1 Maslen (11).
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Tig. 483. Mesorylon Suteliffii. Transverse sections of stem. A. w, outer pith:
b, axillary bud; x* secondary xylem. B. ep, ¢f. centripetal and centritugal
xylem; px, protoxylem. C. [, leaf-traces in the cortex; s, stele of axillary
branch; pk*%, secondary phloem. 1. Leaf-trace bundles, If, external to the
phloem, ph?. (A, €, D, sections in the Manchester Collection, 717 6; B, Cam-
bridge Botany School, 530.)
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and a narrower peripheral zone of solid parenchyma (fig. 483, A, a).
The secondary wood of the stele is composed of tracheids with
2—3 contiguous alternate rows of hordered pits on the radial
walls, but none on the tangential walls. In the stem shown in
Fig. 483, A, the secondary wood iz preserved only in pateches.
Numerous blunt teeth varying in prominence project into the
pith ; these consist chiefly of serially disposed centrifugal tracheids
distinguished by their spiral and scalariform structure and by
the medullary rays which are broader than those in the more
external xylem. Further reference ig made to these perimedullary
Strands in the description of the leaf-traces. The medullary
tays are uniseriate and usually 1-—6 cells in depth: beyond the
Secondary wood i3 a cambium and a eylinder of secondary phloem
(fig. 483, D, ph?) consisting of tubular elements, presumably
sieve-tubes, and elongated secretory sacs. The pericyele is com-
Posed of several rows of rather large and short cells and has an
il-defined outer boundary. A succession of arcs of periderm-like
tissue and phellogen, which may invade the pericyele and phloem,
formis a prominent feature in the cortex; radially placed bands
"Jf fibres similar to those in Lyginopteris and other gemera occur
M the outer cortex. At the edge of the pith the more prominent
Projections of xylem are arranged in pairs (fig. 483, B) and as
fach pair travels downwards the component strands gradually
fusel.  Fach bundle of a double trace consists internally of an
Ar¢ of centripetal xylem, the elements of which are arranged in
Yows (fig. 483, B, cp), with a single protoxylem group in the
Middle of the inner face, pz. 1t is not clear whether any primary
“ntrifugal tracheids are present, but there are indications that
Such are occasionally represented. In most cases the primary
X¥lem of the leaf-traces is exarch, but the existence of mesarch
l_lum]les 18 not improbable. The bulk of each foliar bundle is
t?l'med of a fan-shaped mass of secondary centrifugal xylem
(hg. 483, B, ¢f) and an island of parenchyma occurs next the
Protoxylem. There is no clearly defined boundary between the
YUter or centrifugal xylem of the leaf-traces and the tracheids of
the Stem-wood ; the latter may consist exclusively of tracheids

1 Maslen (11) Pl xxxm7. figs. 3—5.
S. 1 18
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with bordered pits or the inner rows of the xylem-cylinder may be
of the scalariform or spiral type. Differences shown in transverse
sections of the inner portion of the xylem are due to the circum-
stance that in certain parts of the inner face of the secondary
wood leaf-traces are unrepresented, while in other places the
dwindled remains of the outer, centrifugal, portions of a trace are
still Tecognisable. As each double leaf-trace passes down the
pith the bundles fuse and the single strand retains for a time
some centripetal xylem; this gradually disappears and aft a
lower level the centripetal xylem also dies out. The space
enclosing the obtuse apices of the bundles shown in fig. 483, B,
was originally occupied by thin-walled tissue which accompanied
the trace in its outward course. In Mesozylon Sulcliffii the leaf-
strands pass almost horizontally through the secondary wood,
bend outwards in the phloem and follow a steeply ascending
course to the leaves. In fig. 483, B, a double leaf-trace is seen
at the inner edge of the secondary wood with the centrifugal
xylem, ¢f, continuous with that of the stele: fig. 483, D, lt,
shows a leal-trace in the pericycle where one of the bundles has
divided and the other is tangentially extended and partially
divided. The branching is carried further in the cortex, as seet
in fig. 483, O, where the trace is represented by a curved row of
gix bundles, I, and at a higher level further subdivision may
occur. The leaf-bundles are collateral and in the leaf retain both
centripetal and centrifugal tracheids. In the section ghown I
fig. 483, €, the oval stele of an axillary shoot is seen at s subtended
by the row of collateral bundles: the stele has a fairly large pith
surrounded by a zone of secondary xylem with broad medullary
rays.

Among other species of Mesozylon mention may be made of
M. Lowmawzi and M. poroxyloides. M. Lomazi Seott and Maslen®
generally resembles M. Sutcliffii but shows the following distinetive
features: the leaves are more scattered and less crowded; the
twin-bundles of the leaf-traces fuse immediately on entering the

pith, thus appearing for the most part as single and not double

1 Seobt (12) p. 1012, Pls. LXXXVIL, LXXXIX.
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strands in the perimedullary zone; the centripetal xylem is
well developed, the medullary rays are deeper and the outer
cortex has shorter bands of mechanical tissue.

In Mesoxylon porozyloides Scott and Maslenl, the twin-
bundles of the traces unite soon after reaching the pith as in
M. Lomazi; the secondary tracheids have only two rows, or
Sometimes a single row, of bordered pits and the tracheids are
tather smaller than in M. Lomawzi (20—40p as compared with
30—60u) and the medullary rays are shallower. There is a
Particularly broad zone of spiral and reticulate transitional
tracheids at the inner edge of the wood as in Cordaites and in
Df.m’o.r:_ylmi Pedron (fig. 476). The leaves of this species are believed
t0 be represented by the type described by Dr Benson as Cordaites
Felicis (fig. 465)2, but, as already suggested, it is very probable
that many or possibly nearly all the leaves from British Coal
Measures deseribed as Cordaites may belong to Mesoxylon.
~ The chief interest of the genus Mesoxylon is its close resemblance
0 certain characters to Cordaites and Poromylon: the presence
of strands of centripetal xylem in the perimedullary region is
A0 important feature in which Mesozylon differs from stems
8signed (under the generic name Dadozylon) to Cordaites. Méso-
Cylon difiers from Porozylon in having a discoid pith like that of
r"‘“"ffu'k‘:.::, but a more important difference is the absence in the
leaf-trace xylem of Mesoxylon of bordered pits of the Araucarian
E¥pe, whereas in Poroxylon Araucarian pits oceur in hoth the
“entripetal and centrifugal tracheids. Tn Poroxylon the secondary
Xylem is manoxylic: in Mesozylon, as in Cordaites, it is pycnoxylie.

The range of Cordaites and a consideration of other
imperfectly known genera.

An increased precision in knowledge derived from amatomical
]'n"*‘f-itigatiua often tends to demonstrate the untrustworthiness
O criteria, based on external features previously employed with
“Onfidence. This inevitable though, from the point of view of
Fhe Systematist, inconvenient result of intensive study is well
Wostrateq by the recent discovery of the stems named by

* Scott (12) p. 1017, Pls. LxxxvIIL, XC. et
18—2
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Scott and Maslen Mesomylont. A separation of Cordailes from
Mesozylon, which no doubt extended far beyond the British
area, is possible only if well-preserved petrified material is
available. The leaves of Mesozylon, so far as our imperfect
knowledge of them enables us to express an opinion, arve €oON-
structed on a plan almost identical with those of Clordaites and,
as already stated, it is almost certain that many of the impregsions
referred to Cordaites were borne on Mesozylon stems. An addi-
tional source of confusion is supplied by the Cordaites-like leaves
of Porozylon. It is evident, therefore, that even within the limits
of the Carboniferous and Permian formations the recognition of
true Clordaites leaves must often be attended with considerable
risk of error. Apart from the possible confusion between the
foliage of Cordaites and Mesoxylon there are other difficulties as
regards detached leaves which depart more or less widely from
the typical Cordaitean form. Leaves such as (. circularis (fig-
468, B) and €. grandifolius emphasise the lack of any thoroughly
satisfactory dividing line separating single pinnules of Clardio-
pteris or Cyclopteris on the one hand and leaves of Psygmophylium
on the other from Cordaites. The petrified buds described a8
Dolerophyllum? have been quoted by several authors as examples
of unexpanded shoots of Cordaites though anatomical evidence
warrants a generic separation. 1In the case of species founded on
leaves described in this chapter as Cordaites it should be rement”
bered that further research may necessitate an alteration in
nomenclature.

Among the species included in Cordaites is Naeggemﬂ!'afn-pe"-"‘«“’
Hislopi® (figs. 470-472), a type widely spread in India and in
other parts of Gondwana-Land : if the change of generic nane i8
accepted it involves the extension of the geographical range of
Clordaites from Northern Burope and North Ameriea to the southern
botanical province. We have as yet no proof of the existence 0F
Cordaites in the Arctie regions. The range in time of Cordaite’
or of the Cordaitales has generally been stated to be from the
Upper Devonian to the Permian. It is, however, by no means
certain that the genus flourished before the Carboniferous pe&'iﬁfl'
though it is clear that closely allied types must have lived 1P

L See page 270. 2 Bee page 132. 3 Hee page 2538
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pre-Carboniferons floras. The strata in New Brumswick from
which Dawson recorded his supposed Devonian Cordailes have
been shown to be Upper Carboniferous in age!. As regards the
length of time during which the Cordaitales existed we have no
decisive evidence. In recent years the tendency has been to
extend their range into the Mesozoic era, and there are several
pieces of evidence in favour of this. There is no doubt that
Considerations of age based on the arbitrary divisions of the
Zeological scale sometimes insinuate themselves too thoroughly
Into questions connected with the duration of plant-types whether
tepresented by families or genera. We have been accustomed to
tegard Cordailes as a genus confined to the Palaeozoic period,
8 type which with many others carried on the tradition of Upper
Carboniferous forests to the Permian floras and then made way
for the precursors of Mesozoic types. There is, however, no
Valid reason for supposing that Cordaites and other Palaecozoic
2enera did not survive as less prominent members in succeeding
fHoras. 1t must be admitted that evidence in support of Mesozoic
Cordaitales is not above suspicion, though the probability is that
Cordaites or some allied genera still flourished in the earlier stages
ot the Mesozoic era. The data on which this opinion is hased
Caunot he fully discussed in a general treatise, but a few of the
facts may be briefly considered. Zeiller? and other authors
Ave expressed the view that the Cordaitales were not exclusively
alacozoic. In addition to Cordaites (Noeggerathiopsis) Hislopi
"®corded from Rhaetic floras, other possible representatives of
the group are illustrated by specimens included in such genera
8 Yuceites, Bambusium and Krammera.

Pelourdes gen. Tov.

The name Yuceites® was given to some detached, broad, linear
“aves from the Bunter sandstone of the Vosges which were com-
Pared with the foliage of Yucca and classed among Monocotyledons.

& authors of the genus also described a cylindrical cast as a
Hecites stem, including both stem and leaves in Yuccites vogesiacus.

; ?tﬂpes (14); Kidston (02) B. p. 363. * Zeiller (004) B. p. 213.
n‘)cllinl]ml' and Mougeot (44) A. p. 42, Pl xx1.
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The supposed stem, as Fliche! has shown, is a pith-cast and is
appropriately named by him Endolepis vogesiacus. The Vosges
leaves are assigned by this author to the genus Cordaites, a change
of name which may eventually be justified though as yet based
on insufficient evidence. There are objections to the institution
of a new name in place of Yueceites, but it is undesirable to retain
a designation suggesting false ideas with regard to affinity. A new
name Pelourden (after M. Pelourde of Paris, whose recent death
deprives Palaeobotany of an able and promising investigator)
is therefore proposed for leaves of the Yuccites type which in
form, venation, and spiral phyllotaxis agree with those of Cor-
daites but cannot confidently be assigned to that genus or even
to the Cordaitales. For linear leaves, especially from Jurassic
strata, resembling those of Phoenicopsis the name Desmiophyllum®
is employed: these are very similar to those of Pelowrdea; they
are characterised by their fairly uniform breadth and afford ne
indication of their arrangement on the supporting axis.

Pelourdea vogesiaca (Schimper and Mougeot).

The linear-lanceolate leaves described by Schimper and
Mougeot as Yuccites vogesiacus and transferred by Fliche to
Cordaites are probably specifically identical with specimens
described by Mr Wills® from Lower Keuper rocks in Worcester-
shire. The English leaves were described by Arber? as Zamates
grandis,—the mame Zamiles vogesiacus having been previously
used by Schimper and Mougeot,—on the ground that the supposed
leaves were probably pinnae of a cycadean frond, a view ip
agreement with an opinion previously expressed with regard t0
similar leaves from Stonesfield’. A later discovery by Wills of
specimens, on which the drawing reproduced in fig. 484 is based.
of the same type of leaf showing the foliar nature of the fossils
necessitated the abandonment of the pinna-hypothesis, and the
original name Yuceites vogesiacus was resuscitated®. The leaves
reach a length of 50 em. and a maximum breadth of 65 em.:
the lamina is entire, lanceolate or linear-lanceolate, the ape®

1 Fliche (10) p. 218, PL xx. fig. 2. 2 See podlea.
s Wills, L, T. (10), p. 296, fig. 26. 4 Arber (07) Pls. xviL—XIX.
5 Seward (04) B. p. 111 & Arber (09%).
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fcuminate, and the lower part rather abruptly contracted and
attached by a broad crescentic base; veing numerous, parallel,
and occasionally forked. Fliche records the occwrrence of a
small Artisia-like pith-cast and pieces of stem with leaf-scars
(4 % 3 mm.) in association with leaves of Pelourdea vogesinca in

Fia. 484, Pelourdea vogesiaca. Reecomstruetion of a folinge-shoot.
(After Wills.)

T::aE“iC strata in Lorraine. An imperfectly preserved specimen
n;ﬂ:)?bbd by TFliche as Cordaianthus Miniers! resembles an
escence of Cordaites. It consists of an axis 15cm. long,
m:;;’“ k‘i‘t part forming a peduncle, and on the upper portion are
Tacts suh‘fendmg oblong bodies which may be lateral
®ttile shoots.

1 Fliche (10) p. 264, PL xxvi. fig. 2
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Pelowrdea hadroclada (Halle).

Dr Halle! recently published an account of some imperfect
leaves and stem-fragments from the Rhaetic of Scania which he
named Phyllotenia (?) hadroclada, the generic name provisionally
adopted having been proposed by Salfeld® for some rather obscure
remains from the Corallian of Germany. It appears to have
escaped the notice of both authors that Saporta® in 1894 had
adopted the designation Phyllotenta for some examples of broad
parallel-veined leaves from Lower Cretaceous rocks in Portugal
very similar to Velenovsky's Kraminera mirabilist. Some other
generic name must therefore be used. For the Rhaetic species
the name Pelourdea would seem appropriate. The type-specimen
consists of an axis 1012 mm. in diameter with spirally disposed
transversely elongated leaf-scars bearing sessile linear leaves |
similar to Pog-Cordastes; none of them are complete, the largest
it 6cm. long and 5—7 mm. broad with 8—12 parallel veins.

An examination of the original specimens in the Stockholm \
Museum satisfied me that Dr Halle is justified in the opinion
that they may be fragments of some Cordaitalean plant and that

he was well advised to avoid the use of the name Cordailes.
Salfeld’s species, Phyllotenia longifolia, may be an imperfectly
preserved example of Phoenicopsis®, but the material is too in-
complete to be identified with any degree of confidence.

Pelowrdea Imhofi (Heer).

The Triassic leaves from Switzerland deseribed by Heer®, and
more recently by Leuthardt?, as Bambusium Imhofi, were referred
by Fliche® to the genus Cordaites. The lamina is ensiforni
25 em. long with a maximum breadth of 2-4cm. Leuthardt™s
photograph of aerial stems and rhizomes of this supposed Mono-
cotyledon are far from convineing.

Pelourdea keuperiana (Compter).

The leaves from the Lower Keuper of Thuringia assigned by
Compter? to Cordaites without adequate evidence resemble thos®
1 Halle (10). 2 Halfeld (09) B. p. 26.
3 Saporta (94) B. p. 216, PL =xxXvIL
4 Velenovsky (85) B. p. 1, Pls. 1., 1v
6
8

Heer (76) A. p. 86, Pl xxx. fig, 10. Z
Fliche (10) p. 175, Pls. xXvL., XVIL Y

See postea.
Leuthardt (03), p. 6, PL ©. !
Compter, G. (94), PL 1v. fig- &
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of P. vogesiaca, but there is no evidence as to their manner of
attachment; they are 30—40 cm. long and from 15 to 2 em.
broad.

Pelourdea megaphylla (Phillips).

This species was first deseribed by Phillips® from the M1ddlo
Jurassic Stonesfield Slate and afterwards referred to Zamites®
the leaves bear a striking resemblance to foliage of the T_’\«pf‘
Cordaites borassifolius; the lamina is 30 em. long and attains
8 breadth of 3 cm., the apex is acuminate and slightly contracted
towards the broad concave base. My former comparison of these
Stonesficld leaves with the long pinnae of Ceratozamia mericand
seemed to be supported by Phillips’s type-specimen of Palaeozamia
longifolia. 1t may be that the supposed pinnae in Phillips's
type are spirally disposed leaves: if this is the case the gpecimen
may he a fragment of a Podozamifes: its specific identity with
the larger detached specimens, though probable, cannot be demon-
strated. Some leaves figured by Zigno® from Jurassic rocks of
Ira]." as Yuccites Schimperianus may be identical with P. mega-
Phaylla.

Pelourdea mirabilis (Velenovsky ex Corda ms.).

The generic name Krammera, suggested by Corda, was employed
by Velenovsky? for large Cordaries- like leaves from the Lower
(!Fidceoub of Bohemia, for casts of cones regarded by him as
Stems, and for fruit-like bodies. The leaves, previously described
4 Plabellaria chamaeropifolia Goepp., Dammara albens Presl, ete.,
bear 4 cloge resemblance to the large broadly linear leaves of
("“"’7“?"’"’\ the lamina teaches a length of 40 em. and hetween
the \f‘lm oceur 1—4 finer striations. The fossils identified by

f’l“lmv sky as stems bearing crow ded imbricate scales, which
he T(f;;axﬂed as the persistent bases of Krammera leaves, are
Probably cones: they agree very closely in size and shape, also
N the form of the scales, with cones of Agathis and some other
"®cent Conifers. As the designation Krammera was instituted

p“mal‘ﬂv for cones and not leaves the name Pelourden is substi-
tuteq 1m it.

th‘[‘" (71) p. 169. 2 Seward (04) B. p. 110; Arber, E. A. N, (07) p. 117.
¥ Zigno (85), p. 7. PL. xxvL 4 Velenovsky (85) B. Pls. r—umw
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Niponophyllum. Stopes and Fujii.
Niponophyllum cordaitiforme Stopes and Fujii.

The generic name Niponophyllum® wag proposed for some
petrified specimens of leaves or possibly leaflets from Upper
Cretaceous beds in Japan which, though not definitely assigned
to a group or family, are considered by the authors of the genus
‘o lie [anatomically] somewhere between Cordaites and Cyca-
deoidea’ with a closer similarity to the former than to the latter
if we compare the whole Cordaites leaf with our blade.” The data
on which this conclusion is based are, however, insufficient to
justify a reference of Niponophyllum to the Cordaitales or indeed
to lend any substantial support to the opinion that the Japanese
specimens are anatomically more akin to Cordailes than to other
plants. The type-species is represented by two specimens of
leaf-fragments about 0-4 mm. thick and from 6 to 9 mm. broad
containing from 21 to 33 vascular bundles; the upper part of
the mesophyll is composed of palisade tissue and the stomata
appear to be confined to the lower epidermis. Each bundle 18
accompanied by an I-shaped girder, and small patches of scleren-
chyma occur next the upper epidermis between the girders:
there are mo resin-canals: the vascular bundles are collateral,
the xylem is said to be almost entirely centripetal and exarch.
but in the absence of evidence afiorded by longitudinal seetions
the details of strueture cannot be definitely determined. A com-
parison is made with Cycadean leaves and with leaves of Arau-
carineae and Podocarpeae, also with Cordaites; another type
with which Niporophyllum may be compared is Desmiophyllunm
Solmsi®.

The genus is interesting as an example of a petrified gymno-
spermous type of leaf characterised by the absence of resin-duets
and transfusion-tracheids, the possession of collateral, apparently
exarch, bundles enclosed in a double sheath ; but the data 311Pp]it‘-t]
are insufficient to enable us to allocate the specimens to a position
within the clags.

1 Stopes and Fujii (10) p. 16, PL o figs. 14—16.
* See poslea.
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A specimen described by Schenk! as Eolirion primigenium
from Lower Cretaceous heds in the Carpathian mountains closely
resembles in habit a foliage-shoot of Poa-Cordaites; the leaves
are narrow and linear with obtuse apices and attached, apparently,
in a close spiral. Schenk assigns the plant to the Monocotyledons,
but its systematic position must be left unsettled.

The list of Mesozoic specimens resembling Cordaites leaves
Wight be extended. Apart from some Triassic and Rhaetic
Examples which may well be Cordaitalean, there are many others
Which, though similar in form and venation to Cordaites, are in
all probability more closely related to Agathis and other genera ;
the species Damnarites Bayeri recently described by Zeiller®
from the Upper Cretaceous of Bulgaria is a case in point. The
Araucarian character of the wood of Cordaites precludes any
Satisfactory diserimination between Mesozoic Araucarian stéms
and those of Cordaitalean species, at least in the case of such
Material as is usually available.

Titanophyllum. Renault.

Titanophyllum Grand Euryi Renault. The remarkable leaves

90 which thiz genus and species are founded® were discovered
M the Commentry coalfield; they oceur as detached specimens
#1d cannot be correlated with any known stem. Renault suggests
that the Autun stems referred to Colpozylon may have borne
t‘}‘“" Titanophyllum leaves, but this correlation rests only on the
Mmensions of the stems and the occurrence of transversely
e]mlga-t‘eﬂ scars on the surface. The lamina is thick and coriaceous,
0—75 cm. long and 20—25 em. in breadth; the veins are parallel
Ut not branched ; numerous longitudinal striations on the upper
*Wrface indicate the presence of hypodermal stereome-strands;
Stomats, are abundant on the lower surface and the more or less
Yectangylar cells in the neighbourhood of the stomata appear to
© papillose (fig. 485, A, B). The distal region of the lamina

1 Schenk (71) p. 20, PL v fig. 4.
2 Zeiller (05%) p. 17, PL v, figs. 8—11.
¥ Renault and Zeiller (90) A. p. 627, PL nxx, figs, I—4.
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is often torn into strips (fig. 485, A) ; the approximately rectangular
leaf has a broad elliptical base 9—10 x 3—4 em.
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Fra: 485, Titanophyllum Grand’ Buryi. A, leaves 7 nat, size; B, stomata on
the lower surface of the lamina. (After Renault and Zeiller.)

Dr White® describes a specimen from the Lower Coal Measures
of Missouri as ? Tulanophyllum Britisii which he speaks of as the
thick base of a leaf similar to that deseribed by Renault but, as
White says, no formal diagnosis is possible without more satis-
factory material. Such evidence as is available suggests that
Titamophyllum iz a type of Cordaitalean leaf probably closely
allied to Cordaites.

1 White (99) B. p. 271



CHAPTER XXXIV.
CORDAITALES,

C. PITYEAE.
Pitys. Witham.

TaIs generic name in the form Pitus was first used by W itham?
for some petrified pieces of large stems from Lower Carboniferous
strata in the south of Scotland (Berwickshire). In an earlier
paper Witham? gives an account of the beds on the banks of the
Tweed from which the specimens of Pilys and other plants were
obtained. The name was revived by Goeppert® as a substitute
for Pissadendron® adopted by Endlicher and Unger: Scott®
employed the older name in the account of his investigations,
which have added greatly to our knowledge of Witham’s types.
The distinguishing characters of Pitys are: the Araucavian
pitting of the secondary xylem, the large pith, the occurrence
of numerous small primary xylem strands of mesarch structure
in the peripheral region of the pith, and the simple nature of the
leaf-traces. Nothing is known of the extra-stelar tissues, and
beyond the fact that the species were arborescent we have no
information with regard to the foliar® or reproductive orgams.

Pitys antiqua Witham.

In 1899 Scott? published a preliminary description of some
sections in the possession of Dr Kidston from Lennel Braes
(Berwickshire: Calciferous series) under the name Araucariozylon
antiguum, but in the more complete account the name Pitys®
is adopted. The following description is based on Scott’s paper

! Witham (33) A. pp. 37, TL ? Witham (30).
* Goeppert (81) p. 403. 4 Endlicher (47) p. 297.
* Beott (02) p. 346, & See footnote p. 288,

-

Seott (992): Witham (33) A, Pls. nr.—vOoI. Xvi

Scott (02), p. 346, Pls. 1. 11, V., VI

w
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and on the examination ol the sections. Fig. 486 represents a
diagrammatic sketch of a seection (2-T x 2T em.) of the central
region of a stem which had lost most of its secondary wood.
In some cases the pith reaches a diameter of 3 em.; it consists
of large parenchymatous cells broader
than deep, several of which contain a
black substance and are probably
secretory elements: the intercellular
spaces are fairly large. Horizontally
extended gaps, due to shrinkage and
collapse, ocenr in the pith and give to
it an appearance not unlike that of
Cordaites. Numerous small elliptical
strands of primary xylem,0-15—0-3mm, ~ I'ie.486. Pitysantiqua. Central
in diameter, are gcattered in the peri- SRt ,”[, s pEhs .,,s}lm.vm';

: primary xylem strands uas
pheral region (fig. 486) at varying black dots. (Kidston Col-
distances from the inner edge of lection, 598 A.)

the secondary wood and oceasionally,
when about to bend outwards as a leaf-trace, a primary xylem-
strand abuts directly on the secondary xylem. The protoxylem
occupies & more or less central position in each mesarch strand
(ig. 487, B, px): the centrifugal tracheids have the Araucarian
pitting while the centripetal elements are spiral. A few parenchy-
matous cells are associated with the more central tracheids.
A leaf-trace about to bend outwards into the zone of secondary
wood is double, but at a slightly higher level in its course it assumes
the form of a single strand. The foliar bundles are thus single
and not true double traces. Scott recognised, at the extreme
edge of the pith, an association with outgoing leaf-traces of a
single reparatory strand deeper in the medullary tissue. In this
species there is no evidence that an outgoing trace is accompanied
by an arc of secondary xylem, but that such was the case is rendered
highly probable by the discovery of an arc of wood added by the
cambium to a leaf-trace in Pitys Withams'. The radial disposition
of the pith-cells, many of which appear to be secretory, around
each primary xylem-strand (fig. 487, B) is a characteristic feature.
A difficult problem, namely the relation of primary xylem and
1 Beott (02) p. 3545.
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phloem, is raised by the fact that the primary strands are composed
exclusively of xylem and are in most cases separated from the
secondary wood by several parenchymatous cells. Scott favours
the view that the primary phloem was originally at some distance
from the primary xylem, the cambium being formed nearer to
the phloem, an arrangement foreign to recent Gymmosperms.
It is perhaps conceivable that the primary condueting strands
included no true phloem.

Fig. 487. Pitys antigua. A, radial section of secondary xylem; B, transverse
section showing the inner edge of the secondary wood and two primary-xylem
strands with protoxylem, pxr. (Kidston Coll.)

The secondary xylem consists of tracheids with 4—D0 alternate
tows of hexagonal pits on the radial walls (fig. 487, A) and not
infrequently on the tangential faces. Near the ends of the
tracheids the pits are occasionally more scattered and separate
and may be reduced to a single row?, but on the whole the pitting
is essentially Araucarian. The medullary rays are generally
4 cells in breadth, but may be T cells broad. In depth the rays
extend to 70 cells. As seen in fig. 487, B, the inner ends of the
rays are especially broad owing to the tangential dilatation of
the cells. The innermost secondary tracheids arve characterised
by pitting intermediate between spiral and reticulate. There
are no regular rings of growth in the wood.

Pitys primaeva Witham, This species?, also founded on

material from the Calciferous sandstone of Berwickshirve, differs

1 Witham (33) A. PL vz fig. 2.
¢ Jbid. p. 39, Pls. viL., XVL; Scoth (02) p. 3565, Pls. 1., vi.
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from P. antigua in the broader and shorter form and greater
breadth of the medullary rays (fig. 488, A, B), also in the larger
tracheids and in the less crowded arrangement of the bordered
pits in which the circular form sometimes replaces the hexagonal

T, 488. Pitys primeeva, A, trangverse section of the secondary xylem:
B, tangential section of the secondary xylem. (From sections of the type-
specimen in the Edinburgh University Botanical Department.)

type. The structure of the pith is not known, but Scott was
able to recognise in the partially preserved pith of a branch indica-
tions of primary-xylem groups and other features pointing to 4
close resemblance to P. antigual. A piece of stem originally

1 Singe this chapter was written Prof. W. T. Gordon has kindly supplied the
following summary of his nnpublished worle on the genus Pitys.

‘The re-examination of Pitys primaeva and P. antigue in the light of the
struetire exhibited by numerous specimens of a new species recently discovered
in Haddingtonshire has shown that all three types are similar as regards the
structure of the primary wood, In each case the primary eylinder is cmupur:xhlﬂ
with that in Arehaeopitys Bastmanii [see p. 290], i.e., there are medullary as W ell
as circum-medullary xylem-strands. In certain specimens of the new species
Pitys Dayii, the bark and leaves are preserved and thus the details of loaf-trace
emission from the stem have been determined. The leaves are short and stout
and taper gradually to a point, quite distinet from the long, thin. spatulate (ordal-
tean foliage. The internal structure of the leaf renders it easily dist-.iut.fl'li:‘hﬂh]"
from the Cordgites type while it tends to accentuate the possible relationship of
Pitys with the Lyginodendreae.’
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deseribed by Williamson! as Lyginodendron (¥) enomalun from
the Lower Carboniferous voleanic ash of the Isle of Arran would
appear to be closely related to, il not specifically identical with,
P. primaeva and, as Scott says, it should at least be included in
the same genus.

Pitys Withami (Lindley and Hutton). The Craiglieth Tree.

1881, Pinites Withami Lindley and Hutton, Foss. Flora, Vol. 1. Pl. 1.
1831. Piniles medullaris, Thid. Pl 1
1902. Pitys Withami Scott, Trans. R. See. Edinb. Vol. x1. p. 354, Pl 1.
fig, 10: PL v fig. 21

This species was founded on some sections cut from an incom-
plete stem 36 feet long obtained m 1826 from the Caleciferous
sandstone of the Craigleith quarry near Edinburgh. The specimen
named by Lindley and Hutton Pinites medullaris is no doubt
specifically identical with the larger stem. In the same year
(1831) Witham? published an account of a still larger stem from
the same locality, 47 ft long and 5t in diameter in the lower part,
and in his book the name Pimtes Withams is adopted. A large
specimen of this tree is erected in the grounds of the Natural
History Museum, London, and other specimens are preserved in
the Edinburgh Botanic Garden. Goeppert in 1850 referred the
Species to Dadoxylon and later to Pitys®, while Brongniart? assigned
it to his genus Palaeozylon. Scott® who examined Witham’s
Sections placed it in Pilys. The pitting of the secondary tracheids
15 often multiseriate, but the medullary rays are narrower than in
Pitys antigua and P. primaeva, rarely exceeding 4 cells in breadth,
Fhﬂll_u_h still of the manoxylic type. Primary-xylem strands oceur
0 the peripheral region of the pith agreemg closely with thoge
of P, antiqgua. There are no regular and continuons annual rings
t}lough as Witham stated there are concentric markings on the
Wood which superficially resemble true rings. The leaf-traces are
Single and in their passage through the cylinder of wood an arc of
Secondary tracheids is added to the primary elements.

: Williamson (78) A. p. 352, PL xxv. figs. 90—92; Williamson and Scott (95)
B 770, Seward (97%) p. 80.

* Witham (31) A. 3 Goeppert (50) p. 261: (81),

Y Brongniart (40) A. 77. 5 Seott (02) p. 354,

S. o1 19




290 PITYEAE [CH.

Archaeopitys. Scott and Jefirey.

Archaeopitys Bastmanii Scott and Jefirey. The genus Archaeo-
pitys® has rvecently been instituted for a specimen of a stem from
the Lower Carboniferous rocks of Kentucky which differs from
Pitys antiqua, the type with which it is most closely allied, in
the position and behaviour of the primary vascular strands
the pith. The type-specimen is a piece of stem 2:7 em. in diameter
including a solid parenchymatous pith 5-5 mm. broad and a cylinder
of secondary wood. The wood is similar to that of Cordastes;
the tracheids have 2—3 rows of pits but for the most part the
details of structure are not preserved: the medullary rays are
both uniseriate and multiseriate and not very deep; the structure
is more Cordaitean than Cyeadean. A characteristic feature is
the occurrence of about 30 wvascular bundles in the medullary
region: these mesarch strands, with the protoxylem near the
centre, are scattered through the pith and several lie on the outer
edge in contact with the secondary xylem or are partially em bedded
in the xylem-cylinder. The examination of a series of sections
demonstrated the fusion of perimedullary with medullary strands
and the oceagional union of the strands of hoth regions with one
another. Tt appears that the perimedullary strands ate the leat-
traces while the strands deeper in the pith are merely branches
from the peripheral leaf-trace strands.

In Pitys antiqua the medullary xylem strands are confined 0
the outer zone of the pith and constitute the leaf-traces: in
Arehaeopitys, on the other hand, the medullary strands arve geat-
tered through the pith and the leaf-traces are restricted to the
circummedullary region in actual contact with the secondary
xylem. In the Devonian genus Callizylon there are sinilar
strands but they are confined to the edge of the pith and aré
usually in contact with the wood as are the circummedullary
strands in Archaeopitys. The grouping of the secondary xylem
of Callizylon into wedge-shaped masses at the inner edge of the
eylinder is a characteristic feature; this feature is less definit®
in Archaeopitys and absent from Pilys.

1 Seott and Jeffrey (14) p. 345, PL xxx1. figs. 31—36; text-figs. 4, B.
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Callixylon. Zalessky.

Callizylon Trifilievi Zalessky. This genus is represented by
a single species!, originally referred to Dadoxylon, founded on
material from Upper Devonian rocks in the Donetz basin, Russia,
and based solely on the anatomical characters of the secondary
wood and central region of an arborescent stem. The wood is
pyenoxylic and of the Araucarian type; the inner portion of the
xylem-cylinder is divided into groups, similar to the regular
wedges in a Calamite stem, consisting of tracheids converging
towards an obtuse apex occupied by a primary xylem strand,
fig. 489, A, @, b. On the radial walls of the tracheids the bordered
pits not infrequently form a single row of flattened ovals, but more
usnally there are two or sometimes three rows of alternate con-
tiguous pits (fig. 489, B): circular and separate pits also occur.
As Zalessky states, the pits do not always occupy the whole
tadial face; unpitted patches sometimes interrupt the continuity
of the pitted areas® Similar circular and more scattered pits
are unusually abundant on the tangential walls. There are no
Complete rings of growth. The medullary rays are narrow and,
€xcept at their dilated inner ends, uniseriate; usually one or a7
few cells deep, they may reach a depth of 12 or more cells. The
Pits on the radial walls of the ray-cells are said to be 4 -7 in the
fiell. The pith consists of thin-walled flattened parenchyma
E"(‘qnezlt]_\' eloneated In a radial direction. At the inner edge of
the secondary xylem and generally in contact with it are several
“‘”.'rlstf,nmasing gtrands of primary xylem, mesarch in structure
Wt with the protoxylem nearer the inner edge. These bundles
May he single (fig. 489, A, @) or double (fiz. 489, A, b, and ()
ld closely resemble those of Pitys antigua except in their closer
"elation to the secondary wood. The leaf-traces have not been
Hescribed, but the ocemrrence of twin-bundles like those in fig.
189, ¢, suggests that they were double. The primary-xylem
®lements show particularly well transitional forms of pitting
“Mnecting the multiseriate and scalariform types.

Callizylon, though conveniently and justly regarded as a distinet

Cr IS Sl I . e
8fhus, exhibits in its primary xvlem a fairly close agreement

1 Zalessky (09): (L1) p. 29
# Zalessky (11) PL 1v. fig. 3.

19—2
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with Pitys!. The above account is based m part on Zalessky's
description and partly on specimens in Dr Kidston’s possession.

Miss Elking and W. Wieland? have recently described some
Upper Devonian wood from Indiana characterised by a grouping

Fig. 489, Callizglon. Trifilevi. A, €, the inmer margin of the secondary
sylem showing strands of primary xylem, a, b, and C. B, tracheids of the
segondary xylem. (A, €, from photographs supplied by Prof. Zalessky:
B, Cambridge Botany School.)

of the circular or elliptical bordered pits in the radial walls of the

tracheids similar to those in Callizylon Trifilievi which they include

1 Seott (12) p. 1024, 2 Elkins and Wieland (14).
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together with the Middle Devonian species Cordaites Newberryi®
i Zalessky's genus. Though these two American species are
comparable in the discontinuous arrangement of the tracheal pits
with the Russian type the latter is characterised by the presence
of primary xylem-strands, a feature that has not been recognised
in the American stems: it would seem, then, undesirable to
adopt the designation Callizylon in preference to Dadowylon
unless there is evidence as to similar characters in the primary
region of the xylem.

Coenoxylon. Zalessky.

Coenowylon Scolti Zalessky. Prof. Zalessky? gave the name
Coenozylon to a small and incomplete piece of stem of doubtful
provenance but possibly from the Ural Permian beds. The pith,
2 em. broad, comsists of parenchyma associated in the central
region with numerous large sclerous cells. In one section a
sinuous band of meristematic tissue was observed near the
periphery of the pith: the appearance of this tissue in a photo-
graph given to me by Prof. Zalessky suggests comparison with
occasional strips of similar dividing cells in the pith of Lyginopteris.
The secondary wood is composed of tracheids with 1—2 rows of
flattened or hexagonal pits on the radial walls and narrow uni-
seriate medullary rays reaching a depth of 15 cells and with 27
oval pits in the field. As in the wood of Mesopitys Tchihatcheffi®
there are distinct and apparently complete rings of growth.

It is on the ground of the arrangement and structure of the
Primary xylem that Zalessky instituted a new generic name.
The primary xylem forms teeth of variable size which project
nto the pith from the edge of the secondary xylem: the promi-
nent portions of the main mass of primary xylem give off branches,
differing considerably in size and shape, some of which become
Separated by a comparatively broad band of parenchyma from
the parent xylem-tissue. These bundles anastomose in their
Course through the pith and in doing so incorporate between them
batches of parenchyma. The bundles of primary xylem are
ndarch. From the centrifugal strands at the periphery of the

* Penhallow (00) pp. G4, PL xm # Zolessky (11%) p. 13, figs. 1—4
3 Bee page 295.
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pith double leaf-traces are produced which pass almost horizon-
tally through the secondary wood. As Zalessky points out, the
leaf-traces in their dnal nature and in the elongated and narrow
form of the tracheal groups, as seen in tangential section of the
secondary wood, bear a close resemblance to those of (inkgo biloba.

This Russian genus agrees in its double leaf-trace with Meso-
aylon, Mesopitys, and Anlarcticozylon : among recent plants ¢ finkgo
would seem to be the most closely allied type.

Parapitys. Zalessky.

The designation Parapitys' has been proposed for a single
Upper Carboniferous species characterised by the possession of
secondary wood like that of Cordaites, double leaf-traces, and
small mesarch primary xylem-strands. Nothing is known of the
leaves or reproduetive organs.

Parapitys Spenceri (Scott).

In 1880 Williamson? published a short aceount of a transverse
section of a specimen found by Mr J. Spencer in Upper Carboni-
ferous strata near Halifax in Yorkshire which afforded evidence
of the occurrence of double leaf-traces. The following description
is taken from Scott’s account® of the species, which he named
Dadowylon Spenceri. The parenchymatous pith, 5—6 mm. in
diameter, is obtusely pentagonal, the prominent angles corre-
sponding to the points of exit of paired leal-traces like those of
Mesoxylon, Ginkgo, and other genera, The secondary xylem
consists of narrow tracheids with crowded multiseriate pits on
the radial walls and narrow medullary rays one-cell broad and
1—8 cells deep.  In contact with the inner margin of the secondary
wood are a few small mesarch strands of primary xylem, the
protoxylem and some parenchyma occupying a more or less ¢ central
position. A leaf-trace about to enter the secondary xylem
is Tepresented by twin-bundles which retain their double nature
as they traverse the stele, but at a lower level the two com-
ponents fuse and appear as single bundles at the outer edge of
the pith. The division of a leaf-trace into two before passing

I Zalessky (11) p. 28.

2 Williamson (80) A. p. 516, Pl xx. fig. 60.
8 Beott (02) p. 357, Pla. m., v
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out, as I Poroxylon, constitutes a difference from Lyginopteris
m which the division oceurs later,

Zalessky’s generic name Parapilys is an appropriate substitute
for Dadoxylon in view of the presence of separate primary xylem
sfrands, a feature foreign to typical Dadoxylons which agree
with recent Conifers and Cycads in the absence of vascular strands
distinet from the endarch centrifugal wood. As Scott' says,
Parapitys “is best regarded as a near ally of Mesozylon.
Mesopitys. Zalessky,

Mesopitys  Tchihateheffi (Goeppert). The genus  Mesopitys
was stituted by Zalessky for a Permian species founded by
Goeppert® on a piece of decorticated stem from the Kousnetzk
basin in Siberia and afterwards more fully deseribed by Goeppert
and Stenzel®. The strueture of the secondary wood led Goeppert
to adopt the name Araucarites for which Kraus? substituted
Aravcariozylon. A recent investigation of additional material
by Zalessky brought to light the existence of groups of primary
xylem abutting on the secondary xylem and projecting into the
pith, characterised by the oceurrence of spiral protoxylem elements
on the inner edge. The recognition of this important feature
Justified Zalessky in the adoption of a new generic term. In
general anatomical characters Mesopitys agrees with Eristophiyton
Beinertianum (Goepp.) but is distingnished by the more feebly
developed primary-xylem groups and by their endarch structure.

The examination of sections from some of Prol. Zalessky’s
material lent to me by Dr Kidston enables me to confirm
Zalessky's deseription, though T am not convinced that the primary
Xylem-strands are exclusively endarch: in most of the primary
groups the protoxylem is clearly on the inner edge, but in a few
Cases there may be a small amount of centripetal xylem present.
The characters of Mesopitys Tehihatcheffi may be summarised
as follows: :

Annual rings well defined, varying considerably in breadth;
the summer wood is represented by several rows of narrower

1 Seott (12) p. 1028.

* Gioeppert (45%) p. 11, Pls, XXIX.—XXXV.: Zalessky (11).
% Goeppert and Stenzel (88) p. 33, Pls. v., vi

* Kraus in Schimper (72) A. p. 381.
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tracheids (fig. 490, A). 1In the piece of stem shown in the figure
the breadth of the wood from the flattened and crushed pith to
the broken outer edge is 6 em. The medullary rays are numerous,
uniseriate, rarely 2 cells in breadth; the pits on the radial walls
of the ray-cells, 7—10 in the field, are apparently simple, oval,
and oblique: the rays are generally 3—4 cells in depth but may
be deeper. There are 1—3 rows of hexagonal alternate rows of
pits on the radial walls of the tracheids. The primary xylem
consists of groups, varying in size and sometimes reduced to a
very few elements, in contact with the secondary xylem, usually
though probably not invariably endarch. In the two narrow
radially elongated and partially destroyed primary strands shown
in fig. 490, B, the protoxylem, pz. is on the inner edge. The
leaf-trace passes through the secondary wood as a single strand.

Frc. 490. Mesopitys Tehikateheffi. A, transverse section showing rings of
growth in the wood. B, primary xylem with protoxylem, pr, and the
edae of the secondary xylem, #° (Kidston eollection, 2156.)

In the section reproduced in fig. 490, A, the crushed and flattened
pith measures 9 by 2 mm.; it consists of thin-walled parenchyma
with a few scattered thicker-walled cells.

Nothing is known as to the structure of the cortical tissue of
leaves.
Antarcticoxylon. Seward.

Antarcticozylon Priestleyi Seward. The specimen on which

this genus was founded wag discovered by Mr Raymond Priestley*
in a boulder, probably derived from the Upper Beacon sandstone.

! Seward (14) p. 17, Pls. 1v.—vi:
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on the Priestley Glacier south of 74° 8. lat. in the course of the
journey of the Northern Party of Capt. Scott’s second Antarctic
Expedition. The type-specimen is a piece of silicified stem 1 ft
long and 3ins. in diameter: there were no tissues preserved
external to the secondary wood and it is impossible to say what
proportion of the original thickness is represented. Annual
rings are clearly marked at least macroscopically (fig. 491, C)
though there is very little difference between the spring and
summer tracheids: the centre of the compressed stem is occupied
by a lighter coloured elliptical area 7 x 2 mm. which superficially
resembles a pith, but in the peripheral region it consists of portions
of a eylinder of spiral and scalariform tracheids, the actual pith
being not more than 23 mm. in breadth. The pith consists of
lacunar parenchyma separated by horizontal bands of dark cells
containing some secreted substance (fig. 491, ') : the preservation is,
however, not sufficiently good to enable one to deseribe it in detail.
The secondary xylem is of the pycnoxylic type; the tracheids
have either a single row of contignous and partially flattened
pits on their radial walls or a double row of alternate polygonal
pits: the medullary rays are nearly always unigeriate (fic. 491, K)
and from 1 to 24 cells in depth. At the inner edge of the secondary
wood there wag a fairly broad zone of more delicate tracheids
(fig. 491, A, @) characterised by spiral or scalariform bands and
by their relatively small diameter. This innermost zone, which
supplies the leaf-traces, is spoken of as the primary xylem; it
appears to be endarch though this cannot be definitely determined.
A characteristic feature of the primary xylem in the perimedullary
region, as also in the leaf-traces on their way through the secondary
wood, is the presence of short and broad tracheids (fig. 491, D, 7)
with reticulate thickening bands: these short elements may
represent centripetal xylem and are similar to the short tracheids
described by Scott! in the sheath of Mesoxylon Lomazi and to
the larger elements in the stem of Megalozylon®.

An interesting feature seen in transverse sections of the
secondary wood is the occurrence of light bands concentrie with
the rings of growth which are broadest near the long axis of the
stem (fig. 491, C). In their narrower parts these bands are clearly

1 SBeott (12). ? Hee page 175.
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Frg. 491, A—F, dutarcticovylon. Priestleyi. A, B, transverse sestions-of the
xylem; a, small tracheids simulating protoxylem; =, xylem at the edge of
the pith. €, transverse section showing leaf-traces, I, @, 4. D, leaf-trace
with short tracheids, ¢, in the pith; s, sclerous cells. B, tangential section.
I, pith in longitudinal section. @, Pifycsporites antarciicus; see Val, IV

(All' the sections are in the British Museum.)
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due to the partial destruction of the secondary tracheids, but in
other places crushed parenchymatous tissue oceurs which may
be a fraumatic phenomenon or possibly comparable with Nord-
linger’s ‘medullary spotsl” formed by local hypertrophy of
medullary tissue. Although the structure of the leaf-traces cannot
be definitely determined, it would seem that each trace passed
into the perimedullary region as a single bundle of relatively
large size composed of spiral and scalariform tracheids narrower
than the secondary elements. The traces during their outward
course were accompanied by some parenchymatous tissue con-
tinuous with that in the pith, and the inner spiral tracheids of
the trace were connected with isodiametric reticulate elements.
The dimensions of the leaf-traces point to leaves of fairly large
SlZe.

In the structure of the secondary wood Antarcticoxylon agrees
on the whole with an Araucarian stem: the broad zone of xylem
composed of spiral and scalariform tracheids at the edge of the
pith is a feature common to Mesoxylon, Cordaites, and Araucaria.
There is no evidence of the occurrence of double leaf-traces such
as characterise certain Cordaitalean genera and some existing
members of the Araucarineae. In the single nature of the leaf-
traces the Antarctic stem vesembles Mesopitys Tchihatchefli also
in the presence of rings of growth?, but in dslarclicoxylon the
Preservation of the primary xylem is too imperfect to admit
8 i ssstiatnshoryoonyssingn s segaille i Erponent s
with other types.

The precise age of the Beacon sandstone has not been deter-
mined, but the probability is that the upper beds from which the
boulder containing Antarcticoxylon was derived ave not older than
the Rhaetic period. The chiel interest of this imperfectly pre-
Served stem with undoubted Araucarian affinities is its occurrence
In the rocks of Antarctica in association with other remains of
Comparatively large stems.

' De Bary (84) A. p. 492; Grossenbacher (13).
* See Scott, Nature, Augnst 26, 1915.




CHAPTER XXXYV.
PALAEOZOIC GYMNOSPERMOUS SEEDS.

SEEDS are abundantly represented as fossils from Carboni-
ferous to Post-Tertiary deposits. The importance of fossil and
sub-ossil species in the later geological series has bheen demon-
strated by the investigations of Mr and Mrs Clement Reid and a
few other workers in this neglected field. In cases where it is
possible to assign seeds to their parent-plants the descriptions of
casts, impressions, or petrifactions are added to the account of
vegetative organs; but it frequently happens that seeds are
preserved only as detached specimens many of which have little
or no value as botanical records, while others that afford striking
eXxamples of the possibilities of petrifaction as a means of preserving
the most delicate structures, are of great importance. In Volume
1. an account was given of such Palaeozoic seed-bearing organs
as Lepidocarpon and Miadesmia, and the genera Lagenostonia,
Sphaerostoma, and Trigonocarpus ave dealt with in this volume
under Lyginopleris, Heferangium, and Medullosa. Certain seeds
afford some evidence as to the systematic position of the parent-
plants though insufficient to warrant more than a surmise as to
the nature of the vegetative organs: in several cases it is only
from the resemblance of detached seeds to types that on the
strength of more or less convincing evidence are rteferred to
definite parent-plants that any conclusions can be drawn with
regard to precise systematic position. In view of the occurrence
of several different types of seeds that retain their morphological
features, but cannot be assigned with any degree of certainty to
genera founded on vegetative organs, a special chapter is devoted
to a comparative study of selected examples with the object of
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directing attention to data bearing on evolutionary problems.
The chief interest of Palaeozoic seeds to the botanist lies in the
facts they contribute towards the elucidation of questions con-
nected with the promotion of the megasporangium and megaspore
of the Pteridophyta to the higher stage represented by the integu-
mented megasporanginm (nucellus) and single megaspore that in
the main fulfil the definition of a seed’. *With the evolution of
the seed,” as Oliver says, “the plant rose at a bound to a higher
plane, and this structure in its perfected form has hecome the
very centre of the plant’s existence?” We can as yet form a very
partial conception of the successive stages in the adoption of the
seed-habit, but since 1855, the year in which Hooker and Binney?
published their paper on the structure of T'rigonocarpus, ample
proof has been furnished of the importance of Palacozoic seeds
from the standpoint of affinity between recent Gymnosperms
and extinet seed-bearing plants, and of the modus operandi of
evolutionary tendencies. A cursory examination of Palaeozoic
seeds suffices o demonstrate their resemblance to those of recent
Cycads and the seed of Ginkgo biloba; but while it is clearly with
these Gymnosperms that the majority of the seeds described in
the following pages are most closely allied, the extinct types
Possess many distinguishing features that throw light on some
at least of the factors concerned in the production of the modern
type. In many of the Palacozoic seeds the nucellus stands free
within the integument, to which it is attached only in the chalazal
region, in contrast to the lateral union between integument and
bucellus in the ovules of recent Cycads. Tt has been suggested
by Oliver? that the seed of the Conifer Torreya affords a clue to
the interpretation of this diflerence and that the lower part; of
the seed in Cycads and Torreya represents a later intercalation in
the basal portion of the ovule, the ancient type having a free
hucellus in contrast to the nucellus of modern seeds which is free
only at the apex. It has been objected® that there are no adequate
grounds for assuming the addition of an intercalated zone or of
the elongation of the ovule that this implies, the more probable

1 See Vol. 11. p. 56, ¢ Oliver (06) p. 7286,
® Hooker and Binney (55). * Oliver (03).
* Worsdell (05) p. 58; Salisbury (14) p. 67.
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view being that the lateral union of nucellus and integument
represents congenital fusion in the ancestral type, a fusion com-
parable with that of the coherent petals of a gamopetalous corolla.
In the presence of a pollen-chamber most of the Palacozoie seeds
agree with those of recent Cycads, but in the extinet forms it is
usnally a more highly developed structure. The name pollen-
chamber wag given by Brongniart! to the pollen-containing
cavity in the free region of the nucellus in the petrified seeds from
St Etienne in ignorance of the use of the same term by Griffith®
in a posthumous work published in 1852 for the nucellar chamber
in Cycas®. The genus Stephanospermum (fig. 494, A) illustrates
the means by which the pollen-chamber was liberally supplied
with water and thus adapted to the requirements of fertilisation
by motile gametes. The pollen-chamber and its vascular supply
paved the way for siphonogamy, that is the development of a
pollen-tube for the more direct transmission of the male sperms.
The highly developed mantle of tracheal tissue at the periphery
of the nucellus in Stephanospermuin, represented on a reduced
scale by the separate vascular strands of other seeds, may be
compared with the tracheal investment to the nucellus in the
recent Dicotyledonous genus Cassytha®. The presence of a
nucellar vascular system in several Palacozoie seeds is a feature
in which they differ from those of recent Cycads with the exception
of Bowenia. The retreat of the vascular supply from the imme-
diate neighbourhood of the pollen-chamber in recent Cycads may,
as Oliver points out, be correlated with the evolution of the pollen-
tube—the substitution of siphonogamy for zoidiogamy. The
diagram reproduced in fig. 492 represents a synthetic type based
on such seeds as Stephanospermum and Cardiocarpus which
illustrate an arrangement of conducting tissue frequently found
in Palaeozoic seeds: the main strand gives off a pair of bundles
in the sarcotesta in the principal plane, as in Cardiocarpus®; from
the tracheal mass in the chalazal region numerous bundles pass
up the nueellus ag far as the floor of the pollen-chamber. The

L Brongniart (81) p. 31.
¢ For an ascount of the work of this author see Lang in Oliver (13) p. 178.
3 Hee Scott (09) B. p. 543, ¢ Mirande (05).

5 For definition of Cardiccarpus, see page 338,
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nature of the vascular supply in this generalised type and in indi-
vidual genera should be compared with that in the seeds of recent
Cycads! described in Chapter xxvirr.

Recent research has revealed the not unexpected fact that in
such Upper Carboniferous petrified seeds as have been investigated
——a small proportion of the large
number produced in the Palaeozoice
forests-—there was a remarkable
range in the mechanism connected
with pollination and the matura-
tion of the microspores. A com-
parison of the genera Physostoma,
Lagenostoma, Conostoma, Trigo-
nocarpus, Stephanospermum and
others reveals the occurrence of
very different though not unrelated
structural features especially in the
apical region of the seed. These

Fia. 492. ‘A conjectural synthetic
2 X . . type of seed embodying thecharacters
seeds, “H']ml'”;Lr Pi’.’f's'”'“h”'”ﬁ PrO=  of such a sead as Stephanospermun
bub]v the most archaie type, with those of a Cardicearpus’;
! ; n, nucellus; pe, ]JO]ll,‘l!.v[!hi‘l-[lll)(.‘r.

Tenrag > G & un ao s
epresent a stage in evolution (After Oliver.)

already far removed from the _
Starting-point: the diversity of plan recalls the variety in the
form of the chloroplasts in the Green Algae, and in both cases
We are in touch with an experimental phase representing a
tentative advance towards greater efliciency.

In its differentiation into an outer fleshy region, the sarcotesta,
4 stony layer, the sclerotesta. and in many cases an inner flegh,
the Palaeozoic seeds resemble recent Cyecads: in both extinet and
Modern seeds the balance of evidence would seem to be in favour
(:1'a‘r-triburi11g a single rather than a double origin to the integument.

Among the numerous types of Palaeozoic seeds are several
Which invite comparison with the fruits or carpels, apart from
the seeds, of Angiosperms. Tmpressions of Samaropsis seeds
(figs. 502, B—K: 503: 504) bear a close resemblance to the
laterally expanded fruits of the common Crucifer Thlaspi arvense;
the ribhed testa of Hezagonocarpus (fig. 506, H) and other genera

1 Sec page 26.
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recalls the fruit-wall of Alstroemeria; the recently described
Lower Carboniferous seed Thysanolesta sagittula Nath. (fig. 506, F)
simulates a carpel of Erodium. These and similar instances of
a close parallelism in external features between orgams that are
not homologous, though in themselves of mno morphological
significance, are at least interesting as illustrating the plasticity
displayed by reproductive structures, which in the Palaeozoic
period marked a morphological achievement comparable in its
importance with the still greater achievement represented by the
highly specialised fruits of the modern Flowering plants. The
range in form and surface-features of Angiospermous fruits was
foreshadowed by Palaeozoic seeds. Struectural types and in some
cases, superadded to these, features which may reasomably be
supposed to have facilitated dispersal had been acquired by the
seeds of Palaeozoic plants in forms that in a much later period
were adopted by fruits even to a greater degree than by seeds.
Characters useful in seed-dispersal, that are now shared by fruits
and seeds, are illustrated by the fleshy and possibly edible seeds
of extinet Gymnosperms, the plumes and hairy beak of Guetopsis
(fig. 494, B) and Thysanotesta (fig. 506, F) suggestive of feathery
stigmas and other appendages. The lacunar sarcotesta of Aetheo-
testa, the thick endotesta of Pachyfesta (fig. 497), and the air-
chamber of Codonospermum (fig. £98), are strictly comparable with
aids to buoyancy in fruits of existing Flowering plants. The
mucilage-hairs and superficial cells in Physostone (fig. 494, I) and
Stephanospermum may be compared with the thick mucilaginous
investment of the megaspores of recent water-ferns and with
similar tissues of some Angiospermous seeds.

The bionomies of Palaeozoic plants is a subject worthy of
more serious attention than it has so far received, The search
for morphological characters that may have faecilitated the
wanderings of widely distributed genera and species and a closer
investigation of physiological-anatomical problems presented by
the vegetative organs of petrified plants would not only extend
our knowledge of the morphology of ancient types but would
stimulate comparative study and, incidentally, relieve the dullness
of pure deseription. It may be argued that we should first
establish a more solid foundation by further observations on
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living plants; but even at the risk of allowing speculation too
free a hand the attempt is worth making, and it may be urged
that, as in phylogenetic enquiries so in other branches of botany,
facts obtained from plants of other ages may serve to supply
deficiencies in knowledge based only on existing forms. One of
the difficulties inseparable from the study of fossil plants, namely
the identification of impressions and casts with specimens ex-
hibiting anatomical characters, is particularly well illustrated
by seeds. The description of a genus based on mere external
form may sometimes be extended without great risk of error to
melude species founded on anatomical characters, but on the
other hand, there are many instances in which—despite a general
resemblance in form and size between petrifactions and impres-
sions—lack of evidence of generic identity requires the emplwment
of distinctive names. The determination of impressions is, as
Lesquereux recognised, ‘subject to a great deal of uncertainty,’
and many of the genera founded on external features are purely
artificial and include species that have no essential features in
common. Moreover in the case of petrified specimens the apparent
absence of an external fleshy layer is often due to destruction
before preservation: as Solms-Laubach® points out, it is obviously
nnpmsmle to be certain ag to the number of 111tegu1nenta,] layers
in seeds that arve not well preserved in all their parts. Toeppert
founded a new genus, Acanthocarpus, on a Permian seed described
as A. aanthioides®, because of the occurrence of spinous processes
attached to an obcordate kernel: these apparent spines are in
all probability the remains of a very imperfectly preserved sarco-
testa. The preservation of the central portion of a seed, that
18 the seed-cavity with the enclosing shell, conveniently called
the nucule, has often led to an unnecessary multiplication of
generic terms. Other examples of confusion resulting from
different states of preservation are quoted in the accounts of
some of the selected types.

Williamson in 1877 pointed out that we learn from the large
number of different kinds of Palaeozoic seeds that ‘there were
in the Carboniferous forests many gymnospermous stems clothed

! Solms-Laubach (91) A. p. 118.

* Goeppert (65) p. 177, PL xxvi. figs. 27, 28.
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with foliage of which we have not yet discovered any traces,
probably because these Gymnosperms did not flourish npon the
low swampy grounds which were the homes of the great mass
of the coal-producing plants'.” Prof. Zeiller? has also drawn
attention to the numerical excess of seeds over vegetative organs.
This discrepancy has to a large extent been explained by the
discovery that many of the supposed Ferns were seed-bearing
plants, and a further explanation is suggested by the guperiority
of seeds over stems and leaves in their adaptation to dispersal
by water.

In 1874 Brongniart® described several petrified seeds from
material discovered by Grand’Eury in the St tienne coal-field,
and seven years later his descriptions were republished?, with the
addition of several beautifully executed drawings, as a posthumous
volume edited by his distinguished pupil Renault. Williamson’s
researches supplied much additional information, and in recent
years the more detailed study of French and English geeds by
Bertrand and particularly by Oliver and his pupils has further
emphasised the interest and importance of this field of work.
Brongniart proposed a two-fold classification of French seeds:
(i) bilaterally symmetrical seeds, more or less flattened in section,
which he believed to be Cordaitean; (ii) radially symmetrical
seeds, circular in transverse section : the latter group he considered
to be less closely allied to recent types. The employment of the
terms Platyspermeae and Radiospermeae, proposed by Oliver?
for Brongniart’s divisions, serves a useful purpose il due regard
is paid to the adequacy of the evidence as to symmetry and if
it is recognised that thig classification cannot be rigidly employed
in all cases. It was pointed out by Brongniart that the occasional
ocourrence of tricarinate seeds of Ginkgo (fig. 631) and Tazus
is an exception to the general rule of bilateral symmetry : seeds
of Cyeas are normally bilateral, but radially symmetrical forms
also occur®, The genus Conostoma (lig. 494, B) represents an
intermediate type which, though almost radially symmetrical,
exhibits a slight tendency towards platyspermy. Kvidence

1 Willinmson (77) B. p, 262, Zeiller (88) A. p. 642,
\ P { I

3 Bronguniart (74). 1 Brongniart (81).
5 Oliver (04) B. p. 380 &

Affourtit and La Riviere (15)
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recently brought forward by Nathorst! renders probable a con-
nexion of a presumably radiospermic seed Lagenospermum Arberi®
with the Lower Carboniferous fronds Adiantites bellidulus Heer,
and this furnishes an interesting illustration of the association of
both platyspermic and radiospermic seeds with the same generic
type of foliage. While retaining Radiosperm and Platysperm as
convenient deseriptive terms, I have not adopted them as group-
designations on the ground that they do not in themselves serve
as trustworthy criteria of relationship. Attention is called by
Salisbury® to the occurrence of bilaterally and radially symmetrical
fruits among British Carices and to a similar mixture in the family
Polygonaceae.

The acquisition of more detailed and accurate knowledge of
Palaeozoic seeds led to an extension of the two-fold division of
Brongniart and Oliver which is based on such characters as the
position of the vascular tissue in relation to the integument and
nucellus, the form of the pollen-chamber, and other features.
The division Lagenostomales has been instituted for Lagenostoma
and some other Radiosperms connected by certain important
characters: these seeds may be referred to the Pteridospermeae
though it is only in the case of Lagenostoma, and to a less extent
Sphaerostome, that a correlation between vegetative organs and
seeds has been rendered sufficiently probable to justify an assump-
tion of generic identity. The name Trigonocarpeae® has recently
been used for a section of Radiosperms represented by Trigone-
carpus, Stephanospermum, and other genera. Although the genus
Stephanospermum, as Oliver® says, may be regarded as the type-
genus of a group of seeds, it is more fitting, as the same
author® insists, to adopt a divisional term based on the generic
tame of the much more widely spread and more familiar Trigono-
carpus. For the sake of uniformity in nomenclature it is proposed
to adopt the name Trigonocarpales instead of Trigonocarpeae to
tank with Lagenostomales.

The Platyspermeae comprise such seeds as Cardiocarpus,
Mitrospermum, and Rhabdospermum, genera characterised by

! Nathorst (14) p. 32, * See page 173.
* Balisbury (14) p. 71. 4 Balishury (14).
* Oliver (04) B. p. 392, 5 Oliver (07).

20—2
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well-marked anatomical features and probably Cordaitean; it
has, however, been shown that typical Platysperms were also
borne on leaves of Pteridosperms and, as Mrs Arber! says, the
notion that every member of the Platyspermeae was necessarily
a Cordaitean seed has been diseredited by the discovery of the
seeds of Aneimites (Wardia) and Pecopteris Pluckeneti®. For
general purposes it is hardly necessary to adopt the subdivisions
of the Lagenostomales used by Oliver and Salisbury®, though as
facts accumulate we shall no doubt be able to make further
advances towards a natural system of classification. The following
three divisions of Permo-Carboniferous seeds include genera
founded on petrified specimens and thus afford valuable morpho-
logical data. The groups Lagenostomales and Trigonocarpales
include types belonging to closely related plants, a relationship
clearly expressed in the seed-characters.

TI. LAGENOSTOMALES. .

The seeds included in this group are for the most part Radio-
sperms, but in its slightly developed bilateral symmetry Conostome
oblongum is a type transitional between Radiosperms and Platy-
sperms. The testa may be tibbed and the ribs vary in number.
The nucellus (megasporangium) is united to the integument not
only at the base but laterally as far as the shoulder of the seed up
to a level corresponding to the base of the pollen-chamber (lageno-
stome) as in all recent Cycads and in the majority of Conifers.
The seeds proper apart from the cupule are supplied with a single
set of vascular bundles: there is no vascular tissue in the nucellus,
a feature no doubt correlated with the fusion of nucellus and
integument?, The free portion of the integument is more or less
deeply lobed or, in Lagenostoma, it forms a pyramidal canopy
of fused lobes enclosing the lagenostome. The presence of a
tapetal zone surrounding the megaspore is believed to be a feature
characteristic of the group?. The testa, wholly or partia,llyf
ribbed, is Telatively thinner than in the Trigonocarpales and
Cardiocarpales, and in its differentiation agrees less clogely with
the testa of recent Cycadean seeds. In Lagenostoma and possibly

1 Arper, A. (10) p. 805. * See Chapter XXXT.
s Oliver and Salishury (11). 1 Balisbury (14) p. 67,
5 Qliver (09), p. 99.
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in other genera a loose sheath or cupule surrounded the ovule,
while in Gnefopsis a similar envelope enclosed two to four seeds.

The microspores are multicellular and smaller than those of
Trigonocarpales, the average dimensions (Conostoma, Physostoma,
Lagenostoma) being 6Tu % 52u.

Genera. Physostoma ; Conostoma ; Sphaerostoma ; Lageno-
stoma ; (';'ne{r;jmlﬂ.

Lagenostoma may safely be referred to Lyginopteris, and
Sphaerostoma with but little risk of error to Heterangium: the
parent-plants of the other genera are unknmown, but all may be
regarded as the seeds of Pteridosperms and probably of genera
more nearly allied to the Lyginopterideae than to the Medulloseae.
The genus Lagenospermum, recently instituted by Nathorst!, is
dealt with in Chapter xxxi.

Physostoma. Williamson.
Physostoma elegans Williamson.

The generic name Physostoma® was applied by Williamson?
to a seed from the Lower Coal Measures of Lancashire which
he named P. elegans: he afterwards described it as Lageno-
stoma  physoides, but the original name hag been revived by
Oliver* to whom our knowledge of this type is chiefly due.
The specimens figured by Williamson® as Sporocarpon ornatum
also belong to Physostoma elegans. The seeds are circular in
section, approximately 6 mm. long with a maximum diameter
of 2 mm. The testa has about 10 longitudinal 1ibs passing in the
apical region into a ring of free lobes or tentacles surrounding and
considerably overtopping the nucellar apex: these tentacles
take the place of a micropylar tube (fig. 494, I; fig. 493, D) and
are a feature ‘in which this seed differs from all other known
seeds, fossil or recent®.” A single vascular strand passes through
the chalazal region and divides into 10 bundles, one to each

1 Nathorst (14) p. 29.

* ovrdw, to blow; ¢ica, o bladder.

# Willinmson (76) p. 160; (17) B. p. 241, Pl x1. figs. 77, 78; PL xu. fig. 79.
£ Oliver (08); Oliver and Salisbury (11) passim; Salisbury (14) p. 74.

A

. Williamson (80) A. PL xvin figs: 24—28; (83%) A. Pl xxxr1. fig. 27 (called
in this ease Sporecarpon anomalum, no doubt a slip of the pen).
¢ Oliver (09) p. 76.
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rib and tentacle. The single integument consists of a few
layers of cells, those of the epidermis being prolonged into clavate
mucilaginous hairs, fig. 494, 1, », that may reach a length of

5 mm. and in the living seed almost covered the whole surface
of the testa, being especially long on the ribs and tentacles.

There is no special Ll(‘vrﬂopmont of sclerous tissue, the wvasenlar
bundles, ©, being embedded in pmeuuh\ ma in the inner portion
of the integument. The nucellus is represented by a zone rich
in secretory cells, and internal to this is a ’rdetum Integument
and nucellus arve coalescent up to the apical region where the
former splits into 10 tentacles. The nucellar apex has the form
of a tall dome surrounded by a bell-shaped pollen-chamber (fig.
494, 1, pe; fig. 493, C, D, ¢) into which it projects like the base
of a wine-bottle. The circular opening of the pollen-chamber
overtops the roof of the dome formed of the secretory tissue of
the nucellus and the carhonised remains of the tapetumi: this
dark band surrounds the large megaspore- cavity (fig. 494, I).

Physostoma is the only member of the Lagenostomales in which
the megaspore projects into the free nucellar apex: in other
genera intercalary growth has produced a more or less prominent
plinth, the name given to the free portion of the nucellus between
the megaspore and the pollen-chamber. Williamson? deseribed
the mammillated apex of the mucellus as pushed up into the
hase of the lagenostorne which ‘looks like a bladder half full of
fluid resting wpon and overhanging the end of a soda-water hottle’:
it was this appearance that suggested the name Phaysostoma.
The section reproduced in fig. 493, D, shows in the centre the
limiting tissue of the nucellus surrounded by the pollen-chamber,
¢, and external to this are the tentacles with their groups of long
hairs: the vascular bundles are represented by spaces in the
more internal small-celled tissue (see also fig. 494, 1). A character-
istic feature is the presence of a tapetum or megaspore-jacket?
in the nucellus: immediately internal to the vascular bundles
strete hing from the chalaza to the apex of the megaspore-cavity is
a lmver of delicate cells with secretory sacs, and this is succeeded
by a broad black layer of rather larger cells, a tissue which was
probably in full activity in a younger stage of development.
1 Williamson (76) p. 160. * Oliver (09) p. 106.
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A comparable tapetal layer is described by Lang? in the ovule of
Stangeria: the majority of the sporogenous cells surrounding the
megaspore become disentegrated and are absorbed, but the
outermost zone forms a more definite tapetal layer: as already
suggested, this tissue in Physostoma may be a group-character.
No archegonia have been found, but in a few cases some of the
delicate prothallus-tissue occurs in the interior of the seed. Micro-
spores are often abundant in the pollen-chamber (fig. 493, C, ¢);
in one seed 80 are recorded. The occurrence of o many micro-
gpores suggested to Oliver that insect-agency may have been
responsible for the precision in pollination that is greater than
one would expect in anemophilous plants.” The spores are smaller
than those of Lagenostoma (55u » 4bp) and in several of them
the remains of a cellular tissue are preserved (fig. 494, N), also
some sub-reniform bodies (fig. 494, M) similar to those described
as spermatozoids by Dr Benson in Lagenostoma (fig. 408, D).

The most interesting features of Physostoma are: the absence
of a continuous micropylar tube and its replacement by a circle
of integnmental lobes; the apical prolongation of the nucellar
apex into the pollen-chamber, and the presence of long mucila-
ginous hairs on the integument. The large pollen-chamber is
a character which distinguishes Physostoma from Conostoma and
its form is very diffeent from that in Lagenostomir.

The tentacles of the integument and the form of the nueellar
apex are features consistent with Oliver's view that Physostoma
is the most primitive of Palacozoic seeds though, as PBurlingame?
says, the elaborate form of the encasing envelope marks a con-
siderable advance beyond the earliest type of megasporangium
Integument.

A new type of Physostoma has been briefly described by
Gordon?, without a specific designation, from the Lower (farboni-
ferous beds of Pettycur (Fife): it was found in association with
Heterangium and Sphaerostoma ovale.

We have no knowledge of the plant to which Physostoma
belonged, but the general plan of organisation of the seed points
to a near relationship to Lagenostoma and prcsumably, as regardﬁ
the parent-plant, to a genus related to Lyginopleris.

! Lang (00) p- 288. 2 Burlingame (15) p. 19. 3 Gordon, W. T, (10)-
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Conostoma. Williamson.

This name?l, suggested by the funnel-like pollen-chamber or
lagenostome, was applied by Williamson? to some seeds from the
Lower Coal Measures of Lancashire and Yorkshire and from
the Lower Carboniferous beds of Burntisland. The Burntisland
seeds, referred by Williamson to two species, have recently been
united and described by Miss Benson as Sphaerosioma ovale®.
The English species has been thoroughly investigated by Oliver
and Salisbury? who have also deseribed a gecond species, C. anglo-
germanicum, from the Coal Measures of Lancashire and Germany.

Conostoma oblongum Williamson.

This rare type is represented by approximately eylindrical seeds
with an average length of 5mm. and a maximum breadth of 2-3mm.
borne on a relatively stout stalk and tapering to a blunt apex
characterised by a canopy of six short lobes (fig. 494, B, C) in
marked contrast to the long tentacles of Physostoma. In the basal
region the integument has six prominent ribs which soon die out
when traced upwards: a transverse section through the body of the
seed is hexagonal (fig. 494, D), the angles corresponding to the basal
ribs, and there is a slight tendency to platyspermy. The testa
has an epidermal mucilaginous layer which. becomes exfoliated
through the Lifting-up of the cuticle by the underlying mucilage:
below this, at the apex of the seed, is a cap of fleshy tissue (fig.
494, B, sa) which, it is suggested, may have had a secretory
funetion in connexion with a drop-mechanism in pollination like
that in recent Conifers. No microspores have been found in the
pollen-chamber. The epidermis, called by Oliver and Salisbury
the blow-off layer (fig 494, B, m), together with the cap of soft
tigsue constitute a feebly developed sarcotesta. A sclerotesta
congisting of a palisade-layer and a fibrous hypoderm extends
over the main hody of the seed below the epidermis; it forms the
basal ribs and increases considerably in breadth at the apical
region to form a selerous cone penetrated by six strands of
parenchyma enclosing vascular bundles (fig. 494, D) which pass
up from the conduecting tissue immediately external to the nucellus.

1 xuwvos, & cone, ? Williamson (77) B. p. 241, Pls, x1., XIiL
8 Page T9. 4 Oliver and Salishury (11).




Fre. 494, A, Stephanospermwm ahenivides: s, space between integument and
nucellus; #, nucellus; e, inner part of testa: se, selerotesta; t, 7, tracheidal
mantle; pe, pollen-chamber; a, archegonia; td. tracheidal pad. B—D, Cono-
stomu oblongum; a, level of the transverse section shown in fig. C: b, level
of transverse section D; s, lobes of tissue surrounding the micropyle;
s, sarcotesta; w, vascular bundles; p, plinth, B’, section of lagencstome
and part of the integument; f. f°, flanges; [, wall of micropyle-funnel.
E, F, G, Gnetopsis elliptica; t. tent-pole. F. section of the plumes.
G, section through the lagenostome. H, Gretopsis from Barnsley, York-
shire, slightly enlarged. 1. Physostoma elegans: h. hairs. K, L, Mifro-
spermam compressum ; ¢f, inner flesh; n. nucellus and megaspore. L, brans-
verse section. M, mierospores and (7) male gametes of Physastoma. elegans.
N, microspore of Physostoma showing part of exine and the inlernal cells.
(A—I, N, M, after Oliver; H, Kicston Coll. No. 1255; K, L, after Mrs Arber.)
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The nucellus is coalescent with the integument, as in Physostomg,
as far as the level of the domical free apex of the nucellus where
the tapetal tissue that lines the seed-cavity passes across the
almost flat top of the central region originally occupied by the
megaspore. In some sections prothallus-tissue was found with an
apical ‘tent-pole’ protuberance. A striking feature of Conostoma
is the mechanism for the reception of the microspores. The free
part of the nucellus consists of the plinth, a hroad tapering
region originally filled with parenchyma but in most cases repre-
sented only by its epidermis: the plinth, p, is seen in fig, 494, B,
to be two-storeyed, the upper and narrower storey being a space
formerly filled by a pad of tissue suspended from the floar of
the superposed lagenostome (pollen-chamber)!, The greater de-
velopment of the domical plinth is a feature in which Conostoma
differs from Physostoma. At the apex of the plinth and resting
on a slight depression 18 a small lagenostome, howl-shaped in
section, and like the pollen-chamber of Lagenostoma, formed as
the result of enzyme-action on the apical papilla of the nucellus
(fig. 494, B, B', I'). The mouth of the lagenostome engages with
the micropylar tube by a projecting flange (fig. 494, B', f) of
tissue lining the micropylar canal and by a second flange (j) at
the base of the lagenostome where the roof of the plinth (fig. 494,
B’, p) bends downwards and inwards. The walls of the lageno-
stome are formed by strong cells with thickening bands giving
them fthe appearance of tracheids ('), but the floor of the lageno-
stome 18 made of thinner cells which become disorganised, al-
lowing the microspores to fall into the large plinth-cavity below
(p, fig. 494, B), an arrangement comparable with the two-storeyed
poller-chamber of Bowenia? and, to a less extent, with the miero-
pyle of the Conifer Tsuga. The microspores are multicellular
and ellipsoidal measuring 75u x 65u.

The species Conostoma anglo-germanicum agrees closely with
C. oblongum in general form and organisation, but it has eight
ribs, four more prominent than the others, and differs also in other
minor characters from the rather shorter seeds of the type-species.
Conostoma differs from Lagenostoma in the absence of the tubular

! For a detailed account of the plinth see Oliver and Salisbury (L1).
2 Page 27.
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prolongation of the lagenostome, the micropyle being like that
in recent Gymnosperms. In Conostoma the tracheid-like elements
of the luteral wall of the lagenostome are a characteristic feature,
and no evidence has heen found of the existence of a central core
of tissue such as occupies the centre of the seed-apex in Lageno-
stoma. The long hairs of Physostoma ave represented in Conostoma
by the much smaller mucilaginous cells of the epidermis and in
Lagenostoma by the less closely united mucilage-cells of the
superficial layer of the testa.

Sphaerostoma,. Benson.

As already pointed out in Chapter xxrx. where this genus
is described as probably the seed of Heterangiuwm, there is a fairly
close general resemblance between Sphaerostoma and Lagenostoma.
In the presence of free apical lobes the former genus resembles
Conostoma, and while agreeing with Lagenostoma in its annular
pollen-chamber it is peculiar in the retention of an epidermis
over the roof of the pollen-chamber: as in Lagenostoma the seed
is enclosed by an outer integument or cupule.

Lagenostoma. Williamson.
An account of this type of seed is included in the description
of Lyginopterist. The more striking peculiarities are exhibited
by the pollen-chamber and the free region of the integument:
the annular pollen-chamber (fig. 493, D, ¢: fig. 409) surrounds
a central nucellar cone and is prolonged upwards as a tube
engaging with the micropyle in contrast to the form of the pollen-
chamber and the absence of a tubular prolongation in Conostoma.
The tentacles of Physostoma and the short apical lobes of Clonostoma
are replaced by an apical cone formed by the coalescence of the
integument containing nine cavities originally filled with paren-
chyma (figs. 409; 493, B). The presence of a cupule is a character-
istic feature of young seeds, but from negative evidence in the
case of most other seeds it iz unsafe to assume that the cupule
of Lagenostoma is an exceptional feature. The nucellus and testa
are united as far as the shoulders of the seed as in the seeds of
recent Cycads and in contrast to their lateral independence 1n
Trigonocarpus, Stephanospermum, and other genera.
1 Page 55.
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Gnetopsis. Renault.

This generic name was given by Renault! to some small
petrified seeds from the Stephanian of Grand’ Croix and to
impressions from the Commentry coal-field which he believed
to belong to some Gnetaceous plant. Saporta and Marion? and
other authors have accepted these seeds as evidence of the
existence of Palaecozoic Gnetales: it has, however, been shown?
that Gretopsis has no claim to such relationship and is a type of
seed closely allied to Conostoma. Renault deseribed three species,
afterwards adding three from another locality?; the genus is
recorded also from Commentry® and Gard®, More recently
Depape and Carpentier? have described examples from the West-
phalian of Valenciennes which they place in the Pteridosperms
in accordance with the conclusion of Oliver and Salisbury.
Gretopsis has also been discovered by Mr Hemingway in the
Middle Coal Measures of England® (fig. 494, H).

Gnetopsis elliptica Renault.

The seeds of this species, slightly oval in section, oceur in
groups of 2—4 in a cupular investment (fig. 506, B, p. 359)
deseribed by Renault as an ovary but correlated by Oliver and
Salisbury with the cupule which surrounds the single ovule of
Lagenostoma. The cupule is lined with hairs similar to those
on the wall of the cupule of Lagenostoma. A characteristic
feature of the Trench seeds is the presence of three or four
long plumes of hairs at the apex (fig. 494, E, F). As seen in
fig. 494, E, a small lagenostome (pollen-chamber) rests on the
roof of a broad plinth precisely as in Conostoma, and four vaseular
bundles, corresponding to the six bundles in Conostoma, pass
into the apical cap of sclerous tissue enclosed by a sarcotesta,
sa (fig. 494, K, G). A “tent-pole’ prolongation (fig. 494, E, 1)
Occurs at the apex of the prothallus. Renault desceribed a portion
of the integument as consisting of lacunar tissue which Oliver
and Salisbury homologise with the superficial mucilaginous layer

1 Renault (84) Pls, xix.—xx1L ¢ Saporta and Marion (85) p. 181.

* Oliver and Salishury (11). 4 Renault (96) A. p. 85, PL xwm.

& Renault and Zeiller (88) A. p. 640, Pls. 72, 82.

¢ Grand’Eury (90) A. Pl vi fig. 6.
v Depape and Carpentier (13) P, xn. figs. 1—3. 8 Kidston (90) p. 64.
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of Conostoma: this 18 seen above the sclerotesta in the apieal
region of fig. 494, T, sa.

Ginetopsis anglica Kidston ms.

This species (fig. 494, H) is represented by seeds from the
Middle Coal Measures near Barnsley, Yorkshire, 4 mm. long with
apical appendages at least 2-2 em. in length and probably four
in number. The appendages do not show the hairs which form
a prominent feature in the French specimens, but this is probably
the result of imperfect preservation: there are indications of
hairs on other specimens in Dr Kidston’s Collection. The type-
specimen, in Dr Kidston’s Collection, was generously lent to me
for examination.

(inelopsis, while agreeing with Conostoma in the more important
features, 18 distinguished by the apical plumes, the very slight
development of a tent-pole prolongation of the nucellar apex
(fig. 494, K, #), the smaller number of vaseular bundles, and by
the presence of an enclosing cupule (fig. 506, E). In its slight
departure from radial symmetry Gnelopsis forms a transition
between the Radiospermeae and the Platyspermeae. It is
undoubtedly the seed of a Pteridosperm, but nothing i& known
as to the nature of the vegetative organs of the parent-plant.

IT. TRIGONOCARPALES.

In this group are included radially symmetrical seeds for the
most part belonging to members of the Medulloseae. The peri-
pheral zone of the nucellus is supplied with vascular tissue and the
nucellus is free within the integument except at the base; it is
superior and not semi-inferior! as in recent O

rads and in Lageno-
stomales. The ovule of Myrica Gale, in which the nuecellus
stands free within the single integument, affords an interesting
parallel to seeds of this class in contrast to the usual Angio-
spermous type with a laterally coalescent nucellus. In Myrica
Gale* the vascular supply is confined to the integument. There
is a comparatively broad pollen-chamber and in some types the
lateral tissue of the nucellus is prolonged as a tube within the
micropyle. The usually ribbed testa is differentiated into an

I Oliver (02) p. 146. 2 Kershaw (09).
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outer flesh (sarcotesta), a sclerotesta, and probably in most cases
an endotesta or inner flesh. The ribs of the selerotesta are in
the majority of genera in multiples of three and in position corre-
spond to the outer ring of vascular bundles. The presence of
lacunar tissue in the sarcotesta of several genera may be correlated
with dispersal by water. The apical region of the integument
is not lobed but extends as a longer or shorter micropylar tube
above the summit of the nucellus. In the differentiation of the
testa, the form of the pollen-chamber, and in some other features,
the seeds of this group present a general agreement with those of
recent Cyeads.

The microspores are multicellular and larger than those of
the Lagenostomales: in Stephanospermum akenioides they measure
160p =« 100pt while in Aetheotesta® they reach 360p x 290pu.

Genera.  Trigonocarpus ;  Triplerospermum ;  Ptychotesta ;
Hexaplerospermum ; LPolypterospermum ;  Pachylesta ;  Stephano-
spermum ;- Polylophospermum ;  Codonospermum ;  Aetheotesta ;
Eriotesta ; Gawdrya.

Trigonocarpus. Brongniart.

A description of the morphological features of Trigonocarpus
Parkinsoni and T. shorensis is given in the chapter on Medullosa
(p. 117), as there is good evidence that they are the seeds of that
Zenus. There is considerable difference in size and to some extent
i the form of casts included in Trigonocarpus and, in the absence
of anatomical data, it is hardly possible to determine the actual
Systematic position of many of the specimens so named. Dr Arber?
bas recently proposed a new generic name Sehizospermaum  for
tasts very like those of T. Parkinsoni, but distinguished by the
splitting of the shell into three valves, a character which leads
him to conclude that it is the external surface which is preserved
and not a mere cast of the seed-cavity. It is, however, more
Probable that the specimens are casts of a split sclerotesta. In
T:‘f",f}(umr_-r_u'pf.m pusillus* the shell is divided into three valwves,
T-he dividing lines being marked by greatly reduced ribs, and
In 7, sehizocarpoides Grand’Eury®, a species that may not be a

! Oliver (04) B, p- 376. 2 Renault (96) A, p. 272.

® Arber, B. A. N. (14) p. 103, PL v figs. 48—50.
* Brongniart (81) Pl B. fg. 3. & Grand’Bury (77) A, PL xv. fig. I.
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true Trigonocarpus, there is also evidence of splitting. Arber
points out that the species Rhabdocarpus Boschianus Berg. is
founded on a Trigonocarpus from which the outer flesh has
disappeared leaving the shell as the external covering. Trigono-
carpus seeds are widely distributed in Carboniferous and Permian
rocks in Europe and North America: from the latter continent
Newberry! has described several different forms that afford
good examples of the abundance and variety of the genus. Some
of the specimens included by Newberry? in Trigonocarpus are
probably distinet generic types: his species T. mudticarinatus
may be identical with the ribbed cast shown in fig. 506, A.
The casts deseribed by Lindley and Hutton and by other authors
as T. Dawesi® are nearly b em. long, and if these are correctly
included in the genus they point to the occurrence of seeds much
larger than the type-species. The French species T'rigonocarpus
pusillus® Brongn., one ol the smallest Palaeozoie seeds, from
6:5 to 15 mm. long, differs from Trigonocarpus Porkinsoni and
T. shorensis in the absence of prominent ribs and in the much
feebler development of the sarcotesta. Specimens of the German
type 1. sporites Weiss, believed by some authors to be megaspores,
were described by Zeiller® from Valenciennes as seeds: these
are from 25 to 3-5 mm. long and have three small ribs. Zeiller
quotes the presence of cell-outlines on the surface as evidence of
their seed-nature, but it may be that this feature represents a
sculpturing of the exine of a spore. Typical Trigonocarpus
seeds agree in several morphological characters with those of
recent Cycads. They differ in the lack of a lateral union between
nucellus and integument; the presence of nucellar tracheids,
though a feature shared with Bowenia, distinguishes them from
the majority of recent Cycadean seeds. In the comparatively
long and fleshy micropylar tube a seed of Encephalartos Lehmanni
presents a fairly close resemblance to a Trigonocarpus. Salisbury
has pointed out that the three species T. Parkinsoni, T. shorensis,
T. pusillus form a consecutive series illustrating the gradual
disappearance of the secondary ribs that form a prominent feature

1 Newberry (73). & Ilid. PL xzax. fig. 8.
3 Page 123. 4 Qliver (04%) B. See also Renault (96) A, p. 398.
5 Zeiller (88) A. p. 652, PL 94, fig. 17,
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in T. Parkinsoni; but for a comparison of these with other types
of fossil and recent seeds the reader is referred to Balisbury’s
summary?.

Tripterospermum. Brongniart.

The seed on which this genus was founded by Brongniart?
is clearly very closely related to Trigonocarpus and, as Olivers
says, the distinguishing character described by the author of the
genus 18 unimportant. Brongniart describes the type species,
T. rostratum, as characterised by the presence of three prominent
wings composed of a testa differentiated into an inner hard tissue
and an outer lacunar tissne. It is, however, hardly possible to
say whether the outer soft tissue was originally flattened in the
form of “wings” or pressed down on to the harder shell. Renaultt
notes the association of seeds that he refers to this genus with
the leaves of Dorycorduites, but apart from the improbability of
any connexion between L'riplerospermum and Corduites, Renault’s
seeds are too imperfect to demonstrate their identity with Brong-
niart’s genus. Kidston® has deseribed an impression of a three-
winged seed from the coal-field of Staffordshire as Triplerospermum
ellipticum, a form described on page 357 as Polypterocarpus anglicus
(fig. 496, B).

Ptychotesta. Brongniart,

The type-species of this genus®, Ptychotesta tenuis?, about 3 em.
1011{,& is characteriged by six Very prominent flanges or wings
formed by the fissured or folded sclerotesta (fig. 495, B). There
Is no information as to the vascular supply or other anatomical
details. Tt is not at all improbable that there iz no real
distinetion between this genus and Brongniart’s genus Hexaplero-
Sperwanm.

Hexapterospermum. Brongniart.
In this genus Brongniart® included two species, Hexaplero-
Spermum stenopterum and H. pachypterum : the shell is hexagonal

! Balisbury (14). * Brongniart (74) p. 252, Pl xxm. figs. 6—S8.
* Oliver (04) B. p. 891, * Renault (96) A. p. 404,
* Kidston (14) p. 157. ¢ w7ot, a plate or fold.

! Brongniart (74) p. 253, PL xxir. figs. 9—11; (81) p. 26,
8 Ibid. p. 254, PL xxm. figs. 12—14; (81) p. 26.
S. 111 21
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in transverse section, each angle being prolonged as a narrow
flange. In one of the sections figured by Brongniart (fig. 495, E)
the ribs are not fissured: this is said to be a feature distinguishing
Hezapterospermum from Ptychotesta, but the occurrence of a
fissured rib in another section suggests that in the structure of

Fra. 495. A, Polypterospermum Renauliii. B, Plychotesta tenuis. C, D, Poly
lophospermum slephanense; sa, sarcotesta; s, spaces: ¥, vascular bundles.
B, Hevapterospermunm stenopterum, ¥, Diplotesta avellana. G, Tazospermum
Grineri. H, Diplotesta Grand Buryana.  (After Brongniart: C, after Oliver.)

the ribs there is no essential difference between the two genera.
In Ptychotesta pachypterum the testa is prolonged at the chalazal
end as in Polylophospermum, and 1 is possible that there is no
generic difference. Williamson described a cast from the Coal
Measures of Lancashire as Hezaplerospermum [= H exagonocarpus|
Noegerrathi* (fig. 506, H), but in the absence of anatomical
characters it is preferable to avoid the use of Brongniart’s term
and to assign them to Renault’s genus Hezagonocarp us®, Similarly

1 Williamson (77) B. p. 253. 2 See page 366.
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the seeds referred by Dr P. Bertrand! to Hexapterospermum may
appropriately be included in the genus Hexagonocarpus.

Polypterospermum. Brongniart.

This generic name was proposed for an ovoid seed from St
Etienne described as Polypterospermum Renaulti®; hexagonal in
section with six deep and sharp flanges at the angles alternating
with six secondary ridges distinguished by their blunter edges
and slightly smaller depth (fig. 495, A). Without further ana-
tomical details it is hardly possible to say whether or not the
species represents a well-defined generic type, but it is not
improbable that a fuller knowledge would confirm Brongniart’s
Institution of a mew generic designation. The seeds described
by Arber® and Kidstons respectively as Radiospermum ornatum
and Polyplerospermum ornatuwm are transferred to Polygonocarpus
on the ground that they afford no evidence of anatomieal characters
of the Polypterospermum type.

Pachytesta. Brongniart.

Srongniart® established this genus for some unusually large
seeds (fig. 496, A) from the Coal Measures of France reaching a
length of 11-—12 em. and resembling in form and size a hen’s
Coo [).-"-‘l.n—. ]‘-h- rJ_i"l'; -I'-"l I_lT) ol 't ]
68. Petrfied examples have been deseribec Oy Drongniart anc
Renault®, and Oliver? has given a lucid statement of the more
Nteresting features of this Permo-Carboniferous CENUs.

Pachytesta qgantea (Grand’BEury).

In the separation of nucellus and integument Pachyiesta agrees
with Stephanospermum and Trigonocarpus. There is a double series
of vascular bundles in the outer part of the testa or exotesta (fig.
497, er) consisting of a spongy tissue bounded externally and in-
ternally by sclerotic layers: the exotesta is succeeded by a hroader
®ndotesta of spongy consistency which Renault suggested may have

' P. Bertrand (13) PL .

* Brongniart (74) p- 255, PL xxm. figs. 1—3; (81) p- 27, PL C, figs. 1—3.
* Avber, E. A, N. (14) p. 102, PL vir. figs. 38—41.

' Kidston (14) p. 158, PL x. figs. 6, 7; PL x1v. figs, 5—9,

Brongniart (74) p. 249, PL xxuw. figs. 4, 5; (81) Pls, xvir.—xxr.

* Renault (96) A. p- 389, Pls. 83, 84.

7 Oliver (02).

&

21—2
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gerved as a floating mechanism, and this is intimately associated
with the nucellus by means of grooves engaging with short ridges
(fig. 497, nr) on the surface of the nucellar tissue. The exotesta
is divided into three valves by radial extensions of the sclerotic
tissue (b, ¢, fig. 497; at a the exotesta is shown in an unspht
condition). In connexion with each radial plate are two eurved
plates of fibrous tissue which extend towards the grooves in the

Fra. 496. A, Paclytesia incrassain. B, Polyplerocarpus anglicus. (A, after
Renault; B, after Kidston.)

endotesta (fig. 497, {): as Oliver suggests, these plates may have
served u mechanical purpose for the support of the bulky nucellus.
The peripheral region of the nucellus is supplied by several vaseular
bundles (fig. 497, m) from the tracheal chalazal dise. The exo-
testa is regarded by Oliver as corresponding to the sarcotestd
and sclerotesta of other seeds, and the grooves in the endotest
interlocking with the nucellar ridges are compared with the
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interlocking of nucellus and canopy in Lagenostoina, as also with
the ruminated endosperm of Torreya.

We have no definite information as to the plants which bore
Pachylesta, but it is probable that they were members of the
Medulloseae. Grand’Eury! believes Pachyfesta to be the seed
of Alethopteris Gramding, though this view requires confirmation.
This author figures several Pachytesta seeds attached in two oblique
rows to a comparatively slender axis which may be the rachis of

(>4

Fra. 497. Puachyfeste. Transversesection of a sced showing the exotesta, ez, with
sclerous layers and wascular strands (black), the endotesta (dotted), the
nucellus with its ring of vaseulur bundles, #, and the prothallus, p. The
three radial plates in the exotesta are seen at . b, e, with the trabeculae, 2,
and internal to these are the grooves in the endotesta engaging with ribs on the
nucellus, ne.  (After Oliver.)

4 large compound frond®. Renault and Zeiller® have figured
Specimens of P. gigantea and P. incrassate from Commentry
Which afford a good idea of the form of these large seeds; the
genus is recorded also from Gard, Blanzy%, and other localities.
Kidston® described a large oval seed, blunt at each end, from the
Middle Coal Measures of Lancashire as Carpolithus Wildii which
he thinks may be allied to Pachytesta, but adds, ‘I do not think
We are justified in placing mere impressions of plants in genera,

! Grand’Eury (04).

* Grand’Eury (90) A. Pl v fig. 3; (77) A. PL xvr. fig. 5.

¢ Renanlt and Zeiller (88) A. PL 73.

* Zeiller (06) B. p. 229. § Kidston (92) p. 8.
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whose distinctive characters are derived from their internal
organisation, unless there iz conclusive evidence to show their
identity.” On this specimen Arber! has founded a new genus
Megalospermuim, but as the type-specimen shows no distinctive
features other than large dimensions it would seem preferable
to retain the more general designation Carpolithus?.

Another example of a seed that may be generically identical
with Pachytesta is that described by Lesquereux from North
American Coal Measures as Rhabdocarpus Mansfieldi and more
recently recorded by White from Missouri as Rhabdocarpus (Pachy-
testa) Mansfieldi®. There is little doubt that this and other species
of seeds preserved as impressions are examples of Pachyiesta but,
as Kidston says, it is preferable to reserve the name for specimens
showing anatomical features,

Stephanospermum. Brongniart.

The genus Stephanospermum, founded by Brongniart? on
petrified specimens from French Stephanian beds, affords a good
example of a radiospermic seed without ribs differing in certain
well-marked characters from such seeds as Lagenostoma, Physo-
stoma, and Conostoma, notably in the complete separation of the
nucellus from the integument and in the possession of a nucellar
-vascular system. The descriptions by Brongniart and Renault®
have been extended by the thorough investigations of Oliver®.

Stephanospermum akenioides Brongniart.
This species is represented by ellipsoidal seeds, 10 mm. long with

a maximum breadth of 4—4-5 mm., circular in transverse section.
The integument consists of a thick sclerotesta lined internally by a
thinner soft layer, the endotesta ( fig. 494, A, se, ), and in all proba-
bility covered by an outer flesh or sarcotesta as in Trigonocarpus,
though this tissue is not preserved and is omitted from the section
shown in fig. 494, A. The sclerotesta is composed of a broad outer
band of thick-walled palisade cells—the contracted contents of
which are a striking feature in the silicified seeds (fig. 493, F); these

1 Arber, E. A, N. (14) p. 91, PL vm. fig. 28. * See page 364.

3 White (99) B. p. 267; Lesquereux (79) A. Pl 85, fig. 21.

4 Brongniart (74) p. 259, PL xxur figs. 12—15; (81) p. 20, PL xvi.
5 Renault (80%2). 6 Oliver (04) B.
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are succeeded by an inner zone of longitudinal fibres. In the
structure of the palisade-layer Stephanospermum bears a close
resemblance to the sporocarp wall of Pilularia!. In the apical
region the shell forms a circular ridge surrounding a peri-micropylar
trough, a character expressed by the term ‘ crown-seed?’ employed
by Grand’Eury: the trough sometimes contains partially destroyed
tissue that may be a remnant of a sarcotesta, A Stephanospermm
seed. with its apical core and surrounding depression with remnants
of some partially destroyed tissue, may be compared with a fruit
ot Attolia speciosa (Palmae) in which a tuft of fbrous tissue picked
out by decay from the mesocarp surmounts the conicall v pointed
apex of the harder interior of the fruit-wall. The hase of the
Sclerotesta is perforated by a vascular strand which expands into
a tracheal disc, #d, fig. 494, A, at the base of the megagpore from
which a continuous mantle 2—3 cells broad, of short spiral and
scalariform tracheids (fig. 493, (), spreads over the whole of the
tucellus immediately below the nucellar epidermis as far as the
lower part of the sides of the pollen-chamber: this mantle forms
the floor of the large domical pollen-chamber excavated out of
the nucellar cone (fig. 494, A, pe).  The fact that in sections of
older seeds the tracheal floor shows signs of splitting and dis-
Organisation led Oliver to conclude that in the Adiving seed the
tracheids underwent a gradual disintegration prior to fertilisation,
thus allowing the passage of the antherozoids to the egg-cells
(fig. 494, A, a). The presence of a continuous tracheal sheath
nstead of separate vascular bundles is a special feature in which
Stephanospermuwm differs from T rigonocarpus and other Palaeozoic
Seeds as well as from those of recent Cycads: as Oliver suggests,
“the apparent perfection of the vascular mantle in Stephanospermum
May have proved an obstacle to further development®’ and was
10t retained by the more successful types. In its tracheal sheath
Slfp/amauspm'm-mu resembles the seeds of Ginkgo. The nucellar
cone is prolonged as a beak into the micropyle formed by the
Wbular integument, The megaspore oceupies the central portion
of the seed and in the course of its development it compressed
the megasporangium (nucellus) to such an extent that little more

' Russow (72) Pls, mr, 1v. 2 grégavoes, a crown.
9 Oliver (04) B. p. 395.
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than the epidermis remains: there is a definite megaspore-mem-
brane surrounding the prothallus-tissue in which there were
probably two archegonia (fig. 494, A, @)!. The nucellus stands
free within the integument from which it is separated by a space
(s, fig. 494, A). Microspores are frequently met with in the pollen-
chamber in which they matured after their introduction through
the micropyle, probably with the aid of a drop of mucilage:
they are large oval bodies with an average size of 160p x 100,
some reaching over 200p in length and, as Renault was the first
to point out, within a finely granulate exospore there are several
thin-walled cells: this statement was not accepted by some
authors but Prof. Oliver’s researches have amply confirmed it,
and an examination of the original preparations convinced me
that Renault had correctly described the structural features.
Oliver shows that there are about 20 cells within each mierospore
regularly arranged as rows of five wedge-shaped elements with
their pointed ends directed towards the centre, and he thinks
that these cells may have undergone further division to produce
sperm-mother-cells, though there is not such good evidence of
this as in the differently constituted microspores of Stephano-
spermum caryoides. No trace of pollen-tubes was found and it
is probable that the antherozoids were liberated by the rupture
of the delicate prothallus-tissue. The tracheal sheath afforded
an -adequate means of water-supply to the pollen-chamber and
this enabled the motile antherozoids to reach the archegonia.

Stephanospermum caryoides Oliver®.

This species, founded on a specimen from Grand’Croix, is a larger
geed (15-5 % 12-5 mm.) and more globular than S. akendoides ; there
is a shorter micropylar beak and a less developed peri-micropylar
trough. As in 8. akenioides the nucellus is free from the base and
the two species conform to the same general type of construction.
The microspores are distinguished by the presence of only two in-
ternal cells which do not oceupy the whole of the spore-cavity but
are surrounded by a large peripheral cell comparable with the tube-
cell in recent microspores, though there is no proof that a tube

1 Brongniart (81) PL xvr. figs. 4, 6.
2 Jbid. p. 373, PL xum. figs. 17—20; xmrv. figs. 36—43.
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was formed: in the case of S. akenivides Oliver considers that
fertilisation was not assisted by the production of a pollen-tube.
The two cells by further division gave rise to a secondary cell-
complex consisting of at least eight antherozoid-mother-cells,
No antherozoids have been found in the microspores but it is
possible that two small bodies, 17 x 154, met with in a pollen-
chamber may represent the nuclei of sperms. Their small size
differentiates them from the much larger male gametes of Cyeads
and from the supposed sperms of Physostoma and Lagenostoma.

We have no proof as to the nature of the plant which bore
seeds of the Stephanospermum type, but it is significant that the
Specimens occur in close association with fragments of dlethopteris
and Myeloxylon, a circumstance that favours the view, based on
the resemblance of these seeds to Trigonocarpus, that Stephano-
spermum is the seed of a member of the Medulloseae.
Polylophospermum?!. Brongniart.

The type-species Polylophospermum stephanense Brongn.?,
founded on partially preserved material from Grand’Croix, is
& narrow hexagonal seed 15 mm. long. Additional facts as to
the structural features have been contributed by Oliver®. The
testa is differentiated into an inner shell (sclerotesta) and an
outer flesh (sa, fig. 495, C, D): the sclerotesta has six prominent,
fissured, ribs, one at each angle, and between these are six solid
and less prominent secondary ribs. Oliver states that there is
a1 outer series of vascular bundles in the sarcotesta, one bundle
immediately external to each secondary rib (fig. 495, C, v). In
the presence of two kinds of ribs and in the relation of ibs to
tracheal strands Polylophospermum agrees with T'rigonocarpus
Parkinsoni. Strands of short tracheids supply the peripheral region
of the nucellus and, as in Stephanospermum, reticulate elements
txtend as far as the floor of the large pollen-chamber. There
Was probably no lateral union between nucellus and integument.
A striking feature is the prolongation of the testa at each end
0f the seed to form an open chamber surrounding the micropylar
beak and the seed-base (fig. 495, D, s,5): the apical chamber,

Adghos, a ridge.

1
* Brongniart (74) p. 256, PL xxmr. figs. 6—8; (81) PL C, figa. 6—8.
® Oliver (047) B. PL m. figs. 5—10; (07) fig. 1.
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though relatively more prominent, is comparable with that in
Stephanospermum, while the basal chamber recalls that in the
seed named by Bcott and Maslen Trigonocarpus Oliverit bub
subsequently removed by Salisbury? from that genus. There is
no evidence as to the parent-plant of Polylophospermum, but it
may be assumed to have been a Pteridospernmi, probably one of
the Medullogeae.

Codonospermum? Brongniart.

Our knowledge of this peculiar genus is derived from Brong-
niart’s description of the type-species Codonospermum anonalum:®
(fig. 506, B, €) from St Ktienne and from Renault’s account of
C. olivaeformed. The seeds are globular or ellipsoidal and reach
a length of 2 em.: the testa is differentiated into an outer flesh

Fra., 498, A, B, Codonospermum. A, €. olivacfore, longitudinal section showing
the seed-proper and the air-chamber, s; pe, pollen-chamber. B, Diagram-
matie sketch of a Codonospermum showing the vascular supply, », and the
fibrous arcs, f, in the wall of the lower part of the seed. C, Aetheolesta elliptica,
&, sarcotesta with lacunae; v, vasoular supply. (After Renault.)

and a gelerotesta and has usually eight rbs. The most striking
feature is the division of the seed into two regions, an upper portion
confaining the nucellus and megaspore and a lower portion in
the form of an empty chamber that probably served as a float

I Seott and Maslen (07) Pl. xmr. fig. 19.

2 Salisbury (14). 3 gkdwr, a hell

4 Brongniart (74) p. 257, PL xxmr. figs. 9-12; (81) p. 28, PL C, figs. 9-12.
5 Renault (93) A. PL rxxxvIrL; (96) A. p. 393.
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(fig. 498, A, 5). Externally the upper half or seed-proper forms
a depressed cupola with eight slightly developed ribs, separated
by a circular transverse constriction from the basal chamber
(fig. 498, B). There is a fairly large pollen-chamber, pe, in which
Renault found multicellular microspores in (. olivaeforme. In
C. anomalum 16 vascular bundles (fig. 498, B, v) surround the
central region of the seed probably in the peripheral tissue of the
nncellus; these bundles unite in the chalazal region to form a
strand that passes up the centre of the empty chamber. In
C. anomalwm the testa of the lower half has eight ribs and corre-
8ponding with each rib is a strand of fibrous tissue (fig. 498, B, f).
In C. olivaeforme the testa is thicker than in €. anomalum and the
lower region of the seed ig smooth and circular in section.

Impressions of Codonospermum are deseribed! from Com-
mentry, from the Loire—the Gard distriet?, and by Zeiller® from
Blanzy. There is no decisive evidence as to the parent-plant, but
some French authors? regard the frequent association of Clodono-
spermuim with leaves of Dolerophyllum as significant.

Aetheotesta. Brongniart.

detheotesta elli ptica Renault,

Brongniart instituted the genus Aetheotesta® for an incomplete
seed (4. subglobosa) from Grand’Croix, and Renault® subsequently
founded the species A. elliptica on much better material. The testa
of the elliptical seed, 3 em. long, consists of an outer region very
thin on the flanks but highly developed at the apex and base which
forms a sarcotesta characterised in the apical region by large
Tadially disposed spaces, fig. 498, C, s; the sclerotesta, composed
of harder tissue, is prolonged as an apical beak. There is a large
pollen-chamber, pe, in which Renault found multicellular miero-
Spores (320p—400p). TIn the chalazal region the main vascular
Supply forms a cup-like investment, , in the basal portion of the

Yengult and Zeiller (88) A. p. 659, PL 83, figs. 10-26.
¥ Grand’Eury (77) A. p. 184, PL xv. fig. 55 (90) A. p. 811, PL ur. fig. 6.
* Zeiller (06) B. p. 227.
* Bee also Grand'Hury (052) B.
® Brongniart (74) p. 260, PL xxur pp. 16—18; (81) p. 30.
 Renault 96 A. p: 272
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nucellus, and at a higher level this breaks up into several nucellar
strands. Renault thinks that Adetheotesta is the seed of Dolero-
plyllum, but there is no proof of any connexion. The presence
of large spaces in the sarcotesta may be interpreted, as Renault
suggests, as evidence of adaptation to dispersal by water.

Eriotesta. Brongniart.

Brongniart! instituted this genus® on an incomplete transverse
section of a seed from CGrand’Creix, 8 mm. in diameter, which he
called Eriotesta velutina, characterised by a ribbed and probably
octagonal testa bearing numerous elongated hairs over the whole
surface. The material is, however, too meagre to throw any
light on the important features of the seed.

Gaudrya. Grand Eury.
Gaudrya trivalvis Grand’Eury.

The genéric name Gaudrya® was proposed for two petrified seeds
from the Gard coal-field briefly described as G. trivalvis, the type-
species, and (. lagenaria. The testa of the former species shows
signs of splitting along three equidistant lines ; it consists of a sarco-
testa enclosing an endotesta with six longitudinal ribs: Grand’Eury
speaks of lacunae between the endotesta and nucellus which he
regards as spaces in a tissue which made the seed bhuoyant and
facilitated dispersal by water. Tt is not clear whether the nucellus
and integument were originally connected or laterally free: the
lacunae may be the remains of an inner flesh and not spaces in
a spongy tissue. The genus is radiospermic and characterised by
a long micropyle and a broad pollen-chamber. On the available
evidence it is difficult to assign the specimens to their systematic
position, but the genusis probably a member of the Trigonocarpales.

ITI. CARDIOCARPALES.
Platyspermic seeds for the most part belonging to Cordaitalean

plants and agreeing in their plan of organisation, even more

L Brongniart (74) p. 256, Pl xxmr. figs. 4, 5; (81) p. 27, PL C, figs. 4, 6.
2 gpeov, wool.

2 Grand’Eury (20) A. p. 308, Pls. 1v. fig. 12, vi. fig. 5.
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closely than the seeds of the Trigonocarpales, with those of recent
Cycads. The nucellus is free laterally from the integument and
there is a series of vascular bundles in the nucellus. The testa
consists of an outer flesh, the sarcotesta, which may reach a
considerable thickness, a shell or sclerotesta, and in some genera
an endotesta. In seeds preserved as impressions the sarcotesta
often gives them a winged appearance (Samaropsis). The pollen-
chamber is relatively small, resembling in this respect the chamber
in recent Cycads. A central prolongation of the prothallus-
tissue in the form of a blunt column or “tent-pole’ is a character-
istic feature:; the same feature occurs in seeds of the Lageno-
Stomales, but in the Cordaitales 1t resembles more nearly the
“tent-pole,” as it was called by Hirase, in recent Cycadean seeds
and in Ginkgo. The presence of two vascular strands in the
Sarcotesta in the principal plane of the seeds is a character shared
with the seeds of Cycas: the position and course of these bundles
are useful characters for distinguishing different types within
the group. The microspores are multicellular.

Genera.  Cardiocarpus ;  Cyclospermum ;  Cyeadinocarpus ;
Rhabdos permum ;. Mitrospermum ;. Diploteste ;  Leptocaryon ;
Tazospermum ; Compsotesta. These generic names are all used
n the following pages for seeds known to possess certain ana-
tomical features; there are also included in the Cardiocarpales
the genera Samaropsis, Cordaicarpus, and Rhabdocarpus, but
1t is proposed to limit their use to specimens which furnish no
dnatomical data and cannot therefore be assigned with equal
tonfidence to a section of seeds based on definite morphological
characters. 1t is certain that some at least of the seeds described
Under these names would, if preserved as petrified specimens,
be included in one or other of the genera named above.

There is ample proof that some of these seeds were horne on
Cordaitean II]E]]’II’.Hl and that the group as a whole represents the
Seeds of the Cordaitales!. It is, however, certain that some
P]ﬂt_\_fspermic' seeds were produced by Pteridosperms. No little
tonfusion has been caused by the employment of the same generic
Bames for petrified seeds and for casts and impressions affording
10 evidence as to similarity in anatomical characters. With

1 See page 264,
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a view to avoid the risks necessarily entailed by following this

practice it is suggested that a clearer distinetion should be drawn

between genera hased primarily on structural features and form-

genera. The following notes on the genera Cardiocarpus, Cordai-

carpus, Cyelocarpon, Cycadinocarpus, Jordania, and Samaropsis,

may serve to illustrate some of the difficulties connected with the
. terminology of Palaeozoic seeds.

Cardiocarpus.  Brongniart' proposed the name Cardiocas PO,
mn 1828 for Upper Carboniferous seeds deseribed as compressed
lenticular, cordiform or reniform ‘fruits’ with an acute apex:
in his later work? he recognised their true morphological nature
and gave an aceount of some eueph(maﬂv well-preserved examples
from Grand’ Croix. Brongniart in common with other authors
believed Cardiocarpus seeds to belong to Cordaitean plants, a
view that in several cases is based on conclusive evidence. The
specimen represented in fiz. 501, D, illustrates the characteristic
form of a cast of a Cardiocarpus seed, and the sections shown in
fig. 501, A and B, are from an identical or a very closely allied
species. The generic characters are: (i) the presence of a narrow
flattened border or wing surrounding a platyspermic nucule,
(i) the cordiform base and more or less pointed apex, (iii) the
differentiation of the testa into a sarcotesta and sclerotesta free
from the nucellus except at the base, (iv) the ‘ tent-pole’ prolonga-
tion of the prothallus (fig. 510, A, b) and the presence of a fairly
large pollen-chamber, pe, (v) the occurrence of two sets of vascular
bundles, an inner nucellar series and two double vascular strands
(fig. 500, A, », B) which are given off from the main supply before
it reaches the sclerotesta, The term melw(mpm as used by
Brongniart signifies a type of seed possessing hoth certain ana-
tomical and external characters. The proposal is to restrict the
generic appellation to seeds exhibiting definite structural features
agreeing in essentials with ¢ mdmm,!m.s sclerotesta and O, drupaceus.

Cordaicarpus. This name was first employed by Geinitz3 in
the form Cordaicarpon, the type-species being €. Cordai (fig. 502,
C) from the Coal Measures of Grermany, a seed referred by the

L Brongniart (28) A, p. 87. * Brongniart (74) p. 245 (81).
¥ Geinitz (62) p. 160; Kidston (11) p. 240; Geinitz (55) A. PL xxt. figs, T—16.
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author of the genus to Cordailes principalis but, as Kidston has
pointed out, there is evidence that this correlation may be incorrect :
there is, however, no doubt as to its Cordaitean parentage.
Specimens included in this genus agree closely with species of
Cardiocarpus, but they are usually deseribed as being distinguished
by the absence of a flat border and by a more rounded and less
cordate base. In the example of Cordaicarpus Cordai shown in
fig. 502, C, and in other species assigned by authors to this genus
there is a narrow border and the form of the base is an inconstant
character. As Kidston! and other authors point out, there are
no definite and constant characters by which to distinguish
Cardiocarpus from Cordaicarpus as regards the form of the seeds
preserved as casts or impressions. A further account of Cordai-
carpus is given on a later page.

Cordaispermum. This designation was formerly adopted by
Renault® for sceds having the form and anatomical features
of Cardiocarpus which there is good reason for attributing
to Cordmites or to some allied genus. In view of the fact
that the majority of the seeds under consideration are un-
doubtedly Cordaitean there is no need to employ this additional
generic name.

Cyelocarpon. Fiedler® instituted this term for seeds previously
described by Berger as Cardivcarpon emarginatm (fig. 502, B,
now included in Samaropsis) and added a new species Cyelocarpon
wumamulariwm.  Brongniart® subsequently deseribed the structure
of two species, C. fenue and C. nunmimulare, which he referred to
Fiedler's genus, and Bertrand® has shown that these differ from
the genus Cardiocurpus in the recurrent course of the bundles
given off from the chalazal strand as in the genus Rhabdospermum
(ef. fig. 501, K). There are no good grounds for retaining the
designation Cyclocarpon for casts and impressions, as the speci-
mens so named are indistinguishable from impressions referred to
Cordaicarpus. The generic name Cyclocarpus, retained by Ber-
trand only for €. fenuis and C. nummalaris simply for anatomical
reasons, is now altered to Chyclospermum on the ground that the

Kidston (94) B. p. 263, ? Renault (80%), p. 102,
Tiedler (57) p. 291. 4 Brongniart (81) Pls, 1v., V.
Bertrand, C. E. (08%).

o o M
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designation Cyclocarpon has been used for impressions affording
no information with regard to anatomical features.

Cycadinocarpus. Renault! transferred to this genus Brong-
niart’s species Cardiocarpus augustodunensis on the ground that
the vascular system exhibits in a greater degree than the other
types included by Brongniart in Cardiocarpus a resemblance to
that in recent cycadean seeds. Bertrand? eonfirms Renault’s
account and retains Cycadinocarpus augustodunensis as a species
worthy of generic distinetion. A short account of this seed is
given on a later page.

Jordania. This name was given by Fiedler® to compressed
ovate-cordate seeds characterised by a broad membranous horder
bearing a superficial resemblance to the seeds of Bignonia. The
type-species, J. bignoniodes (fig. 502, I), from the Cloal Measures
of Saarbriicken has the form usually associated with the designa-
tion Samaropsis, and as the latter term is generally adopted there
are no adequate reasons for the retention of Jordania. The
name Jordania has also been applied, by Schenk?, to fossil Dico-
tyledonous wood and was previously used by Boissiers,

Samaropsis.  Goeppert® defined Samaropsis as  Fructus
samaroideus membranaceus, compressus, margine alatus, mono-
spermus.” The type-species, S. ulmiformis, from the Permian of
Brenau, is a small seed with a broad wing or border, but a better
example of Samaropsis is figured by Goeppert as the wing of an
insect?. HKxamples of the genus are shown in figs. 502, A —H;
503; 504). Seeds included in Samaropsis differ from those
referred to Cordaicarpus in the presence of a broader and more
clearly defined border which in some cases, as in the genus Mityo-
spermum (fig. 494, K, L), undoubtedly represents a lateral wing-
like extension of the sarcotesta. In some instances the wing may
be a tangentially expanded integument comparable with the
perianth of Welwitschia, and in some Jurassic seeds referred by
Heer® to Swmaropsis the lateral appendages are probably true

1 Renault (96) A, p. 385. 2 Bertrand, C. E. (08).
3 Fiedler (57) p. 288, PL xxvim, 1 Schenk (80) p. 660,

3 Ward (88) p. 802,

8 Goeppert (63) p. 177, PL xxvorn figs. 10, 11,

7 Ibid. fig, 19,

8 Heer (77) ii. PL x1x. Bee also Nathorst (86) PL xxv. figs. 10—14.
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wings. It is advisable to restrict the designation Semaropsis to
Palaeozoic seeds. Nucules deprived of the bhroad border would
be referred to Cordaicarpus as usually employed for impressions.
The generic name Samaropsis serves a useful purpose as a distine-
tive term for platyspermic seeds preserved as casts or Impressions
characterised by the possession of a wide border or wing broader
than in typical examples of Cordaicarpus.
The specimen represented in fig. 499 affords
a good illustration of the difference between
Samaropsis  and Cordaicarpus. In  this
specimen the border clearly consists of two
portions, an inner narrower horder (black in
the drawing) and an outer more delicate
portion : the former is the impression of the —_—
sclerotesta and the outer represents the fleshy Fio. 499, Samuropsis
sarcotesta which in the li.\r'illg seed may have emarginata, from the

formed a wing. 1f, as often happens, the  Westphalian  serics,
= Yorkshire. (Kidston
Coll., 4227; % 2.)

seed were preserved with the narrow border
only it would be assigned to Cordaicarpus,
Many species of which are undoubtedly incomplete Sameropsis
seeds,

The seeds described by Lindley and Hutton as Cardiocarpon
“eutum (fig. 444, p. 171) have been made by Arber! the type of
* new genus Cormucarpus, the distinguishing feature being the
trangular form and the apical horns of the wing. The seeds
figured by Arber? from the Kent coalfield as Cornucarpus acutus
are, however, not identical with the type of Lindley and Hutton,
Which has the characters of Samaropsis.  Samaropsis is widely
distributed in Permo-Carboniferous rocks in Europe and North
America and is recorded also from India® (fig. 504), China?,
South Africas (fig. 503), South America® (fig. 502, F, () and
Australia”. Some seeds of this form were certainly borne on
Cordaitean plants (ef fig. 480, A), but seeds of similay type have
JFf'eu found in organie connexion with the toliage of Pteridosperms
(figs, 442 445, pp. 167, 172). The Permian ‘cone-scales’ bearing

* Arber, E. A. N. (14) p. 97. * Arber, E. A. N. (09) PL L fig, 5.

' Feistmantel (792) * Schenk (83) A. PL xuiv. fig, 8,

* Beward (972) A, b White (08) B. * Feistmantel (90) A. p. 164,
S. I 2

)
‘e
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seeds deseribed by Geinitz as Cardiocarpon triangulare!, repre-
sented by well preserved impressions in the Dresden Museum,
appear to be of the Samaropsis type: the same author referred
some Samaropsis seeds to the Conifer Walchia, but Weiss? dissents
from this correlation as the seeds olten oceur in beds in which
Walchia 13 not rvepresented. Renaunlt states that the seeds of
the fertile shoot described by him as Cyeadospadiz Milleryensis®
from Autun [= Strobilites Milleryensis (Ren.)] closely resemble
Samaropsis fluitans Daws. as figured by Weiss. The suggestion
by White? that Samaropsis seeds were horne on fertile leaves of
Gangamopteris adds a further difficulty to the use of the generic
characters of Samuropsis as criteria of systematic position. The
Permian seeds figured by Goeppert® as Oreodorites Murtianus arve
possibly specimens of Samaropsis.

The designation Samaropsis, though usually restricted to
Palacozoic species, is applied by some authors to ‘winged’ seeds
from Mesozoic strata; but as some of the Jurassic seeds® so
named appear to have true wings like those of some recent
Conifers it is advisable to adhere to the more limited use of the
name,

It is safe to assert that many Samaropsis seeds agreed generally
in structure with Cordaitean seeds guch as the petrified examples
described by Brongniart as Cardiocarpus. The species Mitro-
Spermim. compressuin® is an example of a petrified seed having
the external features of Swmaropsis.

Cardiocarpus.

This generic fitle I propose to restrict to petrified seeds
exhibiting the characters degeribed by Brongniart® and more
recently by Bertrand® in C. sclerofesta and C. drupaceus. In
general organisation seeds of this generic type agree with those
of recent Cycads and with the seed of Ginkgo biloba, but there
are certain distingnishing features. An important character is

1 (einitz (80) p. 22, PL 1 figs, 11—15.

T Weiss, C. E. (72) p. 208. 3 Bee page 141,
1 White (08) B. p. 563. See also Vol. 1. p. 517.

5 (Goeppert (656) p. 146, Pl, xxvL. fig. 5.

0 Heer (77) ii. PL xiv.

8 Brongniart (81) p. 20, PL 1

See page 345,
Bertrand, C. E. (082);
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afforded by the course and place of origin of the lower vascular
strands from the main supply at the base of the seed. The outer
vascular system consists of two bundles given off from the main
strand, before it reaches the sclerotesta, which pass up the sarco-
testa (fig. 500, B). In Rhabdospermum, on the other hand, the
corresponding bundles arise at a
higher level and form recurrent
strands which penetrate the
sclerotesta before passing up the
fleshy part of the Integument
(cf. fig. 501, E).

Cardiocar pus sclerotesta Brong-
niart. The testa is differentiated
info an inner shell and an outer
Sarcotesta (fig. 501, A : the selero-
testa is shown in black); there
s a well developed pollen-
chamber (pe) and below this the
prothallus-tissue is prolonged as
4 blunt and short tent-pole, b,

48 in Gingho and in several fossil Fro. 500. Cardiocarpus drupuceus var.
seeds, On each side of the apical expansus. A, transverse section of
: the testa approximately in the middle
of the seed; +, vaseular bundles.
prothallus  shows two small B, diagrammatic sketoh, adapted
archegonia, @, which in the rela- from Brongniart’s drawing of the
hase of the seed showing the sarco-
testa. sm, the sclerotesta, se. and the
pad of vaseular tissue, 4, at the hase
those of (r"fff/'.‘_l;.r). In fransverse of the nucellus. (After Brongniart,)
section (fig. 501, B) the seed is

bi-convex and at each end of the major axis the sclerotesta formsa

tent-pole the slightly shrunken

tively small size and spherical
form of the egg-cells resemble

small keel. There are two sets of vascular bundles concerned in the
supply of material to the ovule: a lower pair of bundles given off

from the central strand in the sarcotesta (fig. 500, B) which pass

to the apical region in the inner tissues of the sarcotesta in the

principal plane (fig. 500, A, ¢), and an inner set of bundles that

pass up the peripheral tissue of the nucellus.

The species described by Brongniart as Cardiocarpus (Cyelo-
carpus) lenwrs and C. nummularis have been removed by
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Bertrand! from Cardiocorpus on the ground that the integumental
bundles pursue a course like that in Rhabdospermum : it 18 now
referred to the new genus Cyelospernum?.

Fra., 501, A, Cardiocarpus sclerotesta in longitudinal section: pe, pollen-chamber.
b, tent-pole, a, archegonia. B, fransverse seetion: archegonia. I, casb
of the same or a similar type of seed. C, E, Rhabdospermum cyclocaryon:
longitudinal section and a diagrammatic sketch of the seed-base: m, micro-
pyle: b, tent-pole; @, archegonium. (A, B, C, after Brongniart: D, after
Renault and Zeiller; B, adapted from Brongniart.)

Cyclospermum. Gen. nov, (= Cyclocarpus Bertrand).

As stated on a previous page Bertrand?® re-establishes the
generic name Cyelocar pus, founded on impressions without reference
to anatomical characters, for two petrified seeds from St Etienne

1 Bertrand, C. E. (08).

2 This name has been used for a section of a genus of recent Umbelliferae

hut not as a generic name (De Candolle’s “Prodromus,” Pars 1v. p. 105, 1830).
8 Bertrand (08%) p. 454; (08%) p. 392,
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described by Brongniart as Cardiocarpus tenuis and Cyclocarpus
nummularis’.  These types differ from Rhabdospermum in the
absence of an apical snout but agree with that genus in the steeply
descending course of the vascular strands in the basal region of the
seed. As stated on a previous page, the name Cyclospermum
1s proposed as a substitute for Cyelocarpus because of the employ-
ment of the latter term for impressions.

Cycadinocarpus. Schimper?2.

Cycadinocarpus augusiudunensis (Brongniart®). In the posses-
sion of two sets of vascular bundles this type agrees with Cardio-
carpus, but the more internal strands pass up on the inner face
of the sclerotesta without penetrating into the nucellus, a feature
in which Cyecadinocarpus agrees with the majority ol recent cyca-
dean seeds: the outer bundles are given off from the main supply
after it has entered the sclerotesta and not before as in Cardio-
carpus; they follow an oblique course in the sclerotesta and emerge
into the sarcotesta at the shoulders of the basal curve of the seed.
As in Cardiocarpus and Rhabdospermum the two outer bundles
lie in the principal plane of the seed. There is a pollen-chamber
at the apex of the nucellus and the latter tissue is prolonged as
4 tent-pole which engages with the micropyle. In the absence
of data as to the course of the vascular hundles in the chalazal
region it would not be possible to distinguish between this genus
and ('arr]inr-arp-)_{.w_

Rhabdocarpus Berger and Rhabdospermum gen. nov.

It is proposed to restrict the name Rhabdocarpus® to impressions
and casts of seeds of the type represented by R. tumicatus as
figured by Berger® and reproduced in fig. 506, K, the term Rhabdo-
Spermum being applied to seeds of similar form in which are shown
tertain distinguishing anatomical features. Rhabdocarpus funi-
Catus Berger is a species founded on a specimen from the Coal
Measures of Silesia characterised by an outer carbonised testa
Prolonged apically as a blunt snout and, as seen in fig. 506, K,
Covering an apparently ribbed nucule, but the ‘ribs’ are due to

' Brongniart (81) Pls. . v. 2 Schimper (72) A. p. 208.

* Brongniart (81) Pl 1w ; Bertrand, C. . (08).
 pdBoes, a rod. 5 Berger (48) p. 20, PL . fig. 8.
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the presence of fibrous strands and are not ribs in the ordinary
sense. The outer tissue shows numerous longitudinal striations
due presumably to the presence of fibrous elements in the sarco-
testa like those shown in the petrified seed represented in fig.
a01, C. The genus is defined hy Berger as follows: ‘Semina
ovata vel elliptico-oblonga secundum longitudinem parallele
nervosa vel tenuissime striata, putamine (interdum deficiente)
instructa.” As used by Berger and many other authors Rhabdo-
carpus includes a miscellaneous collection of seeds often differing
widely from the type-species. Many of the examples correctly
referred to Berger’s genus are platyspermic though a bilateral
symmetry is by no means always clear. Renault and Zeiller!
in their definition of Rhabdocarpus include bilateral symmetry
as a characteristic feature and speak of the seeds as oblong or
oval with a pointed or truncate apex and a rounded base. Im-
pressions of Rhabdocarpus differ from those of Cardiocarpus or
Cordaicarpus in their more elongate form, always longer than
broad, and in the absence of a basal sinus. The seeds found
attached to Newropteris pinnae and, in external features, agreeing
with many specimens included in Berger’s genus, have been
transferred by P. Bertrand? and Arber?® to a new genus Newro-
spermaum®.  Arber® in his recent revision of British seeds proposes
to restrict the name Rhabdocarpus to platyspermic seeds having
a ‘large unsymmetrical nucule enclosed in a large unsymmetrical
wing or sarcotesta,” that is to forms symmetrical in one plane.
In this category he includes Rhabdocarpus tunicatus Berg. (fig. 506,
K) and R. subtunicalus® Grand Eury, but it is not clear on what
grounds Berger’s species is spoken of as symmetrical in only one
plane: in the species R. Lilleanus Arb.” the symmetry is hardly
sufficiently well defined to rank as a generic character. In the
case of the Newropteris seeds the apical snout is slightly curved,
thus giving them an unsymmetrical appearance (cf. fig. 422, p. 114).
The Carboniferous and Permian seeds usually referred to Rhabdo-

1 Renault and Zeiller (88) A, p. 635. ? Bertrand, P. (13).
3 Arber (14) p. 103.
4 See page 116. § Arber (14) p. 87.

$ Zeiller (92%) A. Pl xv. fig, 11.
7 Arber (14) PL v fig. 21.
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carpus arve translerred by Arber to his genus Platyspermum®, a
designation for which it is proposed to substitute Nathorst’s
genus  Holcospermum®  TIn seeds preserved as more or less
flattened impressions it is practically impossible in many cases
accurately to determine the symmetry: as fig. 506, A

25 )

shows,
casts indistinguishable from some examples of Plaiyspermum are
radially symmetrical. Brongniart® extended the original defini-
tion of Rhubdocarpus to include certain anatomical charaecters, and
these have heen more fully defined by Bertrand®. It is for seeds
showing these anatomical features that the name Rhabdospermum
is now proposed. This course is followed on the ground that it
is advisable to avoid confusion between petrified specimens and
impressions which in spite of superficial resemblance may not be
closely related. In some cases it is practically certain that an
impression of the Rhabdocarpus type is generieally identical with
a seed of similar form showing the anatomical structure of Rhabdo-
spermam, but unless identity is established a distinet terminology
is preferable. The use of the generic name Rhabdospermum
carries with it an implication of platyspermy, but under Rhabdo-
carpus may be included seeds which are radiospermic and platy-
Spermic. Some seeds agreeing with Rhabdospermum ave referred
by Grand’Bury® to Porowylon, and it is probable that Rhabdo-
spermuin like Cardiocarpus is a Cordaitean seed. On the other
hand Rhabdocarpus may well include species, apart from those

! In selecting a generie name for a fossil plant or part of a plant it has not

heen the universal practice to avoid the nse of n designation previously employed
for a recent plant. It is clearly in accordance with the Rules adopted by the
International Botanical Congress and with general convenience to avoid the
employment of the same name for two different peneric types even if one is known
only in a fossil state. My attention has been called by Mr W. N. Edwards of the
British Muscum to the fact that the names Platyspermum, Microspermam, and
Pterospermum vecently proposed by Dr Arber for Palasozoic seeds have previously
been given to recent flowering plants. Though T have often neglected to consult
the Inder Kewensis and the Genera Siphonogamarum before proposing w ‘new’
Zenerio term, I fully recognise the importance of avoiding the employment of names
In current use or names which have ‘lapsed into synonymy*.’

* Bee page 361,

¥ Brongniart (74) p. 246: (81) p. 21, Pls. 1x—x1,

* Bertrand, C, E. (07). 5 Grand’ Bury (05),

* Reégles internationales de la nomenclature botanique adoptées par le Cong.
Internat. Bot. de Vienne, 1905, ete. T. Briquet, Jena, 1912, p. 37.
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transferred to Newrospermum, that belong to Pteridosperms.
A species, Rhabdocarpus Oliveri, recently described by Kidston?
from the Staffordshire coalfield is an example of a radiospermic
seed which may be assigned to a Pteridosperm. The type-speci-
men is an ovate seed 4 em. long and 2 em. broad agreeing in form
and surface-features with Rhabdocarpus as alveady defined, but
the evidence it affords of internal structure is insufficient to
determine its position with regard to genera founded on anatomical
characters. Other examples of Rhabdocarpus arve described by
Lesquereux® and White® from American Coal Measures, by
Grand’Eury* from the Loire, by Renault® from Autun, and by
many other authors.

Rhabdospermum. Gen. nov.

The platyspermic seeds included in this genus agree in size
and form with impressions assigned to Rhabdocarpus and as regards
the main features conform anatomically to Cardiocarpus: they
were probably borne on Cordaitean plants. Fig. 501, €, repre-
sents a longitudinal section of the species Rhabdospermum cyelo-
caryon described by Brongniart as Rhabdocarpus eyelocaryon :
the sarcotesta is particularly well developed in the apical region
at the apex a portion of the micropyle is seen at m and near the
nucellus are pieces of the sclerotesta shown in black. The presence
of anastomosing fibres near the surface is a characteristic feature:
these, as Bertrand points out, do not form a hypodermal tissue
in the strict sense as they may be separated by some of the thin-
walled parenchyma of the sarcotesta from the epidermis. The
sclerotesta is only partially preserved but the inner portion
forms a dark line enclosing the nucellus, the superficial tissue of
which is separated from the shrunken prothallus represented by
the almost spherical dotted region: the remains of an archegonium
are seen at a (fig. 501, C) and the characteristic tent-pole apex of
the prothallus is shown at . While in shape and in the general
plan of organisation Rhabdospermum agrees with Cardiocarpus,
the vascular system in the chalazal region constitutes a distin-
guishing feature. In Rhabdospermum the main vascular strand

1 Kidston (14) PL xvr. figs, 6—8.

? Lesquereux (80) A. p. 574. 9 White (99) B. p. 267.
1 Grand’Bury (77) A. PL xv. 3 Renault (93) A, PL rxxxvr,
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passes through the sclerotesta, e, ¢/, fig. 501, K, before giving
off two bundles which bend back (*faisceaux récurrents’), traverse
the shell, and then pass up the sarcotesta in correspondence with
the feebly developed lateral keels as far as the micropyle, while
in Cardiocarpus (fig. 500, B) the bundles are given off before the
main strand reaches the sclerotesta. Similar recurrent bundles
oceur also in Mitrospermum  (fig. 494, K)L

Mitrospermum. A. Arber.

Mitrospermuimn compressum (Williamson). Mrs Arber? pro-
posed the name Mitrospermum?®, suggested by the peculiar form
of the seed-base, as a substitute for Cardiocarpon for Williamson’s
species (. compressum® from the Lower Coal Measures of Lanca-
shire. The seed is platyspermic and there ig some evidence that
it split into two valves along the principal plane (the longer
axis of the section, fig. 494, L). The diagrammatic and partially
restored longitudinal section reproduced in fig. 494, K, shows
the main features: a sarcotesta, sa, covers the surface of the testa
as a thin layer except at the edges of the flattened sides where i
forms a wing-like border; preserved as an impression the seed
would be assigned to Samaropsis. The sclerotesta, se, has a
pointed apex which surrounds the lower third of the micropyle
and a broad base perforated by the chalazal ¥ascular strand.
There was probably a narrow inner flesh as in Zrigonoecarpus and
recent Cycadean seeds (fig. 494, K, ¢f). The nucellus was free
from the integument except at the base, as in Trigonocarpus and
Stephavospermum (fig. 494, K, »): internal to the shrivelled
remains of the inner flesh there was a nucellar tapetum surrounding
the megaspore. Details as to the pollen-chamber are lacking
though there are indications that it resembled that of some
species of Cordaitean seeds. The main vascular supply passes
through the sclerotesta and then forms a low cushion of short
reticulate elements below the base of the nucellus from which
two bundles are given off (fig. 194, K, ) in the principal plane.
The course of the bundles which pierce the sclerotesta led Mrs
Arber to remove this seed from Cardiocarpus, as recently defined
by Bertrand®, since in that genus the integnmental bundles have

1 See page 314. 2 Arher, A, (10). 8 wirpa, a Persian cap.
4 Williamson (77) B. p. 257, Pls. xv. xvi, 8 Bertrand, C. E. (082),
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their origin below the sclerotesta. In the course of the vascular
bundles Mitrospermum is intermediate between Rhabdospernim
and Taxospermm.

This genus is founded on a detached seed, but its resemblance
to undoubted Cordaitean species favours its attribution to that
group though, as Mrs Arber points out, some markedly platy-
spermic seeds are known to have been borne on fern-like fronds
and Mitrospermuwm may belong to some genus of Pteridosperms.

Diplotesta. Brongniart.

Diplotesta  Grand’ Euryona Brongniart. The generic name
Diplotesia, suggested by Grand Eury, was given by Brongniart! to
a Grand’Croix seed which he compared with that of the Conifer
Cephalotazus. The type-specimen is elliptical and platyspermie
(fig. 495, H, p. 322), and differs [rom Tazospermum in the cordate
form of the seed-cavity, also in the more restricted union of nucellus
and testa. The testa is differentiated into a sarcotesta (sa) and
sclerotesta, and the latter forms two feebly developed keels in the
principal plane: a characteristic feature shared with 3 wrospermum
is the splitting of the shell into two equal valves (fig, 495, F).
Fig. 495, H, shows the contracted cylindrical nucellus and the
pollen-chamber: the sarcotesta (sz) is only partially preserved.
Diplotesta differs from Cardiocarpus in the course of the ntegu-
mental vascular bundles which are of the type illustrated by
Rhabdospermum, Tazospermum, and Cyclocarpus, but from these
genera 1t is distinguished by the dehiscence of the shell, also by
its form and certain anatomical features as deseribed by Brong-
niart and Bertrand?.

In this genus Bertrand includes Brongniart’s species Sarcotaxus
avelluna (fig. 195, F), a correlation suggested by the latter author.

Leptoearyon. Brongniart.

Brongniart?® founded this genus for a single species, Leptocaryon
avellana, represented by a Grand'Croix specimen 12 x 10 mm.,
which he believed to be related to Zawus. Leptocaryon differs

1 Brongniart (74) p. '.’-4'7,’1‘1. xxT, figs. 12—14; (81)p. 21, PL A. fig. 12; PL x1v;
Renanlt (80%) p. 106, PL xv. figs. 12, 18; Grand'Eury (77) A. p. 239, PL xxVL
fig. 27. # Bertrand, . E. (07%).

* Brongniart (74) p. 248, PL xxu. fie. 17; (81) p. 22, PL A, fig. 17; PL VL.
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from Tawospermum in the structure of the testa, but resembles
1t in external features. Bertrand! in his revision and extension
of Brongniart’s account says that the sections throw no light on
the nature of the vascular supply, and it is therefore impossible to
form a satisfactory opinion as to the relationships of the genus.
Renault?® referred this genns to the Cordaitales, but we have no
evidence ag to the parent-plant.

Taxospermum. Brongniart.

Brongniart?® gave this name to a small elliptical seed, 159 mm.,
recalling in external features the seed of Tawus, a genus to
which he believed the Grand Croix species to be related. The
type-species Taxospermum Griineri (fig. 495, G) has a eompara-
tively thin testa characterised by the absence of a sub-chalazal
pad formed by the swelling of the sclerotesta. The nucellus is
attached by a broad base to the testa and the two regions appear
to be connected for a short distance on the flanks?; in this
feature the seed is com parable with that of the Conifer Torreya
and differs from the other platysperms, Diplotesta, Rhabdospermum,
ete.  Bertrand® states that the main vascular strand extends
from the hilum to the chalaza before giving off the two opposite
bundles which * follow the floor of the shell-cavity, and on reaching
the flanks traverse the shell obliquely from below upwards®’
In the course and position of the integumental bundles Teawo-
Spermum differs from Cardiocarpus, Cycadinocarpus, and Rhabdo-
Spermuan, In this genus Bertrand includes Sarcolaxus angulosus
Brongn. and . olivaeformys Brongn.

Compsotesta. Bertrand ex Brongniart ws.

Compsotesta Brongniarti Bertrand. The generie name Com-
Psolesta®, though adopted by Brongniart for some incomplete
Specimens from Grand’ Croix, was not published either by him
Or Renault: it has vecently been revived by Bertrand® in his

Y Bertrand, C. B. (07%) compares Leplocaryon with Diploteste as regards various

Structural features. * Renaunlt (80%) p. 108.
- % Brongniart (74) p. 249, PL xx1. figs. 18—20; (81) p. 28, PL A. figs. 18—20;
PL xy, 4 Oliver (03) p. 457.

® Bertrand, €. E. (07%). % Bertrand, C. E. (07%).

" Brongniart (74) p. 247.
® wouis, clegant, ¥ Bertrand, €. E. (09).
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account of the anatomical details of Brongniart’s sections. This
seed appears to be closely allied to the polypterous forms Ptycho-
testa and Hexapterospermum : the testa consists of a sarcotesta
differentiated into two zones the outer of which contains vascular
bundles in correspondence with the ribs, and an inner shell, There
is a nucellar vascular supply and the nucellus is free on the flanks
as in Stephanospermum and Trigonocarpus.

Samaropsis. Goeppert.

The characters of this Permian and Carboniferous genus have
already heen described: the name has reference only to super-
ficial features especially the samara-like ‘wing,” and connotes
no special anatomical features.

Samaropsis  fluitans (Dawson). The species deseribed by
Dawson! as Cardiocarpum fluitans from Carboniferous strata in
Nova Scotia, is represented by oval seeds with a fairly broad
border usually showing an apical notech. Fig. 502, A, is a copy
of Dawson’s figure: the apparent absence of an apical sinus in
the “wing’ is probably due either to an error in interpretation or
to some imperfection in the specimen. As fig. 502, A, shows,
the type-specimens are far from satisfactory, and it may be that
they are not specifically identical with the more complete specimens
from Huropean strata referred to Dawson’s species. Zeiller?
points out that seeds of this species vary considerahbly in size, but
there is always in well-preserved examples a bifid beak at the apex.
Seeds of similar form though not specifically identical are deseribed
from the Coal Measures of Missouri as Cardiocarpon (Samaropsis)
Branmers Fairch. and White®, Good examples of S. fluitans are
figured by Weiss? from the Coal Measures of Saarbriicken and
the species is widely distributed in Upper Carboniferous beds
generally.

Samaropsis bicaudata Kidston. This species (fig. 502, E)
originally described?® from Lower Carboniferous rocks in Scotland
as Cerdiocarpus bicaudaia and subsequently assi

gned to Samaropsis,

! Dawson (66) A. p. 165, Pl xm. fig. 74; Zeiller (06) B. p. 226; Kidston (11)
p. 236. 2 Zeiller (88) A, p. 644,
# White (99) B. p. 266, Pls. uxi. fig. 12, txxm. fie. 3.
+ Weigs, C. E. (72) Pl. xvr.
S Kidston (94) B, PL vr. fig. 3; (02) B. PL wvar. figs. 5, 6.
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is characterised by a greater development of the flat wing-like
border which is divided into two long tapering basal lobes, Seeds
of similar form are figured by Lesquereux! from Pennsgylvania
as Cardiocarpus (Plilocarpus) bicornutus.

Samaropsus (Samarospermum) moravica (Helmhacher). This
type* (fig. 502, H) is characterised by the great length of the
wing-like border and on that account it was transferred by Arber
to a new genus. It was originally described by Helmhache
from the Permian of Moravia as Jordania moravica and the type-
specimen has been re-figured by Zeiller® who records the species
from Upper Carboniferous and Permian rocks in France: it is
recorded also from several localities in Germanyd. Seeds ficured
by Potonié® from the Permian of Thuringia as Semaropsis Crampiz
(Hartt) are undoubtedly examples of S. moraview: the true
8. Crampii has recently been well illustrated by Dr Stopes® from
the Westphalian of New Brunswick. The species is recorded by
Arber? from the Kent coalfield.

Samaropsis emarginata (Goeppert and Barger).

The seed represented in fig. 502, B, from the Lower Coal
Measures of Kilmarnock, Scotland 8, affords a good example of
the genus: the species was originally described, by Berger as
(«'qfrdir‘rr‘fzrpmr. emarginatum and it was on this type that Fiedler
founded the genus Uyclocarpon®. It has been referred by many
authors to Cardiocarpon and might be regarded as a type inter-
mediate hetween Cordaicarpus, as used in this chapter, and
Samaropsis, though the breadth of the border is more in keeping
with the latter designation. The figured specimen is 1-6 ¢m. long
4nd 1-4 em. broad; the nucule has a slightly cordate base and
Shows several faint converging ribs which are too Inconspicuons
Y0 be represented in a natural-size drawing. A narrow median
8roove in the apical region shows the position of a vascular strand.

. Lesquercux (80) A. PL nxxxv. fig. Bl. ¢ Helmhacher (71).
* Zeiller (92%) A. PL xv. fizs, 9, 10.
* Goinitz (75) PL 1. figs. 10, 11; Weiss, C. E. (79) PL 1. figs. 17—19.
> Potonié (93) A. PL xxxu. figs. 12, 13. ® Stopes (14) PL xxv. fig. 68.
T Avber (14) PL vr. figs. 19, 20; (142) PL XL hg. 5.

For synonymy, see Kidston (11) p. 238, PL xxu. figs., 3, 3 a.
' Fiedler (87) p. 291.
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The species is recorded from several countries: similar though
specifically distinet seeds, deseribed by Dawson as Cardivearpon
cornutuin, have recently been re-described by Dr Stopes® from
the Westphalian of New Brunswick where they occur in associa-
tion with the leaves of Cordaites Robbii Daws.

J O TEN

502, A, Samaropsis flwilans, B, Samaropsis emorginate. O, 1D, Cordei-
carpus Cordai. B, Spmaropsis biceudatn.  F, Saomaropsis Seivasi, G. Samar-
opsis  barcellosa.  H. Samuoropsis morevice [. Samoropers bi{/nuﬂioiﬁé&
K, Samaropsis Newberryi. (A, after Dawson: B, R. K. 1576: C, R. K. 1809 ;
D. R. K. 4647 B, after Kidston; ¥, G, after White: H, after Zeiller; I, after .

Fiedler; K, R. K. 2313. All nat. size.)

Samaropsis Newberryr Andrews.

This species was originally described by Andrews? from the

(Coal Measures of Ohio: the specimen shown in fig. 502, K, was

1 Stopes (14) p. 89, Pls. xx1—xxnr.

* Andrews (75) p. 425, Pl xovy, fig, 2.
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sent to Dr Kidston by Mr Claypole. The whole seed is 5 em.
wide and 3-5 cm. in depth; it is characterised by a short and
relatively broad nuneule surrounded by a very broad and flat
border showing faintly marked radially c disposed lines and in
places some irregularly distributed pits. The apex is emarginate
and there is & broad and deep sinus in the sarcotesta in the chalazal
region. The seed vesembles Samaropsis alata Kidst.! and .
Bailey: (Daws.)? but it differs from these in the greater breadth of
the “wing” and in the form of the nucule.

The seed described by Fiedler® as Jordawiu bignonioides (fig.
502, T) agrees closely with 8. alate Kidst. but is probably speci-
fically distinet.

Samaropsis barcellosa (White),

White* described this species (fig. 502, () from Permo-Carboni-
ferous rocks in Brazil (Rio Grande do Sul) as Clardiocarpon barcel-
losum. The nucule is said to be cordate but, as seen in the jigm‘e.
there 1s no clear indication of a basal sinug: the presence of ¢
relatively broad “wing,” as W }fﬂ' says, entitles the seed “to a p]d(o
in the h(umrm‘nw\ section of the genus.” The author of the species
compares 1t with seeds deseribed from Westphalian rocks in
Ohio® and Pennsylvania® Tt is interesting to find a type which
18 common in both Kurope and North America in the western
portion of Gondwana Land. Seeds of similar form are recorded
also from India, South Africa, and Australia?.

St mr.',‘u,u.\jr'x .*'r’i'.l'fr.ﬁ. {“1].11!‘)

This Brazilian species from the same beds is deseribed by
White as Gangamopleris (Sumaropsis) Seiwasi®: 1t is characterised
by a small ovate nucule 8—10 mm. long and 5 mm. broad, in some
specimens surrounded by a complete ‘wing’ extending above the
apex and below the base, giving the sced an appearance similar to

Kidston (11) p. 239, PL xm. fig. |

* Dawson (71) A. PL xix. fig, 219; Stopes (14) p. 92,

Fiedler (57) Pl xxvrm, j‘v_r. 36,

White (08} B. p. 567, Pl x. fie. 11.

Newberry (73) PL xurw flf_’. 8; Lesquercux (80) A PL nxxxv. figs. 36, 37.
Lesquereux (84) A PL omx, figs. 13, 15.

Seward (97%) A p. 332; Avber (05) B. pp. 208, 207,

White (08) B. p. 559, Pl, x. figs, 5—8.

a ® o e =
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that of Swmaropsis (Samarospermum) moravica while sometimes,
as in the example shown in fig. 502, F, the broad border is pre-
served only at the sides. These seeds are abundant in the Santa
Catharina beds, where they were discovered by Dr Hsdras do
Prado Seixas, in association with leaves of Gangamopteris, and
White thinks that they were borne on the fertile leaves of that
genus which he has named Arberia'. Although there is as yef
no proof of a connexion between Gangamopteris and seeds of this
or any other type it is almost certain that it was a seed-producing
plant.

Samaropsis Lesliv sp. nov.

The seed on which this species is founded was discovered by
Mr T. N. Lesdie in the Teea beds (Permo-Carboniferous) of
Vereeniging, South Africa, a locality
from which the same geologist has
obtained leaves of Cordaites, Psyy-
mophyllum, Glossopteris and other
genera®. In the slightly cordate bhas®
and tapered apex (fig. 503) the nucule
agrees closely with those of European
examples, but the Vereeniging typeis
distinguished by its larger dimensions
and by the wider border indicating
a thick sarcotesta continued basally
into a stout stalk. The apex 1s
emarginate and a median rib marks
the position of a vascular strand.
There is no evidence as to the nature
of the parent-plant.

i, . Fre. 503,  Samaropsis  Leslit:
Samaropsis indica (Zeiller). From Verceniging, 8. Africar
Prof. Zeillerd deseribed  this (Mr Leslie’s Collection; nofb
N ) . Lo size.)
species a8 Cardiocarpus  indicus
from the Karharbari (Lower Gondwana) beds of India. An
examination of the type-specimens enables me to confirm the

1 Vol. . p. 617. 2 Seward and Leslie (08) B.
8 Zeiller (02) B. p. 37, PL vi figs. 7, 8; Arher (05) B. p. 205, fig. 44.
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accuracy of the original account. The platyspermic seed is 5-5 em.
long and 45 cm. broad; a cordate nucule is enclosed by a flat
border similar to that of Samaropsis Lesliz but narrower especially
on the sides of the nucule. At the apex there is a deep sinus
extending to the nucule, and at the base a fairly broad band of
carbonaceous matter shows the position of the chalazal vascular
Strand. The seed is characterised by its large size and by its
almost orbicular form: it occurs as a detached specimen in beds
Containing Cordaites (Noeggerathiopsis) and Glossopteris.

A species from Arkansas described by Lesquereux! as Clardio-
Carpus angens [— Cordaicarpus ingens (Lesq.)] afiords another
€xample of a large seed similar to C. wndicus and, except in its
More orbicular form, to Samaropsis Lesli.

Samaro psis Miller: (Feistmantel).

An exammation of the type-specimen from the Calcutta
_Mlmemu enables me to amplify the original description in an
Mportant particular. The species was found
1 Lower Gondwana (Katharbari) beds in India
and referred by Feistmantel? to the genus
C”'f']JOIi/.he.s-. Arber®, who tentatively employed
the generic name Cardiocarpus in place of
Carpolithes, suggests that the seeds may be
fdiospermic, as Feistmantel’s drawings show
nly & very narrow border to the nucule, The
*Pecimen reproduced in fig. 504 was figured
¥ Feistmantel without any indication of a
definite sarcotesta or wing, but as seen in the 8 }
"awing the ovate cordate sclerotesta is sur-

"unded on one side and at the base by an Fic.504. Samaropsis
Millers. (Indian
wi : : : . 3 Geological Survey,

lere it shows a rounded termination sloping  Caloutta : nat. size.)

{ . » .

YWnwards towards the micropyle precigely

88 in o R : .

*]v W Samaropsis indica (Zelll.).  The hborder is narrow at
1€ sides and broader at the base as in 8. Leslii. The seed

0 oo
"Ier envelope: this is elearly seen at the apex

; Lesquereux (80) A. PL 85, figs. 34, 35.
fiy ) _]'l‘iqtn'u,lntel (79%) p. 30; (81%) p. 59, PL xxx. fig. 14; (82) p. 43, PL xv.
> 3 Arber (05) B, p. 205.
8. TIx 23
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is 45cm. long and 23 cm. broad, differing from 8. indico
in its rather smaller size and in the slightly narrower nucule.
Though there is no decisive evidence as to the parent-plant the
occurrence of a specimen of this species partially covered by a
scale-leaf of a type! very similar to that which is generally recog-
nised as belonging to Glossopieris suggests the possibility that the
seeds may belong to that genus. Scale-leaves of Glossopleris
are described in Volume 11., but it may be added here that leaves
similar in form to those from Tndia, Australia, and elsewhere are
figured by Geinitz? from the Altai Mountains as I'rigonocarpus g
actaconelloides: the specimens are represented with the basal
sear at the apex.

Cordaicarpus. Geinitz.

In view of the fact that the generic names Cardiocarpus,
Cordaicarpus, and other designations have been applied to casts
and impressions which cannot be distingnished by any constant
or important feature it is proposed to adopt the name Cordazearpus
for platyspermic seeds, preserved as casts or impressions, having
a comparatively narrow border enclosing an ovate or cordate-
ovate nueule: the hase is either rounded or cordate. The choice
hetween Cordaicarpus and Samaropsis depends on the breadth of
the horder. Cordaicarpus, though more suggestive ol a Cordaitean
alliance, may in some cases be a Pteridosperm seed.

Corduicarpus Cordai (Geinitz). Lenticular seeds more or less
orbicular or broadly ovate (fig. 502, C, D), often slightly cordate
at the base of the nucule and with a broadly acute apex: the
border is narrow or sometimes hardly represented as in the seeds
deseribed by Berger as Rhabdocarpus ovoides, a species similar 1
but more oval than Cordaicarpus Cordai. The latter Splﬁuii‘.ﬁﬁ
oceurs in several coalfields in Britain, Kranee, Germany, and
elsewhere. Tig. 502, C, shows a good example {rom the Middle
Coal Measures of Yorkshire, 9 mm. long by 8 mm. broad; on the
very slightly cordate nucule are several faint ribs converging
towards the base and apex and between them fine striation®

! Vol. m. p. 500. 2 Geinitz (71) p. 174, PL mn. figs. 10, 1L
s Ihid, (56) A. Pl xxr; Zeiller (88) A. PL xcwv. fig. 13; (06) B. p. 224}
Kidston (11) p. 240; Arber (14) p. 100.
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characters too indistinet to be reproduced in the natural-size
drawing. The flat border represents the sclerotesta. The seed
shown in fig. 502, D, from the Westphalian series of Warwickshire
belongs to the same species or is a closely allied type: the faint
Suggestion of reticulation on its surface might be regarded as a
eagon for referring it to €. areolatus Boul.t, a form characterised by
a reticulation on the testa, described by Zeiller? and other authors.
This reticulation is, however, in some cases at least, formed by
Crumpling and splitting of the superficial carbonised film into more
Or less regular meshes: the figured specimen occurs with several
Other seeds of the same type, most of which have a smooth surface.
!)1‘ Kidston tells me that a recent critical examination of seeds
. his collection leads him to regard some specimens (e.g. fig. 502,
D_) previously referred by him to €. Cordai as identical with Carpo-
bithes membranacens Goepp.®

F‘[G- 505. Cordaiearpus Cordai, Cuticle of the testa. {Iiidstnu Gﬂilﬂntﬂ—ml.)
The photograph reproduced in fig. 505 shows the result of

C‘EJemically treating the carbonised cuticle of a seed of Cordazearpus

Ordai, & method little used as yet in the case of Palaeozoic plants

, Boulay (79) p. 34.
. Zeiller (88 A. PL x01v. fig. 12; Kidston (11) PL v. figs, 5—T; Arber (14) p. 100.
Berger (48) PL 11, figs. 19, 20.

23—2




356 MISCELLANEOUS SEEDS [CcH.

but which may be useful in distinguishing seeds which cannot be
satisfactorily separated by microscopic features. The superficial
cells have very thick walls and present an appearance similar to
that of the sclerous cells in the testas of some petrified specimens.

The larger seed shown in fig. 501, D, from Commentry,
described by Renault and Zeiller! as Cardiocarpus sclerolesta, IS
another example of Cordaicarpus as now defined.

IV. MISCELLANEOUS SEEDS.

In this section are included genera based on characters of
comparatively little morphological importance; their claim to
treatment under a common heading is that we know little or
nothing of their anatomical features or of the parent-plants.

i. Ribbed seeds.

The seeds represented by the following genera possess ribs
or flanges usually in multiples of three; the transverse section
may be triangular, hexagonal, or polygonal. The symmetry 18
generally radial, but it is difficult to determine whether a slight
departure from the radiogpermic form is an original feature or the
result of pressure. Some of the ribbed seeds with which we are
now concerned are no doubt closely allied to Trigonocarpus and
should be included in the Trigonocarpales, but others may well
be distinet forms.

Genera: Hexagonocarpus, Decagonocarpus, Polypterocarpuss
Rhaymchogonivm, Boroviczia, Diploplerotesta, Musocarpus, Holeo-
Spermum.

Hexagonocarpus. Renault.

This generic name is adopted by Renault® for casts from
Commentry which, while probably identical with Brongniart's
Heaapterospermum, afford no confirmatory anatomical evidence:
The species Hexzagonocarpus crassus® is represented by casts oF
nucules characterised by six well-defined ribs and grooves with
a length of nearly 3 em. In this genus may be included the cash
from the Coal Measures of Lancashire described by Williamson®

I Renault and Zeiller (88) A. PL nxxu, fig. 3.
2 Ibhid. p. 649. 3 Ihid. PL ixxin figs. 53—565.
4 Williamson (77) B. p. 253, PL xvr. figs, 115 a, 1156
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a8 Hexaplerospermum Noeggerathi (fig. 506, H), and another
British example is afforded by Hezagonocarpus Hookeri Kidst.!,
a rare fossil in the South Staffordshire coalfield. Tt is impossible
confidently to assign these ribbed casts to gemera founded on
petrified specimens as they almost certainly belong to different
types, but the employment of the name Hexagonocarpus may
Conveniently be used for casts or impressions of seeds with six
luhgitudinal ribs differing in their relatively broader and less
Prominent form from the wing-like flanges of Polyplerocarpus
(cf. fig. 496, B). The seeds described by Dr P. Bertrand® as
Hezapterospermum modestae, and believed by him to belong to
& plant with Newropferis fronds, should be included in Hexagono-
Carpus as we have no definite knowledge of their anatomical
features.

Deca.gonocarpus. Renault.
This name, proposed by Renault?, is applied to seeds without
Petrified tissues characterised by ten ribs; an example is afforded
¥ Decagonocarpus olivaeformis from the Commentry coalfield,
1 elliptical seed which bears a elose resemblance to Holcospermum
Sulcatum, (fig. 506, A) except in the smaller number of ribs.

POlYIJteroca.rpus. Grand’ Eury.
Grand’Bury? adopted this generic name for seeds from St
Jltien_uc characterised by the presence of three, six, or more deep
Wings op flanges. The term Pterospermuin has recently heenspro-
Posed by Arbers for a seed from the Coal Measures of Stafiordshire,
Which he names P. anglicum: the type-species of the genus has
t]}'eif deep wings, one from each angle. For the same seed
I‘lﬁl-‘:‘tone proposed the name Tripterosperiuim ellipticum, but as
Arber account was published first his specific name has priority.
f"f-‘?'ﬂé‘pr,-rmmn. had, however, been previously used for a genus
O(f Sterculiaceae, and partly on this account but mainly because
"tand’ Bury’s genus Polypterocarpus is available the latter designa-
tion i adopted. In Polypterocarpus anglicus (fig. 496, B) the
Kidston (14) p. 165. 2 Bertrand, P. (13) PL vIL
Renault and Zeiller (88) A. p. 651, PL rxxm fig. 56
Grand'Eury (77) A. p. 185, Pls. xv., XVL
Arher (14) pp. 93, 104, PL vir figs. ¢
Kidston (14) p. 167, PL xiv. figs. 1, 2.

3
3
4
5
8
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flanges project slightly beyond the apex of the seed and there is
a small notech at the base; the nucule is 5 ¢m. long and 1 em.
broad. While it is not improbable that this seed is generically
identical with Brongniart’s Tripterospermum’, it is safer, in the
absence of structural details, to employ the less committal term.
There is no information with regard to the nature of the parent-
plants of species of Polypterocarpus. The English seed from the
Middle Coal Measures of Derbyshire and the Staffordshire coal-
field deseribed by Arber? as Radiospermum ornatum and by
Kidston® as Polypterospermum ornatum affords another example
of Polypterocarpus as the generic name is here employed.

Rhynchogoninm. Heer.

Heer? proposed this generic name for some globose, ovate,
or oblong ‘fruits’ from Lower Carboniferous strata in Spitzbergen,
including also fragments ol ‘leaves’ which without satisfactory
evidence he believed to belong to the same plant. The supposed
fruits are clearly seeds, and Nathorst regards the ‘leaves’ as
portions of a Fern rachis. Heer described four species, but these
have since been reduced to two, and indeed it is probable that
only one type, Rhynchagonium costatum, is represented. Nathorst”
compares Heer's seeds with a Lower Carboniferous species deseribed
by Young® as T'rigonocarpuin gloagianwm, the resemblance of which
to the Spitzbergen seeds was pointed out by Kidston. A seed
of Rhynchogonium costatum is about the size of a hazel-nut and
may reach a length of 21 mm.; it is ovate, with a broad rounded
base, and in the upper third is tapered and conical, the sides of
the characteristic snout being distinguished from the smooth
surface of the Test of the seed by the presence of eight ribs con-
verging towards the apex (506, (). Zalessky? recorded closely
allied seeds from Lower Carboniferous beds in Northern Russids
agsigning them to a new genus Boroviczia, the type-species being
B. Karpinskii; he adduced arguments in favour of Heer’s infter-
pretation of the fossils as fruits but, according to Nathorst, this
view has been abandoned. In his Tecent memoir on the Culm
Hee page 321,

Arber, loc. cit. p. 102, 3 Kidston, loe. cit. p. 158,

1
& Heer (77) 1 p. 19, PL v. figs. 1—11. & Nathorst (94) A, p. 48, PL1v. figs. 7, %
6 Young (69) PL 1v. figs. 9, 10; (76) p. 36. 7 Zalessky (035).
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flora of Spitzbergen Nathorst! discusses the morphological nature
of Rhynchogonium seeds and describes additional specimens.
Without the aid of petrified examples it is hardly possible to
determine the true nature of the fossils.

Fig, 606, A, Holcospermum sulcalun. B, €. Codonospermum anotalum.,

D, Diplopterotesta spitzbergensis (< 3). B, Gnetopsis elliptica  (cupule).

B, Thysanotesin sagittula. G, Rhynchogonivm costatum. H, Hexagondcarpius

Noeggerathi. 1, Borowiezia Karpinskii. K, Rhabdospermaon tunicatwm.

(A, Kidston Collection: B. after Grand’Eury: €. after Renault and Zeiller ;

D, F. @, after Nathorst: E. after Renault; H, after Williamson: I, after

Zalessky; K, after Berger.)

Some specimens of Rhynchogonium suleatum in Dr Kidston’s
Collection show the original surface-features: the carbonised
'fnt"‘-glmmnt is divided in the upper region into linear lobes separated
Tom one another at their origin by fairly wide sinuses, 3 type of
Mtegument suggesting comparison with Physostoma. This species
Was originally described by Lindley and Hutton as Clarpolithes

“tmfﬂ-g from Lower Carboniferous rocks at Newhaven in Scotland
"d has recently been figured by Zalessky® from specimens in
! Nathomst (14) p. 23, P1, xv. figs, 44—51.
* Lindley and Hutton (37) A. Pl 220. 8 Zulessky (05).
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the Kidston collection from the Lower Calciferous sandstone of
Midlothian. Nothing definite can be said as to the parent-plant,
but it is significant that in Midlothian Ehynchogoniwm sulcatum
oceurs in a bed full of isolated pinnules of a Cardiopteris almost
to the exclusion of any other fossils!.

The seed figured by Nathorst? from the Culm of Spitzbergen
as Lagenospermum? glandiforme agrees closely with Rhynchogoniim
and Boroviczia, and it is impossible to decide whether the lobed
appearance is due to the presence of a cupule or to the divisions
of an integument.

Boroviczia. Zalessky.

The specimens from Lower Carboniferous beds in Russia®
on which this genus was founded arve perhaps unnecessarily
separated from Rhynchogonivn; they are ovate and heaked,
10 mm. long with a maximum breadth of 6 mm. The type-
species, Boroviczia Karpinskii (fig. 506, T), is represented both by
specimens in which the cast is complete and by others in which
the apical snout of the integument is split into separate lobes
identical in form and apparently in number with those of Rhyncho-
gonium. Nathorstd, who retains the generic name and describes
two additional species from Spitzbergen, points out that in
Boroviczia the tapered apex is more sharply differentiated from
the broader basal portion, a difference hardly worthy of generic
recognition. If Boroviczia is rvetained as a genus distinet from
Rhynchogonium it should include the seeds described by Young
as Trigonocarpwm gloagianum.

Diplopterotesta. Nathorst.

Diplopterotesta spitzbergensis (Heer). Tleer® included in Samd-
ropsis some seeds, described as Sumaropsis spitzbergensis, front
Lower Carboniferous strata in Spitzbergen which differ considers
ably from typical examples of the genus. These have recently
been made the type of a new genus Diploplerolesta®: they are
platyspermie seeds nearly twice as long as broad, 6—9x 3-5—5mi-
I Tor this information I am indebted to Dr Kidston.

2 Nathorst (14) p. 32, PL xv. fig. 68.

4 Zalessky (05) 4 Nathorst (14) p. 27, PL v. figs. 19—22; PL xv. fig-
5 Heer (77) 1. p. 24, PL v. figs. 18—22.

& Nathorst (14) p. 35, Pl. xv. figs. 77—82.
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characterised by a thin sclerotesta expanded throughout the
length of the seed into two prominent transversely striated wing-
like ribs or flanges (fig. 506, D). At the apex, which is broad
in contrast to the pointed basal end of the seed, the sclerotesta
forms a crown of eight lobes about the flat summit of the seed-
body, As Nathorst points out, this species closely resembles
the Carboniferous seeds figured by Grand Eury' as Polyptero-
Carpus, but in the latter type there are more than two wings.
Nathorst’s fiures, one of which is reproduced in fig. 500, D,
Suggest s difficulty in determining the number of the flanges,
Which would seem to be more than two, but this appearance is
Yegarded by Nathorst as misleading and he believes that exeept
8t the apex there are only two wings.

Musoaarpus. Brongniart.

Brongniart® proposed this name for two species, M. prismaticus
and M. difformis, from French Coal Measures, but gave no descrip-
tion of the specimens. The type-species, described from the Loire
Y Grand'Eury as Musocarpus prismaticus®, 1s an ovate geed
Uearly 3 cm. long with six longitudinal ribs, three being more
Prominent than the others, and characterised by a ribbed pro-
Ongation of the base of uniform diameter spoken of as a carpophore,
Which wag apparently articulated to the lower part of the seed-
Proper from which it was easily detached by a natural absciss-
Ayer. Nothing is known of the structure or of the affinity of
.]'.3 genus. Some specimens in Dr Kidston’s collection from
Westphalian beds in Lanarkshire are closely allied to or perhaps
‘Yentical with M. prismaticus. In the presence of a distinet
'asal vegion Musocarpus resembles Codonospermum?®, though
Without any knowledge of the anatomy of the former type it
8 impossible to say whether or not this resemblance has any
111(:r1311(al(}gic.a.1 importance.

HQlCOSpermum. Nathorst.

Hr)l(:r;usper,-.u,‘mn. sitleatwm (Sternberg). The cast T‘“"PL'Odm:ed in
506, A, affords a good example of a form of seed recorded

o
=

1 x
A F.wl‘&))(l'hjllr}f (77) ‘A. Pl xvi. figs. 2—4.
- }?T"Jn;_r.niurt (28) A. p. 137.
""'ﬂ“d'Eury (77) A. p. 184, PL xv. fig, 3. 4 See page 330.
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under several generic names and not uncommon in Upper Palaco-
zoic rocks in Burope and North America, which i most cases
cannot be assigned to a genus implying the possession of certain
anatomical characters. This type was figured by Sternberg? from
the Coal Measures of Radnitz as Corpoliles suleatus. Some
“fpuits” colleeted on the beach mear Newhaven, Midlothian,
from the Calciferous Sandstone series, are figured by Lindley
and Hutton? as Carpolithes sulcala, but as already stated these
have been transferred® to the genus Rhynchogonium. Several
authors have referred specimens of the type now included in
Holcospermum to Rhabdocarpus, but that genus, as stated on &
previous page, is restricted to seeds agreeing in form with R.
tunicatus. Renault? instituted the genus Colpospermuwm for a
partially petrified seed from Commentry agreeing externally with
Sarpolites sulcatus Sternb. and regarded by him as specifically
identical, characterised by longitudinal ribs which represent folds
of the testa, the intervening grooves being occupied by an irregnlar
reticulum formed by occasionally anastomosing smaller ribs.
The generic name Colpospermum should therefore be reserved
for Tibbed seeds showing the anatomical features described by
Renault and Zeiller: its application to Sternberg’s species i8
inadvisable on the ground that we have no information with
regard to the morphological nature of the ribbing. More recently
Arber® has proposed the name Platyspernun, a name previously
applied to a Cruciferous plant, for Stephanian and Permian seeds
formerly assigned to Berger’s genus Rhabdocarpus, which are
symmetrical in two planes. In this genus he includes Platysper
mum sulcatum and among other species P. Kidstoni founded
on a seed originally identified by Kidston® as Rhabdocarp®
multistriatus Sternb. which, though probably a distinet species;
is of the same general type as C. sulcalus Sternb.

The cast represented in fig. 506, A, from the Middle Coal
Measures of Yorkshire is 3-5 cm. long and has 18 regular longi*

1 Sternberg (38) A. PL x. fig, 3.

¢ Lindley and Hutton (37) A. PL 220. 9 Zalessky (05) p. 119.

3 Renault and Zeiller (88) A, p. 652, Pl Lxxir figs. 63—66; Renault (96) A
p. 400; (93) A, Pl mxxxiv. fig. 3.

5 Avber (14) p. 95, Pl vi. fig. 11
6 Kidston (88) B. PL xxmm. fig. 4.




XXXV] MALACOTESTA 363

tudinal ribs: it is radially symmetrical and does not conform in
this respect to Arber’s definition of Platyspernmum. In many
cages, ¢.g. the flattened seed figured by Kidston as Rhabdocarpus
multistriatus, it is impossible to determine the symmetry of the
seed. The old generic name Carpolites, Carpolithes or Carpoluthus
hag been used in a very wide sense and does not connote any well-
defined features:; it should be reserved, in the form Carpolithus
28 used by Linnaeus, for seeds that cannot be assigned to a system-
atic position or which do not exhibit any distinetive characters
Worthy of emphasis by the institution of a special name. The
generic term Holcospermum, recently proposed by Nathorst!, is
A suitable name for this type of seed; as defined by the author,
W includes seeds that may be radiospermic or platyspermic.
}j"lJecilﬁlens of the type-species, H. dubirn?, from the Lower Carhoni-
erous beds of Spitzbergen, agree closely in size and shape with
Some examples of Rhynchogonivm and Boroviczia, but they are
{]jstihguished by prominent ribs extending the whole length of
t!m east, In some seeds similar to H. sulcatum the ribs form sharp
Ydges, but the difference between rounded and sharp ridges is
Often determined by the method of preservation: a specimen
deprived of its outer flesh would form a cast more sharply ribbed
t_ha-n a seed in which the sarcotesta had been moulded on to the
ibbed gclerotesta. On the other hand some ribs are formed by
hunt selerotestal folds as in Colpospermum: both types of ribbing
e included in the genus Holcospermuin. :
- Other Genera.

Malacotesta. Williamson.

This generic name was mstituted by Williamson?® for a petrified
8¢ed from the Coal Measures of Lancashire which he named
Talacotesia oblonga: the type-specimen is a small seed 6—7 mm.
Oy characterised by a thick fleshy integument. The struc-
Ure is however insufficiently known to admit of a satisfactory
“Olnparison of the imperfectly preserved specimen figured by
Villiamson with other types.

; Nathorst (14) p. 28 ¢ Jhid. Pl xv. figs. 83, 5%
Williamson (77) B. p. 246, PL xm. figs. 88—93.
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Thysanotesta. Nathorst,

Nathorst! founded this genus on a single seed from the Lower
Carboniferous plant-beds of Spitzbergen which exhibits features
sufficiently distinetive to justify its recognition as the type of
8 separate genus.

Thysanotesta  sagittula Nathorst. The type-specimen is &
long and narrow seed, 20 mm. long, ovate below and prolonged
apically into a slender beak, 8 mm. in length, which probably
represents a micropylar tube; the beak bears numerous stiff
hairs (fig. 506, F'). The seed closely resembles a carpel of Erodiwint
without the horizontal part of the awn. There is no evidence
as to the nature of the parent-plant but the species affords an
interesting example of a Palacozoic seed apparently adapted for
wind-dispersal, or possibly the bristles may have served the same
purpose as in the fruits of Erodium. Attention is called elsewhere®
to the frequent resemblance of Palaeozoic seeds such asg Thysano-
testa to fruits of recent flowering plants.

Carpolithus. Linnaeus.

Nathorst? has pointed out that this generic name was employed
by Linnaeus for fossil fruits: in the form Carpolites (Sternberg)
or Carpolithes® it has been widely used and differently defined
by authors, usnally in a comprehensive sense including fossil
seeds from both Palaeozoic and Mesozoic strata which cannot be
assigned to a definite position in the plant-kingdom. Tt is desirable
to adopt some designation for seeds from strata of different age®
which do not exhibit any features sufficiently distinctive to justify
the creation of a special genus. By employing such a name 8
Carpolithus, without attempting to define its characters within
preseribed limits, for casts or impressions of seeds which are nob
distinguished by any striking characters and cannot be allocated
to any particular section of seed-bearing plants the unnecessary
multiplication of generie titles is avoided: when any additional
data are obtained differentiating particular types from other form#
of Carpolithus the provisional term should be superseded by som®
distinctive generic name. Among seeds from the Coal Measure®

L Nathorst (14) p. 33. Pl. xv, figs. 69, 70. 2 See page 304
3 Nathorst (14) p. 33. 4 Seward (95) A. p. 10L
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there are several examples of both large and small types without
any regular tibs or lacking such features as serve to digtingnish
Fhfﬁ genera already described, which are appropriately included
in Corpolithus. The two species Carpolithus Wildit Kidst.! and
C. bivalvis Goepp.? are two examples of seeds from Upper Carboni-
ferous rocks which it is desirable to refer to this comprehensive
genus pending further discoveries as to their morphological
features. The Jurassic species C. condeus Lind. and Hutt.® is
another type which it has been customary to include in Carpolithus.
(M'i{:ro‘s-},le:r’w‘;'m-v . Arber.)

The generic name Microspernum has recently been proposed
by Arbert for some Westphalian seeds described by Carpentier?
fI_‘om the North of France as Carpolithes? samaroides and for
Similar fossils from the Middle Coal Measures of Nottingham.
The supposed seeds are gmall, ovate or pyziform bodies, 5—12 mm.
ong and 9-5—6 mm. broad, with one extremity broadly rounded
ad the other acute: one side is keeled, the other grooved, and
4 large foramen occurs near the broader end and on the grooved
Surface. Arber emphasises the fact that the specimens are sym-
Wetrical in one plane only. As the author of the genus points
Out the morphological nature of the fossils is not thoroughly
“Stablished, nor is the parent-plant known. In view of the ill-
efined characters of the specimens so far discovered it is hardly
®irable to institute a new generic name implying their seed-
Bature : moreover Microspermum has previously been employed for
* genug of Compositae. An examination of specimens leads me
O doubt, their seed-nature and it would seem more likely that

€y are foliar organs, possibly bracts which originally bore seeds
% sporangia.

An examination of some of the specimens of supposed Permian
®eds for which Geinitz® proposed the generic name Gualelmates
Cony; : !
i'}“‘lnced me that thev are inorganic structures, probably nodules
. ¥ g : e )

shale smoothed and rounded by slickensiding.

) i et

 Kidston (92) p. 8; Arber (14) PL viL fig. 25.

< Ifid-“‘str»u (86%) B, PL 1w figs. 7 a—c; Berger (48) PL . figs. 30, 31.

! See posteq, 3 Arber (14) pp. 90, 100, PL v figs. 22—27.
Carpentier (11) p. 7, PL x1v. fig. 3.

1] ¥k -
Geinitz (62) p, 145, PL xxv. figs. 7—9; Goeppert (64) A. p. 145.




CHAPTER XXXVI.
CYCADOPHYTA.

Trer term Cyecadophyta, suggested by Nathorst!, is used in
a comprehengive sense to include both recent Cycads and the
much larger number of extinet types which it is customary to
speak of as Cycadean plants or fossil Cycads. The designation
‘Cycads’ in the case of the majority of the fossil forms is, however,
open to criticism on the ground that they differ too widely from
existing genera to be associated with them in one class. Tt would
be pedantic and inconvenient to give up the almost universal
practice of extending the term Cycad beyond the limits defined
by the characters of recent species. The important point is 0
adopt some classification which gives expression to our views a8
to the degree of affinity between recent and extinet types. Ind
considerable number of cases, especially impressions of presumably
Cycadean fronds and stems that oceur without any fertile shoots:
it is impossible to determine the degree of relationship to moder®
types. It was with a view to a rational group-designation for
such fossils that Nathorst proposed the term Cycadophyt®:
including in it the two classes Cycadales and Bennettitales. The
Cycadales comprise the recent genera and such extinet types 2°
may legitimately be included m the same class, but as we shall
see later there are hardly any fossil species that can be ussigued
to this section on thoroughly satisfactory grounds. The teri
Bennettitales is used by Engler, Nathorst, and several othe’
authors as a class-designation for a large number of Mesozol
Cycads agreeing in their more important morphological character
with the Lower Cretaceous stems on which Carruthers® founded

1 Nathorst (02) p. 3.

2 Carruthers (70) p. 694,
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the genus Bennettites, placing it in a new tribe, the Bennettiteae.
Some authors have followed Carruthers in the use of the family-
Dame Bennettiteae for a subdivision of the Cycadales equal in
tfank to the Cycadaceae, while others, wishing to give greater
emphasis to the diflerence between the extinet and recent plants,
Prefer to adopt the class-name Bennettitales. Carruthers regarded

ennettites as occupying the same position in relation to other
Cycads as Tazus holds with regard to the cone-bearing members
of the Cloniferae. The adoption of Bennettitales is intended to
Convey the impression that the class is more distantly related to
the recent (ycads than is implied by the analogy of Tawus.
Nathorst?, as the result of his discovery of certain reproductive
Organs associated with some Rhaetic fronds described as Dioonites
Spectabilis, proposed a third subdivision, the Dioonitales, but he
Subsequently? restored the fronds to their original designation
Nilssonia pterophylloddes, and on further examination found that
the supposed microspore-bearing organs were seeds. Nilssonia
Plerophylloides would therefore find a more natural place in the
Class Nilssoniales instituted by Thomas®.

BENNETTITALES.
Cycadeoidea. Bueckland.

In 1827 Buckland® proposed the generic name Cycadeoidea for
S0le petrified stems from the Purbeck beds in the Isle of Portland
and published a deseription of two species, Cycadeoidea megalo-
Phylla, and (. microphylla. Brongniart? considered Buckland’s

't (fycadeoiden inappropriate and proposed in its place Mantellia,
the type-species being Mantellia widiformis Brongn., the Portland
8tem which Buckland a month or two later called independently

Yeadeoidea megalophylla. Subsequently Brongniart® withdrew
Maniellig as it had been previously used by Parkinson for a
SPonge and substituted Cycadites. Some years later Carruthers?
"vived Mantellia for a type of Cycadean stem from Portland

Nathorst (02) p. 25 2 Ihid. (09%) pp. 21, 23.
Thomas and Bancroft (13) p. 196

Buckland (27) Proc. Geol. Soc. London, Vol. 1. Ne. 8, p. 80; (28).
Brongniart (28) A. p. 96. ¢ Ibid. (49) A, p. 59.

* Carruthers (70) p. 678.

1
3
1
B
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though one species, apparently indistinguishable from those
referred to Mantelliz, he named Bennettites portlandicus. There
is no adequate reason for the retention of the generic name
Mantellia. The close resemblance of the short and thick stems
(12—30 em. in height) described by Buckland to those of some
recent Cycads was recognised by Robert Brown and Loddiges
and the former suggested to Buckland the inclusion of the fossils
in a new family Cycadeoideae. It was this suggestion that led
Buckland to adopt Cycadeoiden as a generic name. In a later
account of the Portland stems Buckland?®, in deference to Brong-
niart’s opinion, substituted Brongmiart’s name Cycadites for
Cycadeoiden. Tt is noteworthy that no reference is made in the
original description to the occurrence of lateral shoots among the
persistent petiole-bases that encase the Portland stems, but in
a later account such shoots are represented in one of the figured
stems and are compared with the buds occasionally produced on
stems of Cycas®. The subsequent researches of Carruthers®
demonstrated the reproductive nature of precisely similar Jateral
shoots in the stem on which he founded the genus Bemnetiiles:
The generic name Echinostipes given by Pomel?, who had a passio?
for instituting new nomenclature, to Buckland’s Portland stems
has not been adopted: his genus Crossozaniio proposed for certain
gtems and fronds was revived by Carruthers® but has not been
generally used. A further complication in the nomenclature of
Cycadean stems was introduced by Saporta’s institution® of
Bulbopodium and Cylindropodium : in the former genus he included
the small ovoid stem figured by Lindley and Hutton as Cyed
devidea pygmaea? and two French Jurassic species which might
reasonably be assigned to Cycadeoidea. To Cylindropodium were
referved some large French stems from Jurassic strata : an examind”
tion of the type-specimens in Paris convinced me that they at®
typical forms of Cycadeoidea. As Ward® has pointed out, both
Saporta’s genera may be merged in Cycadeoidea. Fliche an

1 Buckland (37) p. 496, Pls. LX., LxL

® Thid, (28), PL txr. fic. 1. A specimen in the Oxford Museum may be the
oricinal of Buckland’s figure.

3 (arruthers (70). ~ 4 Pomel (49) p. 18. 8 Carruthers (70) p- 60

& Saporta (76) A. pp. 256, 265, Pls. 118, 119.

7 Lindley and Hutton (35) A, P1 143, 8 Ward (94).
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_Zﬂillerl also include the small globular stems named by Saporta
Bulbopodium in the older genus Cycadevidea: one such type from
the Portlandian of Boulogne is described by these authors as
Cycadeoidea pumila. Saporta also proposed the name Platylepis®,
the type-species being Cycadeoidea micromyele Mor., from the
Lias of Calvados, which has recently been investigated by Lignier®
Who wisely adopts Moriére’s designation. Another unnecessary
feneric name is Schizopodium given by Moriére to a stem, 8.
R“'"—Guﬁv’*, regarded by Lignier as indistinguishable specifically
om C. micromyela.

The two names Cycadeoidea and Benmeltites have been used
Y authors for stems which are unquestionably generically
ldentical and as is often the case much confusion has been caused
ﬂ“"m;_{h the failure of palacobotanists to arrive at an agreement.

ester Ward, a staunch advocate of the rule of priority, repeatedly
Pointed out that Buckland’s name Cycadeoidea should take
Precedance of Bemmettites on the ground that stems for which
! 183e genera were instituted are clearly of the same type, and he
dded that the older genus, though abandoned by its author,
(‘,a}mm be given up without violating the inexorable rules of
Pliority,  On the other hand it has been urged that the genus

nnettites as defined by Carruthers is characterised by the
Possession of (i) fertile shoots bearing strobili and (ii) vegetative
:;ial’fl‘! exhibit.ing. certain aua-mn-'lical characters. Buck]unld’s
mm‘-’-‘u‘ﬂ of Cycadeoiden, thoug]'l b.e.an.ng. 1ater£?l shoots, are not well

Ugh preserved to afford definite information as to the morpho-
\Sﬁl;‘al features of the gtmbili. nor have we satisfactory dz_mt&

"l regard to the degree of resemblance between the vegetative
;::U-‘“'c of Bennettites and the Portland .stcms. C_.m'n_xthers laid

S on the elliptical section of the stelein Bennellites in contrast
"(:1 Zh‘e cylindrical cylinder of Bucklafud'.sq C‘ycxu?goi(iea _tm.mks:
a Vé]"_"']l‘l@l.lt- research has 'showul that thls-t'?lﬁerence is not in itself
Sy, 1 criterion either Ot. generic or specific rank but, ag Wlela‘nd‘
.~ 1t is an open question to what extent the stem structure of
Ug:“}tlffoid’e:r, and Benmettites agrees. The Pmbabﬂity is that were

Nowledge of the Portland stems less incomplete, they would

i ]“!i('h.ﬁ and Zeiller (04). * Baporta (7-"3) A. p. 276, PL 120.

gnzer (01), t Jhid. (13) p. 93.
5. 1n 24
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be found to possess no anatomical features inconsistent with this
generic union. Granting the correctness of this view, the adoption
of the later generic term would be a reasonable course to follow
on the ground that it stands for stems showing well preserved
structure, while Cycadeoidea was in the first instance applied to
stems showing only partially preserved stumps of strobili, and the
name was not retained by its author. Graf Solms-Laubach?
and some other authors have used Benneftites for Cycadean stems
possessing strobili of known structure such as those of Bennettites
Gibsonaanas, veserving Cycadeoiden fot similar stems but without
strobili sufficiently well preserved to afford evidence of morpho-
logical characters. This practice I followed in 18952 but my
usage of the two generic names has not been consistent, the name
Cycadeoidea being afterwards employed? in a more comprehensive
sense. The investigation of the reproductive shoots of Americall
Lower Cretaceous and Upper Jurassic Cycadean stems* has
demonstrated the practical identity of their ovulate strobili with
those of the English Bennetidtes. Tt is clear that the Americad
stems as well as numerous specimens from [taly and other Huro-
pean localities are generically inseparable from Bennettites. The
adoption of Cycadeoidea by Wieland, following Ward, has naturally
strengthened the claim of Buckland's genus at least so far @8
wide usage is concerned, and with some reluctance I propose
to fall in with this terminelogy and for the sake of convenience ¥
give up the use of Benunetlites. Among Mesozoic Cycadean stems
agreeing with those of recent genera in habit and in the presenc®
of an armour of persistent leaf-basges are several which afford
no evidence either of the occurrence of fertile shoots or of lateral
gshoots with terminal flowers. To such stems the name (,'y(:x_'g.(lrf.oir{m
has been applied, the designation Benneftites being restricted 0
stems with lateral fertile shoots: this practice of treating the
absence of reproductive shoots as a characteristic feature ¢
Chyeadeoidea is regarded by Wieland as illogical and artificial; an
if, as seems probable, he is correct in believing that the majorit¥
of the Mesozoie Cycadean plants culminated their vegetativ®
period by prolific development of lowers, the absence of flowering

1 Solms-Laubach (91). ? Seward (95) A, p. 139.
8 Thid. (04) B. p. 44, ¢ Wieland (06).
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branches would be contingent on a certain stage of development
2nd not a generic character. Dr Stopes! has recently published
facts with regard to the anatomical features of Cycadean stems
Which have a bearing on the vexed question of nomenclature,
but are more important from a morphological point of view as
they indicate a closer agreement between certain types of Lower
Cretacoous stems and those of Cyeas and other recent genera, in
Which successive rings of vaseular tissue are developed, than has
Previously heen recognised. In her diagnosis of Cycadeoidea
she includes the following statement: ‘In its internal anatomy
the frunk shows two or more (up to eight are recorded) zones of
Secondary wood, the zones composed of distinet series of tracheids
“ach more or less regularly arranged in radial sequence.” It is
r-ll‘dimvd that the addition of this character constitutes for the
Ust time a clear distinction between Uyeadeoidea and Bennelfites.
Or Stopes states that the two stems on which Buekland founded
the gonug Cycadeoiden are lost and adds that Buckland’s type
bag Certain anatomical features which are not found in Benneftites.
Bl,u:lcl:i.u[:l in his deseription of C'. macrophylla states that there
® two laminated cireles’ in the stem instead of the usual single
'3‘)5‘{111«1»'-1'. a character suggestive of Cycas. In the original figure
Of this species there are no indications of any lateral fertile shoots
t-imugh. as Dr Stopes says, many of the Portland stems undoubtedly
lflﬂ‘issr_-s;\«mi such flowers. This author makes no reference to Buck-
_'m'l.S later description of C. mdcrophylle: in this it is stated
'h”""f the stem bears nomerons buds rising from the axillae of
E“tmles. and these are shown in the illustration®. Without access
" the actual specimen it is impossible to say whether or not the
V0 “laminated circles® described and figured by Buckland® are
i:}{;t‘i“ﬂin(tt .c‘vlinder.%; or parts of one eylinder .ii.epa-mtefl ].Jy t-hel
, ‘atlon of some inorganic substance. In his description of
(‘:"-‘:’E?tfm;airlm Yatesii Carruthers spoke qfltl1e occurrence of two
iy Wders of wood, and this was confirmed in a subsequent account
1‘utjﬁe. bype-specimen ?, Drl Stopes gives_ a fuller account of Car-
'S type and re-confirms the existence of two vascular

! Stopes (15) p. 309.

' Buckland (37) A. Vol 1. p. 98, Pl nxrn fig, 1.

3 Tbig. (28) PL xurx, ¢ Seward (95) A, p. 166.
24—2
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cylinders; she also deseribes a new species, C. buzzardensis®
(fig. B78), in which there are 3—8 or more cylinders. Neither
of these stems affords any evidence of the possession of fertile
shoots; they agree closely with stems of the Bucklandia type
in their comparatively slender habit and differ in this respect
from Buckland’s Portland species. The oceurrence of more than
one vascular cylinder in the stems Cycadevidea (= Bucklandia)
Yatesii and C. (= Bucklandia) buzzardensis suggests the possibility
that this feature was characteristic of other species included
in Bucklandic,

It is clear that some at least of the stems referred to the genus
Bucklandia bore flowers of the Williwmsonia type?, and it is not
improbable that the stems described by Dr Stopes as Cycadeoided
Yatestv and C. buzzardensis (fig. H78) possessed fertile shoot®
comparable with those of the Middle Jurassic species W. gigas-
Dr Stopes’s contribution, while establishing a close agreement
in anatomical features between some Lower Cretaceous stems and
those of Cyeas, does not warrant the further conclusion that thesé
stems were in other morphological characters clogely allied t©
modern Cycads. The main features of Cyeadeoides may be
summarised as follows: The principal trunk is generally v
branched (fig. 507) and identical in habit with some species ©
Macrozamia, Dicon, and Bncephalartos (cf. figs. 379, 382); in
some species, e.g. Cycadeoidea Marshiana, C. superba®, €. nand:
the plant is represented by several approximately equal, thick:
tuberous stems, in some cases easily separated from one another’
a similar clustered habit is exhibited by certain forms of Encé
phalartos. The size of a Cycadeoidea trunk varies from a fe¥
centimetres in length with a diameter of similar dimensions, 8%
m C. pumila, to over a metre long as in C. gigantea (fig. 530):
or as much as 3—4 metres in €. Jenneyana with a diameter ©
about half a metre. The surface is covered with persistent lea
bases, exactly as in many recent CUycads, embedded in a ¢hick
mass of ramental scales which often stand out as a prominef‘t’
reticulum, the petioles having partially decayed before the pen®
tration of the mineralising solution through their harder tissué®

! Htopes (15) p.. 304, 2 Ree page 425.
3 Wieland (06) Pls. vr—xarn. t Ihid. (12) p. 88, fig. 10-
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Fua. 507,

Cyeadesidea marylandica.  The first American stem to he described.
On the side of the stem shown in the photograph there are about 30 young
Strobili seattered among the leal-bases. {After Wieland; 1 nat. size.)
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(fig. 507). On the conical terminal bud preserved in some stems
(fig. 536) the foliage-leaves are replaced by linear scales. The
leal-bases often show the vascular bundles which form a simpler
system than in the majority of recent species, their arrangement
being, as Wieland says, more Fern-like; they form a series of
collateral strands following the outline of the petiole-bage?! with 4
U-shaped invaginationin the middle of the upper face (fig. 517. A)-
Beyond the structure of the bundles at the base of the fronds and
i the cortex of the stem our knowledge of the anatomy of the
vascular supply of the rachises is very meagre. At the petiole-
base each bundle consists either entirely of radial rows of cenfri-
fugal scalariform tracheids and medullary rays usually one-cell
broad (fig. 519, B) or of centrifugal and centripetal xylem
in varying proportions. The ground-tissue is well supplied
with large secretory camals and in the larger leaf-bases there
is a considerable development of periderm at the surface
(fig. 517, B) as in recent Cycads. The ramenta formed from
the epidermal cells consist in most species of fairly broad seales
one-cell thick at the edges and broader in the middle; in
Cycadeoiden nigra® they arve generally one-cell thick throughount
and similar ramenta are common in (. Gibsoniana (fig. 517, B)-
In C. wmideromyele unicellular hairs replace the scaly ramenta,
but transitional forms occur between hairs and scales, In
Willewmsowia scotica (fig. 562) and in an Indian species of that
genus the ramenta are exclusively long hairs as in recent Cycads
the scale-form of the ramenta in Cycadeoidea being a Fern-character-
The degree of development of the ramental tissue varies in different
species; in C. Stilwelli and (. excelsa it is feebly developed while in
Cycadeoidea micromyela the ramenta almost cover the expost‘d
leaf-bage armour. The exceptional abundance of the ramental
seales is a striking characteristic of some American stems referred
to a separate genus, Cycadella®. TIn the abundance of the ramental
tissue, in the compact structure of the well protected cones. and
in the thickly cuticularised epidermis of the bracts and leaves
Cycadeoiden exhibits xerophilous characters in a very high degree-

1 Wieland (06) p. 63, fig. 33.
® See Wieland (06) for additional facts and illustrations.
* See page 417. i
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With very few exceptions the stems of Cyeadeoidea so far
described afford no satisfactory evidence of the presence of more
than one vascular cylinder in the main stem: in this respect

Cyeadeoidea agrees with such recent Cycads as Dioon, Ceratozamia,
and Stangeric. In the stem of C. Jenneyana the secondary

Fits. =ns . : .
Y. 508, Cyeadeiden Wielandi. Transverse sections of the secondary xylem

0f the stem. A, the middle region: B, the inner edge of the xylem. (After
Wieland; = 100.)

Vascular tissue reaches a considerable thickness and shows signs
of “yip g8’ in the xylem, but these are probably the result of some
Periodic interference with the uniform growth and not an indica-
lion of more than one xylem-cylinder. The secondary xylem
(figs. 508, 509) consists only of centrifugal tracheids with some
Spira] elemeuts on the inner edge; though manoxylie, Cycadeoidea
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Dursues a straight course to the leaf-base (fig. 510) where it
breaks up into several branches (fig. 538, B). Both leaf-trace

' A
Fra. 510, (lyeadeoidea sp. A picee of stem showing (A) the persistent lond-bhases
in side-view and at & the scars whers the bases have broken off. and (B)
the inner face of the same piece with the exposed leaf-tracos passing into
the leaves: one of the traces is seen at ¢ in fig. A, (From & zpecimon in the
British Museum; 3 nat. size.)

Fre. 511. Caycadeoidea Gibsoniana. Stele in the cortex. (British
| Museum, 8406.)
#d peduncle stele are given off from the lower edge of a me-
Ullary ray, In the parenchymatous cortex large secretory canals
€. 518, B) are a conspicuous feature, and acgessory cortical
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steles similar to those in Clycas occasionally oceur (fig. 511). The
large pith consists of parenchyma and secretory canals, and
internal periderm! may be present; no medullary bundles have
been discovered.

oo,
S e e S

Fie. 512, Cyeodevidea ingens. Transverse section of a vouny frond, ahove the
tip of the rachis, embedded in ramenta. The rachis is situated on the upper
side of the two ranks of pinnae. The arrow points towards the axis of the
stem. (After Wieland; x 4.)

The correlation of the numerous fronds?® preserved in Meso-
zoic strata with their parent-stems is seldom possible. It 13
known that leaves of the Zamiles type were borne on stems
(Bucklandia) agreeing with Cycadeoidea in certain features buf

* Capellini and Solms-Laubach (92) PL v. fia, 2, ? See Chapter xxXIX-
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dlﬂmmg in the habit of the fertile shoots (fig? 542), and there
18 evidence that similar stems bore Ptilophyllum and Dictyozamites
fronds'; but only unexpanded leaves have been found in actual
connexion with Cycadeoidea stems. Wieland? discovered young
Pinnate fronds, agreeing in the form of the pinnae with Zanites
and with some forms of Encephalartos, embedded in a thick mass
of ramental scales in the terminal bud of a stem: the rachises
Were erect and the two-ranked pinnae imbricate and folded
“'_m'a rds (fig. 512), the vernation being like that of Dicon and not
Circinate as in Cyeas and Ferns. The mesophyll of the leathery
Pinnae is differentiated into palisade and lacunar parenchyma,
and the bundles are said to be ‘mesarch’ though on this point
more information is desirable. Bach bundle is surrounded by
4 sheath of thick-walled cells and the same tissue forms I-shaped
Zirders gs in similar recent leaves. In one species, Cyeadella
"amenfosa®, the rachis of a young frond found among the leaf-
bases had a broad U-shaped vascular strand.

In most Cycadeoidea stems a characteristic feature is the
Oceurrence of reduced leaves, or bracts, arranged spirally about
# cone which sometimes projects slightly beyond the general level
of the persistent leaf-bages, or the cones may be fully developed
Y€t still more or less hidden within the armour of petiole-bases
(Rg. 517, ©). These cones, or flowers, are borne at the apex of
]d“hﬂ axillary shoots, and it is characteristic of the genus that
they never project more than a very short distance beyond the
Tuncate stumps of the old leaf-hases. The axis of a flowering
branch bears numerous linear, hairy, bracts (figs. 513; bl4, b)
Which with their thick felt of ramenta constitute an efficient
Protective investment. The summit of a fertile shoot forms a
{(’Unded hemispherical cushion (fig. 514), or the receptacle may
€ more elongate and conieal (fig. 513) and in some species pyTi-
Orm?  The flowers are generally bisporangiate, but the fact
that in flowers with mature microsporophylls the ovules are small
and apparently immature (fig. 513) makes it difficult to determine
Whether the megasporophylls are merely immature or functionless
% In the male flower of Welwitschia (cf. fig. 818). It would

' See page 489, 2 Wieland (99); (06) p. 87.
" Wieland in Ward (05) B. p. 200, Pl. mxm. 4 Wieland (14).
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seem, however, that in most cases the flowers were bisexual®
(fig. 513). A remarkable feature is the enormous number of
flowers on a single stem; in Cycadeoidea Dartoni®, 54 em.
long and 35 em. broad, 500—600 flowers were counted on one

Fig. 513. COyeadegideq. Restoration of an unexpandad bisporangiate
with some of the hairy bracts removed. Compare Cycadevidea dacotenstss
figs. 529, 530. (After Wieland; ca nat. size.)

side. On the other hand the large stem of C. gigantea (fig. 536)
shows no flowers. All the flowers on a single trunk are approxt
mately in the same stage of development: it would seem, 88

1 The flowers are frequently described as protandrous but, as DrScott |J<.~intv3d

outi to me, we have no definite evidence on this point,
* Wieland (11%) p. 134; Coulter and Chamberlain (10) p. 67, g, 58.
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Wieland points out, that after a vegetative period of some con-
siderable duration the plant produced a large crop of flowers, and
it is conceivable that as in Corypha and some other recent Flowering

Fia, 514, Qvulate strobilus of Cycadeoidea. Longitudinal section showing the pith,
i, stele, z, p, and corfex, ¢, of the stem, the ovulate strobilus with bracts,
b, seeds, s, ete., enclosed by foliage-leaves, I; @, insertion of leaves on the
stem; d, insertion of diso of microsporophylls,  (After Wieland.)

Plants this supreme effort set a limit to the plant’s existence.
- the development of flowers from the old stem Cycadeoidea
affords a striking example of cauliflory.
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The structure of the flowers is one of the most obvions differ-
ences between Cyeadeoidea and recent Cycads (¢f. figs. 393, 394).
The bisexual flowers of the fossil stems are comparatively small,
not exceeding a few centimetres in length, like a hen’s egg O
a medium-sized pear and in marked contrast to the male and
female cones of modern Cycads (cf. figs. 393, 394). A verticil of
pinnate microsporophylls is attached by a circular collar formed
of the concrescent bases of the sporophylls to the lower portion
of the receptacle; each pinnule bears several shortly-stalked
synangia divided into loculi containing microspores usually with
smooth walls and similar, except in their larger size, to those of
modern Cycads (fig. 532). Sections of some microspores figured
by Wieland! show what appear to be cells in the Spore-cavity.
but they are larger than ordinary prothallial cells and their true
nature is doubtful. We lack information both as regards the
nature of the male gametes and the tissue formed on the Zermina-
tion of the spores. The free portions of the microgporophyll-
whorl may consist of as many as 20 pinnate sporophylls, but the
number is generally smaller; these are much longer than the
ovulate part of the flower and in an immature state the ends of
the sporophylls are bent inwards and downwards (fig. 513) between
the bracts and the receptacle. After expanding and shedding
the spores the whole male disc is thrown off leaving a narrow rim
below the hemispherical or conical receptacle (fig. 514, d). The
sterile distal end of a microsporophyll is generally slightly expanded
and spathulate; in C. colossalis® it bears a pawr of wing-like
appendages (fig. 533).

The upper part of the receptacle is covered with two kinds of
organs which together form a layer of uniform depth: these are
believed to be homologous, foliar structures ; the majority are sterile
and have the form of slender long and narrow appendages (fig. 514)
each normally with a single axial vascular strand. These so-called
mterseminal scales inerease in breadth in the apical region and form
polygonal summits less than a millimetre in breadth or exceeding
2mm. The low pyramidal apices of the interseminal scales give
a mosaic-like appearance to the surface of the ovulate receptacle
(fig. 515). In the lower part of the receptacle these sterile

1 Wieland (06) p. 160, fig. 84, * Ihid. (14).
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sporophylls are the only appendages, but over the greater part
of the receptacle they are intermixed with a smaller number of
similar appendages which bear a single terminal orthotropous
ovule (fig. 514, 5). Fach ovule-bearing organ or megasporophyll
(seed-stalk) is surrounded by 5—6 interseminal scales, and the
narrow cylindrical micropylar tubes are readily distinguished

Fig. 515. Cycadeoiden, sp.  Surface-view of a voung ovulate strobilns showing
the swollen ends of interseminal scales grouped about the ecircular micropyles.
(After Wicland; = 10.)

from the “sterile sporophylls in surface-view (figs. 516, 564). The

Seeds appear to be exalbuminous and the embryo is dicotyledonous

ﬁg& 516, 521, 523)1. The seeds are very small in comparison

With those of living Cycads. The structure of the megasporo-

ph.‘?uf%, both sterile and fertile, is described in more detail in the

Account of (‘yeadeoidea Morierer and other forms. Fig. 516 repre-

Sents a longitudinal section of one of the smallest seeds of Cyca-

deo'ffdeu, between ‘3 and 4 mm. long; an embryo occupies the

1 Hee also Wieland (11%) p. 152, fig. 9.
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greater part of the seed-cavity: the micropylar tube is formed
of three layers, a strong inner palisade-layer, a thin middle layer,
and an outer palisade-tissue, the interior of the tube being filled
with parenchyma; at the shoulder of the
seed above the root-end of the embryo the
surface of the testa is characterised by 56
wings formed by the radial extension of
palisade-cells. After the shedding of the
spores and the abscission of the microsporo-
phylls the flowering shoot probably increased
slightly in length, thus pushing the ripening
seeds beyond the ends of the surrounding
leaf-bases. The ripe flowers were eventually
cut off by an absciss-layer immedia.tely below
the receptacle (figs. 521, C, a; 522, a), large
cuplike depressions being left on the surface
of the stem (fig. 534). The ovulate cone on
which the species Cycadeoidea Morierei is
founded probably represents the condition
of a naturally detached flower of a Cyca-
deoidea. Tt is possible that the detached Tic. 516.  Cycadeoided
flowers freed from their encircling bracts  Zorond I.‘D'_‘gimd".lﬁ
- . seetion of seed wit
may have been edible, the small seeds being  embryo, (After Wie-
dispersed by animal agency. land; x 19.)

The splendid petrified stem, Cycadeoidea etrusca Cap.!, one
of the treasures of the Bologna Museum, was found on a tomb
20 miles west of that city where it was doubtless placed by the
Etruscans who obtained it from the Upper Jurassic scaly clays
in the Apennine Hills. Tt was in an imperfectly presewed
flower of this fossil that Graf Solms-Laubach discovered some
microspores, but it was not until Wieland’s examination of the
more complete American stems that information was obtained
as to the spore-bearing organs. Another Ttalian stem, Cyed-
deoidea montiana Cap., was described in 1753 as a ‘congeries of
barnacles®.” The specimen named by Goeppert Raumeria Reichen

! Capellini and Solms-Laubach (82); Ward (96) p. 505.
* Ward (96) PL ory,
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bachiana! was described in the middle of the eighteenth century as
4 mass of Hippuriles or coral cups: this was found in a swamp in
Galicia and is now one of the most striking objects in the Dresden
Museum; a brief account of it is given on page 409. In 1859
Tyson discovered two large trunks in the Potomac beds of Mary-
land for which Fontaine subsequently proposed the name T'ysonia
Marylandica?, but as Ward pointed out the species is clearly a
Cycadeoidea (fig. 507). In 1894 Lester Ward® recorded several
4dditional stems from Tyson's locality. It is, however, from the
Black Hills of Dakota, an isolated spur of the Rocky Mountains,
formed of older rocks encireled by Lower Cretaceous strata?,
that the greatest number of Cycadean trunks have been obtained :
the magnificent collection now in the Yale Museum is largely
due to the energy and munificence of the late Prof. Marsh. From
the U pper Jm'a-.ssic beds in Carbon Co., Wyoming?®, several stems
lave bheen collected, and a preliminary study of their external
features Jed Ward to institute 20 species of a new genus C'ycadella,
Stems have also been discovered in the Freezout Hills of Wyoming
and additional specimens have been found in the Potomac forma-
tion of Maryland, The discovery of over 1000 specimens of
“yeadean stems in the Lower Cretaceous and Upper Jurassic
beds of a fow localities in the United States bears striking testi-
Mony to the abundance of these extinet Gymnosperms during the
atter part of the Mesozoic era. It is perhaps true that, as Lester

ard wrote, ‘Cyeads are to the vegetable kingdom what Dino-
Saurs gre to the animal, each representing the culmination in
Mesozoic times of the ruling Dynasties in the life of their age$.
< lt.]mu;-__fh the number of stems obtained from European countries
' relatively small, the abundance of specimens in the Upper
"Urasgic strata of the Isle of Portland and Northern Ttaly and

Bir ooeurrence in Belgium?, France, Germany, Austria, Poland,
Ndia gnq elsewhere, together with an abundance of Cycadean
fonds i practically all Jurassic and Lower Cretaceous plant-
*®aring heds, demonstrate the dominant position of the Ben-

i Ward (04); Wioland (08),

; Fontaine (39) B. p. 193, Pls. crxxiv.—CLXXX, 3 Ward (942),

5 For an account of the straticraphy, see Ward (94%). 5 Ward (05) B.
Itid. (o), 7 Coemans (66).

S. Iix 25
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nettitales. The oceurrence of the genus Williamsonia in many
Buropean localities as well as in India, Afghanistan, and other
countries, and the not infrequent occurrence of stems assigned to
Bucklandia, Yatesia, Cylindropodiwm, and other genera furnish
evidence of the rich development of the Bennettitales in later
Jurassic and Lower Cretaceous floras. Wieland’s recent discovery®
of numerous Cycadean fronds, Williamsonia flowers, and stems in
Liassic rocks in Mexico shows that the group had already assumed
an important pogition in the early part of the Jurassic period.

The memoir by Carruthers? on bkritish Cycadean stems containg
the first account of the morphological features of Bennettitalean
flowers based on petrified material. In 1891 Sclms-Laubach
contributed an Important paper on the Bennettitean flower
and several years later Lignier® contributed additional data
derived from a careful study of a well preserved strobilug? from
the Gault of Normandy. Wieland’s researches® added very
greatly to our knowledge, particularly with regard to the morpho-
logy of the microsporophylls. Among the earlier descriptions
of the reproduective organs of the Bennettitales is Buckland’s
account® of a specimen from the Inferior Oolite of Charmouths
Dorset (fig. 560), which he referred to the genus Podocaryt
(= Williamsonia Bucklandi®) : a thorough examination of the type-
specimen, which unfortunately cannot be found, would probabi.‘f'
furnish many important facts.

(Cycadevidea (Benmeltiles) Gibsoniana (Carruthers).
| Cycadeordea (Bennettites) Saxbyana (Brown).

These two species serve to illustrate the type of stem for which
Carruthers instituted the tribe Bennettiteae and the gent®
Benneltites. Bennettites Gibsonianus is the most important of the
five species deseribed by Carruthers®, as it was from its fertile ghoots
that information was first obtained ag to the nature of the ovulat®
strobili of the Bennettitales. B. Saabyanus®, originally deseribe

L Wieland (13).  Capruthers (T0)
2 Lignier (94%). 1 See page 3945.
5 Wicland (06). ¢ Buckland (37). 7 See page 448.

8 Carruthers (70).
9 Ibid. p. 698; lor other references, see Seward (95) A. 139.
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as Cycadites Sazbyanus from a specimen found by Mr Saxby at
Bonchurch in the Tsle of Wight and represented by Wealden
“Xamples from Brook Point, is chiefly interesting for the clear
Preservation of the anatomical features of the stem. Three other
Species were also deseribed by Carruthers; they are: Benneltites
Mazimus Carr., a large stem similar to B, Sazbyanus, in the Museum
of the Geological Survey; B. portlandicus from the Lower Purbeck
of the Isle of Portland, in the collection of the (reological Society ;
and B. Peachianus, a piece of a compressed steni, in the British
Museum, from the Upper Jurassic of Helmsdale in N.E. Seotland.

| : ; ¥ .
Cycadeoiden (Bennettites) Gibsoniana.

This species was founded on a petrified portion of a large
Stem of Lower Greensand age discovered by Mr Gibson in Luceomb
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1. 517, Cycadeoiden Gibsoniana. A, transverse section of potiole showing
Yascular bundles and ramenta; B, portion of A enlarged showing periderm
““l? tamenta. (C, tangential section of stem with leaf-bases, ramenta (black)
"“.l'll,l two flowers, 1, 2. (A, slichtly enlarged, Manchester Collection, B, 1069+
% after Carruthers,)

Chiye ; S : :

e in the Isle of Wight: the type-specimen is represented by

Mecae - " s Afic 3

i [E“b of the original block in the British Museum and in one

) : i . c
the Museums at the Royal Gardens, Kew, The following

25—2
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description is based partly on the published accounts and in part
on an examination of sections in the British Museum, the Man-
chester University Museum, and in Dr Scott’s collection.

The elliptical form of the stem and vascular cylinder as seen
in transverse section, regarded by Carruthers! as a feature charae-
teristic of the genus, has no morphological significance and is in
part at leagt due to compression. In the large pith, the armeur
of persistent petiole-bases separated by dense ramental scales
(fig. 517, A, B), and in habit, Cycadeoidea Gibsoniana agrees
generally with the stems of many recent Cyecads, but the resem-
blance of the vegetative organs is in marked contrast to the
differences exhibited by the reproductive shoots. The pith con-
sists of parenchyma with scattered secretory ducts but no
medullary vascular bundles. TIn the pith of Cyeadeoidea Peachiant
there are patches of tissue superficially resembling vascular strands,
but these are probably bands of internal phloem like those de-
scribed by Solms-Laubach? in some Italian stems. In none of
the English stems are there any clear indications of the occurrence
of more than one cambium in the stele. The secondary xylem
is entirely centrifugal with some smaller crushed elements:
presumably protoxylem, at the inner edge where the medullary
rays are especially broad. The xylem is of the manoxylic typ®
(fig. 518, A) as in recent Cycads; though the medullary ray®
12 cells broad, are rather smaller than in recent species. The
tracheids are scalariform as in Stangerie (fig. 397). As in recent
Cycads there is a broad cylinder of secondary phloem (fig. 518, B)?
composed of alternate layers of thick-walled and thinner elements
—sieve-tubes and parenchyma: traces of lateral sieve-plates
oceur on some of the elongated elements. Each leaf-trace arise®
ag a single strand from the lower edge of a mesh formed by the
large inner end of a medullary ray: on emerging into the inner
cortex the trace has the form of a U-shaped strand (fig. 519, A, )
which passes direct to the petiole, following a steeply ascending
course in Cyeadeoidea Saxzbyane and almost horizontal in C. @b
sontana. Before entering the base of a leaf the trace breaks “P

! Carruthers (70) Pls. L¥IL, LVIIL
* Capellini and Solms-Lanbach (92) Pl v. fig.
# See also Stopes (15) p. 47.

(2]
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Prg, 518, Cycadeoidea (ibsoniana., A, secondary xylem of stem; B, secondary
phloem and part of the cortex with secretory duets. s. (A, B, British
Museum, 13206.)
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into several collateral strands and these form a simple pattern
as seen in a tangential section of the leaf-bases (fig. 517, A, (),
the central bundles on the upper side forming a U-shaped involu-
tion. There is no indication of any girdling of the foliar bundles.
The arrangement of the petiolar bundles is simpler and more
Fern-like than in the majority of existing Cycads. Bach vagcular
bundle consists in the petiole-base mainly of centrifugal secondary
xylem and medullary-ray tissue (fig. 519, B); a group of centripetal
tracheids is usually recognisable internal to the protoxylem : the

Fia. 519. Cyeadeoidea Gibsonduna. A, transverse section of the vascular eylinder
of stem, with leaf-trace. if; ¢, cambium, pz, protoxylem, B, vascular bundle
of petiole. (British Museum.)

structure is of the mesarch type with a variable amount of cen-
tripetal xylem, and agrees generally with that in recent Cycads.
The comparatively narrow cortex is composed of parenchymsa
with scattered secretory sacs (fig. 518, B, s), and occasionally an
elliptical vascular strand (fig. 511) is present which is probably
cauline as are the similar strands in Cycas. The persistent petiole-
bases are covered with ramental scales which form a dense inter-
foliar packing: these frequently consist of a single layer of fairly
thick-walled cells or, as seen in transverse section, of spindle-
like scales one-cell thick at the edges and 2 3 cells broad in the
middle (fig. 517, B).
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The presence of fertile shoots, presnmably axillary, is one of
the most striking features of Bennettitean stems. The branching
i monopodial and not sympodial as in most recent Cycads. The
Nearest approach to the method of branching in Cycadeoiden 18
afforded by some stems of Macrozamia recently described by
Chamberlain!. Tt is not improbable that some of the flowering
branches of Cyecadeoidea were branched. Solms-Laubach® states
that he observed certain characters in the secondary axes of
Cycadeoidea Gibsoniana which led him to suspect that there may
have been fascicled systems of fertile shoots emerging in a body
Or in ¢lose proximity to one another between the leaf-bases of the
stem, An example of a branched flowering shoot is deseribed in
Williamsonia scotica®. A fertile shoot agrees in structure with
the main axis and Scott* states
that the phloem is particularly
well developed, a feature by no
meang ynusual in fertile branches.
These lateral shoots (fig. 514) bear
Dumerons linear bracts each with
three collateral vascular bundles,
and  ground-tissue composed of
thick-walled cells characterised i B = Tw
by solasiforn pitiog (8. 520): 75,28, redaite Gint
Secretory sacs are abundant. The Muscum, 41388.)
hypodermal stereome is especially :
'-ie\'t‘rlopod on the inmer face of the bracts. The apex of a
latera]l shoot has the form of a rounded cushion (figs. 514
521, A, () similar to the receptacle of many Composites, and on
this are borne the sporophylls. It is characteristic of Cycadeoidea
that the flowers project very slightly beyond the surface of the
Stem and the peduncles are not exposed except in tangential
S8ections through the leaf-base armour (fig. 517, C, 1, 2). On
the fall of the flower or ripe ‘fruit,” which 1s effected by an absciss-
layer (figs. 521, C, a; 522, a), 8 cup-like sear is left on the stem
(¢f. fig. 534). This method of flower-production suggests com-
Parison, mudatis mutandis, with the phenomenon of cauliflory n

: Chamberlain (13). See Chapter xxvim., page 6.
© Bolms-Laubach (91). 3 See page 449. 1 Qeott, (09) B, p. 57L
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certain recent Flowering plants; it is one of the distinguishing
features between Cycadeoidea and stems bearing longer fertile
shoots with flowers of the Williamsonia type.

Fia, 521. Cyeadeoidea (Bennettites) Gibsoniwne, A, €, longitudinal sections:
a, absciss-layer; &, bracts; pr. ‘pericarp’; s, scales, sterile and fertile:
B, transverse section of female flower; 4, interseminal scales: . megaspore:
phylls. D, transverse section of seed showing the testa. l, separated by 2
space, sp, from the emhryo. H, embryo; », radicle. {A, B, I, B, after
Solms-Laubach; €, section in the British Museurn.)

Fig. 517, C, shows a tangentially cut surface of a portion of
the stem of Cyeadeoiden Gibsoniana with two axilla vy fertile shoots; |
one, 1, 1s cut across below the receptacle and shows the axis
surrounded by bracts while the other, 2, is seen at a higher level:
above the receptacle, where the section has exposed the numerots
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Sporophylls. The rounded surface of the receptacle is covered
with a dense cluster of long slender appendages, seed-stalks and
Iterseminal scales, the latter being much more numerous than
the former (fig. 521, A, B). These organs are believed to be homo-
logous foliar structures, the seed-stalks being megasporophylls
and the interseminal scales abortive or potential sporophylls
(see also figs. 562, 563). Fig. 514 shows the form of a single flower
from an American stem closely allied to Cycadeoidea Gibsoniana.

Fre., 522, Oycadesidea Gibsoniane. Longitudinal section of flower showing half

the receptacle with part of the absciss-layer, . (British Muscum.)

The megasporophylls are more or less polygonal in transverse
SeCtion : there is a central concentric vascular strand surrounded
¥ a thick cortex (fig. 527): at its upper end the sporophyll
Cars g single orthot:mpnus geed containing a dicotyledonous
Embryg {iigs.. 521, D, B; 523). The vascular strand pierces the
48e of the testa and expands to form a shallow cup of tracheal
Ussue in the chalaga: there are no bundles in the single integument.

1€ testa (fig. 521, D, f) consists of three regions, a median layer
0_1 rather larée rectangular or palisade-cells with an inner and outer
tisgye composed of much smaller cells. The testa is prolonged
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distally as a slender cylindrical colimn or micropylar tube at
the base of which it becomes broader owing to the increase in
breadth of the middle or palisade layer. A nucellar beak projeets
ag a cone into the base of the micro-
pylar tube. No pollen-chamber has
been found. Tt is noteworthy that
the micropyle is closed in the ripe
seeds. Internal to the testa there
is a crushed membrane separated
from the embryo by a space (fig.
521, D, sp): this is the remains of
the nucellus and, as Solms-Laubach
points out, there is no proof that
any endosperm was present in
the ripe seeds!. The embryo con-
sists of a short axis, the conical
radicle and the very short apex ol
the epicotyl, also two equal coty-
ledons each with a few vascular
bundles (fig. 521, D). The long
interseminal s.cajrfs, B e e Cienisaiiin G
transverse sectlon in the lower part Seed with embryo, (Bl
of a flower between the sporophylls, Musenm, 41388.)

appear as compressed polygonal

organs (fig. 521, B, 7) with an axial vascular strand surrounded
by parenchyma and limited by a strong epidermis; they pass up
between the seed-stalks, m, and in the distal end become con”
siderably enlarged (figs. 514, 515), gradually expanding to for?!
a truncate or slightly pyramidal apex (figs. 553, 563). The
swollen peltate apices of adjacent scales form a continuous covering
to the flower interrupted, except in the lower sterile part of the
flower, by symmetrically disposed eylindrical micropylar tube®
(fig. 515). The peripheral interseminal scales form a homogeneot
parenchymatous tissue which springs from below the edge of t'h“f
receptacle (fig. 521, A, B, pr) and the individuality of the scales
composing this ‘pericarp’ is indicated by occasional invagination®

L 1t is possible that, as Seott suggests, a small pateh of endosperm is “‘Pﬁ:
sented in a sced of this species figured by him. Seott (09) B. p. 569. fig. 203 27
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of the epidermal layer which marks the boundary of the polygonal
dreas.  The strueture of the megasporophylls and scales is more
f‘““?" deseribed in the case of Cycadeoidea (Bennetiites) Morieres.
The flowers of Cyeadenidea Gibsoniana appear to be unisexual
d ovulate: in view of the discovery by Wieland of numerous
isexual fertile shoots on American species of Cycadeoidea it
Would be reasonable to regard the apparently unisexual flowers of
the English species as originally bisexual but preserved at a stage
Subsequent to the loss, by ahscission, of the disc of microsporo-
Phylis. Fig. 514 shows a flower of an American Cyeadenidedq
Practica Iy identical with those of C\. Gibsoniana, but the remains
9f the staminate disc are clearly seen at d below the swollen apex of
.tl”" flowering axis. In the photograph of half of the same region

N C. Gibsoniana reproduced in fig. 522 there is no indication of
Ny gimilar trace of a whorl of microsporophylls.  Admitting

"he fact that a shrivelled remnant of the persistent base of a whorl
of Microsporophylls might easily escape observation, it is difficult
to believe that a ny fertile leaves ever existed in the flower repre-
Sented ip figs. 521, 522. It is equally difficult to regard the
Specimen represented in fig. 561 as other than a frue unisexual
(rj\"lﬂutrﬁ) flower.

("-’/"ftf.?r-r_u'{fm (Benneltites) Morierer (Saporta and Marion).
The name Bennettites was adopted by Lignier for this species
“:hi('h was founded on a detached flower from the Gault? of
‘Aches-Noires, Normandy. Tt was first described by Moriére?, then
Y 8aporta and Marion?, who named it Willigmsonia Morierei, and
a8 since been thoroughly investigated by Lignier®. There is no
*Vidence ag to the mature of the parent-stem though Moriére
Sl_lggestﬁ‘d a possible connexion with Zawmie Brongniarti Mor.
8ured by Saporta ® as Fittonia Brongniarti) from the same locality.
'ere can be no reasonable doubt that Bennettites Moricrei was
“Me on a lateral branch of a stem of the Cyeadeoiden type :
, See page 396.

o

o 1& age was at first believed to be Oxfordian, but Lignier subseqnently (00)
By, i
g

ed the rocks to a Lower Cretaceous horizon.

o o Oriére (69),

. —N}pnrm and Marion (81) A.; (85) p. 244; Saporta (91) p. 168, Pls. 148, 149.
Lignier (94%); (04): (09); (11), ¥ Saporta (75) A. p. 328, Pl 123,
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it is constructed on essentially the same plan as the flowers of
Cyecadeoiden (Bennellites) Gibsoniana, and in both cases there is
no indication of the presence of microsporophylls. The type-
specimen is 55 em. long and 3-5 cm. broad, ovoid, and charac-
terised by a depressed cushion-like receptacle as in Cyecadeoided
Gibsoniana. The enveloping bracts with their ramental scales
agree generally in structure with those ol the English species
and, except as regards the ramenta, with Walliamsonia scefict:
numerous stomata oceur on the lower surface; the ground-tissue
consists of thick-walled parenchyma and the narrow pit-canals
simulate the scalariform bands in Cyeadeoiden Gibsoniana (ef
fig. 520). The pitted sclerous cells in the bracts of W. scotica are
of the same type. There is an anastomosing system of secretory
canals, also several vascular bundles like those in . Gibsoniand
but more numerous: the latter are composed of a group of
phloem-elements abutting externally on fibres, a well-defined
cambinm, and radially disposed sealariform tracheids: internal
to the protoxylem is a group of elements considered by Lignief
to be centripetal xylem. From the branching and slightly
divergent course of the bundles in the upper part of the bract®
Lignier concluded that these organs represent the basal portions
of leaves originally provided with a terminal limb. It may be
that the small lateral appendages to-some of the bracts of William-
somia scotica (fig. 561, 1) afford support to this view.
Megasporophylls (seed-stalks and seeds). These organs:
3—4-5 cm. long and approximately 15 mm. in diameter, are in
most cases imperfectly preserved. In transverse section and at &
level of 1 em. above the receptacle a stalk bearing an atrophied
seed shows the following features: an epidermis with very thick
internal walls encloses a parenchymatous ground-tissue with an
axial conducting strand. At a higher level the epidermal cells
have walls of uniform thickness, and a hypodermal layer of celld
with coloured contents is differentiated from the ground-tissue (fig:
524, D, ac). As the seed-base is approached the epidermal cellé
tend to separate from one another and divide longitudinally:
the compact epidermal layer heing replaced by an envelope @
tubular, dissociated, cells (fig. 524, D, Ef). Similar tubula”
clements occur in the seed-stalks of Cycadeoidea Gibsonian®
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A fully developed seed-stalk bearing a complete seed cut across
in the middle region shows the following features: a concentrie
rascular strand surrounded by thin-walled parenchyma and the
coloured hypodermal layer (fig. 524, D, ac), the whole being
enclosed in the tubular envelope of epidermal origin (Ft) which
is more strongly developed than in the stalks of imperfect seeds:
there may be as many as 10—12 tubular cells on one radius. When
traced downwards towards the receptacle the tubular envelope
decreases in hbreadth, though the cells become more numerous
and smaller, until in the immediate neighbourhood of the
receptacle the tubular tissue is transformed into a compach
parenchyma of large cells each of which corresponds fo a group
of tubes formed by the septation of the cells. Traced upwards
this thin-walled parenchyma gradually passes into thick-walled
tubes, and near the seed-base the tubular envelope is reduced to
two layers, an inner consisting of relatively small cells with sinuous
radial walls (the folded layer of Lignier) and an outer tubular
layer. Tignier describes an interesting abnormality, a bifid seed-
stalk enclosed in a common epidermis which he compares with
the occasional branching of the seed-stalks of Ginkgo biloba.
Seeds. The seeds (figs. 525, 526), 6—7 x 2:5—3 mm., are
tetragonal or pentagonal in the upper half (fig. 527, 1, 2), the
angles being formed by thick but not very prominent wings of
tissue (fig. 524, C, ¢f); they are orthotropous and have a single
integument (figs. 525, 526). The tubular layer forming the outer
portion of a seed-stalk near the seed-base is prolonged over the
surface of the testa as a discontinuous eovering in the form of
isolated or small groups of tubes, giving a striated appearance
to the seeds. This layer though apparently a part of the seed
is derived from the neighbouring interseminal scales of which it
1 the epidermal layer; it consists of elongated cells and scattered
stomatal. The folded layer persists only in the lower part of
the seed, being replaced by a layer of radially extended cells
(radial layer; ar, figs. 524, C'; 525, ar; 527, ¢) in the upper region of
the seed. In the micropylar region both the tubular and folded
layers undergo further change; the external, tubular, layer forms

a kind of epidermis (at, figs. 524, 525), the subepidermal layer,

t Lignier (94) p. 57; (12).
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consisting of the radially elongated cells (figs. 524, 525, ar; 527, ¢).
The superficial layer assumes a different aspect in the micropylar
*egion, its cells being thicker walled, as are also those of the sub-
epidermal layer (fig. 524, A and B). The micropylar canal

Cyeadeoiden ( Bennettites) Morierei. Section of 4 seed and adjacent inter-
seminal scales.  #m. micropylar tube; 2, nueellar beak in the micropylar canal,
©mn; op, pollen-chamber; co. archegonia (?); ent, position of the embryo;
ch, chalaza; dn, remains of the nuecellus; af, fihrous layer passing below into the
shell, cq, and the pedunele, 7f; feh, fleshy layer; ar, radial and tubular layers
Yepresented in the peduncle by the tubular envelope at; He, swollen ends of
the interseminal scales. (From a& drawing kindly supplied by Prof. Lignier;

10,)

(figs. 524, 525, em) is cylindrical in the lower part but at the
*Pex is veduced to a long and narrow slit bounded by an
Mbernal epidermis of radially stretched cells which in the lower
Portion of the tube are thinner walled and isodiametric. The
't of the testa is differentiated into two regions; an outer
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fleshy region immediately internal to the folded (or radial) layer
and an inner fibrousaregion next the nucellus, which is one-layer
broad between the wings but opposite the wings it extends
radially outwards across the fleshy tissue to the radial layer

Fra. 526. Cyecadeoiden (Bennettites) Morierei, Longitudinal section of a seed and
interseminal seales, (From a photograph supplied by Prof. Lignier,)
(figs. 524, C; 525; 527): in the winged portion of the seed this
tissue forms the inner fibrous portion of the wings but in the
lower part of the seed below the wings it forms a single layer of
uniform breadth finally spreading out as a basal cup in the chalazal
region where it is pierced by the vascular strand. The fleshy
portion of the testa forms one layer in the proximal part of the
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seed and becomes several layers wide between the fibrous wings
in the upper part. This fleshy tissue appears to be derived from
the coloured, subepidermal, layer of the seed-stalk, while the
internal parenchyma is regarded by Lignier as the equivalent of
the fibrous layer of the testa. In the micropylar tube the fibrous
layers are replaced by 23 layers of sclerous cells (fig, 524, A, B).
The testa has no vascular supply: the concentric strand of the
seed-stalk passes throngh the fibrous tissue at the base of the seed
and reaches the base of the nucellus (fig. 525). The nucellar apex
extends into the lower part of the micropyle (fig. 523, »), and in
some ecases Lignier noticed an axial canal formed by the breaking-
down of the cells which abutted below on a cavity above the
embryo, probably the remains of a pollen-chamber (figs. 525, 527).
No microspores have been found. Two dark spots shown at co,
fig. 525, may represent archegonia but this is doubtful, especially

a8 the seed contains a well-developed embryo. The nucellus is
free from the testa only in the apical region and a dicotyledonous
embryo occupies the interior without any trace of endosperm,
Lignier points out that in some seeds containing embryos the
bucellar beak is not completely perforated: in this faet and in
the absence of microspores in the micropylar canals he is inclined
Yo see evidence of parthenogenesis?.

In several respects the seeds of Cycadeoidea agree with those
of Getum: reference should be made to the account of the seed
O Gnetum africanum in Chapter Li1. and to the papers referred to
I the footnote?.

Interseminal scales. The young seed-stalks agree very closely
With the interseminal scales: each seed-stalk is surrounded by
5—8 scales (fig. 527) as m other Bemmettitean flowers (fig. H64),
For the greater part of their length the interseminal scales are
®mpressed, but above the seeds, where they are free from
Pressure (fig. 526), they become much thicker and form a covering
("pericarp’) as in Cycadeoidea (Gibsoniana. In its upper region an
Mterseminal scale congists of an epidermis with strongly thickened
‘Iner walls, hypodermal thick-walled cells and parenchymatous
gtound-tissue with a single axial bundle. In the lower part the
Scale is more flattened and the thick-walled hypoderm is replaced

* Lignier (L1), 2 Berridge (11); Thoday, M. G. (11),
8. T 26




402 BENNETTITALES [cH.

by thin-walled parenchyma. Some of the scales at the periphery
of the receptacle where there are no seed-stalks are broader and
may have six vascular bundles; this, Lignier suggested, might
be regarded as evidence of the reduction of the interseminal
scales from leaves possessing a terminal limb; but a further
examination of seales at the periphery of the flower led him to
the conclusion that the distal swelling of the scales is solely due
to the hypertrophy of conjunctive tissue and is not the result of
the modification of a reduced limb'. The morphological value
of the interseminal scales and seed-stalks has not been definitely
settled, though the probability is that they are homologous organs

Fra, 527, COyeadeoiden Morierei. Transverse section of interseminal scales and
seeds near the apex of the latter: seeds 1 and 2 show the pollen-chamber, @3
the fibrous layer, 6, forming wings and extending across the fleshy tissue:
¢, the radial layer; seeds 3 and 4 are aborted. (After Lignior.)

The letters ¢. b, ¢ in this figure correspond to ep, of, and ar in figs, 525, 526.
and foliar. Solms-Laubach? suggested that both may be axial,
the seed-stalks representing axes ending in a flower reduced to &
single ovule; or, he adds, the seed-stalks may just as well be
carpels, though in that case we should have the unusual pheno-
menon of terminal seeds. The interseminal scales may be aborted
geed-stalks crushed between the latter: or if the seed-stalks are
axes, the scales may be foliar. He is inclined to see in the scales
the bracts and prophylls of seed-stalks to which must be added
such bracteoles, preceding the seed or flower, as may happen 10
spring from the seed-stalks. Pearson® on the assumption tha®

1 Lignier (04). * Solms-Laubach (91). 3 Pearson (09).
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the seed-stalks are axial structures, institutes a comparison
between Welwitschia and Bennetirles and regards each flower of
Welwitschia as a much reduced Bennettitean strobilus. Lignier
believes the interseminal scales to be leaves borne on the swollen
dpex (receptacle) of an axis of the second order, while the seed-
stalks are fertile leaves of a unifoliar bud of the third order possibly
axillary though not necessarily so to the interseminal gcales. My
own view, influenced by the examination of the immature flower
of Willinmsonia scotica, is that the seed-stalks (megasporophylls)
and scales are homologous, the former being sporophylls and the
latter sterile foliage leaves, the whole flower, as Wettstein! says,
Consisting of a conical axis bearing numerous fertile and sterile
tarpels enclosed by a perianth of bracts. Worsdell?, who shares
Celakovsky’s opinion that sporophylls were originally radially
Symmetrical organs bearing a terminal sporangium, regards the
flowers of Cycadeviden Gibsoniona and other species as more
Primitive than those of recent Cycads: he does not see any justi-
fication for the view that the Bennettitalean flowers are in advance
of those of existing Cycadean plants as regards a supposed tendency
Yowards the Angiospermous type. He maintains that Bennettites
jShO\TE\ absolutely no indication of such an advanced structure in
s essential organs, the sporophylls, which remain primitively
fadial in structure, bearing the ovules in a terminal position.’

Cycadenidea dacotensis (McBride).

McBride® first described this Lower Cretaceous species from
the Black Hills of South Dakota as Bennettites dacotensis, the
8eneric name Cycadevidea being adopted by Ward* who dis-
tnguished some of McBride's specimens as Cycadeoidea MeBrides,

he stem is elliptical in section, 32 em. long and 45 em. in girth:
OWing to the partial decay of the petiole-bases the ramental
eliculum forms a prominent feature. Numerous flowers, all of
Which are approximately at the same stage of development,
Project, Jike conical buttons above the general level of the stem-
Surfaces,  The bisporangiate flowers consist of a conical receptacle
®aring interseminal scales and megasporophylls, the whole being
! Wettstein (11) p. 388. 2 Worsdell (002).
f MeBride (93). 4 Ward (98) p. 205.
* Wieland (06) p. 185. See Wieland's description for further details.

26—2
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Fic. 528, Oycadeoidea dacotensis. Longitudinal section through a hispormlgiaw
strobilus; . folded microsporophylls with synangian; o, receptacle bearing
short megasporophylls and interseminal scales: o, eroded surface of braetsi
#, ramentn between the bracts and leaf-bases; [, leaf-base; ¢, cortex of stem:

t, vascular cylinder of peduncle. (Affer Wieland; nat. size.)
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Fig. 529, Cyeadeviden  dacotensis. Transverse sections of a young ovulate
strobilus, A. near the summit of the strobilus 2 em. below the surface of
the armonr of leaf-bases, showing numerouns br surrounding the recep-
tacle and embedded in a mass of ramenta, also sections of some leaf-hases
Wwith vascular bundles. B, in this seetion, 2:5 em. below A, the peduncle of
the strobilus is seen with a cylinder of vaseular bundles; b, a bract belonging
t0 an adjacent strobilus. (After Wieland; nat. size.)
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surrounded by spirally disposed bracts (fig. 529). A whorl of
18 or 19 nearly mature microsporophylls is attached to the
base of the receptacle (figs. 528, 530); each microsporophyll
has a strong rachis extending heyond the apex of the flower-axis

Fre. 530, Cyeadeoidea dacolensis. Transverse sections through a hisporangiate
strobilus. A, showme the receptacle with its interseminal scales and ovules.
the continuous dise of microsporophylls, @, with vascular bundles, and the
separate (m') infolded portions of the microsporophylls with some synangia:
bracts and ramenta. B, this section, eut above the apex of the receptacle.
shows the microsporophylls and synangin. (After Wisland.)

and bent inwards and downwards with the distal end tucked
between the ascending rachis and the receptacle. The slender
pinnules, in two alternate series, are bent downwards and bear
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synangia in rows. A transverse section just below the ovulate
portion of the cone shows a continuous ring of tissue encircling
the receptacle with vascular bundles parallel to the surface
(fig. 530, 4, m); at a higher level the hundles fall into groups
preparatory to the breaking up of the disc into separate micro-
sporophylls. Immediately above the apex of the central cone
the coherent basal portion of the verticil of sporophylls is replaced
by the separate rachises which in section have the form of isosceles
triangles (fig. 530, B). Each microsporophyll is approximately
10 cm. long ; the longest pinnule being 1-5 cm. in length and bearing
two lateral series of synangia, 10 in each row. At maturity the

Fic. 531. Cyecadeoiden dacotensis.  Nynangia vx]u-:-'l-nl by weathering and showing
the radially disposed loculi.  (After Wieland; = 6.)

microsporophylls probably spread out and the whole whorl was
thrown off leaving an annular rim (fig. 514, d) such as is olten
seen at the base of older ovulate strobili. The immaturity of
the ovules in this (fig. 528) and other specimens led to the
Suggestion that the strobili of Cycadeoidea were protandrous.
The synangia (fig. 531) are several times broader than long and
similar in size to those of the Fern Maraltia. Tn each synangium
are two rows of elongated loculi (fig. 532) containing oval micro-
Spores nsually with a smooth exine and rather larger than those
of recent Cycads. The synangium-wall is composed of a palisade-
layer of thick-walled cells and a layer of smaller and thinner cells:
the palisade-layer is narrowest at the apex where dehiscence
oceurs and broadest at the base where the hypodermal tissue is
more abundant and forms a short thick pedicel. The two rows
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of loenli are hounded by flattened cells and there are 10—320

loculi in each of the two rows: de-
hiscence of the individual loculi occurs
in the middle of the inner wall.

Cycadeoidea Marshiana Ward.

This Lower Cretaceous Black Hills
species affords an admirable example

of a method of branching exhibited by

some stems: as shown in Wieland’s
photographs? there may be five or six
large and massive trunks all in the
same stage of fruetification, differing
but little in size and forming a cluster
resembling independent plants growing
in close proximity to one another,
There is apparently no central or
major axis and the habit is therefore
very different from that of a hranching
Bucklandia.  Cycadeoidea Marshiana
bore large ovulate pyriform strobili
projecting slightly beyond the leaf-
bases; they are 5 cm. long with a
maximum diameter of 35 em. and
have an elongated receptacle bearing
short scales and sporophylls. The
apical bud of one of the trunks shows
particularly well in transverse section

Fra., 532, Cycadeoideq dacotensis.

Bynangium in  longitudinal
section showing the thick
pedicel, the line of dehiscence,
and two loculi with a few
microspores. (After Wicland :
x 40.)

the dense ramental packing between the bud-sealesd, Similar
clusters of shert and thick trunks oceur in Cycadeoiden superba

and other American gpecies.

In the small bisporangiate flowers of this speciest the micro-
sporophylls, 11 or 12 in the verticil, are characterised by the
presence of a ventral furrow which, as Wieland suggests, may be
comparable on a much simpler scale with the winged sporophylls

of Cyeadeoidea colossalis (fig. 533)

1 Ward (98) p. 208.
8 Ibid. PL xrx. fig. 5.

. Thedisc splits up at a distance

2 Wieland (06) Pls. vir—ix,, Xm1.. Xul.
t Itvd. passim; (12).
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0f 1 em. above the apex of the receptacle into the microsporophylls,
each of which is 5-5 em. long and bears two rows of pinnules which
%ﬂ the middle region have a length of 1 em.; a microsporophyll
18 elongate, elliptical, and acuminate. In this species as in some
Others there is a brush of sterile scales at the apex of the receptacle.

Cyeadeoidea colossalis Ward.

Wieland! has recently described some interesting features in
the microsporophylls of a bisporangiate flower assigned to this
]_-40\\-'91' (retaceous species from the Black Iills illustrating a
departure from the usual type. The hairy bracts extend con-
Siderably above the apex of the flower-proper; in fig. 533, A,
¥ transverse section above the receptacle, they are shown grouped
about a circle of V-shaped structures, converging towards a central
Point, which are the sterile prolongations of the ten rachises of
the free portions of the staminate disc. Hach rachis is divided
%Y a deep ventral furrow into a pair of wings (fig. 533, B, C), and
"‘t 18 these paire of wings that form the V-shaped structures in
'2. 533, A. The wings form a dome-like group above the flower-
4pex (fig. 533, D, E). The synangia are borne in two rows on
"€ conerescent disc and on the free sporophylls, which in this
Ype are much simpler than in other species and agree in the
absence of pinnules with some forms of Williamsonia (cf. fig. HHE).
he receptacle is pyriform and bears very short scales and seed-
Stalks: from its apex several interseminal scales are prolonged
% a terminal brush. a feature of interest in connexion with flowers
of W illiamsonia. Wieland compares the wings of the micro-
81"’1'01')113'115 to the two horns on the distal surface of the corre-
Spoﬂdiﬂg organs of Ceratozamia and draws a comparison between

“I and the canopy of some Palaeozoic seeds, but it is
Oubtful whether homologies can be established between these
®aborate sporophylls and the integuments of Pteridosperm seeds?,

Oyr:arim-i dea Reichenbachiana (Goeppert).

Bt e T species to his genus Raumeria®, a generic
Nam, retained by Carruthers though, as Solms-Laubach? points
i }"\"it*luml (14).
~ This subject is more fully dealt with by Wieland in the Volume published

e ahove was written [Wieland (16)].
veppert (53). I Solms-Laubach (91) A. p. 100

&inCB £

a(‘
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Fie. 533. Cycadeoideq colossalis. Disgrammatic restorations of the hi.n.pul'aﬂ!—.’m_tl?
flower. A, transverse section above the receptacle showing the bracts (blac i
a petiole with vascular bundles, ramenta, and (1—10) the wings of the mick
sporophylls, B, C, longitudinal section of flower showing the receptacle 'Wf I8
the small megasporophylls, the staminate dise with winged microsporop!™ 1;.
and synangia, and the terminal brush of interseminal seales (indieated b¥ ° o
arrow in B). The megasporophylls and synangia are represented larger ¥ 1ie
the actual size. D, this shows on one side the deme-like arrangement 0 1'2;.
microsporophylls and, on the right, a microsporophyll in side-view. E, ]U!J'bﬂ
tudinal section as far as the plane 7' surmounted by the apex of the collcﬂﬂﬁ_\.
of microsporophylls, ¢: s, microsporophyll with synangia: A. recurverl ”'p,\.p
ol microsporophyll; B, braets; 0, insertion of disc; L, outer bracts nes
the petiole bases. (After Wieland: ca. nat. size.)
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out, the abundance ol lateral fertile shoots among the leaf-bases
shows it to be essentially similar to Cycadeoiden Gibsoniana.
The type-specimen in the Dresden Musewmn is a splendid example
of a fossil cycadean stem; it is probably of Lower Cretaceous
age, but was found in Galicia as an isolated specimen. Tt consists
of & portion of a eylindrical trunk similar in habit to C. gigantea,
5 met. high and about the same in diameter. The pith, according

. 534 Cycadeoiden Reichenbachiana. Cup-like cavity on the stem showing
the axis and surrounding bracts of a lateral fertile shoot. (After Schuster.
from a block kindly supplied by Prof. Rothpletz.)

fo Schuster!, is 13 em. in diameter and the xylem 8 cm. broad.
Slere gpa many flowering shoots some of which are represented
JY_CUP-]ikE depressions, the base ol the cup consisting of the
Q.Ylln.drica] axis and the sides bearing the impress of the encireling
tacts (fig. 534). Goeppert compared these lateral shoots with
in: bu(.is frequently produced on the stems of Cycas. It is

resting to find that some of the cups correspond very closely

1 g ; :
Pitpe Sehuster (11). An excellent photograph of the stem is reproduced in this
T




412 BENNETTITALES [cH.

in size with Wailliamsonia flowers, another indication of the very
close agreement between the Williamsonia and Bennellites types
of strobili. Some flowers still in place show 16 bipinnate micro-
sporophylls that were petrified before the synangium-bearing
fronds unfolded!. The ramental scales and other tissues figured
by Schuster are of the usual type. A second specimen found as &
boulder in Silesia and named by Goeppert Raumeria Sehulziant
may, as he suggests, be a younger example of €. Reichenbachiant.
Another Galician stem, probably dlso Lower Cretaceous in ages
is described by Raciborski? as Cyecadeoidea Niediwiedzlii.

Clycadeoiden gigantea Seward.

This species is founded on a large stem from the Upper Purbeck
series of the Tsle of Portland® where it was discovered in a shaly
clay 17 ft above the great Dirt bed which yielded the tronks
deseribed by Buckland and other authors (fig. 535). The stem
(fig. m4] is 1 met. 18 em. high and has a maximum diameter of
1 met. 7Tem. Tt is the tallest fossil Cycadean stem so far found
m a gingle piece though Ugrmi’rmd’m Jenneyana probably reached
a greater height. The stem is elliptical in section (fig. 537). #
form due in patt at least to compression. The only tissu®®
preserved are in the superficial region of the persistent Jeaf-
bases. As the result of decay before mineralisation many of the
petiole-bases are represented by cavities or meshes in a prmmn"“{
reticulum of silicified ramental scales. Towards the apex the
leaf-bases are smaller and a conical bud surrounded by lined®
scale-leaves occupies the summit: an irregular cap of rament®
scales forms the apex of the terminal bud. Tn section the })llfl
would no doubt present an appearance like that shown in '\Viclal‘dls
photograph of the terminal cone of . Marshianat. There ¥
a striking resemblance both in the ramental cap and in the
form of the protective scales between the fossil stem and such 2
Cycad as Encephalartos Altensteinii®. A remarkable feature of
C. giganiea is the absence of any fertile shoots among the leaf-bases-
In one tangential section a small bud was found, but it affor®®

L Wieland (08) p. 96. 2 Raeiborski (922).
 Seward (97) A, 1 Wieland (06) PL xix. fig. .
¥ Beward (97) A, figs. 3, 4, pps 24, 32
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no evidence of the presence of any reproductive organs. A similar
bud is deseribed by Lignier in the stem of C. micromyela. The
absence of lateral flowers is, however, hardly a sufficient reason
for separating this stem generically from other species of Cyed-
deordea: negative evidence in this case is of doubtful value:
While it is possible that the strobili were terminal as in most
recents Cycads, it is more probable that they were lateral. The
surface-features, though not perfect, are for the most patt
sufficiently well preserved to enable one to recognise the bract-
encircled axes of strobili were any present. If as Wieland believes:
and he is probably correct, the production of flowers was the
culminating event in the life of these Cycadean plants, the absence
of fertile shoots is merely an expression of immaturity. It is

T, 537, Cyeadeoidea gigantea, Transverse scetion of the stem.

however, difficult to understand how lateral branches could find
their way to the swface among the crowded and cork-covered
leaf-bases of the stem. The absence of flowers may he due t0
some unfavourable external conditions. The petioles consist of
parenchymatous ground-tissue with many secretory sacs and i
some cases twelve partially preserved vascular bundles: the
xylem consists of radial rows of centrifugal tracheids and medul
lary rays, but it is not possible to say whether any centripetal
xylem was present. A fairly thick band of phelloderm an

periderm, apparently subepidermal in origin, forms the peri phﬂf"’l
tissue, and in places epidermal cells with attached tamenta are
clearly preserved. The ramenta are of the type characteristi®
of the majority of fossil Cycadean stems. Stomata were found
showing a pair of guard-cells and apparently two subsidiary cells:
the epidermal cells have straight walls.

1 Lignier (01).
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Cycadeoiden micromyela Moriére.

This Liassic species from Normandy has been fully investigated
by Lignier!; originally referred to the Conifers, it was afterwards
described by Moridre? as Cycadeoidea micromyela. As regards
®xternal features the stem is of the usual Cycadeoidea type:
Saportas assigned it to the genus Platylepis. The secondary
Tylem consists of tracheids with bordered pits on the radial walls
@rranged as single contiguous rows, resembling scalariform pitting,
Or ag 1—2 rows of separate circular pits (fig. 538, A), a type

B, mug : - 2T
8. 538.  Cyeadevidea micromyela. A, tracheids from the stele. B, course of

the vaseular hundles at the base of a leaf. O, section of a leaf-trace entering
the stele; m., I, median and lateral lobes of the trace. (After Lignier.)

dlﬂ'erent from that of the great majority of Mesozoic species. The
Wiserigte medullary rays are 7— 20 cells deep, a character recalling
the compact wood of Indian Williemsonia stems. Ramental
Stales are for the most part replaced by long unicellular hairs

& those of Williomsonia scotica and some Indian stems. Lignier
'?t&tes that true ramenta occur on the young leaves and in older
fonds become transformed by separation of the cells into long
Pubes, Wach leaf-trace arises as a gingle bundle dividing into

Tee as it Jeaves the stele and eventually splits up into several
“ollateral bundles (fig. 538, B, 0). The stele is elliptical. No

1 Lignier (01). # Moriére (69).
8 Baporta (75) A. PL x.
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fertile shoots are preserved: a single axillary bud is described
which agrees very closely with that in Cycadeoidea gigantea.
Cyeadeoidea Jenneyana Ward. :

The stems of this species, from the Black Hills of Dakota®
resemble those of Cycadeoidea gigantea and C. Reichenbachian®

Tic. 539, Cyeadeoiden Jenneyana (). Longitudinal section of an ovulate strobili®
showing the pyriform receptacle with vaseular supply. the long intcrsc'milna"
seales and megagporophylls, and a few of the surrounding bracts. (Mt"'i
Wieland; x 1} nat. size.)

in their thick columnar form but differ from the former in 8¢
presence of bisporangiate flowers associated with the leaf-base™
This species probably reached a length of 3—4 met. A strik{—“g
feature? is the unusual thickness of the xylem-cylinder, whi¢

! Ward (94) p. 87; (98) p. 216. * Wieland (06) p. 79, Pl SIV-
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shows clear indications of concentric rings, probably the expression
of seasonal changes during the production of secondary condueting
tissue by a sing[cr cambium, Similar concentric rings have been
described in the stems of the recent Cycad Divon spinulosum?.
Fig. 539 represents an ovulate strobilus referred to this species
b}‘ Wieland.
Cyeadeoidea pumila Fliche and Zeiller.

This French Portlandian species® affords a good example of
a very small bulbiform trunk, 3:5—4 by 2-5—3 em., superficially
resembling a Pine-cone: the leaf-bases are, however, less uniform
I size and shape than Abietineous cone-scales; there are also
indications of interpetiolar ramenta and a small lateral, presumably
fertile, branch. A stem of similar form is described by Saporta?®
from Corallian beds in France as Bulbopodium micromerum, and
Cycadeoidea nana Ward? from Dakota is another example of
4 small Zamia-like Mesozoic stem. A small tuberous stem,
8% 7-5 cm., was deseribed by Lindley and Hutton from Lyme
Regis as Cycadeoidea pygmaea®; no flowers are shown i the
drawing, but oceasional irregularities in the arrangement of the
leaf-hases may be due to the presence of lateral fertile shoots.

Cycadella. Ward.

This generic name was instituted by Lester Ward® for some
Petrified stems from Jurassic beds in Wyoming of relatively small
Sze, hulbous or more or legs spherical, and characterised by the
Presence of a thick layer (5—15 mm.) of dense ramental tissue.
The unusually vigorous development of the ramental scales ig
4N interesting feature, though it is perhaps questionable whether
% is worthy of generic recognition. The flowers of Cycadella,
t'h(’llgil less than those of most Cycadeoidea stems, are of the same
tYpe. In a later account of the genus Ward? describes a few
a_dditimlad species and in Cycadelle ramentose he notes the preserva-
tion of yvoung fronds. The fronds are small and hear a few pinnae :

: Chambedain (09). 2 Fliche and Zeiller (04) p. 789, Pl x1x,
i Saporta (75) A, p. 262, PL 118.
* Ward (99) B. p. 639, Pls. cLvI., CLVIL
R 1"' ]{Jindlu_y and Hutton (35) A. PL 143. (I have not seen the actual specimen.
08
* Ward (002), Pls. xiv.—xxu. 7 Ibid. (05) B. p. 198, Pls. Xuvi.—Lxnr.
8. m 27

]
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the xylem is said by Wieland?! to be mesarch, but in the absence
of more details the foliar bundles ecannot be fully described.
In some Cycadellas young flowers, less than 1 em. in diameter.
are preserved, those of Cyeadella wyomingensis (7 mm. in diameter)
being the smallest bisporangiate strobili so far recorded. The
French species, Cycadeoidea micromyela Mor., resembles Cycadelld
in the profuse development of ramental tissue which may cover
the surface of the stem.

Amphibennettites. Tliche,

This generic name was instituted® for two species founded on
very imperfectly preserved ‘fruits’ of Lower Cretaceous (Albian)
age from the Argonne which, though in close agreement with
Benmettites as vepresented by B. Gibsonianus and B. Morierel,
are referred to a separate genus on the ground that the pregervation
is not such as to establish their generic identity with those species
and because of certain distinetive features.

Amphibennettites Bleicheri Tliche. The ovulate strobili are
sub-elliptical, 3-5 x 3 em., with several elliptical pits close to the
surface originally occupied by seeds borne on short stalks and
larger than the seeds of other species of Cycadeoiden (Bennettites):
Interseminal scales occur between the seeds. The second speciess
Amphibennettites Renaulli, is rather larger and more conical : the
seeds reach a length of 11 mm. greater than that of any of the
American seeds described by Wieland. In neither species is there
any indication of an involucre of hracts. The preservation of
the specimens leaves much to be desived, but it would seem that
the Argonne fossils agree in their main characters with Bennet-
titean strobili and it is doubtful whether a distinctive gﬂuerjc
name is necessary. The occurrence of seeds over the whole surface:
a feature that suggested the name Amphibennetiites, may be 0111_)7
apparent and the result of cutting the cone transversely. It
worthy ol note that one of Fliche’s sections® bears a close resem”
blance to an Araucarian cone, and in the absence of structure th®
two types of cone might easily be confused.

1 Wieland (06) p. 101.
* Fliche (96) p. 48, PL v. figs. 2, 3; Pl xiv, fig, 1.
3 Ibid. PL v, fig. 3.
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Vectia, Stopes. Genus ineeriae sedis.
Vectia luccombensis Stopes.

The generic name Vectia has been given by Dr Stopes® to some
petrified secondary phloem discovered by her at Luceomb Chine in
the Isle of Wight: the fossil is from Aptian beds. The mass of
Phloem is 26 mm, in breadth and consists of regularly alternating
bands of thin-walled sieve-tubes and very thick fibres associated
With a little parenchyma (fig. 540). To the naked eye the specimen
Presents an appearance suggestive of rings of growth but this is due
%0 the presence of bands of 2—3 narrow cells which are probably

Big, 540. Vectia luccombensis. Transverse section showing the alternation of

fibres, 51, 5%, and radial pairs of pitted elements, ¥* and »%; wm, medullary-ray
cells; g, parenchyma cell hetwesn four thin-walled elements: sp, pits between
adjacent fibres: I, much reduced lumen of fibre. (After Stopes.)

Cork. The whole iz penetrated by uniseriate medullary rays,

striking feature is the regular alternation of single rows of
fibreg with two bands of sieve-tubes; in places the two bands
of 8ieve-tuhes are separated by 24 rows of very flat, presumably,
“Ork-cells, and similar bands may be adjacent to or pass obliguely
4CT0s5 the fibres. The elongated elements described as sieve-
bes, though thin in comparison with the fibres, have thickened
“'l'd].ls and on their radial faces are single rows of circular pits,
Often iy pairs; these are almost certainly sieve-areas which have

1 Stopes (15) p. 247, Pls. XXIL—XXV., text-figs. 72—75.
27—2
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lost the finer pitting of the sieve-plates. The fibres are more or
less square in transverse section and have excessively thick walls,
the lumen being reduced to a small hole. Parenchymatous cells
(fig. 540, @) occupy the angles between the sieve-tubes and
occasionally stretch tangentially between a pair of tubes: these
are compared by Dr Stopes to companion-eells, but their manner
of occurrence hardly justifies the interesting suggestion that they
may be precursors of the Angiosperm companion-cells. The
medullary rays may be as wide as the elements which they traverse:
they are characterised by their wavy walls, as seen in radial
longitudinal sections; no pitting was noticed. A remarkable
feature of the specimen is its considerable breadth: it is pointed
out that in a giant stem of Sequoiz with a girth of over 40 It
the secondary phloem does not exceed 3—4 mm. in breadth.
The great thickness of the phloem in the fossil suggests comparison
with the corresponding tissue in recent and fossil Cycadean stems,
and the alternation of hard and soft phloem is a feature exhibited
also by Cycadeoidea Gibsoniome (fig. 518, B). Dr Stopes con-
cludes that the phloem is in the main similar to that in some
Cupressineae, Taxineae, and Taxodineae. It is noteworthy thab
similar phloem with sieve-tubes and fibres associated with cork
is described by Graf Solms-Laubach! from Upper Jurassic beds
in Franz Josef Land. The systematic position of Vectia canno®
be definitely determined, but T believe that it is more closely
allied to Cycadean than to Coniferous phloemn.

Note. It is unfortunate that Mr Wieland’s second volumé
dealing with American Cycads [Wieland (16)] did not come int?
my hands until nearly the whole of this volume was in typ®
Students will find in it many additions to our knowledge ©
Tycadeoidea and Williamsonia, much theoretical diseussion that 18
suggestive and interesting, useful summaries of our knowledge 0!
fossil Cycads, and many beantiful photographic plates illustrating
the morphology of American species of Cycadeoiden.

! Bolms-Laubach (04) p. 12, PL 1r. figs. 5, 6.




CHAPTER XXXVII.
BENNETTITALES (confinued),

WILLIAMSONIA. Carruthers.

Tars genus was first figured by Young and Bird! from speci-
mens obtained from Lower Hstuarine beds near Whithy : these
anthors compared the fossils to the head of an Artichoke
((--';{/rm-m wntegrifolia),  the covering or calyx consisting of numerous
lanceolate and striated leaves® (fig. 544). In 1840 Williamson®
noticed the association with fronds of Zamia gigns Lind. and
Hutt. of ‘a remarkable fossil, apparently commected with the
fructification of a Cyeas,” and some vears later Yates? expressed
the opinion that the fructifications figured by Young and Bird
Probably belonged to the plants which bore the fronds known as
Zamites gigas. Leckenby? figured some leaves of Palacozamia
Peclen, (= Ptilophyllum pecten) in close association with a small
flower of Williamsonia which was subsequently recognised as a
Whorl of microsporophylls. Tn 1870 two papers of exceptional
Interest were published, one by Williamson® who was the first to
dttempt an exhaustive account of the genus, and the other by
f35l1‘1'11t1m1.‘s“ who proposed the name Williamsonsa, thus assoeiating
With a group of the most characteristic Yorkshire fossils two
Wen (father and son) who have largely contributed to the exposition
of Yorkshire geology.” Carruthers instituted a new tribe William-
Sonieae for the genus Williwmsonia, the type-species being
Williamsonia gigas: the specific name had been previously given
by Lindley and Hutton to the fronds (Zamia gigas) of the plant

' Young and Bird (22) A. For a fuller account of the history of our knowledge
of l'l'ilJi'czm,sonia. see Seward (95) A, p. 146

* Williamson (40) p. 230. 2 Yates (55).

- Leckenby, A. (64). See also Seward (00) B. p. 190.
* Williamson (70). & Carrathers (70).
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which wag believed to have bome the flowers for which the
new designation was proposed. Two other species, Williamsonia
hastula and W. pecten, were assigned to the new genus. The
conclusion arrived at by Williamson as to a connexion between
Zamates gigas and Willinmsonia flowers was, however, not accepted
by Saportal, who figured and. described several exceptionally
good specimens from the Yorkshire coast which formed part of
the Yates collection in the Paris Natural History Museum. In
1897 a short account was published® of the Yates specimens, an
examination of which convinced me of thé correctness of William-
son’s views as to an organic connexion between stems, peduncles,
flowers, and fronds. During a visit to Paris several photographs
were taken, but these were not published: similar photographs
have since been reproduced by Wieland® and reduced copies from
two negatives in my possession are shown in figs. 541, 542. The
restoration by Williamson in his well-known memoir is probably
correct so far as the general habit of the plant is concerned,
though the flowers which he speaks of as male are now known to
be ovulate. The position of the male organs, whether borne
separately or on the same axis as the megasporophylls, has not
been definitely settled.

In 1891 the Marquis of Saporta thus introduced his discussion
on Williamsonia,— avec les Willimsonia nous abordeons un des
problémes les plus difficiles, un des sujets des plus controversés,
mais aussi les plus curieux, peut-étre méme le plus remarquable
de tous ceux que nous offre I'ensemble des plantes jurassiques.?
Wieland’s investigations have placed us in possession of many
important facts with regard to the closely allied flowers of Clyca-
deoidea and have enabled us considerably to extend our knowledge
beyond the stage represented by the work of Carruthers, William-
gon, and other authors: and more recently Nathorst's important
discoveries have demonstrated the close agreement hetween
Williamsonia and  Bennettites (Cycadeoidea). Several problems
still remain unsolved. Having regard to the deficiency of the
data concerning the morphology of the Williamsonia type of
flower and the wider question as to a phylogenetic relationship
that some botanists believe to exist between the Bennettitale®
1 Saporta (91).

2 Seward (971). 3 Wieland (11).
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and the Angiosperms, Saporta’s words are still pertinent.
Wieland’s discoveries in Mexicol have furnished additional
evidence of the wide geographical distribution of the Williamsonia
type of flower in the Jurassic period, and it may be confidently
asserted that the Bennettitales, including both Williamsonwa and
Oyeadeoidea, ocenpied a dominant position in the floras of the
world during the stage of plant-development immediately pre-
ceeding the evolution and rapid spread of the Angiosperms, the
present dominant class.

There has been condiderable uncertainty among authors with
regard to the application of the name Williamsonie. In former
accounts of the genus the name was employed by me both for
leaves and flowers on the ground that Williamson was correct in
his opinion as to the connexion between Williamsonia giges and
Zawvites gigos. The type of frond to which the latter term is
applied is by no means uncommon in Jurassic strata though it is
not always associated with flowers, and the use of the generic
term Williamsonia is therefore not invariably justifiable. Nathorst?
has recently reiterated his opinion that it is inadvisable to employ
the name Williamsonia except for the flowers or the complete
plant and strongly urges palaechotanists to retain the provisional
genus Zamifes when the fronds only are in question. While
agreeing with the contention that the greatest care should be
exercised to avoid the use of generic names implying a correlation
of vegetative and reproductive organs that rests on any evidence
t’hﬂl't of demonstration, it may be suggested that the better plan
8 to add the name Williamsonia in parentheses after Zamates or
{J‘f'il’»ﬂ}]il‘f/”fi‘.i‘i?- in cases where there ig no reason to doubt that the
fronds belong to a Williamsonid plant, '
Williamsonia gigns (Williamson). -

The species selected for a rather detailed description is still
‘nperfectly known, but it is particularly interesting as the type
on which the first scentific account of the genus was based. The
Bame Williamsowia gigas is now generally employed for the
flowers which bore megasporophylls as the essential organs:
they may have been bisporangiate,—a view that seems to me

U Wieland (13). 2 Nathorst (13).
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the more probable,—but this has not been demonstrated. There
are very few cases in which fronds of Zamites gigas occur in

Fig. 541, Willimmsonio gigas. Fronds (Zamites gigas) and flowering shoot, @
attached to a stem (Bucklandin). (Yatez Collection, Paris: nat. size.)

organic connexion with stems, and we cannot with safety employ¥
other than a provisional generic term for fossil stems which 1F
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is believed bore flowers of the Willinmsonia type. For the
imperfectly preserved piece of stem shown in fig. 541 the name
Williamsonia (Bucklandia) gigas is employed, as there 1§ no
reagonable doubt that in addition to the fronds of Zamites gigas
it bore peduncles (fig. 541, a), with Williamsonia flowers. This

Tic. 542, Williamsonia giges, Flowering shoot and flower-hud.
(Yates Collection, Paris.)
and other stems found in close association with Williamsonia
fowers in England, India, and Mexico are of the type known as
B"A’.(-Ha-n(ie.al, but it would in most instances be unwise to add
Wﬂ-“‘l:u-m.s-u-n.ir,z. even as a subordinate title. Casts of stems in
Close association with fronds and flowers are not uncommon in

1 See page 480.
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collections of plants from the Yorkshire coast; the surface-
features are of the type shown in fig. 576, thomboidal or lozenge-
shaped bases of petioles as described under the genus Bucklandia™.
The stem reproduced in fig. 541, about 5 em. broad, is imperfectly
preserved and the leaf-bases are not clearly seen. Saporta’s
figure® conveys but a poor idea of the actual specimen. To one
side of the stem, 5 cm. from the lower, broken, end, are attached
the petioles of two clearly preserved fronds of Zawmiles gigns, and
above these is part of a third frond apparently in its original
position. The main axis is prolonged obliquely upwards to the
left as a branch, @, 3 em. broad and 14 cm. long, covered with
hairy bracts and bearing distally several narrow, linear-lanceolate,
scale-leaves. This branch is undoubtedly a fertile shoot or
peduncle. A specimen figured (from a drawing) by Saporta®
as a peduncle of a Williamsonia flower and reproduced in fig. 542
is, in surface-features, identical with the branch @ shown in
fig. 541, but at the apex it bears a bud covered with linear bracts
identical with those of Williamsonia gigas. This bud is almost
certainly a young flower. Similar peduncles are described by
Williamson, and he speaks of one which is bifurcated: this specimen
is probably that reproduced in fig. 543 and now in the Leeds
Museum : at the base the axis is 3-5 em. in diameter; the two
divergent arms bear numerous bracts identical with those of
Williamsonia gigas and in addition are a few shorter ovate scales
recalling those figured by Nathorst as probably belonging t0
Williamsonia pecten. The Leeds specimen is from the Lower
sandstone and shale near Searborough., Similar branched
peduncles ave represented in the Whitby Museum and in the
National Collection. Wieland* has also figured a peduncle bearing
a “typical fruit bud’ of Williomsonia gigas similar to that repro-
duced in fig. 542. These specimens fully justify Williamson's
restoration published in his paper of 1870.

In a former account of this species® the opinion was expresﬁe‘i
that the flowers described by Williamson as male were ovulat®
and constructed on the plan of those of Bennettites Gibsonian

L Willismson (70) Pl nmr. fie. 5: Seward (974),
* Saporta (75) A. PL x1. fig. 1. 3 Ibid. PL xv.
1 Wicland (11) p. 448, fig. 6. s Seward (95) A, p. 140

1
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iamsonin gigas, Two peduncles, B and €, with imperfectly pre-
served hraets. Diameter of axis, A, 3:6 em. (From a specimen in the Leeds
Musenm ; nat. gize.)
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Carr. This conclusion has sinee been confirmed by Nathorst!
who succeeded in obtaining excellent preparations of the cuticular
membranes of interseminal scales and micropylar tubes (fig. 543),
demonstrating their very close agreement with those of the flowers
of Cycadeoides.

One of Williamson's ‘carpellary discs’ has been shown by
Nathorst to be a verticil of microsporophylls bearing synangis,
but both this author and Lignier? think that the two gpecimens
figured by Williamson as carpellary discs ave distinet organs,
one being a staminate whorl and the other a sterile infundibuli-
form organ. My own view is that both are of the same nature
and consist of microsporophylls.

Fia. 544. Williamsonia gigas. Portion of a flower showing the protective bracts:
the annular zone formed by numerous sterile sporophylls and interspmin®
seales, and the large central cavity originally occupied hy the reeeptﬂﬂle"
(From a specimen in the Williamson collection, Cambridge Botany School:
nat. size.)

Fig, 544 represents the usual form in which the flowers of
W. gigas are found ; it consists of linear bracts covered with hair®
identical with those on the peduncles shown in figs. 541—5433
they surround a pyriform axis and form what Williamson called

1 Nathorst (09); (11). * Lignier (07).




IXXVTT] WILLIAMSONTA 429

a0 involucrum. The base of the fossil is characterised by an
annular zone formed of crowded, radially disposed, narrow
Hdges now known to be casts of interseminal scales. At the
Outer edge of this annular area impressions of the peltate
ends of interseminal scales are not infrequently preserved.
Fig. 545 is a photograph of one of Nathorst’s preparations show-
ing the very great similarity between a
Micropylar tube of W. gigas and the
Corresponding structures in Cycadeoideq.
The small micropylar tubes are surrounded
by 56 polygonal expanded apices of
Wterseminal seales as in Cycadeoidea (fig.
o515 ¢ of. also fig. 563), and the apex of
fach peltate distal end projects slightly
88 a central papilla composed of more
Strongly cuticularised cells. In most
Specimens the megasporophylls and inter-
8mina] geales (sterile megasporophylls)
e preserved only as an annular zone at F';;qujw'mcr'g"}fi’f::”fﬁ’:}iﬂ
El“? bage of the receptacle (fig. 548, as),  (Ager Nathorst.)
ut it is clear from some specimens of
. gigas aud other species figured by Saportal, Nathorst?,
&nd Krasser® that originally the whole surface of the pyriform
aXis was beset with these organs which fell off, presimably,
When the seeds had reached maturity. No satisfactory examples
Of seeds have been found in English specimens. Krasser has
geSCri‘ned some specimens of Williamsonia from Jurassic rocks
I Sardinia to which he assigns some associated seeds, but, as
1€ admits, there is no proof of any connexion. In some cases
a Fun_nol like depression is seen at the upper end of a strobilus of
- gigas (fig. 546, B, C, @) identical in the occurrence of radially
disposed ridges with the annular zone at the base and due to the
Pleservation of interseminal scales and aborted megasporophylls
1 the upper part of the receptacle : in this region also the impres-
Slong of polygonal apices of the scales are sometimes found. The
Probability is that while the greater part of the armour of scales
and seeds was thrown off, at the upper and lower end of the

* Baporta (91) PL 248. » Nathorst (09) Pl 1w 3 Krasser (12).
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receptacle some sterile megasporophylls and scales remained
(fig. 548, as, di).

Williamson regarded the funnel-shaped depression as the
impression of the lower surface of a laterally expanded portion of

Fic. 546. Williamsonia gigas. A, apical portion of lower. B, cast of A; @, P&
sistent interseminal seales. €, flower in longitudinal section. o, intergemind
seales from the hase. (Williamson Colleetion, Botany School, Cambridge-

the axis of the flower, and to this expansion he gave the nam®
lenticular disc (figs. 546, 547, «). It is, however, much mor®
likely that the apparent extension of the axis is due to the
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Preservation of the sterile zone of armour which formed a cluster
of appendages, the impressions of which are seen on the sides of
the funnel-like depression, the veceptacle being prolonged as a
slender axis (fig. 547, C). The next point to consider is the form
of the axis beyond the level of the collar of sterile armour.

AT
B i 4
& i
c
rr
\__\A a
W

6. 547,  Williamsonin gigas. A, Hower in longitudinal section, showing,
Sspecially on the left side, interseminal scales and megasporophylls and
A pyriform cavity representing the central axis (nat. size). A7 the under
Surface of the apieal region, A", interseminal seales from A’. B, east
of A". (, apical region of another specimen; @, interseminal seales; ¢, eolnmn;
W 7, ridge, (Williamson Collection, Botany School, Cambridge.)

Uliamson described the axis as spreading out to form the lenti-
€y . 4 S
aﬂ_m‘ disc and then prolonged as a narrow conical pyramidal
M8 which is slightly extended horizontally immediately below
4 i Co - g . 7 :

terminal mammilla: the apical mammilla he designated the
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corona (fig. 547, C, 7). Ag alveady stated, the lenticular dise
is probably not an expanded part of the axis but the result of the
preservation of a spreading mop-like cluster of interseminal

\NAVATAY: Vi)
e

Tra. 548, Williamsonia gigas. Restoration showing an ovulate strobilus lvu;l-rf“fl
a terminal infundibuliform appendage. Lignier, to whom the rc:ﬁt-"lfﬂ'“czL
is due, points out that the apieal portion of the axis at dl should be l-ppmsenf-i'
ag straight and not, as in the figure, horizontally expanded. b, l“"‘wtmi
as, persistent interseminal scales fﬂrmin:___r the annular zone: 7, rect‘—l-‘t.“f‘lt;:
¢x, caducous megasporophylls and interseminal scaless dl, persistent mfﬂ@.‘
geminal scales, an extension of which formed the large funnel-like dage
al; wp, apex of the receptacle. (After Lignier.)

geales. This is the view expressed by Ligniert w
nished the block from which fig, 548 is reproduced. The
1 Lignier (03).

appol

ho kindly fof
lower
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face of Williamson's lenticular disc is characterised by a series
of spoke-like radiating ridges (fig. 547, A’) between which are
less distinet radially disposed lines, and at the periphery there are
impressions (fig. 547, A”), continuous with some of the radiating
ridees, of the terminal shields of interseminal scales. In fig. 547,
drawn from one of the original specimens described by Williamson,
these features are shown at A’ and B: fig. A’ represents the
circular area, which is at right-angles to the axis of the flower,
in surface-view. In the centre of this circular area is a depres-
sion ending in a short papilla surrounded by a narrow basal rim:
this feature is shown on a cast of the specimen represented
in fig. 547, B. In this case Williamson's corona is seated

a very short axis whereas in fig. 547, C, also from one of
Williamson’s specimens, the corona forms the apex of a longer
pyramidal axis, Wieland! regarded the circular area seen in
fig. 547, A, as the impression of the apical portion of a bi-
sporangiate strobilus, the ridges marking the edges of the incurved
distal portions of microsporophylls bent over the apex of the
ovulate cone (of. fig. 513), and he interpreted the polygonal
depressions at the periphery (fig. 547, A”) as those of sori, an
interpretation entirely different from that of Lignier. The latter
author? in part reasserted his upinion but modified it as regards
the meaning of the ridges on the circular arvea, agreeing so far with
Wieland as to consider them as having been Louned by the folded-
over rachises of microsporophylls attached as a concrescent collar
to the base of the ovulate cone. Thig interpretation does not,
however, explain the relation between the radial striations on
the circular area and the polygonal impressions at its periphery.
Wieland still dissents from Lignier's opinion and suggests that
the cireular area has not been demonstrated to belong to the
apical end of a flower. Fig. 547 shows that its pesition is apical.
Fig. 548 represents Lignier's view as to the nature of the rim
Surrounding the apical mammilla: he suggested that several
Wterseminal scales borne at the apical region of the receptacle
Were concrescent and formed linear bracts the edges of which
are vepresented by the main ridges in fig. 547, A’. These con-
rescent scales hent upwards and were closely applied to or perhaps

! Wieland (06) p. 1562 : Lignier (07); Wieland (11) p. 462.
S, TII 28
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concrescent with the pyramidal axis and were then prolonged
as a wide infundibuliform apparatus (Williamson’s carpellary
dis¢). This organ was, however, easily detached, and the Tinl
seen at # in fig, 547, C, represents its narrow broken base. With
this view I am in general agreement; but while Lignier regards
the funnel-like appendage as sterile and considers that similar
organs, but with a large central cavity at the base of the funnel,
may have been microsporophyll-dises which were borne below
the ovulate strobilus in the position occupied by the miero-
sporophylls in Cycadeoidea (fig. 528)—my inclination is to see in
the terminal appendage a whorl of concrescent microsporophylls-
This view lacks the support of demonstration. It is obvious
from Williamson’s specimens and from others described by
Saporta, Nathorst, and Lignier that the receptacle of Will I 8o
gigas was not so simple in its termination as that of the flowers
of Cycadeoiden. TIn Cycadeoidea dacolensis Wieland showed that
the apex of the receptacle bore a tuft of long interseminal seales,
and it is readily conceivable that these apical appendages were
still further developed in some Williamsonia flowers to form &
whorl of concrescent leaves borne on the prolonged apex of the
axis. There ig little doubt as to the homology of interseminal
seales and microsporophylls, and there is no difficulty in supposing
that while in some flowers the foliar organs assumed the forit
of interseminal scales of unusual length, in other species they
became microsporophylls.

Tt is noteworthy that the radiating rvidges on the circular are®
shown in fig. 547, A’, agree in position and approximately ab
least in number with those on the sides of the cupular dise of the
microsporophyll-verticil of Willinmsonia whithiensis'. Nathors?
describes a specimen seen in a private collection in which an
infundibuliform appendage appeared to be preserved in sifw at
the apex of a flower of Willimsonia gigas (¢f. fig. 548, at)-
Thomas?, in his description of Williamsoniella, compares r.J'!t‘-
radial ridges on the apical sterile portion of a flower of Williamsoni®
gigas to the ridges on his Williamsoniella which are formed by the
tips of infolded microsporophylls.

1 Natharst (11) PL 11. 2 Thomas (15%).
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Williomsonia gigas (Microsporophylls).

In the course of an examination of the Welliwmsonia specimens
(from Yorkshire) in Paris in July of last year (1914) Mr Thomas?
found a specimen previously overlooked, which is undoubtedly
either a male flower or, as T am inclined to think, the staminate
tise of a bisporangiate flower of Williamsonia gigus. The nature
of the matrix shows that it came from the neighbourhood of

B = e F = 3 o . 5 .
16, 540, Willinmsonia gigas. A, diagrammatic drawing showing the position
of the synangia, at S, and part of the staminate dise. B, a single synangium;

* 6. (After Thomas.)

“‘.hitby. It consists of an urn-shaped organ formed of the con-
“Yescent bases of 18—20 microsporophylls each 7—8 mm. wide;
TE cup is 5—6 cm. broad, the base being torn but tapered
fig, 949) as though originally prolonged downwards into a stalk
38 in W, spectabilis. Along the middle line of each sporophyll
" & series of depressions, probably the same in nature as those
2;”'—- wihithiensis described by Nathorst, though it is not clear
“H8ther in this case at least, they represent aborted synangia.

L Thomas (15).

28—2
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Some reniform synangia (fig. 549, B) occur in the rock just above
the cup. The sporophylls spread outwards from the base and
then curve inwards, bending outwards again as they become
free. A portion of a microsporophyll is shown in fig. 550 bearing
segments projecting inwards as
in W. spectabilis (fig. 551). This
specimen, which oeccurs in as-
gogiation with female fowers, is
regarded by Mr Thomas as part
of a unisexual lower. He discusses
the possibility of its connexion
with an ovulate receptacle and
expresses the opinion that if it
were borne at the upper end of
a, bisporangiate flower the whole
would be top-heavy and the
arrangement uneconomical, On
the other hand if, as suggested ne ) N .
on page 434, the flowers were FI_'?_I"’_""Uf' g """:I‘"”""T"ﬁ”: i
Tiew Of an Incomip. ote staminatc
bisexual the staminate dise, which  showing the basal cup torm at the

reached maturity beforetheovules,  lower end and part of one of the i
' microsporophylls.  (Diagrammatd
drawing, after Thomas; nat. size-)

may have been thrown off, as in
Cycadeoidea, before the seeds were
ripe. The form of the dise resembles that of the Indiar
specimen deseribed on another page as Williamsonia Sp-» of-
W. setoss Nath.: it does not, I venture to think, afford 3%
argument against the view that the microsporophyll-cup of o
Willigmsonia flowers was attached near the apex of the 1-ecepl'-flcla
and was formed of modified foliar organs homologous with tho=®
which, in the ovulate portion of the flower, constitute the inter”
seminal scales and megasporophylls.

A further consideration of the microsporophylls of Williamso®
will be found in a later section of this chapter.

‘?'u.

Williamsonia spectabilis Nathorst.
. - : T OTE
This species!, the first example of undoubted microspot
. . e : ; aterid
bearing organs referred to Williamsonia, was founded on mater

L Nathorst (09) p. 6. Pls. ., 13 (11) p. 5, Pls. 1, m; (12).
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discovered by Prof. Nathorst in the Lower Bstuarine series of
Whitby; it has also been obtained from beds of the same age at
Marske in the Cleveland district of Yerkshirel. Willvamsoniu
spectabilis, though indubitably a male organ, has not been found
attached to a stem, and there is no decisive evidence as to 1t
connexion with a particular species of frond. Nathorst believes

that it belongs to the plant which bore the leaves known as

Fia, 551. Williamsowia speclabilis and leaves of Ptilophyllum pecten. (After
Nathorst; £ nat. size.)

Piilophyllum pecten, an opinion based chiefly on association.
The more complete specimens consist of a broad funnel-shaped
Organ prolonged below into a slender stalk and divided at the
Margin into several linear-lanceolate segments (microsporophylls)
the apices of which were rolled inwards like young fern-fronds
(figs. 551, 552). The synangia agree closely in form and in such
Structural features as can be made out from cuticular preparations
With those described by Wieland in American species of Cyca-
deoiden; they ave slightly reniform, 5—6 mm. long and 2 mm.
broad and divided into several loculi by transverse partitions

L Thomas (13%) p. 230, PL xx1v. figs. 1—3.
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(fig. 552). The microspores, 58— 65 in length, are rather narrow.
ovate and very similar to those described by Solms-Laubach®
in Cycadeoidea efrusca. The synangia are attached in two rows
to slender lateral segments which appear to be given off from the
upper face near the median line of the broad linear sporophylls
(fig. 565, A). Nathorst points out that the position of the fertile
pinnae brings the sporophylls into close relation with the vegeta-
tive fronds of Ptilophyllum pecten and other Cycadean fronds m
which the pinnae are attached to the upper face of the rachis.

&
HJ ’f ,H,"f ,ff{n# o Ji—:-:“‘s&__\

Frz, 552, Willinmsonia spectabilis. Restoration of an almoest mature male
flower. (After Thomas: approximately nat, size.)
While the longer pinnae in the middle portion of a ﬂp(]rophﬁ"ll
bear several synangia, those near the base and apex are shorter
and, in the proximal region nearer the broad cup formed by the
coherent bases of the sporophylls, oceur singly, thus a.ppmu.c.hillg
the condition characteristic of W. whitbiensis (fig. 565, B) in whiel
they are sessile on the simple microsporophylls. Tt is noteworthy
that in some specimens figured by Nathorst there is a tendency

1 Capellini and Solms-Laubach (92) PL v. fie, 7.
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of the lower part of the cup to break away from the coherent
bases of the sporophylls (fig. 551)1, and it is not unlikely that some
of the impressions described as infundibuliform appendages are
meomplete examples of Williamsonia spectabilis.

Williamsonia Leckenbyi Nathorst.

This species, founded on specimens from the Middle Estuarine
beds exposed on the Yorkshire coast at Cloughton Wyke?, ig
characterised by the almost spherical form of the strobilus,
455 em. in diameter. The relatively small receptacle is covered
by a thick mass of megasporophylls and interseminal scales
exeept in the lower part which bears only sterile scales. Nathorst
believes that the seeds were very small, but no undoubted examples
hil\re been found. A specimen in the British Museum, figured
n 1900%, shows the surface-view of an impression of the base of

Fie. 553, Williamsonia Leckenbyi.  Surface-view and in section,
(Restoration after Nathorst.)

the flower; a small circular raised boss occupies the centre-

the scar of the receptacle—and surrounding this is a reticulum
formed by the impression of the distal ends of the interseminal
Scales.  The mmiform nature of the reticulum, the meshes of which
are all of the same type, shows that in the basal region of the
fjf‘“’er the organs borne on the receptacle were all sterile as
W Cycadeoiden (Benmeftiles) Morierei.  Except in the gmaller
diameter of the receptacle this specimen is practically identical
With that of Williamsonia Carruthersi Sew. reproduced in fig. 559.
The form of the strobilus is shown in Nathorst’s restoration?
"epresented in fig. 553. The interseminal scales have broad peltate

' Nathorst (09) PL 1. figs. 1—3.

‘ Thid. (80) p. 39. See also Saporta (91) p. 161, Pl 248,
* Seward (00) B. p. 201, fig. 34. ¢ Nathorst (09) p. 14, Pls. 1r., oT.
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distal ends characterised by a patch of lighter and thinner-walled
cells at the apex (fig. 554); the micropylar tubes arve slightly
expanded at the summit and their epidermal cells are papillose
as in Willimmsonia scotica (cf. fig. 563, B). Nathorst in 1909
adopted the name Williamsonia pecten Carv.! for the specimens
originally referred to W. Leckenbyi as well as for microsporophylls
that he helieved to belong to the same plant as the ovulate strobili:
but in a later paper? he restricts the name Williamsonia pecten
to the male strobili, reserving W. Leckenbyi for the ovulate forms.
as there is no prool that both were borne on the same plant.
From the evidence at present available it is reagonable to regard
W. Leckenbyi as a unisexual flower. 1In all probability the fronds

Fie. 654, Williamsonia Léckenbyi. Micropyle and interseminal seale.
(After Nathorst.)

known as Ptilophyllum pecten ave the foliage of the parent-plant
of W. Leckenbyi, though in the absence of proof it is advisable t@
retain both names.

Williamsonia whithiensis Nathorst.

Under this name Nathorst® described some interesting spect-
mens of microsporophylls formerly attributed by him to Welliam-
sonta pecten, but the discovery of additional material led him ¢
distinguish the Whithy (Lower Estuarine) fossils as W. whithiensts:
retaining the name W. pecten for the type originally figured by
Leckenby?® from the Middle Estuarine series at Cloughton Wyke
on the Yorkshire coast. Tn the type-specimen, 8§ 10 cm. M

L Carruthers (T0) p. 694. ¥ Nathorst (11) p. 19-

* Nathorsti (11) p. 9, Pls. 1., mir.  See also Nathorst (09) p. 8, Pls. L., 0.
1 Leckenby (64) A.
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diameter, there are 15 linear segments coalescent basally into
a thick cup differing from that of W. spectabilis in the absence of
a stalk (figs. 555, 556). A more important distinetive feature 1s
the production of synangia on the simple sporophylls (figs. 556, B;
565, B) and not on special fertile segments as in W. spectabilis

Tio. 556. Williwmsonia whithiensis.  (After Nathomst: § nat. size.)

AN .\"ll\ Lo
TH\‘\!‘“("‘H‘LW'\\'\‘ t
.\\"l‘.ll I i
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-B
P, 566, Williamsonin whitbiensis. A, male flower. B, sporophyll with synangia.
. (After Nathorst.)

(fig, 552). The inner face of each sporophyll, as seen in im-
Pressions, shows two regular rows of small depressions, one
0 each side of the median line; these become gradually
"maller towards the base of the cup-like disc (figs. 555, 556).
D the actual carbonised surface of the inner face of the cup
"mall and transversely elongated projections take the place of
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the depressions and these show the same decrease in size when
traced from the free segments to the cupular organ. Nathorst
obtained microspores only from the larger projections and none
from the smaller, a circumstance which may indicate that only
the upper and larger synangia were fully developed?.

This species is especially interesting as throwing light on the
nature of one of the specimens (from the Whitby Museum) figured
by Williamson as a ‘carpellary disc®’: the ‘seeds’ of Williamson
are no doubt, as Nathorst believes, synangia, while the smaller
pairs of markings figured by Williamson represent rudimentary
synangia and not ‘abortive ovules.” Though the specific identity
of Williamson’s specimen and Williamsonia whitbiensis is nob
certain, the latter is undoubtedly a closely allied form of a micro-
sporophyll-verticil. A specimen figured in 1900 as a flower of
Walliamsonie pecten®, designated by Nathorst Williamsonia sp-
is a very similar if not an identical type; it consists of a fairly
deep hasal cup the surface of which is characterised by the presenc®
of several regular ridges between which are pairs of small depres-
sions containing carbonaceous matter. In the light of Nathorst'®
researches it is clear that this is an incomplete example of a th_Tl
of microsporophylls. The base of the disc is incomplete, but 1
is eertain from the small size of the hasal hole with torn edge®
that the cup could not have been attached to the base of a recep”
tacle as are the microsporophylls in Wieland’s bisporangiat®
flowers of Cycadeoidea. The specimens referred by Nathorst t©
Williamsonia pecten® (Leck. ex parte) are similar to those described
as W. whitbiensis, but differ in the texture of the cup and in th®
degree of cuticularisation of the synangial walls. The synang®
of W. pecten are of the usual reniform type and multicellular 3%
in W. spectabilis.

t Nathorst (12) p. 7. ® Williamson (70) PL ur. fig. 1; PL 1o, fig. %

3 Seward (00) B. p. 201, PL 1. fig. 7. ;

1 Nathorst (11) p. 19, PL v. figs. 1—8; PL v figss. 1—3. The name Pahmmmrm:
pecien was applied by Leckenby [Leckenby (64) A. p. 77, PL 1x, fig, 47] hoth t© the
tronds and an assoeiated flower which is now recognised as a whorl of mi(:rﬂﬁ'])"‘rg_-
phylls. T formerly employed the name Williamsonia pecten for fronds and fowe™
but in view of Nathorst’s work it is advisable to follow his example and to ut’j
separate names for male and female flowers when there is no proof that they belons

Fl, 3 B ik
to one type: similarly the fronds may conveniently be spoken of ag Ptilophy fit
pecten.
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Williamsonia setosa Nathorst.

The distinguishing features of this species!, founded on material
collected by Dr Halle from Lower Estuarine beds at Whitby, are
(i) the greater number of linear sporophylls which bear numerous
bristles or stout hairs, (i1) the loose coherence of the contracted
Proximal portion of the linear segments, and (iil) a narrower
basal dise in place of the deeper cup of other species. One of the
fPecimens referred to this species, formerly regarded by Nathorst
48 an infundibuliform organ of an ovulate strobilus of W. gigas?,
bears 4 striking resemblance to an Indian fossil described by
Feistmantel from India?.

INDLaN spECIES OF WiILLIAMSONIA (FLowERs).

Several specimens of Williamsonia have been deseribed from
the Rajmahal and other Jurassic series in India, some of which
exhibit a close agreement with Welliamsonia gigas. 1t is, however,
Woteworthy that no fronds of the Zamites gigas type have been
discovered in Tndian beds: on the other hand the association of
fronds of the same type as Ptilophyllum pecten with Williamsonian
Strobili is significant, as also the occurrence of stems apparently
identical in surface-features with English and Mexican species.

Williamsonio sp.

Oldham and Morris* figured a specimen from the Rajufahal
Tills consisting of a eivcular disc enclosed by a zone of closely
Packed tubes,” the basal portion of an ovulate Williamsonia
Strobilus, which they regarded as a pressed mass of young leaves
Probably related to Palacozamia’ [Ptillophyllum]. The figured
“Pecimen shows that the radially disposed ‘tubes’ smrrounding
the circular area are interseminal seales some of which are seen
aji the periphery in surlace-view as small polygonal arveas as in
English specimens. Feistmantel® refigured this specimen and
““lerved it to Williamsonia gigas though on insufficient grounds.
0 the same species Feistmantel® assigns two other specimens
Lom the Rajmahal series, one of which consists of several narrow
1 "‘\—-"lth(u'tit (1L p. 17, FL v, * Nathorst (09) PL vn. fig. 1.

Seo page 444,

1
s Vdham and Morris (63) B. Pl xxxm. fig.
Feistmantel (77%) p. T6; (77%) PL 1. fig.

1

8 Ibid. (77%) Pl xxav. fig. 2.
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linear bracts partially enclosing a strobilus with a portion of the
annular zone at the base in which the seminiferous seales are
shown in longitudinal-view and a few in apical-view.
Williamsonia sp. ef. Williomsonia setoss Nathorst.

A third example from the same locality (fig. 557) is described
by Feistmantel® as part of one of Williamson’s ‘ carpellary dises®.’

Tie. 557. Willimmsonia sp. A, whorl of microsporophylls; s, z_-_vuan_x_vin[?]'
(, side-view of the hasal portion of A. B, part of a microsporophyll unl;n'gﬁd‘
(Indian Geological Surveyv; A, nat. size.)

a comparison that is fully justified. The accompanying drawing

has been carefully made from the actual specimen: portions of

10 very hairy bracts radiate in a horizontal plane from a con”

1 Feistmantel (77%) PL xurv, figs. 3, 4. * Williamson (70) PL zar. fig- L.
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tinuous lamina with a wrinkled and ridged surface bent sharply
back at right-angles to the bracts and forming a double curve as
Seen in the sectional view (fig. 557, €). The lorm assumed by the
vertical part of the disc is, I believe, the result of compression.
Wieland! regards this fossil as a whorl of microsporophylls
Originally attached to the lower portion of the receptacle of a
bisexual flower. Close to the edge of one of the bracts is an
iln]:»erfectly preserved structure (fig. 557, B, s) which may represent
two alternately arranged rows of synangia belonging to one of
the hairy bracts; but we have no evidence as to the position of
the microsporophylls on the flower-axis. The central space
énclosed by the erushed concrescent portion of the disc is large
®nough to have embraced a receptacle but, on the other hand,
the portion preserved may have broken off from a proximal cup
like that of W. spectabilis®, which, as Nathorst’s specimens show,
I8 sometimes broken across near the upper edge of the basal
funnel, This specimen is spoken of by Feistmantel as William-
Sonin gigas. It is impossible to say whether these Rajmahal
Specimens belong to one species, and they are therefore provision-
ally designated Williamsonia sp. and Williamsonia sp. cf. W.
Seloga.

W Wliamsonia microps Feistmantel.

This species is based on a compressed ovate strobilus surrounded
by linear bracts and a portion of the cylindrical axis®. If is
Possible that this smaller, bud-like, specimen may be a younger
“Xample of the species referred by Feistmantel to Williamsonia
Jgas,

Williamsonia Blandfordi Feistmantel.

Founded on a small strobilus enclosed by linear bracts, from
the Jurassic rocks of Cuteh?, very similar to Welliamsonia pecten ;
% seen in fig, 538, drawn from the original specimen, the flower
S associated with a Ptilophyllum frond indistinguishable from
“Ome examples of Ptilophyllum pecten.

' Wicland (11) p. 460, fig. 16 B. 8 Nathorst 09) p. 6.

: Feistmantel (772) PL =1z, fig. 4; (77) PL 1. fig. 6; PL 1. fig. 4.
Ibid. (762) p. 52, PL xar. figs. 5—7: (77%) PL © figs. 4, 5; PL m, fig. 6.
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Williamsonia indica, sp. nov.

This name is proposed for some imperfect specimens deseribed
by Feistmantel from the Godaveri district and named by him
Williamsonia sp. cof. Williamsonia gigas'. They differ from
Williamsonia gigas in the larger size of the bracts which reach
a length of 13 em. and may be compared with those of a large
specimen recorded from Mexico as Williamsonia Cuavhitemoc®.

Fra. 568. Williomeonin Bigndfordi and Plilophyllhem frond.
(Geological Survey of India; nat. size.)

It is almost certain that some at least of the Indian flowers
were borne on stems with the foliage known as Philophyllu
acutifolium, an inference based not only on the almost constan?
association of flowers and fronds but also on the juxtaposition of
both kinds of organs with stems precisely similar to those described
from England and Mexico. Though none of the specimens ar¢
sufficiently well preserved to afford much information as 1@
structural features, Miss Bancroft? has shown that the bracts of

! Feistmantel (77%) p. 181, PL v, figs. 1—4; (77Y) PL . figs. 1—3. -
? My thanks are due to Mr Wieland for a photograph of this species that 1

mentioned but not figured in his paper on the Mexican Flora, Wieland (13)-
3 Bancroft (13) p. 76, PL vin. fizs. 1—5.
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one of the examples assigned by Feistmantel to W. gigas are
Similar anatomically to those of Williamsonin scotica and are
clothed with simple hairs. The important point is the very
tlose correspondence between the Indian and English types of
Williamsonia, as regards flowers, fronds, and stems.

Britigy Semorwens.
Williamsonia Carruthersi Seward,

This species was founded on several specimens from Wealden
beds on the Sussex coast none of which afford information as to

A

Py =- . .
L 559, Williwmsonia Carruthersi. A, unexpanded flower. A’ the reticulate

amellae projecting from the face of a bragt. B, the basal portion of a larger
and expanded flower showing the impressions of the interseminal scales and
the base of the receptacle.  (British Museum, A, V. 3177; B, V. 3201.)

?dlﬂ,tumical structurel., It 18 not improbable that more than one
-Pecies is represented. The ovulate cone, 6 em. long, is surrounded
]‘ Severa] linear bracts (fig. 559, A) and in shape resembles Bennet-
f'fe_"" Moriere; Lign.: the bracts are broken across near the bage,
ds 15 {T-Bl.]‘uel.lt-ly the case in Wallinmsonia gigas, exposing an annular
“one formed by persistent interseminal scales. From the inner

L Seward (95) A. p. 1587, Pls, X., X1,
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face of some of the bracts project slender radiating plates
(fig. 559, A") which no doubt mark the boundary of the super-
ficial and relatively large interseminal scales, like those forming
the so-called pericarp in Bennettites Gibsonianus. The receptacle
appears to have been conical, a feature recalling Benneltites
rather than Williamsonia. The saucer-like impression shown in
fig. 559, B, is practically identical with the corresponding portion
of Williamsonia Leckenbyi: the centre is occupied by a raised
area, the basal part of the receptacle, on which a series of peri-
pheral prominences represents the vascular strands; the sides
of the saucer show very clearly the reticulum formed by the
distal ends of interseminal scales. One reason for assigning thi
species to Williamsonia rather than to Bennettites (or Cycadeoided)
is the occurrence in the same bed of a peduncle 12 em. long and
3 em. broad which probably belonged to the parent-plant of the
cone. The surface of the peduncle shows spirally disposed scars
of bracts crowded at the distal end and more widely separated
in the lower portion.

Williamsonia Bucklonds (Unger),

Tn 1837 Buckland® gave an account of a ‘unique and beautiful
fossil fruit’ from Inf:ﬂlm Oolite beds at Charmouth in Dorsetshir®
and stated that the type-specimen was in the Oxford Museun!
Professor Sollas kindly searched for the specimen some yeals
ago but without success. Buckland considered that the fro®
was related to the Pandanaceae and described it as follows:
*The size of this fruit is that of a large orange, its surface is occn pit’-d
by a stellated covering or epicarpium, composed of hexagond
tubercles, forming the summits of cells, which occupy the entir®
circumference of the fruit. Within each cell is contained a singl®
seed, resembling a small grain of rice more or less Cnl}lth‘SSe&
and usually hexagonal. When the epicarpium is removed, the
points of the seeds are seen, thickly studded over the surface of
the fruit. The bases of the cells are separated from the ree ep’f&dL
by a congeries of foot-stalks formed of a dense mass of fibre®
resembling the fibres beneath the hase of the seeds of the mode™
Pandanus. At the suggestion of Robert Brown. he called the

1 Buckland (37) Vol 1. p. 505, Vol. 1. p. 101, PL rxmr figs. 2—10.
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ruit® Podocarya, the specific name Bucklandi being afterwards
given by Ungerl. Brongniart? called attention to the resemblance
of Buelkland’s specimen to Williamsonia, and that name has been
adopted by Saporta®, Nathorst, and other authors®. Sowerby’s
drawings illustrating the original description, one of which is
eproduced in fig. 560, show that this unusually fine specimen is
4 ovulate Bennettitean strobilus very similar in its thick conical

Yic. 560.  Willimmsonin Buecklandi. (After Buekland § nat. size.),

“Ceptacle to some of Wieland's species of Cycadeoidea, e.g. C.

YWeoteysis (lig. 528): the armour of scales and megasporophylls
ey exa(-ﬂ-}' with that of some species of Williwmsonia from
Otkshire and with the flowers of Uyecadeoidea, Though imeluded in
€ genus Williamsonia it would not be out of place in Cycadeniden.
W ’:u‘ir(-msm-r i scolica Seward.
e '{‘}1_(% type-specimen was found by Hugh Miller near ‘romarty
¥ Seotland) and ligured as a cone of peculiar form5: it was
ed from a limestone nodule probably derived from Upper
“Wassic rocks, - The fossil is 11 em. long and has a maximum

Ubtg; 1

1 3=
2 Unger (50) A. p. 327. ® Brongniart (49) A. p. 88,
. Saporta (91) p. 127, Pls. 238, 239,

“Or other references, see Seward (D4) B. p. 105.

5
H;g:-’ 'ljll'-‘r‘(fﬂl B. p. 480. For a detailed deseription and illustrations, see Seward

8. 1n
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breadth of 6cm. (fg. 561): numerous linear bracts cover the
surface and in the lower portion many of them are broken. A note-
worthy feature is the absence of any clean-cut base, a fact pointing
to fracture rather than a natural abscission of the fertile axis.
The following description may serve to give a general idea of the
salient characters, Flowering shoot ovoid, covered with linear
bracts some of which are prolonged above the conical apex as
slender tapered organs and two of them bear a lew short lateral

Fra. 561, Willigmsonin scolied. Strobilus in surface-view: [, bract with shorb
lateral appendages. (Royal Scottish Museam. Ex linburgh; £ nat. size.)
appendages (fig. 561, 1), probably reduced leaflets, near their
distal ends. The eylindrical axis, completely hidden by bracts.
15 em. in its widest part, bears in the lower or sterile region
bracts and long hairs and in the upper part interseminal scales
and immature megasporophylls which together form a narroW
band (fig. 562, S) 2 mm. hroad extending over the incompletely
preserved and conical apex, as in some of the American examples



XXXVIT] WILLIAMSONIA 451

of Cycadeoiden. The strobilus was probably borne at the apex
of a lateral branch given off from a stem covered with persistent
petiole-bases: there is no evidence that this was the case, but the
appearance of the ovoid cone suggests comparison with those of
Williamsonia gigas which were terminal on fairly long branches
and not partially hidden among the bases of fronds as in Cyca-
deoidea. It is, however, possible that the cone of Williamsonin
seotica 13 & lateral structure: this suggestion is based on the oceur-
rence of a small braneh or bud, which may be the apex of the
whole fertile shoot, given off from the cone-axis but only revealed

Fig. 562, Williwmsonia scotice. Transverse section; S, scales and megasporo-
phylls: a, bract showing detached superficial tissue on the inner side. (ca. x 2.)

In transverse sections. The interseminal scales, 2 mm. long and
0-23 mm, broad at the truncate distal end (fig. 563), are polyzonal
in section and arranged as rosettes of 5—06 around each megasporo-
Phyll (fig. 564, a section tangential to the peripheral layer of
stales and sporophylls). The megasporophylls, equal in length
i the scales, comsist ol a eylindrical axis bearing a terminal
Megasporangium, an undifferentiated nucellus, enclosed in a
Single integument prolonged as a mieropylar tube above the
Conical end of the nucellus (fig. 563, B, C, a). Fig. 562 represents
4 trangverse section through the cone showing the eylindrical
*}-Xis with its compact covering layer (fig. 563, A, s) of sterile and
fertile appendages, and beyond this sections of the enveloping

‘acts embedded in a dense felt of long hairs. The tissue of the
AXig, though very imperfectly preserved, shows occasional groups

202
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563.  Williamsonie scotica. Megasporophylls and interseminal zcales 10
longitudinal section. A, part of the axis showing the altachment, s, of 2
scale and megasporophyll. B, apex of micropylar tube showing funne aped
cavily and papillose epidermal cells on the integument and on the adjacent
scale; @, apex of nucellus. (. upper part of a seale and megasporaphyils
a, wpex of nuecellus. (A, e, x 20; B, C, = 100.)

1
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of secretory sacs and a few patches ol scalariform tracheids:
there is evidence of the occurrence of peripheral conducting tissue
in the lower portion of the axis such as oceurs in the peduncles
of American species of Cycadeoidea described by Wieland. The
bracts nearer the axis are more shrivelled than those farther away,
the result of the feebler development of hypodermal stereome in
the more internal bracts. Sunken stomata occur on the lower
surface of some of the bracts: several collateral bundles are
present in each and large secretory duects are abundant. The

Fic. 564, Williwmsonia seoticw. Transverse scction near the distal end of a
micropylar tube and the surrounding polygonal interseminal scales. (ca. x 100.)

Nunierous hairs on the bracts and the sterile region of the cone
are outgrowths of epidermal cells; most of them consist of a
short basal cell and a very long thick-walled tubular hair reaching
8 length of several centimetres. In some cagses the basal cell
bears a group of short cells each of which is the starting-point
of a long hair: this is worthy of notice from the point of view of
Comparison with the ramenta of other Bennettitalean flowers.
The short proximal cell of a hair is surrounded by a cuticular
Iimg like a rounded base-moulding where it rests on the epidermis:
this has been aptly compared to the dark rings that form
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a striking feature of the cuticular membrane of Ptilophyllum
leaflets™.

In the examination of the type-specimen the first section ent
was transverse to the axis (fig. 562), and this happened to traverse
the lowest part of the fertile region of the receptacle, as was shown
by the fact that in the next lower section the axis bore only
bracts and hairs. It is clear that the sterile portion of the recep-
tacle passed abruptly upwards into the fertile region, and it is
extremely unlikely that any microsporophylls were borne at the
base of that portion of the cone-axis which produced the seales
and megasporophylls. The cone was, in all probability. uni-
sexual. On the analogy of the cones shown in figs. 513, 514, one
would expect to find between the sterile and fertile regions either
a verticil of microsporophylls or the remains of an annular dise
from which the effete sporophylls had been detached. There is
no trace of any such dise, and the fact of the immaturity of the
megasporophylls renders it unlikely that were the cone bisexual
the microsporophylls would have been detached. As previous
records show, there is nothing improbable in the oceurrence of a
unisexual Bennettitean flower. These remarks are made in view of
an opinion expressed by Dr Wieland that the bracts with lateral
appendages (fig. 561, [), to which allusion hag been made, are
microsporophylls and that if the cone had been gliced longitudinally
the presence of a microsporophyll-dise would have been discovered.
The latter possibility has already been considered, and as regards
the former there is nothing in the structure of the small lateral
appendages of the longest bracts to indicate that they were con-
nected with spore-production. Tt is not unlilely that the hracts
with small outgrowths (fig. 561, I) correspond to the more leal-
like bracts of Wielandielle and Williwmsoniella. The two sets of
organs spoken of as interseminal scales and megasporophylls
are probably homologous, foliar, structures: in the one cage leaves
transformed into eylindrical organs bearing terminal integumented
and undifferentiated megasporangia and, in the other, sterile
or sterilised sporophylls. The polygonal truncate distal end of
an interseminal scale is flat or slightly concave and covered by

1 Thomas and Bancroft (13) p. 184,
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a thick epidermis, and on the sides of the scale many of the surface-
cells are strongly papillose (figs. 563, 564). The rest of the inter-
seminal seale consists mainly of elongated cells, which in the lower
portion of the axis of the scale assume a tubular form, presumably
immature conducting elements: in one scale only was any tracheal
tissue found and that was represented by 2—3 scalariform
tracheids. The scales appear to arise from the axis like the bracts
as superficial outgrowths, and probably in a later stage of develop-
ment the centre of each scale would be occupied by a vascular
strand. The megasporophylls bear a close resemblance to the
scales, but in transverse section they appear as smaller and circular
organs each the centre of a group of polygonal interseminal
scales precisely as in other Bennettitean flowers (fig. 564; f.
fic. 515). The proximal part of a megasporophyll consists of a
column of parenchyma (fig. 563, A, s) extending through half of
the length; from this column is detached a narrow cylinder of
small erushed ecells which most likely represents the remains of
tissue that originally occupied the space surrounding the axial
column. At a higher level the axial column becomes broader and
its short cells more elongated and slightly divergent towards the
sloping sides of the conical nucellus. The loose cylinder of tissue
is attached to the nucellar cone and prolonged beyond its apex
as a broad integument enclosing a very small micropyle (fig. 563, C).
The apex of the integument has the form of a shallow funnel:
its epidermal cells are papillose (fig. 563, B, C) and the presence
of short transversely elongated cells is a characteristic feature of
the tissue lining thé micropylar canal. The hracts agree generally
with those of Clycadeoidea Gibsoniana, Cycadeoidea Morierei, and
the American species. The ground tissue is composed of scleren-
chyma comparable with the scalariform elements in the bracts
of Cycadeoidea Gibsoniana (cf. fig. 520). Tt is in the possession
of long hairs like those on the leaves of Dicon and other recent
Cycads that Williamsonia scotica differs from previously deseribed
Howers in all of which the fern-like ramental scales are a conspicuous
feature. It is interesting to find that similar hairs are substitnted
for seales in some Indian stems described by Miss Baneroft!.
Lignier? mentions the occurrence of long unicellular hairs on

1 Bamncroft (13). 2 Lignier (01).
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Cycadeoidea micromyele (p. 415). a Jurassic French species, but
the ramenta are in part multicellnlar lamellae and the presence
of transitional forms suggests a possible derivation of hairs from
scales both in fossil species and in recent Cyeads. The mega-
sporophylls and interseminal scales are much shorter than in
Chycadeoidea Gibsoniana and other species in which the axis of the
cone forms a depressed receptacle (¢f. fig. 521, A, (), but they
correspond closely with those of several American species. In
Chyeadevidea Gibsoniana and . Morierer the distal ends of the
interseminal scales are much broader and their diameter greatly
exceeds that of the micropylar tubes, 2:-8 mm. as compared
with 0-256 mm., whereas in Willimmsonia scotica the scales are
0:23 mm. broad and the mieropylar tubes 0-15 mm. The mummi-
fied micropylar tubes of W. pecten bear a striking resemblance in
form and in the papillose epidermal eells to those of the Scotch
species.

There are two additional points suggested by the structure
of the fertile region, namely the possibility that the megasporo-
phylls are arrested rather than immature organs and, secondly,
the method of pollination. In regard to the first there would seem
to be no adequate reason for doubting the correctness of the view
that the sporophylls ave potentially perfect ovules which were
petrified at a comparatively early stage in development. The
dense woolly covering investing the surface of the scales and
megasporophylls recalls an inflorescence of desculus hippocastanuin
in its winter-fur and hardly sugeests a collection of ovules accessible
to microspores. In all probability at a later stage the protecting
bracts with their felt of hairs would bend outwards leaving exposed
the receptive micropyles.

MIoROSPOROPHYLLS.

In view of the association of microsporophylls and ovulate
strobili in the flowers of Cycadeoidea described by Wieland, most
of which are bisexual, it is reasonable to expect a similar association
in the flowers of Williamsonia which agree closely in the essential
features of both micro- and mega-sporophylls with those of
Cycadeoidea. 1t is, therefore, surprising that in no single case
have the microsporophylls attributed to Williamsonia been found
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in actual connexion with a receptacle bearing interseminal scales
and megasporophylls. The same statement holds good with
regard to the Williamsonias discovered in Mexico. Nathorst
believes that the microsporophylls on which he has founded several
species are unisexual flowers with the possible exception of W.
pyramidalist. This species, found by Dr Ialle at Cloughton Wyke,
is represented by a small ovulate strobilus characterised by a
conical receptacle with a blunt mucronate apex: with it 1s asso-
ciated a microsporophyll bearing synangia. The orientation of
the two specimens is such as to suggest an original connexion.
As Nathorst says, there is, however, no proof that the two belong
to one flower. Wieland?, though believing that the existence
of bisporangiate Williamsonia flowers is ‘reasonably certain,’
agrees with Nathorst’s conclusion as to the unisexual character
of W. speciabilis and W. pecten. On the other hand, he regards
the microsporophyll-verticil which was first described by William-
son as a carpellary dise, then named by Nathorst® W. bituberculata
and afterwards identified as a microgporophyll-dise closely allied
to W. whitbiensis, as the staminate part of W. gigas. This view
is, in my opinion, impossible to reconcile with the nature of the
specimen. If, as Wieland suggests, it is the staminal collar split
off from the base of a large ovulate cone like that of Welliamsonia
gigas, one would expect to find a central gpace in the middle of
the cupular base large enough to embrace the receptacle. Neither
in this specimen nor in several other forms of microgporophyll-
verticils is there such a central space. It is clear that the dises
described as W. spectabilis, W. whithiensis, and other species
were not borne as concrescent collars on a stout axis as are the

]

Corresponding organs in Cycadeoidea. The Indian specimen
reproduced in fig: 557 and the very closely allied type W. setosa
are incomplete at the centre and may possibly have been borne
at the base of an ovulate bisporangiate strobilus, but there is
no definite evidence that this was the case. Moreover, in W.
Spectabilis the lower part of the cup (fig. 551) easily splits away
fromi the rest of the staminate dise, and this may explain the
central space in the specimen shown in fig. 549, A. Tf W. spectabilus,

1 Nathorst (11) p. 24, Pl v. figs. 9—11. ¢ Wieland (11) p. 462,
3 Nathorst (09) p. 10; (11) p. 14,
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to take one example, is a complete flower there are certain diffi-
culties which are not easily explained: as Nathorst has shown,
in this type there is a short stalle, but in W. whithiensis the base
of the funnel has no stalk and there is no interruption of the
stout lamina at the centre or any indication of a scar. Nathorst
compares the funnel-like region of W. whithiensis to a kind of
cupule which became detached after floweringl. But a cupule
is supported on an axis and, though no scar is apparent on some
of the more complete specimens, it is obvious that the vertieil
must have been supplied with vascular tissue from some axial
organ. This brings us to the consideration of a morphological
point which cannot be definitely answered. Nathorst has pre-
viously raised the guestion—is it possible that the microsporo-
phylls were attached to the upper part of an ovulate strobilus:
were the flowers bisexual and epigynous? e believes the answer
to be in the negative. Relerence has already been made to the
probable occurrence at the apex of the receptacle of Williamsonia
gigas of a funnel-like organ of the type deseribed by Williamson
as ‘carpellary disc?’ a term under which Nathorst® believes
that Willamson included two different things,—staminate discs
borne on separate, unisexual, flowers, and sterile organs called
by Lignier® the infundibuliform apparatus. The latter, it is
believed, were attached to the apex of an ovulate strobilus as
shown in fig. 548, comparable in position with the leaves at the
summit of an inflorescence of Ananas. A comparison of the
fossils regarded as infundibuliform appendages with some of the
microsporophyll-verticils shows that they are identical in form,
the only difference being that on the former there are no synangia.
This fact can hardly be regarded as negative evidence fatal to
the morphological identity of these sterile and fertile organs.
The available evidence, though far from complete, is favourahle
to the view that in some Williamsonio flowers, e.q. W. gigas. the
microsporophylls were produced at the apex of the axis in the
position shown in fig. 548. To cite a rough analogy.—in Cyca-
deoidea the flower was hypogynous as in Erice: in Williamsonia
1 Nathorst (09) p. 10.

? Williamson (70) PL win: see also Seward (00) B, Pl vim. fig. 1.
& Nathorst (09) p. 12, fig. 2. 4 Lignier (03%) p. 34
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epigynous as i Faceinium. This view does mot exclude the
possibility of the existence of unisexual flowers in some species,
but the evidence in favour of a separation of the sexes is by no
means decisive. Another difficulty is the absence of protective
bracts in the case of the mierosporophylls, a striking contrast
to the bract-enclosed ovulate strobili of Williumsonia or to the
bract-covered flowers of Cyeadesidea. Were the microsporophylls
borne on a separate axis general considerations would lead us to
expect the association of bracts with the essential organs. The

Tra. 565. A, Williamsonia speciabilis, microsporophyll: B, W. whelbiensis, section
of sporophyll; C, W. mexicang, (A, B, after Nathorst: C, after Wieland.)
fact that no such association has been recorded is a fact favourable

to the view that the flowers were bisporangiate.

The student is warned that the opinion expressed with regard
to the position of the microsporophylls is contrary to that
which is held by several palaeobotanists®.

Williamsonia mexicana Wieland.

This species is ome of the numerous types discovered by
Wieland in Mexico2. It is distinguished by the deep campanulate

1 Tn addition to the papers already quoted, reference should also be made to
Thomas (1582).

i ? Wicland (09) p. 430 (the species is here referred to as the ‘El consuelo
W illiamsonia’®): (11) p. 461, fig. 17 C.
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concrescent portion of the whorl of microsporophylls and by the
ten short free lobes which bear two rows of lateral synangia
(fig. 565, C). Among the British forms Williamsonia whitbiensis
would appear to be the most closely allied type. W. mericana
ockurs in association with Olozamites fronds, as is the case with
an ltalian specimen figured by Zigno!, but in the Mexican species
there is no conclusive evidence of organic connexion.

OruER sPrcIES OF WILLIAMSONIA.

Williamsonia Haydeni Seward.

A Jurassic species from Afghanistan® founded on a single
specimen of a flattened broadly-oval flower similar to W. gigas
but smaller and enclosed by narrow linear bracts, An interesting
feature is the occurrence of a funnel-shaped depression at the
apex showing radiating lines on its surface as in the Williamsonia
represented in fig. 546, A. In all probability these lines denote the
persistence of a collar of interseminal scales on the upper part of
the elongated conical receptacle. An examination of the carbona-
ceous material revealed the presence of some short rods agreeing
in size and shape with the interseminal scales of other species.
Williamsonia Otozamitis (Zigno).

Zigno® instituted the generic name Blasiolepis for some speci-
mens from the Jurassic rocks of north Ttaly which he referred
to three species, B. faleata, B. acuminata, and B. Otozamitis.
These are true Williamsonias closely allied to W. gigas. An
examination of the type-specimen of B. Otozamitis in the Padua
collection led me to the conclusion that Zigno was correct in
representing the ovulate strobilus, which shows an annular area
like that in specimens of W. gigas, as being in organic connexion
with an Olozamites frond. Wieland has recently discovered species
of Williamsonia in Mexico that he correlates with Ofozamites leaves.
Williamsonia sp. Seward.

Though by no means satisfactory as a trustworthy record of
the genus, the specimens so designated from the Kimmeridgian
of Scotland* are probably imperfect examples of the genus.

t Zigno (85) Pl XL * Seward (12) p. 26, PL m. fig. 44; PL v fig. 86-
3 Zigno (85) p. 173, Pl xur. figs, 9—11.
4 Seward

(11%) p. 691, PL v. fg. 99,
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Williamsonia oregonensis Fontaine.

The type-specimen from Jurassic rocks in Oregon! consists
of a stout axis bearing several contiguous linear bracts forming
a more or less spherical cluster 5 em. broad. The form suggests
a Williamsonia, but the evidence is hardly decisive.
Walliamsonia Forchammeri Nathorst.

A Bornholm speeies? from Lower Jurassic strata represented
by an annular zone surrounding a central area, probably a portion
ol an ovulate strobilus.

Willigmsonia menima Saporta.

This Upper Jurassic species from Portugal® consists of a number
of small bracts or leaves attached to a central axis and ig of no
value as evidence of the oceurrence of Willimmsonia.
Williamsonia problematica (Newberry).

This species was first described from the Amboy clays as
Palaeanthus (Williamsonia) problematica® and compared to a
Composite inflorescence with long ray-florets. More recently
Hollick? has referred to this species specimens from the Cretaceous
of Long Island and Martha’s Vineyard, but none of them afford
conclusive evidence of Williamgonian affinity. Some of the
examples, as suggested by Hollick,” agree fairly closely with
Williamsonia cretaces Heer.

Williamsonia Smockis Newberry.

The curious urn-like bodies from the Amboy clays® on which
this species is based are not unlike the capsules of a Papaver
but bear no real resemblance to a Williumsonio.

Williamsonia Riesii Hollick.

A species from the Cretaceous rocks of Martha's Vineyard?
eferred to Williamsonia on rather slender grounds and represented
by imperfect material.

TFontaine in Ward (05) B, p. 118, Pl. xxix. fig. 6.

* Natharst (80) p. 41, PL v fig. 7. # Saporta (94) B. p. 105, Pl x1x, fig, 0.
! Newherry and Hollick (95) p. 125, Pl xxxv. figs. 1—9.

5 Hollick (06) p. 107, PL v. figs. 27—32; (12) p. 156, PL. cuxur. fig, 4.

® Newberry and Hollick (95) p. 127, PL xxxvr. figs. 1—8.

Hollick (06) p. 107, PL v. figs. 25, 26.
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Willvamsonia (7)) phoenteopsoides Ward.
This fossil from the Cretaceous of the Black Hills, Dakotal,
is much too imperfect to be accepted as a record of Williamsonia.

Williamsonia elongata Lesguereux.

This species, founded on part of a conical receptacle with some
appendages superficially resembling those of Williamsonia®, is
too incomplete to be determined with any confidence. The

type-specimen is from Cenomanian beds in Kansas.
Williainsonia cirginiensis Fontaine,

This is undoubtedly a true member of the genus; it is
churacterised by narrow ovate bracts bearing conspicuous hairs
surrounding the base of a receptacle which shows a portion of an
annular zone of interseminal scales?.

Williamsowia (%) gallinacea Ward.

T'his species from the Potomac beds? is of no value as a record
of Williamsonia.

Walliamsonia (7) Bibbinsé Ward.

The imperfectly preserved specimen from the Potomac series
so named by Ward?® is probably part of an Abietineous cone as
stated by Berry® who includes Ward’s type with other specimens
referved to Abiefifes macrocarpus Font,

Williamsonia crefaceq Heer.

Two specimens, figured by Heer? from the Lower Cretaceous
of Greenland, on which this species is founded, consist of an axis
covered with small scale-leaves and at the broad apex bearing

numerous narrow linear bracts forming a more or less S]‘nhm‘j('ﬂ]
cluster 3-8 cm. in breadth. The species resembles W. problematice
(Newh.).

L Ward (99) B. p. 668, Pl. cLxu. fig. 20,

* Lesquercux (91) p. 87, PL 1. fig. 9,

* Fontaine (89) B. p. 273, Pls, 133, 165,

1 Fontaine in Ward (05) B. p. 485, PL ovit fig. 4,
* Ward (00) B. p. 554, PL. cxv. fig. 11.

6 Berry (11) p. 405, PL rxvrn figs, 1—4,

? Heer (82) B, p. 59, Pls. x11., x0T,
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Willizmsonia recentior Dawson.

The specimens from the Middle Cretaceous of Canada figured
by Dawson?® under this name are very imperfect and of no botanical
value.

WIELANDIELLA. Nathorst.

The specimens on which this genus is founded were originally
described by Nathorst from Hér in Scania as Williamsonia angusti-
folia®: in a second paper® a restoration of the plant was published

Fia. 566. Wielundielly angustifolic, (Atfter Nathorst.)

(fig. 566). The examination of additional specimens from the
Rhaetic of Bjuf and of cuticular preparations led to the establish-
ment of a new genus Wielandin® for which Wielandiella® was
alterwards substituted, Wielandio having been previously employed
for an existing plant. Wielandiella agrees in the general morpho-
logy of its bisporangiate flowers with Cycudeoidea, but differs
widely from nearly all other members of the Bennettitales in the
repeatedly forked slender stem which is in marked contrast to the
vegetative axis of any recent Cycad. Among recent Cycads with

1 Dawson (85) p. 12, PL 1v. fig. 1.

¢ Nathomst (80) p. 50. 3 Ihid. (88): (02) p. 9. Pls. 1.—uw

+ Ibid. (09) p. 22, Pls. v, VL 5 Ihid. p. 33.
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terminal strobili an indication of & primitive dichasium is afforded
by the occurrence of an aborted bud in a stem of Dioon edule
described by South and Compton®; but in the habit of the stem
Wielandiella is far removed from any reeent Cycadean type.
The microsporophylls are smaller and simpler than in Williamsonia
or Cycadeoiden and the foliage-leaves are of the Anomozamites type

(¢f. fig. 615).

Wielandiella ongustifolic Nathorst,

In an account of this species in 1902 Nathorst described two
types of strobilus, male and female, but a re-investigation of the
material led to a modification of the earlier conclusions. The

Fic. 567. Wielandiella angustifolin.  Branched stem and receptacle.
{After Nathorst,)
stem is slender, rarely exceeding 1-5 cm. in breadth, repeatedly
branched ag a dichasial system with a fertile shoot in the forks
formed hy the equal and widely divergent branches. Nathorst’s
restoration, as he points out, may exaggerate the regularity of
the branching, but an examination of the original specimens in
the Stockholm Museum convinced me that the habit represented
in fig. 566 is substantially correct. The method of branching is
similar to that in the inflorescences of Guetalean plants and
recalls some Gleichenia [ronds. The surface of the thicker pieces
of stem shows fine longitudinal striae, while transverse striations
like those on the axis of a Heferangium frond characterise the

! South and Compton (08) p. 225, fiz. 36.
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more slender specimens. Closely set polygonal leaf-scars cover
the stem for a short distance below each bifurcation and the
surface ol the short and relatively stout peduneles of the strobili
(fig. 567). Though for the most part confined to the region of
false dichotomy, leaf-scars occasionally occur on other parts of
the stem. Small fronds, 7—8 em. long, agreeing closely with
Anomozamites minor Brongn., ocenr in the same beds at Bjuf,
and the striking resemblance between their long linear and winged
petioles and the transversely strinted bracts encloging the strohili
of Wielandiella amply justifies Nathorst’s conclusion that Wie-
landiella bore fronds of the Anomozamites form. Small scars
marking the position of bracts occur immediately below each
strobilus and occasionally form narrow zones between the latger
loliage leaf-scars. The strobili are met with in two forms repre-
senting two states of preservation and, probably, different ages.
In one form the strobilus consists of a small pyriform axis separated
Irom the peduncle by an annular swelling characterised by parallel
striations (fig. 567), the so-called palisade-ring. From this ring
Nathorst obtained many microspores scattered and in groups on
the surface of short sporophylls, 2-5—3 mm. in length. Tt is
these sporophylls which form the parallel striations; they oecur
as a circle ol rather broad linear organs with irregularly toothed
distal ends and an epidermis of papillose cells. The oval micro-
Spores, 32—42u long, vary in size and, as Nathorst says, this
may indicate immaturity. The precise mode of oceurrence of
the spores has not been ascertained, but they were probably
produced in sporangia on the surface of the small microsporophylls.
These strobili have in all probability lost the female organs which
were borne on the pyriform axis, and the inference is that the
strobili were protogynous. Thomas? ecompares the ring at the
base of the flower-axis from which sporves were obtained by Nathorst
to the whorl of microsporophylls of Williamsoniella, but in
Wielandiella the sporophylls are greatly reduced and possibly
tunctionless. Wielandielle may he intermediate between the
bisexual Williamsoniella and the unisexual Williamsonia scotica.
In the second form of strobilus the pyriform axis is hidden and
t For figures of the stem and flowers, see Nathorst (02): (09).
* Thomas (152).

S. T 30
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the specimens consist of a central ovate body, approximately
Jem. long, surrounded by several lincar bracts (fig. 568, A).
The carbonised surface of the central region revealed on chemical
treatment a laivly regular pattern formed by the contiguous
polygonal ends of interseminal scales arranged round smaller
cylindrical micropylar tubes which project beyond the level of
the scales (fig. 568, B). This arrangement agrees closely with
that of the corresponding organs in Williamsonia and Cyeadevidea

Fia. 568, Wielandielle angustifolia. A, conical receptacle with hracts.
B, surface-view of scales]and micropylar tubes. (After Nathorst: A, § nat.
size.)

(cf. figs. 515, 564). [n Wielandiella the micropylar tubes are of
uniform diameter and the cells of the epidermis have smooth
walls in contrast to the micropylar tubes of Wellivmsonia (fig. 563).
The strobilus in this state, before the scales and ovules have become
detached from the axis, may be described as a small Williamsonia.
but the habit of the stem is in itself a sufficient reason for the
use of a distinctive generic name!.

A second species, Wielandiella punctata, deseribed by Nathorst®
from Scania is founded on pieces of forked stems associated with
fragments of a palisade-ring formed of contiguous segments
(microsporophylls) with microspores 58 in length. Fronds of
Anomozamites minor occur in the same beds.

1 Nathorst retains the name Anomozamites minor for the leaves, restricting
Wielandiella to the plant as a whole including strobili and stems which nsually
ocenr in organic union [Nathorst (13)]

* Nathorst (09) p. 25, PL vir, figs. 14—22.
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Mr Hamshaw Thomas' described some specimens from the
Middle Jurassic beds of Marske in Yorkshire which he suggested
might be pieces of a Wiclondiella stem. Additional material
was subsequently found and this enabled Thomas to produce
evidence in favour of connecting the branched vegetative axis
with bisporangiate strobili and the fronds of Taeniopteris vittata.
For the stems and flowers the new designation Williamsoniclla
has been proposed. Further research will no doubt show that
the Wielandiella type of stem was not exceptional in Rhaetic
and Jurassic floras.

Nathorst® suggests the possibility that some specimens from
the Solenhofen Slates described by Thiselton-Dyer?® as Condylites
syuanius may he allied to Wielandielln. The generic name
Condylites was suggested by the elbow-like branching of stems
which bore imperfectly preserved and apparently terminal cones;
the surface of the branches is covered with the scars of leaves.
The resemblance to Wielandiella is, however, slight and it would
seem more probable that the Solenhofen fossils are Coniferous,
though, as Nathorst says, the supposed scale-like ‘leaves’ may
be scars of Cycadean fronds.

Wieland? records the oceurrence in Mexico of stems similar
o those of Wielandielle associated with some Ofozamites fronds.

WILLIAMSONIELLA. Thomas.

This genus was instituted for specimens discovered by Mr
Hamshaw Thomas® in the Middle Estuarine series of the Middle
Jurassic plant-bed at Gristhorpe on the Yorkshire coast, and the
Zenng 1s recorded also from the (leveland distriet in the same
County. Williamsoniella oceurs in those parts of the Gristhorpe
bed where fronds of Taeniopleris viltata are abundant.

Williamsoniella coronata Thomas.

The type-species is represented by fertile shoots consisting of
4 central axis bearing hoth megasporophylls and microsporophylls
(figs. 569, 571, A). Below its crown-like sterile apex the pyriform
Peduncle is covered with small interseminal scales and ovules

! Thomas (13%), p. 239. * Nathorst (02) p. 16.
¥ Thiselton-Dyer (72). 1 Wieland (11) p 4a8.
& Thomas (152),

30—2
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similar to those of Willinmsonia: this portion is 6 mm. in diameter
and 1 em. long. A whorl of separate cuneate microsporophylls
forms a hypogynous 1ing below the basal interseminal scales:
each sporophyll is attached by a narrow base (fig. 570) and bears
5—6 reniform synangia containing microspores. The flower is
thus bisexual: it affords no conclusive evidence of the oceurrence
ol any covering bracts like those of most Bennettitalean flowers.
In young specimens the microsporoplivlls are closely packed

R

Fra. 570. Willingmsoniella coronata, Dia-

grammatic sketeh of a mierosporophyll

in section and in side-view. (After
Thomas; = 3.)

}

e

Fic. 569. Williameoniella coronata.
Vertical seetion of the fower
showing the pyriform axis with
small megasporophylls and inter-
seminal scales and the microsporo-
phylls with synangia.  (After
Thomas; x 2.)

round the axis (fig. 571, B). The flower-stalks reach a length of
3-5 ¢m. and are 3 mm. in diameter., Fig. 571, C, shows a 1~f'r'.91)1:-LCIE'-
from which the sporophylls have fallen: the 1]iil.'l't,Jn|JI,)1‘()].')|1_V]15
having been no doubt attached to the collar-like swelling at the
hase. Towards the apex the axis becomes broader and at § @
few interseminal scales are left: above these is the apical (lir:'.t‘
(corona) characterised by longitudinal ribs. An apical disc 18
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reproduced in fig, 572 it has the form of a royal erown 1- 2 mm.
high with 12—16 vertical ridges separating flat surfaces formed

by the pressure of microsporophyll apices in the unexpanded

e
C

Williemsondella coronate. A, flower showing two microsporophylls
and the central axis with megasporophylls.
flower,

Fre. 571,
B. apical view of an unexpanded
¢, flower-axis showing the shallow grooves made by the infolded

microsporophylls, which have fallen, and a few megasporophylls, 5. (After
Thomas; A,x13; B, (%, x3.)
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flower. The corona is surmounted by a small conical elevation
which represents the apex of the fertile axis. An apical view
of an unexpanded flower is shown in fig. 571, B; the tips of

sporophylls are closely pressed against the corona which probab
consists in part at least ol fused inter-
seminal scales.  The microsporophylls

12
Iy

were shed after the dehiscence of the
synangia. Hach sporophyll is flattened
on the sides and thicker on the curved
outer edge; the synangia, usually in two
rows of three. are borne on the slopin

o
(=]

sides (figs. 569, 570). The surface of 2 micro- ) o |

- y ] il &5 cow i el 1l ) fad Fre, 572, Williamsonielln
sporophyll is covered with sma rounded eoronatic Aptoal @isswith
projections which produce a characteristic  m
appearance. The form of a microsporophyll
in section ig shown in fig. 570 the synangia
are gimilar in shape to those of Cycadeoiden
and Williamsonia (¢f. figs. 531, 549, ete.) but there are no external
indications of septa like those seen in some other tvpes. On

asporophylls and in-

minal scales at thoe
(After Thomas:

macerating some specimens 1t was found that the spores occur
in about 20 groups. The eiveular or elliptical spores are 0-02 mm.
in diameter. The walls of the epidermal cells of the micro-
sporophylls are straight: the stomata, which show the features
characteristic of the Bennettitales, agree closely with those of
Taenopleris cillale.

The interseminal scales associated with the ovules and covering
the pyriform axis above the microsporophylls are more or less
flattened and hexagonal and the mieropylar tubes often project
far beyond the scales. Each micropyle-tube is surrounded by
2—6 interseminal scales (¢f. fig. B564). The ovules differ from
those of Cyeadeoiden Gibsoriane in the absence of a distinet
pedicel and agree with the corresponding organs of Williamsonia
seotica’. In the absence of epidermal papillae the mieropylar
tubes resemble those of Wielandielle angustifolia. As already
stated, the flowers appear to be without protective bracts, but in
the shale from which the specimens were obtained a few bract-like
organg were discovered consisting of a lanceolate lamina 1-5 cmi

1 See page 449,
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Wra. 573. Williamsoniellae coronate. Restoration of part of a plant: the upper
leaves are represented only by the petiole-bases. (After Thomas; ca. § nat.
size.)
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long, and 2—3 mm. broad near the base, and some showed a small
oval lamina at the apex with a midrib and dichotomously branched
lateral veins. These bracts with the terminal lamina are regarded ‘
by Thomas as almost certainly reduced leaves of the Taeniopteris
viltata type: they are represented in the restoration (fig. 573) |
as occwrring at the basge of the flower-peduncle. Stomata were
found on the bracts exactly like those on the microsporophylls,
and this affords a strong argument in support of the view that
Williwmsondella belongs to the plant which bore Tueniopteris
fronds. There is a close parallelism between the bracts accom-
panying Williamsonzella flowers and those deseribed by Nathorst
in connexion with Wielandiella. Tt seems reasonable to regard
the bracts as serving the purpose of bud-seales. '
An important point is the constant association with the
flowers of Taeniopleris vittata fronds, a species described in Vol. 11
and by most palaeobotanists regarded as a Fern frond. Taenio-
pleris leaves occasionally show a clean-cut base? and in specimens
described by Thomas there are two small humps on the surface
of the proximal end of the petiole which represent vascular
bundles. Humps ol similar size oceur on the leaf-scars of stems
which are believed to have borne hoth Taeniopteris leaves and
Williamsowiella flowers. Fragments of the stems were found in
association with flowers: they are 7 mm.—2 em. in diameter and
‘ frequently forked and there is evidence that the flowers were
borne at the forks, the shoot forming a dichasial system. The
habit of the plant is represented in fig. 573 reproduced from
Mr Thomas’s paper.

Williamsonsella Lignieri (Nathorst).

This species described by Nathorst as Williwmsonia? Ligniert
til from Whitby is regarded by Thomas as a Williamsoniella. The
stomata on the mierosporophylls agree with those of Taeniopteris
and the spores obtained from Nathorst’s flower-buds are like |
those of Williamsonielle coronata. Evidence is adduced by
Thomas in favour of regarding W. Lignieri as bisexual and nof
unisexual as Nathorst supposed,

1 Bee page 463.
% Seward (00) B. xvr. fig. 1; Thomas, H. H. (152) PL xiv. fig. 26. ‘
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In habit Williamsoniella resembles Wielandiella: in the latter
genus the foliage-leaves were eonflined to portions of the stem near
the forks, while in Williamsoniella they were more uniformly
seattered :  Wielandielle bore leaves of the dwnomozamites form
while Willicmsoniella Hlowers are always associated with Taenio-
pieris fronds, The much greater spore-output of Willinmsonia
may, it is suggested by Thomas, be correlated with the unisexual
_nature of the flowers of that species. The microsporophylls of
Williamsondella difier in their more reduced form from the pinnate

microsporophylls of Williamsonia, eg. W. spectabilis, and agree
more closely with those ol Wielandielln. The microsporophylls
of Williamsoniella ave free and not connate at the base as in
Cyeadeviden and Williwmsonia. In its pyriform axis Walliom-
sonsella vesembles Willigmsonia gigas and differs from Welliamsonia
Leekenbys in the possession of a sterile apical corona: Williwm-
somielle has megasporophylls and microsporephylls both of which
appear to be funetional, while in Cyeadeoiden tully developed
microsporophylls oceur in association with megasporophylls which
are immature and must have matured much later than the micro-
sporophylls. The new genus agrees with Willlamsonia in its
general features, but the flowers are smaller and are characterised
by the considerable reduetion and simplification of the male

oreans.

CYCADOCEPHALUS. Nathorst.

This genus was founded® on a specimen from the Lower
Rhaetic of Scania, at first regarded as a megastrobilus and on
further examination?® found to he a collection of microsporophylls
resembling those of Williamsonia and Cycadeoiden. The type-
Species is Cycadocephalus Sewardi, and a second species, . manor,
Wwas subsequently discovered by Dr Halle at a slightly higher
horizon in the Rhaetic series. Prof. Nathorst’s most recent
account of the genus affords a striking illustration of the possi-
bilities of the method, which he has employed with conspicuous
Succegs, of investigating carbonised fossils by means of euticular
Preparations.

1 Nathorst (02) p. 7, PL 1.
2 Thud. (09) p. 27, PL vimn; (12%) Plsi 1., 1m: (12).
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Cyeadocephalus Sewardi Nathorst.

The type-specimen consists of an oval cluster of 16— 18 linear
microsporophylls, 9 cm. long, springing from a small cireular
disc formed of their concrescent and narrow bases. The
whole flower (fig. 574) exclusive of ‘the peduncle is 10 cm. long
and 7em. broad. The portion of the comparatively slender
peduncle that is preserved shows no trace of leal-sears. In the

Fia, 574. Cycadocephalus Sewardi. A. surface-view; o, appendages. B, the
same specimen, after the removal of some of the microsporophylls. showing
the appendages. €, section of a microsporophyll showing the attachment
of appendages. 1, section of an appendage. (After Nathorst. A, B, §
nat. size.)

middle of each linear microsporophyll is a keel-like midrib and
on either side of this is a series of lincar appendages (fig. 574)
2—3 em. long lying in a radial direction towards the centre of
the flower. These appendages were originally thought to be
seeds (fig. 574, a), but it was suggested by Wieland that they
might be synangia, the circle of leaves being the male portion ol
a bisexual flower of the Cycadeoides type. Nathorst’'s more
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complete investigation of the specimen confirmed the first of
these suggestions, but there is no evidence that there was an
ovulate receptacle in the centre of the flower. The appendages

re attached by a rather broad and slightly cordate base and
are represented by a thin carbonised cuticle of rectangular cells
showing in one case a row of imperfectly preserved stomata:
on this are numerous groups of tetrahedral microspores, about
55p in diameter, which show a more or less well marked arrange-
ment in rows transverse to the long asxis of the thin laminae.
It is clear from Nathorst’s researches that the groups were enclosed
in loculi bounded by thin-walled cells', the loculi being in trans-
verse rows on each side of a midrib. Nathorst speaks ol the
appendages as synangia characterised by the large number of
the gporogenous compartments, and he compares them especially
to the fertile leaflets of Danwmen elliptica as deseribed by Bower?,
each appendage being comparable with a revolute Danaea pinnule
in which the edges of the lamina are united. This is illus-
trated by the section of an appendage (fig. 574, D) reproduced
from Nathorst’s restoration ol a Cyeadocephalus microsporophyll.
From a morphological point of view it would seem more appro-
priate to speak of the appendages as highly modified pinnules
rather than synangia. The second spgcies, (. wanor, agrees
clogely except in its smaller size with the type-species. Nathorst
regards Cyeadocephalus as a nnisexual flower differing from those
of Williamsonie and from the microsporophyll-verticils of Cyea-
deoidea in the structure of the synangia and in the tetrahedral
form of the spores, though the latter feature he considers to be of
secondary importance, as both bilateral and radial spores oceur
in recent Marattiaceae. Ie includes the genus in the Bennetti-
tales but suggests that it should be referred fo a separate family
as an indieation of the possession ol characters which mark it
off from Williamsonia, Weltrichia, Wielandiella, and Cycadeoidea.
WELTRICHIA. Braun.

The name Wellrichia was given by Braun® to some Rhaetic
fossils discovered by Weltrich near Culmbach in Franconia which

! See the photographs reproduced in Nathorst’s latest and most complete
fcconnt (122).
* Bower (97) B. 4 Braun (49). (I have not seen this paper.)
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represent funnel-shaped structures, the lower part having the
form of an incomplete cup made of the concrescent hases of about
20 broadly linear segments which in the upper part are separate
lanceolate lobes each with a midrib and slightly curved inwards
at the apex. The whole, nearly 10 em. long and 9 em. in diameter
al the upper edge, is very similar to the specimen of Williamsonia
spectabilis reproduced in fig. 551.  Braun described three species,
but he realised the possibility that the different forms may be
different stages in the development of a single type Weltrichia
marabilis. e assigned the genus to the Rhinantheae. Saportal
drew attention to the resemblance of Braun’s species to some
examples of Williamsonia from Yorkshire which he considered
to be portions of a sterile appendage borne at the apex of the
flower. Bome account is given of two types of funnel-like
structures connected with Welliamsonia flowers on a previous
page®: one of these has been shown hy Nathorst to be a whorl
of microsporophylls, and it is with this that Weltrichia agrees.
An important feature of Wellrichin is the oceurrence of short
linear segments, 58 mm. long, attached to the inner face of
each of the free portions of the linear lobes: the lobes, or more
correctly the free apical portions of the fertile leaves, and their
slender appendages are compared by Nathorst® to the micro-
sporophylls and relatively long synangia-bearing appendages of
Cyeadocephalus.  These, presumably fertile, segments of Weltrickia
project in the Hattened impressions beyond the edges of the free
lobes of the campanulate flower and look like marginal teeth,
though they are actually attached on each side of the midrib
and originally extended, as in Cycadocephalus, towards the centre
of the funnel-shaped flower. The examination of one of the type-
specimens acquired by Nathorst* for the Stockholm Mugewmn
enabled him to confirm his earlier conclusion that Weltrichit
represents the male portion of a flower, whether unisexnal or
bisexual cannot be definitely determined, of a Bennettitalean
plant. There is, as Nathorst states, a close agreement in plan
between Weltrichia, Cyeadocephalus, and Williamsonia, and indeed
it is not clear in what respects Weltrichia is sufficiently distinct

L Saporta (91) p. 191, Pls. 253—255. 2 See page 428,
* Nathorst (09) p. 28. i Ibid. (11%); (12%).
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from Cyeadocephalus to be retained as a separate genus. Our
knowledge of Weltrichia is, however, less complete than in the
case of Cycadocephalus and Williamsonia. Tt is noteworthy that
Braun’s specimens and those on which Cycodocephalus was
founded were obtained from Rhaetic rocks. An account of
Weltrichia has also been published by Schuster! who differs
from Nathorst in hig interpretation of the type-specimens: he
considers that another fossil deseribed by Braun and named
by him Palaeozyris microrhombea is the central, female, portion
of a Welirichia flower, a view that is not supported by any sub-
stantial evidence. The specimens referred by Braun to Palaeoxyris
and afterwards transferred by Schimper? to the genus Lepidanthiusm
are too obscurely preserved to be determined with any degree of
confidence, and their connexion with Weltrichia is purely hypo-
thetical. With Wellrichie Schuster also connects the fronds
known as Olozamates brevifolius Braun and some impressions of
stems, combining all in a restoration of a ecomplete Wellrichia
plant which rests more on imagination than on fact, Attention
has elsewhere® been called to some wholly misleading and incor-
rect statements made by Schuster which vitiate the wvalue of
his descriptions.

Saportat described a species of Weltrichia, W. Fabrei. from
French Rhaetic strata at Mende (Lozere) which bears at least a
close superficial resemblance to Willicmsonia spectabilis, and the
same author founded another species, Weltrichia oolithica, on a
drawing by Zigno of a specimen from Jurassic rocks in Italy;
but this appears to be too imperfect for aceurate identification.

All that can be said as to the nature of Weltrichia, as illustrated
by the type-species, is that it represents a Rhaetic example of
a verticil of microsporophylls very similar to those of Williamsonia
and Cycadocephalus, if not generically identical with the latter
form.,

o

Schuster (11%).

* Schimper (72) A, p. 200.

Zeitseh. f. Bot. 1912, p. 456,

BSaporta (91) pp. 204, 206, Pls. 254, 255.

e




CHAPTER XXXVIII.

CYCADOPHY'TA.

I. Cvcapeax STEMS OTHER THAN (YCADEOIDEA.

Most of the stems now under consideration are Tepresented
by casts or impressions and aflord no information with regard to
anatomical characters. They are in many cases more slender
and less tuberous than typical Cycadecideas, and a few are
characterised by an irregular form of branching, as is shown in
some specimens of pith-casts from Wealden strata in Tilgate
Forest figured by Mantell' and now in the British Museum. The
genus Wielandiella® (fig. H66) is an altogether distinet type repre-
sented by flowers as well as vegetative organs. Several generic
names have been proposed for Cycadean stems agreeing with those
of many recent Cycads in the possession of an armour of persistent
leaf-bases, but distinguished {rom Cycadeoidea in the absence of
any fertile lateral shoots intercalated among the petiole-bases.
It is, however, impossible in most cases to give any satisfactory
definition by which these genera can be distinguished from one
another; the characters employed by Carruthers®, Saporta?, and
other authors are of comparatively little importance as trust-
worthy criteria and to a large extent are merely the expression
of different states of preservation or of differences in age. Atten-
tion has elsewhere been called to the absence of any clear dividing
line between stems referred to Bucklandia, Yatesia. Fittonia and
Cylindropodium. The species Cycadeoidea gigantea described on
a previous page affords an instructive example of the diffienlty

I Mantell (27). # See page 463,
¥ Carruthers (70). 1 Saporta (75) A, pp. 256 et seq.
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b

of drawing 4 generic distinction between certain types of Cycadean
stems: in habit, in the form and structure of the leaf-bases, and
in the ramenta this species is identical with other species of Cyea-
deoidea, but it differs in the absence of lateral fertile shoots, a
feature that may have no morphological significance. Tt has
alveady been pointed out that the absence of flowers intercalated
among the leaf-bases may simply mean that the plant had not
reached the stage of flower-production, or their absence may be
due to some unfavourable conditions. Similarly the stems for
which Saporta proposed the generic name Clathropodium agree
in every respect with Cycadeoidea except in the absence, apparent
orreal, of lateral flowering branches. Such types as Clathropodium

Joratum Sap. and €. sarlatense Sap.?, the latter probably from

Upper Jurassic beds and the former from an unknown loeality,
should be included in the genus C'yeadeoidea. The stem referred
by Saporta to his genus Platylepis as P. micromyela® was originally
assigned to Cycadeoidea and more recently Lignier has wisely
adopted the original generic name. The generic term Bolpopodiwm,
also Instituted by Saporta®, is applied to small tuberous stems
which appear to be identical with the Cycadesidea type.

Having regard to the meagre data supplied by casts of stems
preserved in various stages of defoliatien, and in view of the
impossibility of drawing other than purely arbitrary generic
distinetions, it is preferable to employ one generic name in a
liberal sense for stems that there is good reason to regard as
plants that cannot reasonably be referred to Cycadeoidea. The
name Bucklandia is thus employed, and a few examples are de-
seribed in illustration of the external features of stems that are
undoubtedly Cycadean but in most cases readily distinguished
from Cyeadeoidea. There are substantial grounds for stating that
Plants which bore flowers of the Williamsonia type possessed
Stems having the characters ol Bucklundia. Tt should, however,
be remembered that we cannot always draw a clearly defined
distinction between flowers included in Williamsonia and Bennel-
lites, or ('yeadeoidea, particularly when they are represented only
by detached ovulate strobili as in Uyeadeoidea ( Bennettiles) Morierer
and Williamsonia scotiea.

! Baporta (75) A. p. 203, Pls. 123,124, @ Seep, 415. 3 Saporta (75)A. p. 266,
1 I i 1
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BUCKLANDIA. Presl.

Bucklandia was proposed by Presl! for a plant described by
Mantell* from the Wealden of Tilgate Forest and compared by
him to the Huphorbiaceae and arborescent Fems: the same

generic name was given by Robert Brown in 1832 to a recent

member of the Hamamelidaceae. Stokes and Webh?® referred
the same fossil to Clathrarie, a name applied by Broneniart! to
certain types of Sigillarian stems and afterwards adopted by him
for the Tilgate Forest species, €. Lyelli. Presl ‘with remarkable
diserimination’ recognised the Cycadean nature of the specimen.
Carruthers® in his definition of Bucklondia includes a statement
ag to the nature of the carpellary leaves and suggests that a cone
associated with the stems may be a staminate strobilus: the
cone is undoubtedly a megastrobilus of an Araucarian plant and
there is no evidence with regard to the nature of l:‘iHlF:‘l' the male
or female reproductive organs in the material that he describes
though, as already pointed out, there are reasons for helieving
that Williamsonia flowers were borne on branches of Bueklandia
stems. The flowering shoots were not short and intercalated
among the petiole-bases as in Cyeadevidea with the strobili ha rely
projecting beyond the surface of the leat-hase armour. but they
formed comparatively long branches, sometimes forked. at the
apex of the main stem (¢f. figs, 541—543).

Bucklandia is usually represented by casts, from Rhaetic to
Lower Cretaceous strata, differing from Cyeadeoidea in the absence
of numerous axillary short fertile shoots, in the more slender form
and greater length of the stems, and in the less uniform size of
the persistent leaf-bases which assume various forms., Some of
the specimens reach a length of 4 feet and afford evidence of
oceagional branching: the surface is covered with leaf-hases
preserved as imbricate, broad, and obtuse or truncate scales
(fig. 575), or' as slightly convex polygonal areas in some cases
showing a ten:,lr&u}—' towards an irregular zonal arrangement of
larger and smaller leaf-bases (fig. 576). Within the armour of
leaf-bases there may be a cast of the large pith the surface-features

v Presl in Sternbery (25) A. p. xxxiiis 2 Mantell (27).

3 Stokes and Webb (24). 1 Brongniart (22) A, p. 209; (28) A, p. 128.
# Carruthers (70) p. 682,
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of which are practically identical with the cast of a recent pith
reproduced in fig. 398, Casts of the pith preserved as separate
fossils are included in the genus Cycadeomyelon.

There is evidence of the occurrence of more than one zone
of vascular tissue in a stem [rom Lower Greensand heds of Bed-
fordshire deseribed by Carruthers as Yatesia Morrisis' (= Buck-
landia Yatesiz), and Dr Stopes® has recently described a species,
B. buzzardensis (fig. 578), with several zones of conducting tissue.
This feature has not so far been satisfactorily demonstrated in
Cyeadeoidea. An Indian species, Bucklandia indica, shows that
the secondary xvlem is more compact than in typical Cycadeviden
stems, and the tracheids have multiseriate pitting.

Two long and narrow stems figured by Nathorst from the
Rhaetic of Scania as Bucklandia Saportana® difier from other
species in the irregular arrangement of the leaf-bases which in
certain regions are crowded as in the typical example of the
genus shown in fig. 576, but in the intervening portions of the
stem they are few in number and widely separated by the finely
striated bark. This type, though similar to some specimens of
Fnglish, Mexican, and Indian Bucklandias in the zonal differences
m the leaf-bases, represents an extreme case of the alternation
of smaller and crowded and larger and, scattered leaf-scars. It
18 by no means unlikely that Bucklandia Saportana forms a transi-
tion between Bucklandia and the stem of Wielandiella described
by Nathorst from the same region: in Wielandiellu the leaf-scars
are concentrated at the region of forking but a few occur elsewhere :
i B. Saportana there is no evidence of branching and in this
respect 1t differs from Wielandielle.

Bucklandia anomala (Stokes and Webb).

This species, from Wealden beds in Sussex, wus fivst described
by Stokes and Webb* as Clathraria anomala, and the same type
Was figured by Mantell and other authors as Clathraric Lyells.
_l‘he specimens referred by Carruthers to Bueklandia anomala and
B. Mantelli® do not exhibit any well defined specific differences,

' Carruthers (67); (70) p. 688. 2 Stopes (15) p. 309. See postes, p. 486.
* Nathorst (86) Pl xvrm. fig, 5.
* Stokes and Webb (24) Pls. x1v.——xviL,
* Carruthers (70) p. 686, PL 1iv. See also Seward (95) A. p. 123,
8. 1 31
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and there would seem to be no reason for retaining both specific
names. The petiole-bases are usually sub-rhomboidal in form
and convex or flat, but in some stems more of each petiole is
preserved and the surface is covered with broad imbricate scales
(fig. 575) similar to some of the detached scales described under

] i il
i

Fra. 575. Bucklandio anomala. (British Museum, No. V. 3690 ;
rather less than natural size.)

the generic name Cycadolepds. Pith-casts occur both in connexion
with the Bucklandiz stems and as detached specimens. The
leaf-bases often show an irregular zonation of smaller and larger
rhomboidal areas. The pith-cast in the lower part of the specimen
from the Wealden of Cuckfield in Sussex shown in fig, 575 i8
b x 35 em. in diameter.
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Bucklandia Ruffordi Seward.

This species, from the Wealden beds on the Sussex coast!, was
originally described as Fittonia Ruffordi, but in the absence of
any well defined distinctive features that can be regarded as of
morphological significance it is better to include it in Bucklondia.
The species afiords a good example of a long and narrow type of
stem, one specimen reaching a length of nearly 80 em. with a
breadth of about 10 em.; the surface is covered with persistent
leaf-bases 1-7 cm. in depth with a scar agreeing in size and shape
with the base of a frond of Ofozamites Goeppertianus (Dunk.)?
found in the same beds. There is no indication of any alternation
of large and small leal-bases, and the species is characterised by
the uniform size and relatively greater depth in a vertical direction
of the leaf-base areas. In all probability the stem bore fertile
branches similar to those of Wiulliwmsonia gigas with flowers of
the Williamsonia type: the fronds may have been those known
as Otozamiles Goeppertienus, but this has not been demonstrated.
A stem described by Carruthers from the Lias of Lyme Regis
as Yatesia gracilis® and afterwards included by me in Cycadeoiden*
18 very similar to B. Ruffordi in its long and narrow form and in
the shape of the leaf-bases; it should be transferred to Bucklandia
as B. gracilis (Carr.). 4
Bucllandia Milleriana Carruthers.

This species was lounded on a cast from Lower Oolite beds
at Brora in Sutherlandshire® characterised by leal-bases very
similar to those of B. anomala but smaller. Casts from the same
locality were named by Carruthers Yalesia crassa and Y. Joas-
Siana®, but an examination of speeimens in the Dunrobin Museum
leads me to regard these forms as indistinguishable from B.
Millerigng. The specimen reproduced in fig. 576 from the Great
Oolite of Brora illustrates the external characters of a typical
Stem and shows the variation in thie size of the leaf-bases.
A portion of the pith-cast is exposed in the lower part of
the stem.

Y Seward (95) A. p. 132, PL 1x. fig. 6; (13) p. 101,

* Ibid. Pl 1, fig. 2. & Carruthers (70) p. 689, PL nv. fig. 2.
! Seward (04) B. p. 45. & (arruthers (70) p. 687, PL uv. fig. 1.

® Carruthers, p. 689, PL Lv. figs. 7—9.
ol—2
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Bucklandia Yatesiz (Carruthers).
This type from the Lower Greensand of Bedfordshire (fig. 577)

was described by Carruthers as Cycadeoidea Yatfesii and subse-
quently named Yalesie Morrisii'. Ward expressed the opinion

Fra. 876. Bucklondia Milleriane. Brora, Scotland. (Manchester Museum,
L. 7229, ca. & nat. size.)

that the name should be Yafesia Yafesii, but as Bucklandia 15
now used to include Yatesia thiz combination is fortunately avoided.
The stem is eylindrical, 20—30 em. long and 12 ¢m. in diameter

L Carrathers (67); (70) p. 688, PL Ly. figs, 3—6. See also Seward (95) A. p. 166
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covered with rhomboidal leaf-bases separated from one another
by a ramental reticulum. There are two concentric vascular
cylinders as stated by Carruthers. In a recent account of this
species Dr Stopes' adds further details: the xylem-eylinders are

Fia. 577. Bucklandin Yatesit. Type-specimen in the British Musetni.

151 . . . .

=8 mm. wide and the tracheids occur in single rows or there
fay be bands 45 elements broad; the cireular bordered pits
4re uniseriate or in two alternate series. The meduollary rays

L Stopes (15) p. 299, text-figs. 93—97.
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are broad hut the cells are not preserved. The pith-cast is ol
the usual Cyecadean type.

The type-specimen was presented by the Cirencester Collece
to the British Musenm.

Bucllandia buzzardensis (Stopes).

This species, from Lower Greensand beds at Leighton Buzzard
and believed to be derived [rom Wealden strata, iz deseribed by
Dr Stopes! as Cycadeoidea buzzardensis. Though agreeing generally

Fra. 578. Bucklandin buzzardensis.  Rongh sketeh of a block of wood showing
parts of at least eight econcentrically armanged rings of secondary wood.
(After Stopes: x %)

with B. Yafesii, the stem is specifically separated on the ground
that the petiole-bases are more expanded laterally and hecause
of the oceurrence of several vascular eylinders (fig. 578), sometimes
as many as eight, each with a maximum diameter of 1 cm.
Dr Stopes thinks it possible that B. buzzardensis is an older form
of B. Yatesii.

! Stopes (13) p. 309, text-figs. 98—100.
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Bueklandia squamoss (Brougniart).

Sternberg first described this species as Clonites Bucklandil
and regarded it as a cone bearing large imbricate cone-scales;
it was named by Brongniart Bueklandiu squamosa® and Carruthers?
retained this designation. The type-specimen, in the Oxford
Museum, from the Stonesfield Slate is 18 cm. long, showing in
the lower part a cast of the pith. The surface of the stem is
covered with thick imbricate petiole-bases very like those on
the stem of a recent Encephalartos.

Bucklandia (Fittowia) squamala (Carruthers).

Carruthers* founded the genus Fittonie on a single specimen
from the Wealden beds of the Isle of Wight, separating it from
Bucklandia on the ground of the oecurrence on a portion of the
stem of large imbricate leaf-hases which are at first reflexed and
then ascending: the stem is also broader and more tuberous than
most species of Bucklandia. The type-specimen, in the Museum
ot the Geological Survey (Jermyn street), hears a close resemblance
to a trunk of a recent Hncephalurios, but the part of the stem from
which the imbricate stumps have fallen is practically identical with
& Bucklandia. As in certain recent Cycads the surface-features
probably changed with the age of the .plant; when the foliage-
leaves were first shed a portion of the ascending petiole remained
on the stem, and at a later stage this was cut off leaving a clean-cut
rhomboidal sear like those on the Buellandiz shown in lig. BTG,
The difference between Fittonie and Buchlondia may, therefore,
be a question of age. While substituting Bucklandia for Fittonia
4s the generic name the latter designation is added in parentheses
to denote the possession of eertain features which, though possibly
uf generic value, are not regarded as sufficiently important norpho-
logically to warrant generic recognition.

The type-specimen of Saporta’s species Fitfonia insignis®,
i the Paris Museum, from the Oxfordian of Poitiers, appears
hardly distinguishable from #. squamate, Carr.  Another type
With broader imbricate petiole stumps is deseribed by Saporta
from the Portlandian near Boulogne as Fittonia Rigauzi®.

* Sternberg (25) A. PL 30. * Brongniart (28) A, p. 128.

# Carruthers (70) p. 686, v Ibid. (70) p. 690, Pl Lvi.
& Baporta (76) A. p. 308, Pla. 125, 126. 8 fhid. p. 322, Pl 127, figs. 1-—3
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Bucklandia indica Sp. nov.

Oldham and Morris! and subsequently Feistmantel? described
some specimens of Cycadean stems from the Rajmahal Hills of

Fic. 579. Bucklandia indica. A, side-view showing the leaf-hases and attached
petioles of Ptilophyllum, also (to the left) a fragment of o dotached Ptilo-
phyllan leaf. B, lransverse section showing the pith, xylem eylinder.
cortex, and sections of petioles. (British Museum: nat. size.)

India of Lower Jurassic age: the latter author regarded them as

stems of Williamsonia because of their association with flowers

of that type, a conclusion fully justified by the evidence. Feist-

1 Oldham and Morris (63) B. Pl. xxx1v. * Feistmantel (772) p. 78.
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mantel also called attention to the resemblance of the Indian
stems to specimens deseribed from British strata as Bucklondia
and Yalesia. Although the Indian examples are very similar
to stems from Mexico discovered by Wieland® and to some of
the English types, it seems desirable to refer to them under a
spectiic name and I therefore suggest the jnstitution of the specific
name indiea, the type-specimen being that represented in fig. 579.
This specimen is particularly interesting because it affords some
information as to anatomical features and is one of the few fossil
stems preserved in organic connexion with leaves (fig. 579, B).
A short account of it was published in 19002 and more recently
Miss Baneroft® has made a fuller investication of this and other
Indian specimens. The stem shown in fig. 579 from the Rajmahal
Hills, and now in the British Museum, hears fronds of Ptilophylhum
cutchense Morr., a type that appears to be indigtinguishable from
P, pecien: and with similar stems from the same beds are associated
flowers of Williamsonia. Miss Bancroft describes a bract-covered
shoot which agrees very closely with those of English stems repro-
duced in figs. 541, 542. In addition to the evidence based on
close association, there is the more important argument furnished
by the discovery of ramental hairs like those on the bracts of
Williamsonia scotica and of anatomical” characters in the bracts
similar to those in the Scotch strobilus. The persistent leaf-
bages are far from uniform in size: in this respect and in their
form they agree closely with those on Bucklandia stems from
English and Mexican localities. The secondary wood is more
compact than in recent Cycads or in Cycadeoiden, though it
resembles that of Cycadevideq micromyela; the medullary rays
are uniseriate and the tracheids have multiseriate bordered pits
on their radial walls instead of the scalariform pitting in the
tajority of Cycadeoidea stems. Secretory canals are abundant

in the parenchymatous ground-tissue; the cambium and phloem
are not preserved?®.

The transparent nature of the silicified material rendered ver ¥
difficult the examination of the tissues, but enough was discovered

! Wieland (11) p. 440. ¥ Seward (00) B. p. 194
& Bancroft (13).
! For illustrations and further details see Bancroft (13)
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to show that these Indian stems arve characterised by certain
features, the more compact nature of the secondary xylem and
the presence of multiseriate pitting, which distinguish them from
the Cycadeoiden type. TFurther knowledeze of the anatomical
features of the Williamsonia (Bucklandia) stems from other
localities might enable us to recognise these or other peculiarities
as constant distinguishing characters of Bueklundia in contrast
to the Cycadeoidea stems which bore the Bennetfites type of
fower.

Cycadeomyelon. Saporta.

Casts of the pith-cavity of Cycadean stems, like that shown in
fig. 575 projecting beyond the armour of leaf-bases, are oceasionally
found as separate fossils and cannot always be referred to a
particular species of stem. TFor such detached casts Saportal
instituted the name Cyeadeomyelon: they are characterised by
their comparatively large dizmeter and by the possession of
surface-features similar to those on the corresponding cast from
a recent Cycadean stem shown in fig. 398, namely spirally disposed.
more or less prominent. lozenge-shaped areas formed by the
sand or mud filling the cavities left on the decay of the parenchyma
of the broad medullary rays of a manoxylic stem. Occasionally
a slit at the lower end of a medullary ray area marks the position
of the leaf-trace bending outwards from the lower angle of the
mesh in the xylem-lattice®. Tignier figures part of a pith-cast
of Cycadeomyelon Apperti® in which each medullary-ray area
has a circular depression and not a slit extending from the lower
angle: this may indicate that the surface shown on the cast is
slightly external to the inner edge of the stele and in a plane where
the leal-traces were embedded in the parenchyma of the rays and
free from the xylem-eylinder.

Large and branched examples of Cycadeomyelon were figured
by some of the earlier authors from English Wealden beds
as species ol Clathraria* and in many cases these are undoubtedly
pith-casts of Bucklandia stems: a similar east is figured under

1 Saporta (75) A. p. 331, Pl 119, fig, 3. 2 Lignier (95) p. 11, fig. 1.

5 Ibid. p. 15, fig. 2.

1 Btokes and Webb (24) PL xuy. : Mantell (27), ete. See Seward (95) A, pp. 126
130, ete., for other references.




XXXVIII] COLYMBETES 491

this name by Schenk from the Wealden of North Germany.
From TLiassic beds in Normandy Lignier figures two species of
Cyeadeomyelon, €. Apperti and C. densecristatum. The surface-
features of Cycadeomyelon resemble those of the Palaeozoic genus
Pylodendron (see Vol. 1v.), but in the latter genus the nodal
swellings are a characteristic peculiarity. Though medullary
casts of this type are of no great botanical importance and their
specific distinctions are of little value, it is safe to assume that
broad medullary casts with comparatively large lozenge-shaped
areas belong to Cyecadean stems, while narrower specimens with
smaller lozenges are more likely to be pith-casts of Coniferous
stems.

Lester Ward! instituted the genus Feustmantelia for some
Lower Cretaceons casts from the Black Hills which he compared
with an Indian fossil from Cuteh deseribed by Feistmantel as
‘the stem of a Coniferous plant®’ and with pith-casts figured
by Stokes and Webb as Clathraria anomala. 1t is impossible to
determine the systematic position ol such imperfect specimens
as that on which Ward founded his species F. oblonga: they may,
ag Hollick and Jeffrey® suggest, be casts of the bark of some
Conifer; there is certainly no good reason for conmecting them
with Cyeads. '

COLYMBETES. Stopes.

Colymbetes Edwards: Stopes. This genns* is founded on the
inner portion of a petrified trunk which was probably cylindrical
and more than 12 em. in diameter, consisting of a pith, 7-5 cm.
in diameter, and part of a vascular cylinder of remarkable structure.
The type-specimen is of Aptian age and may have come from
Leighton Buzzard (Bedfordshire). The pith (fig. 580, p) consists
of large parenchyvmatous cells and numerous secretory canals:
the perimedullary zone, pm, is characterised by the occurrence
of loosely disposed tracheids in groups and radial rows pursuing
a sinuous longitudinal course in the accompanying parenchyma.
The tracheids in this region are small in diameter and have oval,
scalariform, or circular pits. Abutting on the perimedullary

! Ward (99) B. p. 693, Pl 169, fig. 19.

* Feistmantel (76%) PL x. fig. 2. 3 Hollick and Jeffrey (09) B. p. 17.
1 Btopes (15) p. 314, Pls, xxxr., xxx11., text-figs. 101—111.
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zone is the secondary xylem the inner edge of which forms bays,
aud this is composed of alternating zones of vertical and horizontal
tracheids (fig. 580, y—ay: fig. 581) with bordered, scalariform,
pits on their walls traversed by medullary rays generally biseriate
and from 4 to 30 cells deep. The disposition of the tracheids is
such as to render transverse and radial longitudinal sections

(t.

p.

Fra. 580. Colymbeles Bdwardsi. Transverse section showing ten alternating
zones of wood outside the perimedullary zone, pm; yy. . ete.. vertically
running xylem series; 2y, a,. ete,, horizontally running xylem series; p, pith:
i, leaf-traces. (After Stopes; x 2.)

practically identical in appearance; the first zone of secondary
xylem with its bayed inner edge consists of vertically running
‘ elements; this 1z succeeded by a zone in which the tracheids
pursue a horizontal course, and bevond this second zone is another
band of vertical elements (fig. 581). “Where the one zone passes
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into the next, a curving of the elements is frequently evident,
and in a few cases it is quite possible to trace a single radial series
of tracheids throngh an angle of 90° running in the same section,
lirst as a transverse and then as a vertical series. One and the
same medullary ray also can sometimes be followed, first in trauns-
verse and then in radial longitudinal seetion, which later again
turns to true transverse. The inference is therefore drawn that
there was but a single ecambium, which had periodic changes ol

X3 Yo a2 Ya Xs

!
iy

)

b X
Vi s
pm. —j_\ /@W%//ﬁ

A - .
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i
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B ‘
T _ lE=Co=
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Fic. 581. Colymbetes Bdwardsi. Dingram of stem in transverse (A) and radial
longitudinal (B) section. p, pith: pm, perimedullary xylem; b, bavs of
first, vertically running, secondary xylem; @, %, ebe., zones of horizontally
running secondary xylem cut transversely in the radial and radially in the
transverse section of the stem; ¥y, #, ete, longitudinally running xylem
eut transversely in the transverse and longitudinally in the radial section.
(After Stopes.)

direction.” Leal-traces (lig. 580, ) are large and numerous:
they are spirally disposed and pass nearly straight through
successive xylem-zones: each trace consists of a small-celled
ground-tissue including stone-cells and patches of tracheids in
more or less regular radial rows. Tangential sections of the wood
show that the tracheids follow & sinuous course forming loops
enclosing numerous medullary rays.

As the pith and xylem are the only tissues preserved it is on
their structure that any speculation as to affinity must be based.
The close arrangement of the leaf-traces (about 1 em. apart), as




494 CYCADOPHYTA [oH.

Dr Stopes says, indicates small leaf-bases, assuming that each leaf
received a single trace. In some respects the xylem and medul-
lary rays resemble those of Cycads, and the author of the genus
inclides it in the Cycadophyta; but as she points out there are
many peculiar features, and it is elearly impossible to assign the
new type to a more precisely defined position. The possibility of
any purely mechanical explanation of the course of the tracheids
in the alternating zones is ruled out by the straight course of the
outgoing leaf-traces, and it would seem that the eambium must
have turned over at right-angles at regular intervals during the
growth of the stem.

Cycadolepis. BSaporta.

This name was used by Saporta® for linear-lanceolate scales
frorn Upper Jurassic rocks in France which he compared with
bud-scales ol recent Cycads. The imperfect seale deseribed as
Cyeadolepis villosa bears a striking resemblance to the hairy bracts
of Williwmsonia and may well belong to that genus. Saporta’s
term may be uselully employed in a more extended sense, including
not only lanceolate scales but larger and mueh broader scales
resembling the flattened petiole-bases on stems of Macrozamia,
Encephalartos, and some other recent genera, as well as detached
carpellary scales, other than Cyeudospadic, and mierosporophylls
which cannot be assigned to a particular stem. Two qualifying
subgeneric terms have been proposed?:

1. Cycadolepis (Dory-Clycadolepis). Scales more or less linear-
lanceolate like those described by Saporta and a specimen from
Jurassic rocks of India named by Feistmantel? Cyeadolepis
pilosa.  This type of Cyeadolepis may be identical with the bhracts
of Williwmsonia flowers, though in the absence of any definite
evidence of such affinity the provisional generic namie is more
appropriate,
wd L. Cyeadolepis (Eury-Cyeadolepis). Broadly oval or orbicular
thick scales (figs. 582, 583), the broadest part being frequently
nearver the distal than the proximal end. These larger scales
though usually found as detached fossils have in one instance
been obtained attached to an lmperfectly preserved stem.

I Saporta (75) A, p. 200, PL 114, figs. 4—6. ? Seward (95) A. p. 96.
* Feistmantel (76%) PL vio. fig. 5.
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Eury-Cyeadolepis sp.

This type of scale, represented by specimens from the Wealden
of Sussex! (figs. 582, 583), reaches a length of 13 cm. and a breadth
ol 7 em. and is sometimes almost orbicular. The lamina is convex
but shows no definite venation and bears a close resemblance to
the scale-like petiole-stumps on an old stem of Macrozamia. On

Fig. 583, Cyeadolepis (Eury-Cyen-
dolepis) sp. Scale from the
Wealden beds of Sussex. (British
Musenm, No. V. 2131a: nat.

Bz

Fra. 882, Cycadolepis (Hury-Cyecado-
lepis) sp. From the Wealden heds
of Sussex. (Brit. Mus. No. V. 2799.)

some of the smaller specimens (fig. 583) several forked veins
extend vertically from the hroad base. Since these specimens
were first described additional examples have been discovered
in the Wealden heds of Sussex, some of which are attached to
a piece of stem? in such a manner as to give support to the view

L Seward (95) A, p. 98, Pl v. fi
= Ibid. (13) p. 101, PL xu, figs.

2,165 (03) B. P31
4; PL xuy. fig. G.
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that they are leaf-bases very similar to those on such fossil stems
as Bucklandia (Fittonia) Rigawe: (Sap.)* and B. (Fiffonie) squaimais
(Carr.)®.  One partially carbonised scale yielded pieces of cuticle
showing numerous stomata similar to those of recent Cyeads and
the ontlines of very thicl-walled epidermal cells®.

Eury-Cycadolepis Jenkinsiana (Tate).

The large and approximately orbicular or broadly ovate scales
so nmamed are believed to be identical with Tate’s Cyclopieris
Jenliinsiana* from the Uitenhage series of Cape Colony (Wealden).
The seales reach a length of 12 em. and were attached by a broad
base: the lamina, which may be strongly bent as though folded
over some immature organ as a protective bract, shows numerous
repeatedly forked veins of the Cyclopteris type and several anasto-
mosing and irregular lines between the veins suggesting that the
seales were tomentose,

1I. ReProDUCTIVE ORGANS OF CYCADEAN PLANTS OTHER
THAN THOSE OF THRE B'ENNETTIT:\LEF-‘.

The fact that practically all kmown Cycadean stems hore
flowers either of the Benmelliles or Williamsonia type prepares
us for the scarcity of reproductive organs like those of recent
Cycads. No specimens have been discovered in a pefrified state
allording any evidence of their close affinity to the cones, sporo-
phylls, or seeds of the Cycadales. Such genera as Cycadospadiz,
Androstrobus, and Zamiostrobus, as the following desecriptions
show, are founded on material that is too imperfect to throw much
light on their true morphological nature. The probability is
that some at least of the specimens included in these genera
are the reproductive organs of Cycadean plants more closely allied
to the existing Cycads than to the Bennettitales. Among the
numerous fossil seeds referred to such genera as Cyeadeosperm
and Cycodinocarpus there are but few that can confidently be
assigned to the Cycadales rather than to the Ginkgoales or Coni-

1 Saporta (75) A. PL 127, 2 Carruthers (70) Pl ©vi

5 I am indebted to Mr Bdwards of the Geological Department of the British
Museum for making a preparation of the cuticle.
4 Tate (87) PL vi. fig. 4; Seward (03) B. p. 29, Pl zv. figs. 3—6.
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ferales. While the seeds of the Bennettitales are clearly distin-
guished by their much smaller size from those of modern CUyeads,
many of the latter agree in size and form with those of some other
Gymunosperms and in the absence of anatomical details could not
easily be identified as fossils. Some of the examples included in
the miscellaneous collection deseribed by authors as species of
Carpolithus or Carpolithes agree closely in external features with
the seeds of modern Cycads, but it is seldom possible to aceept
them as undoubted records of Cycadalean plants.

The general conclusion is that sueh meagre evidence as we
possess affords strong confirmation of the conclusion based on
stems and foliage from Jurassic and Cretaceous strata, namely
that the present representatives of the Cycadophyta are a rela-
tively late product of evolution, though retaining in their ana-
tomical features many survivals from a remote antiquity. The
occurrence of Cycadean characteristics in the vegetative organs
of the Medulloseae and the recurrence of what may be called
the Cycadean seed-plan, with certain more or less striking pecu-
liarities reminiscent of earlier stages of evolution, in several types
of Palaeozoic seeds snch as Cyeadinocarpus, Stephanospermum,
Lagenostoma and others bear testimony to the antiquity of the
Cycadean stock.

CARPOLITHUS. Linnaeus.

This generic name, as Nathorst® has recently pointed out, was
used by Linnaeus in 1768 for ‘Phytolithus fructus’ and has
therefore priority over Sternberg’s genus Carpolites employed in
1825. Lester Ward?® attributes Carpolithus to Stokes and Webh
(1824) and states that in the plural form the name was used by
Walch in 1771. Carpolithus is a convenient term to apply to
fossil seeds that cannot be assigned to a particular group of
blants and which do not exhibit any peculiarities of form suffi-
"i&utl)r striking to deserve generic recognition. Pome]? proposed
the genus Ulospermum but it never came into general use.
‘S\"Jlimper"s genus Cycadinocarpus and Saporta’s Cycadeospermum

Y For further reference 4o this generic name, as applied to Palasozoic sceds,
See page 364.
* Nathorst (14) p. 33. ¥ Ward (00) B. p. 363.
' Pomel (40) p. 16.
8. 11 32
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(preferable in its morphological implication), though useful in the
case of detached seeds of undoubted Cycadean affinity, can seldom
be employed without an admission that they may imply a relation-
ship that cannot be absolutely established. In the great majority
of cases the better plan is to be content with the more non-com-
mittal term Carpolithus with the addition of a family-name
when there are reasonably good grounds for a more definite
reference. No useful purpose would be served by attempting
a complete survey of the numerous casts and impressions of
supposed Cycadean seeds recorded in palaeobotanical literature,
but a few types arve briefly described as examples of specimens
with fairly well defined characters, which are in all probability
(Uycadean.
Carpolithus conieus (Cycadales?) Lindley and Hutton.

The original specimen figured by Lindley and Hutton from
the Coralline Oolite of Malton, Yorkshire, as Carpolithes conica

Fra. 585. Curpolithus conicus-
From a specimen in the
Malton Musenm ; nat. size.

Tio. 584. Carpolithus conicus. The type-

gpecimens in the Manchester Museum;

nat. size. (e, No. 3613 b, ¢, No. 360.)
and now in the Manchester Museum, is represented in fig. 584
A second ‘species, Carpolithus Bueklandi Lind. and Hutt. ex

1 Lindley and Hutton (36) A. PL 189, See also Seward (04) B. p. 124,
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Will. ms.%, from the same locality is no doubt specifically identical
with C. eonicus. The seeds are conical, broadly truncate at one
end, presumably the base, and tapered to a blunt apex; the
broad end is characterised by the presence of three ridges or
In some specimens by a single median ridge lustrating an
oscillation between the radiospermic and platyspermic form similar
to that in Ginkgo bilobe. As usually obtained the seeds are
probably nucules or casts showing the surface-features of the
inner wall of the sclerotesta, the sarcotesta having been destroyed
before fossilisation: the irregular marginal teeth at the truncate
end suggest casts of vascular bundles in the integument. The
scattered tubercles on the sides of some of the seeds (lig. 584, a)
are probably casts of holes in the shell bored by insects and com-
parable with those occasionally preserved on the casts of Trigono-
carpus. A specimen in the Malton Museum shown in fig. 585
which may be an example of this species illustrates the ocourrence of
an mnternal cast enclosed by the remains of a thick testa. These
Jurassic casts resemble the seeds of Macrozamia Froseri. but it is
impossible to determine their systematic position with confidence,
Carpolithus sp. (Cycadales?) Seward.

An unusually well preserved specimen from the Wealden
beds of the Sussex coast described under this name in 18952
consists of a kernel and mould, 1-8 x 1-1 em. The mould from
which the kernel is readily removed is lined with a thin structure
representing part of the testa and between this and the surrounding
rock is a layer of coal. On the surface of the Lkernel, probably
the cast of the seed-cavity, a reticulum of narrow grooves indicates
the course of the vascular bundles over the surface of the nucellus,
Carpolithus (Cycadales?) Pomelis (Saporta).

The specimen from the Upper Corallian of Chiteauroux
(Indre) on which this species was founded by Saporta® under
the name Cyeadeospermum Pomelis is a large ovate cast, 55 om.
long and 35 cm. broad, closely resenibling some of the larger
tecent Cycadean seeds: it cannot be accepted as a true record
of the group without reservation.

! Lindley and Hutton (36) A. PL 189, figs. 3, §.

# Seward (95) A. p. 105, fig. 7. 3 Baporta (75) A, p. 242, PL 117, fiz, 9.
32—9
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Saporta describes other species of Cycadeospermuim but none
of them are of any real importance from a botanical point of view :
the same remark applies to the seeds referred by Fontaine! from
Potomac beds to the same genus, also to many other recorded
examples of seeds that afford no decisive evidence of affinity.

Some specimens deseribed by Compter? from the Lettenkohle
of Apolda (Thuringia) as Cycadean fruits
determined with accuracy—lurnish an additional illustration of
the slender foundation on which many of the records of supposed
Cycadean reproductive organs are based.

too imperfect to be

CYCADOSPADIX. Schimper.

This name was proposed by Schimper® for some French
Jurassic fossils, described by Pomel* as Crossozamnia Hennocquer
and C. Moraecana, on the ground that they bear a close resemblance
to the megasporophylls of Cyecas. Their occasional association
with Ofozamites fronds suggested a reference to the same parent-
plant, but such data as we have point to Otozamuies fronds having
been borme by plants with the Williwmsonia type of flower.
Schenk?, who figured a specimen of Cycadospadiz from France as
the inflorescence of a Clycad, expresses the more probable opinion
that it belonged to a plant with Cycadites [ronds. A Permian
species described by Renault as Cycadospadic Milleryensis is now
transferred to the genus Strobilites.

Cycadospadiz Pasinianus Zigno.

This species, first deseribed from Jurassic strata in Northern
Ttaly?, is recorded also from the Kimmeridgian of France® and
Scotland®. Zigno’s figures give a fairly accurate representation
of the type-specimens in the Padua Museum. The megasporo-
phylls, almost identical in shape with those of some recent species
of Cyeas (figs. 381; 392, A—C), consist of a broadly lanceolate
or triangular limb with deeply laciniate sides terminating a
pedicel, or the distal expansion may be preserved without the

1 Fontaine (89) B. p. 270, Pls. 135, 136. 2 Compter, G. (03).

¥ Schimper (72) A. p. 207, Pl Lxxix figs. 18—23. 1 Pomel (49) p. 13-
& Schenk (67) A. p. 100, Pl xxxur fig. 10 6 See page 141.

7 Zigno (85) p. 156, PL xz. 8 Saporta (91) p. 466, Pl 208,

¢ Seward (112) p. 699, PL vir fig. 18.
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stall from which it was no doubt easily detached as in certain
recent Cyeads (¢f. fiz. 392, A). In the specimen from Scotland
there are no clear indications of veins in the lamina, which may
have been woolly as in Cyeas. In some of the specimens figured
by Saporta® and now in the Kcole des Mines, Paris, the stalk is
absent, but in pedicellate examples scars occur on the sides of
the narrow axis and casts of seeds are found in the same beds.
A good example of Cycadospadiz Hennocguer is ficured by Saporta
from a drawing supplied by Schimper showing two seed-scars near
the base of the lamina: the same gpecimen, as figured hy Saporta
and Marion?, hears a seed, but this is presumably a partial restora-
tion. The occurrence of Cyeadites rectangularis Braungs at Hettange
in agsociation with Cycadospadiz strengthens the conelusion, based
on the form of the megasporophylls, that some of the Jurassic
Cycads bore megasporophylls very similar to those of existing
species of Cyeas.

Cycadospadiz integer Nathorst.

This Rhaetic species from the south of Sweden® was instituted
for an imperfect broadly lanceolate lamina recalling the distal
end of the megasporophyll of a Cyeas: the discovery of a more
complete example? justifies Nathorst’s use of the name Cyeado-
spadiz, though without further evidence one hesitates to regard
the species as a thoroughly trustworthy record of a Uycadean
fertile leal. The species is characterised by the entire margin of
the broad and relatively short and thick terminal limb horne on
a broad stall with alternate lateral projections presumably marking
the position of the seeds.

These species of Cycadospadiz are particularly interesting ag
evidence—though not amounting to demonstration—of the pro-
duction by some Jurassic and Rhaetic plants of fertile leaves
agreeing closely with those of Cyeas. It would seem [rom the
abundance of Bennettitalean flowers and the very scanty remains
of fertile leaves or cones like those of modern ('yeads that the
existing type was exceptional in Mesozoic floras.

1 Saporta (75) A. PL 116; (91) Pl 298.

¢ Saporta and Marion (85) p. 111.
Nathorat (86) p. 80, PL xvir, fig. 7.
Thid. (02) p. 6, PL 1. fig. 11.
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BEANTA. C(Carruthers,
Beavin grocilis Carruthers.
The generic name Beania! was given to a branched fertile
shoot (fig. 586) {rom the Middle Jurassic beds at Gristhorpe, York-
shire, characterised by loosely disposed
sporophylls hearing two sessile seeds:
each sporophyll is given off at a wide
angle from a fairly stout axis and the
geeds are horne on the adaxial side of a
peltate distal expansion. Carruthers com-
pared the type-species with a cone of
Zamaa with which it agrees in the general
plan of construction but differs in the
more open habit and in the longer and
more slender seed-bearing pedicels. The

same type of shoot was figured by Lindley Fic. 386. Beania gracilis.
and Hutton® as Sphaereda paradopa. — (After Camuthers; 3 nat.
Beanio is generally regarded as a Cyca- e
dean reproductive shoot, but there is no doubt that the majority
of Jurassic Cycadophyta possessed flowers of the Benmetiites
types, and it is clear that Beanie differs considerably from
Bennettites and Williomsonia. Another snggestion is that Beania
may belong to some member of the Ginkgoales®: though very
different from the normal ovuliferous shoot of a Ginkgo, it resembles
some abnormal forms (e.g. fig. 631, D) in which the ovules oceur on
elongated pedicels, but they are borne singly and the mieropyle is
directed outwards, while in Beania the ovules are attached in pairs
to the inner face of a distal expansion. There is no conclusive evi-
dence in support of either interpretation, though the general agree-
ment between the Jurassictype and the cones of recent Cycadswould
seem to favour the inclusion of Beania among the Cyeadophyta.

A specimen deseribed by Nathorst* from Upper Jurassic rocks
in the North of Scotland as Beania Carruthersi closely resembles
the type-species, differing chiefly in its smaller size and in the rather
closer arrangement- of the sporophylls. The sced-like bodies

1 Carruthers (60). * Lindley and Hutton (35) A. PL 159.

)

# Seward and Gowan (00) B. p. 143; Seward (00) B. 73, PL 1x. fig, 11.
1 Nathorst (02) p. 21, PL 1. figs. 14, 15.
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borne in pairs on the adaxial side of the terminally expanded
pedicels are covered with small granulations which Nathorst
thinks may be clusters of microspores, the apparent seeds being
‘antherangia.” The granulations are, however, very similar to
those on the larger detached seed-like bodies originally described
by Nathorst from Rhaetic beds in Sweden as Antherangiopsis
rediviva’: subsequent examination of that species demonstrated
that the granulations are due to the presence of resinous bodies
in the tissues of true seeds?, and it is not improbable that a similar
interpretation may hold for the surface-features in the supposed
male organs of Beania Carruthersi. Pending further evidence it
may be suggested that Beania Carruthersi is like B. gracilis
seed-bearing shoot. The Rhaetic specimens deseribed by Nathorst
as Stemorrachis seanicus® are similar in habit to Beania but differ

in the forking of the sporophylls (fig. 656) and in the absence
of any terminal swelling on which the seeds are borne: Nathorst
considers that Stenorrachis may be the female organ of a Nilssonia
and it is not improbable that that genus and Beania are closely
allied types. We have no definite information with regard to
the reproductive organs of the Nilssoniales: the closer regem-
blanee which their fronds bear in the gtructure of the epidermal
cells to those of recent Cyeads is consistent with the view that
their fertile shoots were also more like those of existing types.
It is. however, still an unsettled point whether Beanig iz more
closely allied to the Cycadophyta or to the Ginkgoales, but the
balance of opinion is in favour of the former alliance.

Zamiostrobus. Fndlicher.
Cycadeostrobus. Carruthers.

Though instituted by Endlicher* for a cone figured by Lindley
and Hutton as Zamio macrocephala® which is almost certainly
Abietineous and has no claim to be included in the Cycadales,
the genus Zamiostrobus has heen adopted by many authors for
Cycadean ovulate cones, not only such as are believed to be
closely allied to those of Zamia but for Cycadean cones generally.

! Nathorat (02) p. 20, PL 1. figs. 22, 23.
* Ihid. (09%) p. 23. i See Vol 1v.

* Endlicher (40) p. 72. See also Schimper (72) A. p. 201.
5 Lindley and Hutton (35) A. PL 125. ;
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Carruthers? suggested Cyecadeostrobus as a more suitable name on
the ground that it is less limited in its implication of affinity; but,
as Fliche points out, Endlicher’s goperic name has been mrlw]\
adopted in a comprehensive sense as standine for Cycadean
megastrobili, exeluding the supposed Clyeas-like megasporophylls,
included under € r/r’m(mprfriu

Many of the specimens described as species of Zamiostrobus
are of little or no value as records of € yeadean plants, e.q. Zamio-
strobus orientalis Heer? from the Jurassic ]Jm].\, of Amurland.
A Lower Cretaceous (Albian) species deseribed by Fliche® as
Zamiostrobus Loppineti, though not entirely satisfactory, is more
likely to belong to the Cycadales. The type-specimen is an ellip-
tical strobilus, 5:5 cm. % 3-2 cm., consisting of an axis bearing
at right-angles numerous small, contiguous, peltate M EgaSPOTo-
phylls each with two small seeds on the lower surface. The figures
given by Fliche are, however, not convincing. An examination of
specimens in the British Museum, from Wealden and Jurassic roc ks,
described by Carruthers as species of Cycadeostrobus, convinced me
that several are undoubtedly Araucarian conest. Solms-Laubach?
called attention to the Araucarian appearance of Cyeadeo-
strobus Brumonds, a cone from an unknown locality, and this
with other species, e.g. C'. elegans, C. sphacricus, C. truncatus. ete..
may safely be referred to Avaucarites. The specimen figured In
Lindley and Hutton® as Zamia crassa from the Inferior Oolite of
Towcester (Northamptonshire) affords, no satisfactory evidence
of Cycadean affinity, The Lower Cretaceous Bohemian Speciniens
described by Corda? and V elenovsky® as Microzamia gibba should
not be included in a genus implying Cycadean affinity : though
Velenovsky states that the megas

porophylls bear a pair of seeds
his illustrations do not afford any satisfactory evidence of this
Cycadean character. Similarly the fossil regarded by Carruthers®

' Carruthers (67%) p- 104,

* Heer (77) 1. p. 47, Pl xmm. fie. 10.

# Fliche (96) p. 27, PL 1. fig. 3.

T Seward (95) A. pp. 113 et seq; (96) A, p. 2145; (04) B, pp. 138, 150,
b Solms-Laubneh (01) A, p- 92
% Lindley and Hutton (35) A. Pl 136,
7 Corda in Reunss (46) B. f_)l_, XLYL

8 Velenovsky (85) B, p. 6, Pls. 1.—v.
 Carrnthers (70) PL wrv. fig. 6.
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as probably a male flower of Bucklandia is almost certainly an
Arauecarian cone. A small cone from the Lower Miocene of
Armissan (Aude) named by Schimper Zumuosirobus Saportanea
and figured by Saporta and Marion® may, as Solms-Laubach says,
be Cyeadean, but we have no information with regard to the
internal structure or as to the presence or position ol the seeds.

Androstrobus. Schimper.

Schimper? instituted this genus for ‘amenta, cycadeacea
antherifera, cylindrica, e sguamis imbricatis, latere postico
antheras sessiles ferentibus eflormata.’ It may conveniently
be applied to fossils which resemble the male cones of recent
Cyeads sufficiently to justify the use of a name implying relation-
ship. As so defined, Androstrobus is used in a more restricted
sense than the word suggests, just as Masculostrobus® has been
employed for fossils that are believed to be the corresponding
organs of Conifers. Among the few species assigned to Schimper’s
genus reference may be made to 4. Balduini Sap., originally
named by Schimper 4. zamiovdes, Irom the Upper Bathonian of
Litrochy, and A Guerangeri (Brongn.), another French typed.
Heer’s species 4. sibirica® of Jurassic age is represented by a
slender axis bearing numerous appendfges which in surface-
view have the form of polygonal dises: there are no indications
of microsporangia and the evidence of Cycadean affinity is far
from convincing. Nathorst’s Rhaetic species A. borealis® is no
more satislactory as a record of a Cycadean strobilus. A fossil
from the Lower Cretaceous of Bohemia deseribed as Zamites
Jamiliaris and regarded by Corda” and Carruthers® as a male
flower of a Cycad though not above suspicion may be included
in Androstrobus.

Under the name Fricia nobilis Velenovsky® described some
¢ones from the Lower Cretaceous plant-beds of Bohemia which

1 Saporta and Marion (85) p. 116, fig. 61, B.

Sehimper (72) A, p. 199. * See Vol. 1v.
Saporta (78) A. p. 209, PL 115, figs. 1, 2.

Heer (77) 11, p. 47, PL 1v. figs. 14, 15.

Nathorst (78%) B. p, 49, PL 1. figs. 15, 16.

Corda in Reuss (46) B. p. 86, Pl xux, figs. 10, 1L
Carruthers (67%) p. 6.

Velenovsky (85) B. p. 8, PL nm. figs. 1—3, 6, 11.
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he regards as male strobili of some Cycadean plant: the cone,
as shown in Velenovsky’s restoration, is 10 em. long and 5 em.
in diameter; it bears a close superficial resemblance to a large
cone of Zamia and consists of a stout axis bearing contiguous
peltate, hexagonal, scales gradually contracted towards the prox-
imal end, similar. to those of Androstrobus. The evidence on
which this species is identified as a male cone rests on the oceur-
rence of numerous pits on the surface of the seales; but no spores
or sporangia were found and the pits as shown in the published
figures do not present the appearance of scars of sporangia.

The Rhaetic specimen originally named by Nathorst Amndro-
strobus Scotly and afterwards transferred to the genus Lyecostrobus
was described in Volume 11.!

Androstrobus Nathorsti Seward.

The type-specimens were obtained from the Wealden beds
of Sussex: they were referred to the genns Androstrobus on
evidence which cannot be regarded as decisive?. A fairly stout
axig, 6-5 cm. long, bearing spirally disposed sub-triangular scales
hexagonal in seetion and attached to the axis by a broad base;
the scales, or sporophylls, are 1-—1-5 cm. long and gradually
tapered towards a pointed or slightly rounded apex. Near the
proximal end of some of the sporophylls there are regularly
arranged polygonal depressions which may be impressions of
microsporangia. The regular disposition of the depressions is
a striking feature and in contrast to the less regular reticulum
exposed after the removal of the sporangia from the microsporo-
phyll of a recent Uyead. An examination of the cuticular mem-
brane of the microsporophylls shows that the epidermal cells
have thick and straight walls®, characters consistent with the
supposed Cycadean affinity of the strobilus.

L Vol. 1. p. 88, ? Seward (93) A. p. 110, PL 1x. figs. 1—4,

# 1 am indebted to Mr W. N. Edwards of the British Musenm for the cuticular
preparations.




CHAPTER XXXIX,
CYCADOPHYTAN FRONDS.

OccasioNarn reference is made to Cycadean fronds in the
account of flowers and stems but it is seldom that genera or
species founded on leaves can be definitely correlated with parti-
cular types of reproductive organs or stems. As in the case of
Ferns and Pteridosperms so also with detached leaves believed
to be Cyecadean, a large number of generic names have been
employed for impressions which afford no information with
regard to anatomical characters exeept, in some of the more
favourably preserved specimens, a few facts as to the epidermal
cells. Though association often suggests original connexion it is
madvisable except in well established cases to extend to fronds
generic terms hased on reproductive shoots. The designation
Zamites has long been used for fronds that are clearly not closely
related to recent species of Zamie, and were it not an old estab-
lished genus the significance of which is not likely to be misunder-
stood, it would be wiser to substitute for it some name implying
no affinity with any existing type. On the other hand the
employment by some authers ol such generic names as Fncepha-
lartos and Ceratozamia is not warranted by the evidence furnished
by the imperfect material. Prof. Newberry! deseribed as Encepha-
lartos? denticulatus a piece of a frond from Rhaetic beds in Hon-
duras characterised by lanceolate pinnae (30 x 6 mm.) gradually
harrowed towards the acute apex and abruptly contracted at
the base: the method of attachment of the pinnae appears to
agrec with that in the genus Zamites. In this case there is no

L Newberry (88) p. 346, Pl v, fig, 5,
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valid reason for assuming a relationship with Encephalartos or
with any recent type. An impression from Lower Cretaceous,
Dakota, beds in Kansas described as Encephalarios crefaceus
Knowlt. ex Lesq. ms.' consists of a piece of lamina, 9 x 4 cm.,
obovate-oblong and with a cuneate base, a serrate margin and
thick diverging veins: the specimen is too incomplete to serve
as a record of any Cycadean genus. The generic name Encepha-
lartopsis was applied by Fontaine?® to some imperfect pinnae from
the Potomac beds characterised by a linear-elliptical lamina
with a spinous margin and slightly diverging and occasionally
anastomosing veins. The figured examples of the type-species,
E. nervosa, suggest pinnae like those of Cienis; but in the absence
of a rachis the method of attachment of the segments cannot
be ascertained. Saporta® named a specimen from the Miocene
flora of Koumi, Greece, Encephalarios Gorceivianus because of
its resemblance in habit to some species of the recent genus;
but the designation Zamites would be more appropriate. HEttings-
hausen recorded an imperfect impression of a pinna from Tertiary
rocks in Styria as Ceratozamio Hofmanni® although it is by no
means certain that the fragment is even Cycadean. The genus
Taemopteris was described in the second volume of this book
as probably a Pteridophyte, though of uncertain systematic
position: it has, however, heen shown by Mr Thomas® that the
Jurassic species 1'. vitlata was almost certainly borne on a stem
with reproductive organs constricted on the Bennettitalean
plan. Further research may enable us to fix the position of
other species but as yet 7. villata is the only representative of
the genus which there is good reason for assigning to the Bennet-
titales.

It is undoubtedly true that Cycadean plants, using the term
1n a wide sense to include the Bennettitales as well as the Cycadales,
bulked largely in Upper Triassic, Rhaetic, Jurassic-Wealden
Hloras: the Bennettitales probably reached their maximum
development as regards wealth of form and geographical range

! Lesquersux (91) p. 29, PL 1. fig. 12.
* Hontaine (89) B. p. 174, Pl 1xx. fig. 4; PL nxxz fizs. 3, 4, efe.

* Saporta (74); Saporta and Marion (85) p. 116, fig, 61 C.

' Ettingshausen (88%) p. 272, PL mr fig. 10.
5 Thomas, H. H. (15%),
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in the latter part of the Jurassic period and in the earliest phage
of the Cretaceous epoch. In Triassic floras Cycadean plants
are represented almost solely by fronds but the very close resem-
blance between Keuper species and forms that in Jurassic rocks
are found in association with fertile shoots leaves little doubt
as to the affinity of Keuper and Rhaetic species.

The evidence obtained from Permo-Carboniferous strata is
much more meagre, at least as regards Cycadean leaves: the
ocenrrence of certain morphological Cyeadean features is revealed
by petrified vegetative organs of Palaeozoic plants, and the
Cycadean plan of organisation is conspicuous in many Carboni-
ferous and Permian seeds. The discovery of frond-impressions
identical in external characters with Mesozoic genera may be
accepted as a substantial indication that genera already existed
possessing foliage of the Cycadean type, though we have no certain
information with regard to the nature of the other organs of the
parent-plants. A few examples of Palaeozoic species are included
among those selected in illustration of the different genera,
namely Plagiozamites Planchardi, Sphenozamites Rochei, Plero-
Phyllum Fayoli, P. Cambryc: among other recorded instances of
Palacozoic species ave Plerophyllum Cottacanum Gutb.Y, a Permian
type similar in habit to Cienis but without anastomogsing veins,
a feature in which it resembles Pseudoctenis; the Carboniferous
8pecies Plerophyllum inflezwm Eich.® from the Altai mountains,
transferred by Zeiller to Divonites; P. blechnoides Sand.® from
the Stephanian of Oppenau; Plerophyllum Grand Buryanum?
from Upper Carboniferous beds in France, and P. gonorrachis
Goepp.® from Silesia. An examination of the type-specimens
of the Carboniferous species Cycadites gyrosus Goepp. and C. tazo-
dinus Goepp.® in the Breslau Museum led me to regard the material
a8 too imperfect to determine.

A conclusion that is forced upon us by a consideration of the
Zeological range of Cycadean fronds is that at the close of the
. Gutbier (49) PL vrx fig. 7. For a fuller account of Palacozoie records, see
Beward (95) A. p. 8.

* Eichwald (55) Vol 1. PL xv. figs. 5, 6; Zeiller (96) A. p. 474,
 Sandberger (64) PL 1. figs. 1—4,

 Baporta and Marion (85) p. 109; Zeiller (06) B. p- 184,

* Goeppert (44) PL 1. fig, 6. 8 Ibid. (66) PL 11
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Wealden period, a period very closely linked in the character
of the vegetation with the preceding Jurassic floras, there appears
to have been a relatively sudden decreage in the number of members
of the Cycadophyta: the decline in the fortunes of Cycadean
plants is coineident with the rise and remarkably rapid extension
of the Angiosperms. From Middle and Upper Cretaceous and
from Tertiary beds very few Cycadean remains have been obtained
and many of them are represented by fragmentary fossils that
afiord no definite evidence of affinity to recent genera. The
antiquity of the Cycadales, that is the section represented by
existing Cycads, cannot be determined ; but it would seern prohable
that if the Cycads apart from the Bennettitales existed in Jurassic
and Lower Cretaceous floras they occupied a very subordinate
position in comparison with the extinet Bennettitales. There are
no data pointing to any widespread occurrence of the Cyeadales
in the Northern Hemisphere in Tertiary times at all comparable
with the geographical range of Tertiary ancestors of the solitary
survivor of the Ginkgoales.

The following records of Tertiary Cycadean fronds illustrate
the paucity of the records. Reference has already been made to
Encephalartos Goreeizianus Sap. of Miocene age, a species that
has no claim to be regarded as an example of the recent South
African genus. The specimen deseribed by Saporta and Marion
as ? Zawiles palaeocenicust from the Eocene of Gelinden is too

imperfect to serve as a trustworthy record. A more satis-
factory species, similar in habit to Zamites gigas, is that on which
Saporta founded the species Zamites epibius® from Lower Miocene
beds at Bonnieux (Vaucluse), France. Another Tertiary species
is mentioned by Krasser® from Pliocene strata in Brazil as Zamie
praecedens Krass. ex Ett. ms. Httingshausen has deseribed a
Tertiary species from New South Wales, either Lower Miocene
or Upper Eocene in age, as Anomozamites Muelleri®, characterised
by truncate segments with simple veins and set obliquely to the
rachis.

While certain form-genera of fronds can only be referred to

Saporta and Marion (78) PL 1. figs. 4, 5.
Ihid. (86) fig. 61, A, p, 116. % Krasser (08) p. 852.
Ettingshausen (86) PL vor figs. 19—21; (88) PL v tigs, 19—21.
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the Cycadophyta, in other cases it is possible to assign fronds
to a section of this eomprehensive group characterised by a
particular type of fertile shoot and by certain well defined epi-
dermal features.

The investigation of the cuticular structure of various Cycadean
fronds by Nathorst! and especially by Mr Thomas?® has supplied
a basis of classification which affords the best criterion of affinity
80 far available. The majority of {ronds are placed in the Bennet-
titales while the three genera Clenzs, Nilssonia, and Clenopteris
(or Ptilozamites®) are placed in the Nilssoniales.

1. Bennettitales. pidermal cells characterised by sinuous
walls and generally rectangular; the cuticle is thin; the stomata,
confined to the lower surface of the pinnae, tend to be arranged
at right-angles to the veins and are on a level with the epidermis
or very slightly depressed; two large laterally placed subsidiary
cells more or less surround the guard-cells and these are provided
with thickenings of a definite shape (figs. 594, 609).

Genera: Pulophyllum, Zwmites, Olozamiles, Dictyozanuites,
Pievophyllum and Anomozawates, Taeniopleris, Pseudocycas.

II. Nilssoniales. Epidermal cells with straight walls, not
sinuous, irregular in form, rounded, hexagonal, or rectangular;
the stomata are below the level of the epidermis; the cuticle
may he thin or thick. There is no regular artangement of the
stomata; the guard-cells are surrounded by 6—8 subsidiary
cells (fig. 625) which often form an overarching canopy; thickening
lamellae like those on the guard-cells of the Bennettitales are
seldom present.

Genera: Nilssonia, Clenis, Clenopleris.
Tt is a noteworthy fact that the representatives of the smaller
group, the Nilssoniales, in their cuticular features, are more akin

1 Nathorst (12%) p. 36. * Thomas and Baneroft (13).

% The genus Plilozamites deseribed briefly in Volume 11. has recently been fully
investizated by Antevs*® who had avcess to the rich material in the Stockholm
Musgenm from the Rhaetic beds of Scania. He thinks that the genus is intermediate
between Anomozamites and Clenopleriz: its systematic position has not been
definitely established but, as Antevs says, there seems to be no reason why it
should not be a member of the Cycadophyta. In some species, e.g. Plilozamites
Jallaz Nath. and P. Nilssoni Nath., the rachis is forked, while in P. Heeri Nath.
with linear fronds reaching a length of 53 em. the rachis is undivided.

* Antevs (14%).
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than the Bennettitales to modern Cycads. TUntil definite evidence
18 obtained as to the nature of the reproductive organs of Nilssonia,
Ctenis, and Ctenopleris it is impossible to say how closely these
genera agree in essential characters with existing members of the
Cycadales, If, as has been suggested, the fertile shoots known
as Beania' belong to Nilssonia their resemblance in plan of con-
struction to the cones of recent genera, much greater than in the
case of the flowers of the Bennettitales, is in aceordanee with the
evidence of the epidermal characters.

Reference was made in the second Volume of this book to
several genera founded on fronds which through lack of evidence
a8 to the nature of the reproductive organs cannot be assigned
with certainty either to Ferns or Cycads: it was stated that
the genera Ptilozamaites and Ctenopleris are probably Cyeadean,
and the structure of the epidermal cells in the latter genus lends .
support to this view?®. Among other genera of doubtful position .
not included in the following deseriptions of fronds is Zamiopsis
of Fontaine® founded on large compound fronds from the Potomac
formation: the venation and form of the pinnae are more Fern-
like than in Ctenopteris, but in general habit the two genera are
not very dissimilar. The generic name Zamiopsis is misleading
as the species bear no resemblance to Zamia or Zamiles.

I. DPENKETTITALES.
PTILOPHYLLUM. Morris.

The generic name Plilophyllum was instituted in 1840 for
some specimens of pinnate fronds [rom Cutch: in this genus
Mortis* included with the Indian leaves the English Jurassic
species Pterophyllum pecten Tind. and Hutt.® (figs. 587, etc.) and
some other forms. He defined Ptilophyllum as follows: Fronds
pmnate; pinnae closely approximated, linear, lanceolate, more
or less elongate, imbricate at the base, attached obliquely; base
semicireular or rounded; veins equal, slender, parallel.” Morris
adds that he instituted a new genus in preference to Zamites

1 See page 502.
* Nathorst (08) PL . figs. 3—-5; Thomas and Baneroft (13) p. 194, PL xx. fig. 12.
* Fontaine (89) B. p. 160, Pls. txr—uxvL.; Berry (11) p. 354,

4 Morris (40) PL xxt. figs. 1—4. ¢ Lindley and Hutton (34) A. Pl om
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because of the ‘oblique insertion of the pinnae and their over-
lapping each other at the base.’ In a later paper Morris? states
that the pinnae of Pulophyllum fronds are ‘sometimes auriculed
in the upper and sometimes in the lower part’ of the base of the

. i =

Fre. 587.  Puilophyllum pecten. (British Musenm, V. 3795: 1 mnat. size.)

lamina. In his catalogne? he adopted Endlicher's genus Palaco-
2amia instead of Ptilophyllum. Without diseugsing the generic
nomenclature adopted by various authors for the Indian types
and similar fronds it is important to refer briefly to the treatment

! Morriz (41) p. 116. 2 Ibid, (54) p. 15.
8 B a3
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of Morris’s species by Oldham and Morris and by Feistmantel.
In the first of the series of Memoirs on Gondwana floras' Ptilo-
' phyllum is retained for a section of Palacozamia together with
Olozamites and Sphenozamites as other sectional subdivisions:

‘\ Tra. 588. Ptilophyllum peclten. A, C, speeimens figured by Feistmantel as
Ptilophylluwm cutchense. B, Feistmantel's Ofozamites angustaius. (2 nat. size;
Calentta Museum.)

in the subgenus Ptilophyllum are included Palacozamia acutifolia
and P. cutchensis (fig. 588, A, C), also P. affinis, P. rigida, and
P. bengalensis. 'The last species is in all probahbility an Otozamates
1 Oldham and Morris (63) B. p. 27.
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P. affinis and P. rigida are almost certainly indistinguishable
from P. cuichensis. Feistmantel! dealt in detail with the genus
Ptilophyllum: he wrote, “with Schimper and Schenk I therefore
look upon this genus as an Indian type especially characterised
by its...more or less slender leaves, angustate towards the apex
and bhase, and petiolate, with regularly adfixed leaflets....The
leaflets are equal to each other, for the most part elongate linear,
and auriculate and free at the wpper angle at the base, but adfixed
at the lower angle, and each is decurrent behind the upper angle
of the leaflet next below it, thus the leaflets are almost imbricate.
The veins are rather numerous, gim ple, and lorked, and more or
less divergent®’ Feistmantel distinguishes certain varieties of
P. cutchense (fig. 588, A, (), none of which appear to be well
defined. A specimen from the Rajmahal Hills with unusually
long pinnae, the frond having a breadth of 8 em., is described
as Prilophyllum acutifolivan var, macimum?®, but it differs in no
inportant feature from the smaller and commoner form. The
next point to be considered is the variability of certain species
_referred by Feistmantel to Ofozamates. He figures specimens from
the Jabalpur group as 0. Hislopi Feist. ex Old. us., O. gracilis
(Kurr), O. angustatus Feist. (fig. 588, Bjrand 0. distans®. An
examination of the figured specimens leads me to regard 0. Hislopi
and 0. gracilis as identical with the Priophyllum fronds: the
pinnae exhibit no distinguishing features and there is no reason
for a specific, still less a generic, separation.  OQlozamales angustatus
is indistinguishable from Otozamites sp. as figured from the Madras
coast and from Pruilophylluin cutchense, P. culchense var. cuivi-
Joliwm and var. minimum. The drawings reproduced in lig. 6a,
Pl x. of the Madras flora® and in fig. 84, PL vr. of the Jabalpur
flora® showing auriculate bases are inaccurate: in all the fronds
named the pinnae arve straight with rounded edges precisely as
in Ptilophyllum. The conclusion foreced upon me by a com-
parison of the actual specimens is that the Indian fronds
are not separable into well-defined species and should all be
included in Ptilophyllum cutchense. Moreover in this compre-

t Feistmantel (762). * Ibid. (76%) p. 42.
5 Ibid. (77%) PL xu. figs. 1, 2. 1 Ibid. (77%) p. 94, Pls. v. vL
5 Ibid, (79). o Ibid. (179).
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hensive species should be included the specimens described by
Feistmantel as Olozamites Hislopi (fig. 589), O. amgustatus, and
0. gracilis. It may well be that a more detailed investigation
of the numerous forms comprised in this protean species, parti-
cularly if specimens are obtained [rom which cuticular pre-
parations can be made, may lead to the recognition of additional
species or well-defined varieties. The regemblance between the

Fre. 580. Ptilophyllum peeten. A frond figured by Feistmantel as Olozamilés

Hislopi. A, § not. size: 1B, enlarged (Calentta Museum).
various forms of P. pecien from the Jurassic strata of Yorkshire
and those of P. culchense from India is very striking, and at least
in many cases no specific separation is possible so far at least as
the form of the fronds and pinnae is concerned. The oceasional
cloge association of Ptilophyllum fronds and Williamsonia flowers
is an important agreement between the English and Indian fronds
(fig. 590).

In the first part of the Catalogue of Jurassic plants from York-
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shire the opinion was expressed?, based on an examination of
Morris’s type-specimen of Ptilophyllum cutchense and of a large
number of English and other fronds identical with or closely
allied to Plerophyllum pecien -Lind. and Hutt,, that the Indian
and European fronds belong to the same genus. In a later paper?
it was maintained that P, cutchense and P. acutifolium are probably
identical with the English type, and a drawing was published—
reproduced in fig. 591—of Morrig’s type-specimen. Dr IHalle?
has discussed the genus Plilophyllum and his investigations lead
him to a different conclusion:; he, like Zeiller and some other

Fie. 590.  Ptilophyllum pecten (P. cuichense) and Williamsonie Blanfordi. [Drawn
from a specimen figured by Feistmantel (76°) Pl xn. fig. 6.]

authors, employs Plilophyllum in  Feistmantel’s sense. The
pinna-bage is said to agree in its agymmetrical form with that in
Otozamites, while it differs from the symmetrical base of Zamites
pinnae. In Ptilophyllum both edges of the pinna-hase are said
to bend down in joining the rachis; at the upper corner the base
thus becomes rounded and for some distance free from the rachis;
ifi is also sometimes a little auriculate; at the lower edge the pinna
is decurrent on the upper surface of the rachis. In a subsequent

1 Seward (00) B, p. 193, 2 Ibid. (03) p. 227. ¢ Halle (132).
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paper Halle! repeats the view that the decurrence of the pinnae
by their lower edges is an important distinguishing feature of
Ptilophyllum, thus agreeing with Feistmantel whose illustrations
appear to bhe confirmatory. The drawings in Feistmantel's
memoirs are, however, misleading and in some cases incorrect.
An examination of a photograph of Morris’s type-specimen of
P. cutchense led Halle to conclude that the two edges of the pinna-
hase bend downwards on joining the rachis as described by
Heistmantel. This feature is not shown in the drawing repro-
duced in fig. 591: it is elear that either the drawing is incorrect

Fra. 591. Part of the type-specimen of Philophyllum cutchense
Morris.  (British Museum; = 3.)
or that there has been some mistake in the interpretation of the
photograph. Through the courtesy of Dr Halle T have been
able to examine the actual print: when viewed in its eorrect
position the two edges of the pinnae appear to bend down as
described by Halle, but if it is examined in the reverse position
the lower angle of the pinnae is seen to be slightly rounded as in
fig. 591, the apparent decurrence being due to a confusion hetween
the appressed lower edge of one pinna, which is faintly shown.
and the stronger downward trend of the upper edge of the pinna
next below. The upper edges of the pinnae are more prominent

1 Halle (132).
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becanse they are less appressed to the rachis while the lower half
of the base is closer to the rachis and is frequently, though not
in Morris's specimen, overlapped by the upper edge of the next
lower pinna. A re-examination of the type-specimen in the
British Museum confirms this interpretation. The pinnae of
Ptilophylluwm are characterised by their attachment to the upper
face of the rachis which they almost

completely cover; the upper angle is | |

rounded and in a few cases auriculate

(fig. 592): the lower angle of the base

is slightly rounded and not infrequently i ]

hidden by the imbrication of the

> Fra, 592, Plilophylivm pecten.
" . 2 - ) (Manchester Museum, William-
anriculate (fiec. 593). The pinnae are gy Coll. 3726.)

attached by nearly the whole base,
but the upper angle is free. The veins are parallel, sub-
parallel or, especially in the proximal portion of the lamina,

adjacent pinna; it is occasionally

Fig, 593. Ptilophyllum pecten. From the Lower Estnarine beds, Cleveland,
Yorkshire. (After Thomas; nat. size.)

oblique. The pinnae are linear, varying considerably in relation

of length to breadth and in the form of the apex; they are straight

or more or less falcate. The epidermal cells of such Ptelophylluim
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[ronds as have been examined are characterised by strongly looped
or sinuous walls; the stomata, confined to the lower surface, are
roughly circular and the guard-cells are at right-angles to the veins
and not appreciably sunk. Fig. 594 represents the appearance
of a stoma in surface-view: ‘on either side
of the central slit-like.pore are two elliptical
or hemispherical structures; they arve some-
what flattened when they abut on the pore,
and have rounded ends.... Between these and
the subsidiary cells lie two other thickened
patches, more or less hemispherical in shape,
and apparently overlying the central struc- Fic. 594. Ptilophylinm
tures.” On the analogy of similar appear-  Pecton; stoma. (After
ances in recent Cycads Mr Thomas® interprets Fisamas g Sanorety
the two pairs of thickened patches as belonging to the upper and
lower sides of the highly inclined guard-cells. This author ecalls
special attention to the abundance on some of the fronds ineluded

in the aggregate species P. peclen of regular rows of circular hair-
scars preserved as small annulate projections, -03— <04 mm. in
diameter. A comparison of the cuticles of different forms of
Piitophyllum pectenn enabled Thomas to recognise more than one
type: for one of these the name Ptilophyllum hirsutum is proposed.
It is by such work as this that we may hope to discover differen-
tiating characters.

The different forms of Williamsonie flowers found in assoeiation
with fronds of the Ptilophyllum habit also point to the inelusion
of more than a single species under the group-species P. pecten.
As additional evidence is obtained further analysis will be possible,
but in dealing with impressions which include specimens transi-
tional from one form of frond to another, the most convenient
and to my mind the most logical course is to treat a species as
an agpregate- or group-species. Some authors believe that the
two fronds described by Phillips as Cyeadites pecten and C. pecti-
noides are distinet species?, but there would seem to be no adequate
reason for this view. The fronds deseribed by Heer® from the
Lower Cretaceous of Greenland as species of Zamites and similar

! Thomas and Bancroft {(13) p. 184.
* Phillips (29) A. Pl v fig. 22; PL x. fig. 4. 3 Heer (75) m,
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leaves from Graham Land included in that genus by Halle! arve
in my opinion inseparable from Ptilophyllum, and this applies
equally to Otozamdtes Huslopi (Old.) (fig. 589) and O. abbrematus
as figured by Feistmantel and by Halle. The nomenclature of
Cyeadean fronds having the habit of Ptilophyllum pecten is a
great difficulty: after carefully reconsidering the whole question
and comparing Feistmantel’s figured specimens with the large
series of English fronds the conclusion reached is that the
characters exhibited by ordinary impressions do not admit of
any satisfactory grouping under well-defined specific types. In
the first place, as already indicated, the use by some authors of
the generic names Ptilophyllum, Olozamiles, and Zamites creates
a false impression of the degree of difference between the numerous
forms of frond agreeing more or less closely with the specimens
on which were founded the species Ptilophyllum acutifoliwm,
P, cutchense, P. peeten, and P. pectinoides (figs. 587, 591, 595, ete.).
In his important memoir on the Jurassic flora of Graham Tand
Halle2 discusses the limitation of Ptilophyllum, Zamales, and
Otozamites. He employs Zamites for fronds with linear pinnae
attached to the upper face of the rachis by a base which 1s more
or less, but often very little, rounded and always asymmetrical,
with or without a basal callosity: fronds of the type Z. gigas
he includes in the section Euzamaites, while Z. borealis and similar
forms (fig. 597) are referred to a second section, Subzamites. 1t 18
in the sense of Halle’s section Euzamites that the generic name
Zamites is employed in this chapter. On the other hand the fronds
grouped by Halle as Subzamites have pinnae with the basal angles
of the lamina very slightly rounded precisely as in Philophyllwm
as seen in fig. 596 (¢f. fig. 598 which represents fronds referred
by Halle to Zamites): and they are not distinguished by any
feature of generic importance from Plilophyllum as defined on
page 519. The species Zamites pusillus, Z. Anderssoni, and
Z. amtarcticus (fig. 598) deseribed by Halle from Graham Land
as well as Heer’s Arctic forms® Z. borealis (fig. 597), Z. speciosus,
Z. brevipennis, and others are transferred to Philophyllum as
types agreeing very closely with P. pecten and in some cases not
clearly distinguishable from it even specifically.

! Halle (13%). 2 Thid. 8 Heer (75) 1. Pla. x1v,—XVL
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Otozamites is the name employed by Halle for fronds with
pinnae having contracted, asymmetrical and auriculate, bases,
the anterior lobe being more developed than the posterior. The
asymmetry of the pinna-base is considered an essential feature.
As Halle states it is very difficult in some instances to draw a
distinction between Olozamites and Plilophyllum. As used in
this chapter Olozamites signifies fronds with pinnae characterised
by an auriculate bage, a lamina usually broader than in Ptilophyl-
lum, and by more spreading veins (fig. 604). The not infrequent
oceurrence of auriculate pinnae on fronds (fig. 603, A) which
cannot be separated from typical examples of P. pecten illus-
trates the narrow dividing line as regards the form of the pinna-
base between Plilophyllum and Qtozamites. The Indian species (),
Huslopi (fig. 589) and O. abbreviatus, to which Halle refers some
Antaretic fronds, cannot be distinguished from the English P.
pecten or Feistmantel’s and Morris’s Tndian fronds deseribed as
P, cutchense and P. acutifoliwm : these forms are therefore included

m Prilophyllomn.

Ptilophyllum (Williamsonia) pecten (Phillips).

This designation is employed in a wide sense for a group of
fronds exhibiting a considerable range in size, in the relative
breadth and length of the linear pinnae, and in other features.
Under P. pecten are included (i) the Hnglish fronds from Yorkshire
first described by Phillips® as Cycadites pecten and C. pectinoides,
the former from the Middle shale, the latter from the Lower shale
of the Yorkshire coast, together with the Stonesfield slate speci-
mens named by Sternberg® Polypodiolites pectiniformis (fig. 595)
and by Brongniart® and Lindley and Hutton* Zamia pectinata;
(i) the Indian specimens already considered and (iii) numerous
examples recorded under different names from Jurassic strata
in many countries. Fronds from the Yorkshire coast named by
Brongniart® Zamia Goldiei, though regarded by some authors as
examples of Ofozamiles, are probably referable to P. pecten.

! Phillips (29) A, PL vi1. fig. 22; Pl x. fig. 4,

* Bternbery (23) A, PL xxxuu fig. 1. For other references, see Seward {00) B-
p. 190; (04) B. p. 106.

* Brongniart (28) A. p. 94,

1 Lindley and Hutton (35) A. Pl 172 & Brongniart (28) A. p. 04.
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Andrae’s Pterophyllum rigidum® (fig. 596) from Steierdorf is
almost certainly a form of Ptilophyllum pecten. The specimen
shown in fig. 587 is one of the few examples of fronds apparently
preserved in their original position attached in a cluster to a
Williamsonia (Bucklandia) tvpe of stem. The range in size and
form of the pinnae is illustrated n figs. 588, 592, 593,

Fra. 396,  Plilophyllum,  pecten.
Andrad's Pteraphyllun rigidum
from Steierdorf, Banat. (British
Musenm, No. 41438 ; nat. size.)

Bia. 595. Plilophyllum pecten.  The
specimen figured by Sternberg as
Polypodiolites pectiniformis. (Oxford
Museum; § nat. size.)

Fronds linear, tapering gradually towards the base and apex,
often characterised by a marked uniformity in breadth. The
Pinnae, short or comparatively broad or long and narrow, are
Straight or more or less falcate; the apex is obtuse or acute or
the upper margin of the lamina may be almost straight and the

I Andrae (53) A, Pl x1. fig. 1.




524 CYCADOPHYTAN FRONDS [cH.

lower edge curved abruptly upwards at the apex; the pinnae
are usually attached obliquely to the rachis but may be almost
at right-angles; with the exception of the upper angle, the whole
of the base is attached to the frond-axis; the base of the lamina
may be symmetrical, both angles being slichtly rounded, or
asymmetrical, the upper or less frequently the lower corner being
auriculate (figs. 592, 593). There is no basal callosity on the
lamina nor is there a median sinus. The veins are more or less
spreading at the base but for the most part parallel. The features
of the epidermal cells and stomata are mentioned in the general
account of the genus. Fertile shoots of plants with this type of
[rond are described under Williamsonie. Very little is known
of the stems which bore Ptilophyllum fronds, but as stated on
page 488 Indian specimens show leaves of Plilophyllum cutchense
attached to a piece of stem (fig. 579) having the characters of
Bucklandia and characterised by a xylem-cylinder denser than
in recent Cycads; the structure of the wood at least in the Indian
stem is rather pycnoxylic than manoxylic.

The fronds grouped under Ptilophyllum pecten are very widely
distributed in Jurassic floras: they are recorded from many
localities in Hurope, from Turkestan!, India, Graham Land?
Patagonia® and elsewhere.

As thus defined this ‘ species,” or more correctly this group of
forms, undoubtedly includes more than one gpecies in the strict
sense, hut without additional data it is maintained that the
recognition of clearly defined specific types or varieties iz beyond
our power. It may be urged that in view of the wide geographical
range of the Ptilophyllwm peeten type of frond and the admitted
probability that several species in the narrower sense are repre-
sented, distinetive specific names should be retained even though
under such designations are included forms that, so far as can
be seen from impressions, exhibit no constant distinguishing
features. My purpose is to emphasise the futility of attempting
to found well-marked species on the available material. The
student must decide for himself what course to pursue, whether
to retain such a specific name as culchense for the Indian fronds

I Seward (072) p. 29. * Nathorst (04%) B; Halle (13%).
3 Halle (13).
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or to employ that and other specific names as designations of
geographical types differing in no clearly defined or constant
characters from examples of the English Plilophyllum peclen.
A comparative examination of the cuticular membranes in the
comparatively few cases where that is possible would probably
furnish a basis for a satisfactory subdivision of the group-species.

The names Ptilophylluwm Anderssoni, P. boreale, and P. ant-
areticum are tetained for certain forms selected from a number
of closely allied types partly on the ground that these fronds
exchibit some more or less well-marked distinctive characters and
in part as a recognition of the existence of geographical forms.

Ptilophyllum boreale (Heer).

Heer! described numerous well-preserved impressions of pin-
nate fronds from the Lower Cretaceous plant-beds of Kome,
Greenland, which he referred to several species of Zamates though
the differences between them are hardly of specific rank. An
inspection of several of the figured specimens in the Stockholm
Museum showed that Heer's drawings are in the main accurate.
Zawmites borealis (fig. 597) is characterised by small linear pinnae
attached to the upper face of the rachis, The stoutness of which
is a noteworthy feature; the veins are parallel and simple. In
the shape of the pinnae, including the base-characters, this species
agrees closely with P. pecten. The slightly falcate or straight
pinnae are 1-7—2 mm. broad and reach a length of 15 mm.;
in Z. speciosum Heer, probably specifically identical with 2.
boreale, the pinnae are relatively longer, and in Z. brevipennis
Heer they resemble the shorter pinnae of some of the narrow
fronds of P. pecten.

A preparation of the cuticle of a pinna of P. boreale made by
Mr Thomas from a specimen in the Stockholm Museum shows
a marked difference between the upper and lower epidermis:
the cells on the npper surface of the lamina have very thick and
sinuous walls precisely as in P. pecten, but the cell are often broader
than long and not elongated parallel to the long axis of the pinna;
those of the lower epidermis are thinner and less clearly preserved :

I Heer (76) 1. p. 66, Pls. xiv., xv.




Fre. 597. Ptilophyllum boreale (Heer). Drawn from one of the specimens
from the Lower Cretaceous beds at Eklkorfat, Greenland, figured by Heer.
(Stockholm Museum; nat. size and a few pinnae enlarged. )
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the stomata, which appear to be like those of P. peclen, are
scattered and not in rows.

Ptilophyllum avdarcticum (Halle).

The fronds from the Jurassic rocks of Graham Land, described
by Halle as Zamailes antarclticus?, ave very similar to some forms
of P. pecien and to P. boreale and other Greenland forms: the
linear subacute pinnae are attached to the upper face of the rachis
at a wide angle and the base of the lamina is truncate and may
be very slightly constricted. The veins are dense, as many as
5 in 1 mm.. and they are occasionally forked near the base (fig.
598, A).

Fre. 598. A, A', Phlophyllum antwrcticum. B, P. Anderssoni. (After Halle,)

Ptilophyllum Awnderssoni (Halle).

This Graham Land species (fig. 598, B), referred by Halle to
Zamites?, is of the same general type as P. pecten, but is charac-
terised by a coarser venation and by the wider angle of attachment
of the pinnae.

Peilophyllum Dunkerianum (Goeppert).

Goeppert® proposed the name Pterophyllum Dunkerianum for
some specimens from the Wealden of North Germany which were

1 Halle (13%*) p. 58, PL viL * Ibed. p. 56, PL v,
# (ioeppert (44) p. 52.
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afterwards figured by Dunker’. Miquel® included the species
in his genus Dinowites and this name has been adopted by other
authors. Attention has been drawn to the inconsistent use of
the title Dioonites®, and I have previously employed the name in
a sense similar to that in which it has been adopted by Nathorst,
that is for fronds with long and narrow pinnae without any basal
constriction and not auriculate, attached more or less at right-
angles to the upper face of the rachis; but so defined Dioowites
differs in no essential particular from forms of Ptilophyllum or
from fronds referred by authors to Schimper’s genus Ctenophylium.
The name Ctenophyllum* was instituted for certain fronds differing
in some points from Oftozamiles and Divonites. One such type is
Ctenoplyllum (Ptaloplhyllum) pecten (Lind. and Hutt.): this is
quoted in Zittel’s Handbuch as a typical representative of the genus.
Schimper followed Feistmantel in his definition of Ptilophyllum,
a, definition which is not in accordance with the characters of the
fronds on which it was founded by Morris. Fontaine. on the
other hand, has applied Clenophyllum to fronds of a different
type which are now included in the genus Pseudoctenis. There
would seem to be no adequate ground for the retention of Cteno-
phyllum ag a generic designation.

The Wealden species P. Dunkerianwm is characterised by the
following features: rachis fairly stout, pinnae approximate,
linear 2—3 mm. broad and reaching a length of 11 em. or more,
gradually narrowed towards the apex, attached in two almost
configuous rows to the upper face of the frond-axis: the lower
margin of the lamina may be slightly decurrent, e.g. in the apical
part of the frond or very slightly broadened and bluntly rounded.
The pinnae are attached at right-angles or, near the apex, obliquely;
veins 5—06, parallel. The epidermal cells as fipured by Schenk®
have very sinuous walls and are identical with those of the English
and Indian forms of the group-species P. pecten; the stomata are
confined to the lower surtace. If Schenk’s drawings of the stomata
are correct they differ from those of other species of the genus
in their simpler structure; there are no subsidiary cells and the

! Dunker (46) A. p. 14, PL 1. fig. 3; PL vr fig, 4.

* Miguel (51) p. 212, 4 Seward (95) A. p. 38.
* Schimper (70) A. p. 127, 5 Schenk (71) B. Pl xxxvi.
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guard-cells show no cuticularised bands. In habit this species
resembles Encephalartos Ghellinckii Lehm. (fig. 382). The super-
ficial resemblance of the narrow linear pinnae to those of Cycadites
led Dunker and Schenk to refer to that genus some specimens
which have since been described as identical with P. Dunkerianumn.

ZAMITES. Brongniart.

In the first instance the generic name Zamiles was used in
addition to Zamin for certain pinnate fronds including species?,
such as Z. Bechet, which are now regarded as typical examples
of Otozamates. Subsequently Brongniart gave up Zamio for
fossil fronds and applied Zamites to fronds with entire pinnae,
not truncate at the apex and not decurrent but slightly congtricted
at the base. Braun’s two genera Podozamaites and Plerozamites
were relegated to the position of subgenera. The name Podo-
zamules has been employed by Schenk?® for specimens now included
in Zamiles, and Zamites is used by him? for some fossils which are
examples of Podozamites as generally understood. Goeppert’s
definition? of Zamstes includes fronds with pinnae of the Otozamites
type. and this author pertinently compares Zamaites with recent
Encephalartos leaves. Pomel® proposed the name Crossozamic
for certain fronds of the Zumiles type, but this genus with several
others instituted by the same author has not been adopted.
Bornemann® deseribed Zawmiles as comprising species with a greater
or less resemblance to the fronds of recent Zamias.

As defined below, Zuinites fronds may be compared with those
of some species of Encephalartos, Ceratozamia, and Macrozamia.
There has been considerable difference of opinion with regard
to the range of form in the pinnae that it is advisable to include
in Zamites. The name Zamiophyllum was proposed by Nathorst?
for a Wealden species, described by Ettingshausen as Prerophyllum
Buchianum (fig. 601, A—C), characterised by a decrease in the
breadth of the linear pinnae towards the point of attachment
and, according to Nathorst’s description, by the lateral attach-
ment of the pinnae. An examination of specimens of this type

1 Brongniart (28) A. p. 94. % Schenk (71) B. p. 8.
3 Schenk (67) A. Pls. xxxvi—viL, * Goeppert (44) p. 122.
5 Pomel (47) p. 342. ® Bornemann (56) A, p. 54

7 Nathorst (90) A. p. 46.
5. I 34
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from English rocks! enabled me to show that the pinnae are
attached to the upper face of the rachis. Zeiller® has also included
Zamwdophyllum in Zawmites, but Halle’s recent definition® of the
latter genus excludes fronds of the Zamiophyllum type. Schimper
instituted the name Glossozamites® for fronds bearing pinnae with
rounded and slightly contracted bases and borne on grooves on
the upper surface of the rachis (fig. 601, F). In venation the
pinnae agree with those of Otozamites but the base is not auriculate.
Kurr's Liassic species Plerophyllum oblongifoliwum® ineluded by
Schimper in Glossozamites is probably an Otozamates. Another
species referred to this genus is Schenk’s Podozamites Zatteli®
from the Urgonian of Austria (fig. 601, F): in this species the
slightly falcate pinnae with obtuse apices have rounded and not
auriculate bases and there is some evidence of a basal callosity.
This species agrees so closely with such a typical Zamites as
Z. gigas that it is difficult to see on what grounds the retention
of Glossozamaites is desirable. A Portuguese specimen referred by
Saporta? to Glossozamiles, G. brevis, is founded on a single specimen
very like a leaflet of Ofozamates Klipsteinii (Dunk.); and G. parvi-
folia Yok.8 from China has no claim to be included among Cycadean
fronds. Feistmantel’s Glossozamites Stoliczhanus® is almost cer-
tainly a leal of Cordaites. For certain fronds originally de-
scribed as Zamites Zeiller'® has instituted the genus Plagiozamates.
An important question as to the type of frond which may con-
veniently be included in the genus Zamifes was raised by the
application of this name by Heer to some Lower Cretaceous fronds
from Creenland, Z. borealis (= Ptilophyllum boreale, fig. 597), and
others which differ in the form of the pinnae from species usually
regarded as typical of the genus. Halle!! accepts the Greenland
gpecies ag examples of Zamiles though he distinguishes them by
a sectional name Sub-Zamites; he defines Zamiles as including

Seward (95) A, p. 5.
Zeiller (03) B. p. 165, 5 Halle (13%) p. b5.
Schimper (72) A. pp. 128, 163.
Kurr, J. G. (45) B. PL 1. fig. 5.
Schenk (71) B. p. 8, PL 1. fig. 8. 7 Saporta (94) B. PL xvi.
8 Yokoyama (94) PL xx1. fig. 5.
b Teistmantel (792) p. 18. This statement is based on an examination of the
gpecimen. 10 Zeiller (94) B. p. 174,
1 Halle (13%) p. 55.
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fronds with pinnae attached to the upper face of the rachis with
a contracted and always symmetrical base though in some cases
the basal contraction is exceedingly small; there is a more or
less distinet basal callosity. He recognises two types, (i) Eu-
Zumites, e.q. Zamites gigas (fig. 599), in which the pinnae are strongly
contracted basally and have a callosity, and (ii) Sub-Zamites,
e.g. Z. borealis*, ete., in which the pinnae are not so broadly rounded
at the base and retain the same breadth to the point of insertion
where they are ‘very rapidly and very little contracted,” with
or without a basal callosity. The basal callosity in these forms
1s not shown in many of the pinnae and is at most but a slight
rounding of the angles of the truncate base. The specimens
referred by Halle to Sub-Zamites do not appear to differ in any
feature worthy of generic rank from Plilophyllum.

In the following definition Zamates is employed in a sense more
or less in accordance with Brongniart’s usage but with the inclusion
of such forms as Z. Buchianus, the type of Nathorst’s Zamiophyllum,
and the exclusion of Heer’s Arctic and Halle’s Antarctic fronds
referred by them to Zamites.

‘Fronds broadly lanceolate reaching a length of over 60 cm.;
pinnae more or less oblique or at right-amgles to the rachis (fig,
599), attached to the upper surface but not completely covering
it, linear or linear-lanceolate, acuminate or obtuse, usnally abruptly
contracted at the rounded base and more rarely (e.g. Z. Buchianus,
fig. 601) gradually tapering to the proximal end, with or without
a callosity at the symmetrical base; veins divergent at the hase,
simple or dichotomously branched, for the most part parallel to
the edges of the lamina and slightly divergent in the apical region.
The presence of a basal callosity, such as is best seen in the pinnae
of recent species of Macrozamia, is not a feature of great im-
portance and cannot be easily recognised in many impressions.
In the process of fossilisation the pinnae are often flattened against
the surface of the rachis and this may produce transverse wrinklings
of the lamina suggestive of a basal thickening. In some cases
stems of the Bucklandia type oceur in connexion with Zamates
fronds (fig. 541). An account of these stems, and of inflorescences
of Williamsonia which were borne by some at least of the plants

1 See page 525.
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with Zamites leaves is given in Chapter xxviir. In such examples
of Zamites as have been examined the epidermal cells have sinuous
walls and the stomata?, confined to the lower face of the lamina,
oceur in rows with their long axis at right-angles to that of the
pinnae.

Zamites tanges from Rhaetic to Lower Cretaceous strata.

Zamutes truncatus Zeiller.

A Rhaetic species from Tonkin® characterised by oval linear
pinnae given off at a wide angle, alternate ‘and not contiguons;
apex obtusely truncate, gradually narrowed to a cuneate base
which is rounded or elliptical and has a more or less definite
callosity. The pinnae vary from 3 to 5em. in length and from
5 to 13 mm. in breadth.

Zamites gigas (Lindley and Hutton).

The specific name gigas is retained in preference to that of
Mantelli employed by Brongniart® on the ground that he after-
wards discarded it in favour of the designation proposed by
Lindley and Hutton*, and because their name has been generally
adopted.

Fronds large, exceeding 60 cm.; broadly linear lanceolate;-
the comparatively slender rachis bears alternate linear lanceolate
pinnae with a rounded and usually slightly swollen base and an
acuminate apex. At the apex of the frond the pinnae are narrow
and linear (fig. 599) and almost parallel to the rachis; in the
lower part they are shorter and relatively broader and attached
approximately at right-angles. The numerous veins diverge from
the centre of the base but for the most part are parallel to the edge
of the lamina. The form of the epidermal cells and the structure
of the stomata have recently been described by Mr Thomas.
The external features of the stem (lig. 541) are described under
the genus Williamsonia. In the case of fronds of this type
from English Jurassic rocks it would be legitimate to speak of
them as Williamsonia gigas, but in view of the fact that such

1 Thomas and Bancroft (13) p. 184
2 Zeiller (03) B. p. 166, PL xrrm. figs. 3—6,

3 Brongniart (28) A. p. 94. See SBeward (00) B. p. 178,
4 Lindley and Hutton (38) A. Pl crxv.
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fronds usually occur as detached specimens and without any
agsociated flowers it is advisable, as Nathorst maintains, to retain
the non-committal genus Zamites.

This type of frond is widely distributed in Jurassic strata.
The occurrence of many forms agresing generally with the type-
specimen but differing from it in features that are not constant

Fie. 599, Zamites giges. (British Museum. V. 2723n; L nat. size.)

or of real morphological importance renders accurate specific
delimitation very difficult. Species that appear to be indistin-
auishable from Zamites gigas by any well-marked characters are,
Zamates Feneonis' Brongn., Z. Moreaui® Brongn., Z. Renevier:®
L Saporta (75) A. Pls. LXXXVIL—XCIL ¢ Ibid, Pls. LXXXIV,, LXXXY.
3 Ihid. Pl xornn
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Heer, and Z. cluravallensis® Sap.; similarly Z. Schmiedelii And.?
is probably identical with Z. gigas. The Lower Cretaceous species
Zamites bohemicus® Vel. and Z. iburgensis* Hos. and von d. Marck
repregent very similar forms.

Zamates recta (Tate).

This species was originally described by Tate® as Palacozamia
(Otozamates) reela [romm Wealden strata in Seouth Africa and sub-
sequently transferred to Zamules®: it bears a very close resem-
blance to Z. gigas. The fronds bear alternate linear pinnae
attached to the upper face of the rachis by a
glightly contracted and swollen bage. The lamina
has an acuminate asymmetrical apex and the
upper edge is slightly falcate; the larger pinnae
are over 6em. long and nearly 1cm. broad;
the veing are frequently forked as they converge
towards the base of the lamina. No elear
evidence of association of these fronds in the
Uitenhage series of South Africa with William-
sonia flowers has been discovered, but a specimen”
in the Tate collection i the British Museum
may be a badly preserved cluster of bracts
belonging to a Williamsonia. The rachis of this
species shows some peculiar features in the form
of two rows of alternate eushions in some partially
decayed specimens. One of these is shown in
fig. 600; the cushions are raised oval projections
with a flat top, and pieces of the rachis without Fie. 600. Zamites

: : : : il e recta. (Uitenhage
pinnae might easily be mistaken for a Coniferous 0 ¢ \frica)
stem.

Zamites Carruthersi Seward.
A species founded on specimens from the Wealden of Sussex®
and recorded from Kimmeridge beds in Scotland®, characterised

Saporta (75) A. Pl xcur 2 Andrae (53) A. PL 1x.
Fri¢ and Bayer (01) B. fig. 43, p. 92.

Hosius and von der March (80) B. PL xrav. fig. 202.

Tate (67) PL v. fig. 7.

Seward (03) B. p. 21, Pls. mm. v. 7 No. 11117.
Seward (95) A. p. 86, PL vI. ® Ihid. (112) p. 694, Pl x. fig. 43.

® & ¢ e e
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by linear or linear-elliptical pinnae attached obliquely to the
outer part of the upper surface of the rachis, somewhat abruptly
narrowed at the proximal end but slightly broadened at the

Frg. 601, A—C, Zamites Buchionus. D, E, Zamiles Carruthersi, T, Zamiiles
Zitteli. (A—C after Seward; British Museum; A, V. 2363; B, V. 2123q: C, V.
2227; F, after Schenk.)

actual base (fic. 601, D, E). The pinnae appear to have been

caducous and, as in fig. 601, D, the position of an absciss-layer




is oceasionally visible. In habit the fronds hear a close resem-

blance to those of Ewncephalartos
longifolius Lehm. The veins diverge
from the base and are for the most
part parallel, though divergent at
the bluntly rounded apex. If as
may be the case, a specimen figured
by Hugh Miller' from Scotland as
Zamites and subsequently named
by Richards® Podozamites Miller:
is identical with Z. Carruthersi, the
specific name Millers has priority.

Zawates  Buchianus (Ettings-
hausen).

A Wealden and Lower Cretaceons
species? (figs. 601, A—C; 602) repre-
sented inseveral European localities,
also in North America and Japan,
reaching a length of over 70 em.:
in habit very similar to Ceratozamiu
mexicana, Macrozamie Macleay; and
some other recent Cycads, The
rachis has a fairly broad median
groove on the upper surface ; pinnae
alternate, opposite or sub-opposite,
from 3 to 20 em. long and from 1-5
to 2 em. broad, linear, generally
narrowed towards the base, but in
the more slender segments the re-
duction in breadth is less obvious:
attached obliquely to the rachis,
slightly thickened and broadened
at the base (fig. 601, (), separated
from the rachis by a distinct abseiss-

) s Fia. 602. Zevinates  Buchianus.
layer and leaving an elliptical scar;  (British Museum, V. 2120: § nat.
usually inclined at about 45° but  size)

T Miller (57) B. fig. 136. ? Richards (#4) p. 120.
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# Ettingshausen (52) B. p. 21, PL 1. fig, 1; Seward (95) A. p. 79, Pls. arr. v, VI
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the angle varies considerably in different parts of a frond
(fig. 602); apices generally tapering to a point, or more or less
obtusely rounded; veins numerous, parallel, and not as a rule
prominent. It is by no means unlikely that specimens figured
by Goeppert! and some other authors as Plerophyllum saxonicum
or Dioowites saxonicus arve examples of this species. Fontaine?
speaks of Dioonites Buchianus as one of the most widely distributed
and characteristic members of the Potomac flora and it is de-
seribed from Japan by Yokoyama® and Nathorst'. This type
appears to be especially characteristic of Wealden strata.

OTOZAMITES. Braun.

Braun® proposed the name Olozamites for certain Mesozoic
fronds formerly included in Zamifes, one of his types being
Otozamvites obtusus (Lind. and Hutt.) (fig. 603, B) originally regarded
by Brongniart as a Fern and named Filicites Bucklandi®. The
auriculate form of the hase of the pinnae and the spreading veins
were emphasised in the definition of the genus. As in the case
of many other Cyeadean fronds the limits of the genus are not
always easy to define, but as described below the genus is on the
whole fairly distinetive. It is a very widely spread Jurassic
type and extends from Triassic to Lower Cretaceous rocks. The
supposed (retaceous species from Greenland, 0. groenlandica
Heer?, is probably not a plant-impression but a polished groove
in the rock.

Fronds pinnate, reaching a length of 50 em. or more in some
Species; pinnae alternate, separate or contignous and imbricate,
attached by a portion of the base to the upper surface of the
rachis, long and narrow (fig. 603, A), broadly oval or almost
orbicular, apex acute or ohtuse, base auriculate and asymmetrical®,
the anterior lobe being more prominent than the posterior edge
of the lamina which is usually rounded. The veins radiate from
the base and pass obliquely with occasional branching to the

1 Goeppert (47) Pl. xxxvom. 7

* Fontaine (89) B. p. 182, Pls. LxXvImL—LxXX1v., ete.

1 Yokoyama (94) p. 223, Pls. xx,, xxa1m., ete,

' Nathorst (90) A, Pls, m., o, v.

* Braun in Miinster (42) B. p. 36. 8 Seward (95) A. p. 56.

© Heer (73) 1. Pl xxvr. fie. 2; the specimen is in the Stockholm Museum
8 Halle (13%) p. 55.
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edge of the pinna; in the more linear pinnae the veins may be
parallel or nearly so. Zigno?! figured a piece of an Ofozamites frond
from Jurassic Italian strata in connexion with a Williamsonia
and the actual specimen in the Padua Museum amply justifies
the impresgion produced by the published drawing. Wieland’s
mvestigations® in Mexico have brought to light many cases of
association of Olozamites fronds and Williwmsonia flowers.

F1e. 608. A, Olozamites Goeppertianws. B, Mozamites obtusus (= 0. Bechei):
type-spocimen. (A, British Museum, V. 2360; B, Oxford Museum.)
The structure of the epidermis is partially deseribed by Schenk?

and more fully by Thomas?: the epidermal cells have sinuous

1 Zigno (85) PL xun, fig. 9. ? Wiecland (13).

# Schenk (67) A. PL xxxtv. fig. 7.
4 Thomas and Bancroft (13) p. 186, PL xix. figs. 3. 4.
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walls and the stomata, apparently confined to the lower surface,
have guard-cells with hemispherical or spindle-shaped thickened
patches like those of some Zumates fronds. In one species, O.
Feistmantely Zig., Thomas found about 100 stomata in 1 sq. mm.
of lamina forming almost contiguous lines between the veins. In
the account of the genus Ptilophyllum reference is made to the
occurrence of pinnae with asymmetrical and auriculate bases,
and it is only by the comparison of a large number of specimens
that a distinetion ean be drawn between fronds that should be
assigned to Ofozamites and forms of Ptilophyllum which exhibit
a well-marked tendency towards the Ofozamites type of pinna
(¢f. figs. 592, 593). The variation in the form of the apices of
pinnae and the relative position of the pinnae in different parts
of the same frond are features worthy of notice in the deter-
mination of species’, The different appearance presented by an

TR

Wia. 604. Otozamiies Bechei, A specimen in the Bristol Musenm seen from
below (A) and above (B). M. S.

Otozamites frond as viewed from the upper and lower face is
illustrated in fig. 604. There are no recent Cycads in which the
segments have auriculate bases, but in this feature as in the
sinuous epidermal walls Olozamates agrees with some species of the
Fern Aneimia, e.q. A. rotundifolia Schrad. (fig. 223, Vol. 1. p. 288).
Otozamites Becher Brongniatt.

There is considerable confusion in the nomenclature of this
species described by Brongniart® from Jurassic strata as Filicites

! Seward (95) A. PL 1 figs. 1, 2.
2 Brongniart (25) PL xix. fig. 4; Seward (00) B. p. 219; (04) B. p. 39.
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Bechei: in it Brongniart included a specimen from the Lias of
Axminster (Dorsetshire) previously figured by De la Beche as
a lossil Fern. It was on the Axminster specimen that Lindley
and Hutton founded the species Otopteris obtusa?, and as there is
no doubt as to the specific identity of their type-specimen (fig.
603, B) and De la Beche’s fossil, Brongniart’s designation has
prior claim?®  Ofozamites Bechei is, perhaps, best regarded as a
comprehensive type or a group-species in which numerous Olo-
zamites fronds deseribed by authors, on inadequate grounds, as
distinet species may well be included. Fronds agreeing generally
with O. Bechei were very widely spread in Rhaetic and Jurassic
floras.

Specimens from the Middle Jurassic rocks of Yorkshire have
been described as Otozamites obtusus var, ooliticus® to denote a
slight difference in the form of the pinnae from the Liassic fronds
from Dorsetshire; but the distinctive features of the variety
ooliticus are unimportant and hardly worthy of consideration in
@ general account of the species interpreted in a wide sense.

Fronds pinnate; pinnae usually more or less faleate, occasion-
ally straight and with parallel sides, attached obliguely to the
upper side of the rachis: imbricate or separate, the upper edge
of the base of the lamina strongly auriculate, the lower edge
rounded ; apex obtuse; veins strongly divergent especially in
the lobed base and extending obliquely to the upper and lower
edge of the lamina.

The specimen, from the Tias of Lyme Regis, drawn in outline
in fig. 605, is an almost perfect frond: the pinnae are obtusely
pointed, slightly faleate, and there is a prominent lobe on the
upper edge of the base of the laminae.

The Jurassic species Otozamiles graphicus* (Leck. ex Bean
Ms.), O. vicetinus Zig.5, O, Henmoequed® (Pom.), 0. recurrens Sap.,
0. Terquemi® Sap., 0. linearis® Halle, are some of many examples
of fronds agreeing closely with O. Bechei, or in the case of 0.
Terquemi with O. graphicus. The fronds described by Halle

* Lindley and Hutton (34) A. PL oxxvirL
* Zeiller (12) p. 6; Halle (139) p- i3 (footnote), 4 Seward (00) B, p. 218.
¢ Leckenby (64) A. PL vor fie, 5; Seward (00) B. p. 213, Pls. 1., 1.
8 Zisno (81) PL xxxim, figs. 3, 4. & Saporta (75) A. PL 101.
? Ibid. PL. 99. % Halle (13*) PL v,
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from Graham Land as 0. linearis afford
a good illustration of the range of variation
in the pinnae: a characteristic feature is
the considerable length, exceeding 20 ém.,
of the narrow linear fronds. The im-
pressions from the Kome (Cretaceous)
beds of Greenland described by Heer as
Glossozamites  Schenkin' are probably
clogely allied to 0. Bechei. The Rhaetic
species 0. Bucklandi Schenk?, O. indosi-
nensis  Zeill.3, and 0. Polakii Krass?,
illustrate older examples of closely allied
types. Zeiller records Ofozamites pinnae
similar to those of 0. ndosinensis from
Rhaetic beds in Persia®,

Otozamites Beani (Lindley and Hutton).

Founded on a specimen in the Searbo-
rough Museum from the Middle Jurassic of
Yorkshire® which is indistinguishable from
Leckenby’s type-specimen of Ofopteris
medigna’ in the Sedgwick Museum, Cam-
bridge. Long and narrow fronds exceeding
20 em. in length, characterised by the
broadly oval, deltoid or sub-orbicular
pinnae, separate or partially imbricate
and attached by a broad auriculate base;
apex bluntly rounded: vens numerous
and spreading from the hase of the lamina.
The pinnae, which may be 3-5 cm. long
and nearly 2 em. broad, are narrower and
longer in the distal part of the frond
(fig. 606).

The Ttalian Jurassic specics Otozamites
molianus Zig,, recorded also from Born
holm, ig a very similar type. The generic
name C"r;rflozrmn.?fcr, suooested b}.’ Pomel for Fig. hu“» (Hozamites Beohei,

Kt it < (British Museum, 40672

this form of frond has not been $ nat. dize))

! Heer (75) . Pl xvi. figs. 5—8. Schenk (67) A, Pls. xxxmi,, xxxIv,

® Zeiller (03) B. PL xum. fig. 1. 4 Krasser (91) p. 12.
Zeiller (05), ¢ Lindley and Hutton (32) A. Pl xriv.
Leckenby (fid) A. Pl, x, fig. 2. 8 Zigno (85) Pls. XXxvV.—XxXVI.

Y
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I adopted though it is applied by Schimper to O. Bunburyanus
} Zig.

Otozamites Bunburyanus Zigno.

| A Jurassic species! similar in the long and narrow form of the
; frond to O. Beani but distinguished by the much smaller segments

Fra. 606. A, Otozamiies
Beani, B, Otozamiles
Bunburyans,

Fra. 607. Otozwmites bengalensis.
(Indian Geological Suryey, Cal-
cutta; i nat. size.)

* Zigno (53) p. 11; Seward (00) B. p. 211
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and by their more orbicular larmna (fig. 606, B). In habit the
fronds agree closely with the Fern Nephrolepis Duffi. Teckenby’s
species, Olopleris tenuala', is probably the same as Zigno’s 0.
Bunburyanus, the type-specimen of which in the Padua Museum
consists of a long and narrow frond with leaflets not exceeding
3 em. in length: the rachis is hidden by the imbricate auriculate
bases of the leaflets. Feistmantel® refers to this species some
pieces of very narrow fronds with overlapping pinnae from
Upper Gondwana beds in India. A still smaller form is described
by Méller® from Bornholm as O. tenuissiimus, and 0. Bunburyanus
is recorded from the same flora. 0. Feistmanteli Zig.* agrees
in the form of the frond and in its short and broad pinnae with
0. Bunburyanus.

Otozamates bengalensis (Oldham and Morris).

This Indian species from the Rajmahal Hills® and specimens
of the same type from the Cutch flora described as O. contiguus
Feist. afford another illustration of long and narrow {ronds with
short and relatively broad pinnae. The drawings published by
Oldham and Morris accurately represent the specimens: the
longest frond is 21 em. long and neither end is complete (fig. 607);
it is 9 mm. broad at the narrower end and 1-5 cm. at the broader
end. The rachis is represented by a deep and broad groove;
the actual bases of the leaflets are not preserved, but their position
shows that they were attached to the upper face: this is clearly
seen in the specimen described by Feistmantel as O. contiguus
which shows also that the lamina is auriculate at the upper edge
of the base. The pinnae vary in shape; the smaller ones are
characterised by a strongly curved lower margin and the upper
edge is slightly curved or straight, while the larger leaflets have
more parallel edges and blunter rounded apices: the latter form
is well shown in the specimens unnecessarily distinguished by
Oldham and Morris as var. obtusa.

! Leckenby (64) A. PL 1x. fig. 3.

* Peistmantel (79) Pls. viI., VI

? Moller (03) PL 1.

* Zigno (81) PL xxiv.; Thomas and Bancroft (13) p. 18G; Seward (00) B.
p- 221

Oldham and Morris (63) B. p. 27, PL xi1x.; Feistmantel (76%) PL vir. fig. 4.




Hd4 CYCADOPHYTAN FRONDS [cn.

Otozamites Klipsteinii (Dunker).

This Wealden species, first deseribed hy Dunker as Cyclopteris
Klypsteinis, is remarkable for the large pinnae. The rachis is
fairly stout; the broadly oval or oblong pinnae vary considera bly
In size and in the relation of breadth to length, in rare cases
reaching a length of over 8 em. and a breadth of 2-4 em.; apex
obtuse, base slightly auriculate and asymmetrical ; veins numerous,
radiating from the point of attachment to the margin of the
lamina. The oceurrence of finer lines between the more prominent
veing may indicate the presence of hypodermal stereome strands.
Fig. 608 illustrates the striking variation in the size of the pinnae
on a single frond and their attachment to the upper face of the
rachis. In the breadth of the segments O. Klipsteinii resembles
O. Beani (Lind. and Hutt.), 0. decorus Sap.2, O. lagotis Brongn.?
and two species from South Russia described by Thomas? as
O. Inuimensis and O. gigamteus. The pinnae of 0. giganteus
exceed 10 cm. in length and 3 em. in breadth, thus surpassing
the largest segments of O. Klipsteinii. Some pinnae from the
Jurassic flora of Oregon made by Fontaine the type of a new
species, 0. oregonensis®, may be fragments of 0. Klipsteinii.
Nathorst® records the occurrence in Lower Cretaceous or Wealden
beds in Spitzbergen of Cycadean leaflets very like those of 0.
Klipsteinii.

Otozamates Goeppertianus (Dunker).

This Wealden species, named by Dunker’ Plerophyllum
Goeppertianum, agrees in habit with some of those to which
reference is made under (. Bechei, e.g. O. linearis Halle, and
represents a type of the genus with unusually narrow pinnae
(fig. 603, A). The auriculate form of the lamina is feebly developed ;
the linear-lanceolate pinnae are occasionally falcate and have
acute apices; as in many other species they were apparently
deciduous. It is by no means easy to distinguish some of these
fronds from specimens included in Phlophyllum pecten.

! Dunker (46) A, p. 11, PL 1x. figs. B, 7; Seward (95) A. p. 60,

* Saporta (75) A. Pls. ex., ¢xL 3 Ibid. Pl ox.
¥ Thomas (11) p. 83, Pls. v., v
5 Fontaine in Ward (05) B. PL xxxvrrm. § Nathorst (13) p. 279,

¥ Dunker (46) A. p. 14, PL 1. fie. 5; Seward (95) A. p. 70, PL 1.
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F1c. 608. Otozamites Kliptsteini. (British Muscum, V. 3709.
8. 111

nat. size.)

36
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DICTYOCZAMITES. Oldham.

This generic name was instituted! for pinnate fronds from the
Rajmahal series of India, assigned by Feistmantel to a Lower
Jurassic horizon, but probably nearer in age to the Middle Jurassic
series. Morris, joint author with Oldham of the Memoir on the
Rajmahal plants, adopted the name Dictyopteris. Dictyozamites
agrees very closely with Olozamites but is readily distinguished
by the anastomosing veins (fig. 609), while the absence of a midrib
differentiates it from the Palaeozoic genus Dictyopteris. The
genus is recorded also from Jurassic strata in England, Bornholm,
Japan®, Korea®, and from a locality 60 nautical miles N.W. of
Cape Horn in Tierra del Fuego?: the specimens from these localities
differ only in unimportant details from the Indian type. Dictiyo-
zamates 13 confined to Jurassic floras and appears to be especially
characteristic of Middle Jurassic floras. In India® fronds occur
in close association with stems of the Bucklandia type and, although
there is no proof of any connexion with stems or flowers, it is
probable that the fronds of this generic type were borme on stems
similar to those of Bucklandia and that the flowers were constructed
on the Williamsonia plan.

Drictyozamites faleatus (Morris).

Morris® described this Rajmahal species under the names
Dictyopteris faleata and D. fuleata var. obtusa; the specimens were
included by Feistmantel under the designation Diclyozamites
wndicus, the original term falcata being discarded without adequate
reason. An examination of several of the figured fronds enables
me to confirm the aceuracy of the published drawings and to
extend the description in a few particulars. Fronds pinnate
of the habit of Otozamites; pinnae comparatively thick, broadly
linear, alternate, varying considerably in size and in the form
of the apex which may be obtuse or acute. The pinnae are
attached by the middle part of the lamina only; the upper edge
of the base is slightly rounded or auriculate; the lower angle

1 Oldham and Morris (63) B. p. 37. 2 Soward (03):
® Yabe (05) B. PL 11. figs. 2—7.
¢ Halle (12): (13) p. 9, PL v. figs. 29—33. 5 Bancroft (13)

¢ Oldham and Morris (63) B. PL xx1v. figs. 1,2: Feistmantel (762) Pls. rv.—V1-#
{(77) PL 1.
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is generally more definitely lobed. The imbricate bages completely
cover the upper face of the comparatively slender rachis. The
longest pinna seen on an Indian frond is 6 cm. with a breadth of
2em. Bome of the pinnae on magnification exhibit a finely
tuberculate appearance, due no doubt to the presence of papillae
on the epidermal cells like those on the pinnae of Knglish and
Bornholm specimens. This species is recorded by Yokoyamal
from Japan as D. falcatus var. distans, and a similar form, referred
by him to a distinct species, D. grossinervis, may be more appro-
priately named D. falcatus var. grossinervis®. The Indian type
oceurs also in Jurassic rocks of Korea, and Halle has discovered
some Dictyozamites leaves in Tierra del Fuego® which he describes
as Dictyozamites sp. cf. D. faleatus: this record is of special interest
from a phytogeographical point of view.

Dictyozamites Johnstrupi Nathorst.

This species?, from rocks usually spoken of as Liassic but not
improbably Middle Jurassic in age, differs from D. Jleatus in the
slightly more falcate form of the pinnae and in the more strongly
auriculate upper angle of the base of the lamina. The stomata®
are confined to the lower epidermis and the Strongly cuticularised
guard-cells frequently lie at right-angles to the course of the veins.
The epidermal cells have very sinunous walls (fig. 609, C) and in
the middle of each is a prominent papilla.

Dictyozamites Hawelli Seward.

This Middle Jurassic type from Marske®, Yorkshire, differs
from D. falcatus in the relatively broader segments, their straighter
form (fig. 609, B), and in the attachment to the rachis being
slightly below the middle of the pinna base. Fig. 609, A, shows
the base of a pinna and an oval scar similar to those on the rachis
of some recent Cyeads (cf. fig. 387). The epidermis is like that in
D. Johnstrupi and as in that species the stomata are confined to

* Yokoyama (89) B, PL vir fig. 10; Pls. x., x1. * Beward (03) p. 217.

¥ The statement made by me [Seward (11%) p. 3] that Dietyozamites occurs in
the Falldands is incorrect.

* Nathorst (89); Msller (03) p. 25, DL v.

& Nathorst (07%) PL mu. figs. 2—8.

® Seward (03); Thomas (13%) p. 238; Thomas and Baneroft (13) p. 186, PL xrx.
figs. 6—8.
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the lower surface. There are approximately 120 stomata per
square millimetre; each with two subsidiary cells (fig. 609, C)
of elongated form, and the guard-cells have small thickened out-
growths or papillae as in D. Johnstrupi.

The epidermal features are described under D. Johnstrupi
and D. Hawelli (fig. 609, C). a fuller account of those in the latter
species will be found in the paper by Mr Thomas and Miss Baneroft.

Fra, 609. Dietyozwmites Hawelli, (A, B, British Museum; C, after
Thomas and Bancroft.)

PTEROPHYLLUM. Brongniart.

The name Plerophyllum was first applied by Brongniart® to
gsome fronds from the Lias of Hor, which he named P. majus
and P. minus, species subsequently removed by Nathorst® to
Schimper’s genus Anomozamites. Brongniart® defined Ptero-
phyllum fronds, eg. P. Jaegeri (fig. 610), as pinnate, bearing
pinnules of almost equal hreadth attached by the whole width
of the base and with a truncate apex; veins slender, equal, simple
and glightly arched. There has been considerable confusion and
laxity in regard to the application of the nawme Plerophyllum
and in many eases no clear distinetion has been recognised between
this genus and Nilssonda. In Nilssonia the distinctive feature
is the complete absence of any rachis uncovered by the lamina

* Nathorst (81) p. 61. % Brongniart (28) A. p. 95.

1 Brongniart (25).
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on the upper face of well-preserved specimens, while in Ptero-
phyllum the continuity of the lamina is broken by a greater or
less breadth of rachis in the middle line of the frond; the lamina
does not cover the rachis but is attached laterally, or at least the
two laminae of the frond, whether entire or deeply dissected,
do not meet in the middle of the rachis. A specimen from the
Cretaceous of Greenland described by Heer as Pterophyllum,
coneinnum? and now in the Stockholm Museum is probably a
piece of a Nilssonia; the rachis is not exposed on the surface
of the frond. Tn Nilssoniu the veins arve with few exceptions
simple: in Plerophyllum they are often branched especially near
their origin from the rachis: in Nilssonia the segments are of
unequal breadth; in Pterophyllum they are usually equal. Tt
has been the practice of several authors to follow Schimper?
in the employment of the generic name Anomozamites for fronds

Fig. 610, Pterophyllum Juaegeri. From the Keuper of Lung; part of a frond
23-5em. long and incomplete. (British Museum, V. 1044: nat. size.)

with a more or less entive or irregularly pinnatiseet lamina which
bear a very close resemblance to Nilssonia except that a portion
of the rachis is exposed on the upper face. Potonié® used Ptero-
phyllum in a wider sense including both fronds with equal pinnae
and those of the Anomozamites type: this more extended use of
Pterophyllum is adopted by Zeiller* who prefers to retain Anomo-
zamates only as a sub-genus. It is in this sense that the following
definition is framed. '

Fronds pinnate; pinnae linear, attached by the whole base,
which may be enlarged ; the apex is truncate, rounded, or oceasion-
ally pointed; the veins are simple or dichotomously branched
and parallel to the edge of the lamina. In some fronds (sub-genus
Anomozamites) the segments are unequal (fig. 615), short, broad

! Heer (75) ii. PL xv. fig. 11. * Schimper (72) A, p. 140.
¢ Potonié (99) B. p. 281. + Zeiller (03) B. p. 174.
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and truncate, and the lamina may be entire or divided into a few
very unequal segments. The surface of the rachis is never com-
pletely covered by the lamina on the upper face of the frond and
is often characterised by transverse wrinklings, possibly due to
the presence of ramental scales.

Some interesting xerophilous features have recently been
described by Halle! in the lamina of Perophyllum (Anomozamates)
margimatum, a Rhaectic species figured by Schenk and Nathorst
from Tranconia and Scania. The pinnae were thick and succulent.
Stomata are confined to the lower surface and the edges of the
upper face of the lamina form a rounded curve causing the thick
upper cuticle to abut on the thinner stomatiferous lower cuticle, thus
producing in impressions the appearance of thickened margins.

There is no satisfactory evidence as to the nature of the
reproductive organs or stems of the plants which bore fronds of
the type represented by P. Jaegert (fig. 610) and other forms with
equal segments. A stem referred by Heer? and by Leuthardt?
to Plerophyllum was not found in connexion with leaves, and
there is the same absence of any convincing evidence in the case
of the imperfect specimens from the Keuper of Basel believed
by Leuthardt to be male and female inflorescences. On the
other hand leaves of Anomozamites are known to have been borne
on comparatively slender stems with dichasial branching, and
the reproductive shoots are of the same general type as those
known as Bennettites. This discovery is due to Nathorst who
founded the genus Wielandiella® on fertile stems with Awnomo-
zamites Ironds. Mr Thomas® has recently obtained evidence
from Yorkshire Jurassic material pointing to a similar connexion
between Anomozamites fronds and Wielandiella stems. Ptero-
phyllum is further distinguished from Nilssonia by the folded
walls of the epidermal eells and by the presence of two crescentit
subsidiary cells (fig. 611, A) instead of the ring of cells which sur
rounds the guard-cells in Nilssonia (fig. 611, B). Schenk® figured
a few pieces of cuticle from fronds referred to Pterophyllum n
which the walls are more or less sinuous, but the cells of Plero-
phyllum crassinerve Goepp.? appear to have straight walls: this

1 Halle (15) p. 515, PL xim. figs. 18—20, 22

2 Heer (76) A. Pl xxxv. fig. 3. 3 Leuthardt (03) p. 20.
1 Bee page 463. & Thomas (13%) p. 237.

¢ Schenk (67) A. Pls. XXXvI.—VIIL. 7 Ibid. PL xxxix. fig. 7.
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species is, however, probably a Nilssonia. The stoma represented
in fig. 611, A, is from the lower epidermis of Pterophyllum
(Anomozamites) Nilssont (Phill.)2.

Pterophylluin extends from Upper Carboniferous to Lower
Cretaceous strata and is especially characteristic of Keuper and
Rhaetic floras. A possible representative of the sub-genus
Anomozamates is described by Ettingshausen from Tertiary beds
in New South Wales as Anomozamites Muelleri®.

il

A B

Fia. 611, A, Ptevophylivm Nilssonii B, Nilssonia mediona, (After
Thomas and Bancroft,)

Pterophyllum Fayoli Renault and Zeiller. <

This species® was founded on a large frond from the Commentry
coalfield with a stout rachis bearing linear pinnae, attached along
a narrow groove on its outer edge, reaching a length of 12 cm.
and a breadth of 1 em.; adjacent pinnae are united at the base.
The apices are pointed and there are 10-12 unbranched veins in
the lamina. Fig. 612 shows a small piece of the large specimen
in the Natural History Museum, Paris.

Pterophyllum sp. Arber.

The only representative of a Carboniferous frond of Cycadean
habit discovered in Britain is that recorded by Arberf? from
Westphalian strata at a depth of 1834 ft at Barfreston in Kent.
A fairly stout rachis bears incomplete pinnae the longest of which
is slightly more than 1 em. in length and 1—1-5 em. broad; each
segment, very slightly contracted at the base, has 3—4 occasionally

1 Thomas and Baneroft (13) Pl xix. fig. 5.

* Httingshausen (86) PL vom. figs. 19—21.
% Renault and Zeiller (88) A. p. 619, PL Lxvim. 1 Arber, E. A. N. (122).
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forked veins. Arber compares the fragments with Pterophyllum
blechnoides Sand. from Germany!.

Prerophylium Cambryi Renault.

This Permian species from Autun? is similar to P. Fayoli,
but differs in the more slender rachis and in the finer venation
of the linear, acute, pinnae. The pinnae in Renault’s specimen
reach a length of 4-8 cm. and are from 3-5—4 mm. broad; they
are slightly confluent at the base and the veins occasionally fork.

Bra. 612, Prerophylivm Fayoli. (From the type-specimen, Paris; I nat. size.)

Among other Palaeozoic species are Plerophyllum Grand Bury-
anum Sap. and Mar.® discovered by Grand Eury in the Coal
Measures of France, P. blechnoides Sand.* from the Upper Coal
Measures of Oppenau and recorded by Geinitz® from the Middle
Permian of Germany, P. Cottacanum Guth.®, a similar type, also
from Permian rocks, but with coarser venation. The gpecimens
figured by Geinitz as P. blechnoides and P. Cottaeanum arve in
the Dresden Museum: the former species is represented by @

L Sandberger (64) PL 11 figs., 1—4.,

* Renault (96) A. p. 322, fig. 64,

3 Baporta and Marion (85) p. 109, fig. 58 A.

+ Sandberger (G4) PI. 11, figs. 1—4, ¥ Geinitz (73) PL oo fig. 9.
8 Geinitz fig. 8.
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good impression on shale which shows the generic characters very
clearly,

Pierophyllum Jaegeri Brongniart,

Brongniart® founded this species (fig. 610) on material from
the Keuper of Stuttgart. The fronds ave characterised by the
relatively narrow parallel-sided pinnae with rounded or truncate
apices and little or no basal contraction; the pinnae may be
contiguous or separate. There are 14—16 veins in each pinna.
Leuthardt®, who figures several examples of this species from
Keuper strata at Basel, speaks of the hreadth-index of the pinnae
as 12, a term employed to denote the relation of the breadth to
the length of a segment. Plerophyllum longifolium® is a very
similar Keuper type: in this species the pinnae are rather shorter
and broader than in P. Jaegeri and contracted at the base; the
apex is truncate or obtuse. The differences between these species
is, however, very trifling. The imperfectly preserved fossils
figured by Leuthardt? as the inflorescences of Plerophyllum have
not been found in connexion with {ronds and their nature is
problematical. This and other species are recorded by Krasser?
from the Lunz beds in Austria.

Pterophyllum Bronmi Schenk.

A Keuper species® from Raibl in Carinthia distinguished by
its large pinnae, 15 em. or more in length and 0-5c¢m. broad,
and by their almost digitate disposition on the rachis. The
fronds appear to be relatively short: the upper pinnae are highly
inclined while the lower are given off at an obtuse angle; they
are obcuneate or more or less oblanceolate, with a truncate
asymmetrical apex and rounded angles; the base is slightly
contracted. Arber? has figured some specimens from the Munich
Museum in one of which there are five spreading pinnae and a
portion of the rachis; one pinna is undoubtedly attached and
the others, though probably in place, are not in actual connexion

t Brongniart (28) p. 95.

* Leuthardt (03) p. 14, PL v. ¥ Thid. p. 16, PL v

* Ibid. Pl v, fie. 4; PL v figs, 3—5. 5 Krasseér (09).
8 Schenk (67) PL 11, There are some fine examples from the Raibl heds in
the Vienna Geological Survey Collection.

7 Arber (07).
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with the axis. There is a close resemblance between this species \
and Sphenozamites Rogersionus Font.l: in the American type the
fronds must have been 1 met. long; the leaflets, 19 x 9 em.,
are elliptical, broadest near the apex and attached by the middle
of the rounded base. Between the divergent and forked veins
there is a fine granulation probably due to the presence of papillae.
Prerophyllum Bronni and P. Rogersianum might be placed in
Schimper’s genus Macroplerygium?, though another Raibl species,
originally described by Schenk as Pterophyllum gigantenm?® and
referred by Schimper to Macropterygivm, has much longer and
relatively narrow pinnae and agrees more closely with Piero-
phyllum as the genus is usually defined. In order to emphasise
the distinetive features of Plerophyllum Bronni and Fontaine's
Virginian species they may con-
veniently be spoken of as Prero-
phyllum  (Macropterygivm) Bronng
and Prerophyllum (Macropterygiwm)
Rogersianum.
Prerophyllum Brounianum Goeppert.
In this Rhaetic species? (fig. 613)
the narrow linear pinnae, contiguous
. or more or less distant, are 1—2 mm.
i broad and may exceed 5 em. in length
though they are usually shorter;
they are attached more or less at
| right-angles to the sides of a trans-
versely wrinkled rachig. The base
of the lamina ig hroadened and the
veins are parallel, simple or forked. Fie. 613. Pterophyllum Braunia-

. . wian. (A, nat. size; B,enlarged:
The epidermal cells have sinumous  ™%n- (A, nabsize; B, enlargec
after Schenlk. )
walls,

Prerophyllum Tietzei Schenk,
A Rhaetic species founded® on specimens from Persia and
described also by Zeiller® from Tonkin represented by fronds

1 Fontaine (83) B. p. 80, Pls. xurim.—v. # Sehimper (72) A. pp. 127, 132.
3 NSchenk (67) PL 11. 4 Goeppert (44); Schenk (67) A. p. 164, Pl. xxxvIIL.

> Sehenk (87) B. p. 6. Pls. vi., 1x.
& Zeiller (03) B. p. 189, Pl xwuvir. fig. 1.
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1 met. long and at least 15 em. broad. The segments, 3—7 cm.
long and 8—18 mm. hroad, are often set at right-angles to the
rachis; the edges ave parallel but the lower edge bends upwards
at the apex. The veins are simple or forked and approximately
0:3 mm. apart.

Plevophyllum Bawvieri Zeiller.

This Rhaetic species from Tonkin! and Persia® is interesting
as aflording an example of a frond with exceptionally narrow
and contiguous pinnae. The frond is narrow and lanceolate,
15—20 em. long with pinnae normal to the rachis, -5—1 mm.
broad and 7-—25 mm. long attached by the whole base which is
sometimes slightly enlarged. The veins are simple or forked,
15—25 mm. apart: the apices of the segments are rounded or
truncate and the form of the whole is similar to that of Ptero-
phyllum aequale but narrower.

Prerophyllum (Anomozanites) tnconstans Braun.

In habit this Rhaetic species® resembles Nilssomia compta.
The linear-lanceolate fronds, as described by Zeiller# in his Tonkin
memoir, attain a length of 20 em. and a breadth of 4 em. The
rachis, characterised by numerous transverse ridges, bears alternate
or subopposite leaflets often at right-angles; they are almost
rectangular and hardly longer than broad, attached by the whole
of the base, which may be broadened, to the upper face of the
rachis, but the lamina does not cover the whole of the rachis as
in Nilssonia. The pinnae vary in breadth on the same frond and
occasionally the lamina is continuous as in gome forms of Nilssonia.
Schenk® figures examples from the Rhaetic of Franconia in which
the lamina is very irregularly dissected and may be entire for a
considerable distance. The epidermal cells have slightly sinuous
walls. A similar type is represented by Pterophyllum (Anomo-
zamites) Schenki Zeill.%, but the segments are contracted basally
and become wider towards the apex where, as in P. inconstans,
the edges are parallel. Feistmantel's species Platyplerygium

! Zeiller (03) B. p. 198, PL x1Ix, figs. 1—3. & Ihid. (05) p. 194.

7 Braun, F. (43).

4 Zeiller (03) B. p. 177, Pl xumm. fig. 8§; PL xuv. figs. 1-4.

& Schenk (67) A. Pl. xxxvor. fiss, 59,
& Zeiller (03) B. Pl xumr. fig. 7.
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Balli', though superficially similar to Pterophyllum, appears to
agree more closely with Pseudoctenis.
Pierophyllum Nathorsti Seward.
This species, founded on a specimen in the Sedgwick Museum,
Cambridge, from the Middle Jurassic beds of Yorkshire, was
_formerly referred to the genus Dinomites®, but since the Yorkshire
specimens were supplemented by material from Kimmeridge
strata i Scotland® affording more definite information with
regard to the attachment of the pinnae it has been transferred
to Plerophyllum. Pinnae laterally attached to the rachis which
in some specimens shows a transverse wrinkling, narrow, linear,
3—4 mm. wide and reaching a length of 9 em. The base of the

Fia. G14. A, B, Plerophyllum Nathorsti: A from below: B fromabove. €, Nils-
sonda tepwicaulis. (A, B, Gunn Collection, British Museum; !, Arber Coll.
Sedgwick Museum, 539; nat, size.)

segments is slightly expanded; the apex is acuminate or bluntly
pointed: there are approximately three veins in 1 mm. of lamina.
This type (fig. 614, A, B) is similar to Pteroplyllum aequale Brongn.
as figured by Zeiller® from the Rhaetic of Tonkin and agrees
closely with some of the large Rhaetic specimens referred by
Schenk to P. Brawnionum. The Jurassic fronds from Oregon
described by Fontaine® as Clenophyllum angustifolinm are similar
! Feistmantel (86) PL 1. A. fins, 48,

* Seward (00) B. p. 239. % Seward (11%) p. 694, Pls. 1v., V. eta.
i Zeiller (03) B. PL xrx. * Fontaine in Ward (05) B. Pl xxm.
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forms and a specimen from the Wealden of Germany included by
Schenk in P. Dunkerionum® should probably be included in this

Fia. 6Ll6. Ptevophyllvm (dnomo-
zamites) Lyellionwm.  (Geological
Survey Museum, 6396: nat, size.)

Fra, 615,  Pterophylivm ( Ano-
. I » . l .

wmozaniites) Nilssani, {Britich

Museum, 39.306; nal, size.)

species. Other closely allied forms are represented by P. distans
Old. and Morr.2 and P. Footeanum from India.
1 Behenk (71) B. Pl. xx1v. fig. 5.

# Oldham and Morris (63) B. Pl 1x,; Feistmantel (77%) Pls. v., v1.
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Pterophyllum (Anomozamites) Nilssons (Phillips).

The type-specimen, from the Jurassic beds on the Yorkshire
coast and now in the York Museum, was described by Phillips?
as Aspleniopteris Nilssoni and placed in Pterophyllum by Lindley
and Hutton and many. other authors®. The fronds are linear ;
the lamina may be almost entire or divided into unequal deep
truncate segments; the veins are simple or dichotomously branched
(fig. 615). The leaves are very similar to those of Nilssonia:
they were probably borne on stems similar to those described
by Nathorst as Wielandielle. Reference is made to the structure
of the epidermal cells in the account of the genus.

Pierophyllum (Anomozamites) Lyellianum (Dunker).

This Wealden species, originally referred by Dunker? to
Pterophyllum, was afterwards transferred to Anomozamites®. The
fronds, in habit resembling the larger Rhaetic species P. Braunianum
Goepp., are characterised by the narrow linear pinnae of almost equal
breadth attached approximately at right angles; there is a narrow
line of rachis separating the two rows of segments (fig. 616)
|CYCADITES. Sternberg.
|PSEUDOCYCAS. Nathorst.

The generic name Cycadites was first used by Sternberg?
though it has since been shown that the specimens for which he
proposed it belong to other genera. As employed by Brongniart®
and other authors Cycadites stands for fossil fronds agreeing in
habit with the pinnate leaves of recent species of Cycas (fig. 387, A):
the presence of a single median in the linear pinnae is generally
regarded as an essential feature. Cycadites may be defined as
follows: TFronds pinnate; pinnae alternate or opposite, linear
entire, with a midrib and no lateral veing, attached to the rachis
by the entire base, the lower margin of which may be slightly
decurrent or narrowed near the point of attachment. Epidermal
cells with straight walls and stomata agreeing in structure with

L Phillips (29) A. PL vim, fig. 4. ¥ See Seward (00) B. p. 204

* Dunker (46) A. p. 14, PL vr, figa. 1, 2.

* Seward (95) A. p. 91: see also Schenk (71) PL xxxrv.

& Bternberg (25) A. p. xxxIL

® Brongniart (28) A. p. 03. Specimens named by Brongniart Cyeadites
Nilssoniana ave probably fragments of Dicotyledonous leaves [Nathorst (81) p. 83]-
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those of the recent genus. As thus defined, including the charac-
ters of the epidermal cells, the genus has no representatives;
but the generic name should also be applied, as Miss Holden?
has recently suggested, to fronds of the Cyeas form which afford
no information with regard to the structure of the epidermis.
The resemblance of Cycadites fronds to those of Oyeas, coupled
with the fact that impressions superficially resembling mMegasporo-
phylls of the recent genus are recorded from Mesozoic strata,
was considered sufficient justification for the employment of a
name implying close affinity to or even generic identity with
Cyeas. A fuller knowledge of the epidermal characters of some of
the fronds hitherto included in Cyeadites has necessitated the
substitution of a new genus for Cycadites. An examination by
Nathorst® of Heer’s Lower Cretaceous Greenland species Cycadites
Steenstrupi and of other fronds showed that the epidermal cell-
walls are sinuous and the stomata arranged differently from those
of Cycas. For these and other reasons Nathorst proposed a new
name Pseudocycas. He also pointed out that the pinnae in the
fossil fronds have as a rule a double ‘midrib.” Nathorst’s dis-
covery raised the question whether other fronds described as
Cyeadites should be transferred to Pseudocyoas. Miss Holden’s
investigation of other supposed Mesozoic representatives of
Cycas leads to the conclusion that ‘it is not impossible that all
Mesozoic specimens of Cycadites will turn out to be Pseudocycas.”
This observer shows that Cyeadites Saportae Sew. and €. Roemeri
Schk. agree in the sinuous walls of the epidermal cells with Pseudo-
tycas; and so far no species of Cycadites, in which it was possible
to examine the cuticular membrane, has been found that does
not conform to Nathorst’s definition of Pseudocycas at least as
regards the structure of the epidermal cells. Nathorst defined
Pseudocycas in the following sense: Fronds similar to those of
Cycadites and Cycas but with pinnae characterised by a double
“midrib,’ the stomata being confined or almost confined to the
groove between the two muinb&. Nathorst also notes that in
Pseudocycas the bases of the pinnae are not contracted as is often
the case in C'ycadites and Cyeas, but this is a feature of semnd.ny
Importance. Miss Holden has, however, expressed the opinion

! Holden, R. (142). * Nathorst (07%).
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that the double ‘midrib’ is an untrustworthy character and that
the stomata are not always arranged as in the fronds examined
by Nathorst. Nathorst states that in Pseudoeycas Steensirups
and P. insignis the midrib though usually double may be single:
the same variation occurs in P. Saportee. Miss Holden found
that an impression made from a pinna of Cycas siamensis showed
a double line on the upper face and a single rib on the lower;
that is Pseudocyecas and Cycas characters oceur on a single pinna.
On drying, the ridge on the lower face of the lamina collapses and
a groove is formed bounded by two ridges.

In a recently published and interesting paper on ‘Some
Xerophytic Leaf-structures in Mesozoic Plants,” Dr Halle! makes
some important additions to our knowledge of Pseudoeycas. He
agrees with Miss Holden’s views with regard to the use of the generie
names Pseudocycas and Cycadites, but dissents from her inter-
pretation of the median groove as the result of shrinkage of a
midrib. Part of the evidence presented by Halle is based on the
structure of the leaf-cuticle as shown in microtome sections?.  Ile
found that a distinet median groove is always present on the
pinnae of Pseudocycas insignis and other species. If the groove
were due to collapse of the tissue of a true median rib the presence
of stomata—which in P. insignis are confined to the middle
line of the lamina—below the vein would be an umusual feature.
He found no indication of a median vein or of any vascular tissue.
All that is revealed by an examination of the cuticle is that the
lamina hag a well-defined groove bounded by prominent ridges,
and in Pseudocycas Roemeri the groove is deeper and is formed by
the bending-back of the lamina. The stomata are practically
confined to the groove and in P. insignis and P. Steenstrupi an
additional protection against excessive transpiration was afforded
by elongated papillae.

In the sinnous walls of the epidermal cells and in the structure
of the stomata Pseudocyeas agrees with the Bennettitalean type
as defined by Thomas and Bancroft®. The ‘midrib” of the pinnae
marks the position of a pronounced groove and we have no in-
formation with regard to the venation. As Halle says, protection
L Malle (15)- ¢ Pls. xm.. XuL.

# Thomas and Bancroft (13).
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against drought is afforded by ‘other means than those usual
among existing Cycads,” which provide against excessive transpira-
tion by the sinking of the individual stomata below the surface.
The epidermal features of Pseudocycas afford a striking example
of the danger of basing conclusions on mere impressions and they
further emphasise the great difference between Mesozoic Cycadean
fronds and those of recent genera.

We have no knowledge of the nature of the reproductive organs
of the plants which bore Pseudocyecas fronds, but the agreement
of the stomata and epidermal cells with those in some Bennettita-
lean types favours the inclusion of the genus in that clags. It
has previously been pointed out that the impression figured by
Heer! in close association with the Greenland specimens of Pseudo-
cycas Steenstrupi as a carpellary leaf of the Cycas type is much
too imperfect to be identified and has no claim, as an examination
of the actual specimen in the Copenhagen Museum convinced me,
to be compared with a megasporophyll of Cyecas. This view is
shared by Nathorst.

In some cases the name Cycadites has been applied to fragments
that might equally well belong to Conifers or other plants, and
uot infrequently a careful examination of fossils referred to
Cyeadiles shows that the pinnae afford no evidence of a true midrib.
Casts of revolute pinnae like those of the recent species Encepha-
lartos Ghellinckii (fig. 382) would present an appearance closely
resembling a strong midrib. Heer's Siberian Jurassic species
Cyeadites sibiricus® is probably a piece of a Taeniopterss or Nilssonia
frond, and C. gramineus Heer® should be referred to Tazites. An
€xamination of the Indian fronds described by Oldham and Morris
and Feistmantel as species of Cycadites leads me to diseard all
of them as trustworthy records of the genus: in Cycadites confertus®
and C. Blandfordianus? there appear to be several veins in the
Pinnae and not a single midrib. Uycadites eonstriclus® is almost

! Heer (82) B. PL v.

* Ibid. (78)ii. PL 1v. fig. 1; Nathorst (972) p. 387.

& Heer (77) ii. Pls. ¥1i1., XXIIT., XXV.

* Oldham and Morris (63) B. Pls. vir, vor ; Feistmantel (77%) Pl. xuvim. fig. 1;
& drawing is very inaccurate,

® Oldham and Morris (63) B. PL 1x.

# Feistmantel (79) PL viL fig. 105 Nathorst (09) p. &

i}

, note 2.

S, 101 36
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certainly a Conifer as Nathorst has also suggested. No satis-
factory example of Cycadites has been described from Palaeozoic
strata; Goeppert’s Cycadites gyrosus® is founded on material too
imperfect to determine, and an examination of his Culm species
C. tawodinus in the Breslau Museum led me to refer it to a Conifer.
The specimens figured® by Zeiller from Lower Gondwana rocks

Fig. 617, Pseudocyeas ingignis. From the Lias of Hor. A, 5 nat. size; B, ca. % 2.
(After Nathorst.)

in India as Cycadites? sp. are portions of linear leaves or leaflets

5 mm. broad with a median rib but they can hardly be accepted as

evidence of the presence of a Cycadean plant.

Pseudocycas wnsignis Nathorst.
The fronds of this Cenomanian species from the West of Green-
land reach a breadth of 16 ¢m.; the rachis, 1 em. broad, has twe

1 Goeppert (66). 2 Zeiller (02) B. PL vi. fig. 4.
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parallel ridges on the upper surface and to these are attached at
a wide angle the broad bases of narrow linear pinnae reaching a
length of 9 cm. and a breadth of 2—3 mm. (fig. 617). The pinnae
are thick and separate and each has a double ‘midrib’ consisting
of two parallel lines (fig. 617, B) which are occasionally replaced
by one. The so-called double ‘midrib’ represents the two promi-
nent ridges bordering the groove. The stomata, confined to the
median groove, are approximately circular and the short epidermal
cells have sinuous walls®.

Pseudocyeas Steenstrupi (Heer).

Nathorst refers this species, described by Heer as Cycadites,
from the Cenomanian of Greenland, to Pseudocycas on the ground
that the epidermal cells are like those of P. Steenstrupt and the
stomata are confined to a median groove. Heer figures an im-
pression in close association with the frond of this species which
he identifies, without any adequate reason, as a carpellary leaf like
that of a Cyeas.

Pseudoeyeas Saportwe (Seward).

It has recently been shown by Miss Holden that this Wealden
English species? has the epidermal characters of Pseudocycas.
In external form it agrees closely with Cycadites tenuisectus Sap.®
from Lower Cretaceons rocks in Portugal, but nothing is known
of the epidermal features of the latter type. The rachis is broad
and flattened and bears alternate or sub-opposite pinnae of
uniform breadth attached at right-angles or obliquely to its upper
surface (fig. 618). The pinnae are 6—T7cm. long and about
1 mm. broad; their bases arve slightly expanded and the apices
sharply pointed. Miss Holden? finds that the median rib is some-
fimes double and that the middle region of the lamina is covered
with stomata; the epidermal cells have sinnous walls and stomata
oceasionally oceur on each side of the main median stomatal area.
Dr Halle® of Stockholm, who has examined cuticular prepara-
tions made from English specimens, confirms Miss Iolden’s

! Nathorst (07% Pls. 1.—111.
* Seward (95) A. p 29, PL 1. fig. 7; PL vr fig, §; PL v fig. 2.
¥ Baporta (94) B. p. 171, Pl xxxin. 1 Holden, R. (142).
5 Halle (55), p. 502.
86—2
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observations as regards the stomata, but he shows that there is
no evidence of the existence of a midrib in the strict sense, the
appearance of a single or double median vein being due to the
presence of a dorsal stomatiferous groove, the edges of which would
produce an impression on the matrix of a double vein or, if the

T, 618.  Pseudocyens Saportae. From the Wealden, near Hastings.
(British Museum, V. 2777; { nat. size.)

groove became narrower, the impression would suggest a single
midrib.
Pseudocycas Roemers (Schenk).

This Wealden species recorded from North Germany! and
the Sussex coast? has broader pinnae laterally attached to the

1 Sehenk (71) B. PL xxx, fig, 1. ¢ Seward (95) A. pp. 2—T7.
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rachis, Miss Holden describes the stomata as covering the
whole lower surface of the pinnae except over the midrib. This
deseription must be revised in the light of Halle’s results obtained
from an examination of the cuticle of the type-specimen of the
speeies In the Berlin Museum. He finds that the edges of the
pinnae are strongly revolute and thus form a deep dorsal canal
which is almost eclosed?, a form of lamina, as seen in section,
very similar to that of an Ewmpetrum leaf. The stomata are con-
fined to the groove. It may he that the specimen examined by
Miss Holden is specifically distinct or, as Halle also suggests,
the cuticle obtained from the English fossil may not represent the
whole surface but only the walls of the canal with possibly a
portion of the cuticle of the outer dorsal surface. This type of
leaf described by Halle is similar to that of P. snsignis with the
xerophilous character intensified.

Cycadites Saladini Zeiller.

This species was founded by Zeiller® on fronds from the Rhaetic
of Tonkin reaching a length of 40 cm. and 2—8-5 em. broad with
a rachis 3—4 mm. wide bearing contiguous linear pinnae 1-5—4-5
cem. long and 1-5—3 mm. broad with a more or less contracted
hase and a rounded or obtusely pointed apex. The pinnae are
attached almost at right-angles or at an angle of 60°—80°. There
is a clearly defined midrib.

It is not improbable that were the structure of the epidermal
cells known this species would be found to be another example
of Pseudocycas.

Chycadites reclangularis Brauns.

This species?, first recorded from Rhaetic strata in Germany,
differs in the narrower and more acutely pointed pinnae from
C. Saladini. Miss Holden describes the midrib ag double, but
until specimens are found which admit of an examination of the
cuticles it is impossible to decide whether it should be transferred
to Pseudocycas. The species is widely distributed in Rhaetic

1 Halle (15), PL xir. fig. 12.

@ Zeiller (03) B. p. 155, Pl xu1.

* Brauns (66) p. 56, PL xIv. fig. 7;
(04) B. p. 37, PL 1v. fig. 4; PL 1. fig. 1.

. 75 Schenk (67) Al Pl xxxv. fig, 11; Seward

=
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and Jurassic strata and specimens are recorded from the Lias
of Lyme Regis on the south coast of England.
Cycadites Renaulti Lignier.

This species, from the Middle Lias of Normandy?, is founded on
fronds 2-:2—2-6 cm. broad with a rachis 3 mm. in breadth bearing
laterally-inserted pinnae almost at right-angles 11—12 mm. long
and 1-25—1-50 mm. broad; it is very similar to C. reclungularis
which oceurs in the same beds.

II. NILSSONIALES.

NILSSONIA. Brongniart.

This genus® was named after the Swedish naturalist Nilsson
who had fignred certain plants from the Lias of Hor referred by
Fries to the Ferns: these were named by Brongniart Nilssonia
brevis and N. elongata and eclassed with the Cyecads. The type-
specimens of the latter species are regarded by Nathorst as a
form of N. brevis. The history of the genus is fully discussed
in Nathorst’s able monograph®. Nilssonia, founded on fronds
which with one exception are known only as casts or impressions.
may be thus defined: Fronds with circinate vernation, at least
in the type-species Nilssonta brevis (fig. 619, C, D), similar in
shape to the leaves of Scolopendrium vulgare and Polypodiun
wrioides and to such unusual forms of Cyeus fronds as those
reproduced in figs. 384, 387, I4, in which the laminae of the pinnae
are concrescent and form a continunous or deeply cut lamina.
They may reach a length of 60 em. and a breadth of 10 ¢em. and
gome specimens are known in which the leaf is less than 1 cm. in
width. The lamina is oceasionally entire, but in the great majorty
of cases it is more or less deeply cut into segments of unequal
breadth varying considerably in size and shape even in the same
species, usually deep and truncate and sometimes long and narrow
(e.g. N. plerophylloides, fig. 619, B). An important distinguishing
feature is the attachment of the lamina to the upper face of the
rachis which it covers: the extension of the lamina over the
surface of the frond axis and the rare occurrence of branching

1 Lignier (13) p. 90, PL 1x. figs, 18, 19. 2 Brongniart (25).
3 Nathorzt (09%). 4 Pages 13, 16.
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Fre. 619. A, seed (Nilssonin?): B, Nilssonia plerophylloides; C, D, Nilssonia
brevis; B, N. polymorpha. (A—D § nat. size; E, slightly enlarged; after
Nathorst. )
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of the veins are characters in which Nilssonia differs from Taenio-
pteris. The veins are given off at right-angles or obliquely from
& Very narrow groove occupying the median line of the rachis:
they are nearly always simple and in some of the more fleshy
leaves, e.g. N. brewis, they are seldom visible. The surface of the
lamina may be smooth or transversely corrngated. The rachis
forms a prominent rib on the under surface of the frond (fig. 620, A)
and may be continued beyond the lamina as a short petiole.
Epidermal cells polygonal or rectangular, with straight walls in
contrast to the sinuous walls of Taendopteris; some of the cells
bear strongly cuticularised papillae, possibly the bases of hairs
(compare the hairs on the fronds of derostichum erinitum, a Fern
with leaves similar in shape to some of the large entire fronds of
N. orientalis though relatively broader and with anastomosing
veins). Stomata usually confined to the lower epidermis and
not very numerous; guard-cells of rounded contour and without
any special thickening surrounded by 6—8 accessory cells with
thickened walls (fig. 611, B) forming a chimney slightly raised over
the stomatal porel. In Nilssonin the guard-cells do not exhibit
that regularity of orientation which characterises the stomata
of Ptilophyllum, Otozamites, and other Bennettitalean fronds.
Little is known of the anatomy of the leaves: in a petrified leaf
of N. orientalis® from Upper Cretaceous rocks in Japan there is
no palisade-tissue and small groups of sclerenchyma oceur above
and below the veins. The xylem appears to be centripetal, but
the preservation is far from satisfactory. A few secretory canals
were found near the edge of the leaf. We have no certain know-
ledge of the reproductive organs. The small circular projections
figured by Schenk® on some leaves of Nilssonia polymorpha as
sporangia have no claim to be so regarded. In the deseription
of N. brevis reference is made to some seeds discovered by Nathorst
which may belong to that species. Nathorst suggests the possi-
bility that the Rhaetic fossil Stenorrachis scanicus Nath. may be
the seed-bearing shoot of a Nilssonia, either N. brevis or N. poly-
morpha, and if this surmise is correct it almost necessarily involves
the genus Beania® which has heen tentatively referred to the

! Nathorst (09%); Thomas and Baneroft (13). S

* Btopes (102).
# Behenk (67) A, Pl xxix. figs. 1, 2. 4 See vol. 1v.
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Ginkgoales though without any convincing evidence to support
such connexion. Nothing is known of the stems: the occasional
occurrence of leaves converging towards a common support
points to a Cycadean habit. It is possible, as Nathorst suggests,
that the Rhaetic species Bucklandia Saportana® may be the stem
of a Nilssonia.

Nilssonia is especially characteristic of Jurassic and Rhaetic
floras: it oceurs also in Triassic beds and extends into Cretaceous
floras,

Nathorst instituted the genus Nilssonsopteris® for some speci-
mens from the Yorkshire coast which he believed to be examples
of Nilssonia tenwinervis on the ground that the veins are dichoto-
mously branched and the epidermal cells have sinuous walls.
Mr Hamshaw Thomas® has, however, shown by an examination
of the specimens in the Stockholm Museum that they belong to
Taeniopteris wittata, and Prof. Nathorst agrees with this conclusion.
The name Nilssoniopteris must therefore be abandoned. Miquel
proposed the name Hisingere for some Nilssonia fronds, but it
has not been adopted.

Nilssonia polymorpha Schenk.

Linear fronds varying considerably in breadth and in the degree
of dissection of. the lamina, which may be entire; the margin
may show broad and shallow crenulations or there may be a
few narrow and deep sinuses cutting the otherwise entire lamina
into long and narrow segments. More usually the lamina is
divided to the rachis into numerous truncate segments traversed
by parallel, simple, veins extending from a narrow groove in the
middle of the rachis on the upper surface of the frond (fig. 619, E).
The veins tun in very narrow grooves in the generally flat but
Occasionally corrugated lamina .

This species agrees very closely in habit with N. compta and
N. brevis and, as Nathorst points ouf, it is in some cases almost
Impogsible to distinguish Nilssonia polymorpha from N. brews.

! Nathorst (86) Pl xvrm. fie. 5. * Ihid. (09%) p. 28,

* Thomas (13%) p. 241; Thomas and Bancroft (13) p. 193,

* Miquel (42) p. 61.

® Schenk (67) A, p. 127, Pls. xxrv., xxx.; Nathorst (09%) p. 10, PL v. figs.
U“l?i, ete
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Some of the fronds from the Rhaetic of Franconia described by
Schenk as N. polymorpha are examples of N. brevis. In N. poly-
morphe the distal ends of the segments are blunter, the lamina
is much less folded and when folds or corrugations occur they are
less regular than in N. brevis. The epidermal cells are polygonal
and have thick, straight, walls: oval or circular papillae occur
both on the lamina and rachis. The stomata, confined to the
lower surface, are between the veins and each is accompanied by
a ring of subsidiary cells (¢f. fig. 611, B). N. polymorpha is a
member of Rhaetic floras and 18 recorded also from ILiassic rocks
at Horl,
Nilssonwa brevis Brongniart.

This species® (fig. 619, C, D), one of those from Hér on which
the genus was founded, has been wvery fully investigated by
Nathorst® whose researches have eleared up many obscure features.

Prd. 620. A, B, Nilssonia brevig: A, seetion of the frond: B, gection of the lamin®
parallel to the rachis. €. N. saighensiz. (A, B. aftor Nathorst.)

The young fronds are circinate like those of Ferns and Chyeas.
The linear fronds agree generally in habit with those of N. poly-
morpha and N. compia, but the lamina is thicker and is characterised
by regular transverse corrugations; the veins are very rarely
visible except in young leaves which have not reached their full
thickness. The fronds may be 50 cm. long and vary in breadth
from 1-5 to 12 ¢m.; the petiole is very short or the frond may be

1 For other references see Nathorst (09%) p. 10.
4 Brongniart (25) p. 218,
# Nathorst (092%) p. 12, PL 1. figs. 2—35. ete.
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Fig. 621. Nilssonia rajmahalensis (= Cycadites vajmaholensis), (Indian Geo-
logical Survey. Caleutta; nat. size)
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sessile. Between the regular grooves on the upper surface the
lamina is more or less convex; seen from below the grooves are
represented by ridges and between each pair of ridges there are
parallel folds, sometimes three (fig. 620, B) or as many as six;
and where the segments are narrow, that is the strips of lamina
between two grooves (or ridges), there may be only a single fold
which gives the appearance of linear segments with a single
midrib as in Cycadites, a misleading resemblance of special interest
in reference to the Nilssonia fronds described by Oldham and
Morris® and by Feistmantel® as Cycadites rajmahalensis. Owing
to the fleshy nature of the leaf the difference between the upper
and lower side iy particularly well marked in this species. The
lamina may be more or less entire, but is usually divided by deep
sinuses extending to the rachis into truncate or distally tapered
segments varying in breadth (fig. 619, C, D), the narrow segments
being characterised by a more pointed apex than in N. polymorpha.
The structure of the stomata and epidermal cells is of the type
described in the definition of the genus. Strongly cuticularised
papillae, incorrectly described by Schenk? in N. polymorpha as
stomata, oceur on some of the epidermal cells: these may be the
bases of hairs. In some preparations Nathorst found patches
of a resinous substance, an interesting discovery in view of the
occurrence of secretory canals in the petrified leaf of Nilssonia
orientalis described by Dr Stopest.

Nilssonia brevis occurs in Upper Rhaetic and Lower Liassic
strata.
Nilssonia pterophylloides Nathorst.

A Rhaetic Scanian species originally referred by Nathorst®
to Nilssonia but later removed by him to Diconites® and in 1909
reinstated in Ailssonia? on the ground that the lamina covers
the upper face of the rachis. The segments are fairly uniform
in breadth and linear; they reach 10 em. in length and are usually
5—T7mm. broad; the lamina is slightly tapered towards the
apex (fig. 619, B). There are 3—10 parallel grooves on the upper

1 Oldham and Morris (63) Pls. vir.. VI * Feistmantel (77%) p. 124
® Bchenk (67) A. PL xxix, fie. 10. 1 Stopes (102).
 Nathorst (86) p. 72. ¢ Ibid. (02) p. 18, Pl 1.

* Ibid. (092) p. 21, Pls, vr., vin
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face of the segments and between each pair is a single unbranched
vein. In close association with portions of three fronds of this
species Nathorst found several oval bodies, 1em. x 7 mm.,
which he at first regarded as ‘antherangia’ comparable with the
sporocarps of the Hydropterideae, but an examination of the
carbonised tissue demonstrated that the small rounded bodies
contained in each of the ‘antherangia,’” originally believed to be
pollen-sacs, are grains of resin internal to a cuticle of thick-walled
cells and probably formed by secretory sacs in a fleshy tissue.
Internal to the resin-bodies is a second cuticle which may be the
remains of a nucellus, the outer cuticle and the resin belonging
to the sarcotesta. Nathorst’s careful examination of these fossils
shows that they are seeds (fig. 619, A) and were probably borne
on plants of N. pterophylloides, though an accidental association
is not improbable.

Nilssonia compta (Phillips).

Broadly linear fronds varying considerably in size and in the
breadth and number of the truncate segments. In some cases
the fronds exceeded 40 cm. in length and had a breadth of 9 cm.
(fig. 622). The veins are simple, parallel, and fairly prominent
and the lamina shows clearly the attachment to the upper surface
of the rachis which is covered by it as in all species of the genus®.
The structure of the epidermis and stomata has recently been
described by Thomas?®. Brongniart mentioned in the Prodrome
& species from the Lower Oolite of Yorkshire under the name
P&empkylhmi Williamsonis®, but in a later work this is given as a
synonym of N. compta. Nilssonia compta bears a close resemblance
in habit to N. polymorpha; it agrees also with the large fronds
described from the Upper Gondwana of India as Pterophyllum
princeps®. Since attention was first called to this similarity an
examination of several of the figured specimens has convineced
e that the Indian fronds are either identical with or at least

' Phillips (29) A. p. 148, PL. vir. fig. 20.  See Seward (00) B, p. 223, Pl 1v. fig. 5;
text figs. 39, 40.

* Thomas and Bancroft (13) p. 191,

® A spocimen in the Natural History Musenm, Paris, labelled N. Willicmsonis
15 p:'u};-ab]y that mentioned by Brongniart.

* Oldham and Morris (63) B. Pls. x.—=x11.; Feistmantel (77) PL xrvis.

v
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closely allied to the Kuropean leaves. The apparent lateral
attachment of the lamina in the drawings published by Oldham
and Morris and Feistmantel is due to imperfect preservation; the
lamina ends in two raised ridges, and the discovery of a specimen
in which the lamina completely covers the rachis confirmed the
impression made by the other specimens. The Amurland Jurassic
species Nilssonia Schinidtii' Heer though probably not identical

Fre. 622. Nilssonsa complu, (Whithy Museum; nat. size.)

with N. compia is a very similar type; it was originally described
by Heer as Anomozamites Schmidtis and transferred by Nathorst®
to Nilssonia: the veins are occasionally forked near the rachis
and are rather farther apart (-5 mm.) than in N, compta and the
segments are broader and deeper than in the English species.
Nilssonia wmipponensis Yok.® a Jurassic species recorded from
Japan and North America is another similar type.

1 Heer (78) ii. Pls. xxau1,, xx1v.; Seward (12%) p. 27, PL m.
* Nathorst (97) p. 13,
* Yokoyama (89) B. Pls. v., viL., xut., x111.; Ward (05) B. Pl xvi.
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Nulssonia orientalis Heer.

In this Jurassic and Lower Cretaceous species, founded on
material from Jurassic rocks in Siberial, the lamina is generally
entire. The fronds exhibit a wide range in size and shape; they
may have the form of very narrow linear leaves barely 1 cm.
across or may reach a breadth of nearly 10 cm. The leaves from
Middle Jurassic British strata named by Nathorst N. fenuinervis?
are probably identical with Heer’s type, and N. Johnstrupi3
Heer from the Lower Cretaceous of Gireenland may also be referred
to N. orientalis.

The veins are at right-angles or oblique to the rachis and are
very numerous, three or more in a breadth of 1 mm.* A species
recently deseribed by Halle® from Graham Land as N. taenio-
pleroides agrees closely in habit with N, orientalis: in the southern
form the frond may have a length of 40—50 em. and a breadth
of 3 em. The entire lamina of N. faeniopteroides tapers gradually
towards the base and is more rapidly narrowed in the distal region ;
the petiole is at least 6T em. long: the simple or branched veins,
15—20 in 1 em., are given off from the axis at a wide angle. The
more crowded veins in N. orentalis constitute one of the few
features in which it differs from Halle’s species, but the fact that
the degree of closeness of the veins is inconstant within the same
species renders this distinetion of doubtful value. Halle compares
his species also with N. densinervis (Font.) originally described
as Platypterigivm densinerve from the Potomac beds® and after-
wards transferred by Berry? to Nilssoniz and considered by him
to be identical with Fontaine’s Platypterigium Rogersionwm. An
examination of some of Fontaine’s specimens in the Washington
Museum led me to refer the fronds to Nilssondas.

It is impossible to speak with confidence as to the absolute
specific identity of N. oriemtalis Heer, N. Johnstrupi Heer,
N. taeniopteroides Halle, and some similar forms; but it ig clear
that the linear fronds of this type characterised by an entire

' Heer (78) ii. p. 18, PL 1v. figs. 5—9.

= Seward (00) B. p. 230, fig. 41. % Heer (82) B. PL ¥vr.

! For figures and references, see Seward (112) p. 695: Thomas (111 p. 86.
' Halle (132%) p. 47, Plk. v., VL

% Fontaine (89) B, Pls, xxx.—xxxv.
? Berry (11) p. 362, Pls, nvir, Lymn 8 Beward (00) B. p. 224.
oy
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or occasionally pinnatisect lamina were widely distributed in
Jurassic and Lower Cretaceous strata and persisted to the Upper
Cretaceous series in Japan. This form of frond is recorded from
England, Scotland, North America, Greenland, Spitzbergen?,
Siberia, Russia, Afghanistan2, Japan® Graham Land, and else-
where. Reference has already been made to a petrified specimen
of N. orientalis described by Dr Stopes from Japan®.

Specimens described by Salfeld ® from the Corallian of Germany
as Taeniopteris sp. may be N. orientalis; Bartholin’s N. polymorpha
from Bornholm, Velenovsky's Lower Cretaceous N. bohemica and
Yokoyama's N. ozvana from Japan are other examples of fronds
which may be identical with N. orientalisS.

Nilssonia tenwicaulis (Phillips).

This Jurassic species, while agreeing generally in habit with
N. compta, is characterised by the narrow and numerous linear
segments with a more acuminate apex. The fronds reached a
length of more than 20 ¢m.” TLeckenby’s name Prerophyllum
medianwm® was given to a specimen from the Yorkshire coast and
now in the Bedgwick Museum, Cambridge, which, with Ptero-
phyllum angustifolium, is clearly identical with Cyecadites fenui-
caulis Phillips. The specific name mediana frequently used?
for this type should be given up in favour of the older term
tenuicaulis. A species of similar habit is described but not
fizured by Krasser'® as N. Sturii from the Lunz beds. N, tenui-
caulis is fairly common in the Middle Jurassic beds near Scar-
borough and is recorded from the Kimmeridgian of Scotland under
the name N. mediana (fig. 614, ()11,

Nilssonia princeps (Oldham and Morris).

Oldham and Morris speak of Plerophyllum princepst® as one
of the commonest plants in the Rajmahal beds in India. The

Nathorst (97) PL 1. fig. 18, ? Beward (12) p. 30.
Yokoyama (89) B.; Nathorst (90) A. 4 Stopes (102},
Salfield (09) B. PL 1mm. figs. 6—7. © For references, see Seward (12) p. 31-
Phillips (29) A. p. 148, PL viL fig. 19,

Leckenby (64) A. p. 77; Seward (00) B. p. 227, PL 1v. figs. 1—4.
Seward (00) B. p. 227, W Krasser (09) p. 120.

Seward (11%) p. 697.

Oldham and Morris (63) B. p. 23, Pls. x.—x1rr. ; Feistmantel (77) PL xnvt-
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fronds are characterised by their large size and by the very broad
oblong and distally truncate pinnae with parallel and occasionally
branched veins. In the specimens figured by Oldham and Morris
and Feistmantel the pinnae are cut off at their bases (fz. 623),
which form ridges parallel to the rachis: this feature is not clearly
shown in the published drawings. By breaking some picces of

Fre. 628. Nilssonia princeps, (Blightly reduced;
Indian Geological Survey, Caleutta.)

fock from a slab containing figured specimens other pieces were
found in which the laminae of the bases of segments meet in the
tiddle of the upper face of the rachis. The pinnae vary in
breadth from 1 em. to 35 em. and reach a length of 8 cm.; the
distal end is truncate, the lower edge being strongly curved:
the segments are slightly broadened at the base. The veins are
Prominent and parallel, from 0-5 to 0-8 mm. apart. The Rajmahal

8. T 7
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fronds described as Pterophyllum Morrisianum® appear to be
indistinguishable from this species.

Nilssonda Schaumburgensis (Dunker).

This specles, first described as Pterophyliuin Schawmburgense®
from the Wealden of Germany, affords a good illustration of a
small type of frond closely resembling the much larger species
N. compta. Examples from English Wealden rocks seldom exceed
1 em. in breadth and are often much narrower; the linear lamina
is almost entire or divided into short and broad truncate segments
of unequal breadth: the veins are parallel and simple. For
figures of this species, recorded from different Kuropean localities
and from Japan, reference should be made to the accounts by
Schenk®, Nathorst, Yokoyama, Yabe, and Fontaine.

CTENIS. Lindley and Hutton.

The genus Cfenis® was founded on a piece of pinnate frond
from the Middle Jurassic rocks of the Yorkshire coast previously
figured by Phillips as Cyeadites suleicaulis. Lindley and Hutton
regarded the plant as probably Cycadean and proposed to apply
the name (fenis to all. leaves having the general characters of
Cycadeae, but with ‘the veins connected by forks or transverse
bars” While many authors have accepted Ctenis as a Cycadean
genus, by others® it has been placed among the Ferns, on the
ground that some small circular elevations on the lamina of the
segments of certain species are believed to be sori or sporangid-
Since Tttingshausen® and Schenk? first noticed this feature
Raciborski® has figured several examples from Poland and Staub’
records similar circular bodies on a Liassic Hungarian species:
In no single instance have sporangia been found. Nathorst1? pro-
posed the designation Anthrophyopsis (because of the resemblance
of the lamina in form and venation to the leaves of the Ferl

1 Oldham and Morris (63) B. PL xv. fig. 1.

Dunker (46) A. p. 16, PL 1. fig. 7, ete.: Reward (95) A p. 5.
3 Schenk (71) B.; Nathorst (90) A.: Yokoyama (94): Fontaine
(05) B.: Yahe (13)

Lindley and Hutton (34) A. PL crr.; Phillips (29) A, PL vi. fig, 21

]

in Ward

@

5 Zeiller (00) B. p. 115; Krasser (02) p. 113. ¢ Ettingshausen (51)-
7 Schenlk (682%). 8 Raciborski (94) A Pls. XV —3X

9 Staub (96). 10 Ngthorst (86) p. 43.




XXXIX ] CTENIS / 579

Anthrophyuwm) for some Rhaetic specimens from Scania, but as
they were subsequently found to be segments ol a pinnate frond
he adopted the name Cfenis. An example in the Manchester
Museum? (fig. 624) from Yorkshire, mentioned by Nathorst in

Fig. 624. Clenis sp. Single pinna, (Manchester Museum, No. 53.)

Frg. 625, Ctenss sp. The epidermis of the pinna shown in feo. 624. A, surface-
view: p, papillae; s, stomata. B, side-view. (Manchester M useum, No. 53.)
an early paper as probably a new species of Anthrophyopsis,
afforded good preparations of the cuticle (fig. 625) which revealed
the existence of circular elevations on the outer walls of the
epidermal cells: these may explain the nature of some at least
' Seward (00) p 21; (00) B. p. 232, figs. 42, 43.
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of the supposed sporangia. The walls of the epidermal cells
are straight. The name Clenas is applied to pinnate fronds which
are probably Cyeadean though we have no evidence as to the
nature of the stem or the reproductive organs. Cfends ironds
are among the largest Cycadean leaves from Megozoic floras;
in Clenis hungarice Staub the frond is said to have reached a
length of 2 met. and in other species the dimensions exceed those
of most pinnate leaves. The stout rachis bears linear or broad-
oblong pirmae attached at a wide angle and varying considerably
in size and shape; the pinnae are attached by the whole base
which is usually broadened and decurrent but m a few cases
slightly coutracted (e.g. C. Zeyschneri Rac.l). For some fronds
bearing broad and basally narrowed segments Raciborski pro-
posed the name Cienidiopsis in distinction from Euctenis which he
applies to the typical forms. The pinnae may be long and
natrow reaching a length of over 12 cm., or ghort and broad:
in some casges the frond would be more correctly described as
deeply pinnatisect; the apex of the segments is acute, bluntly
rounded or truncate. Several veins pass into the base of each
pinna and pursue a course approximately parallel to the edge
of the lamina; a characteristic feature is the oceasional oceurrence
of oblique cross-connexions hetween the veins. It is possible
that in some species the pinnae had spinous marging as in the
pinnae of uncertain affinity figured by Hontaine® as Encephalar-
topsis mervosa from the Potomac geries. Our knowledge of the
epidermal cells is very meagre: in the specimen represented in
fig. 625 the epidermal cells have straight walls and a central
papilla. The genus extends from Triassic to Upper Jurassic

rocks.

Ctents lunzensis Stur.

This gpecies, first recorded by Stur from the Lunz Upper
Triassic flora, has recently been examined by Krasser® and com-
pared with the Jurassic species Ctenis sulcicaulis (Phill.) (= C-
faleata Lind and Hutt.) and C. Potocki Rac.  No figures or detailed
descriptions have been published.

1 Raciborski (94) A. PL xvi.

2 Fontaine (89) B. p. 174, Pl Lxx.—TXx1L
3 Krasger (09) p. 113.
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Ctenis fallaz Nathorst.

This Scanian Rhaetic typel, including Anthrophyopsis crassi-
nervis, A. Nilssoni, and probably 4. obovata Nath., is characterised
by wery large obtusely pointed pinnae reaching at least 20 cm.
in length and over 3 em. in breadth. The veins are often 2 mm.
apart and form long polygonal meshes. Nathorst figures small
cireular patehes on the surface of the lamina. Raciborski®, on
slender evidence, refers a fragment from the Jurassic of Cracow
to this species.

Ctenis hungarica Staub.

A species® characterised by very large fronds reaching 2 met.,
bearing broad lincar pinnae almost at right-angles and attached
to the rachis by decurrent bases, attaining a length of 21 em.
and a breadth at the base of the lamina of 3-5 em. and 4 ¢m. a
short distance from the acute apex. The veins are parallel to
the edge of the lamina, but Staub does not appear to have seen
distinet anastomoses. Tt is not improbable that Staub’s species
may be identical with C. asplenioides (Ett.) from the Lias of
Hungary, specimens of which are preserved in the Keole des
Mines, Paris.

Ctenis asplemioides (Ettingshausen).

This species was first described by Ettingshausen? from
Liassic strata in Austria as Taentopteris asplenioides and compared
by him to large simple fronds of Asplenium nidus but distin-
cuished by a deeply disseeted lamina. Schenk® found that the
veins anastomose and adopted the name Ctenis. In habit very
similar to €' suleieaulis, but the pinnae are much broader, exceeding
t em., and the veins are 35 mm. apart. Only the basal part
of the segments is figured by Ettingshausen. Specimens in the
Ecole des Mines, Paris, from Hungary have pinnae nearly 40 cm.
long and 2-5 em. in breadth, the parallel veins being connected
by a few oblique branches. Both Ettingshausen and Schenk
speak of small circular sori on the lower epidermis, though these
are not figured nor were any sporangia obtained. This species

I Nathorst (86) p. 89, Pls. v, viu, xi., xix.

2 Raciborski (92) PL 1n. fig. 2. * Stoub (96)
¢ Bttingshausen (51) Pls. x1., xm, 3 Schenk (68%).
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and other examples of large Clenis fronds are deseribed by Raci-
borski from Lower Jurassic rocks in Poland. He figures part
of a leaf of U. Zeyschneri® 40 em. long bearing alternate pinnae
approximately 10 em. long and nearly 4 em. broad, characterised
by obtuse apices, a decurrent lamina, and anastomosing veins
closer together (16—24 per 1 em.) than those of C. asplendoides.
In one Polish specimen, C. remolinervis®, with pinnae 5 em.
broad the lamina is represented in the upper part of the frond as
continuous over the face of the rachis, and—if the drawing is
accurate—the frond in this respect differs from typical examples
of Ctenis and agrees with Nilssonia. A species of Ctenis with
broad pinnae is deseribed by Yokoyama® from the Jurassic of
China as C. Kancharas.

Ctenis suleicaulis (Phillips).

This type! is more familiar under the name Cienis falcaia
given to it by Lindley?, but if we follow Lester Ward® in strict
observance of the rule of priority, a course from which T have
frequently deviated on the ground of long usage, the less familiar
designation must be adopted. Fronds pinnate; long and tapered
linear pinnae sometimes exceeding 12 em. in length and 1 em. in
breadth attached obliquely or almost at right-angles to a fairly
broad rachis (fig. 626). The lamina is broadest at the base and the
lower margin is strongly decurrent, tapering distally to an acute
apex. The parallel and Ifrequently anastomosing veins diverge
slightly in the basal region of the pinnae. Though usually separate
to the base, the laminae of adjacent pmnae may be continuous
ag in a pinnatiseet leaf?. This species iy recorded also from
North America, and fronds of similar habit are figured by Fontaine®
from the Jurassic of Oregon as Ctenis orovillensis: a fragment
recorded from Jurassic rocks in Afghanistan as Ctenis sp. may
belong to C. sulcicaulis®.

Raciborski (92) PL 1. fig. 2.

Ihid. (94) A. Pl xvrr. fig. 2. 3 Yokoyama (06) B. PL 1x.
Phillips (29) A, p. 148, PL v fig. 21. # Lindley and Hutton (34) A. P1, o17t.
Ward (05) B, p. 113.

Seward (00) B. p. 235, Pl. vor. fig. 2: Zigno (56) A. Pl xxav.

Fontaine in Ward (05) B. Pls. XXVIL—XXVIIL

Seward (12) PL 1. fig. 43,
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Clenis latifolia (Brongniart).

This species!, originally referred to Taeniopleris, was trans-
terred to Ctenis as the result of the discovery of anastomosing
veins in the type-specimen in the Oxford Museum. The segments
are shorter and broader than in C. suleicaulis and very similar
to those of C. oroeillensis Font.

Fra. 626, Clenis sulvicawlis.  (British Museum, V. 9012.)
Uienis sp.

The pinna shown m fig. 624 from the Jurassic beds in York-
shire? is interesting as one of the few examples of the preservation
of the cuticular membrane. The straight or curved walls of
the epidermal cells agree with those of recent Cycads except
Stangeria, and each cell bears a large central papilla that gives
to the lamina the finely punctate appearance which has been
tegarded as evidence of sporangia. The gaps in the cuticle
Probably mark the position of sunken stomata.

! Beward (04) B. p. 115. * Ibid, (D0) p. 21.
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PSEUDOCTENIS. Seward,

This genus! was established for certain pinnate fronds agreeing
in habit with Ctenis suleicaulis but distinguished by the almost
complete absence of any ecross-connexions between the veins.
Some of the forms with narrow pinnae closely resemble species
of Zamites, the distinguishing feature being the decurrent lower
margin of the leaflets. Though such fronds might not unreason-
ably be included in Ctends, it is more convenient on the analogy
of the occasional occurrence of Glossopteris fronds with very few
anastomoses to employ a distinctive designation.

Fra. 627, Psendoctenis calhiensis. (British Museum.
No. V. 2744; 1 pat. size.)

Pseudoctents eathiensis (Richards).

Some of the specimens on which this species? is founded were
originally figured by Miller® from Upper Jurassic strata in Scot-
land and afterwards named by Richards! Zamites eathiensis-
The general appearance of the fronds is very like that of (‘tenis
suletcaulis; the pinnae vary in breadth from about 3 mm. t0
15 em. ; they are attached at right-angles or, in the apical region

Y Seward (11%) p. 691. * Ibid. p. 792, Pls. 1v., vir., vim., X
+ Miller (67) B. figs. 133, 135. ! Richards (84) p. 117.
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may be almost parallel to the rachis. The longest pinna recorded
is 17 em. and the lamina tapers to a slender apex; the veins are
parallel and occasionally forked, but cross-connexions are rate.
The partially petrified rachis of one specimen showed hypo-
dermal stereome and some secretory canals as in recent Oyeads.
The specimen from Wealden rocks near Hastings (fig. 627),
originally described as Zamates sp.l, is probably specifically
identical with Pseudoctenis eathiensis. The South African Wealden
species, originally described by Tate as Palueozamia Rubidgei?,
agrees closely with Pseudoctends and is probably an example of
that genus. This type bears a close resemblance in the form
of the frond to Ctenophyllum grandifolivin Font.® and C. Wardit
Font. from American Trias and Jurassic rocks respectively.
Pseudoctenis erassinervis Sew.® is another Scotch form with coarser
veing.

A frond very similar in habit to P. eathiensis is represented
by Pseudoctenis ensiformis Halle® from the Jurassic strata of
Graham Land originally referred by Nathorst to Pterophyllwm.
An examination of the type-specimen in the Stockholm Museum
revealed its resemblance to the Scotch species P. eathiensis:
a single anastomosis was noticed in one of the pinnae. The
broadly ensiform obtuse pinnae, reaching a length of 7 em. with
8 maximum breadth of 3 em. at their expanded bases, vary in
breadth and are attached at right-angles to a slender rachis.
The veins, 1—1-5 mm. apart, are parallel and strong. The varying
breadth of the pinnae irrespective of their position on the rachis
is a distinctive feature. Halle draws attention to a resemblance
of this Antarctic species to Clenophyllum lagifolivm Font. a Potomac
type referred by Berry? to the genus Clenopsis on the rather slender
ground that the veins are arranged in pairs. Berry in a footnote
express

s the opinion that Ctenopsis is very closely related to or
Possibly identical with Pseudoctenis.

If the bases of the pinnae in the specimen of P. ensiformis
figured by Halle are complete, as they appear to be, the frond
' Seward (95) A. p. 89, fig. 5.
* Tate (67) PL v. fig. 3; Seward (03) B. PL v. fig. 3.
® Fontaine (83) B. Pls. xxxrx.—xrir. 4 Fontaine in Ward (05) B. Pl xxi.
* Seward (112) Pls. 1v,, v ¢ Halle (132} p. 51, PL vi. fig 8.
ﬂn-rr}' (11) p. 349.
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agrees very closely with Pterophyllum Carterianum Old. and
Morr.? from India. A comparison of the Rajmahal specimen
with Halle’s figure leads me to regard the two fronds as probably
identical. The veins in the Indian species, which should also
be referred to Pseudoclents, are prominent and from -5 to 1 mm.
apart; the base of the lamina is slightly broadened and the veins
curve downwards towards the rachis in the lower decurrent
portion. The other Indian type, Plerophyllum Morrisianum?,
with which Halle compares his species is, however, not a Pseudo-
ctenss but should be included in Nilssonia and is probably identical
with Pterophyllum princeps Old. and Morr.

Pseudoctenis Laner Thomas.

This species®, recently described from Middle Jurassic beds
at Marske, Yorkshire, has narrower linear lanceolate pinnae.
The linear pinnac reach a length of 10 em. and a breadth of 9 mm.
The veins are numerous, 10 in a breadth of 6 mm., and only one
cross-vein was noticed. In the decwrrent lower edge of the
laminae the fronds are identical with Clends sulcicaulis. A very
good example of this species? in the York Museum is reproduced
by Mr Thomas in his account of Cleveland Jurassic plants.

Pseudoctenis Balli {Feistmantel).

A species described originally by Feistmantel® as dnomozamites
Balli from the Barakar group of the Damuda series and afterwards
transterred to the genus Platypterygivm, characterised by broadly
linear segments of unequal breadth attached obliquely or af
right-angles to a slender rachis. The apices of the segments
though usually imperfect appear to be truncate; the bases of
the pinnae are decurrent by their lower edge. The veins are
approximately 3 per millimetre; they are generally forked at
the hase and in one or two places show cross-connexions. I
the middle of the frond the narrow rachis is exposed but in the
apical region it is covered by the laminae. The occurrence of
two divergent pinnae at the apex of the frond is a feature me®

b Oldham and Morris (63) PL xv. fig. 4.

* Ibid. Pl xv. fig. 1.; TFeistmantel (77) PL ximn fig. 1.

3 Thomas (13%) p. 242, Pls. xx1v., XXVIL. * Ihid. Pl. xxXVIL
5 Feistmantel (86) PL 11. A, figs. 4—8.
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with also in Ctenis suleicaulis. This description is based on an
examination of the specimens figured by Feistmantel,

IIT. Cvcapeax FRONDS WHICH CANNOT BE ASSIGNED 70 A

FAMILY-POSITION.

SPHENOZAMITES. DBrongniart.

This name was proposed by Brongniart! as a subgenus of
Otozamites denoting pinnate fronds bearing leaflets without an
auriculate base: he suggested that the subgenus might eventually
be raised to generic rank and this was done by Zigno? though in
too wide a sense. In the case of Olozamites Beani (Lind. and
Hutt.), quoted by Brongniart in illustration of Sphenozamites,
the latter designation is inapplicable as the pinnae are auriculate.
Another species, Zamates undulatus Sternb., to which Brongniart
dpplied his new subgeneric term, is probably identical with
Otozamites acuminatus (L. and H.)s.

Although the distinetion between Sphenozamiles and Ofo-
*inates is often ill defined the former name may be conveniently
ddopted for pinnate fronds similar to those of Zamie Skinneri
and some species of Encephalartos characterised by leaflets of
an asymmetrical, obovate, or thomboidal form with a contracted
O cuneate base and numerous branched divergent veins, Nothing
Is known of the structure or reproductive organs of Sphenozamites,
and the genus, though serving a useful descriptive purpose, is
founded golely on form, and in the absence of other data it would
be rash to assume that its use implies close natural affinity. In
the case of many other genera of Cycadean fronds there is addi-
tional evidence of relationship, but this is not the case with
Sphenozamites. The pinnae resemble those of such recent Cyca-
dean fronds as Zamia Skinmeri and Z. muricate. The genus
fanges from Lower Permian to Jurassic rocks.

Sphenozamites Rocher Renault.

. This species?, from the Lower Permian of the Autun district,
S founded on a pinnate frond bearing alternate pinnae, 2-5 % 1 em.,
With an asymmetrical oblong lamina attached obliquely near

L Brongniart (49) A, p. 61. 2 Zigno (85) p. 104,

¥ Beward (00) B. p. 215.

* Renault (96) A. p. 327; (93) A. PL 1xxxa. fig. 1.
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the edge of the rachis with a cuneate base slightly decurrent
below and a broadly rounded apex; the veins dichotomise once
or twice as they diverge from the
narrow base (fig. 628). The pinnae
resemble the leaflets of Noeggerathia
foliosa Sternb. and are similar in shape
to those of the Jurassic species Spheno-
zamates Geylerianus Zig.

Sphenozamites Belli Seward.

This Middle Jurassic species from
Stonesfield® is founded on detached
pinnae possibly identical with a speci-
men figured by Buckman as ?Nozadea
obtusa®. The pinnae are wedge-shaped,
tapering gradually to an acute apex
and attached by a narrow base: the
leaflet shown in fig. 629 is 9 em. long; the veins are numerous
and more divergent than in some leaves of similar form
referred to the genus Podozamites. With this species may

T, 628.  Sphenozamiles Rochets
(After Renwult; nat, size.)

Fre. 620, Sphenozumites Belli.  (Oxford Museum: nat. size.)

be compared several Italian Jurassic specimens deseribed bBY |
Zigno® as four distinet species but more appropriately assigne
to a single type S. Geylerianws. An examination of Zigno*®
fronds in the Padua Museum, which he named §. Rossis, leads

! Seward (04) B. p. 119, PL x1. fig, 4, text-fig. 12.

* Buckman (45) PL 1. fig. 2.
# Zigno (85) Pls. xxxIx., XT.
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me to regard the irregularly serrate edge of the pinnae as the
result of tearing of an originally entire lamina and to cempare
the specimens with Otozamiles Beani (L. and H.). An imperfect
ovoid pinna recalling S. Belli is figured by Newberry from the
Rhaetic of Honduras as Sphenozamites robustust. A TFrench
Upper Jurassic species figured by Saporta as Sphenozamites
latifolius hears a very close resemblance in the form of the leaflets
to the Wealden plant Sewardia latifolic®. Kurtz records the
occurrence of Sphenozamites, S. Gemilzianus, from Rhaetie strata
in Argentina® but I have not seen any figures of this species.

PLAGIOZAMITES. Zeiller.

The name Plagiozamites was proposed by Zeiller? for some
pinnate fronds and detached leaflets from the Stephanian of
Commentry and the Lower Permian of the V osges. The better
preservation of the Vosges material enabled him to recognise
certain features which led to the substitution of Plagiozamiles
for Zamites, the name originally employed by Renault for the
Commentry specimens. Plagiozamites bears a superficial resem-
blance to Zawmites and Otozamites and differs but little from
Sphenozamites and Noeggerathia; it stands for pinnate fronds
bearing ovate pinnae with a sub-amplexicaul oblique attachment
to the rachis as is clearly shown in the species P. Planchardi (Ren.)5.
In the case of Palaeozoic fronds assigned to the Cycadophyta
on the ground of the resemblance of their pinnae to those of
undoubted Cycadean species, it is particularly important to
recognise the fact that decisive evidence as to systematic position
is lacking. We know nothing of the stem, the reproductive
Organs, or the epidermal and stomatal characters of Plagiozamites,
and it is by no means certain that the genus is a true representative
of the group in which it is provisionally included.

Plagiozamites Planchardi (Renault).

Fronds pinnate; pinnae ovate-lanceolate reaching 5cm. in
length and 1-6 cm. in breadth, inserted obliquely on the rachis,

! Newberry (88) PL v fig. 14.

* Bee vol. 1v. % Bodenbender (02) p. 40 of the reprint.
* Zeiller (94) B. p. 174, Pls, vin, 1x.

 Renault and Zeiller (88) A. p. 614, PL rxvin fig, 8.
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but not along a line parallel to the long axis of the rachis as in
Zarites, and partially embracing it: the edge of the lamina is
finely denticulate; veins slightly divergent and occasionally
branched. The leaflets are narrow and more acute than those
ol Noeggerathia and Sphenozamites Rochei Ren. Plagiozamites 18
recorded from the Stephanian of Commentry, the Coal Measures
of Manchurial, and the Lower Permian of the Vosges. Renault
deseribed six species of Zamites from Commentry all, except
Z. carbonarius, based on detached pinnae. The type-specimen
of Z. carbonarius consists of a piece of stout rachis bearing ovate
deute piunae, 2-2 x 1 em. Potonié2, who refers a piece of pinnate
frond from the Permian of Thuringia to Z. carbonarius, includes
the other species of Renault under that name. Whether or not
the differences in the venation and form of the pinnae are of
specific significance cannot be definitely settled without better
material, but the important point is that these Permo-Carboni-
ferous fronds are sufficiently distinct from Zamites to be placed
in a separate genus. Plagiozamiles carbonarius is recorded also
by Zalessky? from the Permian of Manchuria though the examples
figured do not afford satisfactory evidence of the mode of insertion
of the segments on the rachis. P. Planchardi has recently been
recorded from the Coal Measures of Maryland; the discovery i
interesting both. on phytogeographical grounds and as the first
satisfactory record of a Palacozoic Cycadophyte from North
Americat.

Cycadorachis. Saporti.

The employment of this generic name may serve a useful
purpose if used for specimens, whether preserved as petrifactions
or impressions, believed to be portions of Cycadean frond-asess
but which in the absence of pinnae cannot be assigned to one of
the recognised genera of fronds. Saportad describes two species
from Kimmeridgian beds in France, Cyoadorachis abscissa and
C. armata: the first may be the winged base of a Cycadean petiole:
but it agrees equally well with the broad base of an Osmundaceous

b Zalessky (05%) p. 401, fig. 13.
* Potonié (93) A. p. 210, Pl xxx. fig. 5.

 Zalessky (05%) p. 403, figs. 14, 15. 4 Bassler (16)-
* Saporta (75) A. p. 103, Pl 114, fig. 3; PL 117, fig. 1.
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leaf and should not be referred to a genus implying alfinity with
a particular class. The other species, C. armata, is probably a
piece of a spinous axis like that of the Wealden plant Sewardia
latifolia (Sap.). A fragment figured by Fliche and Bleicher!
from the Jurassic of Nancy as (. tuberculate is another example
of a fossil which cannot be referred with any certainty to the
Cycads.

Dr Stopes?, inadvertently overlooking the previous institution
of Uycadorachis, has recently proposed the name Cycadeorachis
for pinnately branched rachises of Cycadeanf ronds which, ‘while
indicating the general character of the frond, do not show the
shape of the pinnae well enough to be associated with any of the
man}‘ [Uhdge-gt‘l’]el"ﬂ.‘

' Fliche and Bleicher (82) p. 21, fig. 4. * Stopes (156) p. 53.
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