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N O family of plants is exciting more interest at the present day than
the Cycadaceae, and this for the prime reason that they represent

one of those forms of plant-life which link the types of the far past with
those of the present modern world. They are placed to-day at the lowest
level of the great Gymnosperm-class, but they possess certain peculiarities
of habit, external morphology, and anatomical structure which undoubtedly
suggest an affinity between them and that large group of the Vascular
Cryptogams, the Ferns. The majority of authors who have written on the
subject are at one on this broad question of Filicinean relationship.
They begin to differ from one another, however, when considering more
in detail the group or groups of Fern-like plants to which our modern
Cycads are related or from which they have been derived, and also the
lines along which the descent with modification has apparently taken
place.

The group of Fern-like plants from which our modern Cycads are
probably derived is that termed by Potonie the Cycadofilices, but more
recently named by Scott and Oliver, Pteridospermeae, itself probably
representing a transitional stage of evolution between the Ferns proper and
modern Cycads.

Having been asked to contribute a rtsunU of my views as to the origin
of Cycads from the Pteridosperms (views which have been founded chiefly
on facts of their vascular anatomy), the following account is written in
compliance with that request.

T H E HABIT AND STRUCTURE OF CYCADS.

I will first give a brief description of the characters of the Cycadaceae.
The Tree-fern-like habit of these plants is the first thing to be

remarked; the thick stem often coated externally with an armour-plate
of old leaf-bases, bears at its summit a crown of large fronds ; but here
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130 Worsdell.— T/ie Structure and Origin of tlie Cycadaceae.

the resemblance in habit to a Fern ceases, unless it be in the Fern-like
foliage of the genera Stangeria and Bmuenia. The male and female
reproductive organs are borne on cones, each such cone being developed as
a direct continuation of the main axis ; the growth in length of the plant
is subsequently continued by means of a lateral vegetative shoot im-
mediately below the cone, this latter being pushed to one side. The main
mode of branching of the plant is thus sympodial. But motwpodial
branching also occurs where, as is quite frequently the case, short, lateral
shoots are developed at intervals on the main axis. The plants are dioecious.
In the case of the female plant of Cycas there is no cone developed, the
seed-bearing sporophylls arising in groups at intervals directly on the main
axis, this latter persisting in growth and developing time after time foliage-
leaves above the zone of sporophylls. This is probably a primitive
ancestral condition, the cone-formation representing a phylogenetically
younger character.

In all Cycads whorls of foliage- and scale-leaves are formed alternately
on the vegetative stem.

It would appear that the tap-root of the plant early dies away, its
place being taken by adventitious roots which arise from the stem-tissues.
This also is a Fern-like character.

All Cycads are xerophytes, i.e. are adapted to withstand the con-
ditions of drought and intense solar heat and light under which they grow;
hence the armour-plate of thick leaf-bases on the stem, and the rigidity of
structure and thick cuticularization of the leaves.

Let us turn now to the anatomical structure of the vegetative stem.
The tissues are extremely parenchymatous and contain an abundance of
starch. Mucilage-canals traverse both the wide pith and the cortex,
passing also through the medullary rays of the vascular cylinder. They
are continuous into the leaf, but not, as a rule, into the root. Periderm is
present in the leaf-bases and outer cortex.

Of the nine genera of Cycads, four, viz. Cycas, Enccphalartos, Macro-
zamia, and B<nvenia, possess more than one vascular ring. In Cycas there
may be as many as a dozen rings arranged concentrically one within the
other. In any case, only the innermost of these rings arises in the first
place as primary tissue,with secondary cambial formations subsequently
increasing its radial thickness. All the other vascular rings are entirely
of secondary origin, being formed by the agency of a cambium. The re-
maining1 genera, viz. Stangeria, Zamia, Ceratozamia, and Dioon possess
but a single ring in their stems. Both the xylem and phloem of each are
extremely parenchymatous, being largely composed of very numerous
medullary rays. This vascular tissue belongs to the collateral type of
structure. The leaf-trace bundles, as they enter the stem to the number

1 Bot Microcycas has never yet been exnmined.
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of two from each leaf, are peculiar from the fact that they describe a girdle-
like course part way around the stem, gradually passing inwards to join
the central cylinder, having to traverse the medullary rays in order to
reach the latter in those cases where two or more cylinders occur. Some-
times, however, as in Macrosamia, the leaf-traces pass directly inwards.

In all species of the genus Encephalartos, and in certain species only of
Macrozamia there occurs a system of medullary bundles scattered in great
numbers throughout the pith. Each is always accompanied on the side of
the phloem by a mucilage-canal. These bundles are orientated in every
conceivable direction as seen in a transverse section, and are collateral in
structure. They are cauline in origin, uniting at various points with the
primary vascular cylinder, but having no connexion with the leaf-traces.

The roots, both primary and adventitious, vary as regards the number
of bundles or rays composing the stele; often the root is pent- or tetrarch
at the base, i. e. near the cotyledonary node, becoming successively tri-
and diarch as one proceeds towards the apex, but it is often diarch
close to the node. A peculiar feature of Cycads is the possession of an
apogeotropic root-system ; each root branches in a dichotomous coralloid
manner above the surface of the soil, and contains in the intercellular spaces
of a particular zone of the cortex colonies of Anaboena, an Alga belonging
to the Cyanophyceae.

The leaf, in most genera, is pinnately branched. But in Bowenia,
Macrozamia heteromera, and Cycas Micholitzii it is further subdivided.
This gives to them a more graceful Fern-like character. This Fern-like
character is exhibited by Stangeria in another way. Each pinna of
the frond possesses a thick midrib containing two or three vascular
bundles; the rest of the broad lamina is supplied by dichotomously-
branching lateral veins running out to the margin. In Cycas the
narrow pinna has also a midrib containing a single large bundle, but
in this case there are no other bundles in the lamina. The vascular
structure of the pinna here is particularly interesting. The bundle of
the midrib is of collateral structure with a somewhat arched contour;
the xylem is of the mesarch type, i. e. the protoxylem is situated in
a more or less central position with, towards the dorsal or phloem side,
a little secondary centrifugal, and towards the ventral side a well-developed
primary centripetal xylem. Transfusion-tissue, consisting of isodiametric
tracheides whose function is to supply with water the mesophyll of the leaf,
are situated on either side of the xylem, as seen in transverse section.
They really constitute part of the centripetal xylem with which they are
connected by elements transitional, not only in space, but also as regards
the shape and other characters of the tracheides. The structure of the
bundle just described is common to the bundles of the lamina in all genera
of Cycads. In Cycas the inadequate functions of the transfusion-tissue are
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132 Worsdell.— The Structure and Origin of the Cycadaceae.

reinforced by an ' accessory transfusion-tissue,' consisting of the central
elongated cells of the mesophyll which have become transformed into
tracheides, and which extend from the ordinary transfusion-tissue to the
margin of the leaf.

In all genera except Cycas and Stangcria a number of equal, parallel
bundles traverses the lamina.

The vascular bundles of the petiole of the leaf are typically arranged
in the form of an Q. as seen in transverse section, with the xylems directed
inwards or towards the ventral surface of the leaf. There are, however,
various complex modifications of this arrangement of which the extreme
case is attained in Encephalartos, in whose petiole the bundles are extremely
numerous, and are orientated in every conceivable direction. The petiolar
bundles of Cycads possess the same mesarch structure as those of the
lamina, but the centripetal xylem is very great in amount, and is thus
strongly contrasted with the very small development of the primary
centrifugal xylem.

As regards the vascular anatomy of the cone, the general feature is the
possession of a single cylinder of separate bundles, each bundle being
collateral in structure with a large amount of secondary superadded to the
.primary tissue. In certain genera {Stangeria, Bowenia, Ceratotamia) the
endarch structure of the bundles at the very base of the peduncle is super-
seded throughout the rest of the length of that organ by the mesarch
character, owing to the presence of scattered primary centripetal tracheides,
to which is sometimes attached a protoxylem-group distinct from that of
the centrifugal part of the xylem.

The sporophylls are spirally arranged on the cone and are short, highly-
modified structures, each with a very thick shield-like terminal portion and
a narrow stalk. The very numerous male sporangia are scattered in sori
over the lower surface of the sporophyll ; the female sporangia are two in
number, seated likewise on the lower surface of the organ, but on the
adaxial side of the peltate portion. Two bundles supply each sporophyll as
a rule; these branch so as to form a transverse row of strands. The bundles
of the sporophyll which are situated below the level of insertion of the
sporangia are characterized by the large amount of centrifugal, as compared
with the centripetal, xylem which they possess as a result of their sporan-
gium-supplying function. In the peltate portion of the sporophyll these
relations are reversed.

Owing to the fact that they are not compactly grouped together in
a cone but are borne loosely on the vegetative axis of the plant the female
sporophylls or carpels of Cycas are more or less leaf-like in character, and
possess rudimentary pinnae in their upper sterile portion. The ovules are
usually about six in number {Cycas Normaiibyana has two), and are borne
on the sporophyll in the lateral position of pinnae.



Worsdell.—Tlie Strticture and Origin of the Cycadaceae. 133

The ovule consists of the following parts : an outer fleshy, often brightly-
coloured envelope which is intimately fused with a thick woody shell
internal to it, within which again is another soft-celled tissue. The vascular
bundles supplying the ovule are divided into two distinct systems : an
outer one traversing the external fleshy envelope, and an inner supplying
the internal soft tissue.

These, from the purely descriptive point of view,, are the main facts
of the structure of modern Cycads.

I will now see what we know as to the structure of the Mednlloseae,
a group of the Pteridosperms of which specimens have been obtained from
the Coal Measures and the Permian. We know little as to the habit of
these plants, but some of the stems found are of considerable thickness
and length.

The vascular anatomy of the stem is of great interest, presenting
a structure which combines the characters of that of Ferns and modern
Cycads, for it exhibits on the one hand polystely and on the other well-
developed secondary tissue in each stele.

If we take a species, viz. Medttllosa Soltnsii, which is one of the most
Fern-like in its structure, we find, in a transverse section of the stem,
a double ring of concentric bundles or steles surrounding a wide pith and
surrounded in their turn by a wide cortex. The steles of the inner ring
are somewhat smaller than those of the outer. Each individual stele in
both rings consists of a central pith, in which primary tracheides are
scattered, surrounded by a considerable development of secondary xylem
and phloem. Small, concentric leaf-trace bundles occur just outside the
outer ring of steles. In the pith are scattered very numerous, minute,
concentric bundles, each largely formed of secondary tissue.

In M. anglica, Scott, there are only three steles of irregular shape and
large size, each possessing a structure identical with that just described.
Here and there, immediately outside the steles, is seen a much smaller,
isolated, concentric strand termed by Scott 'anomalous' in the sense of
representing something extra to the main group of large steles.

The leaf-trace bundles, immediately on leaving the steles, are perfectly
concentric in structure, but very soon break up into a small group of
collateral bundles, which still further subdivide on entering the leaf.

The stem of M. porosa, Cotta, belongs to the type in which the cylinder
(at any rate frequently) is composed of a continuous band or zone of
vascular tissue, which possesses in itself precisely the structure of one of the
concentric steles of M. anglica, Scott, or M. Soltnsii, Schenk. In this
species the mutually-inverted parts of the secondary xylem and phloem are
respectively equal in development. Numerous medullary bundles, of very
much larger size than those of M. Solmsii, Schenk, occur, scattered irregu-
larly through the pith ; many of them are imperfectly concentric in structure.
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M. stellata, Cotta, var. iypica, exhibits also in the region between the
places of insertion of the leaf-trace bundles a continuous zone in transverse
section, but here the inner xylem and phloem are very poorly developed as
compared with the outer.

M. stellata, Cotta, var. gigantea, shows the same character. But here
there occur in addition two or three extra cylinders from which all traces
of the inner xylem and phloem (which may or may not have existed in the
ancestor of the plant) are completely absent, so that these zones possess
a collateral structure. They appear also to be entirely secondary in origin,
for there are no signs of primary tracheides.

In M. Leuckarti, Gopp. and Stenz., there is a main cylinder composed
of two or three very irregular, sinuous, elongated steles of considerable
development; within this is a minor cylinder of similarly-shaped, but
smaller steles, which abstricts off at places the smaller steles which com-
pose the medullary system.

In M.porosa, Cotta, and M. Solvisii, Schenk, there is likewise an inner
minor cylinder, but composed, in the first-named species, as also in1

M. Solmsii, Schenk, vars. incrassata and lignosa, of steles greatly reduced
in size as compared with the main cylinder, forming in this respect
a transition to the medullary steles lying irregularly scattered in the
centre. They exhibit, moreover, the peculiarity of having the • secondary
xylem and phloem developed on the inner side only, and are therefore
collateral in structure.

The foliage now known to have been borne by Medullosean-stems was
that known as Alethopteris and Neuropterisx, the characters of which are
very Fern-like.

The petioles of these fronds, known as Myeloxylon, possess, as seen in
transverse section, an outer cortical region exhibiting the ' Dictyoxylon'
sclerotic tissue; the rest of the organ contains large numbers of collateral,
usually exarch bundles, orientated in every conceivable direction.

We will now describe the main features of the anatomy of another type
of the Pteridosperms, viz. Lyginodendron. A transverse section of the stem
of L. Oldhamium reveals the following structure: an outer 'Dictyoxylon1

cortex ; an inner soft-celled cortex ; a periderm, probably arising from the
pericycle; a central cylinder composed (frequently) of a number of more or
less distinct and separate bundles each of which possesses the following
structure: a mesarch primary xylem-strand, consisting of a central proto-
xylem with, on the inner side, a. well-developed centripetal, and, on the outer
side, a small amount of centrifugal xylem ; attached to the outer side of
each such primary strand is a thick fan-shaped mass of secondary xylem,
bounded on its external side by a very much less-developed zone of
phloem. Opposite each gap between the bundles a single large leaf-trace,

1 Probably also other types, such as Odenlopitris and Litwplcris, belonged to them.
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possessing a thick arc-shaped mass of secondary xylem, passes off; it soon
divides into a pair of strands within the pericycle: these lose • their
secondary tissues, and, on passing into the leaf, again fuse into a single strand.
Certain abnormal structures in the cylinder were also observed. Occasion-
ally a cambium (which, in some cases, may form a continuous arc stretching
from the normal cambium of one side of the bundle, round the inner side
of the centripetal xylem, and joining the normal cambium of the opposite
side) arises on the inner (ventral) side of the primary strand, there forming
xylem and phloem with inverted orientation. Sometimes this abnormal
cambium forms parenchymatous tissue only.

The foliage borne by Lygincdendron-stems was that termed, before its
real relationships were established, Sphenopteris Hoeninghausii; it was very
Fern-like, with finely subdivided segments. The petioles bearing these
laminae bore the name of Rachiopteris aspera. A transverse section of this
latter revealed a single large bundle of mesarch structure, with three or more
protoxylem-groups situated near the periphery of the xylem; the whole
was completely surrounded by phloem. The outer part of the cortex
exhibited a Dictyoxylon-structure.

In Hetcrangium there is a single large solid stele in the stem, the
structure of which is precisely that of one of the separate steles of the
stem of Medullosa anglica, &c, but the whole is on a larger scale.
The characters of the cortex, leaf-traces, and petiolar bundles are similar to
thos'e in Lyginodendron. The foliage belonging to the stem is that known
as Sphenopteris elegans.

T H E ORIGIN OF CYCADEAN STRUCTURES.

1. Origin of Axial Structures.

Most botanists are agreed that modern Cycads had their origin
somewhere in the plexus of the Carboniferous or Permian Pteridosperms
(Cycadofilices). If this is the case some indication of that origin should
be discovered in the anatomical structure of the caulome or shoot. But
opinion is divided as to which of the Pteridospermic types of stem-structure
that of modern Cycads has been derived from. There is, on the one hand,
the view which regards the central cylinder of the Cycad as derived from
that of Lyginodendron or Heterangium, while the ' extrafascicular' cylinders
of certain Cycads are held to be peculiar to them and of no ulterior
phylogenetic importance or value. On the other hand, there is the
view which regards the Cycadean cylinder as derived from that of such
a form as Medullosa porosa. This latter is the view I shall adopt in this
paper.

Now, in the first place, I will start out with the primary proposition that
if ancestral characters are present at all in the vascular tissue they must be



136 Worsdell.—The Structure and Origin of the Cycadaceae.

sought for in two principal regions, viz. (1) in the cotyUdonary or primary
node, i.e. the approximately transitional region between root and stem; for
it is here that the earliest tissues of the vascular system arise, and we know
that it is in these tissues, developed earliest in the ontogeny, that ancestral
traits are most likely to be found and recognized; (a) the flowering axis,
for in this region the vascular tissue will have undergone less modification,
than is the case with the vegetative stem, in the direction of subserving the

F I G . 1. Entcphalartot Barttri: diagrammatic transverse section of the seedling-aiis In the
region of the cotyledonary node, showing the mednllosa-like steles (after Matte). FlG. 1 a.
Medullosa anglica: diagrammatic transverse sections of vascular system of stem, showing three main
steles, two accessory steles, and two leaf-traces (after Scott) : ph •— phloem ; px = protoxylem;
xl =• central primary xylem ; * ' — secondary xylem.

exigencies of conduction, and hence ancient characters which may be
present will tend to be less obscured by the later adaptive accretions to the
structure.

If, then, we examine the cotyledonary node of the stem of certain
Cycads we find structural phenomena which, in my opinion, shed great
light on the origin of the vascular tissue of the axis as a whole.
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Matte found in this region of the stem of a seedling of Encephalartos
Barteri (as viewed in transverse section), instead of the usual continuous
cylinder of endarch structure, three practically independent, distitict steles,
each of very sinuous, irregular contour, and not forming a definite cylinder
(Fig. 1). This is, to my mind, the most impoctant recent discovery in the
structure of Cycads. Its significance, for my point of view, is immense.*
For this structure is clearly exactly comparable to that of such a type as
Medullosa anglica, Scott (Fig. 1 a), above described1. It is an ancestral
character, found here, and here only, in the very region we should most
expect it, and soon lost as, passing upwards, the steles unroll and gradually

F I G . a. Stangcria paradoxa: transverse section of Tower (not lowest) region of vascular ring
of peduncle of cone showing irregular orientation of the bundles (diagrammatic and reversed)
(after Scott).

constitute the typical cylinder. This is the only instance of the kind
hitherto observed in the vegetative stem.

In the structure of the peduncle of Stangeria, however, there is, in my
opinion, further evidence available that the central cylinder is in reality
composed of the one-sided remnants of a number of steles.- In the lowest
part of the peduncle there is nothing exceptional to be seen; but some-
what higher up, i.e. sufficiently so for the organ to exhibit its distinctive
character, uninfluenced by the region of its origin lower down, the com-
ponent bundles of the cylinder become orientated in a very irregular way:
some lying back to back, with their long axes directed towards the centre
of the organ, and at the same time more or less incurved at the ends, while
others are horse-shoe-shaped; and one is completely concentric, with
central protoxylem (Fig. a). This peculiar structure can be readily ex-
plained if we suppose that the whole. cylinder has been derived by

1 Dr. Matte informs me that there was no trace of any injury to the tissues in this region of the
seedling-axis. He observed this structure in a single individual only; other seedlings did not
potsen i t He has since kindly enabled me to examine the sections for myself.
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fragmentation of a few (two or three) steles of extremely sinuous contour,
such as are found in the stem of Medullosa Leuckarti, Gopp. and Stenz.
(Fig. 3). If all the bundles, instead of only one or two, resulting from this
fragmentation had remained concentric, we should have a structure like

FIG. 3. Medullosa Leuckarti: transverse section of vascular system of stem, «chematically
drawn to represent how the vascular structure of Stangctia (illustrated above) could have been
derived by fragmentation of the large irregularly shaped steles, the doited outlines representing
the eliminated portions.

that of M. Solmsii (Fig. 4), whose polystelic character I regard as probably
derived from the solenostelic condition of such a form as M. porosa; on
this view the structure of M. Leuckarti would represent a kind of
intermediate stage between the two.

The incurved and horse-shoe-shaped bundles of Stangeria, I am
convinced, possess a great phylogenetic and morphological significance:
they are the remains of the concentric bundles or steles of the Medullosean

ancestor. This easy explanation of
the phenomenon seems to me the only
one possible. It is only in this lower
region of the peduncle that this an-
cestral trait can maintain itself; higher
up the bundles become orientated in
the normal manner in order to adapt
themselves to the modern economic
necessities of conduction. Higher up
also, the centripetalxylent appears more
in evidence; this too, with Scott, I

regard as an ancestral character, as its tardy appearance in the ontogeny
would help to indicate. In the concentric and horse-shoe-shaped bundles
of the lower region it is absent, the available space for such a tissue

F I G . 4. Medullosa Solmsii: transverse
section of part of double vascular ring of
stem ; pr' = inner primary ring; pr1 •= outer
primary ring (reversed and in part restored)
(after Weber and Sterxel).
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in the interior of those strands being reduced to a minimum. I regard
these primary centripetal tracheides (whose rudimentary nature is further
betrayed by the half-hearted way in which they assume the stain) as
of probably dual origin: I hold that for the most part they represent
the central primary tracheides of the stele of M. anglica ; in this case
we must imagine the protoxylem, centrifugal xylem and phloem of that
part of the stele nearest the pith of the peduncle to have completely
died away. Occasionally, however, these three tissues are present on
the inner side of the bundle, while, in the wide area between them and
the normal bundle, numerous ' centripetal' tracheides are seen. In such
a case these inner tissues are well developed and not rudimentary in
appearance; they merely represent an incurved portion of a horse-shoe-
shaped stele which has become detached and in-
dependent (Fig. 5). Such a strand sometimes
anastomoses with the ventral portion of the bundle
to which it is opposite. In other cases, however,
a group of centripetal tracheides is united, on its
pith-side, to an extremely rudimentary phloem-
strand, or this latter may be replaced by a rudi-
mentary cambium. It seems possible, therefo^ •*;
that in some cases the ' centripetal xylem' may c° r °* * '

. . . . . , ^, . .j. , , F IG . 5. Stangcria para-
represent the vestiges of the centrifugal xylem doxa: transverse section of
(primary or secondary) of the ventral part of the a single bundle from vascular
v r J . . . r m g °f peduncle, showing

original and primitive stele, the protoxylem be- " "longing to which has become extinct.
small strand on inner or pith-
side of large strand, with
groups of centripetal tra-

As regards the mode of ontogenetic origin cheides lying between the two
of all or any of these structures, it has probably Ia£Tamma IC--
not the remotest connexion with their phyloge'netic history. The chief point
about this remarkable structure has hitherto been, apparently, missed.

Scott, however, lays great stress on his belief that the ' centripetal'
xylem, as found in the peduncle of Stangeria, Bowenia, and Ceratozamia, is
the homologue and derivative of the centripetal primary xylem occurring
in the bundles of the vegetative stem of Lyginodendron, Heterangium,
Poroxylcn, Calamopitys, &c. In this we entirely concur. But we differ as
to the mode of origin of the vascular tissue in these fossil plants. Scott
regards the solid monostele of the Ifeterangium-type as the primitive form
in this group; the Lyginodendr<?«-type he holds to be derivative therefrom.
According to his view the centripetal xylem of Lyginodendron represents
the last peripheral remnant of the great mass of primary xylem which,
along with parenchyma, occupies the entire internal area of the Heter-
angium-stele. My view, on the contrary, embodies the belief that each
primary xylem-group in Lyginodendron, along with its mass of secondary
centrifugal xylem and phloem, is the one-sided remnant of an entire stele
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or concentric bundle, and is hence precisely comparable to, and homologous
with, each bundle in the peduncle of Stangeria, &c. ; both, in my opinion,
have been derived phylogenetically from a single stele, like one of those
composing the cylinder of Mednllosa. The following are my reasons for
holding this isolated position. In many stems of Lyginodendron the
bundles are more or less separate from one another, or in groups of two,
due to lateral anastomosis; each single or double group of primary xylem
having an arc- or fan-shaped mass of secondary xylem attached to it
(Fig. 6); this in itself is an indication of the stelar origin of the bundle;
otherwise, how is this arc-like character to be explained ?

The fact that arc-shaped leaf-trace bundles are cut off from the cylinder
(which may occasionally be concentric, thus resembling the case olMedullosa)
will not explain the phenomenon ; for similar arc-shaped leaf-traces pass off
from the stele of Heterangium; the arc-shaped character is one which is
inherent in the stem-bundles as such-

FIG. 6. F I G 7.
FIG. 6. Lyginodendrott Oldhamiutn : transverse section of vascular ring of stem of yonng

plant, It - leaf-trace (diagrammatic) (aft«r Williamson and Scott). F IG . 7. Transverse
section of single bundle from vascular ring of stem, ihowing its concentric stele-like structure, the
remaining bundles of ring had same structure (from »Kde no. 1138 of Williamson Collection in
British Museum) (diagrammatic).

In some stems, however, where the bundles are more isolated, the
cambium of the dorsal side extends right round the centripetal xylem on
the ventral side (Fig. 7), though its secondary products in this region, as
might be expected, are much less in amount, the parenchymatous often
outnumbering the xylem-elements. This phenomenon strongly supports
my position as to the polystelic origin- of the Lyginodetidron-cylinder.
Scott, on the other hand, maintains that they do not in the least disturb
his position as to the inonostelic origin of the latter; for these extra tissues,
giving rise to the concentric structure, are purely secondary, formed by
a cambium which, in his opinion, may appear on the scene at any time
and under any circumstances, and to which, therefore, no morphological
significance is to be attached. He regards it as the same anomaly as
occurs in Acanthophyllum (Caryophyllaceae), in lodes toinentella (Ola-
cineae), and in Tecoma (Bignoniaceae), and as far as the bare facts are
concerned, these latter cases are, doubtless, comparable with that of
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Lyginodetidron. In the case of Lyginodendron, the near allies of the plant,
viz. Cycadoxylonx and Medulloseae, exhibit this ' anomaly' as the normal
structure in their stem. Hence, the comparative method of investigation
strongly supports my hypothesis that this so-called ' anomaly' in Lygino-
dendron is a reversion to an ancestral character whose appearance is
rendered possible by the late formation of interfascicular cambium in the
stem. The isolated, sporadic, and (often) rudimentary characters of this
' anomaly' support my view; for these are precisely the features which

. distinguish ancestral structures wherever they appear.
I should, therefore, regard each bundle of the normal stem of Lygino-

dendron as itself the
equivalent of a single
complete stele in the
stem of Medullosa an-
glica, of which the proto-
xylem, primary centri-
fugal, and secondary
tissue belonging to the
ventral or pith-side of
the stele have completely
vanished. I admit the
bare possibility of what
I cannot help regarding
as a quite meaningless
•cambium appearing on
•the scene ; but this me-
chanical view of the
matter I regard, in the
light of the facts cited
above, with very much
less favour than the one
already given. More-
over, Scott, so it seems
to me, is inclined to attach a far too great significance to the difference
existing between primary and secondary tissues. In my opinion there is
no essential difference between primary meristem and cambium, the difference
merely lying in the varying periods at which they respectively arise, each
having, in accordance therewith, its own peculiar characteristics. And
the secondary tissue is one of the great and characteristic features of the
group of plants with which we are dealing.

Owing to the even, uncurved contour of its ring of secondary xylem
(Fig. 8) (so contrasted with that of the ring of secondary xylem in Lygino-

1 Cf. Seward's ' Lyginodendron robuslum.'

FIG. 8. Hetirangium Gritvii: transverse section of secondaiy
wood of gtele of stem, showing entire absence of any cnrvatures
save those which are necessary for maintaining the cylindrical
contour of the stele as a whole (diagrammatic).
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dendron, in which the sinuous1 character can always be more or less clearly
traced, Fig. 9), and the character of the entire general structure, I regard
the single large monostele of Heterangium and, I would add, of Megalo-
xylon, as equivalent to a single stele of Medullosa. The very sinuous
contour of many Medullosean steles is due to two causes: firstly, to the
perpetual anastomoses occurring between neighbouring steles, and secondly,
to the constant abstriction of concentric leaf-trace and medullary bundles;
but these two causes will not account for the sinuosity of the central

cylinder of Lyginodendron. There
may be traced a gradual reduction
in the number of steles composing
thecylinder: (i)thevery numerous
ones of M. Solmsii; (2) the three
or four much larger steles of M.
anglica or M. Leuckarti; (3) the
single stele of Heterangium and
Megaloxylon which, owing to
space-relations, is naturally and
inevitably of much greater di-
mensions than, while preserving
an identity of structure with, the
steles of other members of the
group. Hence, on my view, each

FIG. 9. Lyginodendron Oldhamium : transverse
section of secondary wood of stele of stem, with
primary xylem-gronpi included, showing bnlging of
the ring opposite the primary bundles, due to other
causes than the natural curvature of the cylinder
(diagrammatic).

individual bundle and not, as Scott
holds.the entire cylinder, of Lygino-
dendron, is the homologue of the
large stele of Heterangium, &c.2

At the bases of branches of Lyginodendron, as described by both
Williamson and Lomax, the primary centripetal xylem-groups tend to
become continuous (although complete continuity never obtains), while the

1 Cf. Williamson's Figs, 1, 1, 4 (Plate XXII), and 6, 7 (Plate XXIII), of Lyginodendron with
his Fig. 30 (Plate XXVIII) of Hctcrangium (Organ. Fossil Plants of Coal-Meas., Part iv, 1873).
Also Williamson and Scott's Fig. 1 (Plate XXiynnd their Photo. I (Plate XVIII) of Lyginodendron
in their joint paper of 1896 with Williamson's Fig. I (Plate XXI) in his memoir of 1887.
Williamson's Fig. a (Plnte XXII) of the same memoir, showing part of the transverse section of the
stem of Htttrangium liliaeoicUs, showi a somewhat sinuous contour of the ring, but it will be noted
that eren here the secondary xylem is never arched around each primary xylem-gronp as it always
is in the case of Lyginodendron. Whenever a section of the entire cylinder is seen thu striking fact
becomes incontrovertible.

• Any argument for the close affinity of Lyginodendron and Hcierangium drawn from the fact
that they both bore a Sphenopteroid type of foliage can have little weight in view of the fact that
several forms of SpAenop/erii-foliage belonged to the true Ferns bearing such fructifications as those
named Renaultia, DUcopteris, Daetylotheca, Oligocarpia.

Again, the stem of some species of Davallia is polystelic, that of other species is solenostelic,
yet the same type of foliage obtains throughout the genus. It is not, therefore, very strange to find
a considerable latitude in the character of the stelar anatomy of Pteridospirms bearing Sphenopteris-
foliagf.
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pith becomes much smaller in diameter, the centripetal xylem occupying 
an important part of the area enclosed by the secondary wood. The  latter 
tissue a t  the same level forms a continuous, compact ring in which the 
sinuous character is very much less evident than is the case a t  a higher level 
of the branch. The result of all this is a much greater resemblance of the 
structure of the branch-base to  that of the mature stem of Heterarzgizm 
than is the case with the structure a t  a higher level of the branch where the 
typical Lygi~todend~~o7z-features reappear. 

I do not regard this as having any phylogenetic significance, for the 
ontogeny of the structure of a shpot need not necessarily repeat its phylo- 
genetic history. The explanation appears rather to be a mechanical one: 
the concentration, both in a _radial and tangential direction, of the woody 
vasculat. tissues is probably an adaptation for the resistance of tension and 
bending-strains to which the shoot-base must become subject. The  same 
adaptation may be observed in Ferns, as  in the base of the stem of 
-Osnzunda, of the branches of Blechnzcnz Spicant, and others. I t  occurs a t  
the base of the stems and branches of Dicotyledons. In the base of the 
peduncle of Statzgerin the centrifugal xylem of the ring becomes congested 
in this way, and it is only a t  a higher level, where the typical structure of 
the organ is assumed, that ancestral characters, such as the presence of the 
centripetal xylem, begin to appear, thus proving that the structure pre- 
vailing a t  the base of the organ is purely adaptational in character and of 
no phylogenetic significance. It is to the lypical ?nature strtrcture, and not 
to the early stages of its ontogeny, that we must look for the occurrence o f  
ancestralcharacters. The subject cannot be entered upon now, but might 
well repay further investigation. I believe myself that, in all likelihood, 
far too much has been made of the idea that the successive anatomical 
structures exhibited in the ontogenetic history of Ferns and other plants is 
a repetition in parvo of similar structures developed during the course of 
the phylogenetic history. 

Further evidence in support of the view set forth above as to  the 
origin of the Ljgitzode~ddro7z-structure is afforded by the early occurrence- 
viz. in the Calciferous Sandstone-of that polystelic member of the same 
group we are considering, CZadoxylon. I may add, as a final corollary to 
this part of the subject, an opinion which I have elsewhere expressed: 
' that  the derivation of the tubular from the solid stele is to  be sought for, 
not in these semi-gymnospermous forms, but much farther back, viz. anlong 
the Ferns ! ' 

In Med. Sobnsii and M. Leucka~ti  (some forms) the two primary 
rings of steles differ in that the steles of the innermost ring arc smaller and 
less developed than those of the outer. In M. porosa there is also an inner 
ring which may be said to be formed by the regzrlar a~znular grozrping of 
certain of the small medullary steles. In fact, transitions exist between 
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the medullary system and the inner cylindrical system of steles. I hold,
further, that in the Medulloseae the cylindrical and medullary systems are
merely variants of a single system. That the annular or cylindrical system
has either been derived in the past from a primitive system of irregularly
scattered steles, of which the medullary strands are the surviving remnant;
or, on the other hand, that the cylindrical system is primitive, and has
itself given origin to the medullary system. I am inclined to regard the
latter as the most probable view.

In most cases the medullary stejes are perfectly concentric in structure,
but this is not always so ; e. g. in M. porosa the outermost, as also several
of the more central, steles are imperfectly concentric; in such cases the
resultant collateral or sub-concentric stele is very variously orientated,
according as the secondary tissue is defective on this or that side of it.

•Now in the modern
genera Encephalartos and
some species of Macro-
zamia there is a medullary
system of, usually, very
small and very numerous
collateral bundles of ex-
tremely various and ir-
regular orientation ; this
latter may be primarily
due to the causes just
mentioned in the case of
Medullosa; but appears
more directly traceable to
the fact that each bundle
follows the sinuous course
of a mucilage-duct to-

wards which its phloem is always orientated. But the cauline origin of
these medullary bundles may be attributed to the fact that they constitute
one and the same system with those of the vascular rings.

In the fertile part of the axis of the male cones of Ceratozamia
mexicana, Brongn., and C. latifolia, Miq., I observed the rudiment of an
intrafascicular primary cylinder of bundles; these latter were much less
developed than those of the outer cylinder; they were in one of the species
arranged frequently in small groups of three (Fig. 10), representing small
fragmented concentric structures, for their xylems were mutually orientated
towards each other ; other isolated bundles were inversely orientated; in the
other species the inner bundles were much less numerous and usually
rudimentary in development, staining badly ; one such was observed to be
perfectly concentric in structure and to end blindly upwards. In both

r

• Fio. 10. Ctralotamia latifolia: transverse section of part
of vascalar system of fertile region of cone-axis, showing inner
primary ring of imall bundles (diagrammatic).
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cases I regard these inner bundles as an ancestral remnant of the inner- 
most cylinder of primary bundles above described in certain Medul- 
loseae. The same will hold good for the two primary cylinders in the 
peduncle of the cone in Encejhalal-tos, of which the outermost, divided 
up into irregularly formed groups of co?tcentrically-nrra~ged bundles, 
supplies the sporophyll-traces. Matte gives beautiful illustrations of this 
pleiocylindric character in the peduncle of the cone of Emepr'talartos villostrs 
(Fig. 11). 

The inversely orientated strands occasionally occurring on the dorsal 
side of the bundles of the normal cylinder or arc of the peduncles and 
sporophylls respectively, receive also their explanation from a study of 
Medullosean anatomy. 
position of a stele, or 
the rudiments of such, 
which, instead of, as in 
the case of the usual 
bundles of the cylinder 
or arc, lacking the ven- 
tral portion of the pri- 
mitive stele, exhibit a 
complete abortion of 
the dorsal half thereof. 
But in one or two cases, 
signs of slight cambia1 
activity on the outer 
side of such strands 
indicate an attempt at  
reversion to the primi- 
tive state of things. 
Frequently these 
strands are continuous 
with those of the nor: 

This phenomenon is due to the presence in that 

FIG. I I .  Ewce$halarios villasus: transverse section of part of 
vascular system of peduncle of cone, showing outer primary ring 
consisting of groups of bundles (after Matte) (diagrammatic). 

ma1 cylinder by means of an involution of their tissues; this is also the 
same phenomenon as was described by Gregg in the root of Cycas See- 
manni; in that case, however, the outer half of the usually incomplete 
stele is present, and is continuous as an independent continuous zone right 
round the entire root-stele. 

In the case of the cone the inversely orientated dorsal strands are 
primary; hence we here see another instance of the presence of two 
primary cylinders (or parts of such) like those already described. As a 
comparison with what I found in the case of Encephnlartos, we may 
note that Scott says, speaking of Ceratozamia : 'some of these [inverted 
cortical] bundles, where they pass further out into the cortex, show some 



146 Worsdell.— The Structure and Origin of the Cycadaceae.

approximation to a concentric structure V Here we see clearly preserved
in the cone-axis traces of a second cylinder. This latter has long since
disappeared from the vegetative axis, Ceratozamia being one of the mono-
cylindric forms.

Let me now pass to the consideration of the ' extrafascicular' secondary
strands and zones ; they occur, as mentioned above, in the stem of four
genera of modern Cycads, and in that of Medullosa stellata, var. gigantea.
The structure of this latter is almost exactly a replica of that of a modern
Cycad which possesses it. I will therefore consider them together. At
the outset I may say that I regard all the cylinders or rings as mutually
homologous, and that there exists no morphological distinction between the
primary and secondary zones. The comparatively.late period at which all
vascular rings except the first arise necessitates their earliest beginnings
being inaugurated by a cambium; but this does not render them in any
way different in nature from the first-formed one. What is, therefore, the
origin (which must be the same for all) of these zones ?

In certain Medulloseae, a3 in M. stellata, var. lignosa, M. Solmsii, vars.
incrassata and lignosa, the outer part of the secondary wood of the primary
cylinder has far exceeded in thickness that of the innermost portion which
has become, as it were, left behind on the road of advancement. In
explanation of this phenomenon I may quote my own words of nine years
ago2: 'as time went on, and greater specialization in the conducting-
tissues arose, and a need for the formation of a larger amount of this tissue
became urgent, the cambium of the inner portion of each such concentric
strand gradually became less and less functional, that of the outer portion,
on the contrary, more and more active, so that a much larger quantity of
wood and bast became formed on the outer side of each strand than on the
inner side, for this was the surest and best means of economizing both
space and expenditure in the building up of an efficient conducting-tissue
for the stem.'

The primitive condition, in which the secondary wood was of equal
development all round or on both sides, is seen in the polystelic cylinder
of M. Solmsii (Fig. 4), and in the solenostelic cylinder of M. porosa
respectively.

In the case of the Medulloseae the innermost part of the secondary
wood of the primary ring, never, as far as we know, became extinct; in
modern Cycads, on the contrary, it became, along with the phloem (except
in the case of Encep/ialartos Barteri, described above), completely extinct.

As regards the outer secondary rings, it is a remarkable fact that these,
in the stem of Med. stellata, var. gigantea, had, apparently, already com-

1 Matte describes the same phenomenon in the pednnc'.e of Bmvenia and Ceratossamia. In the
UttCT he also figures concentric and arc-ihaped bundles in this position.

» Dec. 1896.
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pletely lost their inner inverted secondary tissues; this is, possibly, also the
case with M. Solmsii, var. lignosa. That the primitive type possessed two
or more solenosteles of secondary origin we do not know. It is possible
that these outer secondary zones may have been collateral in structure
from the beginning, but this, in the light of the structures presently to be
described in some Cycads> is not probable ; yet even if it were so, these
zones would still have to be regarded as morphologically equivalent to the
outer or dorsal half of a solenostele, and, therefore, these ' extrafascicular'
collateral cylinders are morphologically derived from solenosteles, owing to
the fact that the primary ring possesses the structure of this latter ; and all
the. rings are to be regarded as homologous.

Let us consider now the case of the Cycadaceae. In that most
primitive part of the axis of the plant (see supra), viz. the cotyUdonary node,
Gregg (in Cycas Seetnanni), I myself (in C.
revoluta, Encephalartos horridus, Macrozamia
Penisonii, Bowenia spectabilis), and Matte (in
Cycas siamensis), observed and described a

J>olystelic structure controlling either the whole
or part of the first-formed secondary cyUnder,
i. e. the first ' extrafascicular' ring. Imme-
diately outside the very sinuous contour of the
root-stele Matte figures a number of concentric FIG. U. Cycas siamensis:.
structures or steles, some of which are in the transverse action of vascular sys-

' tem of seedling-axis in region of
act of separating off from the central stele cotyledonary node, showing outer
(Fig. i , ) ; this will, perhaps, account for the
imperfect continuity of contour of some of the
steles. As in the cases of Cycas revoluta and Bowenia observed by me,
some of the steles have a thicker layer of secondary wood on their inner
than on their outer side. This ancestral stelar structure, wherever it
occurs, becomes replaced, higher up in the axis, where modern tendencies
hold supreme sway, by a continuous, collaterally-constructed cylinder; if
traced downwards into the root these steles merge into the central cylinder.
In the mature plant all trace of these structures in the cotyledonary node
would probably be lost.

In Encephalartos horridus I observed ' on the dorsal side of, and closely
abutting on the large [concentric] strand [of the first " extrafascicular "
cylinder] . . . two other smaller ones of the ordinary collateral structure
and orientation. At another level two strands are seen, one on each side of
the large one, each with a considerable amount of secondary thickening,
one of which has inverted orientation' 'Further out in the cortex are
scattered other much smaller bundles with inverted orientation. Another
group of three bundles was observed, with tlieir xylems mutually directed
towards each other! These smaller strands I regard as the first sporadic

L 2
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beginnings of the second, third, and fourth 'extrafascicular' cylinders
respectively; it will be noted that two of them exhibit traces of the
primitive concentric or stelic structure.

In the basal region of a mature stem of Macrosamia Fraseri I observed
small, rudimentary inverted strands on the inner side of the first and second
' extrafascicular' rings; these, doubtless, represent the corresponding
portion of the cottcentric strands which were seen to occur immediately
outside the central cylinder in the same region of the stem in a young
plant of M. Denisonii; they are very interesting as showing how such
ancestral and (for modern requirements) unnecessary parts of the structure
become swamped and rendered utterly obscure as individual growth proceeds.

In the same region of the stem of Cycas Seetnanni I found the first
' extrafascicular' ring to be composed of concentric strands situated at wide
tangential distances apart, which differed from those composing the corre-
sponding ring in Macrozamia and Encephalartos in having a symmetrical
contour, the tissues being of the same thickness all round; the ring next
outside this formed a continuous zone having a collateral structure. In the
same region of the axis of another individual but at a slightly lower level,
viz. where root-structure of the central cylinder occurred, the first' extra-
fascicular ' ring consisted of a much broken-up collateral zone; one or two
of the isolated strands possessed an almost equal amount of inverted xylem
and phloem on the inner side. The second extrafascicular ring is a con-
tinuous thick collateral zone with, at intervals, some extremely minute,
rudimentary\ inverted bundles on its inner side; these represent the last
faint traces of the former solenostelic structure of this ring. The third ring
exhibited much the same characters as the first.

In all species of Cycas the stem possesses throughout its length
a cortical system of perfectly concentric secondary strands which are cauline,
terminating above in the base of a leaf and connected, during their course,
with incoming leaf-traces. They appear to be peculiar to the genus Cycas,
and to have no exact counterpart in the Pteridosperms. In any case, they
are interesting; for they constitute an outlier from the main conducting-
system of the stem, and hence have escaped all those modern influences
which have reduced the ancestral concentric structure of the main rings for
the most part to the collateral type. This outlying ring of concentric
strands resembles precisely the first ' extrafascicular' ring of strands
observed by me in the case of the stem of C. Seemanni, and also the
• accessory vascular strands' described by Scott in the stem of Med. anglica.
In all these cases the central, irregularly-scattered tracheides, which so
greatly resemble primary elements, are in reality the first-formed secondary
tracheidea of the wood of the stele. The same isodiametric elements can be
found on the inner side of the 'extrafascicular1 collateral rings in all Cycads
which possess them.
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There thus appears a mass of clear and conspicuous evidence in favour
of the derivation of both the primary and the secondary endarch rings or
cylinders of Cycadean stem-organs, from the poly- or solenostelic structure
of the same organs in the Medulloseae. The hypothesis of the appearance
on the scene of a meaningless cambium in order to account for the inverted
ventral strands, I find myself quite unable to accept.

2. Origin of Foliar Structures.

The Fern-like character of the foliage of the Pteridosperms we found
to be still represented in that of certain of our modern Cycads. We
should therefore expect to find in the anatomy of the foliar organs of
Cycads further indications of their Pteridospermic ancestry.

o

FIG. 13. F r c 14.

FIG. 13. Mcdullosa stcllata : transverse section of leaf-trace handle jnst after leaving central
cylinder, showing the three component parts into which it eventually splits (diagrammatic and
partially restored) (after Weber and Steriel). FIG. 14. Stangeria paradoxa : transverse section
of three sets of leaf-traces, two of which are broken Dp into their constituent strands, the other being
entire (diagrammatic).

Firstly, I may refer to the structure of the vascular bundles. In
Medullosa the leaf-trace bundles on leaving the central cylinder of the
stem are perfectly concentric (Fig. 13), but shortly each breaks up into
a number of collateral strands. In Lyginodendron and Heterangiutn
the bundle only assumes the concentric structure after entering the leaf,
where refusion of the two, which were the result of division of the leaf-trace
in the pericycle, takes place. But in certain stems of Lyginodendron some
of the leaf-trace bundles were perfectly concentric'vn. structure.

Now I observed in the peduncle of the female cone of Stangeria that
some of the sporophyll-traces immediately on leaving the central cylinder
appeared in the form of three separate small bundles grouped around
a common centre, so that such a group may be said to represent, as
it were, a fragmented concentric bundle. Further out in the cortex
these bundles became completely- separated from each other. In the
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outer part of the cortex one or two of the bundles supplying the barren
sporophylls possessed three distinct groups of xylem ; this is probably
a relic of a similar tripartite bundle as that above described and as
is also found in Medullosa. Quite frequently a perfectly conceniric
sporophyll-trace occurs in the neighbourhood of other collateral traces
and too far out in the cortex to belong to the cauline system of strands
(Fig. 14). Here, then, we see some last obscure remnants of the ancestral
leaf-trace bundles in precisely that part of the plant where we should most
expect to find them.

In Cycads the leaf-traces leave the cylinder, as a rule, in groups
of two 1; in the peduncle of Encephalartos villosus Matte observed groups
of three to five leaf-trace bundles passing out. The bundles have very often

their xylems slightly directed
towards each other. Each
group of one, two, or more
may be regarded as the equi-
valent of the single concentric
leaf-trace of Medullosa ; in the
case of Cycads fragmentation
and reduction of the leaf-trace
has taken place congenitally
(i.e. before the trace left the
cylinder); in the case of Me-
dullosa it has occurred post-
genitally (i. e. since leaving the
cylinder).

The bundles in the petiole
of, e. g. Encephalartos, are pre-

cisely identical, both as regards orientation, number, and individual struc-
ture, with those of Myeloxylon. The similarity, indeed, is so close as to
render an homology between the two systems of bundles practically
certain. If this be admitted, it must then of necessity follow (a con-
clusion which appears hitherto to have been completely overlooked) that
the vascular systems of the stems of Medullosa and Cycads respectively
must also be homologous. And if this be so, what becomes of the theory
which regards the Cycadean central cylinder as having been derived from
the single Heterangium stele ?

At first sight it would seem as if no relation whatever existed between
the vascular structure of the leaf-petiole of Lyginodendron or Heterangium
and that of the same organ in Medullosa and the Cycads. The single2

1 In the case of the male sporophyll a singlt bundle leaves the cone-cylinder which snbsequently
in the cortex branches into two.

1 In some cases there are two bandies.

F I G . 15. Diagrammatic representation of method of
derivation of the nnmerons, separate, collateral bundles
of petiole of Cycads from the single, large, concentric
bundle of petiole of Lygincdcndron, &c (transverse
section).
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large bundle of Lyginodendron, with its several protoxylem-groups situated
in a mesarch position, really, in my opinion, corresponds to, and is the
equivalent of, a number of collateral mesarch bundles united together by
means of their centripetal xylems, their phloems likewise fusing and sur-
rounding the whole. If we imagine each of these primary centres separated,
each constituting a distinct bundle and at the same time retaining its
position, they would be seen to roughly exhibit the horse-shoe-shaped
grouping so characteristic of most Cycads (Fig. 15). This grouping most
closely resembles that of the bundles in the petiole of Stangeria; and
this is interesting, for the foliage of Stangeria is the most Fern-like of all
Cycadian leaves (Fig. 16). The extreme case of subdivision of such aRachio-
pteris-stranA is seen in the petioles of Medullosa [Myeloxylon) and certain
species of Encephalartos (e. g. E. cycadifolius) where an enormous number of
separate collateral bundles exist, orientated in a variety of directions. But
in E. korridus we note a
case which, in my opinion, Qfi (

represents a distinct tran- C&
sition to the monodesmic rw <p

condition of Lyginoden- """
dron ; for here the vascular
system represents a modi-
fication of the £l in which
the bundles are fusing to-
gether in groups in a radial
direction, i.e. towards the

Of t h e organ , t o form FIG. 16. Stangeria paradoxa • diagrammatic transverse
° section of vnsculor system of petiole, showing lateral fusion

small, usually imperfectly, of bundles (after Matte).
concentric strands. We
have only to imagine this phenomenon proceeding still further in order
to obtain a petiolar vascular system consisting of one or two large
concentric bundles as in Lyginodendron. In the case of Stangeria we
see lateral fusion between the bundles taking place, which, of course, would
also be necessary in order to build up the primitive large concentric strand ;
so that I am inclined to regard all these examples of fusion as reversions
to an ancestral condition (Fig. 16).

If the view here set forth be adopted the two sets of petiolar vascular
systems represented by Cycads on the one hand and Lyginodendron
and Heterangium on the other, become easily related and harmonized.
Ever since I first observed them, some nine years ago now, I have always
regarded the mesarch collateral bundles of the Cycadean petiole as a
remnant of a former concentric strand possessing a central mass of
centripetal xylem in the common, far-back ancestors of the Cycads
and the Medulloseae. I regard the single polyarch bundle of Lygino-
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dendron, &c, as the most primitive of the two types of petiolar bundle-
systems, for the simple reason that it is the most Fern-like; one has only
to recall the single, concentrically-constructed petiolar bundles of such
Ferns as Zygopteris, Osmunda, Ophioglossum, &c, to render this view
reasonable.

The fact that the leaf-trace of Medullosa, on its first leaving the
vascular system of the stem, is a single concentric bundle which subse-
quently becomes fragmented into a number of collateral bundles, each
having precisely the structure of the petiolar bundles of modern Cycads,
is further evidence as to the original ancestral character of the petiolar
vascular system of these modern plants ; this is another good example of the
first-formed tissues in the ontogeny exhibiting ancestral characters, for we
must regard the lowest part of the leaf-trace as, ontogenetically, the most
primitive.

The Sphenopteroid foliage of Lyginodendron and Heterangium may
also be said to be less Cycad-like

*•' jmn. than the Alethopteroid and Neuro-

© f J pteroid foliage of the Medulloseae.
Another point is worth re-

marking: there is always a ten-
dency for the separate collateral
bundles, which I regard as the
individual units resulting from the

FIG. 1 jr. ZamiaLindmi: diagrammatic trans- above-described fragmentation, to
verse section of vascular systems of fertile (a) and °
sterile (i) sporophylls respectively, showing differ- become each One Concentric in

S U d f b d i structure, as if partaking of the
character of the parent-bundle in

the stem from which they sprang. This is the probable cause of the arc-
shaped phloem of all foliar bundles in Cycads. Hence the concentric
bundles of the cotyledons of Stangeria and Bowenia, of many sporophylls
and, in some cases, of the integuments.

It is not unlikely that in the vascular systems of the petioles of the
Cycadophyta 1 all stages and types occur between the single large con-
centric bundle of Lyginodendron, &c, and the numerous collateral bundles
of Myeloxylon, just as in the vascular system of the stems of the
Medulloseae and Cycads the types range from the single solenostele
of M. porosa, through the ring of numerous concentric bundles or steles,
to that of the numerous collateral strands of a modern Cycad.

In the case of the sporophylls the primitive concentric structure
tends wholly to disappear, as a rule, in those bundles which are functional

1 I am here using this term, for the first time, in a new sense, viz. to include the Pteridosperms,
the Metoioic Cycadales, and modern Cycads ; whereas Nathorst's use of the term included only the
two latter groups ; the Cordaites are, for the time being, at any rate, left out of consideration.
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in supplying the sporangia. The others, however, generally show some
sign of it. It is highly interesting to find that the sterile sporophylls at
the base of the cone contain bundles which, no longer compelled to
submit to the above-named adaptive modification, revert back and tend
to assume the concentric structure of the past (Fig. 17).

The girdle-like character of the leaf-trace system in the stems of
modern Cycads is a recently-adopted modification ; for in the Medulloseae
and Lyginodendron, as also in the Bennettiteae, the leaf-traces pursue
a directly radial course to the cylinder; I noticed with much interest
that this was also the case with the traces passing in from the cotyledons
in a seedling of Cycas; and the same thing is seen in the case of the
sporophyll-traces of the cones. These four sets of facts prove that the
radial course of the leaf-traces is the ancestral condition of affairs.

As regards the morphology of the foliar organs and the mode of
insertion of the sporangia : both foliage-leaves and sporophylls, in view
of the Pteridospermic ancestry of the Cycads, must be regarded as organs
which have become reduced in complexity of outline from the condition
of the Fern-like foliar organs of the past The decompound foliage-leaves
of the Pteridosperms have become transformed into mere pinnately-divided
organs in the modern forms \ In the former (e. g. in Lyginodendron and
Neuropterideae) it would appear that both male and female sporangia were
borne as terminal organs on ultimate subdivisions of a decompounds, dorsi-
ventral foliar organ which was either assimilating or not.

This terminal position of the reproductive organs I regard as an ancient
primitive character, a reminiscence of the remote period when not only
these ultimate ramifications of the sporophyll, but the entire organ itself,
possessed radial symmetry 3; for I follow Celakovsky's view that all foliar
organs, including even such highly complex dorsiventral forms as the
Fern-leaves, have sprung originally from the sympodially-grouped repro-
ductions or repetitions of a bryophytic sporogonium. Traces of this
primitive character may still be found in some of the recent Ferns, such as
Hymenophyllaceae, Schizaeaceae, Cyatheaceae.

In the group Bennettiteae the radial symmetry in the female sex is
possessed by the entire sporophyll bearing the seed in a terminal position.
Whether this ' cone,' considered in its entirety, is a reduced or a primitive
structure we have, at present, no means of determining. On the male side
the sporophyll appears to possess a dorsiventral structure with superficially-
placed sporangia. In Cycadospadix the sporangia on the female side also
seem to occupy a superficial position.

1 Cycas Micholitiii, Dyer, recently imported from Annam, differs from all other known species
of that genns in possessing repeatedly-dichotomizing pinnae, and hence probably represents a more
ancient type of leaf than the ordinary simply pinnate form.

1 Possibly some were of mnch simpler conformation.
* Cf. male and female sporophylls of Cordaiteae.
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Having regard to the Neuropteridean affinities of modern Cycads
I should consider their cones as the final result of an extreme reduction
of the erstwhile complex sporophylls, combined with a compact aggregation
of these latter on a special portion of the main axis of the plant1. The
sporophylls still retain a dorsiventral symmetry. On the female side the
sporangia may be said to have just lost their primitive terminal position,
for they are no longer on the actual margin but on the lower surface of
the sporophyll. On the male side they are situated entirely on the lower
surface, with no suggestion of a former marginal position, except in the
case oiZamia, where they occupy much the same position as do the ovules
on the female side. The genus Cycas is of great interest, for whereas the
male sporophylls are reduced and arrayed in a cone, as in other genera,
the female sporophylls constitute appendages of the vegetative portion of
the stem. They are distinctly leaf-like, bear rudimentary pinnae in their
upper portion, and a larger number of ovules than in the case of other
genera. These ovules are also more primitive both as regards their size
and also as to their position on the sporophyll, for they are borne termin-
ally on extremely short, lateral outgrowths of the rachis, which may be
regarded as the equivalents of the pinnae in the upper portion of the organ.
Hence we may consider the female sporophyll of Cycas as approaching
much more closely that of its Pteridospermic ancestor than is the case
with other Cycads.

I formerly regarded the question as to the origin of the Cycadean
sporophylls from a much too general standpoint. From the point of view
of plant-evolution as a whole, I believe my statements will still hold good,
but will require some modification as regards the minor cycle of evolution
which concerns the Cycads alone. In 1898 I stated that 'the original
type, viz. that in which the sporangiferous organs were distinct from the
assimilating leaves, probably persisted right through, even down to the
present day. From such forms as these latter I imagine it to be quite
conceivable, and even probable, that modern- Cycads took their origin.'
In the light of recent discoveries as to the origin of Cycads this statement
must now be retracted.

In conclusion, I may say one word as to the morphology of the ovular
envelopes. I must side wholly with Celakovsky in maintaining that the
law of uniformity demands that throughout Gymnosperms, to say nothing
of higher and lower plant-forms, the sporangium must possess two integu-
ments or the equivalents of such. In the ovule of Cycads there is no
obvious representation of these; yet the comparison of the seeds of allied
forms,both fossil and recent, show that two integuments are probably present,
although so intimately and congenitally concrescent as to give to the whole
envelope the appearance of a primaeval integrity. In Lagenostoma, the

1 This may have also happened in the case of Bcntuttitcs on the lateral branches.



seed of Lj,gi;zode;zdro~z, as also in that of Nez~roptc& /zeferophyh, the outer 
integument is probably represented by the detached cupule, while the inner 
integument itself is a hard sclerotic envelope. In Trigonocarpz~s there was 
an outer fleshy layer concrescent with an inner bony envelope, just as  in 
modern Cycads. T h e  same was also probably the case with Stephano- 
spermzdm. 

In  Taxzrs the fleshy layer is detached in the form of an aril. Hence 
I am led to regard the outer fleshy layer in the ovule of Cycads as 
representing the oz~fer integument, and the sclerotic layer and inner soft- 
celled tissue as together constituting the irzrzcr integument. 
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