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see page 329, (After Kidston and Gwynne-Vaughan, Very slightly reduced.)
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PREFACE

REGRET that pressure of other work has prevented the

completion of this Volume within a reasonable time since
the publication of Volume 1. Had Volume II been written
ten years ago, the discoveries made in the course of the last
decade would have given an out-of-date character to much
of the subject-matter. It is more especially in regard to the
Ferns and the extinet members of the Gymnosperms that our
outlook has been materially altered by recent contributions to
Pal&ec)bomn}'_ It is, however, some satisfaction to be able to
add that recent progress has been relatively slight in that part
of the subject dealt with in the first volume.

The original intention was to complete the whole work in
8o volumes, Soon after the second volume was begun, it
b?'.crune evident that the remaining divisions of the plant-
kingdom could not be included within the compass of a single
volume. T decided, therefore, to take the consequences of
having embarked on too ambitious a plan of treatment, and
to preserve uniformity of proportion by reserving the sced-
jbearing plants for a third volume. The third volume will
T“Cludﬁ the Pteridosperms, other than those briefly deseribed
H‘] the fina] chapter of the present volume, and other classes of
(’3"‘.“1“‘31361'!115. I propose also to devote such space as is
available within the limits of a text-book to the neglected

subject of the geographical distribution of plants at different
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stages in the history of the earth. It is my intention to
complete Volume IIT with as little delay as possible. As I
have written elsewhere, the past history of the Flowering
plants needs special treatment, and anything more than a mere
compilation ean be adequately attempted only after consider-
able research and with the assistance of hotanists possessing
a special knowledge of different families of Angiosperms. The
need of a critical examination of available data in regard to
the geological history of this dominant group will not be lost
sight of.

I am well aware that while certain genera have received
an undue share of attention in the present volume, others
have been ignored or treated with scant consideration. For
this inconsistency I have no excuse to offer, beyond the state-
ment that the subject is a large one, and selection is necessary
even though the work consists of three volumes.

The publication in 1909 of a collection of excellent photo-
graphs of Palaeozoic Plants, with brief descriptive notes, by
Mr Newell Arber, as one of a series of popular “ Nature Books,”
bears striking testimony to the remarkable spread of interest
in the study of the vegetation of the past, which is one of the
outstanding features in the recent history of botanieal science.

In the list of illustrations I have mentioned the source of
all figures which have been previously published. I would,
however, supplement the statement of fact with an expression
of thanks to corporate bodies and fo individuals who have
allowed me to make use of blocks, drawings, or photographs.

I wish to thank my colleagne, Mr A. G. Tansley, for placing
at my disposal several blocks originally published in the pages
of the New Phytologist. To Professor Bertrand of Lille and to

his son Dr Paunl Bertrand I am indebted for several prints and
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descriptive notes of specimens in their possession. My friends
Dr Nathorst of Stockholm and Dr Zeiller of Paris have gener-
ously responded to my requests for information on various
points. I wish especially to thank Dr Kidston for several
excellent prings of specimens 1n his collection and for the loan
of sections, T have profited by more than one examination of
bis splendid eollection at Stirling. Professor Weiss has gener-
ously allowed me to borrow sections from the Manchester
Uﬂi\’ersit.y collections, more especially several which have been
reproduced in the chapter devoted to the genus Lepidodendron.
To Professor F. W. Oliver my thenks are due for the loan
of sections from the collection under his charge at University
CUUege. I have pleasure also in thanking Dr Scott, not only
for lending me sections of a Lepidodendron and for allowing
e to use some drawings of Miadesmin originally made by
Mrs Seott for reproduction in his invaluable book, Studies in
Fosgil Botany, but for kindly undertaking the laborious task
of reading the proofs of this volume. It would be unfair to
€Xpress my gratitude to Dr Scott for many helpful suggestions
and eriticisms, without explicitly stating that thanks to a
friend for reading proofs must not be interpreted as an attempt
0 claim pig support for all statements or views expressed.
The General Editor of the Series, Mr A. E. Shipley, hus also
kindly read the proofs. I am under obligations also for assis-
tance of various kinds to Prof. Thomas of Auckland, New
ZE'-ili-lnd, to Mr Boodle of Kew, to Mr . M. 8. Watson of
Manchester, to Mr T. @, Hill of University College, and to
Mr Gordon of Emmanuel College, Cambridge. 1 am indebted
to the kind offices of Miss M. C. Knowles for the photograph
of the specimen of Archaeopteris hibernice in the Trish National
Museum, Dublin, reproduced on page 561.

8. I, b
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Many of the illustrations are reproduced from drawings
by my wife: those made from the actual specimens are dis-
tinguished by the addition of the initials M. S. I am grateful
to her also for some improvements in the letter-press. For the
drawings made from sections and for some of the outline
sketches I am responsible. I have availed myself freely of
the facilitics afforded by Professor McKenny Hughes in the
Sedgwick Museum of Gieology for the examination of speci-
mens under the charge of Mr Newell Arber, the University
Demonstrator in Palaeobotany. It is a pleasure to add that,
as on former occasions, I am indebted to the vigilance of the
Readers of the University Press for the detection of several

errors which escaped my notice in the revision of the proofs.

A. C. SEWARD.

Boraxy Scroon, CAMBRIDGE,
March 12, 1910,
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ERRATA IN VOL. I

16, line 4. Far “The North American Tulip tree” read The Tulip
tree of North America and China.
66, line 2 from the bottom. For * Browera”
127, line 8 and 4 from bottom. For Aelyle and Palacackyla read
Aehlye and Palacachlya.
145, lines 4 and 5. For “ Upper Greensand ” read Lower Focene.
162, line 3 from hottom. For © Coralling barbata” read Cymopolic

read Berowra.

barbata.

170, line 20. Far “sporangiaphore” read sporangiophore.

186, line 2. The genera Udotea and Halimeda, members of the
Siphoneae, are incorrectly included under the Corallinaceae.

191, line 11 from bottom. Omib Chondrus erigpus, which is one of
the Florideae und not a Brown Alga.

202, line 13. For ¢ Halmeda” read Halimeda.

250, line 11. For “three” read the.

381, line 10. For ¢ Calamopyius * yead Calamopitys.



CHAPTER XIIY,
SPHENOPHYLLALES (concluded).

Sphenophyllum.
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be of sufficient importance to warrant specific separation, are
forms of one species or portions of specifically distinet cones.
It has been pointed out by Scott’ that the strobilus known as
Sphenophyllostachys Dawsoni probably includes two distinet
species, one being the cone of Sphenophyllum cuneifolium
Sternb., and the other the cone of S. myriophyllum Crép®.
The stem of S. myriophyllum agrees anatomically with the type
known as Sphenophyllum plurifoliatum Will. and Scott®.

Fre. 112, Sketeh of a radial longitudinal section of Sphenophyllostachys.
There are usually two concentric series of sporangia on the sporophylls,
not three as shown in the figure. The upper figure (after Zeiller) shows
the linear bracts in surface-view,

In addition to the two types of cone already mentioned,
Sphenophyllostachys Dawsoni and 8. Rémeri, others have
been described by Kidston from carbonised impressions. One
of these is the fertile branch of Sphenophyllum majus®. The
basal portions of the bracts of each whorl form a narrow collar
round the axis of the cone; the free portion of each bract
consists of a lamina divided into two equal bifid lobes bearing

1 Heott (05) p. 34.
¢ Zeiller (88) A, PL nx. figs, 2—4.

3 Yol. 1., p. 397.
s Kidston (01) p. 128, fig. 26; (02) p. 361, fig. 13.
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on itg upper surface one group, or possibly two groups, Of. four
Sessile sporangia between the narrow coherent bases of th‘e
laminge and t];e sinus between the terminal lobes (fig. 113, C).
Another characteristic foature is the greater length of the
'iute.-mudes; this renders the cone less compact and less s‘hzu'ply"
diﬁ‘erentiated from the vegetative shoots than those of other
Species, A specimen in Dr Kidston’s collection illustrates the

Fro. 113, 4 .ﬂ‘pbe-m':p-':yi.lusrm_:k_l;s Rijmeri, (Hohns-Lauimch.)
B. S]Jhennjmylhme trichomatosum Stur, .
0. Sphenoplaytium majus. Bronn. (A—Q. After Kidston.)
Peculiar chay

acter of the fertile portion of this species; it con-
Sists of an

axig bearing a succession of lax sporophylls succeeded

above ang below by whorls of sterile leaves., In this species,

therefore e caunot speak of compacet strobilus at the end of

4 shoot of limited growth, but of axes in which sterile and

fertile Jegyes are borne alternately, a condition recalling the
! Bower (08) p, 404, fig. 291,

1—2
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alternation of foliage leaves and sporophylls in Tmesipteris
and in Lycopodium Selago.

Another form of cone, also from the Middle Coal Measures,
is referred by Kidston to Sphenophyllum trichomatosum Stur?
(fig. 118, B): this is characterised by the more horizontal
position of the bracts, which “do not appear to be so much or
so suddenly bent upwards in their distal portion as in some
other species of Sphenophyllum,” and by sessile sporangia
borne singly on the upper face of each bract.

A more recent addition to our knowledge of the fertile
shoots of Sphenophyllum is due to Scott who has described a
new type of cone under the name Sphenophyllum. fertile®. The

\

R
A\

Tie, 114, Sphenophyliostachys fertilis (Scott). (After Scott.) Diagram of &
node in longitudinal seetion, showing one sporophyll and the base of the
opposite one. .l ventral lobe of sporophyll ; v.s. one of the segments info
which it divides; wv.s’. stomp of another segment; d.l. dorsal lobe:
d.a., d.s'. segments of dorsal lobe.

petrified specimen on which the species was founded was
discovered by Mr James Lomax in the Lower Coal Measures of
Lancashive; it represents a portion of a cone 6 cm. long and
approximately 12 mm. broad. The axis contains a single
vascular eylinder agreeing in essentials with the type of stem
structure known as Sphenophyllum plurifoliatum. The nodal
regions, which exhibit the slight swelling characteristic of the
genus, bear several (probably twelve) appendages connate at

1 Kidston (91) p. 59, PL . ; (01) p. 123, fig. 22,
2 Seott (05).
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the base and forming a narrow flange encircling the axis.
Each bract, the base of which forms part of the narrow collar
surrounding the axis, consists of two lobes, ventral and dorsal,
divided palmately into several (sometimes four) segments or
Sporangiophores (fig. 115). Each sporangiophore terminates
distally in an oblong or oval lamina bearing two sporangia on
1ts adaxial face (fig. 114). The space between the axis and the
Periphery of the cone is thus occupied by crowded peltate
1illninae, each with its pair of sporangia. A single vascular
bundle supplies each sporangiophore and bifurcates in the

Fre, 115, Sphenoplyliostachys fertilis (Scott). (After Scott.) Diagram of a

single sporophyll as it would appear in a transverse section of the cone:
showing one lobe (dorsal or ventral). «ex, part of axiz to which the
Sporophylls are attached.

distal lamina into two branches which extend to the bases of
the Sporangia. The sporangia agree in structure with those of
other species of Sphem‘»pky.lia.z-nz.: the spores are of one size and
elliptical, characterised by the presence of several sharp ridges
or flanges encircling the spore-wall in the direction of the major-
AX1s. Sphenophyllostach ys fertilis differs from all previously
recorded types in the absence of sterile bracts. The appendages
‘jf the cone-axis are all fertile, a striking contrast to the
differentiation into protective and sporangia-bearing bracts which
constitutes a constant feature in the cones of Sphenophyllum
and Calamvites. Tt is possible, as Scott suggests, that the
absence of sterile segments is the result of modification of the




6 SPHENOPHYLLALES [cH.

more usual type of strobilus; instead of the dorsal and ventral
lobes of the bracts sharing between them the duties of protec-
tion and spore-production, the whole of each bract is constructed
on the plan of the maximum spore-output, the laminar termina-
tions of the sporangiophores serving the purpose of protection.
The cone may be described as more specialised than the normal
type of strobilus for reproductive purposes’.

It has been stated, on evidence which is unsatisfactory, that
Sphenophyllum possesses two kinds of spores. While regarding
the genus as homosporous on the evidence before us, it is

Fra, 116. Sphenophyllostachys Dawsoni. (After Thoday.) A. Larger spores;
B, abortive spores; C, mature gpores showing the characteristie spines.

interesting to find that cases occur in which the spores in the
same sporangium exhibit a marked difference insize. Attention
has been called by Williamson and Scott? to variation in the
dimensions of spores: a more pronounced difference in size has
been recorded by Mr Thoday® who gives 120u as the maximum
and 90u as the minimum diameter of the spores in a cone of
Sphenophyllostachys Dawsont. The presence of several abortive
spores in the sporangium (fig. 116) containing the larger
spores favours the view that this ditference in size may be the
first step towards the development of heterospory.

1 See also Browne, Lady Isabel (09) p. 4.

? Williamson and Scott (94) A. p. 911. 3 Thoday (06).
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It is clear that the types of strobilus designated Spheno-
Phyllostachys (figs. 112—114) present a divergence of characters
00 great to be comprised under one genus; but in thﬁe absence
of fuller information, we cannot do otherwise than follow the
only logical custom of grouping them together as examples of
strobili borne by plants which, in the present state of our
knowled:

£¢, are most conveniently referred to the genus Spheno-
Phayllivm,

Cheirostrobus.

This generic name was al’}l)lied by Dr Scoft® to a calcified
cone obtained by Mr James Bennie in 1883 from the Lower
Cm‘b(‘mifél‘ons p]:.a,nr_.-beds of Pettycur near Burntisland on the
Firth of Forth. Chetrosirobus is distinguished from Spfwn(_;_
ph.yl-lostcwhys by its greater breadth (35cm.); externally it
agrees more closely with the fortile shoots of Lepidodendron
than with those ()f”S}chemphy.lﬁu-m,. A single vascular eylinder
hiwing the form of o fluted Doric colnmn (fig. 117, B, )
occupies the axig of the cone: it consists for the most part ?f
reticulate tracheae which tend to assume a short or iSOdi"mth %
form in the central region ; the smaller protoxylem tracheids
with the spiral form of pitting constitute the sharp and
Prominent ridges at
the outep
Si\’ely of ¢
assoe]

the periphery of the xylem-cylinder. In
part of the eylinder the metaxylem * consists exclu-
racheae, but ttowa.rds the centre of the axis these are
ated with numerous parenchymatous cells,

The xylem is therefore centripetal in origin as in Spheno-
Phyllum and in nearly all recent and fossil members of the
Lycopodiales, In the type-specimen of Cheirostrobus the
vascular eylinder of the cone consists entirely of primary xylem,
but secondary xylem has been found in a more recently dis-
tovered specimen?. Secondary xylem occurs also in the
peduncle of the cone. No appreciable remains of phloem have

* Seott (97) A. i see also Seott (00) p. 106.

* The term metaxylem may be conveniently applied to the primary xylem
other than protoxylem; the latter is usually but by no means invariably
characterised by spiral thickening bands.

¥ Beott (05) p. 21 (footnote),
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been found. The cortex consists of slightly elongated rather
thick-walled tissue containing secretory sacs. Crowded super-
posed whorls of bracts (or sporophylls), usually twelve in each
whorl, are borne on the axis and each sporophyll receives a
single vascular bundle from one of the vertical ridges of the
xylem column (fig. 117, A, /). The members of each whorl
are connate at the base: from this narrow collar each sporophyll

Fie. 117. A, B. Cheirostrobus pettycurensis Scott. (After Seott.)
C, D. Psendobornia wrsina Nath. (After Nathorst.)

A. Diagrammatic radial longitudinal section of part of the cone-axis and two
sporophylls. ¥, bundle passing out to sporophyll; f, fertile segment of
sporophyll showing two sporangia; &, sterile (lower) segment.

B, Part of transverse section. s, stele; Ii, I, bundles on their way ftio
sporophylls ; a, tips of sterile segments of lower sporophylls.

C. Palmately branched leaf (1 natural size).

D. Node of stem showing leaf-bases.

branches into an upper or dorsal and a lower or ventral limb
(fig. 117, A, fand 5). Each limb divides palmately at a short
distance from its origin into three slender segments, which
extend in a horizontal direction and terminate in large laminar
expansions (fig. 117, B, s) to afford a protective covering to the
surface of the cone. The upper set of three segments, consti-
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tuting sporangiophores (fig. 117, A, B, f) or fertile divisions
of the sporophyll, expand distally into comparatively bulky
laminae ; each of these bears on its adaxial face four diagonally
Placed outgrowths which form the short pedicels of very long
and narrow sporangia. The three lower segments—the sterile
divisions of the sporophylls—(fig. 117, A, B, s) are similar to
the upper set except in their greater length and in the kite-
shaped form of their distal laminae which are provided with
lateral lobes. The single vascular strand which supplies each
“porophyll is represented at it in fig. 117, B; at ¥’ the strand
has divided into four, the three upper bundles in the figure
Supply the sterile segments and the single lower bundle
‘11timute1y divides into three which supply the fertile segments.

Pair of blunt processes (fig. A, s) extend downwards over the
ends of the underlying fertile lamina and two slender prolonga-
tlons extend upwards through several internodes.

An economical arrangement of the long and narrow sporangia
anrl_ of the spornph_yll-'segmeut‘s between the axis and the
PeTiphery of the cone is rendered possible by the interlocking
of the sterile and fertile segments by means of a groove in the
11‘]_Jper face of the latter for the accommodation of the former.
“1¢ sporangia are characterised by their unusually long and

UATTOW  form:  the length of a sporangium may reach
1 centimetye,

e In the structure of the wall the sporangia of
(,fiez.-rastrnbus

g agree closely with those of Calamostachys' and
! pl"e'wp»‘:yllostrJch,ys. The spores are of one size only. The
meﬂﬂr cylinder of the peduncle, originally described by
Williamson?® as the peduncle of a large Lepidostrobus (the cone
Y ].‘e‘”id”de”‘J"U”-)- is characterised by the presence of a short
’ff“hﬂ”.‘-’ disposed zone of secom‘lm‘yv tracheids, a feature, as
fSCO_Lt poins ous, which may extend into the axis of the cone.
b is hoteworthy that tl "

he protoxylem elements are not always
€xtern

al, but occasionally oceur internal to one or two of the
Onfe : a "
nhermost metaxylem tracheae: the usual exarch® structure of
: T"?I. L p. 354, fig. 95, C.
Williamson (72) PL xurv, p. 297, figa, 20, 30.

P
xyles fxareh’ denotes that the protoxylem is on the outside of the primary
;}tm,tu'] ) c.nﬂ"'l'ch "that it is on the inner edge or in a central position ; * mesarch’

1¥1s internal, either near the inner or the outer edge of the metaxylem.
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the central cylinder is not therefore absolutely constant, but
may be replaced by a mesarch arrangement.

The presence of a few sterile leaves on the peduncle below
the fertile portion of the cone, which agree in their lobed
laminae with the sporophylls, is the only fact which we possess
as to the form of the vegetative characters of the genus.

The above description is sufficient to indicate the extra-
ordinary complexity and high degree of specialisation of
Chevrostrobus. The sporophylls, with their trilobed segments,
and the crowded sporangia of exceptional length attached only
by a narrow base constitute striking peculiarities of the genus.

It is unfortunate that we are still without any satisfactory
evidence as to the nature of the plant the cones of which have
been made the type of a new genus and a new family.
Cheirostrobus affords an interesting example of a fype of
reproductive shoot constructed on a plan sui generis, and may
be classed with some other extinet genera as instances of the
production in the course of evolution of architectural schemes
which appear to have been ill adapted for competition with
equally efficient though much simpler types. But the discovery
of these isolated forms of restricted geological range among
the relies of the Palacozoic vegetation frequently supplies a
key to phylogenetic problems. Cheirostrobus by its complex
combination of features characteristic of the Equisetales, the
Lycopodiales and the genus Sphenophyllum throws a welcome
light on the inter-relationships of groups which represent
divergent series. The combination of morphological features
in this generalised type led the author of the genus to describe
it as a descendant of an old stock which existed prior to the
divergenece of the Eqguisetales and Lycopodiales.

The discovery of this new type of strobilus naturally led to
a search among Lower Carboniferous plants for vegetative shoots
exhibiting characters conformable with the whorled and branched
leaves of Cheirostrobus. In Sphenophyllwm we have a genus
obviously comparable with Cheirostrobus as regards the form
and disposition of the leaves, but the differences between the
cones and the striking similarity of the vascular cylinder of the
latter to that of Lepidudendron demonstrate conclusively that
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Wwe must look elsewhere for the vegetative members of the
Plant which produced cones of the Cheirostrobus type.

In 1902 Professor Nathorst? instituted the generic name
Pseudobornia, for plants of which imperfect examples had
Previously been referred by Heer? to Calamites under the name
C. radiatus, Heor's plaut; were obtained from Upper Devonian
rocks of Bear Tsland in the Arctic seas and additional specimens
were brought from the same locality by the Swedish Polar
Expedition of 1898,

Pseudobornia possesses jointed stems
(fig. 117, ) bearing

whorled and shortly stalked leaves, often
four in number, at cach node. The leaves are palmately
brancheq with fine serrated edges (fig. 117, C). Certain
Specimens, which are no doubt correctly deseribed by Nathorst
aS cones, are characterised by a thick axis bearing whorled
%EMCAS with Sporangia on their lower surfaces, but the material
s not suficiently ol preserved to render possible a recognition
of structural details. It has been suggested by Scott that
Pseudoborniq may possibly be referable to the Sphenophyllales
and that the stem of Cheirostrobus “may have had something
M common with » Nathorst's genus®, The beds in which the
SUems oceur are of Upper Devonian age, while Cheirostrobus
wag _i‘huml 1 Lower Carboniferous rocks: this difference in
age 18 not, h"“"e\’(-*l', a serious objection to the validity of the
comparison.  We cannot do more than express the view that
PSE.HJUI)”"'W’-” S0 far as can be ascertained without an exami-
narru_;p of petrified material or of more perfect impressions of
8frobili, exhibits vegetative features not inconsistent with the

n?OIT_"hologﬂcal characters of the fertile shoots known as
Uf.er.-rosirobus.

The institution of a special group-name for the reception of

Sphenophyitun, i Justified by the sum of its morphological
features, which qo not sufficiently conform to those of any
existing group of Pteridophytes to warrant its inelusion in a
Sj:—'suf_-.m of classification hased on recent genmera. In the case of
Cheirostrobus we are limited to the characters of the cone and

" Nathorst (02) p. 24. ? Heer (71) p. 32, Pls. 1—vr.

# Beott (07) p. 155.
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its peduncle. The suggestion that the Devonian fossils known
as Pseudobornic. may represent the foliage shoots of a plant
closely related to Cheirostrobus has still to be proved correct.
Although we may find justification in the highly complex and
peculiar structure of Chetrostrobus for the recognition of the
genus as a type of still another group of Pteridophytes, it would
be unwise to take this step without additional knowledge.

The undoubted similarity between Cheirostrobus and
Sphenophyllum coupled with striking points of difference favours
the inclusion of the two genera in distinet families placed, for
the present at least, in the group Sphenophyllales.

Group SPHENOPHYLLALES.

Sphenophylleae: genus Sphenophyllum.
Cheirostrobeae : genus Cheirostrobus.

It has recently been proposed to include the family
Psilotaceae, comprising the two recent genera Psilotum and
Tmesipteris, as another cubdivision of the Sphenophyllales.
This proposal had been made by Professor Thomas! primarily
on the ground that the sporophylls of Tmesipteris and Psilotum
appear to atford the closest parallel among existing plants to
the peculiar form of sporophyll characteristic of the Spheno-
phyllales. The meorphological interpretation of the sporophylls
of both Sphenophyllum and Cheirostrabus has been the source
of considerable discussion?. If we regard each sporophyll as a
leaf with two lobes, one fertile and one sterile, except in the
case of Sphenophyllostachys fertilis in which both are fertile, an
obyious comparison may be made with the fern Ophioglossuim;
but the difference between a single fern frond, consisting of a
comparatively large sterile lamina bearing a fertile branch
composed of a long axis with two rows of sporangia embedded
i its tissues, and the whorled sporophylls of Sphenophyllum 18
considerable.

A brief reference may be made to the principal reasons which
have led to the suggestion that the Psilotaceae should be included

1 Thomas, A. P. W. (02) p. 850. 2 Bower (04) p. 227; (08) p. 424.
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in the Sphenophyllales. The shoots of T'mesipteris bear simp'le
foliage leaves spirally disposed on a slender axis, and in
assoclation with these ocenr sporophylls consisting of a b:hm.b
axis bearing g pair of small lobes and a bilocular synangium?
(fig. 120, B ). The synanginm is seated on a very sal}ort- fet;ﬂk
given off from its sporophyll at the base of the pair of laminae:
the synangium with its short stalk may be spoken of as the
Sporangiophore,
Sessile on the
18 prolonged
that the

In most cases the synanginm appears to be
sporophyll, but oceasionall y the much reduced stalk
and forms an obvious feature. Dr Scott® suggested
Tmesipteris synangium with its axis may correspond
%o the ventral Iohe (or sporan éiophe)'re) of Sphenophyllum. l.u the
latter genus the whorled sporophylls consist in most slmmes_of
8 dorsal and 4 ventral lobe, the latter serving as a sporangio-
Phore bearing one or more sporangia ; in Tmesipteris the
SPorophylls are spirally disposed and each consists of a bilobed
sterile portion bcarifjg a septate sporangium or biltmulz_u‘
Synanginm op g, very short ventral lobe. Professor Bower?, in
his accoung of the developraent and structure of the sporophylls
of Tmesipter;s, attention to the comparatively frequent
abnormal sporophylls and spoke of the plant as
unstable. Mope recently Professor Thomas* of Auckland has
carcfully examined livin;_:; plants, with the result that vari:ﬁ.irms
of different kinds are proved to be exceedingly common. He
finds tha Sporophylls ocenr which exhibit repeated dichotomy
of the axis (fig. 120, D, F) and thus each may bear four instead
of two leaflobes and l'.hr'ec synangia, one at the first fork and
one at each of the forks of the second order®,

Other abnormalities oceur in which the synangium is raised
on a distinet stalk instead of being more or less sessile at
the poing from which the leaf-lobes diverge. A third form of
departure from the normal is that in which there is no synangium
on the bilobed sporophyll, its place being taken by a leaf-lobe.
The deduction from the occurrence of these abnormalities is
th um of T'mesipteris represents a ventral leaf-

drew
oceurrence of

at the synan g1

! Beu p. 19,
* Bower (94) p. 545,
® Bykes (08)

* Scott (00) p. 499,
* Thomas (02). See also Sykes (08).
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lobe, as Scott suggested. Professor Thomas draws attention fo
the resemblance between Tmesipteris sporophylls and the foliage-
leaves of Sphenophyllum, which are either simple with dicho-
tomously branched veins or the lamina is deeply divided into
two or more segments. In some types of Sphenophyllostachys
the bracts are simple (S. Dawsont), but in others (Sphenophyllum
majus, fig. 113, C) they are forked like the foliage-leaves
and bear a close resemblance to the abormal sporophylls of
Tmesipteris. Moreover, in Sphenophyllostachys Rimert (fig.
113, A) each ventral lobe of a sporophyll bears two sporangia,
a condition almost identical with that represented by the
occasional oceurrence of a synangium on a comparatively
long stalk in Tmesipteris. Similarly the more elaborate
sporophylls of Cheirostrobus may be compared with the branched
sporophylls of Tmesipteris (fig. 120). This agreement between
the sporophylls of the Palaeozoic and recent genera acquires
additional importance from the very close resemblance between
the exarch stele of Sphenophyllum and that of the genus
dsilotum, which conforms to the Palaeozoie type not only in
the centripetal character of the primary xylem and in its exarch
structure, but also in the occasional oceurrence of secondary
xylem!, and in the stellate form of its transverse seetion, The
oceasional mesarch structure of the stele of Cheirostrobus finds
a parallel in the mesarch xylem groups in the stem of Tmesipterss.
Tt is thus on the strength of these resemblances that Thomas
and Bower would remove the Psilotaceae from the group
Lycopodiales and unite them with Sphenophyllum and Cheiro-
strobus in the Sphenophyllales. While admitting the validity
of the comparison briefly referred to above, I prefer to retain
the Psilotaceae as a division of the Pteridophyta including only
Psilotum and T'mesipterts.

In his recent book on The Origin of Land Flora, Prof. Bower
raises objection to the use of the term ventral lobe in speaking of
the sporanginm-bearing stalk or sporangiophore borne on the
sporophyll of Sphenophyliu. He points out that the use of
this term implies the derivation of the sporangiophore by
metamorphosis of part of a vegetative leaf, an opinion untenable

1 Boodle (04) ; see postea p. 21.




x11] SPHENOPHYLLUM i
in the absence of proof. The designation spor:mgiophore‘m no
doubt preferable to that of ventral lobe as it earries with it
no admission of particular morphological value ; as & further
colicession to g, non-eommittal attitude we may provisionally at
lodat regard a sporangiophore as an organ sut generis “ and not
the result of modification of any other part.”

The view it forvard by Prof. Lignier® that the Spheno-
phyllales are deseend

ants of primitive ferns is not convineing,
and his comp

arison of Sphenophyllum with Arehaeopteris la?ks
oo 1gnorance as to the nature of the reproductive
OIgans of the laper genus. That the Sphenophyllales are
Comnected with the Equisetales and with the Psi]otnles. by
Important morphological features is clear; but the comparison
between the sporophylls of the extinct genera with those of the
existing genus Tme.s-iptcris, though helpful and possibly based
on true homology, cannot he considered as settling the morpho-
logical valye of the sporangiophores of Sphenophyllum and
Cheirostrobus,

I do not Propose to diseuss at length the difforent views in
regard to the morphological nature of the “sporangiophore of
Sphenophyllum. The comparison, which we owe in the first
mstance to Scott, with the synangium of the Psilotales wi t.]:! its
short stallk, though not, accepted by Lignier as a W e 4
based on trye homology, is one which appeals to many 'bUL-ﬁ'ﬂl““'ts
and is probably the hest s0 far suggested. The further question,
whether thege SPorangiophores are to be called foliar or axial
Structures is one which has been answered by several authors,
but it is mprobable tha we shall soon arrive at a decision likely
to be accepted ag final.  Discussions of this kind tend to assume
an exagoerated Importance and frequently carry with them the
uplication that every appendage of the nature of a sporangio-
Phore can pe labelled ecither shoot or leaf We treat the
question from 4y academic standpoint and run a risk of
Jgnoring the fact that the conception of stem and leaf is based
on torphological characteristics, which have been evolved as
the al differentiation of parts of one originally

force in view

result of gradu

* Bower (08) p. 425, * Lignier (03) ; (08).
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homogeneous whole. There is much that is attractive in the
view recently propounded by Mr Tansley that aleaf is not an
appendicular organ differing ab initio from the axis on which it
is borne, but that it is in phylogenetic origin a * branch-system
of a primitive undifferentiated sporangium-bearing thallus.”
Admitting the probability that this view is correct, our faith
in the importance of diseussions on the morphological nature of
sporangiophores is shaken, and we realise the possibility that
ssification may lead to results

our zeal for formality and cla

inconsistent with an evolutionary standpoint?

1 Tansley (08) p. 26, who refers to similar views held by Potonié and by
Hallier.

2 On the morphology of Sporangiophores, see also Benson (08%) and
Beott, D. H. (09) p. 623.




CHAPTER XIIL
PSILOTALES.

THE two recent genera Psilotwm and Tmesipteris ave usually
Spoken of 44 members of the family Psilotaceac which is
elnded g one of the subdivisions of the Lycopodiales, It is
Probable, g Secott? first suggested, that these two plants are

moreg ] . . . g i
;( Bearly allied than are any other existing types to the
alaeozoe : b
T\;f)‘“ 1€ genug Sphenophyllum.
Ve :

bebwe\ml;w?i gﬂv .ex]:u'r::s::;m} to the 'Llndm‘l})l‘-t:(l resemblances
—ilJl?]'ut'ljng eSipterss -a.nd‘ Psilotum and Ll‘m fh}::heunphyll.a]_es by
founded o & D‘E genéra as ml—,sm'bers of that group, }ﬁ]l‘l{{'ll]el”y
o ad-r. )r;;e} t!.\'trmc-.b ge?uq ;‘J_npft-e??G}_.:/i.jj“u:a; this is the
l“'l?lph-miq.a-lﬂm by Thomas* and by Bower?: or we may
.. 5t the fact that these ftwo recent genera differ in
i‘::lt;:‘; I,TI:]IH;J,TI;“IHL respects from Lycoparﬂfz?.zwf.. and JS'@[LIS}I")I(HM(L by
s 1-:: m:lﬂ ‘tul a separate group, the F‘fslluhnl.es. l"lin: ‘Iat-f-(!l‘
and Ty, 66% )t;»-)l-'ff 'f‘t_' ‘_'—'“ the _gmund that the 11‘{(:11151011 of P .s-'rlot-'-._r.m
1 mPCI‘ﬁ‘L‘fli— I = n_j . g]"_)“l'{ founded on an extinet and necessarily

) Known type, is based

o oattorly established.
singlil:}fzilzsj{l’;’f“'yif@?:ﬁs‘ ,Eﬁf-{' }420’ _A) 15 represented by a
i : t._hp ;{,{_'i{l‘.mfen.:;%s }J-er.l?r.. w.hleh 1.1Lsua']1}" OcCuTs as an
and ijoh—'nmia ( Ii .l-l,?h o w_-j erus' e u:\:ur'ahn,. e 'Zmlaud,
U Psilotum, with two Species P. triguetrum

th € rece

on insufficient evidence and

! Beaty ¢ -

s na;;:;n{ Sl * Thomas (02), # Bower (08) p. 308,
bat i3 is don:.b(tl.[ﬂ{ - Bcrl'm'“d‘ G. E.(81) récognise other species of Tmesipteris,
TeCopmiting, ul bow far such differences as exist are worthy of specific

8, II.

o
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Sw. (fig. 118) and P. complanctum Sw., flourishes in moist
tropical regions of hoth hemispheres, growing either on soil
rich in organic substances or as an epiphyte. Both genera
are considered to be more or less saprophytie,

TFre. 118. Psilotwm triguetrum (4 natural size).
A, Synangium.
B. Sporophyll after removal of the synangium. (M.S.)

Psilotwm. The common tropical species P. triquetrum
(fig. 118) is characterised by an underground rhizome which
forms a confused mass of dark brown branches covered with
filamentous hairs as substitutes for roots and gives off erect
repeatedly forked aerial shoots. 1In P. complanatum?® the habit

! Baker (87) A. p. 30.
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is similar to that of the more abundant and better-known
Species, but the pendulous shoots are characterised by their
broader and flatter form. In both species the function of
carbon-assimilation is performed by the outer cortex of the
8teen branches, as the small size of the widely-separated
foliage leayes renders them practically useless as assimilating
Organs,

The sporophylls consist of a short axis terminating in two
Stnal] divergent forks and bearing on its adaxial surface a
tmlogu]m- Or In rare cases a bilocular synangium (fig. 118, A
WA B).  The walls of the loculi are composed of several layers
O.JL cells and dehiscence takes place along three lines radiating
l_""m the centre of the synangium. Professor Thomas! has
T.‘C('rd“{] “fairly numerous instances in Psilotum of a second
C lgllotumvr of one branch of the first fork, or, less frequently, of
t’:g“’]lzlnzl‘eh;a’ inst'.r.;:ad oi" one synangium su'bte.nded by the
e .%\r’mu; :‘ileaﬂelts 1;)1' the fc'.arl«:ed spora.mphyll-a-l_\:ls, th'e-re. may be
T 1(;]Jes. g a"r?ln,r t.l|;1-.;.fg leaf-lt;\l:lues' or three .s:_ylmngl‘a ﬁi!-l(l fm.;‘l.
Booo o anﬂ ; : ocht‘lure%mc_ of -both tﬁese farbnmmu 1‘_t‘es in
Peilotaley | 71?6.51_?)[,(’-?"13.@10“’5 a d‘eculcd tendency in the

“E8 0 a repeated dichotomy of the sporophylls=.

aen"j ‘:;‘fl‘r‘ -‘5’;‘.1@‘113S with a ﬂ11ﬁed sut"fm:e OC.CUPIZPS the {L.XI'S of an
core of 61011;'5,1-,% .1_],L" A)__: the axial region is occupied by a
ally exten f't 3 ‘Jlnechun:ma] eiemtautﬁ (), which may oceasion-
continity o tUh F-]H.‘. penPhery of the xylem ml'd break the
The Ry f(‘ € band of scalla,rm?rm tracheae (fig. 119, A, o).
each ar i, ten):\ﬂ_n‘thve armjﬂ tff an irregularly stel‘lﬂ.te stele and
The "y of“ ﬂ]e Ifltited by Prut-o.‘cyler_n elements (fig. 119, B, pu.:).
OF eight in the ua‘f}i e‘ln (ryhﬂnder, whu-:h may be as many as six
in Ry asds;] ]J.‘P‘fL 'part uit the aerial shoots, be{.:mno ‘red‘uccd
o nr;;;;r t;:; T 1zome is :,.tpproach_ed, assuming a diarch
an “I’l*l‘oxinnate]‘-; { lllllctmn. : In the rhizome the x‘?'lem forms
COre of o< llxiiglg111:a1 group of tracheae \\'1th<?1;t any

CChanical elements, Three to four layers of paren-

! Thomag (02) p. 84q,

* Anothey for. i
e l_z}e; form ‘_’f u]_ummmlxty in the sporophylls of Prilotum has recently
; Cribed by Migs Sykes. Sykes (08%),

J Bertmnd, C. E. (81) ; Torg (04),
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chyma succeeded externally by an ill-defined phloem (fig. 119, A,
p) surround the xylem and a fairly distinct endodermis (fig. 119,
A and B, e) encloses the whole. To Mr Boodle! is due the

Freé. 119. A. Diagram of transverse section of aevial shoot of Psilotum

triquetrum. a—c, cortex ; p, phloem ; ¢, endodermis; 3, stereome;
@, xylem ; a, gap in xylem.

B. Enlarged view of one of the angles of the xylem shown in A.
pi, protoxylem.

. Part of transverse section of an approximately triangular
rhizome stele showing a portion of the metaxylem 2t ; pa, proto-
xylem elements ; 22, secondary xylem.

1 Boodle (04).
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Interesting discovery that in some parts of the rhizome the
Parenchymatous zone surrounding the scalariform tracheae
8y become the seat of meristematic activity which results
- the Production of secondary tracheae often characterised
by 4 sinuous longitudinal course. There is no definite
cambinm, byt the radially disposed tracheae and the adjacent
E*:’t?::h;lml:tnm (Ziil:l'nE.flltS clearly demonstrate the secondary
e 1€ Ussue immediately external to the group of
]Jl"mm_r}_- xylem, Fig. 119, €, drawn from a section kindly
:ll]ijtl;l';fga}:id}h:‘]]3“0[“9-’ showrf the secon_da.]y xylem elements_" at
i pt‘i;nq,p“..lfi)- 1‘&(]1&'11}-‘ d]&‘ll')().‘-ii‘d thm-wa”ce}r_l.cells atbni-ztmg
may be 5 1:91"-11 ’K‘."lem,‘ 2l Tt is pmb.-mb]e that this adc]gd us?ue
C]'!t'].[';](;te_r.istl]'(‘;J(E"L?]trUT & more extensive secondm:y L}uckenulg
manner. o 00-. 1--13 ftucosmrs.of the recent species, In their
tracheids bea-l:lmi@hce and sinuous course these secondary
Lepidodendy, ﬂ; Lzesmnbll.-mf-,e tio the\secundr{ry xylem of
a fairly cloge Ir_':; Z’ i?;f]/A?iRrismn . The stele of th? aerial s]}not bears
and ity 1ih1‘e.e-1':l _m,J ance to the vascular axis of Cheirostrobus,
ayed form in the lower portions of the green

branches peq: :

the f?” recalls that of the Sphenophyllum stele, except that
1€ axial xylem elements of

l‘epl‘eseute
CONsists of

i the Palacozoic genus are usually
-"I - Psilotum by mechanical tissue. The cortex
phyllons Ll:;:(“};;f-’-]o]m(ﬁg 119, A), an outer zone of chloro-
band. of ll'mchz;n} : lllt;1 11? 1nterce.!]ulur spaces suuueedf:d by a
T, o o ]1 .thsue (b)lwhmh gradually passes into an
The a;enus-’[?-,-j%m s.E.nzd thnnelj-wullm"] ceils_ (c). )

S iEs epi ]}th,._s*aptems agrees Wl-t.]'i Psilotum in general hab?t
mode of Jif, lﬂ *]lc and probably in some degree saprophytic
the roots 0;‘ t“: ;TU‘WH rootless rhl.zamo, which grows among
Pendulons op o --k;— f.:;]t]s or rmt—:ly i the gro}md, gives off
beal‘ing hmépg}&:f Shoots reaching a length of two feet and
attachod : :--dj e l?mc—ronate leaves 2—3 cm, long (fig. 1‘20,.A)
the upper liru:sl;n C‘-Dlt lecfle—ba_,ses. The sporophylls, replacing
alternating yigp, 'fslow;l-n-‘mg o el 2
terminatine o . e oliage leaves, consist of a short axis

& ™M a pair of lanceolate lobes and bearing on its

! Bee p. 150 ;
g * Bertrand (81) ; Jennings and Hall (91).
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adaxial surface an elongated bilocular synangium attached to a
very short stalk (fig. 120, B). Reference has already been

Fra, 120, Tmesipteris. A. Foliage lenves.
B. Sporophyll and bileenlar synangiom.
¢. Diagram of transverse section of stele. pz, protoxylem.
D, F. Abnormal sporophylls, (From drawings made by Prof.
Thomas and generously placed at my disposal. A.C.5.)
E. Portion of C enlarged.

made to the divergent opinions as to the morphological nature
of the sporophylls or sperangiophores, but recent investigations
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distinetly favour the view that a sporophyll is best intm'preq'ted
as g stali{ed leaf with two sterile laminae and an almost sessile,
Or in some cases g more obviously stalked, synangium; the
whole sporophyll is characterised by the possession of a ventral
and a dopgal lobe'. The drawings reproduced in fig, _]20’ L2
and F, illustrate some of the frequent variations described by

Thomag in plants which he observed in the New Zealand
forests. The sporophyll shown in fig. 120, D and F, has
branched

twice and bears three synangia.

The aerial branches of Tmesipteris possess a central
cylinder of Separate xylem groups in which the protoxy]'em
Occupies ap internal position (fig. 120, C and E, px) enclosing
a0 axial Parenchymatous region. The cells of a few layers of the
DT cortex immediately outside the endodermis are rendered
Conspicuong by a dark l:mlmwn deposit. The cortex as a whole
18 composed of uniform parenchymatous tissue. In the lower
Part of the aerial shoots and in the rhizome the xylem forms

a solid strang Without protoxylem elements and conforms more
clearly to that of Psilotu

1.
In thig short

account of the anatomy of Tmesipteris no
mention is made of the effect produced on the stele by the
departure of leaf-traces and of vascular stands to supply
branches, Miss Sykes? in g recently published paper on the
SENUS has shown that the exit of a leaf-trace does not break
the continuity of the xylem of the stele, while the exit of a
Sporophyll-trage ;g marked by an obvious gap.  Evidence
18 i_tddueed in support of the conclusion that this difference,
which at firgs sight appears to be one of morphological import-
ance, ig ip reality merely a question of degree and “is due to
the ecarlier Preparation for the formation of ‘sporophyll’ than
leaf traceg ” Misg Sykes gives her adherence to the view that
the « Sporophylls™ of T'mesipteris are branches and not leaves, but
despite the arguments advanced this interpretation seems to
e less probabe than that which recognises the sporophyll as
A foliar organ.  Prof. Lignier® has pm;nter] out that if Miss
Sykes’s conclusion as to the axial nature of the sporophyll in
Tmesipteris Is accepted, it diminishes the force of the com-

! Bykes (08). % ibid, (08). # Lignier (08).
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parison between the sporophylls of that genus and Spheno-
phyllum as those of the latter can hardly be regarded as other
than foliar organs.

Both members of the Psilotales may, as Boodle has
suggested, be regarded as descendants of a common parent in
which the aerial stems possessed a fluted or stellate eylinder of
mesarch xylem. There can be no doubt as to the significance
of the morphological resemblances between the Psilotales and
the genera Sphenophyllum and Cheirostrobus, but the position
of T'mesipteris and Psilotuan in the plant-kingdom may probably
be best expressed by adopting the group-name Psilotales rather
than by transferring the recent genera to the Sphenophyllales.
One of the most striking differences between the Psilotales and
the genus Lycopodiwm is in the form of the sporophylls and
sporangia; in Lycopodiuwm a single sporophyll bears a unilocular
gporangium, but in the Psilotales the sporophyll may be
described as a bilobed structure homologous with a foliage-
leaf, bearing a sporangiophore which consists of a short stalk
terminating in a bilocular or trilocular synanguim; the short
stalk receives a special branch from the vascular bundle of the
sterile portion of the sporophyll®.

Fossils described by authors as being closely
allied to Psilotum.

A search through palacobotanical literature reveals the
existence of a very small number of specimens which have been
identified as representatives of the Psilotales. An inspection of
the material or published drawings leads one to the conclusion
that practically no information of a satisfactory kind is
available in regard to the past history of the two southern
genera Psilotum and Tmesipterts, which are regarded by some
botanists as relies of an ancient branch® of pteridophytes.

In 1842 Miinster® instituted the genus Psilotites for a small
impression of a slender branched axis from Jurassic rocks near
Mannheim in Germany which he named Psilofites filiformis;

! Bower (94); (08). 2 Bertrand (81) p. 254.
3 Miinster (42) p. 108, PL xmr. fig. 11; PL xv. fig. 20.
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Schimper spoke of the specimens as too doubtful for deter-

opinion with which every 1mt-a.n‘ist would lc?rd;all]_\,;
agree.  Goldenberg’s species Psilofites ,Mhm?t{”ﬂ? e
the Saarbriicken c(,;{‘ﬁeld is founded on impressions of axes:
Some of these are dichotomously branched and bear 51.1‘1&11 ‘JV?IL
Projections, which may be rudimentary leaves or possibly ]]ﬂi
sears. More poeer tly Kidston® described speeimens of h}'a,nc lt:—_(_l
axes from the Lanarkshire coal-field bearing a row ,Of latel.it-
thorn-like projections under the title Psilotites unilateralis ;

: i ; v its, are of no
but these fragments, as Dr Kidston himself admits, are
botanica] .

alue, i alving

In g baper on fossil Salvinias, Hollick® m{mtI'm'S LS(JW-N”.
reticulaty, originally described by Heer and by httngSh.aU.belll
and 8, Alfpns Lesq.% a Tertiary species, and calls attention to
their very eloge resemblance in form, nervation, and apex to th(’f
Leaneyior the genus Tmesipteris: he refers both species to_t-hnl:
genus, The (ll‘él\&'ings reproduced by Hollick represent lu?!.-ve‘::
with & midrib gapq numerons anastomosing lateral vlc-:ml:-»_.
whereas ip Tmesipteris the lamina of the “leaf has a ml?hvlb
Without latera] branches, An slarped driving of ihe Gulle p
of the Spideronal cells would correspond elosely with the small
reticulations in the fossi] leaves and it may be that there has
Cen Some confusion between veins and cell-outlines. In any
€856 there woulq Seem to be no reason for the use of the recent
generie names.
An'mng other fossils assigned to the Psilotales we have
Moo 8eNUS Gomphostrobus from the Permian of France and
Germany?, Marion placed this plant in the Coniferales on the

Strength of its resemblance to Walchia and Araucaria, but
Potonjgs 18 incline

Sporophylls chaps

minaniun, an

d to recognise in the leaves and mouns}lerr.nm

cters suggestive of Lycopodiaceous affinity.

s Schimper (70) &, . 5. ® Goldenberg (55) p. 13, P1. . fig 7.

* Kidston (age). * Hollick (94) p. 235, figs, 12, 13.
Lesquerens {78) PL v,

_ fig. 11,
® Bince this was

, _ written T have had an opportunity of secing a leaf labelled
Tmesipteriy from the Tertiary plant.

beds of Florissant in a collection recently

acquired by the Britieh Museum : the specimen hears no e
of the recent genus, ‘
 Marion (90).

* Potonié (93) A, p. 197, Pls, xxvir,, REGIL, TxEI
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The latter author in 18917, in ignerance of Marion’s proposal to
adopt the name Gomphostrobus, instituted a genus Psilofi-
phyllum for the sporophylls of a species originally described by
Gleinitz® as Sigillariostrobus bifidus, but he subsequently adopted
Marion’s designation and with some hesitation included the
French and German specimens in the Psilotales. As stated
elsewhere®, Potonié’s arguments in favour of his view hardly
carry conviction, and it is probably more in actordance with
truth to deal with Gomphostrobus in the chapter devoted to
the Coniferales.

Psilophyton.

The generic title Psilophyton, instituted by the late Sir
William Dawson?, has become familiar to geologists as that of
a Pre-Carboniferous plant characteristic of Devonian and
Silurian rocks in Canada, the United States of America, and
Europe. From the botanist's point of view the name stands
for miscellaneous remains of plants of different types and in
many cases unworthy of record. The genus was founded on
impressions of branched axes from the Devonian strata of New
Branswick resembling the rachis and portions of lateral pinnae
of ferns or the forked slender twigs of a Lycopod. The type-
species Psilophyton princeps Daws. as represented on somewhat
slender evidence in Dawson’s restoration, which accompanies the
original description of the genus and has since been copied by
several authors, is characterised by the possession of a horizontal
rhizome bearing numerous rootlets and giving off dichotomonsly
branched aerial shoots with spinous appendages, compared with
rudimentary leaves, and terminating in slender branchlets
bearing pendulous oval “ spore-cases ” from their tips. Some of
the branchlets exhibit a fern-like vernation. The plant is
spoken of by Dawson as apparently a generalised fype®, re-
gsembling in habit and in its rudimentary leaves the recent
genus Psilotum and presenting points of contact with ferns.

I Potonié (91); (93) A. p. 197,
2 Geinitz (78) p. 700, P, 1, figs, 5—T.

# Seward*and Gowan (00) p. 137 ; Seward and Ford (06) p. 374.
4 Dawson (59) A. p. 478, fig. 1. * gbid. (T1) A. p. 88.
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Specimens were found in an imperfectly petrified state showing
& central eylinder of scalariform tracheae surrounded by a broad
cortical zone of parenchyma and fibrous tissue. - |

Among other species described by the author of th(.z genus
W€ need only mention Psilophyton robustius, characterised by
Vegetative shoots and « spore-cases’ similar to those of the tﬂ:e—
Species ; but, as Solms-Laubach? has pointed out, the petr}hed
=SEons veforsd by Dawson to P nobustius are. of an entirely
different Anatomical type from that of P. princeps®

British fossils from the Old Red Sandstone from the Vnort-h
of Seotland, Orkney and Caithness, originally figured by Hugh
M-i]ler and compa;er.l by him with algae but more cspeela.llli
71h recent Lycopods, were subsequently placed by Utll‘ﬂlt!lGrS'
S P, silophyton as P, Dechianum, the speeiﬁ(? designa-
chosen on the ground that the Scotch specimens are

s with fossils deseribed by Goeppert* as
Dechianus,

m the genn
tlon being
Specifically
Haliseriteg

Various opinions have been expressed in regard to the
nature of the Devonian species Haliserites Dechianus Goepp.
With which Carruthers® identified Miller’s Old Red Sandstone
}:.'Iant: reference may be made to a paper by White® containing
hgm_'e-“ of dichotomously branched impressions deseribed as
SPecies of 7 hamnooladus which he includes among the algae.

ID dese"ﬂ)iﬂg some Belgian impressions of Devonian age as
LE?J"—dﬂdﬂ'rLrﬁrun gaspianum Dayws, CrépinT states that Carruthers
hf% °ome 10 regard the specimens named by him Psilophyton
f‘fec}mmcu.m a8 branches of g Lepidodendron; he also quotes
(»Fu.'mthurs as having expressed the opinion that the name
%D ﬁﬂr)p/ﬁgf.on had been employed by Dawson for two kinds of
ossils, some being twigs of Lepidodendron while others, identi-
fed by Dawson as the reproductive branches of species -
Of. P'S"‘I_!f}?ﬂ‘yl'mé. Tepresent the spore-cases of ferns comparable
“zlth Stur's genys Rhodea®. One of the examples figured by
("a_"r_ut'hel'sﬂ a8 P. Dechianum from Thurso (preserved in the
British Museum, ng, 52636), measuring 34 em. in length and

J Solms-Laubach (@5} A. 2 Dawson (71) A. Of. PL. 1. figs. 131, 134, etc.

& \(-‘Iaﬁﬂ:'hg:" (78). : G‘Jffﬁ_]-\f-'l’i (52) A. z (?arrutl‘zel’s (73}:.

9 Currlu(:mijl _ * Crépin (75). § Stur (75) A. p. 33.

Blhers (73),
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8 mm. broad, bears a close resemblance to a fern rhizome
covered with ramental scales such as that of a species of
Davallie.  Other Belgian specimens deseribed by Gilkinet! as
Lepidodendron burnotense, like Crépin's species, are no doubt
generically identical with some of the Scotch and Canadian
fossils placed in the genus Psilophyton, though Penhallow?
considers that the species Lycopodites Milleri is more correctly
referred to Lycopodites than to Psilophyton.

A more recent paper on the Geology of the Perry basin in
South-eastern Maine by Smith and White® contains a critical
summary of the literature on Psilophyton and drawings of
specimens. The latter afford good examples of Pre-Carboniferous
plant fragments, such as are often met with in various parts
of the world, which conform in habit to the New Brunswick
specimens made by Dawson the type of his genus.

An examination of material in the Montreal Museum and of
Hugh Miller's specimens in the Edinburgh collection leads me
to share the opinion of Count Solms-Laubach that the name
Psilophyton has been applied to plants which should not be
meluded under one generic title. As Kidston® pointed ont,
the Canadian species Psilophyton robustius is not generically
distinet from British and Belgian specimens referred to Lepido-
dendron; it may possibly be identical with the Bohemian plants
on which Stur founded his genus Hostinella®. The Devonian
plants described by Stur have since been examined by Jahn®
who regards them as vaseular plants, and not as algae to which
Stur referred them ; he mentions two species of Psilophyton
but gives no figures.

The “spore-cases” of Dawson may be found to be the
micro-sporangia or perhaps the small seeds of some pteri-
dosperm ; the forked axes with a smooth surface and others
figured by Miller and by Dawson, with the surface covered with
scales suggesting the ramenta of a fern, may be the rachises or
rhizomes of filicinean plants. Other specimens may be Lepido-
dendron tiwigs, as for example the petrified fragments figured by

! Gilldnet (75) figs. 2—35. ? Penhallow (92) p. 8.

¥ Bmith and White (05) p. 58, Pls. v. vI. 4 Kidston (867) p. 232,
¥ Stur (81) Pls. n1. 1v. § Jahn (03) p. 77.
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Pa‘.\ Son as Psilophyton princeps ; while the stem identified as
- Tobustiys

is most probably that of a Gymnosperm. It is
doubtful whether a useful purpose is served by retaining the
8ENUS Psilophyton. It was in the first instance instituted on
the Ba:?‘iﬂun]mion_. which cannot be upheld, that the abundant
?:lii‘{j] iu" t-h-e New ]f?mmswick bods- bore a Suiﬁci‘entl‘)_; close
; ance to the rhizome and aerial branches of Psilotum.
,'??’l(]FJI‘f/tOT'f has served as a name for miscellaneous plant
cj;?‘l‘::?;hmm\ of \\-}1ich are ind_ots:frnliI]imble.. Dr White
“T.h(: ! fh iu.?(:on_nt of the genus with t]w..n following worfls’:
| - Sxamination of such so-called Psilophyton material as
8roups, re v)?(‘ fsho\‘_\@ the g:-msten'c? in America of two or more
Posess Stlnt":lliful by several fairly \‘-‘(-f“ﬂ‘(m,‘!‘k(‘.t,] species which
= :l nl_r];z._-fleh‘u.:::Ll \f.nlue, ‘L-l-.lld which should be c:u_‘o_ful]y
materis] tl;r e '_l llh:’l'-l'ﬂ.t('-l'l. It is probable also l,lmL‘;ul(h!’.unml]
thiose OWing light on the structure and relationships of
Yemarkable early types of land-plants will be
h t Some locality. The inspection of the material in
L'culbach, ﬂ_j“jf: fhe _need,. as was p(l;iuted. out by Sol.ms-
anthors tq P.si,ff,,',' rey %smn_ of ,l‘he ‘nmterlal referred by various
and et igs P f-,?ftriw., together with a thorough re-examination
- l.mbhcui.u,:n of the types.”
Cﬂ-fm.‘clllifﬁj le;ii]}:;iTéﬁ)l;lgil.-“f:_efm1,}-1,iu_mifm has l?een made of the
?Xisf. substantia] ‘];;1;"157‘1 ;‘Hr‘-\' to d@jcf—n‘nﬂl.lc. Wheth’er ?here
it iy undesizablo ¢ <:fUHb_ 01 ‘trw retention ‘ot T)awsan S gentiy,
("""M)‘ﬂ%ifemus f;)q ; 1%01?;1.1.1116 Lt_n l'nfhkt,i use of this name im-_ Pre-
with e t,.;abd‘_‘:ﬁ”gilj m'f too i.ncc:mplr:tg to l_:e-a-mmgnet.l
attention . tjhe - ']L‘_m‘ & group of plants. Dr \71 hite .dra-\\rs
bo N“«Uhﬂrsrﬁs * I—; 111( _r::.u;".y of som? E)f the Perr_}:' basin specimens
Tslang o 1,].1;? AI]:heP lia{-mf;f:ecr.a- from D?mumu _1'(,30]{5 i}f Bear
extended 4, -othm. :r -1jztgm‘us,]a '{:['11‘1113:11'15011 'Whl-til might be
Possibility thag unn&‘;“ﬂg dl‘rf( .\‘.]:nch serves to .].“],lSLL‘:.Lﬁ(} the
eventy an"‘__ e V 0 _t ¢ specimens labelled Psilophyfon may
types hr:l'ongi’n(r“;‘-’gll.lv‘?ﬁ'-d as examples of well defined generie
& 10 more than one group of plants.

have gee

: very
(]]HCO\"@]‘efl a
and em ph

1 Smith and White (05) p. 63.
* Nathorst (02) p. 15, P1. 1. figs, 18—35.




CHAPTER XIV.
LYCOPODIALES.

TaE recent members of the Lycopodiales are considered
apart from the extinet genera in order that our examination of
the latter may be facilitated by a knowledge of the salient
characteristics of the surviving types of this important section
of the Pteridophyta. A general acquaintance with the extinet as
well as with the recent genera will enable us to appreciate the
contrasts between the living and the fossil forms and to realise
the prominent position oceupied by this group in the Palacozoic
period, a position in striking contrast to the part played by
the diminutive survivors in the vegetation of the present day.
In the account of the recent genera special attention is drawn
to such features as afford a clue to the interpretation of the
fossils, and the point of view adopted, which at times may
appear to lead to an excessive attention to details, is necessarily
somewhat different from that represented in botanical text-
books?.

A. HOMOSPOREAE.

Lycopodiaceae: genera Phylloglossum, Lycopodium.

B. HETEROSPOREAE.
Selaginellaceae: genus Selaginella.
Isoetaceae: genus Isoefes.
The existing plants included in the Lycopodiales are in
nearly all cases perennial herbaceous pteridophytes, exhibiting

! For a general account of recent Liycopodiales see Pritzel (02) ; Campbell (05);
Bower (08).
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in their life-histories a well marked alternation of generations.
The sporophyte (asexual generation) is characterised by the
relatively small size of the leaves except in the genus Jsoefes
(fig. 132) and in the Australian and New Zealand genus
Phylloglossum. The stems are usually erect or frailing, pen-
dulous in epiphytic species or small and tuberous in [soetes
and Phylloglossum. The repeated forking of the shoots
(monopodial and dichotomous branching) is a prominent feature
of the group. The vascular tissue of the stem usually assumes
the form of a single axial strand (stele) (fig. 125), but the
shoots of some species of Selaginella often contain two or more
distinet steles (fig. 131). The group as a whole is characterised
by the centripetal development of the xylem composed almost
entirely of scalariform tracheids: secondary xylem and phloem
of a peculiar type oceur in Isoetes, and the production of secondary
xylem elements in a very slight degree has been noticed in one
species of Selaginella (8. spinosa)’. The roots are constructed on
a simple plan, having in most cases only one strand of spiral
protoxylem elements (monarch structure). In Lycopodium, in
which stem and root anatomy are more nearly of the same type
than in the majority of plants, s reral protoxylem strands may be
present. The sporangia are axillary or, more frequently, borne
on the upper surface of sporophylls, which are either identical
with or more or less distinet from the foliage leaves; in the
latter case the sporophylls often occur in the form of a well
defined strobilus (cone) at the tips of branches.

The gametophyte (sexual generation) is represented by
prothalli which, in the homosporous genera, may live under-
ground as saprophytes, or the upper portion may develop
chlorophyll and project above the surface of the ground as an
irregularly lobed green structure (e.g. Lycopodium cernwum)®.
In the heterosporous forms the prothalli are much reduced and
do not lead an independent existence outside the spore by the
membrane of which they are always more or less enclosed. The
sexual organs are represented by antheridia and archegonia;

1 Brochmann (97).
# Treub (84—90) ; see also Lang (99) and Bruchmann (98).
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the male cells are provided with two cilia except in Isoefes
which has multiciliate antherozoids like those of the ferns.

The existing Lycopods, though widely distributed, never
grow in sufficiently dense masses to the exclusion of other
plants to form a conspicuous feature in the vegetation of a
country. The inconspicuous réle which they play among the
plant-associations of the present era affords a striking contrast
to the abundance of the arborescent species in the Palacozoic
forests of the northern hemisphere.

Lycopodiaceae. Lycopodium, represented by nearly 100
species, forms a constituent of most floras: epiphytic species
predominate in tropical regions, while others flourish on the
mountains and moorlands of Britain and in other extra-tropiecal
countries. For the most part Lycopodium exhibits a preference
for a moist climate and appears to be well adapted to habitats
where the amount of sunlight is relatively small and the
conditions of life unfavourable for dense vegetation. Mountains
and islands constantly recur as situations from which specics
have been recorded. Some species are essentially swamp-
plants, eg. Lycopodium inundatum, a British species, and
L. eruentum from the marshes of Sierra Nevada. A variety
of the American species, L. alopecuroides (var. aquaticum)
affords an instance of a submerged form, which has been
collected from an altitude of 12—14,000 ft. on the Andes and
Himalayas. It is noteworthy that a considerable variety of
habitats is represented within the limits of the genus and that
many species are sufficiently hardy to exist in circumstances
which would be intolerable to the majority of Hlowering plants’.

The British species frequently spoken of as Club Mosses,
include Lycopodium Selago, L. annotinium, L. clavatum, L. al-
perawm, and L. snundatum.

Selaginellaceae. The species of Selaginella, over 300 in
number, are widely spread in tropical and subtropical forests,
growing on the ground with trailing, suberect or erect stems
climbing over taller and stouter plants or as pendulous epiphytes
on forest trees.

I See Baker (87) A.




33
X1v] LYCOPODIACEAE
Selaginelly lepidophylia,
OWn as the Resurre
of as the Rose of Je

shoots dyy, mg

a tropical American type, IP..”I.,)U]EL{
etion plant, and often ermn‘(-fn;f"3:[1:01 i,.td
richol, possesses the power of w' - mh] ;l;nc 2
periods of drought and furnishes an C}.Tlmlj i;.hi(.h
Species adapted to conditions in nmrkv;d (;c:m‘t.r:xst. to those )
are mogt favourable ¢ the maj ority of 8] ecies. ol

The only British species is Selaginella ..,e{u.fr;;;t,I.Pﬁﬂ‘md
b’\' Li‘llﬂzl-:ns L_yr:opurl;'n " xezf,f‘q‘inu.’.’r]{z.s and D(;(__";.Lkﬁf(;]'].}, I:LLI _“:ith ;
to ag Selaginelly spinulosa A. Br, (not to be con e

Javan Species S, spinulosa Spring?). L.

5 o : / Baker in his

Isoetacege, Isoctes (fig. 132), of which 1([1" }*11;111 X
ffrm[ibggk of the Fern-Allies ennmerates 49 spe

type apart, di‘rfrfriug m habit
the othap members of the
Prefer ¢, el

i acters from

as in certain other characters f:lO :
Lycopodiales. Some botanists

4 L

i 2 balance
among the Filicales, but the bal ne

‘ . 3 ¢ and extinet

5Ht.'luding resemblances between Isoetes at;c_i s
favour its retention as s

€0us plants, would seem to favour its retenti iaiews

‘ . : rcopodiales. ~Some species are

ant genug of the group Lycopodiales. .So I
Stubmeyg

3 . - R i
‘Mane S e dtuations intermi
Permanengly ged, others oceur in situat

tently Cov

ude the genns
of eviden ce,
Ly copodiag
aherr

ered with
Lsoetes | eusty
and

water, and & fow grow in damp .S()]]'
5 is found in mountain tarns and lakes of Brlr-iTI;l
in Central and Northern E‘"‘Upt} ﬂ'“:l ANOT tj
soetes hysty %, a land-form oceurs in Guernsey,
France, Spain and Asia Minor.

elséwherpe
Amerieg, ¥
N"Jl‘l»h—E:tst.

Lycopodiaceae.
The

Dy, o
from ¢} e

b
5 e g BNTESE l'l b I‘
111r.xnot\:p1e genus Ph.yl;.’aglu.s.sezm,, represente ¥

it of Australig and New Zeal

and, though interesting
point of vi

6w of its probable claim to be considered
the oSt primitive type of existin BROTS. a
NGt be dealt with in detail, A complete individual, which
does not exceed 4 or 5 e, in length, consists of a very small

O protocorm hu:n‘ing a rosette of slc:-l}f_iur _subulriilw.ﬂ
leayes and Prolonged distally as a sim ple naked axis which over-
tops the fo); and terminates in g ¢

g Lycopodiaceous plants, ne

tu l,)tl.'('l("

act cluster of
age leayes ompacs

5

L The Rose of Jericho ig Anas
* Baker (

tatica Hierochunting
B7) A. P. 34,

¢ L. o Cruciferous plant,

8 Vinos (88), * Seott and Hill (00).
8. 1T,

3




34 LYCOPODIALES [cH. x1v

small scale-like sporophylls, each subtending a single sporan-
gium?,

Lycopodium. 1t would be out of place in a volume devoted
mainly to fossil plants to attempt a comprehensive account of
the general morphology of recent species, and indeed our
knowledge of the anatomical characters of the genus is still
somewhat meagre. For purposes of comparison with extinet
types, it is essential that some of the more important morpho-
logical features of existing species should be briefly considered.
The additions made to our knowledge of the gameophyte®
of European and tropical species during the last two decades
have revealed a striking diversity in habit.

In several species, gronped round the widely distributed
type Lycopodium Selago Linn., the comparatively short, erect or
suberect, shoots form fairly compact tufts; the ordinary foliage-
leaves function as sporophylls, and the sporangia are not localised
on special portions of shoots. From this type, we pass to others
in which the fertile leaves tend to be confined to the tips of
branches, but hardly differ in form from the sterile. A further
degree of specialisation is exhibited by species with well-defined
cones cornposed of leaves (or bracts), the primary function of
which is to bear sporangia and to afford a protective covering
to the strobilus®

Lycopodiwm rufescens Hook. An Andian species with stout
dichotomously branched ereet stems bears on the younger
shoots crowded leaves with their thick and broadly triangular
laminae pointing upwards, but on the older and thick shoots
the laminae are strongly reflexed (fig. 121, A). The lower part
of the specimen represented in fig. 121, A, shows tangen-
tially elongated scars and persistent leaf-hases or cushions
left on the stem after the removal of the free portions of the
leathery leaves, a surface-feature which also characterises the
Palaeozoic genus Lepidodendron. The reflexed leaves and
persistent leaf-cushions are clearly seen in the picce of old stem
of Lycopodiwm dichotomuwm Jacq., a tropical American species

1 For Phylloglossum, see Bertrand (82); Bower (94), (08} ; Campbell (05)-
2 Treub (84 —90) ; Bruchmann (98); Lang (99).
# Bykes (08Y).



Fia. 191, Lyeopodium,
A Lyeopodium rufescens, ¢ LU /) niiuhﬂmumm_. J
e tetragonum. 11 IR numanlarifolium.
B ST Dallousianumn, B L. casuarinoides,
G L. votubite,

From fpecimens in the Cambridge Herbarium ang Botanie Garden. M.S )




36 LYCOPODIALES [em.

reproduced in fig. 121, B. Such species as L. erythraeum
Spring, and others with stiff lanceolate leaves exhibit a striking
resemblance to the more slender shoots of some recent conifers,
more especially Araucaria excelsa, A. Balansae, Cryptomeria,

Dacrydivm and other genera.

Fic. 122. Lycopodium squarrosure. The branches of the larger shoot terminate
in comes. (From a plant in the Cambridge Botanic Grarden, Reduced.)

In Lycopodivm tetragonim Hook., (fig. 121, C), a species
from the Alpine region of the Andes, the long, pendulous and
repeatedly forked branches bear four rows of fleshy ovate leaves
and simulate the vegetative characters of certain conifers.
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Fia, 123,

Lycopodium cernuum.

(From & speeimen in the Cambridge Herbarium, 4 naf. size.)




38 LYCOPODIALES [cH.

L. squarrosum Forst. (fig. 122) a tropical species from India,
Polynesia, and other regions, is characterised by its stout stems
reaching a diameter of 25 em., bearing long pendulous branches
with large terminal cones composed of sporophylls differing bus
slightly from the foliage leaves. The plant represented in the
photograph serves as a good illustration of the practical identity
in habit between Palaeozoic and recent genera.

L. Dalhousianwm Spring, from the mountains of the Malay
Peninsula and Borneo, has larger leaves of finer texture with a

Fie. 124,  Lyecopedium obsourim.

distinet midrib reaching a length of 2—3 em. (fig. 121, E).
Another type is illustrated by L. nummularifolivm Blume, also
a Malayan species, in which the leaves are shorter, broadly
oblong or suborbicular, and the branches terminate in narrow
and often very long strobili (sometimes reaching a length of
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30 em.) with small bracts in striking Con‘tms‘t %0 th{e 5111:1?1%?
leaves (fig. 121, D). A similar form of long an ica
strohilyg oceurs in [, Phlegmaria Linn, a common met}:l‘:
LZ"'C"JP"'d: the ﬁullmnt forking of the Lq‘n‘n‘mh noticed in

nssil cones
and othey Species is a character not unknown among fi
(Lepidost, obi).

L. Cernuum 14

. (‘ﬁg 128), another widely q]-JPFaﬂ.f] i‘]-olnf”ﬁ
type, offerg
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“‘Shl”?'“ of crmlm speecies of Sigillaria, and recalling the habit
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for twigs of conifers. As Dr Bommer! has pointed out in his
interesting paper on “Les causes d'erreur dans I'étude des
empreintes végétales” some dicotyledonous plants may also
simulate the habit of Lycopods: he cites Phyllachne clavigera
Hook (Candolleaceae), Tafalla graveclens Wedd ( Compositae)
and Lavoisiera Lycopodioides Gard. (Melastomaceae). Another
point illustrated by fig. 121 is the close agreement in habit and
in the form of the leaves and leaf-eushions between the recent
plants and the Palaeozoic Lepidodendrese.

In his masterly essay “On the vegetation of the Clarboni-
ferous Period, as compared with that of the present day™ Sir
Joseph Hooker called attention to the variation in the shape
and arrangement of the leaves in the same species of Lycopo-
dium. The three woodeuts which he publishes of Lycopodium
densum, a New Zealand species, afford striking examples of the
diversity in habit and leaf-form and justify his warning that
if the species of Lepidodendron were as prone to vary in the
foliage as are those of Lycopodium, our available means for
distinguishing them are wholly insufficient®”

As we have already noticed, there is a considerable
diversity among recent species, both as regards habitat and
habit: in the anatomy of the stem also corresponding variations
oceur within the limits of a well-defined generic type of stele.
In species with creeping stems, such as L. clavatum® the
stele exhibits an arrangement of vascular tissue characteristic
of the plagiotropic forms. The xylem consists of more or less
horizontal plates of scalariform ftracheae, each surrounded by
small-celled parenchyma, alternating with bands or groups of
somewhat ill-defined phloem. The protoxylem and proto-
phloew elements occupy an external position (exarch), pointing
to a centripetal development of the metaxylem. This centri-
petal or root-like character of the primary xylem is an important
feature in recent as in fossil Lycopods. The close agreement
between the roots and stems of recent species in the disposition
of the vascular elements also denotes a simpler type of anatomy

1 Bommer (03) Pl 1x. figs, 140, 141,

2 Hooker (48) p. 428, figs, 12—14.
# Jones (05).
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than oceurs in the majority of vascular plants in which stem
and root have more pronounced structural peculiarities. A
pericycle, 2—6 cells in breadth, encloses the xylem and phloem

il

-
Fra, 125. A. Lycopodium dichotomum. Transverse section of stem: le, leaf-
ecnshion ; It, leaf-trace; R, roots.
B. L. cernuum, portion of cortex of fig. H, enlarged.
C. L. sawruwrus. Corfex: [, leaf-trace; a, thin-walled tissue;
b, thick-walled tissue: le, lacuna.
D. L. sawrurus. BStele: @, xylem; p, phloem.
E. TPortion of fig. D, enlarged : pax, protoxylem; p, phloem.
F. Transver ection of leafl of Lycopodium.
G. Vaseular bundle of leaf : pax, protoxylem.
H, L. cernuum: b, branch of stele; ¢—¢"”, cortex; s, space in
cortex ; I, leaf-trace.
1. tele of fig. H, enlarged (phloem omitted).

bands and this is succeeded by an endodermis, 2—3 cells broad,
with vaguely defined limits. In L. clavatum, as in L. alpinum,
another British species, the broad cortex is differentiated into
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three fairly distinet regions; abutting on the endodermis 1s a
zone several layers broad of thick-walled cells constituting an
inner cortex modified for protection and support; the central
region consists of larger and thinner-walled cells adapted for
water-storage and aeration; beyond this is an outer cortical
zone of firmer and thicker elements. The prominent leaf-bases
or leaf-cushions (fig. 125, A, le) give to the surface of a transverse
section a characteristic appearance which presents the closest
agreement with that of the younger shoots of Lepidodendron.
From the peripheral protoxylem groups small strands of xylem
are given off, which follow a steeply ascending course through
the cortex to the single-veined leaves. The leaf-traces, in several
species at least, are characterised by a mesarch structure
(fig. 125, F, @), the spiral protoxylem elements occupying an
approximately central position. The mesophyll of the leaves
varies in regard to the extent of differentiation into a palisade
and spongy parenchyma; in all cases there is a single vaseular
bundle oceasionally accompanied by a secretory duet.

In erect stems of Lycopodium, as represented by L. cernuum
(figs. 125,125, H, I), L. Dalhousivnuwm, L. squarrosum (fig. 122)
and many others, the stele presents a characteristic ;Lppo-amm:r:
due to the xylem plates being broken up into detached groups
or short uniseriate bands with the interspaces occupied by
phloem islands. This type of structure bears a superficial
resemblance o that in the single stele of certain species of the
fern Lygodium?, but it is distingnished by the islands of phloem
seattered through the stele. In other species the xylem tends
to assume the form of a Maltese cross (e.g. L. serratum Thhg.)
or it may be disposed as V-shaped and sinunous bands termin-
ating in broad truneate ends composed of protoxylem elements.
This form of the xylem and the distribution of the phloem
groups are shown in fig. 125, D, E, drawn from a section of &
plant of Lycopodium saururus Lam.* collected by Mr A, W. Hill
at an altitude of 15000 feet on the Andes of Peru. The
position of the protoxylem is shown fig. 125, E, pa.

1 Boodle (01) PL. xx,

* This species is figured under the name Lyeopodium crassum by Hooker
and Greville (31) P1. 224, See also Bronguimrt (37) PL 1. fig. 1.
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leaf-hases, and presents the appearance of an irregular reficulum.
This arrangement of the mechanical tissue in the outer cortex
is comparable with that in stems of some species of Sigillario.
In certain species of Lycopodiwm the roots!, which arise
endogenously from the axial vascular cylinder, instead of
passing through the cortex of the stem by the shortest route,
bend downwards and bore their way in a more or less vertical
direction bhefore emerging at or mear the base of the aerial
shoot. The transverse section of L. dichotomum represented in
fig, 125, A, shows several roots (R) in the cortex; they consist
of a xylem strand of eircular or crescentric form accompanied by
phloem and enclosed by several layers of root-cortex. The roots
of Lyeopodium do not always present so simple a structure as
those of L. dichotomwm ; the xylem may have an irregularly
stellate form with as many as ten protoxylem groups.
Reproductive Shoots® In Lycopodium Selago the foliage
leaves serve also as sporophylls and, as Professor Bower® has
pointed ouf, the branches exhibit to some extent a zonal
alternation of sterile and fertile leaves; in other species, in
which foliage leaves and sporophylls are practically identical
the sporangia oceur sporadically on the ordinary leaves. In
species with well-defined terminal cones the lower sporophylls
may bear arrested sporangia and thus form transitional stages
between sterile and fertile leaves, a feature which occurs also
in the male and female flowers of many recent Arancaricae®.
The sporangia® (fig. 126, D, F) are usunally reniform and
compressed in a direction parallel to the surface of the cone-
scales; they are developed from the upper surface and close to
the base of the fertile leaf to which they are attached by a
short and thick stalk (eg. L. imundatuin) or by a longer and
more slender pedicel (L. Phlegmaria, fig. 126, E). On maturity
the sporangia open as two valves in the plane of compression
! Htrasburger (78) p. 109 ; Brongniart (37) P1. 8; (39) A. P1. 32: Brongniart
figures stems of L. Phlegmaria and other species showing roots in the cortex.
Bee also Goldenberg (55); Bruchmann (74); Saxelby (08).
2 Bince this was written a comparafive account of the sporophylls of
Lyeapodium has been published by Miss Sykes. [Sykes (087).]

& Bower (94) p. 514; (08). 4 Seward and Ford (06).
# Goebel (05) p. 573.
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and the line of dehiscence is determined in some species ab
least by the occurrence of smaller cells in the wall. In

Lycopodinm cernuum, longitudinal section of strobilus; a, band
of lignified cells,

L. eernuum. Qell from sporangium wall,

L. eernuum. Sporophyll and sporungium; It, vageular bundle,

L. clavatum. Part of radial longitudinal section of strobilus ;
p, sterile tissue.

L. Phlegmaria. Sporophyll and stalked sporangium.

I.. elavatum. Transverse section of strobilus; p, sterile pad.

transverse sections of cones in which the sporangia are strongly

8¢ a.gh 3 e = = : L <
addle-shaped, the sporophylls may appear to bear two sporangia.




46 LYCOPODIALES [cH.

This is well shown in the section of a cone of L. clavatum shown
in fig. 126, F. The sporangia a and b are cut through in an
approximately median plane showing the irregular outline of
the sterile pad (p) of tissue in the sporogenous cavity., Those
at ¢ and d have been traversed at a lower level and the two
lobes of the saddle-shaped sporangia are cut below the attachment
to the sporophyll. The distal laminae of the sporophylls, cut
at different levels, are seen at the periphery of the cone.

In longitudinal radial section of some eones the sporangia
appear to occupy an axillary position, but in others (eg.
L. clavatum) they are attached to the horizontal porfion of the
sporophyll almost midway between the axis of the cone and the
upturned distal end of the sporophyll (fig. 126, D). The wall
of a sporangium frequently consists of 2—3 cell-layers and in
some cases (e.. L. dichotomuim), it may reach a thickness of seven
layers, resembling in this respect the more bulky sporangia
of a certain type of Lepidodendroid cone. The sporogenous
tissue is separated from the stalk of the sporanginm by a mass
of parenchymatous tissue which may project as a prominent
pad (fig. 126, D, I, p) into the interior of the SPOTOZENONS
cavity. This basal tissue (the subarchesporial pad of Bower!)
has been observed in L. elavatum to send up irregular processes
of sterile cells among the developing spores, suggesting a
comparison with the trabeculae which form a characteristic
feature of the sporangia of Isoefes and with similar sterile
strands noticed by Bower® in Lepidostrobus (cone of Lepido-
dendron),

Each sporophyll is supplied by a single vascular bundle
which aceording to published statements never sends a branch
to the sporangium base. The fertile tips of the foliage shoots
of L. cermuum (figs. 126, A—C) afford good examples of
specialised cones.  The surface of the cone is covered by the
broadly triangular laminae of sporophylls (fig. 126, C) which in
their fimbriate margins resemble the Palaeozoic cone-scales
deseribed by Dr Kidston® as Lepidostrobus fimbriatus. The
distal portions of the sporophylls are prolonged downwards

1 Bower (94), 2 ibid, (94) Pl. xnvim.
¥ Kidston (83) Pl xxxr. figs. 2—4.
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(fig. 126, A) to afford protection to the lower sporangia, their
efficiency being increased by the lignified and thicker walls
(A, @) of the cells in the lower portion of the laminar expansion.
The cells of the sporangial wall are provided with strengthening
bands which in surface-view (fig. 126, B) present the appearance
of prominent pegs. Since the appearance of Miss Sykess
paper on the sporangium-bearing organs of the Lycopodiaceae,
Dr Lang' has published a more complete account of the
structure of the strobilus of Lycopodium cernuum in which he

Fra. 197. Badial longitudinal section of the eone of Lycopodium cernuum.
{After Lang.)

records certain features of special interest. The importance of
these morphological characters is increased by their agreement,
as shown by Lang, with those of the Palaeozoic cone Spencerites®,
The sporophylls of a cone (12 mm. long by 3 mm. in diameter)
of Lycopodium cernuwm show an abrupt transition from the
tolinge leaves, but like these they occur in alternate whorls of five.
A large sporangium is attached to the upper face of each sporo-
phyll close to the base of the obliquely vertical distal lamina

! Lang (08). 2 Bee page 192, and Watson (0%).
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(fig.127); each sporophyll,which is supplied with a single vascular
bundle, has a large mucilage-cavity (m) in its lower region.
“The mucilaginons change” in the sub-sporangial porfion of
a sporophyll “extends to the surface involving the epidermis, so
that this portion of the sporophyll-base may be described as
consisting of a mass of mucilage bounded below by a structureless
membranel” TDehiscence of the sporangia oceurs at the middle
of the distal face (fig. 127, ). As seen in the radial seetion
(tig. 127, ma) the outer margin of the hase of the sporophyll
bears a short outgrowth. The leaf-bases of each whorl hang
down between the sporangia of the alternating whorl helow, and

Fia. 128. Transverse section of the cone of Lycopodium cernwwnm, in its plane
AA of fig. 127. (After Lang.)

the base of each sporophyll is coherent with the margins of the
two sporophylls of the next lower whorl between which it lies,
the sporangia being thus closely packed and lying in a
pocket “open only on the outer surface of the cone.” Fig. 128
represents a transverse section through a cone in the plane AA
of fig. 127 ; this traverses the sporangia and their subtending
bracts (b) of one whorl and the dependent bases of the
sporophylls of the next higher whorl in the region of the
mucilage-sacs (m), which are hounded at the periphery by the

- 1 Tang (08) p. 357.
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buter tissue of the Sporophylls (a). A transverse section in the
Plane BR of fig. 197 ia shown in fig, 129: the pedicels and a
Part of each vaseular strand are seen at b radiating from the
XIS of the ¢ one sporophyll (sp, @) is cut through in the

ne ;

Tier 5 .
Fig, 129, Tl‘ﬂnsverse seetion of the cone of Lycopodium cernuum in the plane
BB of fig. 127. (After Lang.)
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great majority of species, in the dimorphic character of the
foliage leaves, which are usually arranged in four rows, the
laminae of the upper rows being very much smaller than those of
the lower (fig. 130, 1—3). The smaller leaves are shown more
clearly in fig. 130, 1a. It is obvious from an examination of a

A

T

= =
S e e

Fra, 130, Selaginella grandis, (1—3, nat. size.)

Selaginella shoot, such as is shown in fig. 130, that in fossil
specimens it would often be almost impossible to recognise the
existence of two kinds of leaves. Some species, e.g. Selaginella
spinosat, the sole British representative of the genus, are
homophyllous and agree in this respect with most species of
Lycopodivan. Another feature characteristic of Selaginella, as

} Bruchmann (97).
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contrasted with Lycopodiwm, is the presence of a ligule in both
foliage leaves and sporophylls. This 1s a colourless thin lamina
attached by a comparatively stout foot to the base of a pit
on the upper surface and close to the lower edge of the leaf
(fig. 130, 4, [; fig. 131, E, F, {).

In an erect species, such as S. grandis Moore® (fig. 130 and
fig. 131, G) from Borneo, the main shoots, which may attain a
height of 2—3 feef, bear small and inconspicnous leaves of
ane kind, but the lateral and repeatedly forked shoots are
heterophyllous. The passage from the homophyllous to the
heterophyllous arrangement is shown in the transition from the
erect to the dorsiventral habit of the lateral shoots (fig. 130, 2).
The monopodially or dichotomously branched shoots produce
long naked axes at the forks; these grow downwards to the
ground where they develop numerous dichotomously forked
branches. For certain reasons these naked aerial axes were
named rhizophores and have always been styled shoots, the term
root being restricted to repeatedly forked branches which the
rhizophores produce in the soil. It has, however, been shown by
Professor Harvey-Gibson® that there is no sufficient reason for
drawing any morphological distinetion between rhizophores and
roots, the term root being applicable to both.

Our knowledge of the anatomy of Selaginella, thanks chiefly
to the researches of Harvey-Gibson® is much more complete
than in the ease of Lycopodium. The stems, which may be
either trailing or erect, are usually dorsiventral, and it is note-
worthy that different shoots of the same plant or even the same
axis in different regions may exhibit considerable variation in
the structure and arrangement of the vascular tissue. In the
well-known species, Selaginella Martensiv, the stem, which is
partly trailing, partly ascending, possesses a single ribbon-shaped
stele composed of scalariform tracheids with two marginal
protoxylems formed by the fusion of the leaf-traces of the
dorsal and ventral leaves respectively. As in Lycopodium the
metaxylem tracheae are as a rule scalariform, but reticulate
xylem elements are by no means unknown. The tracheal band,

! Gard. Chron. (32). * Harvey-Gibson (02), ¥ ibid. (94) (97) (02),

4—2
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Selaginella Willdenowii. Transverse section of stem: a, outer
cortex ; p, phloem; t, frabeculae,

8. spinosa, stem: px, protoxylem.

S. laevigata var. Lyallii, section of stele: ¢, ridge of xylem
eylinder; e, endodermis.

S. rupestris, seedlings with cotyledons (c) protruding beyond the
sporophyllg (b).

Transverse section of Selaginelle leaf-base: I, ligule; if, leaf-
frace. i

Portion of G. enlarged.

S. grandis. Longitudinal section of strobilus: bb, sporophyll-
trace; I, ligule.

(A, B, C, B, F, after Harvey-Gibson; D, after Miss Lyon.)
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as affording an exception, in the endarch structure of the
xylem, to the usual exarch plan of the stelar tissues. This
species is the only one in which any indication of the produc-
tion of secondary xylem elements has so far been recorded.
Bruchmann?® has shown that, in the small tuberous swelling
which occurs at the base of the young shoot (hypocotyl),

meristematic zone is formed round the ,Lua.[ vaseular strand ,md
by its activity ‘a few secondary tracheids are added to the
primary xylem. With this exception Seluginelle appears to
have lost the power of secondary thickening, the possession
of which constitutes so striking a feature of the Palacozoic
Lycopods. Another type is represented by S. inaequalifolia,
an Indian species, the shoots of which may have either a
single stele or as many as five, each in its separate lacuna.
The homophyllous 8. laevigata var. Lyellii Spr., a Madagascan
species, affords a further illustration of the variation in plan of
the vascular tissues within the genus. There is a considerable
difference in structure between the ereet and creeping shoots ;
in the former there. may be as many as 12—13 steles, which
gradually coalesce hefnu the vertical axis joins the cree ping
rhizome to form one central and four peripheral steles. In the
rhizome there is usually a distinet axial stele without proto-
xylem, surrounded by an ill-defined lacuna and enclosed by a
cylindrical stele (solenostele)? usually two tracheae in width
with four protoxylem strands on its outer edge. The continuity
of the tubular stele is broken and, in transverse section. it
assumes the form of a horseshoe close to the base of an erect
shoot to which a crescentric vaseular strand is given off.
Harvey-Gibson® has figured a section of the rhizome of this
type in which the axial vascular strand is represented by a
slight ridge of tracheae (fig. 131, C, ¢) ) projecting towards the

! Bruchmann (97).
# The term solenostele, first used by Van Tieghem and revived by Gwynne-
Vaughan, may be applied to a stem in which the vasenlar tissae has the form of
o hollow eylinder with phloem and endodermis on egeh side of the xylem. As
each leaf-trace is given off the continni ty of the vaseular tube is interrupted.
Ses Gwynne-Vaughan (01) p. 78.
¥ Harvey-Gibson (94) PL xm, fig, 93,
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sporophylls, but in this genus the fertile shoots do not generally
form such distinet cones as in many species of Lycopoduum.
In 8. grandis (figs. 130, 3; 131, G) the long and narrow strobili
consist of a slender axis bearing imbricate sporophylls in four
rows: each sporophyll subtends a sporangium situated between
the ligule and the axis of the shoot. The sporangium may be
developed from the axis of the cone or, as in Lycopodium, from.
the cells of the sporophyll’. In some species the lower sporo-
phylls bear only megasporangia, each normally containing four
megaspores, the microsporangia being confined to the upper
part of the cone. This distribution of the two kinds of sporangia
is, however, by no means constant®: in some cases, eg. S
rupestris, cones may bear megasporangia only, and in the cone
of 8. grandis, of which a small piece is represented in fig. 181, G,
all the sporangia were found to contain microspores.

The oceurrence of two kinds of spores in Seloginella
constitutes a feature of special importance from the point of
view of the relationship between the Phanerogams, in which
heterospory is a constant character, and the heterosporous
Pteridophytes. One of the most striking distinctions between
the Phanerogams and the rest of the vegetable kingdom lies in
the production of seeds. Recent work has, however, shown that
seed-production can no longer be regarded as a distinguishing
feature of the Gymnosperms and Angiosperms. Palaeozoic
plants which combined filicinean and cycadean features re-
sembled the existing Phanerogams in the possession of highly
specialised seeds. This discovery adds point to the comparison
of the true seed with structures concerned with reproduction in
seedless plants, which in the course of evolution gave rise to the
more efficient arrangement for the nursing, protection, and
ultimate dispersal of the embryo. In the megaspore of
Selaginells, we have, as Hofmeister was the first to recognise
in 1851, a structure homologous with the embryo-sac of the
Phanerogam. The embryo-sac consists of a large cell produced
in a mass of parenchymatous tissue known as the nucellus
which is almost completely enclosed by one or more integu-
ments, Fertilisation of the egg-cell within the embryo-sac

! Bawer (08) p. 815. 2 Hieronymus (02).
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suggested that this outgrowth may be comparable with the
integument which grows up from the sporophyll in the fossil
genus Lepidocarpon® and almost completely encloses the
sporangium. In the drawings given by Miss Lyon no features
are recognisable which afford a parallel to the integument
of Lepidocarpon. T have, however, endeavoured to show, by a
brief reference to this author’s interesting account of the two
Californian species, that the physiological and morphological
resemblances between the megasporangia of Selaginella and the
integumented ovules of the seed-bearing plants are sufficiently
close to enable us to recognise possible lines of advance towards
the development of the true seed.

Professor Campbell® records an additional example of a
Selaginella—probably 8. Bigelovii—from the dry region of
Southern California in which the spores become completely
dried up after the embryo has attained some size, remaining in
that state until the more favourable conditions succeeding the
dry season induce renewed activity.

Isoetaceae.

The genus fsoetes is peculiar among Pteridophytes both in
habit and in anatonical features. In its short and relatively
thick tuberous stem, terminating in a crowded rosette of
subulate leaves like those of Juncus and bearing numerous
adventitious roots, Isoefes presents an appearance similar to
that of many monocotyledonous plants. The habit of the
genus is well represented by such species as Isoetes lacustris
and I. echinospora® (fig. 152) both of which grow in freshwater
lakes in Britain and in other north European countries.
The latter species bears leaves reaching a length of 18 em.
The resemblance in habit between this isolated member of
the Pteridophytes and certain Flowering plants, although
itself of no morphological significance, is consistent with the
view expressed by Campbell that Tsoetes may be directly related
to the Monocotyledons®,

L Bee p. 271, 2 Campbell (05) p. 522,
9 Motelay and Vendryes (82). 4 Campbell (05) p. 561,
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There is as a rule little or no difference between the foliage
. leaves and sporophylls; in I. lacustris the latter are rather

Fra, 182. Isoetes echinospora (After Motelay and Vendryes).

A. Stem of I. lacustris.

B. Base of sporophyll: 7, ligule; spy, sporangium partially
covered by velum.
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larger and in the terrestrial species I. hystriz® the sterile leaves
are represented by the expanded basal portions only, which
persist like the leaf-bases of Lepidodendron as dark brown
scales to form a protective investment to the older part of the
stem. The innermost leaves are usually sterile; next to these
are sporophylls bearing megasporangia, and on the outside are
the older sporophylls with microsporangia. The long and
slender portion of the leaf becomes suddenly expanded close
to its attachment to the stem into a broad base of crescentic
section which bears a fairly conspicuous Ligule (figs. 132, B, [,
133, E, [) inserted by a foot or glossopodium in a pit near the
upper part of the concave inner face. The ligule is usually
larger than that of Selaginella, though of the same type. The
free awl-like lamina contains four large canals bridged across at
intervals by transverse diaphragms, and in the axial region a
single vascular bundle of collateral structure. Other vascular
elements, in the form of numercus short tracheids oceur below
the base of the transversely elongated ligule.

Stomata are found on the leaves of I. hystriz, 1. Boryana?®,
and in other species which are not permanently submerged.
Both microsporangia and megasporangia are characterised by
their large size and by the presence of trabeculae or strands of
sterile tissue (fig. 133, E, H, ¢) completely bridging across the
sporangial cavity or extending as irregular ingrowths among the
spore-producing tissue.  Similar sterile bands, though less
abundant and smaller, are occasionally met with in the stll
larger sporangia of Lepidostrobus; these may be regarded as a
further development of the prominent pad of cells which
projects into the sporangial cavity In recent species of
Lycopodium (fig. 126, D, p). The sporangia are attached by a
very short stalk to the base of a large depression in the leaf-
base below the ligule, from the pit of which they are separated
by a ridge of tissue known as the saddle, and from this ridge a
vell of tissue (the velum) extends as a roof over the sporangial
chamber (fig. 133, E, ). In most species there is a large gap
between the lower edge of the velum and that of the sporangial

1 Beott and Hill (00).

2 Motelay and Vendryés (82) Pls. xvr, xvir,
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pit, but in I. hystriz this protective membrane is separated
from the base of the leaf by a narrow opening, the resemblance
of which to the micropyle of an ovule suggested to one of the
older botanists the employment of the same term® Mr T. G.
Hill® has called attention to the presence of mucilage canals in
the base of the sporophylls of I. hystriz, which he compares with
the strands of tissue known as the parichnos accompanying the
leaf-traces of Lepidodendron and Sigillaric in the outer cortex
of the stem. The transverse section shown in fig. 133, H and I,
shows two of these mucilage canals in an early stage of
development; a strand of parenchymatous elements dis-
tinguished by their partially disorganised condition and more
deeply stained membranes (fig. 133, I) runs through the
spandrels of the sporophyll tissue close to the upper surface.
There is a close resemblance between the structure of these
partially formed mueilage-canals and the tissue which has been
called the secretory zone in Lepidodendron stems. Fig. 133,
also shows a large microsporangium with prominent trabeculae
(t) lying below the velum. A longitudinal section (fig. 133, K)
through a sporophyll-base presents an appearance comparable
with that of an Araucarian cone-scale with its integumented
ovnle and micropyle. The megaspores are c haracterised by
ridges, spines, and other surface-ornamentation®. Though usually
unbranched, the perennial stem of Isoefes (fig. 132) has in rare
cases been found to exhibit dichotomous branching, a feature, as
Solms-Lanbach* points out, consistent with a Lycopodiaceous
affinity. The apex is situated at the base of a funnel-shaped
depression. The stem is always gr-_m\'ed ; in some species two
and in others three deep furrows extend from the base up the sides
of the short and thick axis towards the leaves: from the sides of
these furrows numerous slender roots are given off in acropetal
successior. A stele of peculiar structure occupies the centre of
the stem ; cylindrical in the upper part (fig. 133, A), it assumes
a narrow elliptical or, in species in which there are three furrows,
a triangular form in the lower portion of the tuberous stem.
The stem of I. lacustris represented in fig. 132, A, from which
! Braun (63). 2 Hill, T. G. (04) (06).

% FWor figures, see Motelay and Vendryés (82); Bennie and Kidsion (85)
PL v 4 Solms-Laubach (02).
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Tsoctes lacustris.

A. Transverse section of stem: er, cortex; «, z xylem; ¢, eambium ;
a, thin-walled tissue; i, leaf-traces; b, dend tissue.

B, €, D. Portions of A enlarged.

Il. Longitudinal radial section of sporovhyll-base: v, velnm; I,
ligule ; &b, vascular bundle; m, megaspores; t, sterile tissue.

F. Longitudinal section through the base of a root.

G. Transverse section of root,

H. Transverse section of sporophyll, showing sporanginm with
trabeculae, t; leaf-trace, (it), and fwo groups of secretory cells.

I. A group of secretory cells enlarged.
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the laminae of the leaves have been removed from the summit
affords an example of a species with two furrows. The
drawing shows the widely gaping sides of the broad furrow
with ecircular root-scars and a few simple and dichotomously
branched roots. A short thick column of parenchymatous
tissue projects from a slightly eccentric position on the base of
the stem.

The primary vascular cylinder’ consists of numerous spiral,
annular or reticulate tracheids (fig. 133, A, z), which are either
isodiametric or longer in a horizontal than in a vertical
direction, associated with parenchyma. Lower in the stem
erushed and disorganised xylem elements are scattered through
a still living trabecular network of parenchymatous tissue.
From the axial cylinder numerous leaf-traces (fig. 133, A, If)
radiate outwards, at first in a horizontal direction and then
gradually ascending towards the leaves. The vascular cylinder
is of the type known as cauline; that is, some of the xylem is
distinet in origin from that which consists solely of the lower
ends of leaf-traces. As in Lycopodium the development of the
metaxylem is centripetal.

Von Mohlt, and a few years later Hofmeister?, were the first
botanists to give a satisfactory account of the anatomy of
Tsoetes, but it is only recently* that fresh light has been thrown
upon the structural features of the genus the interest of which
is enhanced by the many points of resemblance between the
rocent type and the Palaeozoic Lepidodendreae. A striking
anatomical feature is the power of the stem to produce secondary
vascular and non-vaseular tissue; the genus is also charac-
terised by the early appearance of secondary meristematic
activity which renders it practically impossible to draw any
distinct line between primary and secondary growth. A
cylinder of thin-walled tissue (fig. 133, A, a) surrounds
the primary central eylinder and in this a cambial zone, ¢, 18
recognised even close to the stem-apex; this zone of dividing
cells is separated from the xylem by a few layers of rectangular
cells to which the term prismatic zone has been applied.

1 See von Mohl (40); Farmer (90). 2 Yon Mohl (40).
3 Hofmeister (62). 4 Farmer (90); Scott and Hill (00).
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The early appearance of the cambial activity on the edge of the
vascular cylinder 18 shown in fig. 133, C, which represents part
of a transverse section of a young stem. A leaf-trace, It, is in
connexion with the primary xylem, #, which consists of short
tracheids, often represented only by their spiral or reticulately
thickened bands of lignified wall, and scattered parenchyma.
Some of the radially elongated cells on the sides of the leaf-
trace are seen to be in continuity on the outer edge of the
stele, at st, with flattened elements, some of which are sieve-
tubes. The position of a second leaf-trace is shown at (t'.
Fxternal to the sieve-tubes the tissue consists of radially
arranged series of rectangular cells, some of which have already
assumed the function of a cambium (¢). The tissue produced
by the cambium on its inner edge consists of a varylng amount
of secondary xylem composed of very short spiral tracheids;
a few of these may be lignified (fig. 183, A, «7) while others
remain thin,

Phloem elements, recognisable by the presence of a thickened
reticulum enclosing small sieve-arcas (fig 133, B, 5) are fairly
abundant, and for the rest this intracambial region is composed
of thin-walled parenchyma. In longitudinal section these
tissues present an appearance almost identical with that
ohserved in a transverse section. Fig. 133, B represents a
longitudinal section, through the intracambial zone and the
edge of the stele, of a younger stem than that shown in
fig. 133, A. Most of the radially disposed cells internal to the
meristematic region are parenchymatous without any distinetive
features; a few scattered sieve-tubes (s) are recognised by their
elliptical sieve-areas and an occasional tracheid can be detected.
The cambium cuts off externally a succession of segments
which constitute additional cortical tissue (fig. 133, A, er)
of homogeneous structure, composed of parenchymatous cells
containing starch and rich in intercellular spaces. As the stem
grows in thickness the secondary cortex reaches a considerable
breadth and the superficial layers are from time to time
exfoliated as strips of dead and crushed tissue (fig. 133, A, b).
The diagrammatic sketch reproduced in fig. 133, A, serves to
illustrate the arrangement and relative size of the tissue-regions
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in an Isoetes stem. In the centre occur numerous spirally or
reticulate tracheae scattered in parenchymatous tissue which
has been considerably stretched and torn in the peripheral
region of the stele; the radiating lines mark the position of the
leaf-traces (If) in the more horizontal part of their course. The
zone between the cambium (c) and the edge of the central
cylinder consists of radially disposed secondary tissue of short,
and for the most part unlignified, elements including sieve-
tubes and parenchyma; the secondary xylem elements consist
largely of thin-walled rectangular cells with delicate spiral
bands, but discontinuous rows of lignified tracheae (z%) oceur
in certain regions of the intracambial zone. The rest of the
stem consists of secondary cortex (er) with patches of dead
tissue (b) still adhering to the irregularly furrowed surface.
The structure of the cambium and its products is shown in
the detailed drawing reproduced in fig. 133, D. Many of the
elements cut off on the inner side of the cambium exhibit the
characters of tracheids : most of these are unlignified, but others
have thicker and lignified walls (ér).

I. hystriz appears to be exceptional in retaining its leaf-
bases, which form a complete protective investment and prevent
the exfoliation of dead cortex. Each leaf-trace consists of a few
spiral tracheids accompanied by narrow phloem elements directly
continuous with the secondary phloem of the intracambial zone.
Dr Scott and Mr Hill have pointed out that a normal cambium
is occasionally present in the stem of I. hystriz during the early
stages of growth; this gives rise to xylem internally. The
few phloem elements observed external to the cambium may be
regarded as primary phloem, a tissue not usually represented in
an Isoctes stem!, The occasional occurrence of this normal
cambium, may, as Scott and Hill suggest, be a survival from a
former condition in which the secondary thickening followed
a less peculiar course. The lower leaf-traces become more or
less obliterated as the result of the constant inerease in thickness
of the broad zone of secondary tissues through which they pass.

The adventitious roots are developed acropetally and

! Miss Stokey (09), in a paper which appeared sinee this account was written,
eriticises the conclusions of Seott and Hill (00).

S, I ]
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arranged in parallel series on each side of the median line of the
two or three furrows. The three arms of the triangular stele of
1. hystriz and the two narrow ends of the long axis of the stele
of 1. lacustris, which in transverse section has the form of a
flattened ellipse, are built up of successive root-bases. A root
of Isvetes (fig. 133, (i) possesses one vascular bundle, #, with a
single strand of protoxylem, pe, thus agreeing in its monarch
structure with the root-bundle in Selaginella and many species
of Lycopodium. The cortical region of the oot consists of a few
layers of outer cortex succeeded by a large space, formed by
the breaking down of the inner cortical tissue, into which the
vascular bundle projects (fig. 133, F). The peculiarity of the
roots in having a hollow cortex and an eceentric vascular bundle
was noticed by Von Mohl®. In the monarch bundles, as in the
fistular cortex and dichotomous branching, the roots of fsoetes
present a striking resemblance to the slender rootlets of the
Palaeozoic Stigmaria (see Page 246). The longitudinal seetion
through the base of a root of Tsoetes lacustris shown in fig, 183, F,
affords a further illustration of certain features common to the
fossil and recent types.

FOSSIL, LYCOPODIALES.

Isoetaceae

The geological history of this division of the Pteridophyta is
exceedingly meagre, a fact all the more regrettable as it is by
no means improbable that in the surviving genus Isoeles we
have an isolated type possibly of considerable antiquity and
closely akin to such extinet genera as Plewromeio and
Sigillaria.  If Saporta’s Lower Cretaceous species [soetes
Choffati?, or more appropriately Isoetites Choffati, is correctly
determined, it is the oldest fossil member of the family and
indeed the most satisfactory among the more than doubtful
species described as extinet forms of Isoetes.

1 Von Mohl (40).
2 Saporta (94) p. 184, Pls. Xx1v. XXV, XXVIL
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Isoetites.

The generic name Isoetites was first used by Miinster! in the
deseription of a specimen, from the Jurassic lithographic slates
of Solenhofen in Bavaria, which he named Isoetites crociformas.
The specific name was chosen to express a resemblance of the
tuberous appearance of the lower part of the imperfeetly pre-
served and indeterminable fossil to a Crocus corm.

Impressions of Isoetes-like leaves from the Inferior Qolite
of Yorkshire figured by Phillips® and afterwards by Lindley? as
Solenites Murrayana were compared by the latter author with
Isoetes and Piluluria, but these leaves are mow generally
assigned to Heer's gymnospermous genus Czekanowshia. An
examinabion of the structure of the epidermal cells of these
Jurassic impressions convinced me that they resemble recent
coniferous needles more closely than the leaves of any Pterido-
phyte. The genus Czekanowskio* is recognised by several
authors as a probable member of the Ginkgoales,

Q

Isoetites Choffati. Saporta.

The late Marquis of Saporta founded this species on two
sets of impressions from the Urgonian (Lower Cretaceous) of
Portugal which, though not found in actual organic connexion,
may possibly be portions of the same plant. Small relatively
broad tuberous hodies reaching a breadth of 1 em. are compared
with the short and broad stem of Isoefes, which they resemble
in bearing numerous appendages radiating from the surface like
the roots of the recent species; on the exposed face of the stem
occur scattered ecircular sears representing the position of roots
which were detached before fossilisation. Other impressions
are identified as the basal portions of sporophylls bearing
sporangia: these suggest the expanded base of the fertile leaves
of Isogtes with vertically elongated sporangia, some of which
have a smooth surface while in others traces of internal structure
are exposed ; the interior consists of an i rregular network with
depressions containing carbonised remains of spores,

! Miinster (42) p. 107, PL 1v. fig, 4. * Phillips (29) A P1. x. fig. 12.
" Lindley and Hutton A (34) PL. cxxr. * Nathorst (06); Beward (00) p. 278.

5—32
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While recognising a general resemblance to the sporophylls
of Isoetes, certain differences are obvious : there is no ligule in
the fossil leaves nor are there any distinet traces of vascular
strands such as occur in the leaves of recemt species. The
form of the sporangium, more elongated than in the majority
of recent forms, is compared by Saporta with that in a south
European species Isoctes sefaced Spr.

Such evidence as we have lends support to the inclugion of
these Portuguese fossils in the genus Isoetites, but apart from
the fact that we have no proof of any connexion between the
stems and supposed sporuphylls, the resemblance of the latter
to those of Isoetes is, perhaps, hardly sufficient to satisfy all
reasonable secepticism.

The generic name Isoetopsis was used by Saporta as more
appropriate than Isoetes for some FEocene fossils from Aix-en-
Provence which are too doubtful to rank as trustworthy evidence
of the existence of the recent genus. The species, Isoetopsts
subaphylla® is founded on impressions of small scales, 4 mm.
long, bearing circular bodies which are compared with sporangia
Or SPOrEs.

Other records of fossils referved to Isoetes need not be
described as they have no claim to be regarded as contributions
towards the past history of the genus. Heer's Miocene species
Tsoetites Scheuszeri and I. Braunii Unger® from Switzerland are
based on unsatisfactory material and are of no importance,

Pleuromeia.

The generic name Pleuromeia, was suggested by Corda® for
4 fossil from the Bunter Sandstone, the original deseription of
which was based by Miinster* on a specimen discovered in a
split stone from the tower of Magdeburg Cathedral.

The majority of the specimens have been obtained from the
neighbourhood of Bernburg, but a few examples are recorded
from Commern and other German localities: all are now included
under the name Plewromeia Sternbergi. Glermar, who published

1 Saporta (88) p. 28, Pl 1. pp. 16—20. * Heer (76) A.
3 (orda, in Germar (52). 1 Mimster (42) A.
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one of the earlier accounts of the species, states that Corda
dissented from Miinster's choice of the name Sigillaria and
proposed the new generic title Pleuromeia. One of the best
descriptions of the genus we owe to Solms-Laubach! whose
paper contains references to earlier writers. Illustrations have
been published by Miinster, Germar?, Bischof®, Solms-Laubach
and Potonié*,

Pleyrometa Sternbergi. (Miinster.)
Fig. 134.

1842, NSigillarie: Sternbergii, Minster,

1854. Sagenarie. Bischofii, Goeppert .

1885. Sigillaria eculing, Blanckenhorn.

1904. Plewromeia oculing, Potonié.

Pleuromeia Sternbergi is represented by casts of vegetative
and fertile axes, but the preservation of the latter is not
sufficiently good to enable us to draw any very definite
conclusions as to the nature of the reproductive organs. Casts
of the stems reach a length of about 1 metre and a diameter of
5—6 em., or in some cases 10 cm.; all of them are in a more
or less decorticated state, the degree of decortication being
responsible for differences in the external features which led
Spieker® to adopt more than one specific name.

Fig. 134, A, represents a sketeh, made some years ago, of a
Specimen in the Breslan Museum which contains several examples
of thig species, among others those described by Glermar 1n
1_852- The cylindrical cast (38 cm. long by 12 ¢m. in circum-
ference), which has been slightly squeezed towards the upper
end, bears spirally arranged imperfectly preserved leaf-scars and
b'h(.} lower end shows the truncated base of onme of the short
Stigmaria-like arms characteristic of the plant. As shown
Clearly in 4 specimen originally figured by Bischof and more
g?ii;:tly b}’. Pﬂiionié?, the stem-base is di‘vid(ad by a double

omy into four short and broad lobes with blunt apices and
“0t upwards like the arms of a grappling iron (fig. 134, D).
, SolmsLaubach (99). ¢ Germar (52). ¢ Bischof (53).

4 Al
. g"?”’jm (01) p. 754; (04) Lief ii.  * Goeppert, in Romer (54) PL. xv. fig. 7.
Picker (53), 7 Potonié (loc. cit.),
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The surface of this basal region is characterised by numerous
circular scars (fig. 134, D; 4 scars enlarged) in the form of

Fre. 134, Pleuromeia Sternbergi.
A Cast of stem in the Breslan Museum (§ nat. size), (A.C.8.)
“ Sigillaria oculina’ Blanckenhorn, (After Weiss).
C D. Leif-sears and base of stem: a, vascular tissue. (After Solms-
Lanbach.)

slightly projecting areas with a depression in the centre of
each. These are undoubtedly the scars of rootlets, remains of
which are occasionally seen radiating through the surrounding
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rock. As seen in fig. 134, D, @, the fractured surface of a
basal area may reveal the existence of an axial vascular cylinder
giving off slender branches to the rootlets.

The bulbous enlargement at the base of the Brown sea-
weed Laminaria bulbosa Lam.® simulates the swollen base of
Pleurometa ; but a confusion between these two plants is hardly
likely to occur. Above the Stigmaria-like base the gradually
tapered axis, in the less decorticated specimens, bears spirally
disposed transversely elongated areas consisting of two tri-
angular scars between which is the point of exit of a leaf-trace.
The form of the leaf-scars is best seen on the face of a mounld
figured by Solms-Laubach (fig. 134, C): in this case the two
triangular areas appear as slight projections separated by a
narrow groove marking the position of the vascular bundle of
the leaf The curved lines above and below the leaf-scar
probably mark the boundary of the leaf-base. The two
triangular scars are compared by Solms-Laubach and by
Potonié with the parichnos-scars of Sigilluria and Lepido-
dendron (cf. fig. 146, C.), but the large size of the Pleuromeia
sears constitutes an obvious difference though possibly not a
distinetion of 1mportance.

The ocenrrence of a vertical eanal filled with carbonaceons
material in some of the stems throws light on the internal
structure: the canal, which is described by Solms-Laubach as
having a stellate outline in transverse section recalls the narrow
central eylinder of a Lepidodendron stem, and this comparison
is strengthened by the presence of obliquely ascending grooves
which represent leaf-traces passing through the cortex. In
specimens which have lost more of the cortical tissues the
surface is characterised by spirally disposed, discontinuous
vertical grooves representing portions of leaf-traces precisely as
they appear in similar casts of Lepidodendron. There is no
direct evidence of the existence of secondary wood in the stem,
but, as Potonié has pointed out, the greater transverse elongation
of the leaf-scars in the lower part of a cast (fig. 134, A) points
to the production of some secondary tissue either in the
vascular cylinder or cortex, or possibly in both regions.

1 Barber (89) Pls. v. vi.
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In some specimens of Pleuromeic the upper portion is
clothed with crowded and imbricate sporophylls which reach a
length of 25 em., a maximum breadth of 27 em., and a thickness
of 1 mm. Each sporophyll has a thin wing-like border, and
on the lower face are several parallel lines, Solms-Laubach
describes the sporangium or ovule as attached to the lower
surface of the sporophyll and this opinion has been confirmed by
Fitting® who has also brought forward satisfactory evidence in
favour of the sporangial nature of the reproductive organs.
Fitting found numerous spores in the Bunter Sandstone near
Halle; these are flattened circular bodies 0°5—0°7 mm. in dia-
meter with a granulated surface and the three converging lines
characteristic of spores produced in tetrads. The comparison
made by this author between the sporophylls of Pleuromeia,
which bore the sporangia on the lower surface instead of on the
upper as in other lycopodiaceous plants, and the pollen-sacs of
Conifers, is worthy of note in reference to the possible relation-
ship between Conifers and Lycopods.

A comparison of the Isoetes stem represented in fig. 132, A,
with the base of a Plewromeia shows a striking similarity, but,
as Fitting points out; the Stigmaria-like arms of the fossil con-
tained a vascular cylinder whereas the blunt lobes of fsoetes
consist exclusively of cortical tissue, the roots being given off
from the grooves between the lobes of the tuberous stem.

The position of Plewromeia must for the present be left an
open question ; it is, however, clear that the plant bears a close
resemblance in the form of its base to the Stigmarian branches
of Lepidodendron and Sigillaria. The vegetative shoot appears
to be constructed on a plan similar to that of these two
Palaeozoic genera, but the gtrobilus is of a different type. I
would seem probable that Plevromeie may be closely allied to
Tsoetes and to the arborescent Lycopods of Palacozoic floras.
It is not improbably a link in a chain of types which includes
Sigillaria on the one hand and Isoetes on the other.

It is not improbable that a specimen from the Lower
Bunter of Commern which Blanckenhorn made the type of a
new species, Sigillaria oculina (fig. 134, B) is specifically

I Fitting (07).
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identical with Plewromeia Sternbergi. An examination of a
cast of the type-specimen in the Berlin Bergakademie led me
to regard the fossil with some hesitation as a true Sigillaru,
but & more extended knowledge of Pleuromeia lends support to
the view adopted by Potonié* that Blanckenhorn’s plant is not
generically distinet from Pleuromeia Sternbergi. The resem-
blance between Sigillaria oculina and some of the Palacozoie
species of Sigillaria emphasised by Weiss? has given rise to the
belief that the genus Sigillaria persisted into the Triassic exra; it
is, however, highly probable that the Bunter specimen has no
claim to the generic name underwhich it has hithertobeen known.

The Bunter Sandstone in which Pleuromeia is the sole
representative of plant-life, at least in certain localities, is
usually considered to be a desert formation. We may not be far
wrong in accepting Fitting’s suggestion that in this isolated
species we have a relic of the sparse vegetation which was able
to exist where the presence of lakes added a touch of life to the
deadness of the Triassic desert.

Pleuromeia is recorded by Fliche as a rare fossil in the
Middle Trias of France in the neighbourhood of Lunéville®.

Herbaceous fossil species of Lycopodiales.

The history of our knowledge of fossil representatives of the
Lycopodiales, as also of the Eguisetales, affords a striking
illustration of the danger of attempting to found a elassification
on such differences as are expressed by the terms herbaceous
and arborescent in the semse in which they are usually
employed. As we have seen?, the presence of secondary wood in
stems of the Palaeozoic plant now known as Calamites led so
competent a botanist as Adolphe Brongniart to recognise a
distinet generic type Calamodendron, which he placed in the
Gymnosperms, reserving the designation Calamities for species
in which no indication of secondary thickening had been found.

Similarly, the genus Sigillaria was regarded as a Gymno-
sperm because it was believed to be distinguished from

1 Potonié (04) Lief ii. 2 Weiss, C. H. (86).
8 Fliehe (03). 4 Vol. 1, p. 300.
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Lepidodendron by the power of forming secondary vascular
tissues; the latter genus, originally thought to be always
herbaceous, was classed with the Pteridophytes. At the time
when this unnatural separation was made between stems with
secondary wood and those in which no secondary wood was
known to exist, botanists were not aware of the occurrence of
any recent Pteridophyte which shared with the higher plants
the power of secondary growth in thickness provided by means
of & meristematic zone. It is true that the presence or absence
of a cambium does not in practice always coincide with the
division into herbaceous and arborescent plants: no one would
speak of a Date-Palm as a herbaceous plant despite the absence
of secondary wood.

The danger which should be borne in mind, in adopting as a
matter of convenience the term herbacecous as a sectional
heading, is that it should not be taken to imply a complete
inability of the so-called herbaceous types to make secondary
additions to their conducting tissues. The specimens on which
the species of Lycopodites and Selaginellites, (genera which
may be designated herbaceous,) are founded are preserved as
impressions and not as petrifications; we can, therefore, base
definitions only on habit and on such features as are shown
by fertile leaves and sporangia. We are fully justified in
concluding from evidence adduced by Goldenberg more than
fifty years ago and from similar evidence bronght to light by
more recent researches, that there existed in the Palaeozoic era
lycopodiaceous species in close agreement in their herbaceous
habit with the lycopods of present-day floras. It has been
suggested! that the direct ancestors of the genera Lycopodium
and Selaginella are represented by the species of Lycopodites
and Selaginellites rather than by Lepidodendron and Sigillaria,
the arborescent habit of which has been rendered familiar by
the numerous attempts to furnish pictorial reproductions of a
Palaeozoic forest. Until we are able to subject the species
classed as herbaceous to microscopical examination we cannot
make any positive statement as to the correctness of this view,

L Halle (07) p. 1.
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but such facts as we possess lead us to regard the suggestion as
resting on a sound basis.

Palaeobotanical literature abounds in records of species of
Lycopodites, Lycopodinwm, Selaginelln and Selaginites, which
have been so named in the belief that their vegetative shoots
bear a greater resemblance to those of recent lycopodiaceons
plants than to the foliage shoots of Lepidodendron. Many
of these records are valueless: Lepidodendra, twigs of Both-
rodendron® species of conifers, fern rhizomes, and Aphlebiae®
have masqueraded as herbaceous lycopods. It is obvious that
an attempt to identify fossils presenting a general agreement in
habit and leaf-forma with recent species of lycopods must be
attended with considerable risk of error. Recent Conifers
include several species the smaller branches of which simulate
the leafy shoots of ecertain species of Lycopodium and
Selaginella, and it is not surprising to find that this similarity
has been responsible for many false determinations. Among
Mosses and the larger foliose Liverworts there are species which
in the condition of imperfectly preserved impressions, might
easily be mistaken for lyeopodiaceous shoots: an equally
close resemblance is apparent in the case of some flowering
plants, such as New Zealand species of Veronica, Tafalla
graveolens (a Composite), Lavoisiera lycopodiodes Gard.® (a
species of Melastomaceae), all of which have the habit of
Cupressineae among the conifers as well as of certain lycopodi-
aceous plants. It may be impossible to decide whether fossil
impressions of branches, which are presumably Iycopodiaceous,
bear two kinds of leaves* like the great majority of recent
species of Selaginella. Selaginella grandis, if seen from the
under surface, would appear to have two rows of leaves only
and might be confused with a small twig of such a conifer as
Dacrydium Kirkii, a New Zealand species.

The New Zecaland conifers Dacrydium cupressinum Soland.,
and Podocarpus dacrydicides Rich. closely simulate species of
Selaginellites and Lycopodites: in the British Museum a

! Peistmantel (75) A. p. 183, PL. xxx. pp. 1 and 2.

2 Germar (49) PL xxvi; Geinitz (55) A, PL 1. pp. 5, 6.
3 Bommer (03) p. 29, PL 1x, figs. 138—141.

+ Solms-Laubach (91) A. p. 137.
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specimen of the latter species bears a label describing it as
Lycopodium arborewm (Sir Joseph Hooker and Dr Solander ;
1769). The twigs of the Tasmanian conifer Microcachyrs
tetragona Hook. f. are very similar in habit to shoots of the
recent Lycopodium tetragonum (fig. 121, C).

In the description of examples of Lycopodites and Seloginel-
lites I have confined myself to such as appear to be above
suspicion either because of the presence of spore-bearing organs
or,in a few cases, because the specimens of sterile shoots are
sufficiently large to show the form of branching in addition to
the texture of the leaves. The two generic names Lycopodites
and Selaginellites are employed for fossil species which there
are substantial grounds for regarding as representatives of
Lycopodiwm and Selaginella. The designation Selaginellites is
adopted only for species which afford evidence of heterospory ;
the name Lycopodites, on the other hand, is used in a comprehen-
sive sense to include all forms—whether homophyllous or hetero-
phyllous—which are not known to be heterosporous. This
restricted use of the generic name Selaginellites is advocated
by Zeiller', who instituted the genus, and by Halle? in his
recent paper on herbaceous lycopods.

Lycopodites.

The generic term Lycopodites was used by Brongniart in
1822% in describing some Tertiary examples of slender axes
clothed with small scale-like leaves which he named Lycopodites
squamatus. These are fragments of coniferous shoots. In the
Prodrome dune histoire des végétauz fossiles* Brongniart
ineluded several Palacozoic and Jurassic species in Lycopodites
and instituted a new genus Selaginites, expressing a doubt as fo
the wisdom of attempting to draw a generic distinction between
the two sets of species. In a later work® he recognised only one
undonbted species, Lycopodites fulcatus. The first satisfactory
account of fossils referred to Lycopodites is by Goldenberg®

1 Zeiller (06) p. 140. 2 Halle (07).

3 Brongniart (22) A. p. 304, PL vy, fig. 1. * Brongniart (28) A, p, 83,
& Brongniart (49) A. p. 40. & (oldenberg (58) p. 9.
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who gave the following definition of the genus:—“ Branches
with leaves spirally disposed or in whorls. Sporangia in the
axil of foliage leaves or borne In terminal strobili.”

It was suggested by Lesquereux® that Goldenberg’s defini-
tion, which was intended to apply to herbaceous species,
<hould be extended so as to include forms with woody stems
but which do not in all respects agree with Lepidodendron.
Kidston? subsequently adopted Lesquereux’s modification of
Goldenberg’s definition. We cannot draw any well-defined line
between impressions of herbaceous forms and those of small
arborescent species. We use the name Lycopodites for such
plants as appear to agree in habit with recent species of
Lycopodium and Selaginella and which, so far as we know, were
not heterosporous : it is highly probable that some of the
species 80 named had the power of producing secondary wood,
a power possessed by some recent Pteridophytes which never
attain the dimensions of arborescent plants.

It has been shown by Halle®, who has re-examined several
of Goldenberg’s specimens which have been acquired by the
Stockholm Palacobotanical Museum, that some of his specles
of Lycopodites are heterosporous and therefore referable to
Zeiller's genus Selaginellites.

In 1869 Renault described two species of supposed Palaeo-
zoic Liycopods as Lycopodivm punctatum and L. Renaultii®, the
latter name having been suggested by Brongniart to whom
specimens were submitted. These species were afterwards
recognised by their author as wrongly named and were
transferred to the genus Heterangium?®, a determination which
is probably correct; it is at least certain that the use of the
name Lycopodiwm cannot be upheld.

We have unfortunately to rely on specimens without
petrified tissues for our information in regard to the history of
Lycopodites and Selaginellites. Among the older fossils referred
to Lycopodites are specimens from Lower Carboniferous rocks
at Shap in Westmoreland which Kidston originally described

! Tiesquerenx (84) A. p. 777 ¢ Kidston (869) p. 561.

¥ Halle (07). 4+ Renanlt (69) p. 178, Pls. x11—x1v.

5 Renaulf (96) A. p. 249
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as Lycopodites Vanuwems', identifying them with Goeppert’s
Sigillaria Vanuzems® founded on German material. In a later
paper Kidston transferred the British specimens of vegetative
shoots to a new genus Archaeosigillaria®.

Lycopodites Stockii Kidston®.

The plant so named was discovered in Lower Carboniferous
strata of Eskdale, Dumfries, Scotland; it is represented by
imperfectly preserved shoots bearing a terminal strobilus and
was originally described by Kidston as apparently possessing two
kinds of foliage leaves borne in whorls. The larger leaves have
an ovate cordate lamina with an acuminate apex, while the
smaller leaves, which are less distinct, are transversely
elongated, and simulate sporangia in appearance. Dr Kidston’s
figure of this species has recently been reproduced by
Professor Bower® who speaks of the supposed smaller leaves as
sporangia, a view with which the author of the species agrees.
It would appear that this identification is, however, based
solely on external resemblance and has not been confirmed by
the discovery of any spores. Assuming the sporangial nature
of these structures, this Palacozoic type represents, as Bower

points out, a condition similar to that in some recent species of

Lycopodium in which sporangia are not confined to a terminal
strobilus but occur also in association with ordinary foliage
leaves. The strobilus consists of crowded sporophylls which are
too imperfect to afford any definite evidence as to their
homosporous or heterosporous nature.  As Solms-Laubach®
points out, this type recalls Lycopodiuin Phlegmaria among
recent species,

Lycopodites Reidi Penhallow.

Professor Penhallow? instituted this name for a specimen
measuring 8 cm. long by 6 mm. in breadth, collected by Mr

1 Kidston (86%). 2 Goeppert (52) A.
4 Kidston (01) p. 38. 4 Kidston (84) P1, v; (01) p. 87,
5 Bower (08) p. 298, fig. 147. 6 Solms-Laubach (91) A. p. 186.

7 Penhallow (92) PL 1. fig. 2, p. 8.
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Reid from the Old Red Sandstone of Caithness, consisting of an
axis bearing narrow lanceolate leaves some of which bear
sporangia at the base.

Lycopodites Gutbier: Goeppert™.

1894, Lycopodites elongatus Kidston® (not (Goldenberg).

The species, fignred by (leinitz as Lycopodites Gautlreri®,
from the Coal-Measures of Saxony is probably a true re-
presentative of the genus. The Saxon spe eimens are hetero-
phyllous; the larger lanceolate and slightly falcate leaves
arranged in two rows, are 4—5 mm. long “ln]e the smaller
leaves are one half or one third this size; some of the
dichotomously branched shoots terminate in ]nng and narrow
strobili not unlike those of Zeiller's species Selaginellites
Suisser*. Kidston® has included under this specific name some
fragments collected by Hemingway from the Upper Coal-
Measures of Radstock, Somersetshire, but as only one form of
. leaf is seen the reasons for adopting Goeppert's designation are
perhaps hardly adequate.

Lyjcopodites ciliatus Kidston®,

Under this name Kidston describes a small specimen,
obtained by Hemingway from the Middle Coal-Measures of
Barnsley in Yorkshire, consisting of a slender forked axis
bearing oval-acuminate leaves approximately 5 mm. long with
a fine ].y ciliate margin, Associated with the leaves were iuuml
spores which Kidston regards as megaspores.

Lycopodites macrophyllus Goldenberg™.

This species, originally deseribed by Goldenberg from the
Coal-Measures of Saarbriicken has been re-examined by Halle®

who is unable to confirm Goldenberg’s statement as to hetero-
1 Goeppert (52) p. 440. 2 Kidston (94) A. p. 254.
3 Geinitz (55) A. p. 32, PL.1. fig. 1. 4 Page 58.
i Kidston (01) p. 36, fig. 2, B. 6 Kidston (01) p. 37, fig. 2, A.

7 Goldenberg (55) PL 1. fig. 5. 8 Halle (07) Pl. 1. fig. 5.
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phylly. The shoots closely resemble Selaginellites primaerust
(Gold).

Lycopodites Zeiller: Halle®. Fig. 135, C.

Halle has founded this species on specimens, from the Coal-
Measures of Zwickau in Saxony, characterised by dimorphic

Fic. 135.  Selaginellites and Lyeopodites.  (Alter Halle,)

A, Selaginellites primaevus (Gold.). x10.
B. Megaspore of Seluginellites elongatus (Gold.). x50,
¢. Lyeopadites Zeilleri Halle.  (Nat. size.)
D, Selaginellites elongatus (Gold.). = 2.

lanceolate leaves in four rows, the larger being 4—6 mm. long :
the smaller leaves have a ciliate edge. A comparison is made
with the recent species Selaginella arabica Baker, S. revoluta Bak.,
and 8. armate Bak. in which the leaves are described as ciliate.
In the absence of sporangia and spores the species is placed in
the genus Lycopodites,

1 Page 89. 2 Halle (07).
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Lycopodites lanceolatus (Brodie). Fig. 136. i
1845 Naiadita lanceolate, Brodiel
Naiadea aeuwminata, Puckman?
1850 Nwiodea lanceolaia, Puckman®,
Nagadea petiolata, BPuckman?,
1900 Naiudites acuminatus, Wi

1901 Neaiadita lanceolata, Sollas

(figures showing habit of the
plant).

1804 Lycopodites lanceolatus, Seward™ (figure showing hahit of the
plant).

Fro, 136, Lycopedites lanceolatus (Brodie), (After Miss Sollas. x 40.)
a, Sporangium wall ; b, leaf.
¢, remains of tubular elements in stem.

! Brodie (45) p. 93. * Buckman in Murchison (45) p. 6.
Buckman (50) p. 413, fig. 2. ! Buckmun (30) p. 415, fig. 4.
* Wickes (00) p. 422. 5 Sollas (01).

* Beward (04) p. 14, PL 1. figs. 2, 3.

B I
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Specimens referred to this species were originally recorded
by Brodie from Rhactic rocks in the Severn valley, the name
Nuiadita being chosen as the result of Lindley’s comparison of
the small and delicate leaves with those of recent species of the
Monocotyledonous family Naiadaceae. The species may be
described as follows:

Plant slender and moss-like in habit. The axis, which is
delicate and thread-like, bears numerous linear acuminate or
narrow ovate leaves reaching a length of approximately 5 mm.
Under a low magnifying power the thin lamina of the leaves
is seen to have a superficial layer of polygonal or rectangular
cells arranged in parallel series (fig. 136 b). There is no trace of
midrib or stomata. The sporangia are more or less spherical
and short-stalked, situated at the base of the foliage leaves and
containing numerous tetrads of spores. The spores have a
diameter of 0°08 mm.

Buckman founded additional species on differences in the
shape of the leaves but, as Miss Sollas has pointed out, such
differences as he noticed may be detected on the same axis.
Tt was stated in an earlier chapter! that Starkie Gardner, on
insufficient evidence, proposed to place Brodie’s plant among
ihe Mosses. The discovery by Mr Wickes of new material at
Pylle hill near Bristol afforded an opportunity for a re-examina-
tion of the species: this was suceessfully undertaken by Miss
Qollas who was able to dissolve ont spores from the matrix by
dilute hydrochloric acid, and fo recognise the remains of internal
strueture in the slender axes by exposing successive surfaces
with the aid of a hone. It was found that sporangia occurred
at the base of some of the leaves containing nuierous tetrads
of spores, the individual spores having a diameter of 0:08 mm.,
apparently twice as large as those of any vecent species of
Lg.;t‘upf,nr.ia:u,'na. Fig. 136 shows a sporangium, ¢, ab the base of
a leaf b. Tndications of tubular elements were recognised in
the stem and it is noteworthy that although the outlines of
epidermal cells on the leaves are well preserved no stomata were
found, The leaves of the recent American species Liycopo-
diwm alopecuroides Linn. var. aguaticum Spring? which lives

3

1 Vol. 1. p. 240. 2 Sollas (01) p. 311.
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under water, possess stomata. It is probable that in Lycopodites
lanceolatus the leaves had a very thin lamina and may have
been similar in structure to those of recent Mosses; the plant
possibly lived in very humid situations or grew submerged.
Miss Sollas’s investigations afford a satisfactory demonstration
of the lycopodiaceous nature of this small Rhaetic species: as
I have elsewhere suggested?, the generic name Lyeopodites should
be substituted for that of Nedadita. Examples of this species
way be seen in the British Museum.

The Rhaetie species from Scania, Lycopodites scanicus Nath.2
(un litt.), vecently re-deseribed by Halle and originally referred
by Nathorst to Gleichenic affords another example of the
occurrence of a small herbaceous lycopod of Rhaetic age.

Fi1a, 187. Lycopodites falcatus L. and H. From the Inferior Oolite of York-
ghire. (Nat. size. M.S.)

Lycopodites faleatus Tind. and Hutt. Fig. 137.

oy and Hutton3,

sites faleatus, Sternbergd,

1831 ZLycopodites falcatus, Lindl
1838 S
1870 Lycopodium faleatwm, Schimpers,

In 1822 Young and Bird® figured a specimen from the

,’. Seward (04) p. 14, * Halle (07) p. 14, P1, 1. figs. 6—12.

* Lindley and Hutton (31) A. Pl zx1, 4 Sternberg (38) A. p. 38.

* Schimper (70) A. p. 9. & Young and Bird (22) A. PL 1. fig. 7.
6—2
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Inferior Oolite rocks of the Yorkshire coast bearing “small
vound crowded leaves” which was afterwards described by
Lindley from additional material obtained from Cloughton
near Scarborough as Lycopodiles foleatus. The example re-
presented in fig. 137 shows the dichotomously branched shoots
bearing two rows of broadly falcate leaves. A careful examina-
tion of the type-specimen’ revealed traces of what appeared to be
smaller leaves, but there is no satisfactory proof of heterophylly.
No sporangia or spores have been found. This British species
has been recorded from Lower Jurassic or Rhaetic rocks of
Bornholm? and a similar though probably not identical type,
Lycopodites Victoriae®, has been recognised in Jurassic strata
of Australia (South Gippsland, Victoria). An Indian plant
described by Oldham and Morris* from the Jurassic flora of the
Rajmahal hills as Araucarites (%) gracilts and subsequently
transferred by Feistmantel to Schimper’s genus Chetrolepis®
may be identical with the Yorkshire species. The Jurassic
fragments described by Heer from Siberia as Lycopodites
tenerrimus® may be lycopodiaceous, but they are of no botanical
interest.

Other examples of Mesozoic Lycopods have been recorded,
but in the absence of well-preserved shoots and sporangia they
are noteworthy only as pointing to a wide distribution of Lyco-
podites in Jurassic and Cretaceous floras?.

From Tertiary strata species of supposed herbaceous lycopods
have been figured by several authors, one of the best of which
is Selaginella Berthoudi Lesq.* from Tertiary beds in Colorado.
This species agrees very closely in the two forms of leaf
with Selaginella grandis, but as the specimens are sterile we
have not sufficient justification for the employment of the
generic name Selaginellites.

1 No. 39814, Brit. Mus, # Moller (02) I vr. fig. 21

8 Beward (04%) p. 161, Pl vim. fige 9 4, The drawing is veprodneed
twice natural size.

i Oldham and Morris (63) Pls. xxxmrr. xxxv.

5 Feistmantel (77) p. 87. i Heer (76) Pl xv. fige. 1—5.

7 Kathorst (90) A. PL 1r, fig. 3. Saporta (04) Plg. xxmir,—x¥vi.. Knowlton
(98) p. 136,
¥ Tesquereux (78) PL v. fig. 12. See also Knowlton loe. cit.




X1v] SELAGINELLITES 85

Selaginellites.

This generic name has been instituted by Zeiller® for
specimens from the coal basis of Blanzy (France). It is applied
to heterosporous species with the habit of Selaginella: Zeiller
preferred the designation Selaginellites to Selaginelle on the
ground that the type species differs from recent forms in having
more than four megaspores in each megasporangium. It is,
however, convenient to extend the term to all heterosporous
fossil species irrespective of the spore-output.

Selaginellites Suissei Zeiller.

This species was described in Zeiller's preliminary note® as
Lycopodites Suissei, but he afterwards transferved it to the genus
Selaginellites. In habit the plant bears a close resemblance to
Lycopodites macrophyllus of Goldenberg ; the shoots, 1—3 mm.
thick, are branched in & more or less dichotomous fashion and
bear tetrastichous leaves. The larger leaves reach a length of
46 mm. and a breadth of 2—3 mm ; the smaller leaves are
described as almost invisible, closely applied to the axis, oval-
lanceolate and 1—2 mm. long with a breadth of 0:5—075 mm.
Long and narrow strobili (15 em. by 8—10 mm.) terminate the
fertile branches ; these bear erowded sporophylls with a trian-
gular lamina and finely denticulate margin. Oval sporangia
were found on the lower sporophylls containing 16—24 spherieal
megaspores 0°6—065 mm. in diameter. The outer membrane
of the spore is characterised by fine anastomosing ridges and
thin plates radiating from the apex and forming an equatorial
collarette. The microspores have a diameter of 40—60u and
the same type of outer membrane as in the megaspores. The
megaspores of the recent species Selaginella caulescens, as
figured by Bennie and Kidston?, resemble those of the Palaeozoic
type in the presence of an equatorial flange. It is interesting
to find that, in spite of the occurrence of 16—24 megaspores
in a single sporangium the size of the fossil spores exceeds
that of the recent species.

1 Zeiller (06) p. 141, Pls. xxx1x. XIL. 2 Zeiller (00) p. 1077.
5 Bennie and Kidston (88) PL vr. fig. 22
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Selaginellites primaevus (Gold.). Fig. 135, A,

fig. 138.

o

55 Lycopodites primaevys, Goldenberg!.
1870 Lycopodiin primeevum, Schimper®.
7 Selaginellites primaceus, Halle®,
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Fro. 138, Sclaginellites primaevis (Gold.). (After Goldenberg.)
Tn habit this species, first recorded by Goldenberg from the
Coal-Measures of Saarbriicken, is similar to S. Suisser Zeill.

1 Goldenberg (55) PL 1. fig. 3. 2 Sehimper (70) A. Pl rvin. fig. 2.

4 Halle (07).
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The drawing reproduced in fig. 138 is a copy of that of the type-
specimen : another specimen, named by Goldenberg, is figured
by Halle in his recently published paper. The leaves appear
0 be distichous: no smaller leaves have been detected, though
Halle is inclined to regard the plant as heterophyllous. The
sporophylls, borne in slender terminal strobili, are smaller than
the foliage leaves and spirally disposed (fig. 138 smaller
specimen). Halle succeeded in demonstrating that some of
the sporangia contained a single tetrad of spores, each spore
having a diameter of 04—05 mm. No microspores were found,
but it is clear that the species was heterosporous and that 1t
agrees with recent species in having only four spores in the
megasporanginm.

Selaginellites elongatus (Gold). Fig. 135, B, D.

1855 Lycopodites elongatus, Goldenberg™.
1870 Lycopodium clongatuwin, Schimper?

The shoots of this species resemble the recent Lycopodiwmn
complanatwm; they differ from those of Selaginellites primaevus
in their long and narrow branches which bear two forms of leaf.
The longer leaves, arranged in opposite pairs, are slightly falcate;
the smaller leaves are appressed to the axis and have a triangular
cordate lamina. Another peculiarity of this species is the
oceurrence of sporangia in the axil of the foliage leaves, a feature
characteristic of the recent Lycopodium Selago. In recent
species of Selaginella the sporophylls are always in strohili, No
microspores have been found nor the walls of megasporangia,
but tetrads of megaspores were isolated by Halle: the spores have
three radiating ridges (fig. 135, B) connected by an equatorial
ridge. Halle estimates the number of spores (045 mm. in
diameter) in a sporangium at 20 to 30. In size as in number
the spores exceed those of recent species and agree more nearly
with the megaspores of S. Suisset.

Tt would seem to be a general rule that the spores (mega-
spores) of the fossil herbaceous species exceeded considerably in

I @Goldenberg (55) PL 1. fig. 2. 2 Schimper (70) A. p. 10.
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dimensions those of recent forms and on the other hand were
smaller than those of the Palacozoie arborescent species.

There can be little doubt that some of the Mesozoie and
Tertiary species included under Lycopodites agree mare closely
with the recent genus Selaginella than with Lycopodium, but
this does not constitute an argument of any importance against
the restricted use of the designation Selaginellites which we
have adopted. From a botanical point of view the various
records of Lycopodites and Selaginellites have but a minor hm-
portance; they are not sufficiently numerous to throw any light
on questions of distribution in former periods, nor is the preser-
vation of the material such as to enable us to compare the fossil
with recent types either as regards their anatomy or, except 111
a few cases, their sporangia and spores. The Palaeozoic species
are interesting as revealing less reduction in the number of spores
produced in the megasporangia. Among existing Pteridophytes
the genus fsoetes agrees more closely than Selaginella, as regards
the number of megaspores in each sporangium, with such fossils
as Selagunellites Suissei and S. elongatus.

Tt would seem that in most Palacozoic species heterospory
had not reached the same stage of development as in the recent
genus Selaginella in which the megaspores do not exceed four
in each sporangium. In Selaginellites primaevus, however, the
heterospory appears to be precisely of the same type as in
existing species.

Lycostrobus.

The generic name Lycostrobus has recently been instituted
by Nathorst! for certain specimens of a lycopodiaceous strobilus,
from the Rhaetic strata of Seania, which he formerly referred to
the genus Androstrobus®.

Lycostrobus Scott Nathorst, Fig. 139.

The fossil described under this name is of special interest as
affording an example of a Mesozoic lycopodiaccous cone com-
parable in habit and in size with some of the largest examples

I Nathorst (08). ¢ Nathorst (02 p. 5, PL. 1. fig. 1.
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of Palaeozoic Lepidostrobi, the cones of Lepidodendron. The
Swedish fossil from Upper Rhaetic strata of Helsingborg (Seania)
was originally designated Androstrobus Scotti, the generic name
being adopted in view of the close resemblance of the form of
the strobilus to the male flower of a Cycad. A more complete
examination has shown that the bodies, which were thought to

Frc. 189. Liycostrobus Seotti, Nath. {After Nathorst ; ¢ nat. size.)

be pollen-sacs—though Nathorst recognised certain differences
are the

between them and the pollen-sacs of lycopods
megaspores of a lycopod. Microspores have also been identified.
The axis of the cone has a breadth of 2 em. with a peduncle

which may be naked or provided with a few small scales; the
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sporophyll region of the axis reached a length of at least 12 cm.
The spirally disposed sporophylls terminate in a rhombie distal
end which may represent the original termination or they
may have been prolonged upwards as free laminae. Each
sporophyll bears on its upper face a single large sporanginm
containing either megaspores or microspores: the megaspores,
0-55—0-60 mm. in diameter, are finely granulate and bear small

warty thorns or more slender pointed appendages. The micro-
spores, after treatment with ean de Javelle, were found to
measure 36—44, while others which had been treated with
ammonia reached 54p in diameter. Nathorst describes the
microspores as oceurring in spherical groups or balls, which
it is suggested may be compared with the groups of spores
separated by strands of sterile tissue (trabeculae) in the large
sporangia of [soetes (cf. fig. 133, H). If this comparison is sound
it would point to a more complete septation of the sporanginm
in Lycostrobus than in any recent species of Isoefes. The size
of the strobilus would seem to indicate the persistence into
the Rhaetic era of an arborescent lycopodiaceous type ; but the
appearance and manner of preservation of the axis is inter-
preted by Nathorst as evidence of a herbaceous rather than
a woody structure. He is disposed to regard Isoetes as the
most nearly allied existing genus,

The comparison made by Nathorst with Zsoetes is based on
a resemblance between the spores of the two genera and on the
evidence, which is not decisive, of the existence of sterile
strands of tissue in the sporangia of Lycostrobus. This
similarity is however hardly of sufficient importance to justity
the inclusion of the Rhaetic strobilus in the Isoetaceae. In
size and in the arrangement and form of the sporophylls the
cone presents a much closer resemblance to Lepidodendron than
to Isoetes. It is probably advisable to regard this Rhaetic
type simply as a lycopodiaceons genus which we are unable,
without additional information, to assign to a particular position.

The opinion expressed by Professor Fliche! that the plant
described by Schimper and Mougeot as Caulopteris tessellata,
a supposed tree-fern stem, from MTriassic rocks of Lorraine, is
1 Fliche (03).
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more probably a large lycopodiaceous stem, either a Lepido-
dendron or a new genus, is worthy of note in reference fo
Nathorst's account of Lycostrobus. :

In habit the fossil strobilus may be compared with the
triassic genus Plewromeia, but the position of the sporangia on
the sporophylls constitutes a well-marked difference. The
most important result of Nathorst’s skillful treatment of this
interesting fossil by chemical microscopic methods 18 the
demonstration of the existence of a large heterosporous type of
lycopodiaceous cone in a Rhaet ic flora,

Poecilitostachys.

Under this generic name M. Fliche! has briefly deseribed a
ssic rocks of Epinal in

fertile lycopodiaceons shoot from the Tria
France: the type species I wecilitostachys Hangt consists of a
cylindrical axis, 10 em. x 5 mm., deprived of leaves and termi-
nating in a rounded receptacle bearing a capitulum of bracts or
fertile leaves. Detached megasporangia containing small globular
bodies found in association with the capitulum are compared
with the megasporangia of Jsoetes.

I Fliche (09).




CHAPTER XV.
Arborescent Lycopodiales.

AMONG the best known plants in the Palaeozoie floras are
the genera Lepidodendron and Sigillaria, types which are often
spoken of as Giant Club-Mosses or as ancestors of existing
species of Lycopodium and Selaginella. Of these genera, buf
more particularly of ZLepidodendron, we pos
records in a condition which have made it possible to obtain
fairly complete information not only in regard to habit and
external features but as to the anatomical characters of both

s abundant

vegetative and reproductive shoots. The structure of Lepidoden-
dron differs too widely from that of recent Club-Mosses (species
of Lycopodium) to justify the statement that this prominent
member of the Palaeozoic vegetation may be regarded as a divect
ancestor of any living plant. There is at least no doubt that
Lepidodendron and Sigillarie must be included in the Pterido-
phyta. The description by Dr Scott? of the genus Lepidocarpon,
founded on petrified specimens of strobili, demonstrated the
existence of a type of lycopodiaceous plant in the Carboniferous
period  distinguished from all living representatives of the
group by the possession of integumented megaspores, which may
ds.  Lepidocarpon and another seed-bearing
plant Miadesmia are described under a separate heading as
lycopodiaceous types characterised by an important morpho-

fairly be styled se

logical feature, which among recent plants constitutes a
differentiating character between the Pteridophytes and the
Phanerogams,

I Seott (01).
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Lepidodendron.

1. General.

The genus Lepidodendron included species comparable
in size with existing forest trees. A tapered trunk rose vertically
to a height of 100 feet or upwards from a dichotomously
branched subterranean axis of which the spreading branches,
clothed with numerous rootlets, grew in a horizontal direction
probably in a swampy soil or possibly under water. A
description by Mr Rodway?® of Lycopods on the border of a
savannah in Guiana forming a miniature forest of Pine-like
Lycopodiums might, with the omission of the qualifying
adjective, be applied with equal force to a grove of Lepidodendra.
The equal dichotomy of many of the branches gave to the tree a
habit in striking contrast to that of our modern forest trees, but,
on the other hand, in close agreement with that of such recent
species of Lycopodium as L. cernuum (fig. 123), L. obscurum
(fig. 124) and other types. Linear or oval cones terminated
some of the more slender branches (‘ﬁg. 188) ngl'eeing in size and
form with the cones of the Spruce Fir and other conifers or with
the male flowers of species of Araucaria, eg. A. imbricata.
Needle-like leaves, varying considerably in length in different
species, covered the surface of young shoots in crowded spirals
and their decurrent bases or leaf-cushions formed an encasing
eylinder continuous with the outer corfex. The fact that leaves
are usually found attached only to branches of comparatively
small diameter would seem to show that Lepidodendron, though
an evergreen, did not retain its foliage even for so long a period
as do some recent conifers,

By the activity of a zone of growing tissue encircling the
eylinder of wood the main trunk and branches grew in thickness
year by year: the general uniformity in size of the secondary
conducting elements affords no indication of changing seasons.
As the hranches grew stouter and shed their leaves the surface of
the bark resembled in some degree that of a Spruce Fir and other
species of Picea, in which the leaf-scars form the upper limib of

I Rodway (95) A. p. 153:
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prominent peg-like projections, which, at first contiguous and
regular in contour, afterwards become less regular and separated
by grooves (fig. 140) and at a later stage lose their outline as the
bark is stretched to the tearing point (fig. 140, C). The leafless
branches of Lepidodendren were covered with spirally disposed
oval cushions less peg-like and larger than the decurrent leaf-
bases of Picea, which show in the upper third of their length a
clean-cut triangular area and swell out below into two prominent
cheeks separated by a median groove and tapering with

decreasing thickness to a pointed base, which in some forms
(e.g. Lepidodendron Velthevmianum, fig. 185, C, D), is prolonged
as a curved ridge to the summit of a lower leaf-cushion.

A B G

Fra. 140. Piceaexcelsa. Shoots of different ages showing ehanges in the appear-
ance of the leaf-cushions: a leaf attached to a cushion in fig. A.
(Slightly enlarged.)

A portion of the cushion below the triangular leaf-scar often
shows transverse gaping cracks or depressions (fig. 185, C) such
as oceur on a smaller seale on the older cushions of a Fir twig
(fig. 140). Secondary thickening,asin recent trees, is not confined
to the vascular eylinder but at an early stage, frequently before
there are any signs of secondary wood, the outer region of the
broad cortex becomes the seat of active cell-formation which
results in the addition of a considerable thickness to the bark.
At alater stage of increase in girth, the leaf-cushions are stretched
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apart and the original surface-features become obliterated by
vertical eracks and by the exfoliation of the superficial tissues’.

Some species of Lepidodendron produced branches charac-
terised by spiral or vertical series of sears; these in older shoots
were replaced by depressions having a diameter of several inches
and comparable in appearance, as also perhaps In manner of
formation, with the scars left on the stem of a Kauri Pine
(Agathis australis)® on the abscission of lateral branches by a
natural process, These shoots, known as Ulodendron, are
deseribed in a subsequent section. (Page 128.)

A fully-grown Lepidodendron must have been an lmpressive
tree, probably of sombre colour, relieved by the encircling felt of
green needles on the young pendulous twigs. The leaves of
some species were similar to those of a fir while in others they
resembled the filiform needles of the Himalayan Pine (Pinus
longifolia). The oeccasional presence of delicate hyphae in the
tissnes of Lepidodendron demonstrates susceptibility to fungal
pests.

Architecturally, if one may use the term, Lepidodendron
owed its power of resistance to the bending force of the wind
to its stout outer bark formed of thick-walled elements produced
by the activity of a cylinder of cortical meristem (figs. 148, 172,
ete.). The vaseular axis, of insignificant diameter in proportion
to the size of the stem (figs. 152, 153, 172, 181, A), must have
played a subordinate part, from a mechanical point of view, as
compared with the solid mass of wood of a Pine or an Oak.

Within the compass of a text-book it is impossible, even if it
were desirable, to include an account of the majority of the
species of the widely distributed Palacozoic genus Lepidodendron.
In spite of the great number of known species of this common
member of Carboniferous floras, our knowledge of the type as a
whole is deficient in many points, and such information as we
possess needs systematising and extending by comparative
treatment based on a re-examination of available data.

In order to appreciate the meaning of certain external

1 A good example of an old Lepidodendron stem (L. aculeatum) is figured by

Zalessky (04) Pl 1. fig. 8.
2 Seward and Ford (06) PL xxm. fig. C.
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features characteristic of Lepidodendron stems it is essential to
have some knowledge of the internal structure.

A dual system of terminology has heen unavoidably adopted
for species of Lepidodendron: the majority of specific names have
been assigned to fossils known only in the form of casts or im-
pressions, while petrified fragments, which unfortunately seldom
show the surface-features, have received another set of names.
A glance at the older palaeobotanical literature reveals the
existence of several generic designations, which fuller information
has shown to have been applied to lepidodendroid shoots
deprived of some of their superficial tissues before fossilisation
and differing considerably in appearance from the more complete
branches of the same species’. Tt has in some instances been
possible to correlate the two sets of specimens, casts or im-
pressions, showing external features, and petrified fragments.
We may reasonably expect that future discoveries will enable
us to piece together as definite specific types specimens at
present labelled with different names.

A well-preserved leaf-cushion of a Lepidodendron—the most
obvious distinguishing feature of the genns—is rhomboidal or
fusiform and vertically clongated (fig. 146, C, E; fig. 185, C, D):
in exceptional cases it may reach a length of 8 em. and a breadth
of 2 em. The cushion as a whole represents a prominent portion
of the stem or branch comparable with the elevation on the twig
of a Spruce Fir and the leaf-base of a Lycopodium (cf. fig. 121, A,
lower portion) which appears in a transverse section of a branch
as a rounded prominence (ef. Lycopodium, fig. 125, A and H),
Disregarding differences in detail, a typical Lepidodendron
leaf-cushion is characterised by a clearly defined smooth
area often situated in the middle region (fig. 146, C, s).
This is the leaf-scar or place of attachment of the base of
the leaf which was cut off by an absciss-layer while the branch
was comparatively young, as in recent forest trees and in some
species of Ferns. On the leaf-sear arve three smaller scars or
cicatricules, the central one is eireular or more or fesy triangular
in outline, the two lateral scars being usnally oval or circular.
The central pit marks the position of the single vascular bundle

1 Bee Tischer (04),
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which constituted the conducting tissue connecting the leaf
with the main vascular system of the stem. The two lateral
scars (figs. 145, A; p; 146, C, s; 147, p) represent the exposed ends
of two strands of tissue, the forked branches of a strand which

pass from the middle corfex of the stem Into the leaf; this is
known as the parichnos, a name proposed by Professor Bertrand
m 18914

The specimen shown in fig. 141 shows the linear leaves
attached to their respective cushions,

Fra. 141, Lepidodendron Sternbergii., TFrom a specimen in the British
Museum (No. v. from the Coal-Measures of Shropshire.
(Nat. size.)

The lamina has a well-defined median keel on the lower
surface and on either side a groove in which sections of petrified
leaves have demonstrated the occurrence of stomata (cf. fig. 142),

. Leaves and Leaf-cushions.

All Lepidodendron leaves, so far as we know, possessed a,
single median vein only. In some species, as for example in
Lepidodendron longifolium Brongn., they have the form of long

! Bertrand, C. H. (91) p. 84 : derived from mapd, by the side of, and fyvos, trace
or foot-print.

B. TIL.

|
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and slender acicular needles very similar to those of Pinus
longifolium; in L. Sternbergii (fig. 141) they are much broader
and shorter. In external form as in internal structure it is often
impossible to distinguish between the leaves of Lepidodendron
and Sigillaria. The distinguishing features ennmerated by the
late M. Renault cannot be employed, with any great degree of
confidence, as diagnostic characters. In transverse section the
lamina of a Lepidodendron leaf presents the same appearance as
that of the Sigillarian leaves represented in fig. 142. Near the

a #

Yre. 142, Leaves of Sigillaria in fransverse section.
A, A’. Heetion in the Manchester University Museum (Q. 631).
B, €. Seetions in Dr Kidston's Collection.

base the free part of the leaf is usually subrhomboidal in section
with short lateral wings, a ventral keel and two stomatal
grooves (fig. 142, A, B, g). The form and arrangement of sto-
mata are shown in fig, 143, A, which was drawn from a piece of a
Jeaf shown in surface-view in a seetion lent to me by Professor
Weise. It should, however, be pointed out that the leaf cannot
be certainly identified with Lepidodendron rather than with
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Sigillaria, but as the leaves of these two genera are construected
on the same plan the identification is of secondary importance,

The single xylem bundle consists of primary tracheae only, at
least in such laminae as have been identified as Lepidodendroid.
Surrounding the xylem strand occur delicate parenchymatous
cells in some cases accompanied by darker and thicker-walled
elements. As in Sigillaria, the leaves of which are more fully
deseribed on page 210, a fairly broad sheath of wider and shorter
scalariform or spiral transfusion tracheids swrrounds the con-

Fro. 143, A, Stomata in curface-view (Lepidodendron?). a, parenchyma ;
t, transfusion tracheae; 2z, xylem. (Manchester University
Colleetion R. 723).
B, C. Lepidadendron esnostense Ren. (After Renault.)

ducting strand (figs. 142, ¢; 143, B, C, £). As Renault shows in the
case of Lepidodendron esnostense!, the small leaves of which are
1:5—2 mm. broad at the base and several centimetres long, the
stomatal grooves and keel die out towards the apex when the
lamina assumes a more nearly eircular form (fig. 143, C),

The area of the cushion excluding the leaf-scar is spoken of -
by some writers as the field. Below the leaf-scar the kite-
shaped cushion tapers to a gradually narrowing basal position:
in Lepidodendron Veltheimianum, a species characteristic of

! Renanlt (96) A. Pls. xxx1mr. xxxry. p. 178. Tor a good seetion of another
Lepidodendron leaf, see Seott (08) p. 160, figs. 64, 65.

-J
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Lower Carboniferous strata, it is seen to be continuous, as a
ridge with sloping sides, with a lower cushion (fig. 183).

Below a leaf-sear the cushion frequently shows a pair of oval
areas on which a fine pitting may be detected in well-preserved
impressions, these oval secars, as seen in fig. 185, D, are practically
continuous at the upper end with the parichnos scars on the
leaf-scar area; this is explained by the fact that these infra-foliar
scars also owe their existence to pateches of lacunar, aerenchy-
matons tissue in close connexion with the parichnos.

Shortly before entering the base of the leaf-lamina the
parichnos divides into two arms which diverge in the outer
cortical region right and lett of the vasenlar bundle, and passing
obliquely upwards they come close to the surface of the leaf-
cushion just below the leaf-sear. The diagrain—fig. 144, B—
shows a leaf-trace,it,in the leaf-cushion,as seen in a diagrammatic
drawing of a vertical radial section of a stem, the dotted lines,
p, P> show the two parichnos arms which are represented as
impinging on the surface of the leaf-cushion at p', and then
bending upwards to pass into the leat-base right and left of the
vascular bundle or leaf-trace. For convenience the arms of the
parichnos are represented in one plane though actually in
different vertical planes.

Fig. 144, A, shows the difference between a view of the
original surface of a Lepidodendron, as at o, where a leaf-cushion
with a leaf-scar is seen, and a view of an impression representing
the outer cortex, b, a short distance below the surface. The
surface b, in fig. 144, A, corresponds to the face d—e in the dia-
grammatic longitudinal section fig. 144, B: the outline of each
cushion is clearly visible and in the centre is seen the leaf-trace,
{t, with its parichnos.

The surface-features, « (fig. 144, A), have been impressed on
the rock, ¢, (fig. 144, B) in which the specimen was entombed
and by the removal of the cast of the stern, that is the thickness b
to'e in fig. 144, B, the form of the leaf-cushion isrevealed. The
presence of the two infra-foliar parichnos scars at p (fig. 144, A)
15,4 ‘pi'aim':d by the diagram, fig. 144, B, p'.

. The .ﬁ_ﬂation of the parichnos to the oval scars below a

! Weiss, F. K. (07).
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Lepidodendron leaf-cushion has been worked out in detail by
Weiss who shows that, at least in some species, the two arms
do not bend downwards as shown in the diagram, fig. 144, B,
but pursue a straight gradually ascending course as seen in
fig. 145, A.  Just below the leaf-scar region of the cushion each
arm comes into association with a group of lacunar, aerenchy-
matous tissue, such as oceurs in the roots of certain Mangroove

Fro. 144. Lepidodendron Veltheimianum Sternb,
A. Leaf-cushion and leaf-sear seen in surface-view at @ ; on the rest
of the specimen a slightly lower surface is exposed. (After
Stur.)
B. Diagrammatic longitudingl section to explain the differences
betiveen its two surfaces a and b shown in fig. A,

The shaded portion ¢ represents the rock matrix, the surfaces
ab, ed, mark the outer and inner edge of the outer portion of
the bark of the Lepidodendron stem.

It, leaf-trace ; p, p’, parichnos.

plants, and it is this aerenchyma which is exposed on the two
oval depressions below the leaf-scar. The structure of this
aerenchyma is shown in fig. 145, B ; it consists in this species
(L. Hickii Wats.) of stellate cells which would confeOTOR
efficient aerating system. Probably, as Weiss syg8

patches of aerenchyma were originally covered ?1 e
provided with stomata, and it is owing to the dofgr
superficial layer that the two oval scars often fogy
liotheek
' Ut VOOr aariwe.sl i=chappen
Budapestiaan 4

3584 CD Utrecht
o
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feature on Lepidodendron leaf-bases’. The diagram reproduced
in fig. 144, B, may be taken as practically correct, as the patches
of aerenchyma described by Weiss do not differ essentially from
the parichnos tissue. _

The parichnos scars are shown on the leaf-scar and cushion
in fig. 146, C. 1In the lower leaf-eushion shown in fig, 146, E,
the infra-foliar parichnos scars, p, are clearly seen, but the
preservation of the leaf-scar is not sufficiently good to show them

o
’f:%*@,%

Fra. 145. A, Diagrammatic surface-view and longitudinal seetion of a
Lepidodendron leaf-cushion.
B, Aerenchyms below the leaf-sear. (After F, H. Weiss.)
on that part of the fossil. In the upper cushion (fig. 146, E) the
position of the parichnos arms is shown on the leaf-sear, but the
infra-foliar parichnos sears are hidden by two small spiral
shells. The genus Spirorbis, to which these shells are referred,
appears to have persisted from the Silurian epoch to the present
day. The comparatively frequent occurrence of Spirorbis shells
on the leaves and other parts of Palaeozoic plants, has recently

! For a fuller account of the parichnos, see Hill, T. G, (06) and other papers
quoted by F. E. Weiss (07).
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been dealt with in a paper by Barrois® who discusses in-detail
the habitats of these small animals from the point of view of the
conditions under which the plants were preserved. Ina note by
Malaquin appended to Barrois’ paper the belief is expressed
that Spirorbis lived on pieces of Palacozoic plants which lay
under water.

The fact that with one exception all the Spirorbis shells on
the specimen of Lepidodendron, of which two leaf-cushions are
shown in fig. 146, E, occur on the large parichnos scars on
the cheeks of the cushions, suggests the possibility that the
escape of gases from the parichnos tissue may have rendered
the position attractive to the Spirorbis. It can hardly be
accidental that the shells oceur on the parichnos strands. This
fact recalls the view held by Binney® and accepted with favour
by Darwin® that Lepidodendron and other coal-forest trees may
have lived with the lower parts of the stems in sea water.

Above the leaf-scar 1s a fairly deep triangular or cresentic
pit (fig. 146, C, 1) known as the ligular pit from the occurrence
on younger shoots of a delicate organ like the ligule of Isoetes
(fig. 132) embedded in a depression in the upper part of the leaf-
cushion. The ligule was first figured in Lepidodendron by
Solms-Laubach* and deseribed in English material by Williamson
under the name of the adenoid organ®.

In some Lepidodendron stems a second triangular depression
may oceur above the ligular pit, the meaning of which is not
clear: this has been called the triangulum by Potonié®. Stur”
suggested that it may represent the position occupied by a
sporangium in Lepidodendron cones.

It is important to remember that as a branch increases in
girth the leaf-cushions are capable of only a certain amount of
growth: when the limit is reached.they are stretched farther
apart and thus the narrow groove which separates them is con-
verted in older stems into a comparatively broad and flat
channel, thus altering the surface characters.

! Barrois (04). See also Etheridge (80); Geikie (03) p. 1049.

* Binney (48). 3 Darwin (03) vol. mm. pp. 217, 220.

* Solms-Laubach (92) PL m, figs. 2, 4. * Williamson (93) p. 10.

5 Potonié (05) Lief. iii., p. 41. 7 Stur (75) A. Heft 1. p. 277.
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Fr1a. 146. Lepidophloios and Lepidodendron leaf- cu~]mmh

A, B, D,F, G, H,I. ZLepidophloivs. (Fig, A should be reversed.)

0, BE. Lepidodendiron aeuleatim.

A, B. TFrom u specimen in the Sedgwick Museum, Cambridge (leaf-
cushion 3 ¢, broad).

C. From a specimen in the Sedgwick Museum, Cambridge (leaf-
eushion 4 em. long.

. From a section in the Cambridge Botany School Collection.

E. From s specimen in the Bunbury Collection, Cambridge Botany
School, showing Spirorhis shells (leaf-cushion 2 em. long),

F. From a section in the Williamson Collection, British Museum
No. 1, 973.

@, H, 1. From sections in the Cambridge Botany School Collection.
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Another feature worthy of notice in reference to the leaf-
cushions of Lepidodendron is the occurrence in rare instances of
alternate zones of larger and smaller cushions. This variation
in the size of the leaf-cushions is by no means uncommon in the
closely allied germs Sigillaria; in Lepidodendron it has been
described by Potonié! in L. wollkmannianuwm and more recently
by Mr Leslie and myself* in a South African species L.
vereentgense.

Owing to the natural exfoliation of the superficial layers of
the outer bark at a certain stage in the growth of the plant, or
In some instances no doubt as the result of post-mortem decay,
which destroys the delicate cells of the meristematic zone in the
outer cortex, isolated leaf-cushions and strips of the external
surface are occasionally met with as carbonised impressions.

The appearance presented by a Lepidodendron stem which
has been deprived of its superficial tissues may be dealt with
more intelligibly after we have become familiar with the ana-
tomical characters.

i, Lepidophloios.

Before proceeding further with the genus Lepidodendron a
short aceount may be interealated of the external features of a
lepidodendroid type of stem which it is customary to describe
under a distinet generie title Lepidophioios. This name is con-
venient for diagnostic purposes though it seems clear that apart
from the form of the leaf-cushion (fig. 146, A) we are at present
unable to recognise any well-defined differences between the
two forms Lepidodendron and Lepidophioios. For general
purposes the name Lepidodendron will be used as including
plants possessing leaf-cushions of the type already deseribed as
well as those with the Lepidophloios form of cushion.

The generic name Lepidoplloios was first used by Sternberg?
for a Carboniferous species which he had previously deseribed
as Lepidodendron laricinum. In 1845 Corda* instituted the
name Lomatophloivs for specimens possessing the same external

1 Potonié (05) fig. 4, ¢ Beward and Leslie (08) PL =. fige. 1 and 2.

# Sternberg (26) A. PL x1. figs. 2—4; (02) p. 23.
+ Corda (45) A. Pls, 1.—1v.
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characters as those for which Sternberg had chosen the name
Lepidophloios. The leaf-cushions of Lepidophloios differ from
those of the true Lepidodendron in their relatively greater lateral
extension (cf, fig. 146, A and C),in their imbricate arrangement
and in bearing the leaf, or leaf-scar, at the summit. In some
species referred to Lepidophloios the cushions are however
vertically clongated and in this respect similar to those of
Lepidodendron: an example of this type is afforded by Lepido-
phloios Dessorti a French species described by Zeillert, In
younger branches the cushions may be directed npwards having
the leaf-scar at the top; but in the majority of specimens
the cushions are deflexed as in figs. 146, D; 160, A. The shoot
of Lycopodium dichotomum shown in fig. 121, B, with the leaves
in the reversed position bears a close resemblance to a branch
of Lepidophloios.

The photograph of Lepidophloios scoticus Kidst.® reproduced
in fig. 160, A, illustrates the dichotomous branching of the
stem and the form of the cushions with the leaf-scars pointing
downwards. In the fertile branch of the same species shown in
fig. 160, B, the leaf-scars face upwards.

In most species the cushions are simply convex without a
median keel, but in some cases a median ridge divides the
cushion into two checks as in the genus Lepidodendron. The
leaf-scar bears three small scars, the larger median sear marking
the position of the leaf-trace, while the lateral scars are formed
by the two arms of the parichnos: in some examples of deflexed
cushions, though not in all, a lignlar pit occurs on the cushion a
short distance above the leaf-scar.

The drawing reproduced in fig. 146, A, showing the leaf-scar
on the upper edge of the cushion should have been reversed
with the leaf-scars pointing downwards. This figure represents
part of the surface of a specimen consisting of the outer cortex
of a stem with leaf-cushions 3 em. broad. The thickness of
this specimen is 4 em.: a section through the line ab is repre-
sented in fig. 146, D (reproduced in the correct position, with
the leaf-scars, s, pointing downwards): internal to the cushions
is a band of secondary cortex (the shaded strip on the outer
I Zeiller (92) A. % Kidston (93) p. 561, Pls. . and 11.
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edge of the section) which was formed on the outside of the
phellogen. The phellogen is a cylinder of actively dividing
cells in the outer part of the cortex of the stem, often
spoken of as the cork-cambium or cortical meristem, which
produces a considerable amount of secondary cortical tissue on
its inner face and a much smaller amount towards the stem
surface. This delicate cylinder frequently forms a natural line
of separation between the outer shell of bark and the rest of
the stem. In the specimen before us, the thin-walled cells of
the phellogen were ruptured before petrification and the outer
shell of bark was thus separated as a hollow cylinder from the
rest of the stem: this eylinder was then flattened, the two inner
surfaces coming into contact. Fig. 146, D, represents a section
of one half of the thickness of the flattened shell.

This separation of the outer cortex, and its preservation
apart from the rest of the stem, is of frequent occurrence in
fossil lycopodiaceous stems. The flattened outer cortical shell
of a Lepidophloios, specifically identical with that shown in
fig. 146, A and D, was erroneously described by Dr C. E. Weiss
in 1881 as a large lepidodendroid cone’.

Fig. 146, B, affords a view of the inner face of the specimen of
which the outer surface is seen in fig. 146, A: the surface shown
in the lower part of the drawing, on which the boundaries of
the cushions are represented by a reticnlum, corresponds to
the inner edge of the strip of secondary cortical tissue repre-
sented by the vertically shaded band in fig. 146, D.

The shaded surface in fig. 146, B, represents a slightly
deeper level in the stem which corresponds to the outer edge of
the vertically shaded band of fig. 146, D: the narrow tapered
ridges (fig. 146 B) represent the leaf-traces passing through the
secondary cortex, and the fine vertical shading indicates the
elongated elements of which this strip of secondary cortex is
composed,

In the longitudinal section diagrammatically reproduced in
fig. 146, D, cut along the line ab of fig. 146, A, the parenchymatous
tissue of the stout cushions has been partially destroyed, as at
@; at 8 is seen the section of a Stigmarian rootlet which has

1 Seward (80).
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found its way into the interior of a cushion. Kach leaf-trace 18
accompanied by a parichnos strand as in the true Lepidodendron;
at the base of the leaf-cushion the parichnos branches into
two arms which diverge slightly right and left of the leaf-trace,
finally entering the base of the leaf lamina as two lateral strands
(fig. 147, p). At one pointinfig. 146, D the section has shaved a
leaf-trace represented by a black patch resting on the parichnos

5 LBy e ¥
itae
e

Fre. 147.  Lepidophioios leaf-cushion in tangential section. (From a section in
the Williamson Collection, British Museum, No. 1973.)

just above the line ef, but it passes throngh one of the pavichnos
arms p’ which debouches on to the leal-scar s¢ at p. Had
the section been cut along the line ed of fig. 146, A the leaf-
trace wonld have been seen in a position similar to that oceupied
by the parichnos p’ in fig. 146, D.

Fig. 147, A, affords a good example of a tangential section
through a Lepidophloivs leaf-cushion, 1 em. broad, like that repre-
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sented in fig. 146, A, showing the vascular bundle 7, the
two parichnos strands, p, composed of large thin-walled cells
(of. Isoetes, fig. 133, H, I), and the ligular pit near the upper
edge of the section enclosing the shrunken remains of the lignle
(fig. 147, B, I).

Fig. 147, B shows the form of the tangentially elung:ued
leaf-cushions of Lepidophloios and their spiral disposition.

Fig. 146, F, represents a section similar to that shown in
figs. 147, A and B, but in this case the leat-trace, i, and the
parichnos strands, p, lie in a cavity formed by the destruction
of some of the leal-cushion tissue. It is worthy of notice that
the parichnos cells have resisted decay more successfully than
the adjacent tissue of the cushion.

The diagrammatic sketches reproduced in fig. 146, H and I,
were made from a transverse section similar to one originally
figured by Williamson®: fig. 146, H, corresponding in position to
the line gh in fig. 146, A, passes through the ligular pit, {, and
cuts across the parichnos in the act of branching; the leaf-trace
passes outwards beyond the Y-shaped parichnos strand. In the
other section, fig. 146, I, the parichnos is shown in a horizontal
plane and the leaf-trace, I, appears in oblique transverse

section, In both sections and in fig. 146, G the shaded band at
the base represents the secondary cortical tissue external to the
phellogen.

The transverse section represented in fig. 146, G shows in the
left-hand cushion, @, the exit of the two parichnos arms and the
leaf-trace between them: it illustrates also the various forms
assumed by lepidodendroid leaf-cushions when cut across at
different levels.

iv. The Anatomy of Lepidodendron vasculare Binney*.
Figs. 148155, 168, A.

In the earlier literature dealing with the anatomy of Lepido-
dendron and Sigillaria the presence or absence of secondary
the criterion of generie distinction and

Vﬂ.ﬁ(.‘l.llﬂ'l' T,]‘R‘Sl'le wasg made
the distinguishing feature between the classes Pteridophytes and

1 Williamgon (93) PL 1v. figs. 30—32. ¢ Binney (62).
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Gymnosperms, Lepidodendron being relegated to the former class
because it was supposed to have no power of forming secondary
wood, while Sigillaria, characterised by a considerable develop-
ment of such tissue, was classed by Brongniart and afterwards
by Renault as a Gymnosperm. Binney! in 1865 recognised that
the two types of stem pass into one another, but. it was
Williamson® who provided complete demonstration of the fallacy
of the Brongniartian view.

These two undoubted Pteridophytes agree very closely in
anatormical structure and both are now recognised as arborescent
genera of Lycopodiaceous plants. In a paper published by
Lomax and Weiss in 1905° a specimen is deseribed from the
Coal-Measures of Huddersfield, in which a, decorticated stem
with the anatomical characters of Binney's Stgillario vascularis
gives off a branch having the anatomical structure which 1t has
been customary to associate with the species Lepidodendron
selaginoides, so-called by Sternberg and founded by him on
impregsions showing well-preserved external characters.

In 1862 Binney* described petrified specimens of vegetative
shoots from the Lower Coal-Measures of Lancashire under the
names Sigillaria vascularis and Lepidodendron vasculare.
These were afterwards recognised as different states of the
same species. A few years after the publication of Binney’s
paper Carpdthers® identified Binney's species Lepidodendron
vasculare with Sternberg’s L. selaginoides. The evidence on
which this identification rests has not’ been stated, bhut many
writers have retained this specific designation for the well-defined
type of anatomical structure first described by Binmey as
L. vasculare. The use of the specific name selaginoides 1s, how-
ever, open to objection. The species Lepidodendron selaginoides,
as pointed out by Kidston®, is probably identical with the plant
which Brongniart had named L. Sternbergii before the institution
of Sternberg’s species, and we are not in possession of convincing
evidence as to the connection of L. Sternbergii (= L. selagi-
noides) with specitnens possessing the anatomy of Binney's type.

o

1 Binney ((3) ; see also Binney (72). Williamson (72).
# Weiss, ¥. E. and Lomax (05). 4 Binney (62).
3 Qarruthers (69) p. 179. ¢ Kidston (86) A. p. 151,
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Binney’s designation is therefore retained for the anatomieal type
described in the following pages?.

The most detailed account hitherto published of the anatomy
of Lepidodendron vasculare is that by the late M. Hovelacque?,
based on material from the Lower Coal-Measures of England.

Fia. 148. Lepidodendron vaseulare Binney.
A. Transverse section. (Based on a section 2+5 em. in diameter, in
the Cambridge Botany School Collection.)
B. Longitudinal section. (Drawn from a section in Dr Kidston's
Collection.)

The small shoot, represented somewhat diagrammatically
in fig. 148, A, illustrates the anatomical features of a typical
example of the species: the shoot has a diameter of 2'5 em. and
its central eylinder (z—sc) is 2'5 mm. in width.

L Beward (06) p. 372 2 Hovelacque (92),
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Noticeable features are (i) the small size of the central
eylinder (or stele) in proportion to the diameter of the branch,
(i1) the production at a comparatively early stage of growth of a
zone of secondary wood, @ which gradually assumes the form
of a complete cylinder of unequal breadth, surrounding the
primary xylem, , (i1i) the formation of a secondary cortical
tissue by a meristematic cylinder (phellogen, pl) sitnated elose
to the leaf-cushion region of the outer cortex. On the outer
edge the stele consists of narrow tracheae some of which show in
longitudinal section the spiral form of thickening characteristic
of most protoxylem elements: towards the centre of the stele the

Fic. 149. Lepidodendron vasculare. a, immature tracheae; w, merisiem;
mr, medullary vay; «, Xylem.
A. Longitudinal section through the edge of the secondary wood.
B. Short tracheae in the centre of the stele. (From g specimen
from the Halifax Hard bed in Dr Kidston’s Collection.)

diameter of the tracheae gradually increases and parenchymatous
cells become associated with the elongated scalariform elements.
In the central region the stele is composed of parenchymatous
tissue arranged in vertical series of short cells, interspersed with
short tracheae distinguished by the greater thicknessof theirwalls
and by their scalariform and reticulate thickening bands. Some
of these short tracheae are shown in vertical section in fig. 149, B:
the fine and broken lines connecting adjacent thickening bands
probably represent the remains of the original wall. These
delicate bands, which have been figured in various species
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of lepidodendroid plants!, are worthy of notice in connexion
with the recent work of Mr Gwynne-Vaughan? who has shown
that in many recent ferns the scalariform bands in the xylem
elements are not connected by a thin pit-closing membrane, but
are separated from one another by open spaces. In the Lepido-
dendron tracheae we seem to have a stage in which the inter-
vening membrane is in process of absorption. It is, however,
possible that the threads may be the result of contraction and
splitting of the membrane during drying or decay.

The stele of Lepidodendron vasculare, before the addition of
any secondary xylem, may be described as a protostele, a term
originally proposed by Professor Jeffrey®, inwhich the central part
of the conducting strand of xylem elements has been converted
mto rows of parenchyma and short tracheids, the latter being
better adapted to storage than to conduction. It is probable
that this type of stelar anatomy, which distingnishes L. vasculare
from other species, represents a comparatively primitive arrange-
ment forming a transition between the stele of L. esnostense,
which consists of a solid rod of tracheids, and the stele of
L. Harcourtia (fig. 179, A) and other species in which the xylem
forms a eylinder enclosing a large parenchymatous pith.

Parenchymatous cells oceur in contact with the outer edge
of the xylem-cylinder some of which are distinguished by an
irregular reticulate pitting. The tangential section repre-
sented 1n fig. 148, B, illustrates the appearance of a shoot of
L. vasculare in which no secondary xylem is present: the central
strand of tissue consists of the parenchyma abutting on the
xylem with several leaf-traces (If) passing upwards in an almost
vertical course from the outer edge of the stele.

The secondary xylem (fig. 148, A, 2*) consists of radially
arranged secalariform tracheae with associated rows of paren-
chymatous cells which form medullary rays (fig. 149, mz).
Leaf-traces pass through the medullary rays in the secondary
xylem cylinder in a direction at right angles to the primary xylem
stele from which they are given off, but at the outer edge of the

1 Bolms-Laubach (92) PL m. fiz. 6: Seward and Hill (00) PL. 1v. fig. 26.

Hee p. 910 of the latter paper for other references.
* Grwynne-Vaughan (08). # Jeffrey (98). See also Tansley (0B) p. 87.

8 IL 8
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secondary xylem they bend suddenly upwards and for a ftime
follow a steep and almost vertical course.

In well-preserved longitudinal sections the outermost
secondary xylem tracheae’arve seen to be succeeded by a few
narrow and vertically elongated elements (tig. 149, A, a),
which represent young unlignified tracheae: these are followed
by shorter parenchymatous cells (m) forming part of a meriste-
matic zone from which the secondary xylem receives additions.

Returning to fig. 148, A the zone of secondary wood, @
composed of scalariform tracheids and medullary rays, is suc-
coeded by a few layers of parenchymatous cells and beyond this
is a broader zone, sc, to which the term secretory zone has
been applied’; this is made up of small parenchymatous cells
varying in size and of larger spaces which appear to have been
formed by the disorganisation of thin-walled elements. The
whole zone presents a characteristic appearance due to the
association of small cells, large clear spaces, and a certain amount
of dark-coloured material suggestive of tissue disorganisation
and secreted products. The anatomical characters of the
secretory zone are shown in the photograph, fig. 168, A, sc.
Several leaf-traces are seen in transverse section in the secretory
zone (black dots in fig. 148, A, so; fig. 154, C, It): each trace
consists of a strand of narrow tracheae accompanied by a few
encircling layers of small parenchymatous cells. As a trace
continues its steeply ascending course through the secretory zone,
it becomes associated with a strand of that tissue and assumes the
form of a collateral vaseular bundle, the outer part of which does
not consist of typical phloem but of shorter elements derived
from the secretory zone. Beyond the secretory zone we find a
more homogeneous tissue composed of parenchymatous elements
slightly extended tangentially (figs. 148, A, ¢'; fig. 168, A, ¢c);
this is spoken of as the inner cortical region. In the great
majority of sections of L. vasculare as of other species of the
genus, the broader middle cortex (fig. 148, ¢®) is occupied by
mineral matter, introduced subsequent to decay of the tissue;
or it is represented by patches of delicate tissue composed of
loosely arranged parenchymatous cells varying considerably in
I Seward (99) p. 144
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size and shape, some being small, oval or polygonal elements
while others have the form of sinuous hypha-like tubes.

In this middle eortical region may be seen leaf-traces passing
outwards in an almost horizontal course (fig. 148, A, If): after
leaving the inner cortex the leaf-traces bend somewhat abru ptly
outwards to follow a more direct path throngh the middle and
outer cortex. The ring of fissue, s, seen in the middle cortex
of fig. 148, A, belongs to a Stigmarian rootlet.

The outer cortex (fig. 148, A and B, ¢®) consists of homo-
geneous parenchyma which is stronger and more resistant to
decay than the looser middle cortex. The leaf-traces, as shown
in fig. 148, B, pass through this region in a rather steeply
ascending direction: each is seen to be enclosed by a space
originally oceupied by a strand of middle cortical tissue which
accompanies lepidodendroid leaf-traces on their under side and
has already been described as the parichnos, (pp. 97, 100—103 ;
figs. 146, 147).

The surface of the stem shown in section in fig, 148, A, is
composed of broad leaf-cushions. A single leaf-trace with its
parichnos passes into each cushion, but in the neighbourhood
of the base of a cushion the parichnos bifurcates (cf. fig. 146,
H, I) and the arms diverge slightly to the right and left finally
passing beyond the cushion into the lamina of the leaf, their
position being shown, as already explained, by the two small
lateral scars on the leaf-scar area.

The diagrammatic sketeh of a radial longitudinal section
throngh a leaf-cushion represented in fig. 150 illustrates the
relation of the leaf-trace to the leaf-enshion. The trace consists
of xylem, z, above and a strand of the secretory zone, st, helow;
the parichnos tissne was originally present on the under side of
the leal~trace at @. The external surface, be, marks the limit
of the leal-sear throngh the middle of which passes the vascular
strand It

The lower gap a has been formed by the tearing of thin-
walled cells of the phellogen, the meristematic tissue from
which a considerable amount of secondary cortical tissue or
PhE:Ul}d(']ﬁlll has been ]_)l'f)dUC::d atb p({. On the n'nl‘hsid(: of thr.'
cushion, ¢, the cells are somewhat crushed and distinguished

5—2
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by their darker colour from the bulk of the parenchymatous
tissue d.

This section also illustrates another characteristic feature of
Lepidodendron, namely the presence of a ligule and a lignlar
pit: the former is represented by a carbonised patch of tissue and
the latter extends from the surface of the cushion at b, just
above the leafiscar, almost to the level of the leaf-trace, lf. A
comparison of this seetion with figs. 146 and 147 will make
clear the relation of the several parts of the cushion and leaf-scar.

The gaps gg, seen in fig. 148, A and B, mark the position of

Fra. 150. Lepidodendran vasculare. Leaf-cushions in longitudinal seetion,
(From a specimen in Dr Kidston’s Collection.)

the delicate meristematie zone or phellogen which arises close
to the bases of the leaf-cushions; the phellogen has already pro-
duced a few rows of radially disposed elements, represented by
short radial lines in the drawing, which consfitute secondary
cortical tissue.

In older shoots the amount of the secondary cortical
tissue developed on the inner side of the phellogen is consider-
able (cf. figs. 152, 153).
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The structure of the cortex of a shoot in which secondary
growth, both in the stele and in the outer cortex, has pro-
gressed further than in the specimen shown in fig. 148 is
represented in fig, 151,

The section (fig. 151, A) measures 7 x 3'8 cm. in diameter;
the primary xylem is surrounded by a fairly broad eylinder
of secondary wood (fig. 151, E, z and 2*). The almost smooth
surface of the primary wood (fig. 151, E, ) is succeeded by the
secondary xylem, 2% characterised at its inner edge by the
tapered ends of the radial rows of scalariform tracheids between
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Fic. 151. Lepidodendron vaseulare, An older stem than that shown in fig. 148,
(From a seetion in the Manchester Museum. No., 851.)

which occur several delicate parenchymatous cells (fig. 151, E, ).
The occurrence of such isodiametrie elements, often exhibiting
a delicate spiral thickening band, is a characteristic feature of
the boundary between primary and secondary wood in lepido-
dendroid stems, The secondary wood is penetrated by numerons
medullary rays and in some of them are seen strands of narrow
spirally thickened tracheae—the leaf-traces—which are in
organic continuity with the exarch protoxylem of the primary
wood, The leaf-traces are oval and mesarch. The space, ¢2
(fig. 151, A) originally oceupied by the delicate middle cortex,
is succeeded by a shell of outer cortex composed chiefly of
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secondary tissue (phelloderm, pd) passing towards the inner
boundary of this region into the primary outer cortex g (fig. 151,
A and ). The radially disposed elements which make up the
bulk of the phelloderm are associated with concentric rows of
secretory strands, represented by tangentially arranged dots in
fig. 151, A : on the outer edge of the phelloderm a few patches of
primary cortex are still preserved, as at ¢, fig. A. One of these
is shown on a larger seale in fig. B; at m the phelloderm is
interrupted by a gap beyond which the cells have thinner walls
and show signs of recent division; this is probably the position
of the phellogen. The tissue b, fig. 151, B, consists of secondary
cortex succeeded beyond d by the parenchymatous tissue of the
leaf-cushion, in which the remains of a ligule, {, are scen in the
lignlar pit. This section corresponds in position to a line
drawn across fig. 150 at the level of . In this specimen we
have two kinds of secondary cortical tissue: that formed exfernal
to the phellogen, from m to d in fig. 151, B, is less in amount
than that produced internal to the phellogen. We cannot make
any satisfactory statement as to the nature of this secondary
tissue, whether or not any of it agreed in composition with the
cork which is usually formed external to the phellogen in recent
plants. As the stem of a Lepidodendron grew in girth the leaf-
cushions became separated by intervening depressions composed
of the secondary cortex formed external to the phellogen, but at
a later stage the cushions were thrown off, leaving the outer
edge of the phelloderm as the superficial tissue. This exposed
tissne became fissured as growth and consequent stretching
continued, producing the appearance seen on the surface of
the still older stem represented in fig. 153.

The inner edge of the phelloderm seen at e in fig. 151, C,
passes suddenly into the inner primary region of the outer cortex
(fig. 151, A and , g) which comprises two types of parenchy-
matous tissue, patches of isodiametric cells, g, g, alternating
with radially arranged areas consisting of tangentially elongated
clements (fig. C, £, f; fig. D) which extend as wedges into the
phelloderm.

The longitudinal section represented in fig. 152, B, shows an
equal bifurcation of a stem in which no secondary xylem is
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present; in the lower part of the section the xylem and the
outgoing leaf-traces are seen in radial section and at the upper
end of each arm the leaf-traces alone, lf, are exposed, as in
fig. 148, B. It is interesting to notice the large amount of

Fie. 152, Lepidodendron vaseulare. Sections of dichotomonsly branched shoot.
A, From a seetion (10:5x 9 cm.) in the Cambridge Botany School
Collection,
B. From a section (8 em. long) in the Cambridge Colleetion.

phelloderm which has been produced in the fork of the branch,
at pd, where greater strength is required.
The section represented diagrammatically in fig. 152, A, has
lost the outermost part of the cortex together with the leaf-
I g




120 LYCOPODTALES [oH.

cushions ; it consists largely of secondary cortex composed of

radially disposed phelloderm cells and tangentially placed
secretory strands (represented by the discontinuous black lines
in the drawing): the dotted region in the central part of the
axis is composed of primary cortical parenchyma, and the two
spaces surrounding the steles contain portions of the lacunar
middle cortex. Each stele posseses a narrow crescentic zone

R

.‘,‘ f ‘ ! \ifffi. v A , \b
i ' ’ : - '\‘\\\_e\l i b‘:\ i ‘\“\\'\\r‘{v’
m k +- |fh,:} Y \u\“ W A1)
w i iy
J i Ld"’f\‘ "'\H'||\\\-J
F““’ ) ‘ I-|I|'“ bl
il wwwﬂ"/" fji= A1 I
"',(':’ i [' i
e

Fiu. 158, Lepidodendron vaseulare.
{From a specimen (16 x 75 em.) in the Manchester Museum.)

of secondary xylem ; the amount is greater in the case of the
right-hand stele, of which a small piece is shown on a larger
scale ; the striking contrast in size between the outer and more
internal secondary tracheae is no doubt the expression of some
unfavourable eondition of growth. The position of the secretory
zone beyond the secondary xylem is shown at se, fig. 152, A.
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An example of a large and partially decorticated stem is
afforded by the specimen (16 x 75 cm.) shown in fig. 153. The
irregularly ribbed surface is formed of rather thick-walled
phelloderm, in which ocenr tangentially arranged rows of
secretory strands. The tapered form of the secondary cortex
as it abuts internally on the primary cortex is shown very clearly
in the drawing (ef. fig. 151, C). The stele in this much older
stem eonsists 11[:1iﬂ]y of HCCD“[{;‘U'I\-' wood.

Fic. 154. Lepidodéndron vaseulare. Shoot (2:8 cm. digm.) with two steles,
(From a specimen from Halifax in the Williamson Collection,
British Museum, No, 340.)

An interesting example of a small shoot, the largest
diameter of which is 28 em., is shown in fig. 154, A : the section
was cut a short distance above the bifurcation of the stele into
two approximately equal branches. The outer part of the
cortex consists of phelloderm, pd, with the usual rows of
secretory tracts, and primary outer cortex ¢; the middle cortex
is represented by patches of parenchyma with a few leaf-traces,
To one of the steles, s’ (fig. 154, A), a crescent-shaped band of
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secondary xylem has been added ; the other stele, s, possesses
no fully developed secondary elements.

Fig. 154, B and 0, illustrates the anatomical features immedi-
ately external to the primary xylem of the smaller stele, s. The
comparatively broad band of radially disposed parenchyma, m,
is connected with the outermost elements of the xylem by a
few tather dark and small erushed parenchymatous cells. The
band m, which we may speak of as the meristematic zone,
clearly consists of cells in a state of division ; it is in this region
that the secondary xylem is produced. Beyond the leaf-trace,
(fig. 154, C It), oceurs a portion of the secretory zone, some of the

Fi6. 155. Lepidodendron vasculare. OQuter edge of secondary xylem: i,
meristematie zone; wr, medullary ray. (Drawn from the section
ghown in fig. 168, A),

smaller cells of which show signs of disorganisation ; but most of
this tissne has been destroyed (fig. 154, B, s¢). The outer edge of
the secretory zone is shown in fig. 154, I abutting on the cells
of the inner cortex, ¢. The leaf-trace shown in the inner cortex
in fig. 154, B illustrates the more oval or tangentially extended
form of the xylem in this region, in contrast to the more circular
outline which it exhibits on the inner side of the secretory
zone.

The transverse section, part of which is reproduced in
fig. 168, A, illustrates a characteristic feature, namely the
juxtaposition of the outermost tracheae of the secondary xylem
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and much smaller cells of the meristematic zone. This is seen
in fig. 155, which shows a small piece of fig. 168, A, on a lar ger
'~(.<11(‘ In plants with a normal cambium the se gments cat off
from the initial layer fit on to the elements of the xylem or
phloem te which Tht.v are to form additions, but in Lepido-
dendron 1t seems to be a general rule to find each of the most
external lignified (.l"’LLl("“D‘* abutting on a group of two or three
much smaller cells. It is diffienlt to believe that the meristem
shown in fig. 155, m, could produce secondary xylem elements
equal in size to those already formed: in all probability had
growth continued there would have been a marked difference
between the size of the secondary tracheids, as in fig. 152, A, a2,
where there was no doubt some eause which interferad Wth
normal cambial activity. This disparity in size between the
secondary xylem elements and the adjacent parenchymatous
tissue of H'm meristematic zone is by no means exceptional and
may be described as the general rule. Tt is at least certain
that in Lepidodendron vasculare, as in other species, the secondary
xylem was succeeded by a broad band of parenchymatous
tissue, from which new tracheae and medullary-ray elements
were produced, and not by a narrow cambium such as ocecurs
In recent plants.

v. Lepidodendron stems as represented by casts and
vmpressions of partially decorticated specimens.

The differentiation of the outer cortex of a Lepidodendron
into comparatively thin-walled and more resistant tissue has
been the cause of uneriml decay and the consequent formation
of shrinkage cavities. 1 addition to the unequal resisting
power of contiguous tissues, another important factor in dotm-
mining the nature of casts and impressions is the existence of
the cylinder of delicate cells in the outer cortex of stems and
branches. As already pointed out, this meristematic eylinder
or phellogen constitutes a natural line of separation, as in the
case of the cambium layer between the wood and the external
tissues in a fresh Sycamore twig. The result of the separation
of an outer shell of bark from the rest of the stem and the
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results of unequal decay in the more superficial tissues, have
necessarily led to the preservation of the same specific type
under a variety of forms.

Our knowledge of the anatomy of Lepidodendron stems
enables ns to recognise in fossils of very ditferent appearance
specimens in various conditions of preservation of one and
the same type. Such names as Knorri, Bergeria and Aspi-
diarie are examples of generic titles instituted before any
adequate knowledge of Lepidodendron anatomy was available.

Differences in age as well as different degrees of decortica-
tion have contributed in no small measure to the institution of
generic and specific names which more recently acquired know-
ledge has shown to be superfluous.

a. Knorria.

The designation Knorria, after a certain G. W. Enorr of
Niirnberg, was proposed by Sternberg in 1826' for casts of
Palacozoic stems of a type figured more than a cenfury earlier
by Volkmann® Goeppert, in his earlier works, published draw-
ings of fossil stems which he referred to Sternberg’s genus: one
species he at first called Didymophyllum Schollini. He after-
wards® described some specimens which showed that the
features characteristic of Knorria may oceur on partially de-
corticated stems with leaf-cushions of the true Lepidodendron
type. His specimens, preserved in  the Breslan Museum,
demonstrate the accuracy of his drawings and conclusions.

roeppert, and after him Balfour®, drew attention to the different
appearances presented by branches of Araucaria tmbricata when
preserved with the surface intact and after partial decortication,
as illustrating possible sources of error in the determination of
fossil stems.

Although it is now a well-established fact that fossils bear-
ing the name Knorria are imperfect lepidodendroid stems, the
use of the term may be conveniently retained for descriptive

purposes. The specimen from the Commentry coal-field of

1 Sternberg (26) A, ¢ Goeppert (52) A. p. 196, Seealso Kidston {01) p. 50.
4 ibid. (52) A. p. 44, Pls, xxx. xxsr Lief. i and ii. 4 Balfour (72) A.
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France, shown in fig. 156, affords some excuse for the institu-
tion of several generic names for different states of preservation
or decortication of one species. The cortical level exposed at e
is characterised by spirally disposed peg-like ridges with trun-
cated apices: it is this form of cast which is usually designated
Knorrig. The ridges vary in size and shape in different types

F1g. 156, A dichotomously branched Lepidodendroid stem (Knorria mirabilis
Ren. and Zeill.). (After Renault and Zeiller.) (4 nat. size.) The
original specinten ig in the Natural History Museum, Paris.

a—y, surface features exposed as the resnlt of different degrees of
decortication. (See vol. 1. p. 102, fig. 93).

of stem; they may be narrow as shown at e fig. 156, or short
and broad with rounded distal ends. In some cases they are
forked at the apex, as in the partially decorticated specimen
of Lepidodendron Veltheimianum represented in fig. 185, A.
The Knorria state represents the impression or cast of the
outer cortical region too deep helow the leaf-cushion region to
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retain any indieations of the cushion-form ; the ridges are the
casts of the spaces produced in the cortex by the decay of the
sheath of delicate cells surrounding each leaf-trace and by the
decay of the thin-walled cells of the parichnos. The occasional
forked apex of a ridge is the expression of the fact that the cast
was made at the region where the parichnos divides Into two arms
(cf p. 100). In certain specimens it is possible to connect the
Knorria casts with associated lepidodendroid stems which may
be determined specifically; but when we have no evidence as to
surface-features the fossils may be designated casts of lepido-
dendroid stems in the Knorria condition. Such casts are illus-
trated by numerous drawings in palacobotanical literature’.

b. Bergeriw.

This is another name first used by Sternberg in his classic
work, Die Flora der Vorwelt, for casts of lepidodendroid plants
such as Steinhauer? had previously figured as Phytolithus
cancellatus. Brongniart® recognised that the application of the
generic title Lepidodendron should be extended to include
gpeclmens referred by Sternberg to Bergeria, and a few years
later Goldenberg® realised that this name does not stand
for well-defined generic charvacters. The correctness of these
views was, however, first satisfactorily demonstrated by Car-
ruthers® and by Feistmantel®.

If a Lepidodendron stem loses its superficial layers of outer
cortex and in this condition is embedded in sand or mud, the
cast is distinguished from that of a perfect stem by the absenee
of the leaf-scars and by other features. It may, however, still
show spirally disposed areas, corresponding approximately to
the original leaf-cushions, which are characterised by a small
depression or pit either at the apex or near the centre of each
oval area: the pit marks the position of the leaf-trace and its
parichnos strand. In some cases the exposed surface may be
smooth without any indication of leaf-cushions, while narrow

1 Good examples are given by Schmalhausen (77) P1. 11

2 Qteinhaner (18) A. PL 1v. fig. 5. * Brongniart (49) A, p. 42,

4 Goldenberg (55). 5 Carrathers (73%) p. 6.

6 Feistmantel (75) A.
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spirally arranged grooves represent the obliquely ascending
vascular bundles passing through the cortex to the leaves.

Fig. 185, B, shows the Bergeria state of Lepidodendron
Veltheimianum, which differs from the Knorria condition in the
fact that decortication had not extended below the level at
which the form of the leaf-cushions could be recognised. It is
clear that no sharp line can be drawn in all cases between the
different degrees of decortication as expressed by the terms
Knorria and Bergeria.

A list of synonyms of Knorria, Bergeria, and Aspidiaria
forms of stem and a detailed treatment of their characteristic
features may be found in a recent work by Potonié!,

¢. Aspidiaria.

In one of the earliest English books on fossil plants, the
Antediluian Phytology by Artis®, a specimen from the Car-
honiferous sandstone of Yorkshire is figured as Aphyllum
cristatum, and a similar fossil is described as A. asperum.
These are impressions of Lepidodendron stems in which the
characteristic leaf-cushions are replaced by smooth and slightly
convex areas with a narrow central ridge. To this type of
specimen Presl gave the name Aspidioria®

, under the impres-
sion, shared by subsequent writers, that the supposed external
features were entitled to generic recognition,

It is to Stur* that we owe the first satisfactory interpretation
of fossils included under the name Aspidiaria: he showed that
on the removal of the projecting convex areas from some of his
specimens a typical Lepidodendron leaf-cushion was exposed
(fig. 144, A, a). The Aspidiaria condition (fig. 144, A, b) repre-
sents the inner face of the detached shell of outer bark of a
Lepidodendron stem, while in the Bergeria casts we have a
view of the external face of a stem deprived of its superficial
tissues.

In a Lepidodendron stem embedded in sediment the more
delicate portions of the leaf-cushions would tend to shrink away

! Potonié (05) Lief. iii. 4244, # Artis (25) A, Pls. xvr. xxmm,
¥ Sternberg (88) A, 4 Btur (75) A. Heft 1. p, 229,
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from the internal and more resistant tissues of the outer cortex,
thus producing spaces between each cushion; further deecay
would cause Tupture of the leaf-traces and the superficial tissues
would thus be separated from the rest of the stem. The
tendency of Lepidodendron stems to split along the line of
phellogen in the outer cortex is seen in fig, 148, A, g. The
deposition of sediment on the exposed inner face of this cortical
shell would result in the production of a specimen of the
Aspidiaria type: the reticulum enclosing the spirally disposed
convex areas is formed by the impression of the firmer tissue

between the leaf-cushions.

vi. Lepidodendroid azes known as Ulodendron and Halonia.

a. Ulodendron.

This generic name was suggested by Lindley and Hutton!
for two specimens from the English Coal-measures characterised
by leaf-cushions like those of a Lepidodendron, but distinguished
by the presence of two vertical rows of large and more or less
circular cup-shaped scars. These authors, while recognising
the possibility that the fossils might be identical with Lepido-
dendron, regarded them as generically distinet. The generic
title Ulodendron, though no longer denoting generic rank
still applied to certain shoots of lycopodiaceous plants which
may belong to the genera Lepidodendron, Bothrodendron, and
according to some anthors?, also to Sigillaria.

The large specimen from the Belgian coal-measures, repre-
sented in fig. 211, affords a good example of the TUlodendron
form of shoot of the genns Bothrodendyron, which is deseribed on
page 249, The specimen shown in fig. 157 shows the Uloden-
dron shoot of Lepidodendron Velthevmianum.

Casts of large Ulodendron scars are occasionally met with

, 18

as separate fossils bearing a resemblance to an oval shell.
In Steinhauer’s paper on Fossil Religuiae® a drawing 18 given

1 Lindley and Hutton (31) A, Pls. v. and vi.

? Kidston (83). In this important paper Dr Kidston gives a full account of
the history of our knowledge of Uladendron.
3 Steinhauer (18) A. p. 286, PL viu. fig. 1.
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of a Ulodendron stem under the name Phytolithus pariatus
and a similar stem specifieally identical with that shown in
fig. 157 was fignred by Rhode?, one of the earliest writers on

Pig. 157. Lepidodendron Veltheimianum. Ulodendron ocondition. (From a
photograph by Dr Kidston of a specimen from the Caleiferous
Sandstone series, Midlothian ; £ nat. size.) [Kidston (02) Pl zym.]

fossil plants, under the comprehensive designation « Schuppen-

pHanze.”
There has been no lack of ingenuity on the part of authors

! Rhode (20) P1. 111,
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in offering suggestions as to the meaning of these large cup-
like depressions, and there is still difference of opinion as to
their significance. Lindley and Hutton? deseribed them as the
sears of branches or masses of inflorescence. Sir Joseph
Hooker® speaks of a specimen of Ulodendron, shown to him by
My Dawes, on which a large organ, supposed to be a cone, was
inserted in one of the depressions, but he was unable to arrive
at any conclusion as to the real nature of the fossil. While
most authors have seen in the scars pressure-areas formed by the
pressure of sessile cones against the surface of a growing branch,
others, as for example Geinitz?®, have deseribed the depressions
as branch-scars. Carruthers! regarded the scars as those of
adventitious roots and Williamson referred to them as the
scars of reproductive shoots, The depressions vary considerably

in size. The Belgian example shown in fig. 211 possesses scars
9 em. in diameter. A specimen of Bothrodendron in the Man-
chester Museurn from the Lancashire Coal-Measures, to which
Williamson® has referred, bears two rows of scars 11—12 em.
in diameter on a stem 112 cm, in girth and 233 cm. long. The
sears oceur in two alternate series, on opposite faces of the
axis, the distance between the successive scars in the same row
being 29cm. The surface-features of this large stem are not
preserved.

Before considering the nature and origin of the scars it is
important to remember the considerable size to which they
may attain; other points of importance are the occurrence,
cither in the centre of each depression or in an excentric
position, of an umbilicus or slightly projecting boss, in the
centre of which is a pit formed by the decay of an outgoing
vageular strand. The sloping sides of the scars sometimes
bear elevations resembling leat-cushions like those on the rest
of the stem surface. In the specimen shown in fig. 157 the
lower margin of each cup shows indistinctly the outlines of what
appear to be leaf-cushions, while the rest of the sloping face 1s
characterised by radial ridges, which may be due to bracts or
leaves.

! Lindley and Hutton (31) A. # Hooker (48), p. 427. 3 Geinivz (55) A,
4 Carruthers (70). 5 Williamson (72).
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It is obvious that in these cups we have the scars of some
lateral organ, but the evidence atforded by specimens of which
the depressions contain the remains of such organs 1s by no
means conclusive. A Ulodendron has been figured by D'Arcy
Thompsen?, in which the lower part of a lateral organ is
attached by a narrow base to one of the scars, but the pre-
servation is not sufficiently good to enable us to decide whether
the organ is a cone or a vegetative shoot. Kidston® has
deseribed other examples showing portions of organs In con-
nexion with the scars, but an examination of the specimens in
his colleetion failed to convince me that his mterpretation of
them as strobill is correct.

The phenomenon known as cladoptosis, as shown on a stem
of the Conifer Agathis® and certain Dicotyledonous trees such
as Castillon, suggests a possible explanation of the Ulodendron
scars. This comparison was made by Shattock? in 1888, but he
did not accept the resemblance as a real one. An objection
may be urged to the cladoptosis hypothesis that in Ulodendron
the branch, whether vegetative or reproductive, was not
attached to the whole of the depressed ares, On the other
hand, a lateral branch originally attached by a narrow base
may have continued to increase in diameter until its base
became slightly sunk in the bark of the stem, thus produeing a
cup-like depression which, on the fall of the braneh, would
retain traces of the original surface-features of the stem.

Mr Watson® of Manchester recently published a paper on
Ulodendron sears, in which he adduces fresh and, as it seems
to me, satisfactory arguments in favour of the branch-
scar hypothesis. Fig. 158, from one of Mr Watson's blocks,
illustrates the nature of his evidence. He points out that in
the obverse half of a large specimen of Bothrodendron in the
Manchester Museum, the umbilicus consists of a ceylindrieal
hole, 18 mm. deep and 8 mm. in diameter, surrounded by a
projecting ring of mineral material which doubtless represents
some portion of the original plant: on the reverse half of the

! Thompson, I'’Arcy (R0). # Kidston (85).

# Seward and Ford (06) PL xxr. fig. C. 4 Bhattock (88).

" Watson (08).

9—2
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specimen the continuation of the ring is scen as a prominent
cone fitting into the cup-like depression in the obverse half: the

Fre. 158. Diagrammatic section through the base of a branch to illustrate the
Branch theory of the Ulodendroid sear. (After Watson.)

conical cast shows that numerous small vascular strands were
given off from this ring of tissue, and these strands have the
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same arrangement and size as the dots which are found on
typical Uledendron scars. He interprets the ring surrounding
the umbilicus as the remains of the primary wood and the
small strands as leaf-traces supplying the branch.

In the diagrammatic seetion shown in fig. 158 the onter
cortex of the main stem is represented by oc1; this consists of
secondary tissue. The corresponding tissue in the branch is
seen at oc2. The stele of the stem is shown at Tr. St. and
that of the branch at Br. St.; It, i, mark the position of the
leaf-traces. If we assume the branch to be detached along
the line LS, the depression would show numerous spirally
arranged dots representing the points of exit of leaf-traces and
the vascnlar axis would be exposed in the umbilicus, This
explanation appears to me to be in harmony with the surface-
features of Ulodendron sears on both Bothrodendron and
Lepidodendron stems. The occasional ocenrrence of leaf-
cushions on a portion of a Ulodendron sear is a difficulty on the
cladoptosis hypothesis. Assuming that true leaf-cushions oceur,
their presence may, as Watson suggests, be due to the folding
back of a piece of the outer cortex of the branch which has
been “crushed down on to the area of the secard.”

Since this account was written a note has been published
by M. Renier? in which he describes a specimen of Bothro-
dendron from Liége, one face of which shows a prc jecting Ulo-
dendroid scar with an excentric umbilicus. On the other face
is a dichotomously branched shoot with surface-features corres-
ponding to those on the scar; the evidenee that the scar
represents the base of the branch is described as indisputable.

Stur® held the view that the depressions on Ulodendron stems
represent the places of attachment of special shoots comparable
with the bulbils of Lycopodium Selago, or, it may be added,
with the short branches occasionally produced on Cycas stems.
If the depressions were formed by the pressure of the bases
of cones, it is clear that the size of the cavity munst be an index
of the diameter of the come. The larger Ulodendron scars
exceed in diameter the base of any known lepidodendroid stro-
bilus. Another obvious difficulty, which has not been over-

L Watson (08) p. 10. 2 Renier (08). 4 Stuar (75) A. Heft 11,
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looked by Kidston who holds that the scars were produced by
sessile cones,is that in Lepidodendron Veltheimianum strobili were
borne at the tips of slender branches; the same difficulty is
presented by Bothrodendron (Fig. 213). It is unlikely that two
types of strobili were produced on the same plant, particularly
as the cone of L. Veltheimianuwm was heterosporous.

The cones of certain species of Pinus remain attached to
the tree for many years and their bases become embedded in
the stem; this is particularly well shown in the drawing of a
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Fra. 159. Pinus clausa, 4 nat. size.

cone of Pinus clausa (fig. 159), for which I am indebted to
Mr Sudworth, Dendrologist in the United States Forest Service.
Mr Sudworth has drawn my attention to P. aftenuate and P.
muricate, 1 llustration of the same phenomenon®. The
example shown in fig. 159 cannot, however, be matched by any
known specimen of Ulodendron ; in the case of the depressions
on the stem of a Pine the cone-base fits the circular scar,
but in the fossil stems it is practically certain that this was
not the case.

1 Garden and Forest, vol. v., pp. 160—162, fiz, 24 (April 6, 1902).
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There can be little doubt that certain Palaeozoic Lycopods
shed their branches by a method similar to that employed by
the Kauri Pine of New Zealand and by some species of Dicoty-
ledons. The evidence adduced in the case of Bothrodendron
punctatum is a strong argument in favour of extending the
same explanation to other Ulodendron shoots.

B

Frg. 160, A. Lepidephloios scoticus Eidst. From & speecimen from the Calei-
ferous Sandstone, Midlothian, in Dr Kidston’s Collection ; rather
less than I nat. size.

B. L. scoticus cone. Irom a gpeeimen from the Caleiferous Sand-
stone of Midlothian in Dr Kidston’s Collection ; slightly reduced.

b.  Halonia.

The branched axis with Lepidophloios leaf-cushions, re-
presented in fig. 160, A, illustrates a special form of shoot
described by Lindley and Hutton® under the generic name
Halowia. The original specimens referred to this genus are

! Lindley and Hutton (85) A.
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decorticated axes showing remains of Lepidodendroid leaf-
cushions. The spirally disposed circular scars in the specimen
of Halonia (Lepidophlodos scoticus') shown in fig. 160 constitute
the characteristic feature of the genus; they may have the
form, as in fig. 160, A, of circular dises with a central umbilicus
marking the position of a vascular strand, or, as in the sand-
stone cast of Halonia tortuosa shown in fig. 1612 they may

Fie, 161. Halonie tortuosa L, and H, From a specimen in Dr Kidston's Col-
lection, from the Liower Coal-measures of Ayrshire (No, 1561) ; § nat. size.

appear as prominent tubercles. The latter example illustrates
the condition characteristic of partially decorticated stems.

In 1883 Williamson® deseribed a specimen, now in the Leeds
Museum, which convinced him that Halonia is merely a special
form of Lepidodendron concerned with the production of fertile
shoots or strobili. Feistmantel* also recognised that Halonda

! Kidston (98) Pl. u, fig. 6. 2 ibid. (02) P1. Lo, fig. 2,
* Williamson (38%) A. PL. 84. 4 Feistmantel (75)A. p. 193, Pls. xxx1v.—xxxvIL




XV] HALONIA 137

regularis 1s identical in the form of the cushions with the type
known as Lepidophloios laricinus. It is worthy of note that
under the name Halonia, Feistmantel' figured a piece of de-
corticated axis characterised by two rows instead of the usual
spiral series of large cup-shaped scars. Recent researches have,
however, tended to break down the distinetion between Ulo-
dendron and Halonie founded respectively on the biseriate
and spiral arrangement of the sears or tubercles.

The interpretation of Halonial branches as cone-bearing
members of Lepidodendroid plants has passed into a generally
accepted statement of fact, but, so far as I know, only one
specimen has been figured in which strobili are seen attached
to an Halonia axis. This specimen, described by Grand Eury?
from the coal-field of Gard, is hardly sufficiently well-preserved
to constitute a demonstration of the correctness of the generally
received view, which, as is not unusual, has been repeated by
one writer after another without due regard being paid to the
nature of the evidence on which the statement is based. It
may, indeed, be correct to describe Halonial branches as cone-
bearing, but there are certain considerations which make one
pause before unhesitatingly accepting this explanation. The
s from the central eylinder of the

vascular strand which pas
shoot to the tubercle or scar is composed of a solid rod of
xylem distinguished from the main stele by the absence of a
pith. In such petrified peduncles as have been discovered the
stele is of the medullated type. The common occurrence of
strobili terminating slender branches of lepidodendroid plants,
though not a fatal objection to their attachment to Halonial
shoots, shows that in many cases the cones were borne at the tip
of leafy shoots. It may be that some of the Halonial scars are
in origin like those of the Ulodendron axes of Bothrodendron
and mark the position of deciduous vegetative branches,

The first account of the anatomy of Halonia we owe to
Dawes®; this was followed by a fuller deseription by Binney?*,
The history of our knowledge of this type of branch has been
given by Carruthers®, who expressed the opinion that Halonia

1 Feistmantel loc. eit. PL xnyvin ¥ Grand’ Eury (90) A.
3 Dawes (48). + Binney (72) ; see also Seward (99). 5 Carruthers (73%).
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is merely a fertile condition of Lepidophlotos and possibly of
other lepidodendroid plants. He was also inclined to regard
the Halonial tubercles as younger stages of the larger scars
characteristic of the genus Ulodendron. Williamson's contribu-
tions to our knowledge of Halonia are of primary importanee;
he supplied further proof of the Lepidodendroid nature of these
branches and advanced our knowledge of their anatomy. In
an early paper! he expressed the view that the differences on
which Halonic and Ulodendron are separated are such as result
from a difference in age and are not of generie importance.
In the last memoir, of which he was sole author, published by
the Royal Society® Williamson brought forward further evi-
dence in support of this well-founded opinion.

That the fossils known as Halonia are branches of a
lepidodendroid plant is at least certain, and it is probable that
the lateral branches which they bore were fertile, though satis-
factory proof of this is lacking. We know also that Halonia
branches are characterised by the Lepidophloios form of leaf-
cushion ; there is, however, no sufficient reason to assume that
such branches were never attached to stems with the cushions
of the Lepidodendron form. The further question, namely
whether Williamson was correct in his contention as to the
absence of any essential distinction between Ulodendron and
Halonia, does not admit of an unchallenged answer. In 1903
Weiss? deseribed the anatomy of a specimen of a biseriate
Hailonie branch of Lepidophloios. The form of the leaf-cushions
is unfortunately not very well preserved, but Weiss figures
other specimens with two rows of tubercles on which the leaf-
cushions are sufficiently distinet to justify a comparison with
those of Lepidophloios. He believes with Williamson that it is
the presence of tubercles in place of scars which distingnishes
Halonia from Ulodendron, and that the arrangement of the
tubercles or scars is a matter of little importance. He ex-
presses the opinion justified by the evidence available that the
absence or presence of tubercles is merely due to accidents of
preservation or, one may add, to difference in age. Kidston*
dissents from Weiss's description of his specimen as a biseriate

! Willinmson (72). 2 ibid, (98). % Weiss, . E. (03), ¢ Kidston (05).
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Halonia ; he regards it as a Ulodendron branch of Sigillaria
discophora (Konig). Until specimens with more clearly pre-
served external features are forthcoming it is impossible to
settle the point in dispute, but on the facts before us there
would seem to be a prima fucie case in favour of Weiss's
contention.

The designation Halonie may be retained as a deseriptive
term for Lepidodendroid shoots characterised by spirally dis-
posed scars or tubercles and bearing leaf-cushions of the Lepi-
dophloios type. In the case of specimens showing prominent
tubercles, the superficial tissues are usually absent and, as in
the fossil represented in fig, 161, the name Halonia does not
necessarily imply the presence of leaf-cushions of a particular

type.

vil. Anatomical characters of Vegetative Lepidodendron shoots
(Lepidodendron and Lepidophioios).

The type already deseribed under the name Lepidodendron
vasculare differs from those dealt with in the following pages
chiefly in the anatomy of the stele. The simplest and probably
most primitive type of Lepidodendron stem is thabt in which
the xylem forms a solid rod : the type of stele most frequently
represented is that of L. Harcourti, L. fuliginosum, and other
species in which the diameter of the stele is greater and a
cylinder of primary xylem encloses a comparatively large

parenchymatous pith.

1. Lepidodendron esnostense, Renault?.

This species was founded by Renault on petrified specimens
from the Culm beds of Esnost in France. The surface of a
young twig bears prominent leaf-cushions of elongated rhom-
boidal form similar to those of ZLepidodendron obovatum
(fig. 173) and other species. In older branches the primary
cortex is replaced by a considerable thickness of radially dis-
posed secondary cortical tissue which, as shown in tangential
section, consists of a reticulum of elongated pointed elements

1 Renault (96) A. p. 175, Pls. xxxrmr, xxx1v.
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with comparatively thick walls enclosing meshes filled with
large-celled parenchyma. It is worthy of note that if such a
branch were exposed to decay, the earlier destruction of the
more delicate tissue in the meshes of the secondary cortex
would produce a series of oval depressions, corresponding to
the parenchymatous areas, separated by a projecting reticulum
of the more resistant elements: a cast of this partially decayed
surface would be indistingnishable from that of some types
of Sigillaria or of a Lyginodendron. The inner regions of
the cortex of the type-specimens have not been preserved.
The xylem, which is the only part of the stele represented,
has the form of a protostele or solid eylinder of scalariform
tracheids with peripheral groups of narrower protoxylem ele-
ments which mark the points of exit of the leaf-traces: in a
branch 1—2 em. wide the xylem colomn has a diameter of
3 mm. The small leaves (fig. 143, B, C), similar to those of a
Sigillaria, are sub-rhomboidal in section near the base and
approximately cirenlar near the apex’. The mesophyll consists
of palisade cells having the appearance of typical chlorophyll-
tissne. The heterosporous strobili attributed to this species hore
microsporangia on the upper and megasporangia on the lower
sporophylls ; the megaspores, of which a considerable number
oceur in each megasporanginm, are identical in size with those
of another Culm form, Lepidodendron rhodumnense. Some of
these have retained traces of prothallus tissue, and in one spore
Renault figures what he regards as an archegonium: the
drawing is by no means convineing.

2. Lepidodendron rhodumnense, Renault®,

The species from the Culm of Combres (Loire) agrees in its
solid xylem cylinder and in the differentiation of the secondary
cortex, as also in the association of two kinds of spore, with
Lepidodendron esnostense. A comparison of the leaves of the
two types reveals certain differences which may be of specific
rank, but, apart from minor differences, these Culm specles
may be classed under one anatomical type.

1 For deseription of the leaf-anatomy, see pp. 98, 99.
? Renault (79) p. 249, PL. x.
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3. Lepidodendron saalfeldense, Solms-Laubach,

This Devonian species was founded on a specimen
3 x 25 em. broad at the base, which shows the stumps of four
branches recalling the dichotomously branched arms of Stig-
marie and Pleuromeia. If these are in reality the remains of
Stigmaria-like horizontal branches the species affords an
interesting example of a Lepidodendron axis with a subter-
ranean rhizome of the type which has been found in several
Sigillarian stems. In the upper end of the axis the stele
consists of a solid strand of xylem which is not sufficiently
well preserved to show the position of the protoxylem grr_')ul);.'.,
A transverse section taken near the base reveals a type of
stele differing from that at the upper end in being composed
of radially disposed tracheids and in its resemblance to the
stele of Stigmaria.

4.  Lepidodendron fuliginoswm, Williamson, TFigs. 162—172,
179, E.

1871, Lepidodendron Harcourtid, Binney, Palwont. Soc., p. 48, PL vir.
fig. 6.

1872. Halonia regularss, Binney, Palmont. Soc., p. 89, PL xv.

1881. Lepidodendron. Harcowrtic, Williamson, Phil. Trans. Roy. Soc.,
Yol. 172, p. 288, Pls. xnix-tI1,

1887. Lepidodendron fuliginosum, Williamson, Proc. Roy. Soc., Vol.

3

XLIL p. 6.
1891. Lepidodendron Williemsond, Solms-Lanbach, Fossil Botany,
P 226.
1893. Lepidophloios fuliginosus, Kidston, Trans, Roy. Soc, Edinburgh,
Vol. xxxvon p. 548.

The name Lepidodendron jfuliginoswm was proposed by
Williamson in 1887 for petrified stems previously included by
him in Witham's species L. Harcourtii, but subsequently
recognised as a distinet type characterised by “the greater uni-
and by other

3

formity in the composition of the entire cortex’
features some of which do not eonstitute distinetive characters.
The species agrees with L. Harcourtiv and with L. Veltheimq-
anum in having a medullated stele; it is distinguished not

! Solmg-Laubaeh (96) p. 18, PL. x. figs. 7—11.
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only by the more frequent preservation of the middle cortex, a
fact due to a difference in minute structure, but chiefly by
the peculiar structure of the secondary tissue added to the
stele; this is in part composed of radial series of parenchy-
matous cells and of a varying amount of tracheal tissue the
elements of which are narrower than in other species and are
characterised also by their sinuous vertical conrse. As 18 pointed
out in the sequel, the anatomical features of L. fuliginosum, as
at present understood, are not confined to one type of Lepido-
dendron stem. Specimens have been described with leaf-
cushions of the form characteristic of L. aculeatum, L., obovatum
and Lepidophloios combined with the anatomical features of
Williamson’s species: it is possible that the two species
L. obovatum and L. aculeatum are not really distinet?, but it is
certain that shoots with both the Lepidodendron and Lepi-
dophloios cushions may have the same type of anatomical
structure.

A more detailed knowledge of the structural features of
Lepidodendron shoots may enable us to define anatomical
species with more exactness than is possible at present. There
can, however, be little doubt that well-marked anatomical
features may be associated with more than one specific form of
shoot as defined by the form of the leaf-cushions,

Solms-Laubach proposed the name Lepidodendron William-
sont for the anatomical type L. fuliginosum of Willilamson, but
the laiter name has been generally adopted.

In the following account special attention is directed to the
nature and origin of the secondary stelar tissue and to the
secretory zone, as difference of opinion exists as to the interpre-

tation of these features. Among the best examples of shoots
of Lepidodendron fuliginosum without secondary tissue or in
which it is feebly developed are those originally described by
Binney. The stele includes a large parenchymatous pith, the
cells of which frequently show signs of recent division, a feature
observed also in the pith of the large stem of L. Wiinschiagnum,
represented in figs. 181, 182. The primary xylem cylinder has
an irregularly crenulate outer edge like that of L. Wiinschianum

! They arve regavded as identical by Fischer (04).
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and L. Harcourtiy and the protoxylem elements occupy an
exarch position. Isodiametric reficulately-pitted elements are
met with both on the inner and outer edge of the xylem.

Fre. 162. Lepidodendron fuliginosum. Part of the stele in transverse section.
(Binney Collection, Sedgwiek Musenum, Cambridze.)

F1a, 163. Lepidodendron fuliginosum. Longitudinal section,
(Binney Collection, Cambridge,)
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Figs. 162 and 163 illustrate the structure of the outer portion
of the xylem and adjacent tissues in a section of a shoot
38 cm. x 2°5 em. in diameter, which is in the act of branching,
as shown by the occeurrence of two steles of equal size.
A figure of the complete section will be found in Binney’s
memoir?®, and additional illustrations were published in 18992

The primary xylem (figs. 162, 163, ) is succeeded by 2—3

Fia. 164. Lepidodendron fuliginosum. Leaf-trace.
(Binney Collection, Cambridge.)
rows of polygonal cells with dark contents and associated with
isodiametric tracheae: these pass into clearer parenchymatous
tissue, a, characterised by the arrangement of the cells in
vertical series, to which the term meristematic zone has been
applied. The secretory zone, s, abutting on the meristematic
zone, consists of more or less disorganised parenchymatous cells

! Binney (72) Pl xm1. fig. L. = Beward (99).
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and broader and more elongated spaces: it is interrupted here
at l£1 and {2 in fig. 162.
The secretory zone is succeeded by a homogeneous inner cortex

and there by an outgoing leaf-trace, as

like that described in L. vasculare; part of this region 1s seen
at the upper edge of fig. 162. The broad middle cortex, which
is separated from the inner cortex by a sharply defined
boundary, is composed of rather small lacunar parenchyma-
tous tissue consisting of sinuous tubular elements interspersed
among isodiametric cells of various sizes (fig. 166, p). In
the middle cortical region the leaf-traces pursue an almost

Fre. 165. Lepidodendron fuliginosum. Teaf-trace: x, xylem; &, secretory zone,
(Binney Collection, Cambridge.)

horizontal course; one is shown in fig. 164, in oblique longi-
tudinal section, in a reversed position; the xylem, &, should be
on the inner side of the secretory tissue, s. The clear space
between the two parts of the vascular bundle was originally
occupied by a fow layers of parenchymatous cells, as seen in the
transverse sections, figs. 165 and 166. In some specimens the
leaf-traces pass through the middle cortex in a much more
vertical course, as shown by the section represented in fig, 165.
This section illustrates the structure of a typical leaf-trace with
unusual clearness ; it shows the tangentially elongated group of
xylem, the strand of tissue which occu pies the position of phloem,

8,11, 10
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¢ (to which the term secretory zone is applied), the compact
parenchyma between the two parts of the bundle, and surround-
ing the whole a narrow sheath sharply contrasted by the
smaller and more uniform size of the cells from the middle
cortex, a few cells of which are seen in the photograph. The
middle cortex shows a well-defined junction with the more
compach outer eortical region, which consists of primary
parenchyma passing externnlly into a zone of phelloderm com-
posed of thick-walled and more elongated cells. A noticeable
feature in many Lepidodendron shoots is the occurrence of a
cirele of strands of secrctory cells often surrounding fairly large

Fie. 166. Lepidodendron fuliginosum. Leaftrace: p, parichnos.
(Binney Collection, Cambridge.)
duets just internal to the edge of phelloderm : similar strands
form irregularly concentric circles, as was pointed out in the
case of L. wasculare, in the phelloderm itself.

Fig. 166 shows a leaf-trace in the outer cortex accompanied
by its crescent-shaped parichnos, p, derived from the middle
cortex and by means of which the outer cortex and the lamina
of the leaves are connected with the inner region of the shoot.
This lacunar middle cortex and parichnos doubtless constitute an
aerating tissue-system which after leaf-fall is exposed directly
to the air at the ends of the parichnos arms on the leaf-scars,
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Some of the sections in the Binney Collection (Sedgwick
Museum, Cambridge) show early stages in the pmr]uctwn of
secondary xylem: in the seetion represented in fie. 167 the
secretory zone is suceeeded on its inner face by a zone of r adially
]unrnmlcrl cells, m, which are clearly in a meristematic condition.
The same seetion shows also the more radis ally extended form
of the xylem of a leaf-trace with its internal protoxylem, pa,

Fra. 167, Lepidodendron fuliginoswm.
(Binney Collection, Cambridge.)

contrast to the tangentially elongated form which is assumed
ge through the cortex (cf. figs. 165, 166).

during its passag

Some sections of Lepu{ndcm!um j-u.h.yum.w-m in the Man-
chester University Collection are of special interest from the
point of view of the method of secondary thickening. In
the section reproduced in fig. 168, B, the meristematic zone
15 seen to consist in part of radially elongated elements, m,
with parallel cross-walls evidently of recent origin. The same
tissne is shown also in fig. 168, C, @, D, @, and in fig. 169, A, a

10—2
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This band of meristem, which we may speak of as the cambium,
oceurs in the outer region of the meristematic zone immediately
internal to the secretory zone, sc.

The result of the activity of this cambium band 1s the
production of secondary parenchyma and tracheal tissue. In
fig, 179, E, drawn from a portion of the section represented in

Fie. 168. A. Lepidodendron vaseulare. (Botany School, Cambridge.)
Lepidodendron fuliginosum. (From a specimen from Shore,
Laneashire, in the Cambridge Botany School Colleetion).
C. L. fuliginosum. (**Biseriate Helonia of Weiss No. 237,
Muaunchester University Musenm.)
D. L. fuliginoswm. (Manchester Univ. Museum.)

fig. 168, B, a projecting arm of primary xylem is scen at @ ;
this is followed by 2—3 layers of parenchymatous cells, some of
which have dark contents, and beyond this is seen a group of
secondary elements, ¢, cut across somewhat obliquely, which
are evidently products of the cambial cells on the inner margin
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of the secretory zone, se, The longitudinal section (fig. 169, D)
shows the cambial cells, @, next the secretory zone, s, passing
internally into erushed and imperfectly preserved elongated
clements which are prespmably miniature tracheae, and these
are succeeded by older and more completely lignified xylem

Fia. 169. Lepidodendron fuliginosum.
A, B. (Manchester University Collection, No. (). 6454.)
B, €. (Manchester., No.257.)
D. (Manchester. No. 6.)

elements, 2. In larger shoots the amount of secondary tissue
is considerably greater ; it may consist almost entirely of short-
celled parenchyma (fig. 168, C, from # to s¢), or it may include
a large proportion of radially disposed and vertically elongated
tracheae (fig. 168, D, 2% and fig, 170, A, 2%), or it may consist of
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parenchyma containing scattered groups of tracheae (fig.
169, A, &*)%

Fig. 169, A, is a diagrammatic sketch of the tissues—1 mm.
wide—Dbetween the primary xylem, #, and the inner cortex.
The primary xylem is succeeded by short parenchymatous cells
followed by a zone of radially elongated elements passing
oceasionally info rows of narrow sealariform tracheae, some of
which, owing to their sinuous longitudinal course (fig. 171, C),
are seen in oblique seetion, as at C, fig. 169, A. At its outer
edge this secondary tissue, 2% consisting of parenchyma and
tracheae, passes into the cambial band (hg. 169, B, a).

F16. 170. Lepidodendron fuliginosum. (From sectiong in the Manchester
Museum.)

The radial longitudinal section represented in fig. 168, C, is
taken from the fossil described by Weiss as a biseriate Halonia ;
it agrees sufficiently closely in structure with others referred to
Lepidodendron fuliginosum to be classed as an example of this
anatomical type. A complete transverse section of the stem
measures Y x 6:3em.; the breadth of the tissues between the
edge of the primary xylem and the outer edge of the secretory
zone 18 25 mm. The middle cortical region, characterised by
the sooty appearance, which led Williamson to choose the
specific name fuliginosum, is traversed by the leaf-traces and is
sharply differentiated from both the inner and outer cortex.

! As Miss Stokey (09) points out the production of parenchyma internal

to the cambium of L. fuliginosum is a feature shared by Isoetes. See also Scots
and Hill (00), p. 424,
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The longitudinal section (fig. 168, C) shows the outer edge of
the primary xylem, z, abutting on a band of dark and small-
celled parenchyma which passes into the broad zone of secondary
tissue, m, the inner region of which consists of fairly thick-
walled elements in radial series passing externally into the
thin-walled cells of the cambial region, «, on the inner edge of
the seeretory zone, se. This seetion shows also the interruption

Fie. 171. Lepidodendron juliginesum. (From sections in the Manchester
Museum, )

of the seeretory zone by an out-going leaf-trace, I, the lower parc
of which, se, is continued downwards into the secretory zone. The
exit of a leaf-trace produces a gap in the secretory zone of the
stem, but not in the xylem. If we applied the term phloem to the
secretory zone—a course adopted by Profl ¥. E. Weiss and some

other authors, but which I do not propose to follow—we should
speak of a phloem foliar-gap as a characteristic feature of a
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Lepidodendron shoot. This applies to other species of the
genus as well as to L. fuliginosum.

Fig. 171, A, shows more clearly the broad zone of secondary
parenchyma with the thinner-walled cambial region, «; the latter
is represented on a larger scale in fig. 171, B. The section
shown in fig. 168, D, and in fig. 170, A, affords an example of a
stem in which the secondary tissue consists largely of narrow
scalariform tracheae, 2%; the primary stele has a diameter of
Lem.; the secondary xylem, 2% forms a fairly broad zone of
parenchyma and tracheal elements throngh which leaf-traces
pass vertically, a fact of some interest in comparison with the

Fic, 172, Lepidodendron fuliginosum. From w secticn (4x34 cm.) in the
Williamson Collection, British Museum (No. 379), figured by
Willinmson, Phil. Trans. R, Soe. 1881, Pl, 52,

horizontal course which they pursue through the medullary rays
in the normal secondary wood of L. vaseulure and L. Wiinschi-
anum. The secondary tracheae pass gradually into thin-walled
cambial cells (a, fig. 168, D 170, A) with parallel tangential
walls. Tig. 171, C, shows the sinuous course of the secondary
tracheae as seen in longitudinal section, and a few small
| groups of parenchymatous cells, mr, which may be of the nature
' of medullary rays, enclosed between the winding scalariform
tracheae.
. The secretory zone of Lepidodendron fuliginosum agrees
essentially with that of other species; it usually presents the
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appearance shown in fig. 168, B, s¢; fig. 169, B and C; fig.
170, B (longitndinal section): fig. 171, D, se. The compara-
terise this tissue, as seen
in fig. 168, B, appear to owe their origin to groups of small
cells which gradually break down and give rise to spaces con-

tively large clear spaces which charac

taining remnants of the disorganised elements, as in fig. 171, D,
and fig. 169, B, b. The secretory tissue seen in fig. 170, B,
consists of large and small parenchymatous eells without any of
the broad sacs or spaces such as arve shown in fig. 169, C.

Fig. 172 represents a diagrammatic sketch of a transverse
section (4 x 34 em. in diameter) of a young shoot from the
Lower Coal-Measures of Lancashire figured by Williamson® in
1881 as Lepidodendron Harcourtdd. It shows the features
characteristic of L. fuliginosum and is of importance as afford-
ing an example of a shoot giving off’ a branch from the stele to
supply a lateral axis of the type characteristic of Halonia. The
exit of the branch-stele forms a gap in the main stele; a
ramular gap as distingnished from a foliar gap. The outgoing
vaseular strand is at first crescentic, but becomes gradually
converted into a solid stele. The primary xylem of the main
stele (black in the figure) consists of a ring six tracheae in
breadth ; this is sueceeded by a few layers of dark parenchy-
matous cells and a band of radially elongated elements, a, which
abuts on the secretory zone. The middle lacunar cortex, ¢
with Stigmaria rootlets, s, is fairly well preserved. In the onter
cortex oceur several leaf-traces, ¢, accompanied by spaces origi-
nally occupied by the parichnos strand, p. A band of secondary
cortex, consisting chiefly of phelloderm, is seen at pd. The
prominent leaf-cushions, some of which show the parichnos, p,
appear to be of the Lepidophloios type.

It remains to consider the external characters of Lepidoden-
droid shoots possessing the anatomical features represented
by the comprehensive species Lepidodendron fuliginosum.

Certain sections exhibiting this type of structure were
described by Binney in 1872 as Halonia regularis® on evidence
supplied by Mr Dawes, who stated that they were cut from a

! Williamson (81) A. Pl wm. p. 288, (Will. Coll. Ne. 379.) 2 Binney (72).
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specimen bearing Halonia tubercles. The section represented
in fig. 172 is no doubt from an Halonia axis. In 1890 Cash
and Lomax! stated that they had in their possession a stem of
the L. fuliginosum type with the external features of Lep-
dophloios ; this identification has been confirmed by Kidston?
and Weiss®. It is, however, equally clear that certain species
with the elongated leaf-cushions of Lepidodendron must be
inclnded among examples of shoots with the anatomical
charvacters of L. fuliginosun.

Fra. 178, Lepidadendron oliovatum, (From a specimen lent by Dr D. H, Scott.)

Dir Seott* published in 1906 a short account of the structure
of & specimen from the Lower Coal-Measures of Lancashire, the
external features of which were identified by Kidston with
those of Lepidodendron obovatum Sternb.  Dr Scott generously
allowed me to have drawings made from his specimen ; these
are reproduced in fig. 173. The form of the leaf-cushion is by
no means perfeet; there is a well-marked median ridge, and
the small cirenlar sear near the upper end of some of the
cushions may represent the ligular cavity. At the base of the
leaf-cushions a cortical meristem has produced a zone of

! Cash and Lomax (90). 2 Kidston (93) p. 547.
# Weises, I, E. (03) p. 218. * Seott, D. H. (06%).
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Fre. 174, Lepidodendron aculeatum.
(Cambridge Botany Sehool.)

secondary cortex; at ¢ a second meristern is seen in the outer
cortex : the dark dots in the cortex mark the positions of leaf-
trace bundles. The inner cortex, d, is a more compact tissue

Fre. 175. Lepidodendron aculeatum.
(Cambridge Botany Bchool.)
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surrounding the imperfectly preserved secretory zone. From
the medullated stele a lateral branch, b, is being given off; its
crescentic form becoming changed to circular as it passes nearer
to the surface.

A type of Lepidodendron, L. Hiclii, founded on anatomical
characters by Mr Watson', is believed by him to possess Jeaf-
cushions like those of L. obopatum ; if this is so, it is interesting,
as he points ont, to find two distinet anatomical types associated
with one species. Watson thinks it probable that the « species ™
L. obovatum includes al least two widely different species. This
merely emphasizes the importance of correlating structure and
external characters as far as available data permit.

1 .
¥ TC @
i, 176,  Lepidodendron aculeatunt.
(Cambridge Botany Sehool.)

The specimen, of which part of the surface is shown in
fig. 174, is in all probability L. aculeatuny Sternb. This was
deseribed by me in detail in The Annals of Botony (1906) as
another example of the co-existence of the Lepidodendron fuli-
ginosum type of anatomy with a true Lepidodendron. The
locality of the specimen is not known. The leaf-cushions
are 1'5 cm. long with tapered upper and lower ends; a ligular
cavity may be recognised on some parts of the fossil, also faint
indications of leat-trace scars. The tubercles (fig. 174, A—C, 1)
probably represent leaf-traces which the shrinkage of the super-
ficial tissues has rendered visible in the lower part of their
course. The circular scar, s (fig. B), on the partially decorticated
surface 1s apparently a wound. The stele is sufficiently

1 Watson (07) p. 18.




(%) 4
~J

XV STIGMARTA 1:

well preserved to justify its reference to L. fuliginosum. The
irregularly crenulated edge of the primary xylem, @ (fig. 175), is
suceecded by a broad band of parenchyma (the meristematic
zone), nz, and beyond this are remnants of the secretory zone, s.
The structure of the leaf-traces corresponds with that of other
specimens of the type, but the much steeper course of these
vascular strands, /t, It (fiz. 176), is a feature in which this
example differs from most of those referred to L. fuliginosum.
Such evidence as 1s available wonld scem to point to the

Fre. 177, Stigmarie radiculose (Hick), (From seetions in the Manchester
University Collection.)

absence of trustworthy criteria enabling us to separate, on

anatomical grounds, Lepidophloios and Lepidodendron®.

Stigmaria radiculose (Hick).

We have no proof of the nature of the subterranean organs of
Lepidodendron fuliginosum, though 1t is not improbable that the
specimens deseribed below may be correctly assigned by Weiss
to that species, Prof. Weiss® has made an interesting contribu-
tion to our knowledge of a type first deseribed by Hick® under
the name Tylophore radiculosa, a designation which he after-

1 Seward (06) p. 378 2 Weiss, F. E. (02). * Hick (93).
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wards altered to Xenophyton radiculosum’ and for which we iy
now substitute Stigmaria radiculose (Hick). Prof. Williamson
expressed the opinion that Xenophyton exhibited considerable
affinity with Stigmaria ficoides and Weiss’s further study of the
species leads him to regard Hiek’s plant as probably the Stig-
marian organ of Lepidodendron fuliginosum. The diagrammatic
transverse section represented in fig. 177, A (4°5 e, in diameter),
shows an outer cortex of parenchyma, ¢/, consisting in part of

L

CJ
Fre. 178. Rootlet of Stigmaria. (From a section in the Manchester Collection.)

radial rows of secondary tissue and of a band of compact paren-
chyma bounded by the wavy line @: at s¢is a series of secretory
strands exaetly like those in a corresponding position in Lepido-
dendron fuliginosun and other species of the genus. The greater |
part of the organ is occupied by a lacunar and hyphal middle

cortex dentical in structure with that shown in fig. 178, B, drawn

from a rootlet. At d. fig. 177, A, the middle cortex has been ‘

I Hick (952).
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invaded by a narrow tongue of outer cortical tissue. The stele
15 characterised by a large pith filled with parenchyma; in Stig-
maria ficotdes' the general absence of pith-tissue has led to the
inference that the stele was hollow. The xylem is represented by
a ring of bundles separated by broad medullary rays; each bundle
contains a few small, apparently primary, elements on .its inner
edge but is mainly composed of radial rows of secondary tracheae
#% fig. 177, B. On the outer face of the secondary xylem oecur a
few smaller and thinner walled cells, ¢, having the appearance
of meristematic tissue; from these additional tracheae were
added to the xylem. This meristematic zone oceurs, as in the
stems of Lepidodendron, immediately internal to the secretory
tissue, se; at O fig. 177, B, is seen the inner cortical tissue.

In surface-view a specimen figured by Hick® shows a number
of circular scars agreeing in shape and arrangement with the
rootlet scars of Stigmaria ficoides. At b in fig. 177, A, the basal
portion of a rootlet is shown in organic connexion with the outer
cortex. The rootlet bundles are given off from the stele as in
other examples of Stigmaria; each bundle consists of a triangular
strand of xylem with an endarch protoxylem at the narrow end
accompanied by a portion of the secretory tissue as in the
leaf-traces. As in Stigmarie ficoides the rootlets are attached
to the outer cortex above a cushion of small cells. It is inter-
esting to find that rootlet-bundles, as seen in tangential section
of the main axis, are associated with a parichnos strand, but
this 1s on the xylem side of the vascular strand, whereas in the
case of leaf-traces the parichnos is on the other side of the
bundle,

Fig. 178, A, represents a transverse section of a rootlet
(6 mm. in diameter) associated with Stigmaria radiculose and
pl'u])ably 1.)(‘,](mging to this SPL‘CiL?S. The xylem strand « is com-
posed of & group of tracheae with a single protoxylem strand,
pa, at the pointed end and with small metaxylem elements at
the broad end next the space originally occupied by the so-
called phloem. A parenchymatous sheath, ¢/, surrounds the
bundle, and beyond this is the broad middle cortex a small
portion of which is shown on a larger seale in fig. 178, B; as Weiss

L See p. 240. 2 Hick (03) P1. xvi. fig. 1.
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points out, some of the outermost cells of the lacnnar cortex
(m) are clearly in a state of meristematic activity.

The preservation of the middle cortex and the small guan-
tity of secondary xylem are characters which this Stigmaria
shares with Lepidodendron fuliginosum, and although decisive
evidence is still to seek, we may express the opinion that
Weiss's surmise of a connexion between Stigmari radiculosa
and Lepidodendron fuliginosuimn is probably correct.

5. Lepidodendron Harcourtwe. Fig, 1789, A—D.

In 1831 Mr Witham?® published an anatomical descripfion of
a fragment of a Lepidodendron which he named Lepidodendron
Harcourtit after Mr €. G. V. Vernon Harcourt from whom the
specimen was originally obtained. The fossil was found in rocks
belonging to the Calciferons series in Northumberland.  Witham
reproduced the account of this speeies in his classic work
on Fossil Vegetables®, and Lindley and Hutton? who examined
Mr Harcourt’s material, published a deseription of it in their
Fassil Flora in which they expres:
dron is intermediate between Conifers and Lycopods.  Adelphe
Brongniart® included in his memoir on Sigillarie elegamns an

sedd the view that Lepidoden-

account of Witham's species based on material presented to the
Paris Museum by Mr Hutton and Robert Brown. Dr Kidston®
has shown that the actual transverse seetion fignred by Witham

is now in the York Museum; a piece of stem in the same
Museum, which is not the specimen from which Witham’s
seetion was cut, supplied the transverse section figured by
Brongniart. The figures given by Lindley and Hutton do not
appear to have been made from the York specimens. TIn 1887
Williamson® published a note in which he pointed out that some
of the specimens described by him as L. Harcourtii should be
transferred to a distinet species, which he named L. fuliginosum.
Subsequently in 1893 he gave a fuller account of Witham’s
species; 1t has, however, been shown by Dr Kidston and by

! Witham (31) A. 2 Witham (33) A. Pls. xim, xmr,

 Lindley and Hutton (35) A, Pls. 88, 99. * Brongniart (39) A.
’ Kidston (03) p. 822. ¥ Willinmson (87).
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Mr Watson' that certain specimens identified by Williamson as
L. Harcourtii differ sufficiently from that type to be placed in
another species, for which Watson proposes the name L. Hickii.

A paper on L. Harcourtic published by Bertrand® in 1891
extends our knowledge of this type in regard to several ana-
tomical details. It was recognised by Williamson that the
absence of secondary wood in shoots possessing the anatomical
characters of L. Hurcourtii is a feature to which no great
importance should be attached. It is possible that the large
stems from the Isle of Arran described by Williamson® as
Lepidodendron Wiinschianum, in which the secondary wood is
well developed, may be specifically identical with the smaller
specimens from Northumberland and elsewhere which are recog-
nised as examples of Witham’s type.

The diagrammatic sketch shown in fig. 179, A, was made from
a section figured by Williamson in 1893 ¢; it has a diameter of
9 x 85 ecm. The stele is of the medullated type like that of
L. Wiinschianum, and the outer edge of the primary xylem is
characterised by sharp and prominent projecting ridges similar
to those of L. fuliginosum but rather more prominent. Paren-
chymatous cells succeed the xylem, as in other species, but in
this case there is no indieation of meristematic activity; beyond
this region oceur occasional patches of a partially destroyed
secretory zone. Remains of a lacunar tissue are seen in the
middle cortical region;: also numerous leaf-traces, I, consisting
of a tangentially elongated xylem strand accompanied by a
strand of secretory zone tissue enclosed in a sheath of delicate
parenchyma. In the inner part of the outer cortex, ¢% the leaf-
traces lic in a space originally occupied by the parichnos; in
the outer portion of the same region a band of secondary
cortex, pd, has been formed: immediately internal to this
ocenr numerons Imtehos of secretory tissue, T("]'th-selﬂ.e{l 1)_1,' small
dots in the drawing close to pd; one is shown on a larger scale
in fig. B.

The position of the phellogen is seen at ¢; external to this
are radial rows of rather large cells with dark contents.

1 Kidston (08) p. 822 ; Watson (07). * Bertrand, C. E, (91).
¢ Williamson (80) A. 4 Williamson (93) PL, 1. fig. 3.
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Fig. 179, C, &, shows the characteristic form of the primary
xylem edge, beyond which are seen oval or circular leaf-traces
with a mesarch protoxylem, if, paz. It is possible that this
specimen may not be specifically identical with Witham's species,
but it represents a very similar if not identical type; it may on
the other hand be referable to L. fuliginosum. The importance
of the specimen, apart from its precise specific position, is that

6. 179, A—D. Lepidodendron Hareowrtii, Witham,
B. Lepidodendron fuliginosum, Shore, Lancashire,
A, B. From a specimen in the Williamson OGollection, Britich
Mugenm (No. 380), from Airdrie, Seotland.
(¢, ). TFrom seections in the Collection of Dr Kidston, from Shore,
Lancashire.

it serves to illustrate the general appearance of the xylem
surface met with in both species, L. Hurcourtiv and L. fuligino-
sum. A tangential Inngitndhial section, taken through the
line ab in fig. C, is represented in fig. 179, D. The xylem of
the. leaf-traces {f, consisting chiefly of scalariform tracheae,
alternates with patches of erushed and delicate parenchymawhich
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immediately abut on the primary xylem; at p, p, the section
passes through some of the projecting arms of the xylem
eylinder; at m is scen a patch of meristematic zone tissue.
This section together with the similar section of Lepidoden-
dron vasculare described on a previous page demonstrates that
the projecting ridges of the primary xylem form apparently
vertical bands: they are not characterised by a lattice-work
arrangement as described by Bertrand and by other authors
who have accepted his conclusions. If a reticalum of inter-
secting ridges were present on the face of the xylem eylinder its
existence would be revealed by such a section as that repre-

sented in fig. 179, D.

Fie. 180. Lepidodendron Winselianum. From Arran, (1 nat, size.)
(Sedgwick Museum, Cambridge.)

6. Lepidodendron Wiinschianum (Williamson). Figs, 180—184.

Reference was made in Volume I. to the oceurrence of large
stems of a Lepidodendron in voleanie beds of Caleiferous sand-
stone age in the island of Arran'. These were discovered and
briefly deseribed by Mr Wiinsch 1 18672 and afterwards named
by Carruthers Lomatophloyos Wiinschionus®. Mr Carrathers

! Volume 1. p. 89, For other references to these stems, see Seward and Hill

(00) p. 918.
* Wiinsch (67). # Carruthers (699 p. 6.

11—2
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visited the locality and published an account of the peculiar
method of preservation of the plant remains'. It is, however, to
Williamson?® that we owe the more complete desceription of these
Arran stems. Portions of large stems from the Arran beds are
preserved in the British Museum, the Sedgwick Museum, Cam-
bridge, and in the Manchester Muscum. The section of one
of these is shown in fig. 180; an outer shell of bark encloses a
mass of voleanic ash in which are embedded several woody
eylinders originally deseribed as “internal piths®,” and by Carru-
thers as young stems produced from spores which had germinated
in the hollow trunk of a large tree. The trne interpretation was
supplied by Williamson who showed that a sten of the dimensions
of that represented by the outer cortes, e, fig. 180, must have
possessed a single stele of the size of those seen in the interior
of the hollow trunk. The additional woody eylinders, or steles,
were derived from other stems, and carried, probably by water,
into the partially decayed trunk. In addition to large Lepido-
dendron stems Williamson deseribed smaller shoots as well
as an Halonial branch and made brief reference to some
cones deseribed by Binney* in 1871 from the same locality.
The following account of Lepidodendron Wiinschianum 1s
based on an exceptionally fine specimen discovered by Mr T.
Kerr of Edinburgh in Calciferons sandstone voleanic ashes at
Dalmeny in Linlithgowshire. The material from this locality
described by Mr Hill and myself® was generously placed in my
hands by Dr Kidston of Stirling. Fig. 181, A, shows a
transverse section, 33 cm. in diameter, consisting of a shell of
outer cortical tissue enclosing a core of light-coloured voleanic
ash: on the decay of the more delicate middle cortex the cylin-
drical stele dropped to one side of the hollow trunk.  The stele,
fig. 182, has a diameter of 6°5 em.; the centre is oceupied by
concentric layers of silica, s, surrounded externally by the
remains of a parenchymatous pith, p, made up of isodiametric
and sinuous hypha-like elements like those in the middle cortex
of Lepidodendron shoots. On the inner edge of the primary
! Qarrathers (69). ¢ Willinmson (80) A, ; (93); (95).

4 Wiinsch loe, cit. * Binney (71) p. 56,
6 Seward and Hill (00).
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xylem, &', occur several isodiametric tracheae with fine scalariform
and reticulate thickening bands like those in the central region

Tis. 181, Lepidodendron Wiinschianum. Caleiferous Sandstone, Dalmeny.
(A, Bedgwick Museum, Cambridge. B—F, Botany School, Cambridge.)
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of the stele of Lepidodendron vasculare: it is probable that these
elements are vestiges of conducting tissue which in ancestral
forms formed a solid and not a medullated stele.

The primary xylem is limited externally by an unequally
fluted surface with exarch protoxylem elements; it is, however,

Tra. 182. Lepidodendron Wiinsehianum, The stele of the stem shown in
fig. 181, A. (Cambridge Botany School.)

noteworthy that there is not always a very clearly defined
difference between the small protoxylem and the large centri-
petally developed tracheae. Immediately beyond the primary
xylem oceur numerous thin-walled parenchymatous cells with
spiral and reticulate pitting; beyond these is the broad zone of




Xv] LEPIDODENDRON 167

secondary xylem, o, composed of scalariform tracheae and
numerous medullary rays consisting of one, two, or several rows
of radially clongated elements with spiral and reticulate pitting.
In tangential sections the rays are seen fo vary considerably
in size, some being made up of a single row of eells while others
are longer and broader; throngh the latter leaf-traces pass
horizontally. Portions of medullary rays are seen at mwr in
fig. 181, C and E.

The leat-traces given off from projecting ridges on the outer
edge of the primary xylem pass upwards for a short distance
and then bend outwards through a broad medullary ray; on
reaching the limit of the secondary xylem they again bend
sharply upwards, appearing in transverse section at i fig. 181, B.
Each leaf-trace consists at first of long tracheae accompanied by
numerous thin-walled spiral and reticulate parenchymatous eells
derived from the fissue in confact with the outer edge of the
primary wood. Fig, 181, B, shows a leaf-trace near the edge of
the secondary xylem ; it eonsists of a group of primary tracheae,
with narrower protoxylem elements, pz, near the outer margin,
almost completely enclosed by radially disposed series of smaller
and more delicate tracheae, These secondary clements of the
leaf-trace are apparently added during its passage through
the medullary ray, but additions are also made to this tissue
by the meristematic zone, m, fig. 181, B and E. In contact
with the outermost tracheae of normal size at the edge of the
secondary xylem there are some smaller lignified elements, as
at a, fig. 181, E, and at T, fig 183; this juxtaposition of large
and small tracheae has been referred to in the description of
L. vaseulare.

Prof. Williamson?, in his account of the Arran specimens of
this species, expressed the opinion that the trees probably
perished “in consequence of the mephitic vapours which filled
the atmosphere”; it may be that in the striking difference in the
diameter of the conducting elements on the margin of the wood
we have evidence of approaching death.

Beyond the most recently formed tracheae we have a band

I Williamson (96) p. 175.
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of delicate parenchymatous cells (im, figs. B and K, 181; C, figs.
183, 184) forming the meristematic zone'!. The longitudinal
section represented in fig. 184 shows some recently formed narrow
tracheae, T, and beyond these the meristematic zone composed of
thin-walled short cells, C, arranged in horizontal rows. 1t is this
small-celled tissue to which the name phloem has been applied
by some authors?, a term which seems to me to be misleading

Fia. 183, Lepidodendron Witnschionum. From the specimen shown in fig, 181
S, seeretory zone; C, meristem; T, immastare tracheae.

and inappropriate. In passing through this zone of dividing cells
the leaf-traces become swrrounded by an are of meristem from
which elements are added to the radially placed rows of secondary
tracheae. Beyond the meristematic region portions of the

! The term meristematic zone is used beeause some of the cells in this
region are in a state of active division, though the inner portion may consist

of permanent tissue,
# Seott (00) p. 1815 (08) p. 142,
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secretory zone are preserved, consisting of large sacs or spaces
and small dark cells as seen in figs. 181, B, E, sc, F'; 183, 184.
This tissue has the same structure as in L. vasculare and in
L. fuliginosum: it is a striking fact that there are no indieations
of any additions to the secretory zone even in stems with such
a large amount of secondary xylem as in the Dalmeny specimen
(fig. 182,4%). If the secretory zone were of the nature of phloem
we should expect to see signs of additions made to ib in the

Tig. 184, Lepidodendron Wilnselignum. Longitndinal section of the specimen
represented in transverse seetion in figz. 183.
course of growth. In this connexion it is worth mentioning
that in the recent fern Botrychium (Ophioglossaceae) secondary
xylem is formed in the stem, but apparently no additions are
made to the phloem. The structure of the secretory zone tissue
as seen in the longitudinal section fig. 184, S, is also a serious
difficulty in the way of accepting the designation phloem as
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employed by Scott and Weiss. Between the secretory zone and
the outer cortical region, no tissues have been preserved. The
shell of bark consists chiefly of radial rows of elongated cells
with rather thick walls characterised by the ocenrrence of small
intercellular spaces and by tangentially placed bands of secretory
cells and saes (fig. 181, D, s). lmluedizttely internal to the
secondary cortex or phelloderm ocenr groups of secretory tissue
as shown in the section of L. Hurcourtis (fig. 179, B).

The large tree shown in transverse section in fig. 181, A,
has lost its leaf-cushions; the bark, as seen in the lower
part of the photograph, presents a fissured appearance like
that with which we are familiar on an old Oak or Elm stern.
A radial longitudinal section through the phelloderm revealed
the existence of a erushed leaf-trace passing outwards in an
approximately horizontal course accompanied by a strand of
parenchymatous tissue! having the characteristic structure of a
parichnos. It is probable that the surface of this partially
decorticated stem differed in appearance from that of an old
Sigitloria (cf. fig. 198) in the much smaller and less conspicuous
parichnos strands,

In addition to the large stems of L. Wiinschianum from
Arran and Dalmeny numerous examples of smaller axes from
the former locality are represented in the Williamson eollection
(British Musenm). Some of the twigs are characterised by a
solid stele (protostele) giving off numerous leaf-traces accom-
panied by short spirally thickened tracheids like those which
oceur at the outer edge of the primary xylem in the larger stem:
these extend into the leaf where they are arranged round the
vascular bundle like the transfusion tracheids? in many recent
conifers. The surface of these smaller shoots bears large leaf-
cushions which are seen in longitudinal section to have the form
characteristic of Lepidophloios. It is worthy of note that a
section of a bifurcating axis of this species from the Calciferons
Sandstone of Craigleith (British Museum Collection®),although its
diameter is 19 x 14 em., shows no signs of secondary wood. This
late appearance of secondary xylem and other anatomical features

! Beward and Hill (00) Pl 11. fig. 14. t Worsdell (95) ; Bernard (04).
* No. 52, 625.
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suggest the possibility of the specific identity of L. Wiinschianum
and L. Harcourtii’,

In 1871 Binney® deseribed a specimen of a heterosporous cone,
Lepidostrobus Wiinschianus, from Arran exhibiting the ordinary
features of lepidodendroid strobili; this was probably borne by
Lepidodendron Wrinschianumn.

7. Lepidodendron macrophyllum (Williamson). Fig. 186, C.

The diagrammatic sketch reproduced in fig. 186, C, was
made from the transverse section of a small twig, slightly

less than 2 em. in its longest diameter, originally figured by
Williamson®in 1872, Tarlier in the same year Carruthers* pub-
lished a short account of the same form based on specimens
collected by Mr Butterworth from the Coal-Measures of
Lancashire near Oldham, but both authors refrained from insti-
tuting a new specific name. In a later publication Willilamson
spoke of the type as Lepidodendron macrophyllum®.  William-
son's species has nothing to do with Lycopodites macrophylius of
Goldenberg®.  The most striking feature of this rare form is
the large size of the leat-cushions, which are of the Lepidophloios
type, in proportion to the diameter of the shoot. The stele
consists of a ring of xylem,all of which is primary in the sections
so far deseribed, enclosing o parenchymatous pith: a Stigmarian
rootlet is shown at s.

8. Lepidodendron Velthesmianum Sternb. (General account).
Figs. 157, 185, 186, A, B.

1820. “Schuppenpfianze,” Rhode, Beit. zur Pflanzenkunde der Vor-
welt, PL 1L fig. 1.

1835, Lepidodendron Velthetmionuwm, Sternberg, Flora der Vorwelt,
PL i fig. 5.

1836. Pachyphloeus tetragonus, Goeppert, Diefossilen Farnkriuter,
Pl xuir fig. 5.

1852. Sagenarin Veltheimiana, Goeppert, Foss, Flora des Ubergangs-
gebirges, Pls. XVII—xxTV.

1 Seward and Hill (00) p. 922, ¢ Binney (71) p. 56, PL x1. figs. 2a—2e.
1 Willinmson (72) p. 298, pl. xuv. fig. 35. 4 Carrathers (72).
5 Williamson (93) p. 30. 5 Goldenberg (55) p- 12.
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1875. Lepidodendron Velthevmianum, Stur, Culm Flora, p. 268, Pls.
XVIII—XXIT,

1686, Lepidodendron Velthedmianwn, Kidston, Catalogue of Palaeozoic
plants, British Museur, p. 160.

1901, Lepidodendron Veltheitnianwm, Potonié, Silur und Culm Flora,
p. 116, figs. 72—76.

1904, Lepidodendron Veltheimianum, Zolessky, Mém, Com. Géal.
Russie, PL 1v. figs. 4, 5.

1906. Lepidodendion Veitheimi, Potonié, Kénigl. Preuss. geol. Landes-
anstalt, Liel. 1m.

The above list may serve to call attention to a few synonyms?
of this plant, and to a selection of sources from which full
information may be obtained as to the history of our knowledge
of this characteristic and widely spread Lower Carboniferous
type.

Lepidodendron Veltheimionum is represented by casts of
stems, the largest of which hitherto described reaches a length
of 522 metres with a maximum diameter of 63 em.; this
specimen, figured by Stur®, consists of a tapered main axis
giving off’ smaller lateral shoots, some of which exhibit dicho-
tomous branching. Tig. 185, C and D), represent the external
features of a well-preserved cast and impression respectively.
Obligue rows of prominent cushions wind round the surface of
the stem and branches: each cushion is prolonged upwards and
downwards in the form of a narrow ridge with sloping sides
which connects adjacent cushions by an ogee curve. Af
the upper limit of the broader kite-shaped portion of the
cushion the ligular pit forms a conspicuous feature; imme-
diately below this is the leaf-scar with its three small scars,—
the lateral parichnos strands and the central leaf-trace. The
two oval areas shown in fig. 185, D, just below the lower edge
of the leaf-scars, represent the parichnos arms which impinge
on the surface of the cushions on their way to the leaves, as
explained on a previous page. It is possible that these areas
were visible on the living stem as strands of loose parenchyma
comparable with the lenticel-like pits on the stipules of
Angiopteris® and the leaf-bases of Cyatheaceous ferns, or it

1 See also Kidston (94), (86) A, p. 1605 Potonié (05) Lief. 1. 50,
2 Btur (75) A. 1r. p. 330, fig. 34, 4 Hannig (98).
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may be that their prominence in the specimen before us is the
result of the decay of a thin layer of superficial cortex which hid

(Approximately nat. size.)

From specimens in Dr Kidston’s Collection.

Lepidodendvon Veltheimianum.

Fra. 185.
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them on the living tree. Fig. 185, B, iliustrates the appearance of
a stem in a partially decorticated condition (Bergeria state).
A further degree of decortication is seen in fig. 185, A, which
represents the Knorria condition.

Fig. 157 shows a Ulodendron axis of this species; in the
lower part the specimen illustrates the partial obliteration of
the surfice features as the result of the splitting of the
outer bark consequent on growth in thickness of the tree.
By an extension of the cracks, shown in an carly stage in
fig. 157, the leaf-cushions would be entirely destroyed and the
surface of the bark would be characterised by longitudinal
fissures simulating the vertical grooves and ridges of a Sigil-
larian stem. The large stumps of trees shown in the frontis-
piece to Volume I. are probably, as Kidston' suggests, trunks
of L. Veltheimionum in which the leaf-cushions have been
replaced by irregular longitudinal fissures. In old stems of
Sigillaria the enlarged parichnos areas constitute a characteristic
feature (p. 205), but it does not follow that the absence of large
parichnos scars is a distinguishing feature of all Lepidodendra.

In this species, as in others, the form of the leaf-cushion
exhibits a considerable range of variation dependent on the
thickness of the shoot; the contignous cushions of young
branches become stretched apart as the result of increasing
girth of the whole organ, and easts of still older branches may
exhibit very different surface-features®. The leaves as seen
on impressions of slender branches are comparatively short,
reaching a length of 1—2 cm. It is lmportant to notice that
leafy twigs of this species may bear terminal cones® resembling
in form those of Picea excelse and other recent conifers, thou g]_1
ditfering essentially in their morphological features.

The fossil stumps of trees represented in the frontispiece to
Volume 1. bear horizontally spreading and dichotomously
branched root-like organs having the characters of Stigmmaria

icoides®,  (Cleinitz has sugeested that Stigmaria tnaequalis
0 85 : o

Gopp. may be the underground portion of Lepidodendron Velthei-
THLCIUNIL,

I Young and Kidston (88) A. 2 Potonic (01%) fig. 72, p. 117.
3 Btur (75) 11. A. PL. xxxvr fig. 9. 4 Bee Chap. xvi1.
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It is unfortunately seldom possible to conneet petrified
Lepidodendron cones with particular epeciﬁ-% of the genus based
on purely vegetative characters, but it is practically certain
that we are yhhhw] in wtuqnmnﬂ certain strobili deseribed
by Williamson' from the Calciferous Sandstone series of Burnt-
island on the Firth of Forth as those of Lepidodendron Velt-
hetmganum,  Williamson believed that the cone which he
deseribed belonged to the plant with shoots characterised by the
anatomical features of his species Lepidodendron brevifolium
(=L. Velthevmianwm),a conclusion which is confirmed by Kidston®.
The cone of L. Veltheinmianum, which reached a diameter of
ati least 1 em. and a length of 4 em., agrees in essentials with
other species of Lepidostrobus ; the axis has a single medullated
stele of the same general type as that of the vegetative shoots
of Lepidodendron fuliginosum and L. Harcourtis, The sporo-

phylls are described by Williamson as spirally disposed, and
Scott notices that in some specimens they are arranged in
alternate whorls ; as in recent Lycopods both forms of ph\llw
taxis may oceur in the same species. The heterosporous nature
of this strobilus, to which Scott first applied the name Lepi-
dostrobus Velthelmianus, is clearly demonstrated by the two
longitudinal sections contributed b}- Mr Carruthers and figured
by Williamson in 18032,

Each sporophyll, attached almost at right angles to the
cone-uxis, bears a radially ellmgdtul «.Immn*‘ﬂum seated on the
median line of its upper face; its margins are laterally ex-
panded as a thin lamina; from ﬂm nudcl e of the lower face a
narrow keel extends downwards between two sporangia belong-
ing to a lower series. From the base of a sporanginm a mass of
sterile tissue penetrates into the spore-producing region as in
the large sporangia of Tseetes (cf. fig. 191, H, @, and fig. 133, H).
The distal and free portion of the sporophylls is bent upwards
as a protecting bract. Some of the sporangia in the upper
part of the cone produced numerous microspores, while 8—16

1 Williamson (72) PL xriv. p. 294 : (98) (98%).

2 Kidston (01) p. 60. See alzo Seott (00) p. 170, figs. 67, 68.

4 Williamson (98), Pl v figs. 51, 52. See also figs. 67—69 given by
Seott (00).
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megaspores occur in the lower sporangia. The megaspores,
having a mean diameter of 0°8 mm. “quite 40 times the size of the
microspores’,” are characterised by tubular capitate appendages,
and by a conspicuous three-lobed projection (fig. 191, E)® which,
as Scott suggests, may represent the outer spore-wall which
has split as the result of germination. It is mot im-
probable, as shown in fig. 191, I, that this cap was present

Tio. 186. A, B. Lepidodendron Veltheimianum. (Botany School, Cambridge.)
0. Lepidodendron macrophyllum. (British Musenm. No. 377.)
a, Primary xylem ; a¥, gecondary xylem ; s, Stigmarian rootlet,

before germination. The megaspores represented in fig. 191, I,

illustrate their characteristic form as seen in a sectlon

of a megasporangium, Sm ; the open beak-like portion of the

larger spore is probably the apical region which has split along

the three-rayed lines. These lines form a characteristic feature of
1 Beott (00) p. 173.

2 Heott [(08) p. 187] suggests that the projection may have formed a passage
for the admission of the microspores, or of the spermatozoids which they produced.
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both recent and extinet spores and denote their origin in
tetrads. The spore shown in fig. 191, E', illustrates the external
features. The apical region of the prothallus of a megaspore
of Lepidodendron Velthevmianum described by Mr Gordon®
consists of smaller cells than those occupying the greater part
of the spore-cavity, a differentiation which he compares with
that of the prothallus of Selaginella.

There can be little doubt that the petrified shoots deseribed
by Williamson® from the Caleiferous Sandstone beds of Burnt-
island as Lepidodendron brevifoléum are identical with specimens
possessing the external features of L. Veltheimianum. In 1872
Dawson expressed the opinion that Williamson’s species should
be referred to L. Veltheimianum, and evidence subsequently
obtained confirms this view. The stele of this species is of
the medullated type, differing from that of L. f uliginosum and
L. Harcourtii in the absence of prominent ridges on the external
surface of the primary xylem, and from L. vasculare in the
possession of a parenchymatous pith. In younger twigs the
cortex consists of fairly homogeneous tissue, but in older
branches there is a greater distinction between a delicate
middle cortex and a stronger outer cortex. Fig. 186, A,
represents a stem in which the vascular cylinder is composed
of a primary xylem ring, #, 15 mm. broad, succeeded by
a zone of secondary wood 12 em. in breadth. The junction
between the primary and secondary xylem is shown on a larger
scale in fig. 186G, B. The tissues abutting on the secondary
xylem have not been preserved; the outer cortex, which
consists chiefly of secondary elements, is divided superficially
into unequal ridges corresponding to the leaf-cushions which
have been more or less obliterated as the result of growth
in thickness of the stem,

9, Lepidodendron Pedroanum (Carruthers).

In 1869 Mr Carruthers deseribed some specimens of vege-
tative stems and isolated sporangia, collected by Mr Plant in
Brazil, as Flemingites Pedroanus®. From a more recent aceount

! Bennie and Kidston (88) Pl vr. figs. 20, a—s. # Gordon (08).
¥ Williamson (72). * Carruthers (69°).

8. 11 12
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published by Zeiller! it is clear that Carruthers’ species is a
true Lepidodendron ; an examination of the type-specimens in
the British Museum confirms this determination. The con-
tiguous leaf-cushions have rounded angles similar in form
to those of Lepidodendron Veltheimionum and L. dichatommamn,
but it is not unlikely that the Brazilian plant is specifically
distinet from European species. A figure of one of the specimens
on which Carruthers founded the species is given by Arber® in
his Glossopterds Flora. The Brazilian plant is chiefly interesting
as affording proof of the existence of Lepidodendron in the
southern hemisphere; the species has also been recognised
in South Africa from material collected by Mr Leslie at
Vereeniging®.

As Zeiller* has suggested, it is not improbable that the
fossils deseribed by Renault® from Brazil as Lycopodiopsis
Derbyi may be the petrified stems of Lepidodendron Pedro-
anum. The structure of the central cylinder of Renault’s
species is of the type represented by L. Horcourtii; the
xylem forms a continuous ring and does not consist of separate
strands of tracheae as Renault believed.

i1

10. Lepidodendron australe (M'Coy). Figs. 187, A—C

Specimens described under this name are interesting rather
on account of their extended geographical range and geological
antiquity than on botanical grounds. The drawings reproduced
in fig. 187 illustrate the characteristic appearance of this Lower
Clarboniferous and Upper Devonian type, as represented by a
specimen recently described® from the Lower Karroo (Dwyka)
series, which is probably of Carboniferous age, near Orange
River Station, South Africa. The surface is divided into poly-
gonal or rhomboidal areas (figs. A and B) 8—9 mm. long and
7— 8 mm. broad, arranged in regular series and representing

leaf-scars, comparable with those of Sigillaria Brarde and other
species, or possibly partially decorticated leaf-cushions. A short

I eiller (95). See also White (08) p. 447.

2 Arvher (05) PL . fig, 2. 3 Seward and Leslie (08).
4 Zeiller (98). 5 Renault (90).

i Seward (077).

-—
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distance below the apex of each area there is a more or less
circular prominence or depression (fig. 187, B) and on a few of
the areas there are indications of a groove (fig. A, g) extending
from the raised sear to the pointed base, as at g, g.

In examining the graphitic layer on the surface of the
South African specimen shown in fig. 187, A, use was made of
a method recently described by Professor Nathorst. A few

Fis. 187. Lepidodendron australe. . Fig, A, naf. size.

drops of ecollodion were placed on the surface, and after a short
interval the film was removed and mounted on a slide. The
addition of a stain facilitated the mieroscopic examination and
the drawing of the collodion film. The cell-outlines (fig. 187, C)
on the surface of the polygonal areas may be those of the
epidermis, but they were more probably formed by a sub-
epidermal tissue; the scar, which interrupts the continuity of
the flat surface, may mark the position of a leaf-base, or
! Nathorst (07) ; Bather (07); (08).

18—
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assuming a partial decortication to have oceurred prior to
fossilisation, it may represent a gap in the cortical tissue caused
by the decay of delicate tissue which surrounded the vaseular
bundle of each leaf in its course through the cortex of the
stem. If the impression were that of the actual surface of a
Lepidodendron or a Sigillaria, we should expect to find traces
of the parichnos appearing on the leaf-scar as two small scars,
one on each side of the leaf-bundle, In specimens from Veree-
niging described in 1897' as Sigillaria Brards, which bear a
superficial resemblance to that shown in fig. A, the parichnos is
clearly shown. On the other hand, an impression of a partially
decorticated Lepidodendroid stem need not necessarily show the
parichnos as a distinet feature: owing to its close association
with the leaf-trace in the outer cortex, before its separation in
the form of two diverging arms, it would not appear as a
distinct gap apart from that representing the leaf-bundle.
The absence of the parichnos may be regarded as a point in
favour of the view that the impression is that of a partially
decorticated stem. Similarly, the absence of any demarcation
between a leaf-cushion and a true leaf-scar such as characterises
the stems of Lepidodendra and many Sigillariae 1s also favour-
able to the same interpretation.

In 1872 Mr Carruthers® described some fossils from Queens-
land, some of which appear to be jdentical with that shown in
fig. 187 under the name Lepidodendron nothum, Unger?, a
species founded on Upper Devonian specinens from Thuringia.
The Queensland plant is probably identical with Dawson’s
Canadian species, Leptophloeuimn shombicum®. In 1874 M'Coy®
instituted the name Lepidodendron australe for some Lower
Carboniferous specimens from Vietoria, Australia: these are
in all probability identical with the Queensland fossils referred
by Carruthers to Unger’s species, bub as the identity of the
German and Australian plants is very doubtful® it is better to
adopt M'Coy’s specific designation.

1 Seward (972) A. p. 326, P1, xxun ? Carrathers (7T25).

¢ TInger and Richter (56).

14 Dawson (71) A. Pl. vor.  See also Smith and White (05).

5 M'Coy (74). See also Feistmantel (90) A. s Kidston (86) A. p. 231,
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Krasser! has described a similar, but probably not specifically
identical, type from China; from Devonian rocks of Spitzbergen
Nathorst? has figured, under the name Bergeria, an example of
this form of stem, and Szajnocha® has deseribed other specimens
from Lower Carboniferous strata in the Argentine.

Lepidodendron oustrale has been rvecorded from several
Australian localities* from strata below those containing the
genus (tlossopteris and other members of the Glossopteris, or, as
it has recently been re-christened, the Gangamopteris® Flora.

vill. Fertile shoots of Lepidodendron.

A, Lepidostrobus.

The generic name Lepidostrobus was first used by Brong-
niart® for the cones of Lepidodendron, the type-species of the
genus being Lepidostrobus ornafus, the designation given by
the author of the genus o a Lepidostrobus previously figured
by Parkinson” in his Organic Remains of a Former World.
The generiec name Flemingites proposed by Carruthers® in 18635,
under a misapprehension as to the nature of spores which he
identified as sporangia, was applied to specimens of true Lepido-
strobi. Brongniart also instituted the generic name Lepido-
phyllum for detached leaves of Lepidodendron, both vegetative
and fertile; the specimen figured by him in 1822 as Filicites
(Glossopteris) dubius®, and which was afterwards made the type-
species of the genus, was recognised as being a portion of the
lanceolate limb of a large single-veined sporophyll belonging to
a species of Lepidostrobus.

In an unusually large Lepidophyllum, or detached sporophyll
of Lepidostrobus, in the Manchester University Museum, the
free laminar portion reaches a length of 8 cm.

It is not uncommon to find Lepidodendron preserved in the
form of a shell of outer cortex, which has become separated
along the phellogen from the rest of the stem ; as the result of

I Krasser (00) PL . fig. 1. ¢ Nathorst (94) A. PL . fig. 8.

¥ Bzajnocha (91) p. 203, i Bee Etheridge (90); David and Pittman {93).
5 White (08). & Brongniart (28) A, p. 87.

7 Parkingon (11) A, PL ix. fig. 1, p. 428. 5 Carrathers (69°).

% Brongniart (22) A. PL . fig. 4.
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compression the cylinder of bark may assume the appearance of
a flattened stem covered with leaf-cushions. A specimen pre-
served in this way was described by E. Weiss as a cone of Lomato-
phloios macrolepidotus Gold.,and is quoted by Solms-Laubach and
other authors? as an example of an unusually large Lepidostrobus.
An examination of the type-specimen in the Bergakademie of
Berlin convinced me that Weiss had mistaken the partially
destroyed leaf-cushions for sporophylls, and Stigmarian rootlets,
which had invaded the empty space, for sporangia®.

In external appearance some species of Lepudostrobus bear a
superficial resemblance to the cone of a Spruce Fir (Picen
excelser), but the surface of a lycopodiaceous strobilus is usually
covered by the overlapping and upturned laminae which
terminate the more or less horizontal sporangium-bearing
portion of the sporophyll.

Fig. 188 affords a good cxample of a long and narrow
Lepidostrobus. This specimen from the Middle Coal-Measures
of Lancashire has a length of 23 cm.; like other Lepidostrobu
it is borne at the tip of a slender shoot. The fossil is suffi-
ciently well preserved to show the characteristic radially
elongated form of the large sporangia and the long and up-
turned distal portions of the sporophylls.

We may briefly describe Lepidostrobus as follows :—Cylin-
drical strobili consisting of an axis containing a single cylindrical
stele which agrees generally with that of the vegetative
shoots of L. Harcourtii and other species. The amount of
parenchymatous pith varies in different forms; in some the
primary xylem is almost solid. The middle cortical region,
which has usually been destroyed before fossilisation, possesses
the loose lacunar structure characteristic of this region in the
vegetative branches. The thicker walled outer cortex is con-
tinued at the periphery into crowded, usually spirally disposed
sporophylls, each of which consists of a more or less horizontal
pedicel, which may be characterised by a keel-like median
ridge on its lower surface, while to the central region of the
upper face is attached a large radially elongated sporangium.
One of the chief differences between a Lepidodendron cone

I Bower (08) p. 305. 2 Heward (90) ; Potonié (93%).
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and those of the recent genus Lycopodium 1s the greater radial
elongation of the sporangia in the former. Some species of
Lepidostrobus may have been homosporous; some are known to
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Fic. 188. Lepidostrobus. Middle Conl-Measures, Bardsley, Lancashire. From
@ specimen in the Manchester Museum. (% nat. size.)
be heterosporous. In the latter the megasporangia borne on
' the lower sporophylls usually contain several megaspores as in
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Isoetes (cf. fig. 133, E). Beyond the distal end of the sporangium
the sporophyll becomes broader in a horizontal plane and is
bent upwards as a lanceolate limb ; it may also be prolonged a
short distance downwards as a bluntly triangular expansion.
Fig. 189 is an accurate representation of a transverse
section, 6 mm. in diameter, of what is no doubt the apical
portion of a Lepidostrobus from the Coal-Measures of Shore,
Lancashire. The section cuts across the upturned free laminae
above the level of the apex of the cone-axis. Each lamina

Tia. 189, Lepidostrobus. Seetion through the apieal region of a cone above
1 - R -
the axis, (Manchester University Collection.)

contains a small vascular bundle composed of a few tracheae and
some thin-walled cells surrounded by delicate mesophyll tissue.
Immediately in front of the distal end of a sporangium a
small ligule is borne on the upper face of the sporophyll
(fig. 191, A, B, I) occupying the same position as in Selaginella
(cf. fig. 131, F). Strands of vascular tissue pass in a steeply
ascending course from the xylem to the pedicels of sporo-
pbylls, finally curving upwards and ending in the upper limb.
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Each vascular bundle consists of a strand of xylem, apparently
of mesarch structure, accompanied by a few layers of paren-
chyma on its outer face and by a group of cambiform elements,
the whole being enclosed in a sheath of parenchyma continuous
with the inner cortex of the cone axis. The vaseular bundle is
accompanied by a parichnos in the outer cortex and in the
sporophyll.

There can be little doubt that the Palacozoic Lepidodendra,
like Lycopodium cernuwm (fig. 123) and other recent Lycopods,
usually bore their cones at the tips of slender shoots. The
fertile shoot of Lepidophloios scoticus shown in fig. 160, B, affords
one of several imstances supporting this statement; similar
examples are figured by Brongniart?, Morris?, and by more recent
writers. The appavently sessile cone figured by Williamson®
from a specimen in the Manchester Museum is certainly not
in situ, but is aceidentally associated with the stem.

The general absence of secondary wood in the steles of
I,enuiushm’u is, as Dr Kidston* points out, consistent with the
view that the cones were shed on maturity and that fertilis: iion
probably took place on the ground, or perhaps on the surface of
the water where the glender hairs of the megaspores (fig. 191,
F, 1) may have served to catch the microspores.

Reference has already been made to the belief on the part
of some palacobotanists that the large scars of Ulodendron
represent attachment-surfaces of sessile cones, and reasons have
been given against the acceptance of this view.

There is considerable range in the size of Lepidostrobr. An
incomplete specimen, 33 cm. long and 6 em. broad, which
may have been 50 cm. in length, is described by Renault and
Zéiller® from the Commentry Coal-field. The larger cones
afford a striking demonstration of the enormous spore-output
of some species of Lepidodendron.

Among the earliest accounts of the anatomy of Lepido-
strobus are those by Hooker® and Binney”. One of the specimens

1 Brongniart (37) PL xxiv. 2 Morris (40) Pl. xxxvir. fig. 10.
% Willismson (93) PL. vr. fig, 26, A. 4 Kidston (01) p- 62.
5 Renault and Zeiller (88) A. PL 1x1. fig. 4, 6 Hooker (48%).

7 Binney (71).
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deseribed by the former author (fig. 190) affords an interesting
example of an unusual manner of fossilisation ; a hollow stem or
Lepidodendron is filled with sedimentary material containing
several pieces of Lepidostrobi in an approximately vertical
posifion.

Fis. 190. Lepidodendron stem with Lepidostrobi. (After Hoolker.)
A. Side-view showing leaf-cushions on the left-hand side and the
Knorria condition on the right.
B. View of transverse section ; s, seetions of Lepidostrobi.

The fact that Lepidostrobi usnally occur as isolated speci-
mens renders it impossible in most cases to rvefer them to
particular species of Lepidodendron. Neither external features
nor anatomical characters afford satisfactory criteria by which
to correlate vegetative and fertile shoots; in some measure this
is due to the imperfection of our knowledge as regards the
range of structure within the limits of species; it is also due
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to lack of information as to the extent to which the transition
from sterile to fertile portions of a shoot is accompanied by
anatomical differences. Prof. Williamson wrote: “I have for
many years endeavoured to disecover some specific characters by
which different Lepidostrobi can be distinguished and identified,
but thus far my efforts have been unsuccessful'.” In a few
cases, such as those mentioned in the description of Lepidoden-
dron Veltheimianum and L. Wiinschianum, it has been possible
to correlate cones and vegetative shoots.

The most complete account we possess of the anatomy of
Lepidodendron cones is that by Mr Maslen®, who first demon-
strated the occurrence of a lignle on the sporophylls, and thus
supplied a missing piece of evidence in support of the generally
accepted view as to the homology of the sporangium-bearing
members and foliage leaves.

i. Lepidostrobus variabilis (Lindley and Hutton).

1811. “Strobilus,” Parkinson, Organic Remains, Vol. L. p. 428,
Pl 1x. fig, L

1828. Lepidostrobus ornatus, Bronguiart, Prodrome, p. 87.

1831. L. variabilis, Lindley and Hutton, Foss. Flora, Pls. x. 1,

1831. L. ornatus, Lindley and Hutton, Foss. Flora, Pl xxvI.

1837. L. ornatus vay. didymus, Ibid. PL onxtir,

1850. Arancarites Cordat, Unger, Genera et Spec. Plant, foss, p. 382.

1875, Lepidostrobus variabilis, Feistmantel, Palacontographiea, Vol.
nxir PL xniv.

1886. L. variabilis, Kidston, Cat. Palaeozoic Plants, p. 197.

1890. f. ornatus, Zeiller, Flor, Valenciennes, p. 497, Pl. TXXVL
figs. 5, 6.

— L. variabilis, Zeiller, Flor. Valenciennes; p. 489, Pl 1xxVL
figs. 3, 4.

Under this specific name are included strobili from Upper
Carboniferous rocks which, in spite of minor differences, may be
considered as one type. The cylindrical cones vary considerably
in size, some reaching a length of 50 ¢m. or more. The sporo-
phylls are attached by a pedicel, 4—8 mm. long, at right angles
. to the axis, while the distal portion forms an oval lanceolate
limb 10—20 mm. in length, The sporangia are 4—8 mm. long.

I 'Williamson (93) p. 26. ? Maslen (99).
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The branched example figured by Lindley and Hutton® as
a variety (L. ornutus var. didymus) illustrates a phenomenon
not uncommon in both Palacozoic and recent lycopodiaceous
strobili.

ii. Lepidostrobus oldhamius Williamson® Fig. 191, A—D. »

Williamson? instituted this term for strobili previously
deseribed by Binney*, without adequate evidence, as the’cones 1

Yia, 191, Lepidostrobus.
A—D. L. oldhamius.
B, €, D. From sections in the Binney Collection, Cambridge.
Megaspore. (After Kidston.) [
Megaspore (Coal-Measures, Halilax). (After Williamson,)
Megaspore of Lepidostrobus foliqeens.  (After Mrs Scott.) #
Tangential section of sporanginm. (After Bower.)
Part of sporangium wall, Sm, of the cone of Lepidodendron
Feltheimianum, enclosing two megaspores. (Cambridge Botany
School.)

SomaHEHE

Lindley and Hutton (37) A. PL 163.
For a detniled account of this type, see Maslen (49),
Williameon (93) p. 28. 4 Binney (71).
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of Lepidodendron Harcourtii. In shape and in the main
morphological features this type resembles L. pariabilis, which
is however known only in the form of casts and impressions.
A eone of L. oldhamius, 2—3 em. in diameter, possesses &
medullated stele consisting of a ring of primary xylem (fig.
191, D, &) with exarch protoxylem and no secondary elements.
Maslen found several short tracheae at the periphery of the
xylem and states that these led him to compare the cone with the
vegetative shoots of Lepidodendron vasculare, but the common
oceurrence of such elements in different types of shoot renders
them of little or no specific value. The inner cortex 1s like
that of vegetative shoots of Lepidodendron and the middle
cortex, which was no doubt of the type described in Lepido-
strobus Brownii, is vepresented by a gap in the sections, beyond
which is the stronger outer cortex (fig. 191, D) passing into the
horizontal pedicels of the sporophylls. The section of the asis
reproduced in fig. 191, D, was figured by Binney® as Lepido-
dendron vaseulare, The leaf-traces, several of which are seen
in the middle cortical re

epion in fig. 1), It, consist of a strand

of scalariform tracheae, with a mesarch protoxylem, succeeded
by a few parenchymatous cells ;

beyond these there is usually
a small gap which was originally occupied by a strand of thin-
walled cells. It is important to note that in one sporophyll-
trace figured by Maslen?® there is a strand of thin-walled
elongated elements abutting on the xylem, which he describes
as phloem. This tissue is certainly more like true phloem than
any which has hitherto been described in the leaf-traces of
vegetative shoots. The state of preservation is not, however,
sufficiently good to enable us to recognise undoubted phloem
features.

In such cones as T have examined no tissue has been seen
which shows the histological features characteristic of the
secretory zone of vegetative shoots: the “phloem™ (Maslen)
occupies the position in the sporophyll bundle which in the
vasenlar bundles of foliage leaves is occupied by a dark-celled
and partially disorganised tissue in continuity with the secre-
tory zone of the main stele. It may be that in the strobili

I Binney (71) PL. v, figs. 2, 4. 2 Maslen (99) PL. xxxvr. fig. 11.
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this tissue occurred in a modified form, but even assuming that
the section figured by Maslen shows true phloem, an assump-
tion based on slender evidence, this is nol sufficient justification
for the application of the term phloem to a tissue cccupying
a corresponding position in vegetative shoots and distinguished
by well-marked histological features.

The sporophyll-traces, as seen in the outer cortex in fig.
191, D, are partially surrounded by a large erescentic space, p,
which was originally occupied by the parichnos. The sporangia
are attached along the middle line of the sporophyll and, as in
Lepidostrobus Browndi, a cushion of parenchyma projects into
the lower part of the sporangial cavity (fig. 191, A, a; C, a).

The diagrammatic sketch of part of a section in the Binney
Collection reproduced in fig. 191, B, shows the position of the
ligule, /. No megaspores have been discovered in any spoci-
mens of this type; the microspores, which occur both singly
and in tetrads, have a length of 0:02—0°03 mm.

The drawing shown in fig. 191, A, based on a section in the
Binney Collection, illustrates the general arrangement of the
parts of a typical Lepidostrobus. 1 have made nse of this
sketch instead of that given by Maslen, as his figure conveys
the idea that the sporophylls are superposed, whereas, whether
they are verticillate or spiral, a radial longitudinal section
would not cut successive sporangia in the same plane.

1. Lepidostrobus Browniv (Brongn.).

In 1843 a specimen of a portion of a petrified cone was

purchased by the British Museum, assisted by the Marquis of

Northampton and Robert Brown, for £30 from a French
dealer. This fossil, from an unknown locality, was briefly
described by Brown in 1851" and named by him Triplosporites,
but in a note added to his paper he expressed the opinion that
the generic designation Lepidosirobus would be more appro-
priate. Brongniart afterwards named the cone Triplosporites
Browni*, and Schimper? described it in his Lraité as Lepido-

1 Brown, R. (51). 2 Brongniart (58).
* Sehimper (70) A. p. 67, I'L. wxix. figs. 13—24.,
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strobus Brownii. The type-specimen is preserved in the British
Museum and the Paris Museum possesses a piece of the same
fossil.

The central axis of the cone has a stele of the type
characteristic of Lepidodendron fuliginosum and L. Harcourtii,
and the xylem is surrounded by a thin-walled tissue described
by Bower® as possibly phloem; but in the absence of longi-
tudinal sections it is impossible to say how far the tissue
external to the xylem agrees with that in Lepidodendron stems.
The sporophylls consist of a horizontal portion, to the upper
face of which the radially elongated sporangia are attached, one
to each sporophyll; beyond the distal end of the sporangium
the sporophyll bends sharply upwards as a fairly stout lamina,
The wall of the sporangium is composed of several layers of
cells, as shown in a drawing published by Bower®: in the
interior occur groups of microspores, and from a ridge of tissue
which extends along the whole length of the sporangium
irregular trabeculae of sterile tissue project into the sporangial
cavity, as in Tsoetes (fig. 191, H: cf. fig. 133, H).

Further information in regard to Lepidostrobus Brownii has
recently been supplied by Prof. Zeiller®, who recognises the
existence of a ligule, and draws attention to some interesting
histological features in the tissue of the sporophylls®.

Spores of Palaeozoic Lycopodiales.

The ealeareous nodules from the Coal seams of Yorkshire
and Lancashire are rich in isolated spores, many of which are
undoubtedly those of Lepidostrobu. Examples of spores were
figured by Morris® in 1840, and their occurrence in coal has
been deseribed by several authors, one of the earliest accounts
being by Balfour®. The drawings of Palaeozoic and recent
spores published by Kidston and Bennie’ demonstrate a striking
similarity between the megaspores of existing and extinet
Lycopods, the chief difference being the larger size of the fossils.

! Bower (93). ? Bower (94) PL xnyim. fig, 93. 5 Feiller (00).

! Zulessky has recently (0B) described a large species of cone, Lepidostrobus

Bertrandi, 5 cm. in dinmeter.
% Morris (40). & Balfour (57). 7 Kidston and Bennie (88).
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The general generic name Triletes, originally used by
Reinsch?, is a convenient term by which to designate Pteri-
dophytic spores which cannot be referred to definite types.

Tt is usual to find more than four megaspores in each mega-
sporangium in Palaeozoic and not infrequently, as we have seen,
in Mesozoic lycopodiaceous strobili, but in some Palaeozoic cones,
e.g. Bothrostrobus (fig. 216) and Lepidostrobus foliaceus®, a single
tetrad only appears to have reached maturity.

The occurrence of long simple or branched and sometimes
capitate hairs is a common feature of Carboniferous megaspores
(fig. 191, E, F, I). Ttis possible that these appendages served
to catch the microspores, thus facilitating fertilisation. A
peculiar form of megaspore has been deseribed by Mrs Seott?,
and assigned by her to Lepidostrobus foliaceus, the mega-
sporangium of which apparently contained only four spores. As
shown in fig. 191, G, a large bladder-like appendage characterised
by radiating veins is attached to the thick spore-coat; it 18
suggested that this excrescence may be compared with the
“swimming ” apparatus of the recent water-fern dzolla. The
epithet swimming which it is customary to apply to the
appendages of Azolla megaspores would seem fo be inappro-
priate if Campbell® is correct in stating that spores of Azollw
are incapable of floating.

B.  Spencerites.
Spencerites insignis (Williamson). Fig. 192.

1878, Lepidostrobus sp., Williamson, Phil. Trans. R. Boe., p. 340,
Bl Xt

1880, Lepidostrobus insignds, Willinmson, Phil. Trans, R. Sec., p. 502,
PL xv. figas. 8—12,

1889, Lepidodendron Spencer

2o PL vanr. fig 19,
I897. Spencerites ingignis, Scott, Phil. Trans, p. 83, Fls. xi—xv.

Another type of lycopodiaceous strobilus, differing suffici-
ently from Lepidostrobus to deserve a special generic designation,

I Reinsch (81) A. 2 Maslen (99) p. 373 ; Seott, B. (06) p. 117.
¥ Beott, R. (06). 4 Campbell (05) p. 414,
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is that originally described by Williamson?, from the Lower
Coal-Measures of Yorkshire, as a type of Lepidostrobus, L. in-
signis, but afterwards? more fully investigated and assigned to
a new genus by Scott®. It should be pointed out that in a
later publication Williamson spoke of the lycopodiaceous axis,

Fra. 192,  Spencerites insignis (Willinmson). (After Miss Berridge.)

which he suspected might belong to his L. msignis, as possibly
worthy of recognition as a distinet generic type.
Of the two species ineluded by Seott in his g

nus IR.'PE.‘J? (76"-"."?‘(’.‘-3
only one, S. insignis, need be considered. Since the publica-
} Williamson (78) A. p. 840, PL xxi. See also the drawings in Williamson’s

later papers quoted in the synonymy.
* Williamson (93%). Seott, D. H. (98).

| 8. II. 13
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tion of Scott’s paper our knowledge of this type has been
extended by Miss Berridge' and by Prof. Lang*

The axis of the strobilus has a stele characterised by a
pith of elongated elements, most of which have thin walls;
the xylem cylinder possesses abont twenty protoxylem strands
forming more or less prominent exarch ridges. The cortex
exhibits a differentiation comparable with that in the shoots of
Lepidodendron. 'The sporophylls are arranged in alternating
verticils, each whorl consisting of ten members: the narrow
horizontal pedicel of a sporophyll, containing a single vascular
bundle, as shown in fig. 192, is expanded distally into a
prominent upper lobe bearing a cushion of small and delicate
cells, to which the sporangium is attached,and prolonged obliquely
upwards as a free leaf-like lamina. The lower blunt prolonga-
tion of the sporophylls appears to form a thick dorsal lobe, but,
as Lang has pointed out, it is highly probable that the present
form of the dorsal lobe is of secondary origin, and is “due to the
disappearance of a mucilage cavity from a large sporophyll
base®” As Miss Berridge remarks, the vaseular bundle of the
sporophyll does not give off a branch to the ventral lobe and
sporanginm. In attachment, in shape, and in the structure of
the wall the sporangia differ markedly from those of Lepidostrobr.
The spores, which also constitute a characteristic feature of
the genus, have a maximum diameter of 014 mm.; they are
described as oblate spheroids with a broad hollow wing running
round the equator (fig. 192) comparable with the air-sacs of the
pollen of Pinus. Scott points out that the spores of Spencerites
are intermediate in size between the microspores of Lepidoden-
dron and the megaspores of Lycopodium; it is diffieult therefore
to decide to which category they should be referved. Spencerites
is clearly distinet from Lepidostrobus; the absence of a ligule,
the manner of attachment of the sporangia, and the form and
size of the spores, are characteristic features.

A comparison of Spencerites with the strobili of Lycopodiwm
cernuwm (figs. 123, 126—129) has recently been made by Lang,
who draws attention to the striking agreement as regards general
plan and even detailed structural features between the Palaeozoic

1 Berridge (05). 2 Lang (08). % Tang (08) p. 364,
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and the recent type of strobilus. Tt is interesting to find, as
Lang points out, that in the original account of the fossil cone
by Williamson, the view is expressed that the sporangiophores
were confluent, An examination of the section figured by
Williamson® led Lang to confirm this opinion. It would be
out of place to enter here into a detailed comparison of
Spencerites insignis and the cone of Lycopodium, but the resem-
blances are considered by Lang to be sufficiently close to suggest
that the striking similarity may be indicative of relationship®

It is worthy of notice that the radial section of Spencerifes
(fig. 192) presents a fairly close resemblance to a corresponding
section through a cone-scale of Agathis (Kauri Pine)®. In each
case the megasporangium is attached by a narrow pedicel to
the sporophyll and the latter has a similar form in the two
plants, though the extent of the resemblance is somewhat
lessened by Lang’s more complete account of the Palaeozoic
type. If the Spencerifes sporangia possessed an infegument
the similarity with the Agathis ovule wonld of course be much
closer: recent palacobotanical investigations have shown that
ovules and sporangia are not separated by impassable barriers.

[Since this Chapter was set up in type a paper has appeared
by Dr Bruno Kubart on a new species of Spencerites spore,
S.membranaceus, from the Ostrau-Karwiner Coal-basin (Austria).
The spores are larger than those of S. insignis and in some the
cells of a prothallus are preserved. Kubart figures a section of
a spore containing a group of seven cells, a central cell, which
he regards as an antheridial mother-cell, surrounded by six wall-
cells, Kubart (90).]

! Williamson (78) A. P1. xxm. fig. 53.

? Lang (08) p. 367. Bince this was written a paper has heen published by
Mr Watson on a new type of ]‘}‘Cl')l)nf_iiﬂu yius cone from the Lower Coal-Measures
(Mesostrobus) : in an appendix he eriticises Dr Lang's views in regurd to Spen-
cerites. [Watson, Annals of Botany, Vol. xx1m. p. 379, 1509.]

¥ Bewnrd and Ford (06) p. 395.




CHAPTER XVL
Sigillaria.

1. General,

Ix view of the close resemblance between Lepidodendron
and Sigillaria, another lycopodiaceous plant characteristic of
Carboniferous and Permian floras, a comparatively brief de-
scription of the latter genus must suffice, more particularly as
Lepidodendron has received rather an undue share of attention.
Sigillaria, though abundantly represented among the relies of
Palaeozoic floras, especially those preserved in the Coal-
Measures, is rare in a petrified state, and our knowledge of its
anatomy is far from complete. In external form as in internal
structure the difference between the two genera are not such as
enable us to draw in all cases a clearly defined line of separation.

In the Antediluvian Phytology, Artis' figured a fossil from
the Carboniferons sandstones of Yorkshire which he called
Euphorbites vulgaris on account of a superfieial resemblance
to the stems of existing succulent Euphorbias. Rhode® also
compared Sigillarian stems with those of recent Cucti. The
specimen described by Artis is characterised by regular vertical
and slightly convex ribs bearing rows of leaf-scars in spiral series,
like those on the cushions of Lepidodendron. A few years earlier
Brongniart® had instituted the genus Sigillaria* for plants with
ribbed but not jointed stems bearing“ disc-like impressions” (leaf-
scars) disposed in quineunx; the type-species named by the author
of the genus Sigillaria scutellata is identical, as Kidston® points

1 Artis (25) A. PL xv. 2 thode (20).

3 Brongniart (22) A. P1, xu fig, 4,

1 For generic names wholly or in part synonymous with Sigillarie, see
White (99) p. 280.
® Kidston (36) A. p. 186.
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B

Fre. 198, A, Sigitlaria elegans Brongn.
B. Sigillaria rugese Brongn, Middle Coal-Messures.
O, Omphalophluios anglicus Kidst, Bamnsley.
D. Sigillaria elegans Brongn.
E. Sigillaria tesscllata Brongn.
(&, B, C, E, about ¥ nat. size. Dr Kidston's Collection.)

——
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out, with Euphorbites vulgaris of Artis and with the plant after-
wards figured by Brongniart as 8. pachyderma’. Brongniart in
1822 figured another type of stem characterised by the absence
of ribs and by prominent spirally arranged cushions bearing
relatively large leaf-scars like the upper part of the specimen
shown in fig. 203; this he named Clathraric Brardii, a well-
known and widely distributed Carboniferous and Permian species
now spoken of as Sigillaria Brardi (figs. 196, A—C; 203). A
third type of stem figured by Brongniart as Syringodendron
striatum® agrees with Sigillaria scutellata in having ribs, but
differs in the substitution of narrow oval ridges or depressions
for leaf-scars; this is now recognised as a partially decorticated
Sigillaria, in which the vascular bundle of each leaf is repre-
sented by a narrow ridge or depression. The name Syringo-
dendron, originally used by Sternberg, is conveniently applied
to certain forms of Sigillarlan stems which have lost their
superficial fissues. A fourth generic name, Fovwlaria, was
instituted by Sternberg? for Sigillarian stems with ribs covered
with contignous leaf-scars of hexagonal form and prominent
lateral angles (fig. 193, A; fig. 200, G).

The generic or subgenerie title Rhiytidolepis, also instituted
by Sternberg, is applied to ribbed Sigillarian stems such as
S. scutelluta, S. rugosa (fig. 193, B), 8. mammillaris (fig. 195), or
S. loevigate (fig. 196, D). Goldenberg* proposed the name
Leiodermaria for smooth Sigillarian stems with leaf-sears not
in contact with one another (fig. 196, C).

The shoot system of Sigilluria consisted of a stout stem
tapering upwards to a height of 100 feet® or more as an un-
branched colwmn, with its dome-shaped apex® covered with
linear grags-like leaves or, in some species, such as Sigillarie
Brardi’, S. Eugenii®, ete., the main trunk was oceasionally divided
by apparently equal dichotomy. The younger portions of the
stem or branches were in some species clothed with leaves
separated by a marrow zigzag groove surrounding their hexa-

1 Bropgniart (37) P1. or. fig. 1.

2 Brongniart (22) A, Pl. xm. fig. 3.

% Sternberg (23) A. ! Goldenberg (55)
i Zeiller (88) A, (8. elegans). 6 Goldenberg (55).

7 Renanlt (96) A, PL xxxv, 8 Btur (75) 1. A. PL xum.
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gonal bases, while in other forms each leaf was seated on a
more or less prominent cushion having the form illustrated by
Sigillaria McMurtriei (fig. 194) or by the example represented in
fig. 200, H; or as in the ribbed species shown in figs. 193, B, and

Fis. 194. Sigillaria BeMurtriei Kidst. From a specimen from the Upper Coal-
Measnres of Radstock, in the British Museum (V. 952). Nat. size.

195, the leaves in vertical series were separated from one another
by longer portions of the ribs. As in Lepidodendron the cushions
are frequently characterised by irregular transverse wrinklings
and other® surface-ornamentation which in some instances at

Fra. 195. Sigillaria mammillaris. (Rhytidolepis form.) From a specimen in
the Manchester Musenm. p, parichnos; I, ligule-pit; &, leal-trace;
¢, cushion ; s, leaf-scar.

least may have been produced as the result of post-mortem
shrinkage of superficial tissue. © From the rarity of shoots with
the foliage attached, it would seem that the leaves persisted for
a comparatively short time and were cut off by an absciss-layer
leaving behind a well-marked leaf-scar area. The linear leaves,

! For an account of the various external features made use of in the classi-
fication of Sigillarias, see Koehme (04).
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reaching in rare cases a length of one metre (e.g. S. lepidoden-
drifalia) but usually much shorter, possessed a single median
bundle, and the lower face was characterised by two stomatal
grooves and a median keel. It is not uncommon to find leat-
bases of Sigillaria detached from the stem and prescrved as
separate impressions. The term Sigillariophylium used by A
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¥ra. 196. A—C. Sigillaria Brardi. (A after Germar; B, C after Zeillor.)
D. Sigillaria lacvigata.
L. Lepidodendron Wortheni (D and I after Zsiller).
.

Grand Eury® may be applied to detached leaves, though it is
by no means easy to distinguish between the foliage of Sigillaria
and Lepidodendron. A comparison of a fypical species of
Stgillaria, such as 8. rugosa (fig. 193, B) or S. Brordi
(fig. 196, A—C) with a typical Lepidodendron reveals obvious

1 Grand'Eury (90) A.
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differences in the form of the leaf-cushion, but in some cases
the distinction becomes purely arbitrary.

Immediately above the centre of the upper boundary of a
Sigillarian leaf-sear a ligule pit may often be detected, as
shown in fig. 195, [, and in some cases, e.g. a specimen figured
by Germar® (fig. 196, A) as Sugillaria spinulosa (identieal with
S. Brardi), some cireular scars with a central pit snrrounded by
a raised rim occur on the surface of the stem, either singly

gy ssted, may

or in pairs, near the leaf-scars; these, it is suge
represent the position of adventitious roots or, as Germar
thought, of some deciduous Spinous pProcesses. The leaf-scars
are frequently hexagonal in shape, with the lateral angles
gither rounded (fig. 200, F) or sharply pointed (fig. 200, G, H);
each secar bears three smaller sears as in Lepidodendron, a
gentral eireular, oval or erescentic leaf-trace scar and larger
oval or slightly curved sears formed by the two parichnos arms
(fig. 195, p). The larger size of the parichnos arms, the indi-
vidual cells of which may often be detected as a fine punctation,
is a distingnishing feature of the genus, but otherwise the
structure is very similar to that in Lepidodendron. As shown
in figs. 195, 200, F, (3, the three scars may occur nearer the
upper than the lower margin of the leaf-base area.
Lepidodendron Wortheni® (fig. 196, E), deseribed from North
America by Lesquereux?®, by Zeiller* from France, and by
Kidston® from the Upper and Middle Coal-Measures of England,
may be quoted as a Lepidodendron bearing a close resemblance
to Sigilluria. The shoots bear cushions two or three times as
long as broad and without the nsual median division, but with
numerous irregular and discontinuous transverse W rinklings.
Lepidodendron Peachii Kidston® affords another example of a
form agreeing both with Sigillaria and with Lepidodendron.
An Upper Devonian type deseribed by White” as Archaeo-
sigillaria primaeva affords a striking mstance of the combination
on one stem of Sigillarian and Lepidedendroid leaf-cushions.

Germar (53).

2 Of. Lepidodendron Zeilleri, Zalessky (04) PL 1v. fig. 1.
4 Ligsquerenx (79) A. Pl, nxv. 4 Zeiller (88) A, PL. nxxr.
i Kidston (01) p. 46. i Kidston (85). 7 White, D. (072).
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The difference between the original surface of a Sigillaria
stem and that of partially decorticated specimens is seen in
figs. 196, C and D; in fig. C the bark of Sigillaria Brardi
shows the characteristic wrinklings of the superficial tissue,
while at a slightly lower level the leaf-scars are replaced by
the parichnos casts, a, and fine longitudinal striations represent

Fig. 197. Carica sp. From the Royal Gardens, Kew. (Much reduced.) IM.S.

the elongated phelloderm cells laid bare by the exfoliation of

the surface-layers. Similarly, in the rib of Sigillaria laevigata
(fig. 196, D) the parichnos arms, p, and the longitudinal stria-
tions are exposed at the lower level, while the surface is smooth
and bears rows of widely separated leaf-scars,
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The older part of a Sigillarian stem may present an appear-
ance very different from: that of the younger shoots. The
leaf-cushions may be stretched apart as the result of elongation
and inerease in girth, while in some cases the arrangement of the
leaf-scars may vary on the same axis as the result of inequalities
in growth or changing climatic conditions. The contiguous
arrangement of the leaf-scars and narrow cushions characteristic
of the Clathrarian form of stem, as was first demonstrated by
Weiss?, and afterwards illustrated by Zeiller® and Kidston, may
be gradually replaced (on the same specimen) by a more distant
disposition of the leaf-scars separated by a smooth intervening
surface of bark. The specimen of S. Braidi reproduced in part
in fig. 203, and first figured by Kidston, affords an example
of three “species” on one piece of stem, S. Brard: Brongn.
S. denudata Goepp. and S. vhomboidea Brongn.?

The piece of Carica stem, represented in fig. 197, illustrates
the danger of trusting to the disposition of leaves as a specific
eriterion.

Similarly, in the ribbed forms the degree of separation of
the leaf-scars is by no means uniform in a single species?’
Some anthors have adopted a two-fold classification of Sigil-
larian stems proposed by the late Prof. Weiss® of Berlin, who
divided the Sigillariac into (A) Sub-Sigillariae, comprising
Leiodermariae and Cancellatae, and (B) Eu-Sigillariae, in-
cluding Favularine and Riytidolepis. Grand’Eury® adopts the
terms Rhytidolepis and Leiodermaria for ribbed and smooth
stems respectively, the type to which the name Clathraria was
applied by Brongniart being in some cases af least the young
form of Leiodermarian stems. While recognising the artificial
distinction implied by such terms as Rhytidolepis, Leiodermarua,
and other sub-generic titles, we may conveniently speak of the
two main types of Sigillaria stems as ribbed and smooth.

Still older stems of Sigillaria ave not uncommeon from which
the leaf-scars and other superficial tissues have been exfoliated,
leaving exposed a longitudinally fissured surface of secondary
cortex characterised by pairs of considerably enlarged parichnos

1 Weiss, C. I, (88). 2 Zeiller (89). 3 Kidston (01) p. 94.
4 SBeward (90%). ® Weiss, C. E. (89). 8 Grand'Tury (90) A.
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strands (fig. 198) which are sometimes partially or wholly
fused into one (Syringodendron staterof Sigillaria). The single
or double nature of the elliptical or circular parichnos areas is
doubtless due to the degree of exfoliation, which may extend
sufficiently deep into the corex to reach the level of the
parichnos before the single strand has bifurcated (ef. Lepedo-
dendron, p. 100). In the Museums of Manchester, Neweastle,
and other places casts of large Sigillaria stems may be seen,
which illustrate the differences in breadth and regularity of the
vertical ribs, and in the size and shape of the parichnos areas
in different regions of a partially decorticated stem. A cast of a

ribbed species in the Manchester Museum, having a length of

185 em. and a breadth of 56 em,, shows in the upper portion
straight vertical grooves and broad ribs bearing pairs of parichnos
scars 11 mm. long; in the lower portion the ribs tend to
become obliterated and the parichnos sears, 2 cm. in length,
may be partially fused and arranged in much less regular vertical
series. A feature of these older ribbed Sigillarian stems is the
inerease in the number of the ribs from below upwards.  Kidston®
has described a specimen in the Sunderland Museum, 6 feet
6 inches long, with a circumference at the slightly bottle-shaped
base of 5 feet. On the lower portion of the stem there are
29 broad ribs; about one-third the height many of these
bifurcate, producing as many as 40 ribs in the upper part
where the cast has a circumference of 3 feet. The increase
in number of the ribs is due in part o bifurcation, but also
to the intercalation of new ones. As Kidston points out, this
example shows that as a stem grew in length additional leaves
were developed at the apex. A similar stem, which illustrates
very clearly the increase in the number of ribs from below
npwards, may be scen in the Neweastle Museum.
Grand'Bury* has described an example of an old stem of a
ribless species of Sigillaria, Syringodendron bioculatum, bearing
single and double parichnos areas of nearly circular form and
with a diamcter of 1—2 e¢m. In a specimen figured by Renault
and Roche? (Syringodendron esnostense) from the Culm strata
1 Kidston (97) p. 46. 2 Grand’Eury (90) A, Pl xur. fig. 8.
¢ Renault and Roche (97).

s
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in France, the parichnos scars reach a length of 3 em. As seen
in the fragment of a ribbed Sigillaria represented in fig. 198,
the large parichnos areas exhibit a distinet surface pitting in
contrast to the fine longitudinal striation of the rib; the
differcnce in surface-appearance is due to the nature of the
tissue, which in the parichnos consists of fairly large parenchy-
matous elements with groups of secretory cells?, and in the
exposed cortex of elongated clements. The vertical line in the
middle of fig. 198, which occurs in the middle of the rib, has
probably been formed by splitting of the bark.

¥ra, 198, Sigillaria with large parichnos areas. (% nat. size.) ML.S.

Grand’Eury’s description of fossil forests of Sigillariae in
the rocks of the St Etienne? district affords a striking picture of
these arborescent Pteridophytes; he speaks of the stems of some
of the trees as swollen like a bottle at the base, characterised
by the Syringodendron features and terminating below in
short repeatedly forked roots of the type known as Stigmari-
opsts.  Other specimens of Sigillaria stumps show a marked
decrease in girth towards the base; this tapered form is
regarded by Grand'Eury as the result of the development of
aerial columnar stems from underground rhizomes.

The nature of the root-like organs of Sigillaria is dealt
with in the sequel: a brief reference may, however, be made

! Coward (07) ; Renault (96) A. ¢ Grand'Eury (90) A. PL nr.
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to the occurrence of stumps of vertical trunks which pass down-
wards into regularly forked and spreading arms. These arms
lie almost horizontally in the sand or mud like the underground

Fic, 199. Partially decorticated stem of Sigilluria showing lwo zones of cone-
scars. From a cast in the Sedgwick Museum, Cambridge. M.S,
(3 nat. size.)

rhizomes of Phragmites and other recent plants growing in

swampy situations where water is abundant and where deeper
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penetration of the soil would expose them to an insufficient
supply of oxygen', It is certain that Sigillaria had no tap-root,
but was supported on spreading subterranean organs bearing
spirally disposed long and slender rootlets which absorbed water
from a swampy soil.

The regularity of the leaf-scar series on a Sigillarian stem
may be interrupted by the occurrence of oval scars with a
central scar and surrounding groove (fig. 193, E); these occur
in zones at more or less regular intervals on the stem, as seen
in the partially decorticated cast represented in fig. 199.
Zeiller has pointed out that the rows of oval or cireular scars,
which mark the position of caducous stalked strobili, may oceur
between the leafscars in vertical series, each of which may
include as many as 20 scars, while in other cases a single series
of such cone-sears may encircle the stem® The zones are
usually of uneven breadth, as in 8. Brardi, and their occurrence
produces some deformation of the adjacent leaf-scars.

By the carlier writers Sigillarie was compared with sue-
f:ulent. Euphorbias, Cacti, and Palms; Brongniart® at first
ncluded undoubted Sigillarian stems among Ferns, but after
mvestigating an agatised stem from Autun, he referred Sigil-
laria to the Gymmosperms* on the ground that it had the
power of producing secondary wood. It was then supposed
that Lepidodendron possessed only primary xylem, and that
f,he presence of a vascular meristem in Sigillaria necessitated
1ts thP?l‘ﬂtiun from the lycopodiaceous genus Lepidodendron
and 1s inclusion in the higher plants. By slow degrees it was
recognised, as in the parallel case of the genus Calamites, that
the presence or absence of secondary vascular tissue is a
tance. Williamson, whose anatomical
researches played the most important part in ridding the minds
of palacobotanists of }

character of small impor

1e superstition that secondary growth in

thickness 1s a monopoly of the Phanerogams, spoke in 1883 of

the conflict as to the affinities of Lepidodendron and Sigillarie as

virtually over but leaving here and there “the ground-swell of a
I Cf. Prof. Yupp's account (08) of Fen vegetation.

2 Zeiller (88) A. PL. xxxv. # Brongniart (28) A. p. 63.
! Brongniart (39) A, ; (49) A, p. 55.
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stormy past'.” In 1872 the same author had written: “If then
I am correct in thus bringing the Lepidodendra and Sigillariae
into such close affinity, there is an end of M. Brongniart’s theory,
that the latter were gymnospermous exogens, because the erypto-
gamic character of the former is disputed by no one; we must
rather conclude as I have done that the entire series represents,
along with the Calamites, an exogenous group of Cryptogams in
which the woody zone separated a medullary from a cortical
portion?” '

In 1879 Renault® expressed the opinion that Brongniart by
his investigation of the anatomy of Sigellaria elegans had
established in a manner © presque irréfutable” that Sigillaria
must be classed as a Gymnosperm showing affinity with the
Cycads.

In 1855 Goldenberg® described some strobili which he re-
garded as those of Sigillaria and recognised their close
resemblance to a fertile plant of Isoetes. He was led to the
conclusion, which had little influence on contemporary opLnion,
that Sigillaria is related to Isoetes and must be classed among
Pieridophytes. To these long and narrow strobili Schimper
gave the name Sigillariostrobus’. In 1884 Zeiller supplied con-
firmation of Goldenberg’s view by the discovery of cones horne
on pedicels with Sigillarian leal-scars, thus demonstrating the
generic identity of cones and vegetative shoots, which Golden-
berg had connected on the evidence of association. Zeiller's
mare recent work? and the still later researches of Kidston®
have added considerably to our knowledge of the morphology
of Sigillarian cones. CrandEury’s remark made so recently as
1890° that opinion in regard to the Gymnospermous nature of
Sigillaria is losing ground every day, bears striking testimony
to the pertinacity with which old beliefs linger even in the face
of overwhelming proof of their falsity.

It is remarkable, in view of the abundance of vegefative
shoots, how rarely nndoubted Sigillarian strohili have been

1 Williamson (83). 2 Williamson (72) p. 228,
& Renault (79). 4 Goldenberg (55) p. 24.
5 Schimper (70) A, p. 105. 6 Zeiller (B4).

7 Feiller (88) A. 8 Kidston (97). 9 Grand'Euary (90) A. Vol. 1.
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found ; this may, however, be in part due to a eonfusion with

Lepidostrobi which so far as we know do not differ in important
respects from Sigillariostrobil.

There can be no doubt that Sigillarie usually produced its
cones on slender ped
irregular verticils, or in short vertical series on comparatively
stout stems, an arrangement reminding us of the oceurrence of
flowers on old stems of Theobroma and other recent Dicotyledons.
As Renaulte pointed out the fertile shoots are axillary in origin.

Dr Kidston? is of o pinion that certain species of Sigillaria
bore cones sessile on large vegetative shoots characterised by
tWo opposite rows of cup-like depressions like those in the
Ulodendron form of Lepidodendron Veltheimianum (hig. 157).
He has described the Ulodendron condition of two specics,
Stgillaria discophora (Kénig) and 8. Taylori (Carr.); the cup-
like depressions may have

icels which bore a few leaves or bracts in

a diameter of several centimetres
and are distinguished from those of Bothrodendron by the
almost central position of the umbilicus. The specimens
which he figures as S discophora are identified by him with
the stem figured by Konig as Lepidodendron discophorum and
by Lindley and Hutton: as Ulodendron minus. We have
already dealt with the nature of Ulodendron shoots, expressing
the opinion that in spite of the often quoted specimen deseribed
by D’ Avey ThOmpﬂtm“, in which a supposed cone oceurs in one of
the cups, there is no satisfactory case of any undoubted cone
having been found attached to the large Ulodendron sears. Tt
1S more probable that the 5
the sears of
sole case

Ulodendron de.lu'r-ssions represent
branches, either elongated axes, or possibly in
s deciduons tuberous shoots which se
of vegetative reproduction,

as Sigillaria Taylor from the

rved as organs
A specimen figured by Kidston
Calciferons sandstone of Scotland®
bears a row of slightly projecting “appendicular organs ”
attached to a Ulodendroy axis; but these furnish no proof of
their strobiloid nature, The main question is, are these Ulo-
dendron shoots correctly identified by Kidston as Sigillarian?

I Kidston (97).

# Kidston (85),

¥ Thompson (30).

* Renault (96) A.
* Lindley and Hutton (31) A. PL vr.
" Kidston (85) PL vi. fig. 10.

A 14
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The surface of the specimens shows crowded rhomboidal sears
surrounded in some cases by a very narrow border or
that of Sigillaria Brardi in which the leaf-scars are contignous
(e.g. fig. 203, upper part). None of the leaf-scars exhibit
the three characteristic features, the leaf-trace and parichnos
sears, but only one small scar appears on each leaf-base area.
In a more recent paper Kidston figures a small piece of a
stem from Kilmarnock, which he identifies as Sigallaria dis-
cophora, showing the three characteristic scars on the leaf-
base area. There is no doubt as to the Sigillarian nature of this
specimen, but it is not clear if the piece figured 1s part of a
Ulodendron shoot™. '

Prof. Zeiller? retains the older name Ulodendron minus Lind,
and Hutt. in place of Konig’s specific designation and dissents
from Kidston's identification of Ulodendron minus and U. majus
of Tindley and Hutton as one species ; he is also inelined to
refer these Ulodendron axes to Lepidodendron. In spite of the
superficial resemblance to Sigillaria of the specimens described
by Kidston, and which I have had an opportunity of examining,
I venture to regard their reference to that genus as by no
means definitely established. We must recognise the difficulty
in certain cases of drawing any satisfactory distinetion between
Sigillaria and Lepidodendron based on external features, and
while giving due weight to the conclusions of so experienced a
palagobotanist as my friend Dr Kidston, I venture to think we
are not in a position to state with confidence that Sigillaric

cushion ; the general appearance is, as Kidston maintains, like

pnssessm.l Ulodendron shoots.

1., Leaves.

The leaves of Sigillaria agree closely with those of Lepi-
dodendron; they are either acicular (fig. 200, D) like Pine
needles or broader and flatter like the leaves of Podo-
carpus. Their attachment to comparatively thick branches®

| Kidston (89%) p. 61 ; Pl vi. fig. 1.
2 Feiller (88) A. p. 483, Pls, TXXIIT. TXXIV. 8 Zeiller (06) PL. xuir.
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shows that they persisted, in some cases at least, for several
years as in Arauecaria imbricata. The lower surface of the
lamina was characterised by a prominent keel (fig. 142, A
and C) which dies out towards the apex; on either side of it
are well-defined stomatal grooves (figs. 142, g, g; 148, A; 200,
D, g). The upper face ma;\- be characterised by another groove
(fig. 142, B) but without stomata. The occurrence of the
Stomatal grooves, the abundance of transfusion tracheae
(fig. 142, ¢) surrounding the vascular bundle, and the pre-
sence of .‘.\‘T.]_‘i'fl.lgt]h'_’ﬂ]-.[]g-]'l}‘]]()l’jk‘l‘l]lal tissue suggest that the
leaves of Styillaria were of a more or less pronounced xerophi-
lous type and had a fairly strong and leathery lamina. The
mesophyll tissue consists either of short parenchymatous cells
or of radially elongated palisade-like elements and has the loose
or lacunar arrangement characteristic of the aerating system
in recent leaves; the slight development or absence of palisade-
tissue may mdieate exposure to diffuse light of no great intensity.

In most species there is a single vein, but in others the xylem
forms a double strand (fig. 142, B). Sections of the lamina near
the apical region present a more circular form, owing to the
gradual obliteration of the upper groove and lower keel and to
the dying out of the stomatal orooves.

The transverse section of the leaf diagrammatically repre-
sented in fig. 142, A, A’, shows the two stomatal grooves, g,
:‘:9#1 & prominent, keel : the single vein consists of a small group
of primary tracheae, z, some delicate parenchyma, and a brown
patch of il"ll"i‘ffo«'tly preserved tissues, ¢, resembling the secre-
Loty zone tissue of g J,

by S sheath of rather wide and short thinner-walled spiral or
reticulate tr

acheids, which may be spoken of as transfusion
tracheae, ¢

, and Compared with similar elements in the leaves
of many recent Conifers,

epithet « wate]'-bra;u'ing”

epidodendron. The whole is surrounded

To this tissue Renault applies the
and it is very likely that this may have
1?“-‘3” its- fanction. The shaded portions of the lamina, in
fig. 142, A Tepresent the distribution of thicker-walled hypo-
dermal tissue. The section of a leaf 3 mm. wide shown in
fig. 142, C, shows an almost identical structure ; the transfusion
tracheae are richly developed especially on the sides and lower

142
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surface of the vascular strand. This leaf oceurs in association
with a petrified stem of Sigillaric scutellata’.

Renault? has shown that the leaf-traces of Sigullario
spinulosa (=S, Brardi) are accompanied in the outer cortical

v

K

Wl \\

UL

Fia. 200. A. Sigillaria Brardi [=85. elegans Brongn. (39)]. Transverse

section of stem.

B. Sigillaria Bravdi[=5. spinulosa, Renault and Grand'Eury (75)]:
o5, outer cortex ; &, T xylem. (After Renaunltand Grand’Eury.)

C. 8. Brardi, primary xylem element. (A and C after Brongniart.)

D, Leal of Sigillaria Brardi: g, v, stomatal grooves; ep, piece of
epidermis of stem. (After Renault.)

BE. Sigillaria Brardi. Tangential section of leaf-bases: p, parich-
nos. (After Renault.)

T, &, H. Sigillaria leaf-scars and cushions. (After Weiss.)

region of the stem by a fairly large amount of secondary xylem ;
‘0 sections of the free lamina which he figures the secondary

elements are much less obvious and represented by a few
tracheae only. Similarly, in the leaf-base of S. Brard:

1 Kidston (07%). 2 Renault (96) A. P1. xxxvir. fig. 3.
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(fig. 200, E) the xylem consists of both primary and secondary
elements (z, 2°), but in the lamina the latter is poorly if at all
represented. In the lamina of the leaves of S. Brardi the
primary xylem forms a narrow slightly curved band with two
lateral groups of narrower, presumably protoxylem elements;
thit v surronnded by delicate parenchyma styled by Renault, on
very slender evidence, phloem (*liber™). Some dark cells below
the xylem are deseribed as sclerous tissue, and surrounding the
bundle is a sheath of transfusion tracheae (dotted area in
fig. 200, E). It is possible that the elements spoken of with
hesitation by Renault as secondary xylem are transfusion
tracheae,

There has probably been some confusion in the minds of
authors between sclerons tissne and dark secretory tissue in
Sigillarian leaves; the crescentic band, a, shown in fig. 142, B,
Wwhich corresponds in position with the sclerous tissue of
Renault in 8. Brardi leaves, appears to be of the nature of
secretory tissue.

The diagram shown in fig. 142, B, illustrates a type of leaf
very like those already described, except that there are two
xylem strands, . The difference between the double strand and
the single bundle seen in figs. 142, A, C and 200 E, is com-
paratively small, but it is a real distinction. This type of leaf
(fig. 142, B) was originally described by Renault' under the
g(.‘.nelric title Sigillariopsis. The genus was founded on a French
petrified specimen consisting of part of a ribbed stem possessing
a :qtcaln of the Sigillarian type and characterised by separate
Primary xylem strands, like those of S. Brardi described by
Brongniart in 1839, Renault considered the presence of two
Xylem strands in the leaf a sufficient reason for the insti tution
of a new genus and named the specimen Sigillariopsis Decaisnei.
Prof. Bertrand of Lille kindly photographed for me Renault’s
type-specimen and sent sever
The transverse section of the
xylem strands;

al prints with explanatory notes.
leaves shows very elearly the two
: each strand consists of a triangular group of
Primary tracheae with the protoxylem apex pointing towards
the lower surface of the lamina, Below each primary strand

! Renault (79) Pls. x11. xum. P- 270 ; (96) A. p. 245,
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of eentripetal xylem is an arc composed of a few small tracheae
which Renault and Bertrand deseribe as secondary xylem; 1t
i:-:', however, not clear from the 1‘)hotomim'0graphﬂ that these
are of secondary origin, their position and appearance reminding
one of the primary centrifugal xylem of a cycadean foliar
bundle. Below this centrifugal xylem is another arc of m-
perfectly preserved elements described by Renault as a
protective sheath and by Bertrand as glandular tissue ; the
latter term is probably the more correct as the tissue may well
correspond to the secretory-zone tissue of Lepidodendron stems.
Fairly large groups of transfusion tracheids ocenr on the flanks
of the xylem. Prof. Bertrand points out that one of his sections,
cut nearer the apex of a leaf than that figured by Renault with
a single xylem strand, contains a double strand and thus shows
the latter's deseription to be an incorrect interpretation of the
imperfectly preserved tissues.

The Sigillariopsis type of leaf was recognised by Scott!
in English material on which he founded the species Sigil-
lariopsis sulcata. Tn a section which he has recently figured® a
lacuna below the two xylem strands is described as representing
secretory tissue” ; a band of transfusion tracheae almost encircles
the pair of bundles.

In a note published in 1907, Kidston® demonstrated the
association of Sigillariopsis leaves with an undoubted Sigil-
larian stem of the Rhytidolepis type and expressed his
conviction that Renault’s genus is identical with Sigillaria.
The correctness of Kidston’s conclusion has been proved by
Arber and Thomas* who found that the leat-traces of Sigillaria
seutellata bifurcate during their course through the outer region
of the cortex and enter the leaf as two distinet strands of
primary xylem, In the section from. Dr Kidston’s collection
shown in fig. 142, B, the lamina, 4 mm. wide, consists mainly of
thin-walled assimilating tissue composed of radially elongated
cells abutting at the periphery on hypodermal mechanical tissue,
except at the edges of the stomatal grooves which are bounded
by the small-celled epidermis. A broad sheath of thicker-walled

1 Seott, D, H. (043). 2 Goott (08) p. 230, fig. 95.
4 Kidston (07%). 4 Arber and Thomas (08).
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elements, s, surrounds numerous scattered transfusion tracheae, ,
and below the two xylem strands, 2, which are embedded in
delicate parenchyma there is a crescentic band of dark tissue, a,
resembling the smaller strand, @, in fig. 142, A’, and the secre-
tory zone tissue of a Lepidodendron stem.

iii. Fertile shoots of Sigillaria.

Reference has already been made to the manner of oceur-
rence of strobili on Sigillarian stems ; it remains to describe the
structure of these reproductive shoots. Sigillariostrobus, the
name given to Sigillarian strobili, may be defined in general
terms as follows

Cylindrical cones, rarely dichotomously branched® as in
species of Lycopodium and Selaginella, which may reach a
length of 30 em, (e.g. Sigellariostrobus nobilis Zeill.?) and a
diam‘eter 2—5 em.; peduncle long and slender, sometimes
bearing acicular bracts or, after leaf-fall, characterised by leaf-
cushions and leafscars like those on vegetative shoots
(ig. 201, E). The stalked cones are borne in irregular verticils
and in some species in vertical series, the fertile zones being
separated by comparatively long sterile portions of the stemn
(fig- 199). The cones were deciduous and, in certain cases if
not 1n all, the individual sporophylls became detached from
the cone-axis on maturity. The slender axis bore spiral or
verticillate imbricate ﬁpu;'ophylls attached at right angles or
more or less obliquely. The basal rhomboidal portion bore
Spores on its upper surface (fig. 201, F), presumably enclosed
In a somewhat radially elongated sporangium (fig. B) and was
prolonged distally into a narrow lanceolate free portion, in some
species with a ciliate border (fig. D). The sporangia probably
produced megaspores and microspores, but such spores as have
been recognised appear to belong to the former category. The
designation Triletes is applied to isolated spores of Sigillaria or
to those of Lepidodendron.

Segillariostrobus Tieghemi Zeiller® (figs. 201, E, F). In this

! Goldenberg (55) ; Kidston (97). * Zeiller (88) A. PL xc. 1, p. 598.

3 Zeiller (84); (88) A. PL nxxxIx.




216 LYCOPODIALES [cH.

species, from the Coal-field of Valenciennes, the pedicel bore
acicular leaves or bracts attached to the npper portion of leaf-
cushions arranged in vertical series (fig. E). The cones reached
a length of 16 cm. and a breadth of 2:5—5 cm.; the sporophylls
are borne in alternating verticils with 8—10 in each whorl.
Several megaspores (2 mm. in diameter) appear to have been
produced in tetrads in each sporangium,

¢ E——p N

Fra, 201, Sigillariostrobus.
A, C. Sigillariostrobus vhombibracteatus Kidst, (After Kidston.)
A. TPortion of strobilus.
C. Megaspore.
B, D. Sigillariostrobus ciliatus Kidst. (After Kidston.)
E, ¥. Sigillariostrobus Tieghemi Zeill.  (After Zeiller.)

Sigillariostrobus rhombibracteatus Kidston®, Fig. 201, A, C. »

Kidston described this species from the Middle Coal-
Measures of England: it is similiar in habit and in the form of
the sporophylls to S. Tieghems, but rather smaller, and the more b
definitely rhomboidal sporophylls have a ciliate margin, The

1 Kidston (97) Pls. 1. 15, p. 50.
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cone was probably heterosporous, but megaspores alone have so
far been discovered. The sporophylls bear a close resemblance
to those of Lycopodium cernuum (fig. 126, C). In some of the
illustrations of thig type given by Kidston the naked cone-axis
with its numerong sporophyll-scars is clearly shown, reminding
one of the naked axes of the cones of the Silver Fir (Abdes
Pectinata) or Cedar after the fall of the scales.

Onr knowledge of Sigillarian cones is too incomplete to
admit of a detailed comparison with the strobili of Lepidodendron
or with those of recent Pteridophytes. There can, however, be
little doubt that Goldenberg! was correct in his selection of
Lsoetes as the most nearly allied recent plant so far as the fertile
leaves are concerned. It would seem that the sporangia were
comparatively delicate structures which have left no clearly
defined remains of their walls in the carbonised speclmens ;
Kidston, indeed, speaks of the hollow bases of the sporophylls as
holding the spores, but this is hardly likely to have been the
case. Our knowledge of the anatomy of Sigillariostrobus is
Pl‘{ictica]ly nil, but in one ,c_;pecj_men of a S‘i':gﬂlrl.?‘b'(rf B[B{)‘(I-'Jlb‘
stem Kidston® describes the structure of the tissues as seen in
4 transverse section of a sear of a fertile shoot ; from this we
learn that the stele was composed exclusively of primary
tracheids forming a solid strand without a pith. It is probable
that the cones of Sigillaria were heterosporous, but in no
instance have undoubted microspores been discovered ; the
megaspores in each megasporangium were fairly numerous as 1n
Isoetes (fig. 133, E). In one species, Sigillariostrobus major
(Germar), from Permian rocks of Franee and Germany, Zeiller®
states that the whole of a single cone bore megaspores (0°8—1
mm. in diameter) only; this is, however, not opposed to the idea
of heterospory, as we find instances in Selaginella of strobili
bearing one kind of spore only (ef. p. 56).

In a few instances, it has been possible to correlate cones
with certain species of Sigillaria, but in most cases the strobili
oceur as isolated fossils,

L Goldenberg (55).

* Kidston (05) Pl. . figs. 23, 95, 26, 27. & Zeiller (06) p. 160.
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iv. The structure of Sigillarian stems.

The first account of the anatomy of Sigilloria we owe to
Brongniart' who published a description of the internal structure
of an agatised stem, about 4 em. in diameter, from Autun, which
he referred to Sigillaria elegans. Tt has, however, been shown
by Zeiller? and by Renault that this petrified fragment belongs
to Brongniart’s species S. Menardi, which is probably a young
form of S. Brardi. Brongniart’s specimen, now preserved in
the Paris Natural History Muscum, is a very beauntiful example
of a silicified plant: on part of the surface are preserved the
hexagonal contignous leaf-scars, like those shown in fig. 193, A,
and on the polished transverse section is seen a relatively large
stele consisting of a ring of secondary xylem surrounding
a series of crescentic groups of primary xylem (fig. 200, A)
enclosing a wide pith ocenpied by concentric layers of silica. A
portion of the outer cortex is preserved, and this is separated
from the stele by a broad space filled with siliceous rock. The
main features of this type may be described in a few words.
The primary xylem differs from that of such Lepidodendron
stems as have been deseribed in being made up of groups of
scalariform and occasionally reticulate (fig. 200, C) tracheae,
having a plano-convex or more or less erescentic form as seen in
transverse section. These primary strands, in contact with one
another laterally, have their narrowest elements on the outer
edge. The leaf-traces ave given off from the middle of the
abaxial face of each xylem strand (fig. 202, G, It); these pass
obliquely outwards throngh medullary rays and then, as in
Lepidodendron, turn sharply upwards before bending outiw: ards
again on their way to the leaves. Each leaf-trace consists of a
group of primary tracheae to which a few secondary tracheae are
added during the passage through the aecnndals wood. The
secondary xylem forms a continuous cylinder of tracheae with
scalariformn bands on both radial and tangential walls; the
medullary rays are numerons and consist of long and narrow

I Brongniart (39) ; Renaunlt (96) A.
® Zeiller (88) A. p. 586 ; Kidston (05) p. 534.
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series, usnally one ecell broad, of parenchymatous cells with
occasional short rays one or more cells in depth.

The slightly greater breadth of the rays between each
primary xylem strand tends to divide the secondary wood
into bundles corresponding in breadth to the primary groups.
The outer cortex closely resembles that of Lepidodendron;
it consists internally of radial series of secondary, elongated
and rather stout, elements abutting on the parenchymatous
tassue of the leaf-cushions.

The next contribution to our knowledge of the anatomy of
Sigillaria was made by Renault and Grand Bury' who described
the structure of Sigilluria spinulosa Germar® a species now
recognised as the Leiodermarian condition of S. Brardi, and
probably, therefore, not specially distinet from the specimen
deseribed by Brongniart in 1839 as S. elegans. In Brongniart’s
fossil the leaf-cushions are in contact (Clathrarian form of S.
Brardi: fig. 203, upper part) whereas in the specimen now
nder consideration the leaf-scars are further apart (Leioder-
marian form of 8. Brardi, fig. 208, lower part, and fig. 196, C).
It may be, as Scott suggests, that these two specimens are not
specifically identical but closely allied, an opinion based on
certain anatomical differences?; we may, however, include both
under the comprehensive name 8. Brardi.

The primary xylem (fig. 200, B, 2), is in some regions
separated into distinet strands, in others it forms a continuous
band equal in length to several of the separate groups. This
type of stele, in which the primary xylem consists in part of
separate strands and in part of a continuous cylinder, forms a
transition between that represented in fig. 200, A, and the steles
of Sigillaria elegans (fig. 202, A) and most species of Lepido-
dendron. The tendency of the primary xylem strands to become
united laterally, forming broader bands, was first described by
Solms-Laubach* in a French specimen of Sigillaria spinulosa in
the Williamson collection. The leaf-traces arise from the middle
of the coneave outer face of the primary xylem groups. The inner
cortex is composed of small parenchymatous cells as in Lepido-

! Renault and Grand Eury (75); Renault (96) A. ? Germar (44) A.
% Beott (08) p. 219, i Selms-Launbach (91) A, p. 253.
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dendron, and it is noteworthy that traces of partially
disorganised tissue, described as large canals, in the region
external to the secondary wood, bear a resemblance' to the
secretory tissue of Lepidodendron.

Other interesting features are presented by the structure of

the outer cortex and the parichnos. The outer cortex in the
leaf-scar region is composed of parenchyma, but for the most
part it consists of radially elongated groups of thin-walled

Fra, 202, A, Sigillaria clegans Brongn. (Seetion in Dr Kidston’s Collection
gut from the specimen shown in fig, 193, D.)
B, €. Sigillaria elongata Brongn, U, leaf-traee. (From specimens
in the eollection of Prof. Bertrand.)

parenchyma enclosed in a framework of thicker-walled and
elongated elements (fig. 200, B, ¢®). This type of cortex, to
which Brongniart applied the name Dictyozylon, would produce
a cast in the case of a partially decorticated stem characterised
by a surface formed of irregnlarly oval and raised areas bounded
by narrow grooves; the greater prominence of the former being
due to the more rapid decay of the softer tissue, which would

! Renanlt and Grand'Bury (75) PL 1. fig. 5.
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produce depressions on the exposed face of the dead stem.
Casts of this type are not uncommon in Carboniferous rocks,
and while some may belong to the Pteridosperm Lyginodendron,
others may be those of Sigi]lall'i;zll stens.

The large parichnos-strands, produced as in Lepidodendron,
by the forking of a single strand arising in the middle cortical
region, consist in part of tissue containing secretory canals, a
structure like that recently deseribed 'l')}' Miss Coward? in the
large parichnos strands of .g{y’r"iﬁd{,rlu’.l’ﬂrtL{?'Li?l stems.

An example of a decorticated specimen is described by
Renault? ag Sigillaria yling. This stem is presumably referred
to Sigillaria becanse the primary xylem consists of separate
strands. 1t iz characterised by the unusually large develop-
ment of seeondary wood and by the relatively small size of the
pith. The xylem cylinder has a diameter of 4—5 cm. and the
pith is only 4—5 mm. in breadth.

Another example of a petrified Sigillaria stem has been
described by Kidston® as 8. elegans Brongn.* (fig. 193, D), a
speeies characterised by vertical rows of sub-hexagonal and
contiguons leafscars and by the presence of verticils of cone-
scars. Fig. 193, D, represents Kidston's specimen in surface-
view ; one row of leaf-scars is shown, but most of the superficial
fissues have been destroyed. The crushed stele, 13 mm. in its
longest diameter, has a continuous eylinder of primary xylem,
(fig. 202, A, z) characterised by a regularly crenulate outer
margin with the smallest elements at the edge; the prominent
ridges separating the sinuses are rounded. The leaf-traces arise
from the bottom of each sinus; the leaf-bundles are mesarch, and
consist exclusively of primary elements. The secondary xylem,
*, like that of the primary xylem, has a crenulate outer edge.
The most interesting feature of the outer cortex is afforded by
a tangential section which, in addition to the leaf-scars, cuts
through a cone-scar showing a solid primary stele surrounded
by the cortex of the cone-peduncle.

Another type of Sigillaria, probably S. elongata Brongn.
(fig. 202, B, C), which is very similar to S. scutellata has been
! Coward (07). 2 Renault (96) A, p. 237, PL xxxvi, figs. 1—4.

¥ Kidston (05). 4 Brongniart (28) A. Pls. cxuvi. CLv. CLVII.
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briefly deseribed by Prof. Bertrand’, to whom my thanks are
due for the two photographs reproduced in fig. 202, B. C. His
specimen, from the Pas de Calais Coal-field, shows a ribbed
Rhytidolepis form of surface (fig. 202, B). The stele (fig. 202, C)
agrees closely with that of S. elegans as deseribed by Kidston,
but the ridges on the fluted surface of the primary xylem are
more pointed. “In the immediate neighbourhood of the origin
of a leaf-trace, the spiral clements form a median band in the
middle of a sinus” and from this the leaf-traces are given off.
No secondary xylem was found in the leaf-traces at any part of
their course.

Bertrand compares the stele of 8. elongate with that of the
type of Lepidodendron represented by the Burntisland species
named by Williamson L. brevifolivm (fig. 186) and now usually
referred to L. Velthetmianum ; the chief distinguishing features
are the greater prominence in the French species of the surface-
ridges or teeth of the primary xylem, a feature which oceurs in
L. Wiinschianum, and the detachment of the leaf-traces from
the bottom of each sinus (fig. 202, C, {f) instead of from the
sides of the sinus. It is, however, not clear how far this latter
distinction is a veal one; in Lepidodendron Wiinschianwm the
leaf-traces appear to arise, as in Sigillaria, from the middle of
each sinus.

Other types of ribbed Sigillaria stems have been briefly
deseribed by Scott®, Kidston®, and more recently, by Arber
and Thomas?,

The specimen described by Scott agrees in the main with
8. elegans of Kidston and with 8. elongate of Bertrand,

Kidston’s sections of S. scutellate show a continuous primary
xylem eylinder with a slightly and irregularly crenulate outer
margin. It would seem that one important diagnostic character
in Sigillarian stems is atforded by the degree and form of the
erenulations on the outer surface of the primary xylem. 8. scu-
tellater has been deseribed also by Arber and Thomas; these
authors were the first to demonstrate the presence of a ligule
and ligular pit on the leaf-base in a petrified stem, and they
I Bertrand (99). 2 Beott (08) p. 227, fig. 93.

4 Kidston (079). 4 Arber and Thomas (07).
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also contribute the important fact that the leaf-traces in passing
throngh the phelloderm bifurcate and enter the leaf as two
distinet vascular strands. This double bundle has been referred
o0 in the deseription of Sigillaria leaves. (Page 214.)
Although our knowledge of the anatomy of Sigillaria
has been considerably extended since Williamson! drew atten-
tion to our comparative ignorance of the subject, there are
several points on which information is either lacking or very
meagre. As regards the stele, it is in all types so far in-
vestigated, of the medullated type and constructed on the
same plan as that of Lepidodendron Wiinschianum, L. Velt-
heimianum, and other species. Secondary xylem was developed
at an early stage of
xylem, from which as
S. elegans, it may be

growth, and its relation to the primary
Kidston points out in his deseription of
separated by a few parenchymatous ele-
ments, is like that in Lepidodendron. The tendency of the
outer face of the secondary xylem to present a crenulate
dppearance in transverse sections may, as Scott thinks? be a
feature of some diagnostic importance, but this is not a constant
character in the genus, In ori

gin and in their mesarch structure,
the leaf-traces closely p

¢ esemble those of Lepidodendron. The
carlier account of the structure of the leaf-traces of Fioii
which were deseribed as possessing both centrifugal and centri-
petal wood, led Mettenius® to draw attention to an important
:"511:.1_tcnniml resemblance between this genus and modern Cyeads.
J,jhls comparison was, however, based on a misconception ; the
G }'.cudean leaf-trace, consisting solely of primary wood, is not
strictly comparable with those of some speeies of Sigillarie, in
“;hi(:.h one part of the xylem is primary and another secondary.
The oceasional presence of secondary xylem in Sigillarian leaf-
traces is matched in some Lepidodendra®, and cannot be
aceepted as a t']ibbingnishing feature.

The origin of the leaf-traces from the middie of the sinuses
on the edge of the primary xylem is regarded as a difference ; in
1.’¢‘piclur*leu.ti-rcm; the leaf-traces are said to arise in some species
from the sides of the crenulations; but, as already puintuud ont,
" 1 Williamson (72).

) 2 Scott (08) p. 227.
" Mettenins (60).

* e L. Wilnschianwm (fig. 181, B, 1t).
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this is a distinction of doubtful value. The division of the
primary xylem into separate strands in some sterns of Sigillaria
of the Clathrarian and Leiodermarian forms is a characteristic
peculiarity ; but S. spinulose forms a connecting link between
this type and the continuous arrangement of the xylem in 8. elon-
gata and 8. elegans. Kidston® has shown that the discontinuous
primary xylem occurs in Lower Permian species, a fact con-
sistent with the view that the greater abundance of the
centripetally developed wood, characteristic of the older species,
represents a more primitive feature. This is not merely a
conclusion drawn from a consideration of geological age, but it
1s in harmony with the view expressed by Scott® that as plants
achieved greater success in producing secondary centrifugal
wood, the retention of any considerable quantity of primary
xylem became superfluous. As yet we know very little of
the structure of the perixylic tissues of Sigillaria, but there
15 no sufficient reason for supposing that these differ in
essentials from those in Lepidodendron. The middle and outer
cortical tissues are practically identical in the two genera, The
parichnos is of the same type, except that in Sigillaria it
reached greater dimensions in the outer part of its course.

v. Sigilluria Brard:® Brongniart.
Figs. 196, A—C; 200; 203.

1822,  Clathraria Brordi, Brongniart, Classif, Vég. foss., Pl xm. fig, 5,
1828,  Sigillaric Brardi, Brongniart, Hist. Vég. foss. p. 430, Pl onviir.
fig. 4.
8. Menardi, ibid. Pl cuviL.
1836. Lepidodendron Otionds, Goeppert, Fogsil Farnkr, Pl xwi1.
1839, S elegans, Brongmiart, Arch. Mus. Nat, Hist. Paris, Vol, 1.
p. 406, Pl xxv,
1849. 8. spinulosa, Germar, Verstein. Wettin und Liobejiin, p. 59,

P xxv, !
1893. 5. mutans, Weiss, Abhand. Preuss. Geol. Anst, [N.F.] Heft 2,
Pl v,
I Kidston (05) p. 547. * Beott, D. H. (02),

# For fuller synonymy,‘see Kidston (86) A. p. 179 ; and Zeiller (06) p. 160;
Koehne (04) p. 62.
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The aerial shoots of this species are occasionally branched
dichotomously’, the apical portions bearing short crowded leaves?;
the surface of the bark is either completely covered with con-
tiguous leaf-scars without definite leaf-cushions orwith projecting

cushions forming a narrow sloping surface surrounding each

Fre. 208.  Sigillaria Brarai Brongn. (§ nat. size). From a photograph of o

specimen in Dr Eidston’s collection, from the Upper Transition
Series of Staffordshive. Published by Kidston (02) Pl. vix. fig. 1.

%eat'—sca.r. Other parts of the plant may possess cushions similar
1n their kite-shaped form to those of Lepidodendron, but without
amedian vertical groove, or the leaf-scars may be spirally disposed
at \:ar'}'ing distances apart on a comparatively smooth and longi-
tuldmally wrinkled bark, The species exhibits striking instances
of a transition between the Favularian, Clathrarian, and Leioder-
marian forms of stems. The leaf-scars, which are hexagonal in
! Renault (96) A. PL xxxv.; Zeiller (06) PL. xr1. ¢ Grand’Eury (90) A.

‘5. 3 04 15
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ontline,—the lateral angles pointed and transversely elongated,
the upper and lower angles rounded,—bear three scars, the

central leaf-trace and two straight or curved lateral parichnos

sears; a ligular pit oceurs immediately above the centre of the
upper edge of the leaf-scar and occasionally circular elevations
with a central pit oceur singly or in pairs below a leaf-scar
(fig. 196, A). The linear leaves, which may persist on shoots
having a fairly large diameter!, have a single median vein and
two stomatal grooves on the lower surface® (fig. 200, D).
Partially decorticated and younger shoots are characterised
by the occurrence of pairs of elliptical parichnos areas and a
smaller median leat-trace scar. The surface of older stems,
which may show signs of longitudinal splitting (Syringodendron
state), bears pairs of parichnos scars reaching a length of
295 cm. and a breadth of 10—13 mm. The regularity of the
leaf-scar arrangement is interrupted at infervals by the occur-
rence of more or less regular verticils of scars marking the
position of deciduous shoots. Grand Hury? has figured cones
which he believes to be those of this species, and Zeiller refers
the large strobili, Sigillariostrobus major, to Stgullaria Brardi,
The subterranean axes were characterised by spirally disposed
rootlet-scars like those of Stigmarin ficoides (figs. 204, 205) and
by a cortical surface with the features of Stigmaria rimosa Gold.?
The anatomy of the stele and leaves has already been
deseribed (p. 219).  The stele of the Stigmarian portion of the
plant consists of a band of centripetal primary xylem and a
eylinder of centrifugally formed secondary wood with medullary
rays containing vascular bundles passing out to the rootlets®
Sigillaria Brardi occurs not uncommonly in Permian rocks ;
it is rocorded from France’, Germany®, Pennsylvania®, and
clsesvhere. It is found im the Upper, Middle, and Lower

Coal-Measures of England™ and in Permo-Carboniferous strata I
in Africa’ and Brazil

1 Yeiller (06) Pl xrir. 2 Renault (96) A. Pls. xxxvir. L1

8 Grand’Eury (90) A. PL x1, 4 Zeiller (06) p. 176.

5 Goldenberg (55) PL =i & Renault (96) A, Pl xxxrx.

7 Zeiller (92) A.; (06). 8 Potonié (96) A. ¥ Fontaine and White (80).

10 Kidston (94) p. 252 1 Beward (97%) A.

2 White (08) p. 450, Pl. v. fig. 12,



CHAPTER XVIIL
UNDERGROUND RHIZOMES AND ROOTS OF PALAEOZXOIC
LYCOPODIACEOUS PLANTS.
Stigmaria.

Stigmaria ficoides is the name given to eylindrical casts met
with in Palaeozoic rocks, from the Devonian® to the Permian?
characterised by a smooth or irregularly wrinkled surface bearing

Fra. 204.  Stigmaria ficoides Brongn. M,B. (See Vol. 1. p. 73.)

. spirally disposed circular scars bounded by a raised rim and
contaming a small central pit. It is not nncommon to find
evidence of a partial collapse of the substance of the plant as

! Potonié (012). 2 Goeppert (64) A.

L3
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seen in fig. 204; this is doubtless the expression of a shrinkage
of the middle cortical region, which was composed of a delicate
and lacunar system of cells. There can be no reasonable doubt
that Stigmaria grew in water or in swampy ground. Specimens
are occasionally met with in which the cast terminates n a
bluntly rounded apex; such are, perhaps, young branches which
have not grown far from the base of the aerial stem [rom which
they arose (cf. fig. 207, B, C). Other examples occur, such as
Goeppert! figured and Cresley® has more recently deseribed,

Fia., 205, Stigmaria ficoides. TFrom a gpecimen in the York Museum, from
Bichop Auckland. @, hase of rootlet showing vascular bundle scar.
M.5.

which are twisted and distorted as though obstacles had been
encountered in the ground in which they grew.

The cireular scars mark the bases of long single and
occasionally forked appendages (rootlets) which spread on all
sides into the surrounding medium (figs. 205, 208). The
oecurrence of rootlets radiating through the shale or sandstone
affords proof that the Stigmarias are often preserved in their
position of growth., This was recognised by Steinhauer® and
Logan, and has been more recently emphasised by Potonié” as

L (toeppert, loc. cit. 2 (3resley (89) PL 11
# Steinhauer (18) A. 4 Liogan (42). ® Potonit (95%).
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an argument in favour of the view that the beds containing
such specimens are old surface-soils.

Stigmario nsually shows regular dichotomous branching, the
arms spreading horizontally or slightly downwards and always
arising from four main branches in the form of a cross (fig. 207).
The most remarkable specimens found in England are deseribed
by Williamson' in his nmnngmph of Stigmaria. One of two
large casts found near Bradford in Yorkshire, and now in the
Manchester Museum, shows four large primary arms radiating
from the base of an erect stump 4 feet in diameter. Each
arm divides a short distance from its base into two, and the
smaller branches extend almost horizontally for several foet?,

An illustration published by Martin in 1809 shows a
characteristic feature of Stigmarian casts, namely the presence
of a smaller axis, usually occupying an eccentrie position
mside the larger. This represents the cast of the fairly broad
parenchymatous pith which, on decay, left a space subsequently
filled by sand or mud: at a later stage the surrounding wood
and cortex were removed and the cavity so formed was
similarly filled. A thin layer of coal formed by the carbonisa-
tion of some of the tissues frequently surrounds the medullary
cast, and Steinhauer, whose account of the genus is much
fuller and more scientific than those of other earlier and
many later writers, recognised the true nature of this internal
cast. Artis* regarded it as the remains of a young plant, which
he deseribed as “perforating its parent,” at length bursting it
and assuming its place, a gratuitously drastic interpretation.

In 1838° Lindley and Hutton figured a partially petrified
specimen of Stigmaria obtained by Prestwich from Carbo-
niferons rock of Shropshire. This example showed a fairly
broad eylinder of secondary wood penetrated by nwduﬂ.a.rv
rays, The medullated stele consisted of a pith surrounded by
a small amount of primary xylem and by a cylinder of

! Williamson (87) A.
* A similar example, now in the Bergakademie of Berlin, has been deseribed
by Potonié (90) A. ; see also & note on the German specimen by Seward (91).
# Martin (049) A. P1. x11. 4 Artis (25) A.
* Lindley and Hutton (38) A. Pl onxvr,
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secondary scalariform tracheae. The preservation of the tissues
abutting on the edge of the wood is usually very imperfect, and
the middle cortex of lacunar parenchyma has practically mn every
case eluded the action of mineralising agents; the outer cortex,
on the other hand, consists of more resistant elements and is
frequently well preserved. As in Lepidodendron and Sigilloria
stems, meristematic activity produced a broad band of secondary
cortex ; and beyond this were attached to cushion-like pads the
numerous appendages, each supplied with a single vascular
bundle which arose from the primary xylem and passed out-
wards through a medullary ray. There is abundant evidence
that the appendages were hollow, a fact in striking accord with
the aquatic and semi-aquatic habitat (cf. Zsoetes root, fig. 133, Q).

Fre, 206. Cyperus papyrus, Pieee of rhizome showing rootlet-sears, Nat. size.
M.S.

The piece of dried rhizome of Clyperus papyrus shown in fig.
206 is an almost exact counterpart of Stigmaria ficoides; the
wrinkled and shrivelled surface and the circular root-scars
containing the remains of a vascular bundle are striking
features in common and, it may be added, the two plants, though
very different in structure and in systematic position, illustrate
anatomical adaptations to a similar environment.
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Stigmaria ficoides Brongniart’. Figs. 204, 205, 207, 208.

1809,  Phytolithus cosus, Martin, Petrifact. Derb. Pls, x1-x1v.

1818. P}'z_;]tn).?j'?/t?t.i VEITUE Steinhauer, Trans. Phil. Soe. America,
[N.8.] Vol. 1. p. 26 1V, - -

1820.  Vawioloria ficoides, Sternberg, Flora der Vorwelt, p. 22,

Pl xm. ;

1822.  Stigmaria ficoides, Brongniart, Mem. Aus. d'hist. nat. Paris,
PL xm. fig. 7, p. 228

25, Fiooidites verrucosus, Artis, Antediluvian Phytology, Pl %

840. Stigmaria anabathra, Corda, Flor. der Vorwelt, PL x1ve

The first figure of Stigmaria is said to be by Petver in 1704;
Volkmann published illustrations of this common fossil in 1720
and Parkinson in 1804% Binney, whose researches may be
said to have inaugnrated a new era in the investigation of fossil
plants, wrote in 1844 © Probably no fossil plant has excited
more diseussion amon g botanists than the Stigmaria. 1t is the
most common of the whole number of plants found in the Coal-
Measures, but there has hitherto been the greatest uncertainty
as to 1ts real nature®.” This uncertainty still exists, at least in
the minds of some who know enough of the available data to
realise that our knowledge is imperfect.

‘ To pass to the questions of the affinity and nature of
Stigmaria: Brongniart® at first compared his genus with recent
Aroideae, but he afterwards® spoke of it as probably the root of
Sigilluria. Other writers regarded Stigmaria as a dicotyledonous
plant comparable with Cacti and succulent Euphorbias. For
many years opinion was divided as to whether Stigmaria
represents an independent and complete plant or the under-
ground system of Sigillarie. :

Artiss Lindley and Hutton?, as well as Goldenberg?, believed
ibtobea prostrate plant unconnected with any erect aerial stem.
Gc}]deulmrg figured one of the slender rootlets terminating in
an oval bu(ly deseribed as a 1\(_-]—_.111:,(1]_1(;1:17.!0 organ. This seed-like
impression is either some extraneous body or an abnormal

' For a fuller synonymy, see Kidston (03) p. 757.
¥ Goldenberg (55) p. 6. i Binney (44) p. 165.

! Brongniarg (22) A, p. 228, 3 ibid. (49) A. p. 456, ¢ Arfis (25) A, 1 i
" Lindley and Hutton (31) A. P1. xxxr. 8 Goldenberg (53).
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development at the end of a rootlet. In 1842 Logan drew
attention to the almost complete monopolisation by Stigmorie
of the underclays, the rock which as a general rule ocenrs below
a seam of coal. He wrote: “The grand distinguishing feature
of the underclays is the peculiar character of the vegetable
organic remains; they are always of one kind (Stigmaria
ficoides) and are so diffused throughout every part of the bed,
that by their uniform effect alone the clay is readily recognised
by the eye of the miner’” This fact, which has played a very
conspicuous part in the perennial diseussions on the origin of
coal, led to the almost general recognition of the underclays as
surface-soils of the Coal period forests.

The next step was the discovery of Stigmaria in the Coal-
Measures of Lancashire and in the Carboniferous rocks of Cape
Breton, Nova Scotia, forming the basal branches of erect stems
identified by Binney? Bowman® and Richard Brown® as un-
doubted Sigillariae. In one case Brown found what he
considered to be convincing evidence of the continuity between
Stigmaria and Lepidodendron.

In 1842 Hawkshaw® described certain fossil trees, the largest
of which had a circumference at the base of 15 ft., discovered, in
the course of excavations for a raillway in Lancashire, in soft shale
at right angles to the bedding. The surface features were not
sufficiently clear to enable him to decide with certainty between
Sigillaric and Lepidodendron, but while inclining to the former,
it is Interesting to note that the oceurrence of numerous Lepido-
strobi near the root led him to recognise the possibility of a
conmexion between the Stigmarian roots and Lepidodendron
stems. In 1846 Binney gave an account of similar trees found
at Dukinfield near Manchester: he spoke of one stem as un-
questionably a Sigillaria with vertical ribs, furrows, and sears,
about 15 inches high and 4 ft. 10 inches in circumference. He
expressed his convietion that “Sigillaria was a plant of an
aquatic nature®.” Similar descriptions of rooted stems in the
Coal-Measures of Nova Scotia were published by Brown in

! Logan (42) p. 492. ? Binney (44) ; (46). 3 Bowman (41).

4 Brown (45); (46); (47); (49). See also Dawson (66).
® Hawkshaw (42). i Binney (46) p. 393.
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1845, 1846 and 1849 ; in the last paper he ﬁglu'ed a gpecimen,
which has become famous, showing a Syringodendron stem
terminating in branching Stigmarian (or possibly Stigmariopsis)
roots be;u‘ing on the lower surface a series of what he called
conical tap roots’. A similar specimen discovered in Central
France nearly fifty years later demonstrated the accuracy of
Brown’s lles(‘.{‘iptio;l. :

Despite these discoveries the root-like nature of Stigmaria
Was not universally accepted. It was, however, generally agreed
that Stigmaria formed the roots of Stgillaria; 1t was, moreover,
held by some that Lepidodendron stems also possessed this
type of root, an opinion based on Brown's record and on the
oeeurrence of Stigmaria in beds containing Lepidodendron but
no Sigillaria stems, as in the voleanic beds of Arran and else-
where, and on observations of Gleinitz and others®. There i
Now general agreement that Lepidodendron and Sigillaria had
the same type of “root,” though the connexion of Stigmaria
with the former was not so readily admitted, and indeed the
evidence in support of it is still very meagre. Goeppert and
other authors were unable to believe that the numerous species
of Sigellaria possessed roots of so uniform a type, but Goeppert,
by his recognition of several varieties of Stigmarie, supplied
a partial answer to this .nh.]'c'-r_‘.titm.

Messrs Mellor and Leslie® have described and figured some
large casts of roots exposed in Permo-Carboniferous rocks in
the bed of the Vaal river at Vereeniging (Transvaal) which
exhibit certain features suggesting comparison with Stigmaria.
Some of these reach a length of 40—50 feet and, when
complete, were probably not less than 100 feet long: in some
of them the centre of the cast from which forked arms spread
almost horizontally shows a depression in the form of a eross
gular dichotomous branching like that of Stig-
The authors incline to the belief that the roots belong
to Noeggerathiopsis and not to a Iycopodiaceous plant, though
Lepidodendroid stems are abundant in the sandstone a few feet

! Brown (49). This figure is reproduced by Williamson (87) A, p. 16.

* Williamson (87) A. p. 3. Solms.Iaubach (91) A. p. 284.
¥ Mellor and Leslie (06).

indicating a re
T,




234 LYCOPODIALES [cH.

higher in the series. Despite the absence of any Stigmarian
scars on the surface of the fossil it is probable that these fine
specimens arve the rhizomes of some lycopodiaceous plant,
possibly Bothrodendron, which is not uncommon in the Vereeni-
ging beds.

Admitting that Stigmaria is part of Sigillaria, the next
question is, is Stigmaria a root in the ordinary sense, the under-
ground system formed on germination of the spore and of equal
age with the shoot, or did it bear a different relation to the Sigil-
larian stems? To this question different answers would still be
given, Goeppert! discussed evidence in favour of the view that
aerial Sigillarian shoots were produced as vegetative buds
on pre-existing Stigmarian axes, like young moss plants on
a protonema. At a later date Renault® developed a similar
view as regards Sigillaria ; but we may pass on o consider the
more recent and complete observations of Grand Eury® and
Solms-Laubach*.,

The recognition of two distinet types of Stigmariae in the
Coal-Measures of Central France led Grand'Bury® to insti-
tute a new genus, Stigmariopsis. This type, which is charac-
terised by a difference in habit as well as by other distinguishing
features, is represented by such specimens as those figured by
Goldenberg as Stigmaria abbreviato, bearing lenticnlar scars
spirally disposed on a corfical surface characterised by irregular
longitudinal wrinklings. Stigmariopsis has frequently been found
in direct continuity with Sigillarian stems of the Leiodermarian-
Clathrarian type, spreading obliquely downwards in the form of
yapidly narrowing arms clothed with slender and usually simple
appendages; and from the under surface of these arms short
comical outgrowths are given off. It is probable, as Solms-
Taubach believes, that Stigmariopsis was represented also by
long horizontally creeping rhizomes® of uniform breadth from
which ribless Sigillarian aerial shoots arose as bud-like out-
growths. Grand’Eury, the author of the genus, confined the
term to the shorter and more rapidly tapered organs spreading

1 Goeppert (64) A. p. 197, Pls. 3430, ¢ Renanlt (81).

3 Grand’Eury (90) A. 4 Solms-Lanbach (94),
5 Grand’Bury (77) A. p. 171, 8 For figures see Grand'Eury (87) A, 5 (90) A.
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from the base of ercet stems; the horizontal rhizomes of all
Sigillarian stems he refers to Stigmaria. The pith-casts of
Sigilluriopsis may be recognised by their long vertical ridges
and grooves, a feature readily understood by reference to the
stem structure. The Stigmariopsis rhizomes though rare n
England have been recognised by Dr Kidston® in the Middle
Co:ﬂ—Mensures of anks}—n'm; he has figured a pith-cast very
like that illustrated in Solms-Laubach’s Memoir as Stigmariopsis
anglica.

The surface-features of a Stigmariopsis pith-cast are clearly
shown on a specimen from St Etienne in the Williamson
collection®,

The most complete account of Grand'Eury’s views in regard
@ the anchoring and absorbing organs of Sigillaria is gi ven in
his monograph on the Coal-field of Gard?, St Etienne, and these
are clearly stated also by Solms-Laubach® who confirms the
conclusions of the French anthor as to the manner of develop-
l,],“':m' of the aerial shoots. Grand'Eury believes that both
,b,ug“mrm and Stigmariopsis are thizomes and not true roots.
lh?’ surface-features of Stigmaria have already been described.
T.hls type Grand’Eury speaks of as characterised by the uniform
llla{nctel- and considerable horizontal elongation of the bifur-
cated axes: he thinks they grew hoth as floating rhizomes and
on the. ground: they may ﬁ_'equc'nt.lv be traced for a consider-
i1h|§ distance without showing u,uv\-'v signs of econnexion with
”‘@l"léﬂ sl‘foots,lblw occasionally they have been seen In organic
u,l%mh with Sigillarian stems. He believes that these rhizomes
"“ L‘W 1311'-)f1ulccrld ag the result of germination under water of the
;)I:::;bh::tl Si? gi’;:ﬁ il”” ch[rhxlenrhwa eu.]d' developed as lo‘ng and
Undor t:err.-n;]ink Ctm&_ll‘zmnes capable of _mi:lf_slmmleub existence.

: b itions, as he thinks in shallower water, the
rhizomes Prmlm:ud bulb-like outgrowths which grew into erect
sriam:s _ha‘,rm-'-f the surface-foatures of Sigillarie. This method
(.)t SRS NNS practically the same as that deseribed by Goeppert
In 1865. The vaseular medullated eylinder of these ecrect

! Eidston (02) PL 1. fie. 4,

e 2 British Museum, No. 870 F.
4 Grand’Eury (90) A. .

4 Selms-Taubach (94).
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branches was in direct continuity with that of the Stigmarian
rhizomes.

The next stage is that in which the undifferentiated bulb
becomes swollen at the base and developes four primary roots
(fig. 207 B, O) which grow obliquely downwards and produce
numerous rootlets, Meanwhile the parent rhizome gradually
decays, finally setting free the aerial stems which are now
provided with spreading and forked roots (fig. 208) such as we

.ﬁl‘-ﬂr 1 '|-‘_' f
MOl

Tl
‘\I\'-r'

Fia. 207.
Fia. 207, An early stage in the development of Sigillaria.
A, Burface-features enlarged. (After Grand’Eury.)
T'16. 208. Tater stage in the development of Sigillaria ; Syringodendron with
Stigmariopsiz, (After Grand’Eury.)

are familiar with in English specimens as Stigmaria Jreoides,
but which in the French specimens show the features of Stig-
mariopsis. At this later stage conical outgrowths arve formed
from the under surface of the b‘tigm&riol;sis arranged in a
more or less regular series surrounding the centre of the forked
and spreading roots (fig. 209). These conical and positively
geotropic organs were long ago described by Richard Brown as
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- ) veflv as MIOWS |
tap-roots.  Grand'Eury’s c.m(-lulsmus s b]].1L—lﬁ}nod;1'11ﬁc.urc_mt-s
Sigillaria, and we may add Le‘jj-.:.r:!udenflfmﬂ,lj L;L e (-ﬂm oy
nn‘ d in this respect are comparable w%t;h E u‘.:. ‘:I.H .n?.-)ts -
the organs which are (16-"5(31'_“5']@&_ h“]_ _(_JI:::K}.'H:iin](‘_“[.jllll)]:t;gicul1“
correctly so named in a physiological se e ah -
they dﬁunot strietly conform, either in origi n ,m- . ”:gl:ll; 1:1’310
lljul‘ilt of their appendages, to true r.unrq._ The "ll?‘__" (m-‘; which
whether they are entitled to the ‘Ilk'ﬁlgn“'t{““ mOP ]\ ould be
it is necdless and indeed fatile to ‘“‘“'HST - det{‘d] : 1[' 1‘:, nhuu
coneeding too much to a formal academic Sﬂu,n: Pll :“ir (lesn-ril;n-:f*
from iLI)[;l}fi!ng to them the term rn,fl;lL, as th_lm r 1}1. -h .,1.:‘;2(-,”[;11
their share in the life of the Sigillarian stems. T 1-:. . l.-h; {rrm
Stigmarian axes are rhizomes in the ordinary SH]S(_" 3 I L"'l'it‘qt'd
:mJ from thege swers developed Sigillarian shoots, characteris

¥ (After Grand’Eury.)
Fre. 209, Stigmariopsis and “tap-roots.” (After Gran

: . n 1 os  strands.  From
i the lower portions by large parichnos

the base of the young bulbous shoots z"\rul.o: \\_‘rell'ﬁ 191“1.1.1'3"; 1::‘:']":
roots being, in the French specimens, of the Stigmariopsis type.

These conclusions re
to British reprosent e, A
The long spreading and dichotomously ]'n'arnch«:-'f] root-like m‘ gimrl:
attached to the base of Sigillarian and Le]mlodend'ron aL:’.-l..tl-.‘
are true examples of ,\ftt'lg.r;rau;f'zTcr. ficoides or nth.url spumus.r ;?é?{;«
MAriopsis oceurs but rarely. This marked (;h.!iereuﬁe betxvt-lugll
French and English specimens may be explained if we adopt

quire some modification when d]_}l)l_llu
atives of the arborescent Lycopodiales.

v : ST . 2 true
the opinion of Solms-Laubach, who believes that th.t1 .
Stigmaria represents both the parvent rhizome and the later

formed roots of the

Rhytidolepis Sigillarian species and of
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Lepidodendron, the Stigmariopsis form having the corresponding
relation to the Leiodermarian-Clathrarian species.

The opinion expressed by Williamson® in 1892 that Grand’-
Eury’s hypothesis “appears to be identical with the vague and
speculative guesses that were prevalent among us in the early
years of the present [nineteenth] century” illustrates the
strength of conviction based on English specimens as to the
root-nature of Stigmaria.

There is undoubtedly considerable confusion, which can be
cleared up only by further research, as fo the precise relation
between Stigmaria and Stigmariopsis on the one hand and the
different types of Sigillarioe on the other. The main contention,
and this is the most important point, of Renault, Grand’ Eury
and Solms-Laubach as to the manner of formation of the aerial
shoots from rhizomes and the subsequent production of forked
roots and their ultimate separation from the parent rhizome
is, as I believe, correct. Williamson held that Stigmarie must
be regarded as a true root; he found no evidenee to support
the view that the large rooted stem discovered by Hawshaw,

Sinney, and others had been originally produced from aquatic
vhizomes. It wust, however, be remembered that Grand'Eury's
opinion is based on evidence afforded by the exceptionally well
displayed Sigillarian forests of St Etienne, on a seale such as
English strata have not as yet atforded. Moreover, the absence
of any parent-rhizome in association with the rooted stumps
deseribed by Williamson and by others is not a Serious argn-
ment against their rhizome origin.

The specimen represented in fig. 209, which was examined
in sitw by Solms-Laubach and Grand'Eury, shows a Sigillarian
stem in the Syringodendron condition bearing rows of paired
parichnos scars; from the base forked and rapidly tapering
arms radiate through the surrounding rock and, as shown by
other specimens, these bear numerous appendages like those of
the English Stigmarias. The surface-features of the arms are
those of Stigmariopsis and the centre of each, as seen on the
broken face, is occupied by a pith-cast characterised by parallel
longitudinal ridges resembling those on the medullary casts of

I Williamson (92).
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Calamites. Ttis noteworthy that the petrified rhizome originally
described by Renault as Stigmaria flezuose, and afterwards
1dentified by him as the subterranean system of Sigillaria
Brardi, possesses a vaseular eylinder composed of primary

y xylem
strands of crescentic transverse section lining the pith; a cast
of the pith, after the removal by decay of its delicate parenchy-
matous tissue, would exhibit the surface-features of Stignuri-
opsis.  Stigmaria Jiezuosa no doubt represents a true Stigmari-
opsis rhizome. On the other hand, as Williamson has shown,
the inner surface of the wood of Stigmaria ficoides consists of
& reticulum of xylem with meshes of medullary-ray tissue; a
cast of such a surface
that of Stigmariopsis.

Returning to fig. 209: from the lower surface of the Stig-
mariopsis

presents a very different appearance from

, arms numerous conical outgrowths, reaching a length
of several centimety

es, project vertically downwards; these also
possess  Stigmar

: Lopsis pith-casts and are identical with the
tap-roots” of Richard Brown.
shows the ch
the reg

The stump seen in fig. 209
' aracteristic hollow base of the ereet stem: this is
10n which, it is he

- : lieved, represents the position of the
Stigmar

an rhizome from whicl

1 the aerial shoot was developed.
J\lthuugh 10 re

; mans of the parent rhizome were found, traces
0 "O0Llate vl 1 i i
ot the rootlets w hich probably belonged to it were found in the

1eighbourhood, T, & absence of the actual rhizome is, however
ot surprising as i, v

ould not persist after its aerial Sigillarian
. 'd independence by the development of their
own (]lchotmnnusly branched absorbing and holdfast organs,
T_h('- Stigmarian axes of Palacozoic Lycopods are un;-:ul)ul‘t'{]
by Miss Thomag? with the prop-roots of certain recent Howering
Plants which grow in tropical tidal swamps; their roots Ef""";’
(lownw.a.rdsz from the stem at an angle of 50°—60" before
{‘Pl‘f"«tdll?g out lwz'izunt.n.]]y. This author also makes some
mieresting sugeestions in regard to the evidence afforded by

ans nieal stret e we : y :
1atomical structure as to the habitat of Sigillaria and Lepi-
dodendraon.

branches had attaine

! Thomas, E., N, (05) p. 187,
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Anatomy.

The more important anatomical features of Stigmaria must
be dealt with briefly. Williamson’s monograph, published in
18871, is considerably in advance of the work of that of any of
the mumerous writers who had previously dealt with the
subject. The diagrammatic transverse section reproduced in fig.
210, H, illustrates the general arrangement of the tissues, The
medullated stele was described by Williamson as consisfing
entirely of centrifugally developed secondary xylem and
distingunished, therefore, from the stele of a Lepidodendron or
Sigillaria by the absence of a centripetally produced primary
xylem zone. The secondary xylem tracheae are characterised
by scalariform pits on both radial and tangential walls and, as
shown in a figure given by Solms-Lanbach?® the spaces between
the transverse bars arve bridged across by fine threads, as in
the tracheae of Lepidodendron.

One of the largest specimens of a petrified Stigmaria which
I have seen is one lent to me by Mr Lomax from the Coal-
Measures of Halifax in which the flatlened transverse seefion
measures 18 em. x 35 em., the cylinder of wood being 1-1 em. x
7 mm. i diameter.

In French examples of Stigmaria or Stigmariopsis it has
been demonstrated by Renault® that primary xylem strands
oceur very like those in the stem of some species of Sigillariae
(see p. 219). If a well-preserved section of an English Stigmaria
is exarnined it will be seen that the edge of the secondary wood
consiste of a few narrower elements which do not exhibit the
radial seriation characteristic of secondary elements.

A type of Stigmarin characterised by centripetal primary
wood has been described by Weiss* and referred by him to
Bothrodendron mundwny; the main results of his observations are
stated in the account of Bothrodendron on a subsequent page.
This discovery is of considerable interest not only as rendering
onr knowledge of Bothrodendron remarkably complete but as
confirmatory of Renault's account of French Stigmarian axes in

I Williamson (87) A. 2 Bolms-Laubach (92).

5 Menault (96) A. PL xv, fig. 5. 1 Weiss, . E. (08).
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which centripetal primary wood is well developed between the
secondary xylem and the centre of the stele. The Stigmarian
axis of Bothrodendron was originally figured by Williamson

as Lepidodendron mundwm?. The chief

difference between

Fia, 210, Stigmaria,

As Transverse seetion of vascalar bundle of rootlet and part of outer
cortex. ¢, trachene. (After F. E. Weiss.)

B, 0. Vazeular bundle of rootlet; in C & series of amall tracheae are
shown extending from the protoxylem.

D Ttootlets from the outer cortex of .

1“4 Purt of a large Stigmaria: St, stele ; &, intrnded rootlet.

F. Vasewlar bundle and frucheae passing obliquely towards the
outer cortex, ¢S,

ﬁ Outer cortex of Stigmaria.

Diageammatie section of Stigmaria : p, phelloderm ; », rootlets.

Weiss’s snoain ; i :
1588 specimen and those described by Renault? as the

'gmartan axes of Sigillaria Brardi, is that in the English plant

i e Tyt L X 1 | 1f
he eentripetal wood forms a cylinder of uniform breadth

! Williamson (89) A. * Renanlt (96) A.

. 1E : 18
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instead of a band with a crenulated inner margin as figured by
Renault. '

An interesting agreement between the French and English
specimens is the occurrence in the cortex of groups of reticulate
elements: in Weiss's section these are short and wide and
oceur in the middle cortex; in Renault’s plant they arc more
fusiform and occur in the secondary cortical tissue. These
elements appear to have been arranged as an inferlacing
network in the middle cortex and were in close connexion with
the rootlet-bundles, comparable, as Weiss points out, with the
transfusion tracheids accompanying Lepidodendron leaf-traces.

It is probable that these short and wide tracheal elements
served for water-storage and thus afford another indication of the
xerophilous character of the Carboniferous Lycopods, a feature
possibly connected with a salt-marsh habitat.

The presence of conspicuous medullary rays gives the
secondary xylem of Stigmaria the appearance of being divided
into several more or less distinet groups (fig. 210, E, St). In
tangential longitudinal section the xylem assumes the form of
2 broad reticulum with lenticular meshes filled with medullary-
ray tissue through which strands of xylem are cut across in a
sransverse direction as they pass outwards from the inner edge
of the wood to supply the rootlets. In addition to these broader
or primary medullary rays, there were numerous secondary
rays composed of narrow plates of parenchymatous cells one
or several clements in depth. As Williamson pointed out, the
medullary-ray tissue consists in park of radially elongated
tracheal elements with spiral or scalariform thickening bands like
those described in the same position in Lepidodendron stems.

Our knowledge of the minute structure of the tissues
abutting on the secondary xylem is far from complete.

The xylem is succeeded by a zone of delicate cells which was
the seat of meristematic activity. It is noteworthy that in a
section figured by Williamson® there 1s the same disparity in
size between the outermost elements of the xylem and the
adjacent cells of the meristematic zone as in Lepidodendron
stems. Beyond this region an imperfectly preserved lacunar

! Williamson (87) A. PL 1v. fig. 20,



Xvii] STIGMARTA 243

tissue occurs like that which I have called the secretory zone in
Lepidodendron stems; but information as to the structure of
this part: of Stigmarie is much more incomplete than in the
case of the aerial shoots. The middle cortex was of the same
lacunar type as in the stems, and the fact that it is never well
preserved in large Stigmarian axes suggests that it may have
been even more richly supplied than in the aerial stems with an
aerating system of spaces. The outer cortex, consisting in young
examples of large-celled parenchyma, became at an early stage
of growth the seat of cambial activity which resnlted in the
production of radially placed series of secondary elements (fig.
210, H, p). The outer and older elements of this secondary
cortex are more tangentially stretched than the inner cells, a
necessary result of the position of the phellogen on the internal
edge of the tissue and of the increasing girth of the axis.

In comparabively young Stigmarian axes the outer corfex
:Lh'&;u])_' possesses a band of secondary radially clisljl_nsc(_l cells
characterised by the greater tangential extension of the more
external elements; usually this tissue terminates abruptly on
the inner edge and the line of separation no doubt marks the
position of the phellogen. Ocecasionally some delicate secondary
elements are preserved internal to the phellogen, and these in
young specimens form a narrow cylinder composed in part of
radially elongated cells showing signs of recent tangential
‘fliV'iSi‘..'IIS. In its earlier stage of activity the phellogen seems to
form a greater amount of secondary tissue on the outside, but
this ig clearly not of the nature of cork, the tissue which occupies
a corresponding position in recent plants. The primary cortex
shows no signs of shrinkage or collapse as would be the case
were it cut off from the vascular system by a zone of imper-
meable cork,

Fig. 210, G, represents a piece of the external tissue of a
Specimen in which the slightly flattened xylem cylinder
measures 1'4 x 1 em,; the inner cortex has disappeared and
fragments only of the middle cortex are preserved. The outer
cortex, with an average breadth of 2 mm., consists superficially of
Primary parenchyma with a somewhat uneven surface and with
a rootlet attached here and there: a short distance below the

16—2
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surface is a band of conspictious cells, b, characterised by dark
contents suggesting very imperfectly preserved fungal hyphae,
but the nature of the substance filling the eells cannot be made
out with certainty. It is, however, interesting to find that this
dark band constitutes an obvious feature (fig. H, b); its position is
comparable with that of the dark-walled cells in the outer
cortex of rootlets. A short distance internal to this dark band
tangentially elongated cells form the outermost elements of the
secondary cortex; these become gradually narrower towards the
interior and pass into radial series of smaller cells of nuniform size,
as seen on the inner edge of fig. 210,G. At the inner boundary
of this tissue, just below the region shown at the bottom of the
drawing, was situated the phellogen. Such traces of tissue as
ocenr on the inner side of the line where splitting has usually
oceurred, consist of thinner elements with recently formed
tangential walls and probably represent an early stage m the
development of phelloderm.

A much older section is shown in part in fig. 210, E. The
secondary xylem cylinder, St, is shown in the lower part of the
section ; beyond this is a band of secondary tissue which reaches
in some places a breadth of 6 ecm. The greater part of this
tissue consists of phelloderm of very uniform structure made up
of radial series of cells: this is interrupted in most parts of the
section by a gap erowded with intruded rootlets (a portion of
this is enlarged in fig. 210, D). Beyond this gap the secondary
tissue consists of radial series of cells characterised by the
considerable tangential elongation of many of the elements,
precisely like the tissue figured by Williamson. In all pro-
bability the gap represents a line of weakness due to the
phellogen, and if this is the case it 18 elear that in an old
Stigmaria the phelloderm exceeded in amonnt the tissue formed
oxternal to the phellogen. The secondary tissue on the inner
side of the phellogen is characterised by numerous irregular
concentric lines superfically resembling rings of growth in the
wood of a Conifer: these are, however, not the result of any
periodic change in external conditions, but are apparently due
to crushing of the tissue and are possibly, to some extent, the
result of the presence of secretory strands like those in the
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phelloderm of Lepidodendron. The surface of this older rhizome
retains patches of primary tissue, and an occasional rootlet, as at
r, fig. 210, E, is seen in connexion with the cortex ; the cortex
has been vertically fissured as the result of secondary growth
and presents an appearance like that shown in Lepidodendron
Wiinschianum and L. Veltheimianum (figs. 181, A, and 186, A).
_ The form in which a Stigmarian rootlet is usually prescrved
1s shown in fig, 210, D ; the single vaseular bundle strand with
1ts endarch pmto‘{vlem (fig. 210, B, pa) is enclosed by a ring of
inner cortical parenchyma (fig. 210, F ¢*) ; the cells in immediate
contact with the xylem having usually disappeared. Beyond
the middle cortical space a second eylinder of parenchyma
represents the outer cortex (F, ¢®) in which a layer of dark-
walled cells (b, fig. 210, F) may be r*umpgued with the hypo-
dermal band in t‘tw main Stigmarian axis (&, b). These
Stigmarian rootlets, usually less than 1 em. in diameter, ave the
commonest objects in sections of the calcareous nodules from
English coal-seams. A good example of their abundance 18
shown in fig. 210, D and E ; here they have invaded the space
formed by the splitting of the secondary cortical fissues along
the line of the phellogen and a few are seen here and there in the
deeper layers of the phelloderm (s, fig. 210, E). Not infrequently
the close contact of these ubiquitous rootlets with the tissues of
the plant which they have invaded leads to confusion between
invader and invaded. Partially decayed tissues lying, probably,
under water were penetrated by Stigmarian rootlets in exactly
the same way as the roots of recent plants bore through vege-
table substances which happen to be in their path. The rootlet
bundles are in the first instance composed of the primary tracheae
which line the inner edge of the secondary xylem ; these receive

additions from the meristematic zone, and thus, when seen in
the cortex outside the stelar region, are found to consist in part
of primary and in part of a fan-shaped group of secondary
trachease. On the other hand, the monarch bundle as it
appears in a free rootlet is usually composed entirely of
primary elements (fig. 210, A—C, ¥). It has been shown by
Weiss! that in the Stigmarian rhizome of what is probably
I Weiss, F. E. (02).
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Lepidodendron fuliginosum, the rootlet bundle is accompanied
by a parichnos strand, but this has not been detected in the
ordinary Stigmaria ficoides. When free from the parent axis a
rootlet usually consists of an outer cylinder of cortex enclosing
a broad space in which remnants of lacunar tissue are some-
times seen. 'The relation of the external features of a well-
preserved Stigmarian rootlet-scar to the internal strineture of a
petrified rootlet is very clearly seen on comparing such sections
as those represented in fig. 210, D, with the form of the scar on
a Stigmarian cast. A specimen figured by Hooker' in 1848
affords a good illustration of the structure of a rootlet-hase as
seen in an unusually complete cast: this correlation of ana-
tomical and surface features is clearly described also by
Williamson? and by Solms-Laubach® Tt is probable that
even during life the rootlets were hollow for a part at least
of their length as ave the roots of Isoetes (fig. 133, G).

An interesting discovery was made a few years ago which
confirmed a statement by Renault which Williamson was
nnable to accept, namely that the xylem bundle of a rootlef
occasionally gives off a delicate tracheal strand at right angles
to the long axis of a rootlet. In some rootlets Weiss* found
obliquely running delicate strands of xylem, surrounded by a
layer of parenchymatous tissue, in the space between the
vaseular bundle and the outer cortical cylinder. It is clear
that a few spiral tracheids are oceasionally given off from the
protoxylem of a rootlet bundle: these follow an oblique course
to the outer cortex, where in some cases they have been traced
into connexion with short and spirally marked cells resembling
transfusion tracheae (fig. 210, A). This arrangement may serve
as a means of facilitating the passage of water absorbed by the
superficial cells into the xylem strand. Tt shounld be noticed
that, like roots of recent water-plants, the rootlets of Stigmaric
had no root-hairs. Tig. 210, F, shows a transverse section of
part of a rootlet in which the outer cortical cylinder, ¢, is
connected, as in the roots of Isvetes, with the sheath surround-

I Hooker (48Y) Pls. 1. 11, The sections of Stigmaria figured by Hooker are

in the British Museum (V. 8754).
2 Willinmson (87) A. Pl.xat. 3 Solms-Lanbach (91) A. ¢ Weiss, F. E. (02).
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ing the vascular bundle. A few obliquely cut tracheae are
seen in this section traversing the connecting band of paren-
chyma ¢, fig. 210, A,

A point of biological interest in connexion with Stigmaria
rootlets is the occasional presence of hypertrophied cells, the
large size of which is due to the attacks of a fungus named by
Weiss! Uraphlyctites stigmariae.

In addition to Stigmaria ficoides, which 1s by far the
commonest form, a 1"\'1\‘- other species have been founded on
external characters. One of these is represented by Stigmcirio
stellata, Gioepp.?, characterised by the presence of radially dis-
posed ridges and small tubercles surrounding each rootlet-sear.
Kidston refers to Goeppert’s species as a Lower Carboniferous
type. We have no evidence as to the meaning of the stellate
ridges and tubercles, nor have we any reason o suppose Bhat
this form differed essentially in structure from Stigmaria
Ticordes.

! Weiss, F. B. (04).

* Goeppert (41) PL x. Lief. i. ii.; Williamson (87) A. PL xu. fig. 78; Eich-
wald (60) Pl xv.; Kidston (94) p. 254.




CHAPTER XVIII.
Bothrodendreae.
Bothrodendron. Figs. 211—216.

ALTHOUGH in many rvespects the genus Bothrodendron
agrees very closely in habit and in its anatomical features with
Lepidodendron, there are reasons for referring it to a distinet
family of Palaeozoic Lycopods. As the following description
shows, the external features do not differ in any essential points
from those of certain types of the genus Sigillaria, particularly
such a species as S. rimosa, Gold!, which has recently been
refigured and described by Nathorst? from Goldenberg’s type-
specimen in the Stockholm Museum. The small size of
the leaf-scars is, however, a characteristic feature of Bothro-
dendron (fig. 212, F); but a more important point is the
fact that in a recently described® English example of a cone of
Bothrodendron (fig. 216), the sporangia are very like those of
recent Lycopods, and differ from the radially elongated spo-
rangia of Lepidostrobus. On the other hand, a French cone
described by Zeiller as Lepidostrobus Olryi, which is probably
a strobilus of Bothrodendron, has the radially elongated type
of sporangium (fig. 212, E). The comparative abundance of
Bothrodendron in Lower Carboniferouns and Devonian rocks
points to the greater antiquity of this member of the Lycopo-
diales as compared with Lepidodendron.

1 Goldenberg (55) PL v fige. 1—4. 2 Nathorst (94) A. PL xvi. fig. 9.
4 Watson (08). ¢ Zeiller (88) A, PL mxxvin fig. 1.
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The name Bothrodendron was instituted by Lindley and
Hutton® for impressions of stems from the English Coal-
Measures, characterised by two opposite rows of large de-
pressions like those shown in fig. 211 and, in one of the
Specimens, by “a considerable number of minute dots, arranged
In a quincuncial manner.” The minute dots were recognised
as leaf-scars and the cup-like cavities were described as probably
connected with the oceurrence of large cones. On very slender
evidence this Palaeozoic plant, shich was named Bothrodendron
Punctatum, was considered by these authors as probably a
member of the Coniferales. The large stem from the Coal-
:&Jeasur(-s in the neighbourhood of Mons, Belgium, shown in
fig. 211, affords a good illustration of Bothredendron in a partially
decorticated conditi on, exhibiting a row of depressions similar to
ﬂ%ose on the Ulodendron form of Lepidodendron Veltheimianum
(fig. 157), but distinguished by the eccentric position of the
sear at the bottom of cach cup-shaped cavity : in the Belgian
specimen,which is partially decorticated and shows the leaf-traces
5 !‘:m““ dots, the depressions have a diameter of 9 cm. It is
belicved by some authors that these Ulodendron shoots of
Bothrodendron and Lepidodendron owe their characteristic
aPpearance to the pressure of ]il.l‘_i_!.'l’, cones, but, as 1 have Elll‘t‘ﬂ.dj\'
stated, there are reasons for 311-';-&?1'1'111;1' the view that these
crater-like hollows are the scars of deciduous branches. Onr
lﬂ?“’wl'ﬂlg‘i‘ of the strobili borne by Bothrodendron stems is
sfill meagre, but we have no reason to assume the existence of
any cones large enough to produce by the pressure of their
bases such depressions as those shown in fig. 211. In one species
5 r least the strobili were borne terminally on slender shoots
f:hg. 213). The Ulodendron condition has so far been recognised
N ome species only, B. punctatum.
. In his catalogue of Palacozoic plants, Kidston? included
J)iuz‘;'e-mdemh‘ou‘ punctatum as a synonym of Sigillaria discophora
Kionig, a mistake which he afterwards rectified® : the generic
Dame Bothrodendron was generally ignored by authors in the
belief that the specimens described by Lindley and Hutton
! Cf. Lindley and Hutton (35) A. Pls. 80, 81.

* Kidston (86) A. p. 175. ¢ ibid. (86%) p. 65.
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Tie, 911,  Bothrodendron punctatum, Part of a specimen from near Mons
(Hainaut), in the Brussels Musenm. (Reduced.)
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were not generically distinet from the fossils originally figured
by Rhode as Ulodendron. It was Prof. Zeiller who first
demonstrated that the English authors were justified in their
choice of a new designation for stems with large depressions
in association with minute leaf-scars. In 1859 Haughton’
proposed a new family name Cyclostigmaceae for some Upper
Devonian plants from County Kilkenny, Ireland: he described
three species of his new . genus Cyclostigma, Cyclostigimne.
Ialtorkense C.minutuwm, and € Griffithst; these are now generally
recognised as a single species of Bothrodendron, though, as
Nathorst suggests, the Irish plant should perhaps be separated
as a sub-genus Bothrodendron (Cyclostigma) by reason of certain
minor differences which distinguish it from other species of
the genus.

Another generic name, Rhytidodendron, was instituted by
Boulay in 1876 for stems characterised by a finely wrinkled
bark and small spirally disposed leaf-scars. A short description
of this type, which oceurs in the Middle and Lower Coal-
Measures, may serve to illustrate the external features of
the commonest British example of the genus.

. Bothrodendron manutifoliwm (Boulay.) Figs. 212, A, G D;
213.
1875, Lyeopodium corbonacewm (Lycopodites earbonacens), Feist-

mantel, Palasontographica xxxmw, Pl xxx, figs. 1, 2; p. 183.

1876, Rhytidodendron minutifolium, Boulay, Terr. Houill. Nord
France, p. 30, PL 1. fig. 1.

1886.  Bothrodendron minuti i, Zeiller, Bull. Soe. Géol. France
[ii] xtv. p. 176, PL 1x. figs. 1, 2.

1888.  Lepidostrobus Olryi, Zeiller, Flor. Valenciennes, p. 502, PL

Lxxvii fig, 1.

1889,  Bothrodendron minutifoliwm, Kidston, Trans. R, Soe. Edin-
burgh, Vol xxxv. Pt ii.

1893, Sigillaria (Bothrodendron) minutifolic, Weiss and Sterzel,

K. Preuss. Geol. Landesanstalt, Heft 2,p. 49, Pl 1. figs. 3 and 4 ;

Pl 11 figs. 8 and 9.

1904, Bothrodendron min EF;!{I‘”E;‘H“’}‘ Z;,'l.e;\ak‘\'1 Mém. Com. Géol. Russie,

Pl, v1. fig. 6,
In habit a plant of Bothrodendron recalls [»f‘p'fdu(lﬁﬂri':!'ml
and recent species of Lycopodium ; the slender dichotomously

' Haughton (59).
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Bothrodendron.

A. Bothrodendron minutifolivmn, var, votundate Welss, After Weissg
and Sterzel. A
B. BE. punctatum. After Zeiller,
¢. B, minutifolium. After Weiss and Sterzel.
D. B. minutifolium. After Zeiller.
. Lepidastrobus Olryi. After Zeiller.
F. Bothrodendron punctatum. After Zeiller.

G, H. B. Fkiltorkense, G, after Nathorst ; H, after Weiss and
‘Bterzel,
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branched twigs bearing numerous leaves (fig. 212, D), have
been mistaken for shoots of Lycopodium, and fragments of
branches might well be identified as impressions of Mosses.
The leaf-scars on the smaller shaots oceur on elor 1gated cushions
(fig. 212, C, D) with a transversely wrinkled surface; on the
older branches the leaf-scars are separated by fairly large are:

of bark characterised by sinuous transverse grooves and narrow
ridges bearing nuRierous small pits, as shown on an enlarged
seale in fig, 212 A. The original surface-features are shown
on the left of the drawing, and 3 slightly deeper level in the
cortex is represented on the right-hand side. The absence of
leaf-cushions on the older shoots is probably the result of
secondary thickening, which also alters the size and shape
of the leaf-scars. Rach sear has three pits on its surface, as
in Lr.?_‘}.‘riri"f_nffmaa’rrm; a central leaf-trace scar and lateral parichnos
scars. The ecirenlar pit above the leaf-scars, which occurs n
MOst species, marks the position of the ligule. The relation of
the short leaves, 5 mm. long, to the leaf-cushions 18 shown In
fig. 212, D. The absence of leaves, except in impressions of
slender twigs, may be interpreted as an indication that they
were shed at an early stage and did not persist many years.
The leaf-cushions of the smaller shoots of Bothrodendron
minutifolium closely resemble those figured by Weiss on a
Devonian plant, Lepidodendron Losseni’.

One of the few examples so far discovered of a Bothro-
dendron cone is shown in fig. 213

; this specimen, at least 10'em.
long, was found by Mr Hemingway in the Middle Coal-Measures
of Yorkshire and described by Dr Kidston. Numerous sporo-
phylls are attached at right angles to the axis, the surface of
which is protected by their upturned distal portions; the arrange-
ment of the parts appears to be the same as in Lepidostrobus.
A specimen figured by Zeiller as Lepidostrobus Olryi, which
Kidston is probably correct in identifying with Bothrodendron
manutifolium, shows that each sporophyll carries a harizontally
elongated sporangium (fig. 212, E).

' Weiss, C. E. (84) PL. v1. figs. 6, 7.
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b. DBothrodendron punctatum Lindley and Hutton. Figs. 211,
212 B, F.

This species, which is less abundant than B. minutifolium,

Fra. 218. Dothrodendron minutifolivm Cone. TFrom a specimen in Dr Kidston’s
Collection. (Slightly reduced. Kidston (02) P1. nrx.)

in British Coal-Measures, has been described by several authors
as Ulodendron on account of the occurrence of large depressions,
like those shown in fig. 211, on certain branches of the plant.

! Lindley and Hutton (35) A. Pls. 80, 81, For synonymy, see Kidston (93)
p. 344.
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At the suggestion of Dr Kidston, Prof Zeiller? figured an
English specimen of this species, presented to the Paris
Museum by Mr Hutton, in which the leaf-scars are preserved
on the bark of a stem with Ulodendron sears. The surface of
the bark is characterised by numerous small pits and discon-
tinuous vertical lines in contrast to the transverse lines of
B. minutifolivm (cf fig. 212, A and F). The leaf-scars on the
smaller shoots may have a diameter of on ly 0-83—0°5 mm., while
on the larger branches they reach a breadth of 1 mm. The
lig”lk“pib may be in contact with the upper edge (fig. 212, F)
of the leaf-scar or separated from it by a short distance.

¢ Bothrodendron kiltorkense (Haughton). Fig. 212, G, H.
1859, Cyclostigma  kiltorkense, Haughton, Journ. R. Soc. Dublin,
Vol 1. p. 418, Pls. xtv.—xv,
C. minutum, Haughton, Journ. R, Soc. Dublin, Vol. 11. p. 418,
Pls. xrv.—xvir,
1870,  Lepidodendron Veltheimianum, Heer (ex parte), K. Svensk.
Vet. Akad, Handl. Vol rx. PL rx. figs, 24,
Cyclostigma Eiltorkense, ibid, PL 1. figs. 1-5.
Calwmites radiatus (ex parte), wid. Pl 1L fig. 2a¢: PL 1x,
fig. 25,
Stigmaric Sfieoides minute, ibid. Pl 1x. fig. 2.
Knorrie imbricata, ibid, Pl x. fiz. 4.
1889.  Bothrodendron kiltorkense, Kidston, Ann. Mag. Nat. Hist.
¥l Vol 1% p. g8
1894,  Bothrodendron biltorkense, Nathorst, K. Svensk, Vet. Akad.
Handl. Vol xxvr, No. 4, p. 65, Pls. x1v. %V,
1902,  Bothrodendron (Cyclostigma) Eiltorkense, ibid. Vol XXXVI
No. 3, p. 31, Pls. x.—xv,
: The specimens from the Upper Devonian rocks of Co.
Illlkeun};* on which Haughton founded this and two other

Species may be regarded as re

presenting one specific type. He
deseribed the cirgular I

: af-scars as arranged in alternating
whorls, In habit the Irish species agrees with Bothrodendron
manutifol

i, but the leafoscars are more elliptical (fig. 212, H)

' Zeiller (86) PL. 1x. figs 1—3,
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and the ligule-pit is usually absent. The leaf-scar shown in

H is 1'2 mm. broad and 14 mm. in height. The large
collection obtained during the visit of a Swedish expedition to
Bear Tsland in 1898 under the leadership of Dr Nathorst has
materially increased our knowledge of this ancient type. The
form of the leaf-scars varies according to the age of the branch
and their disposition is far from constant even on the same
speeimen; in some cases the scars are in fairly regular
whorls (fig. 212, G ; an Irish specimen) while in others they are
in regular spirals. This irregularity of arrangement, which is
well 11111%1,1.&:(1 by Nathorst’s figures of Bear Island and Irish
specimens, finds its counterpart, though in a less marked form,

in recent species of Lycopodium, eg. L. Selago. Partially
decorticated stems may present a superficial resemblance to
Calamites, the fissured bark simulating the ribs of a Calamitean
cast. Such stems, as Nathorst has pointed out, were mistaken
by Heer for Calamites radiatus. The smaller branches are
characterised by a smooth surface, and older shoots resemble
Bothrodendron minutifoliwm in the presence of fine vertical
lines. The preservation of only one pit on the leaf-scars of
many examples led authors to conclude that the specics 18
peculiar in this respect, but Nathorst has shown that in more
perfectly preserved specimens each leaf-scar bears three small
dots. A specimen from Ireland in the British Museum? illus-
trates the dichotomous branching and the longitudinal wrinkling
of the bark ; the leaf-scars are 2 mm. broad and 25 mm. deep.
Nathorst? has deseribed some examples in which the leaf-
sears oceur on the lower instead of on the upper end of the
leaf-cushions ; these and other speeimens with obscure surface-
features he suggests may be underground axes, comparable
in habit with Stigmaria. though not identical as regards
details, It is pointed out that the absence or scareity of
Stigmarie in the Bear Tsland beds renders it unlikely that
Bothrodendron bore typical Stigmaria branches, F. E. Weiss®
has recently deseribed root-be saring organs possessing primary
xylem identical with that of Buﬂumlme?? on mimndum; while
inw]\. vesembling Stigmaria  ficoides in certain anatomical
I No. 52524, 2 Nathorst (02) PL x, figs. 4, 5. 3 Weiss, F. E, (08).
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characters, they clearly represent a distinet type. This dis-
covery of a Stigmaria-like axis almost certainly belonging to
Bothrodendron is consistent with Nathorst’s views on some of
the Bothrodendron impressions from Bear Island.

Information as to the cones of this species is restricted to a
description by Schimper! of a specimen in the Dublin Museum
as Lepidostrobus Bailyanus; this has sporophylls with a sub-
triangular base bearing several meg:

gaspores and terminating
distally in a slender lamina 12 em. in length,
An example of a Bothrodendron with more prominent leaf-

cushions than those already mentioned is afforded by a species
from Bear Island deseribed by Heer* as Lepidodendron
Wiildanum and afterwards referred by Nathorst® to Bothro-
dendron. The same type is recorded also by Schmalhausen*
from Lower Carboniferous or Devonian strata of Siberia.
Certain Scoteh s
Kidston® referred to Heer's species, are regarded by Nathorst and,

imens from the Caleiferous Sandstone, which

in part at least, by Weiss®and Sterzel as representing a distinct
species which these authors designate Bothrodendron Kidstond’.
Without attempting the hopeless task of discriminating
between the various Carboniferous and Devonian specimens
described under the names Cyclostigma or Bothrodendron,
reference may be made to the following records as illustrating
the wide distribution of the genus. Sechmalhausen® records
Cyclostigma kiltorkense from Siberian rocks assigned to the
Ursa stage (Devonian or Lower Carboniferous). The fossil
(leserihelliby Dawson® from the Devonian of Gaspé as Cyelo-
stigma  densifolium probably represents a badly preserved
example of Bothrodendron: Weiss's speeies Cyclostigma hercy-
nium from Lower Devonian rocks of the Hartz district may be
identical with Bothrodendron kiltorkense. Thesupposed identity
of the latter species with Dechenia Roemeriana Goepp., as de-
' Schimper (70) A. p. 71 2 Heer (71) Pl. v1. fig, 115 Pl 1x. fig, 1.
4 Nathorst (94) A, p. 67, PL xv. figs. 14, 15.

4 Schmalhausen (77) p. 281, PL 1. fig. 5.
* Kidston (89%) PL. 1v. figs. 2—4, p. 65.

" Weiss and Sterzel (93) p. 0. 7 Kidston (03) p. 523,
* Schmalhansen (77) p. 290, PL ©. figs. 7—12.
" Dawson (71) A, Pl vz 10 Weiss, C. E. (84) PL vi

8 IO, 17
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scribed by Potonié?, appears to require confirmation®, but if this
author is correct the connexion demonstrates the con tinuity of
Bothrodendron shoots and Stigmaria-like subterranean organs.
The specimens described from South Afriea, from strata which
may be correlated with the Upper or possibly with the Lower
Carboniferous series of Europe, as Bothrodendron Lesled® in all
probability represents a species closely allied to the Ivish and
Bear Island type. Bothrodendron Leslel named after My Leslie
whose discoveries in the Carboniferous Sandstone of Vereenig-

Lo

r O 7

Fia. 214, Bothrodendron Leslei Seward.
b. Natural size.
a, c. Slightly enlarged.

ing (Transvaal) have added r-mmi(luruh])-’ to our i\.ll(}\’\'ll:'f]g'i‘ of
the South African Palacozoic types, is represented by imper-
fectly l?]\fﬁl"i'\-‘l,"l'l casts characterised by more or less eireunlar
scars displaying the same irregularity of arrangement as
in  Bothrodendron Iiltorkense.  The leaf-scars appear fto
! Potonié (017) figs. 26—2 2 Nathorst (02) p. 35,

* Seward (03) P1, x1. figs. 1—6, p. 87 ; Arber (05) p. 1G6.

-1
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have only one small pit, but this may not be an original
teature. The identification of this plant as Bothrodendron
receives support from the discovery of rather more satisfactory
specimens at Witteberg sent to me for examination by
Dr Schwarz. These fossils bear a striking resemblance to
B. Iiltorkense. Cyclostigma  australe® Feist. deseribed from
the Lower Carboniferous rocks of New South Wales, though
boo imperfectly preserved to refer with confidence to B. leiltor-
kense, is no doubt a closely allied type.

A ¢

/
Fig, 915,

Bothrodendron mundim (Will.).

A, B. From a specimen (No, 26) in the Cambridge Botany School.
C. British Museum, Williamson Collection, (No. 416b.)

D, E. From a section in Dr Kidston’s Collection.

Reforence was made in Volame 1. (p- 133) to the so-called
Paper coal of (lar)

soniferous age from Central Russia, which con-
SIsts of m

asses of thin strips of cuticle of Bothrodendron stems.
s published by Zeiller® show that the plant possessed
an epidermis oo
(“Sln).\'it_'(] o

gaps marking the position of leaves; the gaps measure
0:5—1-5 154

l l](i ]i)-:_{']”-'
nsisting of polygonal cells interrupted by spirally
. in breadth and agree, therefore, with the size of
" Sewnrd (09). # Feistmantel (90) A. % Zeiller (30%) A.

17—2
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the leaf-scars of the smaller forms of Bothrodendron. The
specimens from the Russian mines were first figured by
Trauntschold and Auerbach® as Lepidodendron tenerrimuin and
afterwards referred by Zeiller to Bothrodendron punctatum?®,
Nathorst?, however, states that an examination of the Russian
material leads him to retain the name originally proposed ; he
records the same type from Upper Devonian rocks of Spitz-
bergen. The chief interest of these Rnssian specimens is their
manmner of preservation, which Renaunlt has described as the
result of bacterial action; he claims to have recognised the
actual bacteria associated with the cuticular membranes®,

Anatony of vegetative shoots of Bothrodendron.

In 1889 Williamson® deseribed several specimens of petrified
shoots from the Coal-Measures of Halifax which he named
Lepidodendron mundum: these are now known to be branches
of a Bothrodendron. The discovery was made by Mr Lomax®
who fonnd specimens showing the external characters of Both-
rodendron and the anatomical characters of Lepidodendron
mundum. In some of the smaller twigs, the stele consists of a
solid core of xylem with external protoxylem ; but in the
majority of specimens the centre of the xylem is replaced by
parenchymatous tissne, either as a small axial strand or, as in
the specimen shown in fig, 215, D, a wide pith, the elements of
which are arranged in regular vertical series. A diagrammatic
cection of a small axis is represented in fig. 215, A : this branch,
9 inm. in diameter, is composed of a broad outer cortex con-
sisting exclusively of primary tissue the outer cells of which
are smaller and have thicker walls than the more internal
elements. The leaf-traces, It, are accompanied by a strand of
delicate tissue, the parichnos. The stele is almost solid ; the
tissues in contact with the xylem have not been preserved but
the inner cortex is represented by a few layers of small paren-

1 Tyautschold and Aunerbach (60) PL zr.

2 Keiller (82) A.; (86). 5 Nathorst (94) A, Pls. x. x1,
3 Volume 1. p. 134. 5 Williamson (89) A, p. 197.
6 T am indebted to Mr Lomax for phul.ogmi)hs of his specimens. Tor former

reforences to Mr Lomax’s discovery, see Kidston (05); Weiss, F. E. (08); Scott,
D. H. (08) p. 200.
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chymatous ecells, ¢!. The larger section shown in fig. 215, D,
was cut from a specimen from Dulesgate of which the smooth
surface exhibits the characteristic leaf-scars of Bothrodendron.
The section measures 3 em. in its longest diameter and the
stele has a breadth of 3 mm. The outer cortex has a smooth
surface and is composed of rather thick-walled cells succeeded
by a zone of secondary elements. The middle cortex has
disappeared and the space is partially occupied by Stigmarian
rootlets, g, and crushed patches of cortical tissue. The position
of a leaf-scar is seen at a; this is more clearly shown in the
enlarged drawing fig. E.

In his aceount of Lepidodendron mundum, Williamson' de-
scribed a section in which the primary wood is surrounded
by a considerable thickness of secondary xylem; a diagram of
this is shown in fig. 215, C. An examination of the section led
me to compare the structure of the outer cortical cells, charac-
terised by radial rows of tangentially elongated elements, with
the outer cortex of Stigmarie. It has recently been shown by
Weiss® that this and other similar sections present several
points of agreement with Stigmaria, particularly with Stigmaria
Brardi as described by Renault. At s in fig. 215, C, a vascular
Strand is seen passing through the outer cortex; this is almost
certainly the bundle of a rootlet: in the sections described by
Weiss rootlefs are shown in a similar position, The chief
Anatomical features of the Stigmaria-like organs of Bothro-
dendron are :

the considerable development of secondary xylem,
the structure of the outer cortex, which is practically identical
with that of Stigmaria ficoides, and the association of groups of
ffhm't transfusion tracheids with the bundles of the rootlets. It
18 very probable that the absence of secondary xylem in the
vegetative shoots of Bothrodendron is merely an accident and
Hot a real distinction between the aerial and subterranean
branches of the plant : a supposition rendered probable by the
oceurrence of secondary xylem in the axis of the cone described
by Watson. As Weiss points out, there arve certain differences
between the true Stigmaria and the corresponding organ of
BD'Hr-)'r:dend?'m:;_ the secondary xylem in Bothrodendron is not

! Williamson (89) A. 2 Weiss, F. E. (08).
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broken up by broad medullary rays as in the common Stigmaria,
and in Bothrodendron the occurrence of a ring of primary xylem
is another peculiarity.

In the vegetative shoots of Bothrodendron munduwm the
stele differs from those of ZLepidodendron in the narrower
primary xylem ring and in the large size of the metaxylem
tracheae ; from Lepidodendron Hurcowrtiv and L. fuliginosum
the xylem is distinguished by its smoother outer face which
consists of numerous narrow xylem elements.

I‘L_

ST
o

.\Jﬁa!“ i

Fro. 216. DBothrostrobus. 1, ligule. (After Watson.)

Cones of Bothrodendron (Bothrostrobus®).

The long and narrow cones relerred to Bathrodendron
mi;mt{folizm; from English and French Coal-Measures are known
only as impressions (111(1 it is not possible to say whether they
were heterosporous or homosporous; the drawing given by
Zeiller (Fig. 212, E) shows that the sporangia were of the same

I Nathorst (94) A, p. 42
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form as those in Lepidostrobus, but we have no more exact
information as to their morphology. A recently published
deseription of a pefrified strobilus by Mr Watson affords a
welcome addition to our knowledge, There is little doubt that
this cone was borne by a species of Bothrodendron; the evidence
for this conclusion is supplied by the agreement of the ana-
tomical characters of the stele with that of the vegetative shoots
originally deseribed by Williamson as Lepidodendron mundum
and by the constant association of the cones and vegetative
shoots. In 1880 Williamson deseribed a crushed cone contalning
both megaspores and microspores which he spoke of as “a dimi-
nutive organism, reminding us more of the dwarfed fruits of
many living Selaginellas than of the large Lepidostrobi™.”
. Watson’s specimens enable us to give a more complete account
of this type. The axis of the strobilus bears short sporophylls
bent upwards into a distal limb with a conspicuous ligule in a
deep pit beyond the shortly stalked sporangium, The length of
the strobilus is estimated at 10 mm. ; the stele is of the same
type as that of Bothrodendron mundum, but it differs from the
specimens of the vegetative shoots so far found in having some
secondary xylem. Asshown in the sketch reproduced in fig. 216
each sporophyll is characterised by two tangentially placed
grooves, ¢, on the lower face, and by numerous transfusion
tracheids, ¢, above the vascular bundle, vb, immediately below
the lignle, I. Megasporangia and microsporangia occur on the
same cone, the megasporangia being on the lower sp wophylls
and containing a single tetrad of megaspores. Fig. 219, B, shows
a radial longitudinal seetion of a microsporophyll bearing a
sporangium on the adaxial side of the ligule, I, below which is
the single vascular bundle and a group of short tracheids at .
The sporangia closely resemble those of species of Selaginella
and Lycopodium and, as pointed out by Watson? they also
recall the sporangia of the Palaeozoic genus Spencerites. Both-
rostrobus is distinguished from Spencerites by the presence of
a ligule, by the structure of the axis, and by the different form
of the sporophylls. The occurrence of four spores only in the
megasporangia is another character in which the extinet type
1 Williamson (80) A. p. 500, PL. =v. 3. 2 Watson (08%) p. 12
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resembles recent Liycopods. It is impossible to decide whether
Watson's cone represents a more or a less primitive type than
Lepidostrobus : if we accept Professor Bower's views in regard
to the evolution of vegetative organs by the sterilisation of
sporogenous tissue, we should probably place Lepidostrobus lower
in the series than Bothrostrobus; but the greater resemblance
between the fertile and vegetative shoots of Bothrodendron, as
compared with the more pronounced difference in the case of
Lepidodendron, may be regarded as an argument. in favour of
recognising Bothrodendron as the more primitive type.

Another possible example of a Bothrodendron cone has been
described by Nathorst from Spitzbergen as Lepidostrobus
Zeilleri'; this appears to consist of an axis bearing spirally
disposed sporangia without any indication of sporophylls.  This
strobilus may belong to Bothrodendron tenerrimum.

Pinalodendron.

The name Pinakodendron® was instituted by the late Prof,
Weiss for a type of stem closely resembling Bothrodendron but
differing in the presence of & fine reticulation on the outer bark
andin the form of the leaf-scars. Woeisg's genus has been recog-
nised by Kidston in Dumfriesshire but our knowledge of the
plant is as yet based solely on a few small specimens.

Omphalophloios (@ genus of uncertain systematic position).
Figs. 193, C, 217,

This generic name was instituted by White? for certain
specimens of large stems originally described by Lesquereux
from the Coal-Measures of North America as Lepidodendron
manvimillatwm and L. cyclostigma, The photograph reproduced
in fig. 193, C, for which I am indebted to Dr Kidston ¢, represents
a speeimen described by him from the Upper Coal-Measures
of Somerset as Omphalophloios anglicus, and identified with
Lepidodendron anglicum of Sternberg.

The surface of the impression shown in fig. 198, C, is

! Nathorst (14) A, p. 42, P1. x11. fige, 8—10. # Kidston ((13) p. 797,
* White (98) ; (99) p. 218, Pls. xv.—rxvim, * Kidston (02) pp, 358, 359,




XVHI] OMPHALOPHLOIOS 265

characterised by elearly defined rhomboidal areas or cushions (fig,
217, E) like those of Lepidodendron, except in the absence of a
median keel, and similar to those on some forms of Sigillaria
Brardi. A short distance above the centre of each cushion is
an oval or subcordate region bounded by a rim-like margin and
containing a small oval sear, presumably that of a vaseular strand,
A triangular elevation which also shows a small pit (Fig. 217,
E, @) occurs below the oval area. The appearance of the
surface-features varies considerably on different parts of a single
specimen.  Fig, 217, D, represents one of the numerous figures
published by White in his detailed account of the American
material. Bach cushion bears a widely open V-shaped ridge,
which is deseribed as a leaf-scar: above this is an oval area (2:5

Fra. 217.  Omphalophloios.
D. After White. E. After Kidston.

mm. x 1'75 mm.), the surface of which is bounded by a narrow
rim. Within the rim is a smaller concave oval region with a
small pit near its upper end.

We cannot, in the absence of petrified material, arrive at
any satisfactory conclusion as to the meaning of these surface-
features. White considers that Omphalophloios is probably a
rhizome of one of the arborescent Lyeopods, but whether or
not this is its true nature must be left for future discoveries.
The fact that the rootlet bundles of some Stigmarian axes are
dccompanied by a parichnos strand, as Weiss has shown, may
Prepare us for the discovery of surface-features on Stigmariae
Not unlike those of Omphalophloios. (Fig. 193, C.)

A possible comparison may be suggested also with Sigillaria
Brardsi as figured by Cermar (fig. 196, A) in which ecircular
Scars, which may be the sears of rootlets, oceur below the leaf-
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base areas. It is not impossible that in the surface-features of
Omphalophloios we have both leaf and rootlet scars represented.

General considerations.

The solid xylem core characteristic of the stele of some
species of Palaeozoic Lycopodiales (e.g. Lepidodendron esnostense
and L. rhodumnense) may probably, as Tansley and Chick® point
out, be regarded as the lineal descendant of a primitive axial
strand of water-conducting elements. In the course of evolu-
tion the centre of the tracheal column became partially converted
into parenchymatous tissue, as in Lepidodendron vasculare.
The arrangement of the short cells in regular vertical series is
reminiscent of an carly stage in the development of tracheae:
instead of forming tubular conducting elements the central
part of the stelar meristem acquired the short-celled form ;
some of the cells became lignified as isodiametric storage tracheae
while others persisted as thin-walled parenchyma.

The production of secondary xylem and an increase in the
girth of the whole stem led to reduction in the amount of centri-
petally developed conducting channels. Some of these assumed a
new role and a shape in harmony with their functions. A later
stage is represented by a further encroachment of the central
parenchyma on the cylinder of centripetal xylem, as seen in
Lepidodendron Harcourtii and other species. The next stage
is afforded by ribless species of Sigillarie in which the
primary xylem is broken up into separate conducting strands.
As Kidston? reminds us, it is in the geologically more recent
species of Sigillaria, such as 8. Brardi, which persist into the
Permian era, that this more extreme case of reduction occurs.
The older genus Lepidodendron seems to have retained to
the last the complete cylinder of primary xylem. In the stele
of Stigmaria, the rhizome of Sigillaria and of Lepidodendron,
reduction of the centripetal xylem has passed beyond the stage
represented by the broken cylinder of the ribless Sigillarias.
With the exception of the examples described by Renault? and
by Weiss?, Stigmaria is characterised by little or no centripetal

1 Tansley and Chiek (01) p. 36. * Kidston (05) p. 547.
5 Renault (06) A. 4 Weisg, F. H. (08).
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primary xylem. It is, however, noteworthy that Renault’s
Stigmarie, in which centripetal xylem forms a prominent
feature, is attributed to Stgillaria Brardi, a species in which
the vascular cylinder of the aerial stem illustrates a later and
Not an earlier phase in the replacement of centripetal hy
centrifugal wood,

It would seem, as Lady Isabel Browne! says, that most
Stigmarian axes had reached a more advanced stage 1n

Specialisation than is shown in the stelar structure of the aerial
shoots. The relati vely greater and probably the more precocious
development of secondary xylem in Stigmaria than in Lepido-
dendron or Sigillaric may have some significance in relation
to the smaller amount of “old wood?” (in a phylogenetic sense)
In their steles.

As is pointed out in a later chapter, recent researches into
the anatomy of extinet members of the Osmundaceae by
Kidston and Gwynne-Vaughan have brought to light a striking
Parallelism in evolutionarysequence between the Lepidodendreae
and the ancestors of Osmunda and Todea, the two surviving
genera of one of the most ancient families of ferns,

There can be little doubt as to a very close relationship
between Sigillaria, Lepidodendron, and Bothrodendron. Sigii-
laria seems to have outlived Lepidodendron and Bothrodendron.
The two latter genera are recorded from Upper Devonian rocks
in several localities, Bothrodendron being particularly abundant
in the pre-Carboniferous floras of Bear Island and other parts of
the world. A remarkable stem described by Dr White® as
Arehagosigillaria prunaeva from Upper Devonian shales of
New York is spoken of by him as “one of the most highly
d"ﬂ’(—':lol']er.] representatives of a fairly distinet archaic group
ﬁ:n'(-;-shadowing the later genera Bothrodendron, Sigillaria,
Lepidodendron and Lepidophloios.” The type-specimen, when
fivst discovered, consisted of an apparently unbranched stem
reaching a length of 5 metres. From the swollen basal part

lA Browne (09) p. 25,

= Seott (02) nses the terms old and new wood in discussing the evolutionary
fequence in plant steles,

* White (07),
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Stigmaria-like rootlets spread into the surrounding shale. At
a higher level the fissured bark shows indistinctly defined
leaf-cushions which pass gradually upwards into cushions
and sears arranged in closer order on regular vertical ribs.
The surface-features in this region arc practically those of a
ribbed Sigillaria. Traced farther upwards the vertical ribs
die out and eushions of the Lepidodendroid form cover the
surface of the bark. The leaf-scars, with a supraposed ligular
pit and two vertically elongated parichnos-sears, are said to bear
a closer resemblance to those of Sigillaria and Bothrodendron
than to the leaf-areas of Lepidodendron. Nothing is known as
to the anatomy of this stem, nor have fertile shoots been
discovered. In the absence of more trustworthy evidence than
is available conclusions of a phylogenetic nature must be
accepted at their true value. .It is however legitimate to
describe Archacosigillarie primaeva as one of the oldest
examples of a lycopodiaceous plant which shows well-preserved
external features, and these are of exceptional interest as
indicating a combination of generic characters. This Devonian
type lends support to the view that Lepidodendron and Sigillaria
are offshoots, differing from one another in comparatively
unimportant points, from a common ancestral type.

The generally accepted statement that arborescent Palaco-
zoic Liycopodiales bore their sporangia on speciallymodified leaves
(sporophylls)grouped in cones which were usually produced at the
tip of slender branches, has recently shared the fate of most rules.
Prof. Bower in his Origin of @ Land Flora mentions a Belgian
specimen of Pinakodendron musivum Weiss from the Westphalian
series (Middle Coal-Measures), to be deseribed by Dr Kidston,
which bore its sporangia “associated with the leaves of certain
portions of the stem, without any cone-formation. The fertile
and sterile portions are distinguished only by the presence or
absence of sporangial.”

Lepidodendron and Sigillaria can hardly be claimed as the
direct ancestors of any existing type of Lycopodiales, but while
exhibiting points of contact with Lycopodium, Selaginella, and
Psilotum they are perhaps more closely allied to Zsoeles.
1 Bower (08) p. 305.
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Lady Isabel Browne?, who has recently published an excellent
summary of the evidence on the relation of the Lepidodendreae
to Isoetes, concludes her examination of the arguments by
expressing the opinion that there is a strong probability of the
correctness of the view that Isoetes may be derived “from the
Lepidodendraceae in the widest sense of the word” This
decision seems to me to accord best with the facts.

The further question as to the relation of these Palacozoic
genera to plants higher in the scale must be reserved for
fuller consideration in another volume. An attempt will also
be made to consider how far anatomical structure may be used
as a guide to the conditions under which Lepidodendron and
Sigillaria as well as other members of the Permo-Carboniferous
floras passed their lives, The secondary xylem of Lepidodendron
and Sigillaria affords a striking example of water-conducting
tissue of homogeneous structure comparable with the wood of
Conifers rather than with that of Angiosperms. It was pre-
sumably formed, for the most part, under uniform elimatic condi-
tions: the absence of rings of growth points to uninterrapted
supply to evergreen shoots exposed to no alternation of activity
and arrested growth. Attention has already been called to the
absence of any tissue corresponding to secondary phloem. Even in
young shoots of Lepidodendron, no tissue has been found external
to the meristematic zone agreeing in the form of its elements with
the channels through which the elaborated food is conveyed from
the leaves of recent plants to the regions of cell-building. That
the “secretory zone may have served this purpose, at least in
young stems, is not improbable. On the other hand, it is
difficult to understand why older Lepidodendron stems show
no indication of additions to the secretory zone. If this tissue
Served for the transport of proteids we should expeet to find
Provision made for its constant renewal pari passu with the
secondary growth of the xylem. The conclusion seems to me
mevitable that the supply of building-material was otherwise
Provided for than in recent vascular plants. The physiological
division of labour may have been less complete in the tissue-
Systems of the Palaeozoic Lycopods than in the more highly

! Browne (09) p. 37.
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specialised organs of such an extinet genus as Lyginodendron or
than in recent plants. Our knowledge of the anatomical structure
of many extinet types has already reached a stage when we
should take greater heed of the modus operandi of the ecomplex
machinery revealed by a study of petrified stems. From the
known we proceed to interpret the unknown; but there is a
danger of neglecting the possibilitics of evolution during the
countless ages which separate the forests of the Coal period from
those of the present era. We may easily allow preconceived
ideas to warp our judgment in attempting to distribute the
manifold activities which made up the life of a Lepidodendron
among the struetural units of the plant-body.




CHAPTER XIX.

Seed-bearing plants closely allied to members
of the Lycopodiales.

1. Lt’}_J[([UL‘-[U'})Un.

In 1877 Williamson® published an account of some fossil
seeds which he referred to Brongniart’s genus Cardiocar-
pon?, a generic title for certain Gymnospermous seeds.  Some
of these he identified, on the authority of the author of the
species, with Cardiocarpon anomelum Carruthers®. Several
years later Wild and Lomax described a new type of strobilus
from the Lower Coal-Measures of Laneashire!. The result
of this discovery and of the subsequent examination by Scott
of additional material, was to establish the fact that the
seeds described by Williamson and generally accepted as
Gymnospermous, are in reality sporangia belonging to a
Lycopodiaceous cone. The sceds to which Carruthers gave the
name Cardiocarpon anomalum are, however, distinet from those
described under the same name by Williamson and are those of
a true Gymnosperm. For this seed-bearing strobilus Scoft?
instituted the generic name Lepidocarpen, which he thus
defined : “Strobili, with the characters of Lepidostrobus, but
each megasporangium was inclosed, when mature, in an in-
tegument, growing up from the superior face of the sporophyll-
pe:lice.l. ll]h‘.‘gl.llm_'l'lif, r--,]gul'.hnl' with the lamina of the Sporo-

! Williamson (77) and (80) A. 2 Brongniart (28) A. p. 87.

4 Carruthers (72). * Wild and Lomax (00).
5 Seott (01).




272 SEED-BEARING LYCOPODS [cH.

phyll, completely enveloping the megasporangium, or nucellus,
leaving only an clongated, slit-like micropyle above. A single
functional megaspore or embryo-sac developed in each mega-
sporangium, occupying almost the whole of its cavity. Megaspore
ultimately filled by the prothallus or endosperm. Sporophyll,
together with the integumented megasporanginm and its
contents, detached entire from the axis of the strobilus, the
whole forming a closed, seed-like, reproductive body. Seed-like
organ horizontally elongated, in the direction of the sporophyll-
pedicel, to which the micropylar crevice 1s parallel.”

Lepidocarpon Lomaazi, Scott. Fig. 218.

An immature cone of L. Lomaat is practically identical with
a Lepidostrobus ; its sporangia are naked and only acquire their
integuments at a later stage. A mature strobilus has a diameter
of at least 3 em. and is about 4 em. in length. As in {ypical
Lepidostrobi, the axis bears spirally disposed sporophylls, and
each sporophyll has a long narrow pedicel approximately at
right angles to the cone axis with its distal end expanded into
a broad and thick lamina (fig. 218, B).

At the distal end the pedicel has a thin marginal wing
(fig. 218, C, right-hand half) continuous with the upturned
protective lamina, To the upper face of each sporophyll is
attached along the whole length as far as the ligule, a single
large sporanginm ; on each side of the base of the sporangium
the sporophyll forms a supporting cushion. The relation of
the sporangium to the ligule, /, is shown in fig. 218, B, and in
the tangential section, C, which illustrates the triangular form
of the sporangium near its distal end.

In mature cones, the sporangia assumed the form of seeds,
the change being due to the growth of an investing integument
from the upper face of the sporophylls on each side of the
sporangia. Fig. 218, A, illustrates the form of a sporangium
as shown in tangential sections; the wvascular bundle is seen
below the base of the sporangium and the gaps right and left of
it probably mark the position of parichnos strands, On each
side of the sporangium, b, a fairly thick wall of tissue has grown
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up from the sporophyll, forming an integument which overtops
the apical ridge of the sporanginm, leaving a narrow micropyle in
the form of a long creviee (m, fig. 218, B). At the proximal end
of the sporanginm the integument forms an enclosing wall ; at
the distal end it abuts on and is continuous with the upturned
end of the sporophyll. Itis clearly established by Scott that the

Fri. 218. Lepidocarpon Lomaxi, Scott.
A and C. After Scott.
B. Diagram of a single sporophyll : m, micropyle; St, stele.

tissue which invests the sporangia is not the upturned margins
of the sporophyll, but a new formation fully entitled to the
designation integument. It is noteworthy that the integument 1s
not developed until a late stage in the ontogeny of the strobilus;
it is not formed until after the production of the }_)rot,ha,l]usl.

! Letter from D, H, Seott (March 30, 1908).
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The diagrammatic sketch, fig. 218, B, shows the relation of the
integument to the sporophyll and sporangium, the outline of
the latter being indicated by a broken line. The columnar wall
of the sporangium (fig. 218, A, b) forms a closed beak within
the micropylar crevice, and in the interior of the sporangial
cavity the slightly shrivelled membrane, a, represents the single
megaspore ; traces of the aborted sister-cells of the megaspore are
oceasionally met with. Scott deseribes a specimen in which the
megaspore is filled with tissue agreeing in appearance with the
prothallus in a megaspore of Isoees or Selaginelle; no un-
doubted archegonia or female organs have been discovered, nor
has any spore been found containing an embryo.

The axis of L. Lomawi has a medullated stele constructed
on the same plan as that of some species of Lepidodendron and
Lepidostrobus ; the vascular bundles supplying the sporophylls
pass obliquely upwards and outwards from the stele, St, fig.
218, B, and bend slightly downward just before entering the
pedicel of a sporophyll.

Dr Scott has also deseribed a strobilus containing miero-
sporangia partially enclosed by a rudimentary integument. It
is, however, of considerable interest to find a partial develop-
ment in the case of a male flower of an integumentary outgrowth,
which it would seem could only be of real functional importance
in the female shoot.

It is important to notice that specimens of a second species
of Lepidocarpon, L. Wildianum, are recorded from Lower
Carboniferous beds of Scotland, a fact which points to a con-
siderable antiquity for this seed-bearing Lycopodiaccous type'.

The most important question to consider in regard to
Lepidocarpon is—are we justified in applying to the integu-
mented sporangia the term seed? The megaspore was not
set free as it is in recent Pteridophytes, such as Azolla and
other genera with which Lepidocurpon may be compared ; 1t
was on the other hand retained in the sporangium, as may
sometimes happen even in recent species of Selaginella (cf.
fig. 131, D). Moreover, the megaspore is characterised by a thin

1 Beott (01) 314
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enclosing membrane in contrast to the thick coat of a spore
which is destined to be shed. The peculiar slit-like form of
the micropyle is a distinguishing feature, but this may be
readily explained as a convenient form in the case of a radially
elongated sporangium. The absence of an embryo, though a
distinguishing feature of Lepidocarpon, cannot be held to be
a serious obstacle to the use of the term seed; in recent Cycads
the embryo, as Scott points out, may not begin to develope
until the seed has been shed. Tt is possible that the seeds of
Lepidocarpon were not pollinated on the parent plant.

The lesson which this extinet type teaches, Is that certain
Lycopodiaceous plants of the Palacozoic era had reached an
important stage in the evolution of a seed. The morphological
essentials of true seeds had been acquired ; but we do not know
the biological conditions under which pollination and fertilisa-
tion were effected. Another point of considerable interest is
the value of this discovery as an argument in favour of the
view that some Gymnosperms are derived from Lycopod an-
cestors. Leaving the general question until later, it may
at any rate be stated that in Lepidocarpon we have a demon-
stration of the fact that the Lycopodiales were not always
distinguished from Gymnosperms by the absence of seeds.
There are certain features in Lepidocarpon shared by the seeds
of Araucaricac' which may well mean something more than
mere parallel development in two distinet phyla of the plant-
kingdom?

i, Miadesmiea.

In 1894 Prof. Bertrand® published an account of certain
fragments of petrified leaves and twigs of a small herbaceous
Lycnpodi;lm_-nns plant, under the name Miadesmia membranacen,
which he discovered in English material in association with
Lepidodendron Harcourtii. Subsequently Scott recognised
the megasporophylls of the same plant, and microsporophylls
have also been discovered. The most complete account of

f Seward and Ford (06).  * For a contvary opinion, see Scott (09) p. 656.

' Bertrand, E. (94).
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Miadesmia so far published we owe to Dr Benson?, whose
description is based on specimens from several sources.
Miadesmia membranacea, Bertrand. Fig, 219, A—TD,

The slender stem, characterised by unequal dichotomy, has
a single protostele composed of scalariform tracheids with 3—6
]:u')riphera,-l protoxylem groups. A zone of delicate tissue sur-

F1a. 219, A—D Miaedesmia ; E Bothrodendron.

A, ladial section of megaspm'nl!hyl]: 4, sporangium ; m, mega-
spore ; I, lignle. (From a drawing kindly lent by Mrs D. H.
Seott.)

B, €. Leaf with ligule. (From a section in Dr Kidston's Col-
leetion, )

D. Transverse section of sporophyll. (After Scott.)

E. Radial section of microsporophyll of Bothrodendron. (From a
section in the Manchester Museum ; Hiek Collection R. 406.)

rounds the xylem; this is described as phloem, but it is not
clear whether the designation is based on histological characters
or primarily on its position. The cortex consists of an inner
lacunar tissue and an outer region limited by a small-celled
superficial layer sharply contrasted with the underlying layers
1 Benson (08).
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of larger cells. The stem of Miadesmic is not uncommon n
sections of the Lancashire caleareous nodules, and may be
recognised by the delicate crushed tissue of which it mainly
consists and by large hypodermal parenchyma. The spirally
disposed leaves bear a conspicuous and relatively large ligule,
3 mm. long, in a deep pit (fig. 219, B and C) roofed over by a
fow layers of tissue corresponding to the velum in Isoetes
(cf. fig. 133, E,v). The fairly thick central region of the lamina
is expanded laterally into thin wings, which in the living
state probably bore delicate hairs. These delicate leaves,
apparently without stomata, were attached to the stem at an
acute angle, and Miss Benson suggests that their form ana
arrangement may have enabled them to hold water by surface-
tension. As seen in fig. 219, B, C, which represents part of
a transverse section near the leaf-base, the ligule is a very
characteristic feature, and the size of the single vein is in
keeping with the almost filmy nature of the lamina.

In addition to the sections in British collections, I have
been enabled by the kindness of Prof. Bertrand to see photo-
micrographs of the sections on which he founded the genus.
One of these sections, transverse to the stem and leaves,
illustrates in a striking manner the relatively large size of
the leaves and ligules in proportion to the delicate axis of the
shoot,

The megasporangiate cone has an axis which agrees in its
structure with that of the vegetative stem and bears several
megasporophylls approximately at right-angles. As in the
foliage leaves, the ligule is prominent and large, and lies in a
groove which contains also the megasporangium ; both ligule, £,
and sporangium, s, as seen in the transverse section represented
in fig. 219, D, are covered by an integument or velum which
arises in the proximal part of the leaf and leaves a circular
micropylar opening at the beak-like apex of the sporangium.
The circular micropyle is surrounded by numerous hairs borne
on the integument and which presumably played the part of a
feathery stigma. A single megaspore with a thin membrane,
m, abuts on the fairly strong sporangial wall, s; in some cases
the sporangium and megaspore walls may be indistinguishable,
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a feature suggesting comparison with seed-structure. Some
megaspores have been found filled with a prothallus. The
longitudinal seetion shown in fig. 219, A, illustrates the charac-
teristic horizontal position of the megasporophyll, as also the
relation of the ligule, , to the sporophyll with its single vascular
bundle, and to the hairy integument, which overarches both
sporangium and ligule; the line m shows the position of the
megaspore-membrane, detached from the sporangial wall on the
upper side but in contact with it below. The microsporophyll
shown in 219, E, was originally referred to Miadesmia but has
since been recognised by Watson® as that of a Bothrostrobus.

Miadesmie affords an example of a Palaeozoic plant com-
parable with ZIsoetes and Selaginella; it agrees also with
Lepidocarpon in possessing true sceds, and with Watson's
Bothrodendron cone in the shape of the sporangia, which are
more like those of Selaginella than the radially elongated
sporangia of Lepidostrobus. Miadesmia agrees with Selaginella,
e.g. S. spinosa, in its stelar strueture, in the form of the
sporangia, and in the presence of a ligule. It is distingunished
by having only one instead of four megaspores ina sporangium,
in the possession of an integument which formed a close invest-
ment to the spore and served as a stigma (comparable with
the stigma-like integument of the male flower of Welwitschia),
and in the shedding of the megasporophylls, which have been
aptly compared with winged seeds.

On the ground of their general anatomical features Lepido-
carpon and Miadesmia are clearly entitled to be included among
extinet representatives of the Pteridophyta. These plants had,
however, erossed what it has been customary to regard as the
boundary between Pteridophytes and Phanerogams: they
possessed megasporangia with the attributes of seeds. It has
been suggested by Lester Ward® that Pteridophytic seed-bearing
plants shall be recognised as a distinct phylum for which he
proposes the name Pteridospermaphyta, a designation implying
exclusion from the Spermatophyta as usually understood. For
seed-bearing Lycopodiaceous genera he suggests the name
Lepidospermae. As knowledge of the Palaeozoic seed-plants
! Watson (08%) p. 12. 2 Ward (04).



XIX | LEPIDOCARPON 279

increases revision of existing classifications and group names
will become necessary, but as yet we are hardly in a position to
draw up a satisfactory scheme of grouping; we know little of
Lepidocarpon as a whole and it would be premature to commit
ourselves, even provisionally, to a classification which is based
on such meagre evidence as we possess. Moreover the value to
be attached to the seed-habit as a basis of classification ean
hardly be estimated until fuller information is obtained.




CHAPTER XX.
FILICALES,

Twis division of the Pteridophyta includes both the true
ferns (Filicineae) and the less familiar water-ferns or Hydro-
pterideae. The almost complete absence of satisfactory evidence
in regard to the geological history of the latter renders this
group of secondary importance from a palaeobotanical stand-
point, but, on the other hand, we possess a wealth of material
hearing on the past history and relative antiquity of the true
ferns.

The study of extinct types has so far rendered no sub-
stantial help towards bridging the wide gap between the
Filicales and the lower plants. As Mr Tansley! says in his
admirable lectures on The Evolution of the Filicinean Vascular
System, “ The biggest gap in the plant kingdom at the present
time is undoubtedly that which separates the Pteridophytes
from the plants definitely below them in organisation, and
directly we try to step behind the ferns we tumble into this
abyss.” Resemblances long ago recognised between certain
ferns and the cycads, a section of the Gymnosperms, were
regarded by a few botanists as indications of blood-relation-
ship, and the results of recent researches into the morphological
characters of extinet Palaeozoic types are generally held to
confirm these surmises. Prof. Chodat® of Geneva has recently
challenged the validity of the arguments on which the
affinity of cycads and ferns has been accepted by the great
majority of botanists. Whether or not his eriticisms stand the

! Tansley (08) p. 3. Cf. Braun (75) p. 267. * Chodat (08).
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test of unbiassed examination, they must at least lead us
to substitute a critical consideration of the facts for a mere
repetition of conclusions which appeal to our imagination.
Despite Prof. Chodat’s warning, we may still quote with con-
fidence a phrase used in another connexion—ferns “are links
in a chain and branches on the tree of life, with their roots in
a past inconceivably remote!.”

Transitional forms which are regarded as pointing to a
common origin for ferns and cycads are known in abundance;
other types have also been discovered which lead some authors
to go so far as to derive the whole of the seed-bearing plants
from an ancestry the descendants of which are represented by
existing ferns. While hesitating to allow the ferns or fern-like
plants the peculiar position of universal ancestors, we must
admit that there is no group of plants with a history of greater
importance from an evolutionary standpoint than that with
which we are now concerned.

There are, however, some difficulties to face in attempting
to decipher the history of the Filicineae as recorded in the
parth’s crust. Few fossil plants are so familiar as the well-
preserved carbonaceous impressions of compound leaves on the
shales of our Coal-Measures, which were referred by older authors
to recent genera and species of ferns and accepted by later
writers as undoubted examples of Palaeozoic ferns. The common
belief in the dominance of ferns in Palaeozoic floras is reflected
in the novelist’s deseription of the Carboniferons period, “when
the forms of plants were few and often of the fern kind*” We
now know that very many of these Carboniferous leaves be-
longed to plants differing widely in morphological characters
from the modern genera to which they exhibit so deceptive

‘a resemblance. These pseudo-ferns, recently christened Pteri-

dosperms or seed-bearing fern-like plants, are dealt with in a
later chapter. The discovery of this extinct group has added
enormously to our knowledge of plant-evolution and at the
same time has rendered much more difficult the task of un-
ravelling the past history of the true ferns. As soon as it was
demonstrated that many familiar Palaeozoic “ferns” are not

! Hudson (92) p. 29. 2 Hardy, Return of the Native, 11 p. 153.
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ferns, some anthors went far towards concluding that however
close might be the agreement hetween fossil and recent leaves
suspicion of close relationship must be set aside. Like the
earlier writers who described fossils as Jusus naturae fashioned
by devilish agency to deceive too credulous man, the discovery
of seed-bearing plants with the foliage of ferns threatened to
disturb the mental balanee of palaeobotanists. The fact is,
we cannot in some cases determine from leaf-form alone whether
or not a fossil is a true fern; we may, as Professor Bower!
suggests, regard all fern-like fossils as ferns until they are
proved to be Pteridosperms, or in a spirit of scientific scepti-
cism, we may at once admit that many Palacozoic forn-like
leaves must await further evidence before their true position
can be determined. It is impossible, as Zeiller® says, in the
present state of our knowledge to range fern-like Palaeozoic
plants in two groups, one referred to Filicineae and the other
to the Pteridosperms.

The following eclassification of the Filicales is based on
that adopted by Prof. Engler in the latest edition of his
Syllabus® and on the results of Bower's* excellent work on the
spore-bearing members of recent ferns.

The members of the Filicales are characterised by the same
well-marked physiological division of labour in their vegetative
parts as are the Lycopods; the plant is the asexual generation
(sporophyte), while the sexual generation (gametophyte) is
small and inconspicuons, either an independent green prothallus
or a tissue more or less completely enclosed in the spore. The
large size of the leaves, which in the young state are usually
coiled like a crozier (fig. 220, A), is a striking characteristic of
the ferns; they are megaphyllous in contrast to the microphylly
of the Lycopods.

! Bower (08). 2 Zeiller (06) p. 8.
# Engler (09). + Bower (00).
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I. Leptosporangiate Filicales.

In these homosporous and heterosporous plants the sporangia
are developed from single epidermal cells.

() Eufilicineae. The sporangia bear spores of one kind
only ; the wall of a sporangium consists of one layer of cells. In

T
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Tre, 220. Young fronds of (A) Angiopteris evecta and (B) Cycas revoluta.
(Reduced.)

the great majority of cases the sporangia are characterised by
the possession of a conspicuous row of thick-walled brown
cells, the annulus?, which serves as a mechanism for dehiscence
and spove-dispersal. The fertile leaves, identical in form with

1 For an aecount of the mechanism of gpore-dispersal, see Goebel (05) p. 587 ;
Atkinson (94); Leelere du Sablon (85); and Bower (00).
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the sterile, or more or less sharply contrasted, usually bear the
sporangia on the under surface of the lamina in definite groups
or sori, and not on the upper surface or grouped in strobili as
in the Lycopodiales. The stem is dorsiventral or radial in
structure, creeping or erect, frequently clothed with chaffy
scales (ramenta) and less often with multicellular hairs. The
sexual generation is represented by a small green prothallus
which lives for a short period only and dies after nursing the
fern-plant through its earliest stages.

(b) Hydroplerideae. Heterosporous water-ferns differing
considerably in habit from the true ferns. Each megasporan-
gium contains a single megaspore and several microspores are
produced in each microsporangium. The gametophyte is repre-
sented by tissue more or less enclosed in the spore. [Genera
Salvinia, Azolla, Marsilic, Regnellidium, Pilularia. See
Chapter xxv1.]

(e) Eufilicineae. The classification of the true ferns in
common use 1s based almost exclusively on the structure of the
sporangium, the form and position of the sori, and on the
presence or absence of an indusium (the tissue which in some
ferns partially or completely covers each sorus). In recent
years there has been considerable activity in the investigation
of fern anatomy with a view to elucidating the natural relation-
ship between recent families or genera. The results of these
researches are on the whole consistent with the scheme and
grouping adopted in the Synopsis Filicum of Hooker and Baker
and in general harmony with the main conclusions arrived at
by Bower from an intensive study of the development of fern
sporangia, The following elassification is based on that of
Bower who takes as a basis (i) the relative time of appearance
of the sporangia in a single sorus, (ii) the structure of the
sporangia and their orientation relative to the whole sorus,
(ii1) the productiveness of sporangia (spore-output).

Osmundaceae
Schizaeaceae

Gleicheniaceae |
Matonineae ]

s

Stmplices (Bower). The sporangia are relatively
large and all the sporangia in a sorus have a
simultaneous origin: the annulus is oblique.
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snecession on & more or less elongated receptacle
(portion of the leaf lamina which projects as a
cushion or column on which the sporangia ave
borne); annulus oblique; indusium, if present,
in the form of a cup or flap of tissue arising from
the base of the sorus,

1‘@:'-”?:.:.&(6 (Bower). Sporangia arise in basipetal

Loxsomacene
Hymenophyllaceae |
Cyatheaceae ‘
Dennstaedtiinae L

podiaceae, by far the largest family of ferns,
Polypodincane | 'lj he sporangia are (fl.‘xill':'l.i.'tl_‘l‘iﬁﬁﬁli by their ;'e]a—
Vi et 4 tively small size, the presence of a slender stalk,
‘ the absence of regular orientation or sequence

( Miwtag (Bower). This division includes the Poly-

in development, and by the presence of a vertical
annulus,

"'I'hu Dipteridinae include species with the characters
Dipteridinae < of the Mirctae, and one species in which the
sporangia develope simultaneously (Simplices).

Osmundaceae’. (Osmunda, Todea.)

Sporangia large and rather stouter than those of other
Leptosporangiate ferns, borne in small groups (filmy species of
Todew) in linear and frequently confluent sori (Todea barbara ;
fig. 221, D) or clustered round the axis of modified fertile
pinnae with much reduced lamina (Osmunda). The annulus is
represented by a group of thicker-walled cells a short distance
below the apex (fig. 221, C). This family stands apart among
the ferns; in some respects, e.g. in the more robust sporangia
occasionally forming synangia, and in the presence of stipular
wings, it forms a transitional series between the Leptosporangiate
and Eusporangiate ferns. The only European species of Osmundir,
0. regalis, 1s almost cosmopolitan in range; other spucics: oceur
in North and South America, in the Far East, the Malay
Peninsula, and in other regions, more especially in the
temperate zones. Todea is represented by (i) the South
African and Australian species, 7. barbara, a fern with a stem,
which may reach a height of several feet, thickly covered with
adventitious roots and bearing large and somewhat leathery

1 For a fuller account of recent ferns, see Engler and Prantl (02), Christ (97),
Hooker and Baker (68), and Bower (00) (08).
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fronds; (ii) filmy species in New Zealand, New South Wales,
New Caledonia, and elsewhere. A plant of the small tree-fern
Todea Wilkesiuna (Fiji, Samoa, and other islands) in the filmy-
fern house at Kew, to which my attention was drawn by my
friend Mr A. W. Hill, has a slender stem with the characteristic
leaf-scars exposed ; it presents a striking similarity to some of
the fossil species of Osmundaceae described in a later chapter.

Schizaeaceae. (Schizaea, Aneimia, Lygodivm, Mohria.)

Sporangia borne singly and not in groups (sori), readily

Fre. 221. A, Osmunda cinnamomea (after Fanll).
B. Todea barbara, p, phloem ; s, sclerenchyma.
C. Osmunda regalis (after Linerssen).
D. Todea barbara (& nat. size).

recognised by the complete transverse apical annulus usually
one layer of cells deep, but occasionally two layers in depth on
the side opposite the line of dehiscence?! (fig. 224, B). Schizaen
(fig. 222) with the exception of one species in North America

1 Prantl (51) PL vi. fig, 104, C; Zeiller (97) p. 215, figs. 7—10.
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(S. pusilla) is characteristic of Northern India, the Malay
region, Australia, New Caledonia, 8. Africa, and elsewhere south
of the Equator. Aneimia (figs. 223, 224, A, B), characterised by
the fertile segments with reduced lamina, is chiefly American :
the monotypic genus Mohria, resembling in habit the Poly-

Fra. 222, Schizaea elegans. (Slightly reduced.) A few of the segments terminaie
in narrow fertile lobes.

podiaceous genus Cheilanthes, occurs in S. Africa and Mada-

gascar, while species of Lygodium are widely spread tropical

ferns, with one species in temperate North America. This

family has disappeared from Europe.
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Gleicheniaceae [Gleichenia, Platyzoma (=G. macrophylla)).
J N PPy

Sporangia form eireular naked sori composed of a variable
number of sporangia, usually not more than ten and frequently

‘7
\

Ty
vy, Byt

X

F1e. 223. Aneimia rotundifolia. (From the Royal Gardens, Kew. 4 nat. size.)

fewer, characterised by an obliquely horizontal and almost
complete annulus (fig. 224, I). In some species of Gleichenia
(sect. Bugleichenia) the ultimate segments are very small and
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semi-circular in form (fig. 226, C), in others (sect. Merfensia®)
the segments are linear (fig. 226, D), and in many species the
fronds are distinguished by the regular dichotomous branching

Tia. 224. A, dneimia flezuosa.
B. 4. phyllitidis.
C.  Hymenophylium dilatatunt.
D, E, ¥, G. Matonia pectinata; i, indusium.
H. Thyrsopteris eleqans.
L. Gleichenia circinata.
(A, B, after Prantl ; C, G, H, I, after Bower.)

* Underwood (07), p. 243, has adopied Bernhardi’s genus Dicranopteris in
place of Mertensia on the ground that the latter was nsed as early as 1793 for a
Boraginaceous plant.

&I 19
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Fig. 225, Gleichenia dicarpa. (3 nat. size.)

Tro. 226, A, B. Gleichenites Rostafinskii, Raciborski.
C, Gleichenia dicarpa. (Nat. size.)
D. E. Gleichenia dichotoma. (Redueed.)
(A, B, after Raciborski; O, after Hooker; D, B, after Goebel.)
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(fig. 225), frequently showing an arrested rachis bud in the
forks' protected by modified pinnules (fig. 226, D, E). In
Platyzoma the leaves are simple, rteuuhing a length of
20—30 cm., and bear small revolute oval segments.
(Grleichenia 1s represented by several species in the tropics
and extends to south temperate and Antarctic latitudes. The
species (7. dichotoma (= (. linearis) is one of the more successful

tropical ferns, while G. moniliformis (by some authors recog
nised as a distinet genus, Stromatopteris) is peculiar to New
Caledonia. The monotypic genus Platyzoma is a xerophilous
Australian fern. The Gleicheniaceae are unrepresented in
existing north temperate floras.

Matonineae. (Matonic.)

The genus Matonia, placed in the Cyatheaceae by Sir
Williatn Hooker and compared by other authors also with
the Gleicheniaceae, is now included in a special family. The
sorl are cirenlar and consist of 5—11 large sporangia (fig. 224,
E, G) sessile on a central columnar receptacle which spreads
out into an umbrella-like indusinm (D, ¢) with its incurved
margin tucked in below the ring of sporangia. The indusium
is detached when the sporangia are ripe. The annulus
is oblique and incomplete and often slightly sinuous; it
agrees in the main with that of Gleichenio. The species
Matomia. pectinata is characterised by dichotomonsly branched
fronds (figs. 227, 228) with long and slender petioles; the
pinnae bear linear pinnules with forked lateral veins and
oceasional lateral anastomoses (fig. 224, F). The only other
living representative is M. sarmentosa, discovered by Mr
Charles Hose at Niah, Sarawak®: this species has long
pendulous leaves apparently very different from those of
M. pectinata, but the branching of the frond may be regarded as
a modification of a primitive form of dichotomy?®. A small bud
oceurs in the angle between the forked linear segments and the
rachis, as in some species of Gleichenia®. Matonia is confined to

]

! Goebel (05) p. 318. * Baker (38).

3 Diels, in Ingler and Prantl (02) pp. 843, 344, ¢ Compton (09,

19—2
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-

the Malay region : M. pectinata grows in Western Borneo and in
various localities in the Malay peninsula, while M. sarmentost

Fic. 227. Matonia pectinata. (% nat. size)) ALS.

has been found in one locality only; the latter species has
recently been transferred to a new genus Phanerosorus, but
in view of the practical identity in anatomical structure and



XX] LOXSOMACEAE 203
the close agreement as regards the sori of the two species there
would seem to be no justification for this change of name.

Loxsomaceae.

The New Zealand genus Lozsoma has marginal sori with a
cup-like indusium surrounding an elongated receptacle bearing

F1a. 228, Matonia pectinate, From a photograph by Mr Tansley of a group
of plants in a wood on Gunong Tundok, Mount Ophir.
pear-shaped sporangia provided with a complete oblique annulus.
The genus is chiefly interesting because of its isolated position ; it
agrees with Trichomanes (Hymenophyllaceae) in the structure of
the sorns and with species of Dicksonda and Davallia in habit; it
shows some resemblance also to Gleicheniaceae and Schizaea-
ceae? A new type of fern described by Christ® from Costa Rica
as Loxsomopsis costaricensis affords a striking instance of dis-
continuouns distribution and emphasises the antignity and

generalised features of the family.

! Copeland (08) p. 344 ¢ Bower (00) p. 47 ; Gwynne-Vaughan (01).
# Christ (04)-
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Hymenophyllaceae. (Hymenophyllum, Trichomanes.) \

The sporangia, which are attached to a columnar receptacle |
or p]'ﬂ]ungnl.iou of a vein be}'ond the margin of the lamina, are
characterised by an obliquely transverse annulus (fig. 224, C). A |
cup-like indusium surrounds the lower portion of the receptacle \
which is two-lipped in Trichomanes and entire in Hymeno-
phyllum (fig. 270, C, D). These two filmy ferns have a wide
distribntion both in tropical and extra-tropical regions; they

Fra. 229. A, Thyrsopteris elegans. B. Cyathea spinulosa.
C. Davallia coneinna, D. Dicksonia coniifolia.
B. Alsophila ewcelsa. T, G. Dicksonia culcita.

(A, after Diels and Kunze; B, D, F, G, after Hooker ; B, after Bower.)

are represented in the British Isles by Hymenophylluin tun-
bridgense, H. Wilsoni, and Trichomanes radicans.

Cyatheaceae. (Cyaihea, Hemitelin, Alsophila, Dicksonia,
Thyrsopteris.)

The sporangia oceur in indusiate or naked sori and have an
obliquely vertical and incomplete annulus (fig, 229, E). In the
great majority of cases the fronds are large and highly com-
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pound, but Cyathea sinuate Hook, a rare Ceylon gpecies, bears
simple parrow linear leaves. This family includes, with few
execeptions, all the tree ferns'. The sori of IDicksonia are
enclosed in a two-valved indusium (fig. 229, F, G); in the
species represented in fig. 230 the fertile segments, which
terminate in cup-like indusia, are characterised by the absence of
a lamina and closely resemble those of Thyrsopteris (fig. 229, A).

Fra. 280. Dicksonia Berterrana Hook, Fertile and sterile pinnae. (Nat. size.
Jritish Museum Herbarinm.)

In Cyathea the indusium has the form of a eup which is at first
closed and afterwards opens at the apex (fig. 229, B); in He-
mitelio the indusinm is much redueed and in Alsophila the sori
are naked. Thyrsopteris is characterised by the reduced fertile
pinnules bearing stalked sori in deep cups (fig. 229, A). The
appearance of this fern “is very remarkable, for the cup-shaped

1 Seott, J. (74) ; Hunnig (98).
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sori hang down from the fronds in masses, looking just like
masses of millet seed’.” The sporangia are described by Bower®
as large and of rather peculiar form. As seen in fig. 224, H, the
annulus is continuous; it forms a twisted loop of cells which
vary in shape and in the thickness of the walls. The Cyatheaceae
are for the most part tropical ferns with a wide geographical
range, usually in moist regions; they are, however, able to
flourish under widely different temperature conditions. In
Tasmania, as Diels® points out, tree ferns may occasionally be
seen laden with snow, and on the west coast of New Zealand
they overhang the edge of a glaciert. The monotypic genus
Thyrsopteris is confined to Juan Fernandez. The Cyatheaceae
no longer exist in Europe.

Dennstaedtiinae. (Microlepia, Dennstaedtia.)

This sub-tribe, instituted by Prantl, has been revived by
Bower on the ground that the sori present features inter-
mediate between those of Cyatheaceae and the Polypodia-
ceous genus Davallic. The sporangia have a slightly oblique

annulus.
Polypodiaceae.

This section of the Leptosporangiate ferns, including several
sub-tribes, comprises the great majority of recent genera. The
sporangia form naked or indusiate sori and have a vertical in-
complete annulus, In Plagiogyria® the obligne annulus and
soral features suggest comparison with the Cyatheaceae. A
more intimate acquaintance with Polypodiaceous ferns will
undoubtedly demonstrate the existence of other generalised
types® ‘

From the point of view of the identification of fossil ferns
it is important to bear in mind the very close resemblance

presented by some Polypodiaceous species, e.g. species  of

Dayallia (fig. 229, C), to Cyatheaceous ferns (cf. fig. 2290, Dy,

U Qhallenger Reports (35) p. 827. (Narrative, Pl. mm.)

2 Bower (00) p. 68. ¢ Diels (02) p. 117.

t Beward (92) p. 45. b Bower (D0) p. 80,

6 Prof. Bower informs me that he is now at work on Plagiagyria and other
Polypodiaceae.
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Parkeriaceae. (Ceratopteris.)
The almost spherical and scattered sporangia are character-
ised by the peculiar form of the vertical annulus, which is
composed of numerous cells differing in their greater breadth

Fia. 281. A, A'. Dipteris quinquefurcata (type-specimen in the Kew
Herbarium).
B, 0, E, G. D. conjugata. (G, & uat. size.)
D. Polypodium quercifolium.
E. Dipteriz Wallichii.
D, after Linerssen.)

and smaller depth from those of a typical annulus. Exannulate
sporangia have been described, while others occur showing
different stages between a rudimentary and a complete ring..
The single species of Ceratopteris, C. thalictroides, is an annual
aquatic fern widely spread in tropical countries’.

I Eny (75) ; Ford (02); Goebel (91).
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Dipteridinae. (Dipteris.)

The genus Dipteris, formerly included in the Polypodiaceae,
has been assigned to a separate family partly on account of the
slight obliquity of the vertical annulus (fig. 231, G) and on other
grounds!. The four species Dipteris conjugata, D. Wallichiz,
D. Lobbiana (= D. bifurcata), and D. quinquefurcata (fig. 231)
are characterised by a ereeping rhizome bearing fronds reaching
a length of 50 cm.; in D. conjugata and D. Wallichit the lamina
is divided by a median sinus into two symmetrical halves, while
in other species the leafis dissected into narrow linear segments.
The main dichotomously branched ribs are connected by lateral
branches and these by tertiary veins, the delicate branches of
which end freely within the square or polygonal areolae (fig.
931, A’, E). The naked sori are composed of numerous sporangia
and filamentous hairs: while in some species the soral develop-
ment eonforms to that characteristic of the Mixtae, it has been
shown that in one species, D). Lobbiana (= D. bifwreatu®), the \
sporangia develope simultancously as in the Simplices. Dipteris
oceurs in company with Matonie on Mt Ophir and elsewhere in
the Malay peninsula; it extends to the Philippines, Samoa,
New Caledonia, China, New Guinea, and the sub-tropical regions
of Northern India.

The impossibility of drawing a hard and fast line belween
the divisions adopted in any system of classification 1s well
illustrated by the ferns. ln the main, the three-fold grouping
suggested by Bower is probably consistent with the order of
evolution of the true ferns, The Polypodiaceae, which are now
the dominant group, are in all probability of comparatively
recent origin, while the Gradatae and Simplices represent smaller
sub-divisions with representatives in remote geological epochs.
The genera Lowzsoma, Matonia and Dipteris afford examples of
ferns exhibiting points of contact with more than one of Bower’s
sub-divisions: they are generalised types which, like many relics
of the past, are now characterised by a restricted geographical

1'n,nge.

1 Seward and Dale (01). 2 Armonr (07).
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It is noteworthy that while certain vegetative features may
in some cases be cited as family-characters, guch features are
not usnally of much value from a taxonomic point of view.

Fic. 232. Davallia aculeata. (2 nat. size.)

While the typical tree ferns are practically all members of the
Cyatheaceae, a few members of other families, e.g. Tudea barbara
(Osmundaceae) and the monotypic Indian genus Brainea (Poly-
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podiaceae), form erect stems several feet in height; but these
differ in appearance from the Palm-like type of the Cyatheaceous
tree ferns. On the other hand, the thin, almost fransparent,
leaf of Hymenophyllum tunbridgense and other filmy ferns 1s
a character shared by several species of Todea, Asplenium re-
sectum, and Danaea trichomanoides (Marattiaceae); the filmy
habit is essentially a biological adaptation.

The form of frond represented by certain species of
Gleichenia, characterised by a regular dichotomy of the axis and
by the occurrence of arrested buds, is on the whole a trustworthy
character, though Davallia aculeata (bearing spines on its rachis)
(fig. 282) and Matonia sarmentosa have fronds with a similar
mode of branching and also bear arrested radius-buds. A limited
acquaintance with ferns as a whole often leads us to regard a
certain form of leaf as characteristic of a particular species, but
more extended enquiry usually exposes the fallacy of relying
upon so capricious a feature. The form of leaf illustrated by
Trichomanes reniforme is met with also in Gymnogramme remni-
Formis and is fairly closely matched by the leaf of Scolopendrivm
wigripes. The fronds of Matonia pectinate (figs. 227, 228) bear o
close resemblance to those of Gleichenia Cunninghami, Advantum
pedatum, and Cheiropteris palmatopedata’.

The habit, leaf-form, and distribution of Ferns.

The full accounts of the structure and life-history of the
common Male Fern, given by Scott in his Structural Botany and
by Bower in the Origin of @ Land Flora, render superfluous
more than a brief reference to certain general considerations in
so far as they may facilitate a study of fossil types.

In size Ferns have a wide range: at the one extreme we
have the filmy fern Trichomanes Goebelinnum?®, growing on tree
stems in Venezuela, with leaves 25 to 3 mm. in diameter, and
at the other the tree ferns with tall columnar stems reaching a
height of 40 to 50 feet and terminating in a crown of fronds
with a spread of several feet. A common form of stem is
represented by the subterranean or creeping rhizome covered

1 Diels (02) fig. 98, p. 188. 2 Giesenhagen (92) p. 179, fig. 3.
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with ramental scales or hairs: the remains of old leaves may
persist as ragged stumps, or, as in Oleandra, Polypodiuwm vulgare
and several other species, the leaf may be cut off by the for-
mation of an absciss-layer® leaving a clean-cut peg projecting
from the stem. As a rule the branches bear no relation to the
leaves and are often given off from the lower part of a petiole,
but in a few cases, e.g. in the Hymenophyllaceae, it is noteworthy
that true axillary branching is the rule%. In the typical tree-
fern the surface resembles that of a Cycadean trunk covered
with persistent leat-bases and a thick mass of roots. Among
epiphytie ferns highly medified stems are occasionally met with,
as in the Malayan species Polypodium (Lecanopterts) carnosum
and P. sinuoswm?.

The leaves of ferns are among the most protean of all plant
organs; as Darwin wrote, “the variability of ferns passes all
bounds®” The highly compound tri- or guadripinnate leaves
of such species as Pteris aquiling, Davallia and other genera
stand for the central type of fern frond; others exhibit a well-
marked dichotomy, e.g. Lygodium, Gleichenia, Matonia, ete., a
habit in all probability associated with the older rather than
with the more modern products of fern evolution. Before
attempting to determine specifically fossil fern fronds, it is
important to familiarise ourselves with the range of variability
among existing species and more especially in leaves of the
same plant. A striking example of heteromorphy is illustrated
in fig. 233. Reinecke® has figured a plant of Asplentum multi-
lineatum in which the segments of the compound fronds assume
various forms. In Teratophyllum aculeatum var. inermis Mett.,
a tropical climbing fern believed by Karsten® to be identical
with Aerostichum (Lomariopsis) sorbifolivm,—an identification
which Goebel” questions,—the fronds which stand free of the
stem supporting the climber differ considerably from the
translucent and much more delicate filmy leaves pressed against
the supporting tree. From this fern alone Fée is said to have
created 17 distinet species. In this, as in many other cases,

! Biisecke (08). 2 Boodle (00).
3 Yapp (02). 4 Darwin (08) . p. 381 * Reinecke (97).

6 Karsten (95); Christ (96) : Bommer (08). 7 Goebel (05) p. 347.
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differences in leaf-form are the expression of a physiological
division of labour conneeted with an epiphytic existence. Some
tropical species of Polypodium (sect. Drynaria), e.g. P. querci-
Solium (fig. 234 and fig. 231, D), produce two distinet types of
leaf, the large green fronds, concerned with the assimilation of
carbon and spore-produetion, being in sharp contrast to the small

Frc. 233, Polypodium Billordieri Br. (1 nat, size.) Middle Island, New
Zealand. From speeimens in the Cambridge Herbarium.

slightly lobed brown leaves which act as stiff brackets (fig.
234, M) for collecting humus from which the roots absorb raw
material. Similarly in Platycersum the orbicular mantle-leaves
differ widely from the long pendulous or erect fronds fashioned
like the spreading antlers of an elk. In Hemitelia capensis, o
South African Cyatheaceous species, the basal pinnae assume
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the form of finely divided leaves identified by earlier collectors as
those of a parasitic T'richomanes (fig. 235). In a letter written
by W. H. Harvey in 1837 accompanying the specimen shown
in fig. 235, he says, © Apropos of Hemitelia, be it known abroad
that supposed parasitical Trichomanes...is not a parasite, but
a part of the frond of Hemitelia.” The delicate reduced pinnae
remain on the stem and form a cluster at the base of the
fronds L

In many species the sporophylls are distinguished from the

P, 234, Polypodion quercifolium. (Much reduced: M, Mantle-leaves.)

sterile fronds by segments with little or no chlorophyllous tissue,
as in Onoclea struthiopteris® in which, each year, the plant pro-
duces a fonnel-shaped group of sterile leaves followed later in
the season by a cluster of sporophylls: or, as in many other
genera, the fertile leaves are distinguished also by longer petioles
and thus serve as more efficient agents of spore-dissemination.
In Ceratopteris the narrow segments of the taller fertile leaves

! A striking example of these so-ealled Aphlebiae of Hemitelia may be

seen at the Noyal Gardens, Kew.
? Luerssen, in Rabenhorst (89) A, p. 483, fig. 164,
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are in striking contrast to the broader pinnules of the sub-
merged foliage leaves. Leaf-form is in many cases obviously
the expression of environment; the wmlrluhms fern Jumesonia®
from the treeless paramos of the Andes® is characterised 1

its minute leaflets with strong revolute margins and a thick f'elL-
of hairs on the lower surface; in others, xerophilous features take

Fie. 235. Hemitelia capensis B, Brown. Nat, size. & Pinna of normal frond.

[From & specimen in the British Museum. M.S.]
the form of a covering of m’tlldppuw scales (Ceterach), or a

development of water- fissne as 1n the llu.-c.h\' leaves of the

Himalayan fern Drymoglossum. carnosum. In the Bracken fern

Boodle® has shown how the fronds may be classed as shade and

1 Goebel (91) Pl x1m. * Spruce (08) 1. p. 232, * Boodle (04).
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sun leaves; the former are spreading and softer, while the latter
are relatively smaller and of harder texture (fig. 236, a and b).
Even in one leaf six feet high, growing through a dense bush
of gorse and bramble, the lower part was found to have the

Fia. 236 a. Pteris aquilina.
Part of leaf from greenhouse.

(4 nat. size.) After Boaodle.

features of a shade leaf, while the uppermost exposed pinnae
were xerophilous.
The resemblance between some of the filmy Hymenophyll-

B -TT 20
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aceae and thalloid Liverworts! is worthy of mention as one of
the many possible pitfalls to be avoided by the palacobotanical
student. The long linear fronds of such genera as Vittaria and
Monogramime might well be identified in a fossil state as the
leaves of a grass-like Monocotyledon, or compared with the

Fio. 236 0. Pteris aquilina.
Leaf from the same plant grown out of doors. (} nat. size.)
After Boodle.

foliage of Isoetes or Pilularia. - The resemblance of some fern
leaves with reticulate venation to those of Dicotyledons has led
astray experienced palacobotanists; it is not only the anasto-
mosing venation in the leaves of several ferns that simulates
1 Goebel (05) ; Baker (67).
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dicotyledonons foliage, but the compound leaves of many dicoty-
ledons, e.g. Paullinia thalictrifolia (Sapindaceae) and species
of Umbelliferae, may easily be mistaken for fronds of ferns.

The dichotomously lobed lamina of some Schizaeas, e.g.
S. dichotoma and S. elegans (fig. 222), bears a close resemblance
to the leaves of Batera or Ginkgo'. The original description by
Kunze? of the South African Cycad Stangeria paradoxa as a
Polypodiaceous fern illustrates the difficulty, or indeed impossi-
bility, of distinguishing between a sterile simply pinnate fern
frond and the foliage of some Cyeads. The deeply divided
segments of Cycas Micholitzii® simulate the dichotomonsly
branched pinnae of Lygodiwm dichotomum, and the leaves of
Aneimio rotundyfolio (fig. 223) and other species are almost
identical in form with the Jurassic species Ofozamites Beant,
a member of the Cyecadophyta.

There are certain facts in regard to the geographical dis-
tribution of ferns to which attention should be directed. Mr
Baker in his paper on fern distribution writes: “ With the
precision of an hygrometer, an increase in the fern-vegetation
marks the wooded humid regions®” If in a collection of fossil
plants we find a preponderance of ferns we are tempted to
assume the existence of such conditions as are favourable to the
luxuriant development of ferns at the present day. On the
other hand, we must bear in mind the wonderful plasticity of
many recent species and the fact that xerophilous ferns are by
no means unknown in present-day foras.

Ferns are admirably adapted to rapid dispersal over com-
paratively wide areas. Bower® estimates that in one season
a Male Fern may produce about 5,000,000 spores: with
this enormous spore-ontput are coupled a thoroughly efficient
mechanism for scattering the germs and an unusual facility
for wind-dispersal. When Treub® visited the devastated and
sterilised wreck of the Island of Krakatau in 1886, three years
after the wvoleanic outburst, he found that twelve ferns had
already established themselves; the spores had probably been

I Beward and Gowan (00). * Hooker (59).
# Thiselton-Dyer (05). * Baker (68) p. 805.
5 Bower (08) p. 18. ¢ Treub (88) A. ; Ernst (08).

20—2
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carried by the wind at least 25 to 30 miles. It is not surprising,
therefore, to find that many ferns have an almost world-wide
distribution ; and, it may be added, in view of their efficient
means of dispersal, wide range by no means implies great
antiquity. Prof. Campbell® has recently called attention to the
significance of the wide distribution of Hepaticae in its bearing on
their antiquity; the spores are incapable of retaining vitality for
more than a short period, and it is argued that a world-wide
distribution can have been acquired only after an enormous
lapse of time. If we apply thisreasoning to the Osmundaceae
among ferns, it may be legitimate to assume that their short-
lived green spores render them much less efficient colonisers
than the great majority of ferns; if this is granted, the wide
distribution of Osmundaceous ferns in the Mesozoic era carries
their history back to a still more remote past, a conclusion
which receives support from the records of the rocks.

The Bracken fern which we regard as characteristically
British is a cosmopolitan type; it was found by Treub among
the pioneers of the New Flora of Krakatau; in British Central
Africa, it greets one at every turn “like a messenger from the
homeland”; it grows on the Swiss Alps, on the mountains of
Abyssinia, in Tasmania, and on the slopes of the Himalayas.
The two genera Matonia (fig. 228) and Dipteris, which grow
side by side on Mount Ophir in the Malay Peninsula, are examples
of restricted geographical range and carry us back to the Jurassic
period when closely allied types flourished abundantly in north-
ern latitudes. Similarly Thyrsopteris eleguns, confined to Juan
Fernandez. exhibits a remarkable likeness to Jurassic species
from England and the Arctic regions.

The proportion of ferns to flowering plants in recent floras is
a question of some interest froma palacobotanical point of view ;
but we must bear in mind the fact that the evolution of
angiosperms, effected at a late stage in the history of the earth,
seriously disturbed the balance of power among competitors for
earth and air. The abundance of ferns in a particular region is,
however, an unsafe guide to geographical or climatic conditions.
Many ferns are essentially social plants; the wide stretches of

1 Cumpbell (07). 2 Davy (07) p. 263,
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moorland carpeted with Pteris aquilina afford an example of the
monopolisation of the soil by a single species. In Sikkim Sir
Joseph Hooker speaks of extensive groves of tree ferns, and in
the wet regions of the Amazon, Bates® describes the whole
forest glade as forming a “ vast fernery.” In a valley in Tahiti
Alsophila takitiensis is said to form “a sort of forest almost to
the exclusion of other ferns?” In the abundance of Glossopteris
(figs. 334, ete) fronds spread over wide areas of Permo-
Carboniferous rocks in 8. Africa, Australia, and India, we have
a striking instance of a similar social habit in an extinet fern
or at least fern-like plant.

Acrostichum aurewm, with pinnate fronds several feet long,
is an example of a recent fern covering immense tracts, but this
species® is more espeecially interesting as a member of the
Filicineae characteristic of brackish marshes and the banks of
tropical rivers in company with Mangrove plants and the
“Stemless Palm ” Napa. This species exhibits the anatomical
characters of a water-plant and affords an interesting parallel
with some Palaeozoic ferns (species of Psaronius) which probably
grew under similar conditions.

The Anatomy of Ferns.

The text-book accounts of fern-anatomy convey a very in-
adequate idea of the architectural characters displayed by the
vascular systems of recent genera. When we are concerned
with the study of extinet plants it is essential to be familiar not
only with the commoner recent types, but particularly with
exceptional or aberrant types. The vascular system of many
ferns consists of strands of xylem composed of scalariform
tracheae associated with a larger or smaller amount of paren-
chyma, surrounded either wholly or in part (that is concentric
or bicollateral) by phloem: beyond this 1s a pericycle, one layer
or frequently several layers in breadth, limited externally by an
endodermis, which can usually be readily recognised. The vas-
cular strands are embedded in the ground-tissue of the stem

! Bates (63) A. p. 30. ¥ Challenger Reports (85) p. T85.
3 Tansley and Fritsch (05) p. 43 ; Thomas, E. N, (05).
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consisting of thin-walled parenchyma and, in most ferns, a
considerable quantity of hard and lignified mechanical tissue.
The narrow protoxylem elements are usually characterised by a
spiral form of thickening, but in slow-growing stems the first-
formed elements are ﬁ“equent‘ly of the sealariform type.

A study of the anatomy of recent ferns both in the adult
state and in successive stages of development from the embryo
has on the whole revealed “a striking parallelism'” between
vaseular and sporangial characters in leptosporangiate ferns.
For a masterly treatment of our knowledge of fern anatomy

Matonia pectinata (petiole).

M. pectinata (stem).

Gleichenia dicarpa (stem): p, petiole; pp, protophloem ;
position of protoxylem indicated by black dots.

Matonidiuwn.

B. Trichomanes reniforme: pp, protophlosm.

(C, 1, after Boodle; D, after Bommer.)

Fra. 237.

oWy

=

from a phylogenetic point of view reference should be made to
Mr Tansley’s recently published lectures: within the limits of
this volume all that is possible is a brief outline of the main
types of vaseular structure illustrated by recent genera.

To Prof. Jeffrey* we owe the term protostele which he applied

1 Tansley (08) p. 27, 2 Jeffrey (98).
M8) F
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to a type of stele consisting of a central core of xylem surrounded
by phloem, pericycle, and endodermis. While admitting that
steles of this type may sometimes be the result of the modifica-
tion of less simple forms, we may confidently regard the
protostele as representing the most primitive form of vascular
system. The genus Lygodium affords an example of a proto-
stelic fern; a solid column of xylem tracheae and parenchyma is
completely encireled by a cylinder of phloem succeeded by a
multi-layered pericycle and an endodermis of a single layer of
cells. In this genus the stele is characterised by marginal
groups of protoxylem ; itis exarch. An almost identical type is

Fi1c. 238. Stele of Trichomanes scandens: px, protoxylem ; s, endodermis.
From Tansley, after Doodle.

represented by species of Gleichenia, but here the stele is
mesarch, the protoxylem being slightly internal (fig. 237, C).
Trichomanes scandens (fig. 238) has an exarch protostele like
that of Lygodiwm; but, as Boodle!' has suggested, the protostelic
form in this case is probably the result of modification of a
collateral form of stele such as occurs in Trichomanes reniforme
(fig. 237, E). A second type of stele has been described in
species of Iindsaya® in which the xylem includes a small group
of phloem near the dorsal surface. This Lindsaya type 1s often
passed through in the development of “ seedling ” ferns and may

1 Boodle (00). ? Tansley and Lulham (02).
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be regarded as a stage in a series leading to another well-marked
type, the solenostele. The solenostele’, a hollow cyclinder of
xylem lined within and without by phloem, perieycle, and en-
dodermis, occurs in several genera belonging to different families,
e.g. Dipteris, species of Pteris, species of Lindsaya, Polypodium,
Jumesoniw, Lowsoma, Gleichenia and other genera. In a smaller
number of ferns the stele consists of what may be called a
medullated protostele similar to the common form of stele in
Lepidodendron: this type is found in species of Schizaea and in
Platyzomo (fig. 239). Tt is important to notice that in the

Fra. 239, Platyzoma microphylla. Lt., leai-trace ; 4.z, internal endodermis.
(After Tansley; modified from Boodle.)

solenostele and as a rule in the medullated protostele when a
leaf-trace passes out from the rhizome stele the vasenlar cylinder
is interrupted by the formation of a foliar gap (Platyzoma?®,
fig. 239, is an exception). This fact has been emphasized
by Jeffrey® who draws a distinction between the Lycopodiaceous
type of stele, which is not broken by the exit of leaf-traces, and

the fern stele in which foliar gaps are produced: the former he,

speaks of as the cladosiphonic type (Lycopsida) and the latter as
the phyllosiphonic (Pteropsida).
The transition to a hollow eylinder of xylem from a protostele

1 Gwynne-Vaughan (01) ; (03). 2 Boodle (01) p. 735. 4 Jefirey (00) ; (03).
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may be described as the result of the replacement of some of the
axial conducting tracheae by parenchyma or other non-vaseular
tissue consequent on an inecrease in diameter of the whole stele
and the concentration of the true conducting elements towards
the periphery™.

The occurrence of the internal cylinder of phloem, pericycle,
and endodermis in a solenostele is rendered intelligible by a
study of fern seedlings and by a comparative examination of
transitional types connecting protosteles and solenosteles through
medullated protosteles and steles of the Lindsaya type. A

Fic. 240. Cyathea Imrayana. (From Tansley affer de Bary.) (Sclerenchyma
represented by black bands.)

further stage in stelar evolution is illustrated by what is termed
the dictyostele, the arrangement of vasenlar tissue characteristic
of Nephrodivm Filiz-mas, Cyathea (fig. 240), Polypodium vulgare
and many other common ferns.

If a solenostele is interrupted by leaf-gaps at intervals
sufficiently close to cause overlapping, a transverse section at
any part of the stele will show apparently separate curved
bands of concentrically arranged xylem and phloem, which on
dissection are seen to represent parts of a continuous lattice-

1 For an account of the probable methods by which this has been effected
and of the factors concerned, see Tansley (08).
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work or a cylinder with the wall pierced by large meshes. The
manner of evolution of the dictyostele has been ably dealt with
by Gwynne-Vaughan® and other authors. In a few ferns, e.g.
Matoria pectinata?, a transverse section of the stem (fig. 237, B)
reveals the presence of two or in some cases three concentric
solenosteles with a solid protostele in the centre: this polycylic
type may be regarded as the expression of the fact that in
response to the need for an adequate water-supply to the large
fronds, ferns have increased the condueting channels by method
other than by the mere increase of the diameter of a single stele.
Fig. 237, A, shows the vascular tissue of a petiole of Matonia in
transverse section.

The two genera of Osmundaceae, Todea and Osmunda, are
peculiar among recent ferns in having a vascular cylinder com-
posed of separate strands of xylem varying congiderably in
shape and size, from U-shaped strands with the conecavity
facing the centre of the stem and with the protoxylem in the
hollow of the U, to oval or more or less circular strands with
a mesarch protoxylem or without any protoxylem elements
(fig. 221, A, B). These different forms are the expression of the
change in contour or in structure which the parts of the lattice-
work undergo at different levels in the stem® Beyond this
ring of xylem bundles is a continuous sheath of phloem of
characteristic structure, A transverse section of a stem of
Osmunda regalis may show 15 or more xylem strands; in O.
Claytoniana there may be as many as 40. In Zodea barbara
(fig. 221, B) the leaf-gaps are shorter, and in consequence of the
less ‘amount of overlapping the xylem cylinder becomes an
almost continuous tube. The recent researches of Kidston and
Giwynne-Vanghant have resulted in the discovery of fossil
Osmundaceous stems with a complete xylem ring, the stele
being of the medullated protostele type: in another extinet
member of the family the stele consists of a solid xylem core.
The Osmundaceous type of stele is complicated in 0. cinnamomew
(fig. 221, A) by the occurrence of local internal phloem and by

1 Gwynne-Vaughan (03), 2 Beward (99%) ; Wigglesworth (02).
3 Heward and Ford (03) ; Jeffrey (08); Faunll (01).
4 Kidston and Gwynne-Vaughan (07); (08); (09).
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an internal endodermis, a feature which leads Jeffrey to what
I believe to be an incorrect conclusion that the vascular arrange-
ment found in Osmunda regalis has been evolved by reduction
from a stele in which the xylem was enclosed within and without
by phloem. New facts recently brought to light enable us to
derive the ordinary Osmundaceous type from the protostele
and solenostele. It is worthy of remark that the Osmundaceae
occupy a somewhat isolated position among recent ferns: their
anatomy represents a special type, their sporangia differ in
several respects from those of other leptosporangiate ferns and in
some features Osmunda and Todea agree with the Eusporangiate
ferns. The possession of such distinguishing characters as these
suggests antiquity ; and the facts of palaechotany, as also the

present geographical range of the family, confirm the correctness
of this deduetion.

Before leaving the stelar structure of leptosporangiate fern
stems, a word must be added in regard to a type of structure
met with in the Hymenophyllaceae. In this family Trichomanes
remaforme (fig. 237, E) may be regarded, as Boodle suggests, as
the central type: the stele consists of a ring of metaxylem
tracheae, the dorsal portion having the form of a flat arch
and the ventral half that of a straight band. This flattened ring
of xylem encloses parenchymatous tissue containing seattered
tracheae some of which are protoxylem elements. In Tricho-
manes radicans the rhizome is stouter than in 7. reniforme and
the stele consists of a greater number of tracheae. The stele
is eylindrical like that shown in fig. 238, but the cenfre is oc-
cupied by two groups of protoxylem and associated parenchyma.
In Hymenophyllum tunbridgense the stele is of the subeol-
lateral type; the ventral plate of the xylem ring has disappeared
leaving a single strand of xylem with endarch protoxylem and
completely surrounded by phloem. Trichomanes muscoides
possesses a still simpler stele consisting of a slender xylem
strand with phloem on one side only. Reference has already
been made to the occurrence in this family of the protostelic
type. The Hymenophyllaceae afford a striking illustration
of the modification in different divections of stelar structure
connected with differences in habit, and of the correlation of
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demand and supply as shown in the varying amount of con-
ducting tissue in the steles of different species.

The leaf-trace in a great number of ferns is characterised by
its C-shaped form! as scen in transverse section: this in some
genera, e.g. Matonia (fig. 237, A), 1s complicated by the spiral
infolding of the free edges of the G; in other ferns (e.g.
some Cyatheaceae) (fig. 278, C) the sides of the G are incurved,
while in some species the xylem is broken up into a large
number of separate strands.

An elaborate treatment of the leaf-traces of ferns was
published a few years ago by MM. Bertrand and Cornaille®
in which the authors show how the various systems of vascular
tissue in the fronds of ferns may be derived from a common type.
As Prof. Chodat? justly remarks this important work has not
received the attention it deserves, the neglect being attributed
to the strange notation which 1s adopted?.

The roots of ferns are characterised by a uniformity of plan
in marked contrast to the wide range of structure met with in
the stem and to a less extent in the leaves. The xylem may
consist of a plate of sealariform tracheae with a protoxylem
group at cach end, or the stele may include six or more alter-

nating strands of xylem and phloem.

TI. Marattiales (Eusporangiate isosporous Filicales).
I 124

The Marattiaceae, the single family of ferns included in the
Marattiales, comprise the genera Angiopteris, Archangiopteris,
Marattia, Danaea, and Kaulfussia, which are for the most part
tropical in distribution. These genera are characterised by
eusporangiate sori or synangia, the presence of stipules at the
base of the petioles, and by the complex arrangement of the
vascular tissue. In view of the fact that many fossil ferns
show a elose resemblance to the recent Marattiaceae, the sur-
viving genera are briefly described. The prothallus is green
and relatively large.

1 Gwynne-Vaughan (08).

2 Bertrand and Cornaille (02). 3 Chodat (0B) p. 15,
4 See also Pelonrde (09) for an aecount of the anatomy of fern petioles.
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Angiopteris, This genus occurs in Polynesia, tropical Asia, and Mada-
gasear ; it is characterised by a short and thick fleshy stem bearing large
bipinnate leaves which occasionally show a forking of the rachis!, a
feature reminiscent of some Palacozvic fern-like fronds. One of the
large plants of Angiopteriz evecte in the Royal Gardens, Kew, bears leaves
12 feet in length with a stalk 6 inches in diameter at the base. The
sessile or shortly stalked and rather leathery linear or broadly lanceolate
pinnules have a prominent midrib and dichotomously branched lateral
veins, The surface of an old stem is covered with the thick stumps of
petioles enclosed by pairs of fleshy stipules (fig. 241, A) and bears
numerous fleshy roots, which hang free in the air or penetrate the soil,
The young fronds (fig. 220, A) exhibit very clearly the characteristic
circinate vermation. The proximal part of each primary pinna is cha-
racterised by a pulvinus-like swelling. The sporangia, in short linear

Fie. 241. A, Angiopteris evecta. (Considerably reduced.)
B. Marattie fraxinea. Stipule. M.S,

elliptical sori near the edge of the pinnules, consist of fres sporangia
(fig. 242, A—D) provided with a peculiar type of “annulus ”%, in the form
of a narrow band of thicker-walled cells, which extends as a broad strip
on either side of the apex. An examination of sections through the
sporangia of Angiopteris in different planes? illustrates the difficulty of
determining the precise nature of the annulus in u petrified sporangium
which is seen only in one or two planes. Many of the sporangia from the
English Coal-Measures, cornpared by anthors with those of Leptosporangiate
ferns, are in all probability referable to the Marattiaceous type.

The vascular system?* of the stemn constitutes a highly complex dictyo-
stelic or polyeylic type which may consist of as many as nine concentric
series of strands of xylem surrounded by phloem, with large sieve-tubes

! Observed in plants in the Botanic Gardens of Brussels and Leipzig. A.C.S,

¢ For an account of the gpore-producing members of the Marattincene, see
Bower (97).

¥ Zeiller (90) p. 19, + Shove (00); Tansley (08).
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and a pericycle which abuts on the parenchymatous ground-tissue without
any definite endodermal layer. A peculiarity in the vascular strands is
that the first-formed elements of the phloem lie close to the edge of the
xylem, the motaphloem being therefore centrifugal in its development.
The ground-tissue is devoid of mechanical tissue and is penetrated by
roots, a few of which arise from the outer vascular strands while others
foree their way to the surface from the more internal dictyosteles.  Leal-
traces, consisting of several strands, are given off from the ocutermost

Fre, 242, A—D. Aungiopteris evecla.

A. Apex of sporangium showing * annulus.”

B. Sori.

C. Bporanginm.

D. Seetion of sporangium, showing the two lateral bands of thick-
walled cells.

B. Danaea: a, roof of synangium, with pores; b, sporangial
cavities; v, vascular bundle; 7, indusium.

(D, after Zeiller.)

eylinder and a segment of the second dictyostele moves out to fill the
gap formed in the outermost network, while the gap in the second cylinder
receives compensating strands from the third. A few layers below the
surface of the petiole there is a ring of thick-walled elements (s, fig, 243),
and in both petiole and stem numerous mucilage ducts and tannin-sacs
oceur in the ground-tissue. It has been shown by Farmer and Hill! that
in some of the vascular strands in an Adngiopteris stem a few secondary

! Farmer and Hill (02) PJ. xvim. figs, 26, 28.
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tracheae are added to the primary xylem by the activity of the adjacent
parenchyma. The vascular bundlesin the petiole form more or less regular
concentric series ; they have no endodermis and are characterised also hy
the large size of the sieve-tubes (sz, fig. 243).

The roots of Marattiaceous ferns (fig. 244) are characterised by the

Fro, 243, Angiopteris evecte. Section of petiole (wmﬁidm'ahl}' reduced) and of
a single vascular bundle (magnified): pwz, protoxylem: st, sieve-
tubes.

Fia, 244, Angiopteris evecta. Transverse section of root, with part of the
stele magnified: s, sieve-tubes; p, phloem; px, protoxylem.

larger number of xylem and phloem groups ; the stele is polyarch and not
diarch, tetrach or hexarch as in most Leptosporangiate ferns,

Arehangiopterds. This monotypic genus, discovered by Mr Henry in
South Eastern Yunnan, was described by Christ and Giesenhagen in
1899L The comparatively slender rhizome has a fairly simple vascular
system® The simply-pinnate leaves bear pinnules like those of Danaeo,

1 Christ and Geisenhagen (99). 2 Gwynne-Vanghan (05).
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hut the sori agree with those of Amngiopteris except in their greater length
and in the larger number of sporangia.

Marattio. This genus, which extends “all round the world within the
tropies!,” includes some species which closely resemble Amgiopteris, while
others are characterised by more finely divided leaves with smaller
ultimate segments. The fleshy stipules occasionally have an irregularly
pinnatifid form (fig. 241, B). The sporaugia are represented by oval
synangia® (fig. 245, A; the black patches at the ends of the lateral veins)

Marattia fravinea.
valves and pores of the sporangial compartments.

B, B’. M. Kaulfussii.

0. Kaulfussia (synangium showing pores of sporangial compart-

Fic. 245. A.

ments).
D, B. Mavattiopsis Miinstert.
(C, after Hooker; D, E, after Hehimper.)

composed of two valves, which on ripening come apart and expose
two rows of pores formed by the apieal dehiscence of the sporangial com-
partments (fig. 245, A, B). In M araitic Kaulfussiv the sori ave attached
to the lamina by a short stalk (fig. 245, B, B") and the leaf bears a close

I Hooker and Baker (68) p. 440.

2 The term synangium is applied to sporangia more or less completely
united with one another and producing spores in groups geparated by walls of
sterile cells. A synanginm may be regarded asa spore-forming organ prodneed

by partial sterilization of sporogenous tissue or as a group of coalescent gporangia.
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resemblance to those of the Umbelliferous genera dnthiriscus and Chaero-
phylluwm. The vascular system is constructed on the same plan as that of
Angaopteres but is of simpler form.

Danaea.  Danaea, represented by about 14 species confined to tropical
America, is characterised by simple or simply pinnate leaves with linear
segments bearing elongated sori extending from the midrib almost to the
margin of the lamina. Each sorus cousists of numerous sporangia in two
parallel rows united into an oblong mass partially overarched by an
indusinm (fig. 242, E, ¢) which grows up from the leaf between the sori.
In the portion of a fertile segment shown in fig. 242, E, the apical pores
are seen at @ ; and at b, where the roof of the synangium has been removed,
the spore-bearing compartments are exposed. The vaseular gystem? agrees
in general plan with that characteristic of the family.

Kaulfussic. The form of the leaf (Vol 1. p. 97, fig. 22) closely re-
sembles that of the Horse Chestnut ; the stem is a creeping dorsiventral
rhizome with a vascular system in the form of a “much perforated
solenostele?” The sypangia are cireular, with a median depression;
each sporangial eompartrient opens by an apical pore on the sloping sides
of the synangial cup (fig. 245, €)%

Copeland has recently described a Marattiaceous leaf which he makes
the type of a new genus, Macroglossum alidae. The sori are nearer the
margin than in Angiopteris and are said to consist of a greater number of
sporangia. The photograph* of a single pinna which accompanies the
brief description hardly affords satisfactory evidence in support of the
creation of a new genus. The structure of a petiole which I have had
an opportunity of examining, through the kindness of Mr Hewitt of
Sarawal, shows no distinctive features.

ITI. Ophioglossales. (Isosporous and Eusporangiate.)

Thethree genera, Ophioglossum, Botrychium, and Helmintho-
stachys, are characterised by the division of the leaves into a
sterile and a fertile lobe. The.fertile lobe in Ophioglossum
bears two rows of spherical sporangia sunk in its fissue: in
Botrychium and Helminthostachys the spores are contained in
large sporangia with a stout wall®. The prothallus is sub-
terranean and without chlorophyll. In the British species of
Ophioglossum, O. vulgatum (the adder’s tongue fern), an almost
cosmopolitan species, the sterile part of the frond is of oval
form and has reticulate venation. In 0. pendulum and 0.

! Brebner (02) : Budolph (05). ? Tansley (08) p. 90 ; Kiihn (90).

% Pelourde (08) has recently dealt with the anatomy of recent and fossil

Marattiaceous ferns,
4 Copeland (08) P1. 1. (09) PL. v. i Bower (96).

8.1, 21
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palmatum the lamina is deeply lobed. In the genus Bofry-
chiwm, represented in Britain by B. Lunaria, both sterile and
fortile branches of the frond are pinnately divided, while in
Helminthostachys the sporangia are borne on sporangiophores

0
- ]
- <
l) t‘
@
a
@
Fic. 246. Ophioglossum vulgatum. Transverse section of petiole and single l

bundle: p, phloem; pa, endaveh protoxylem.

Fius, 247. Botrychiwm virginionum: e, endodermis; ¢, eambium ; z, xylem.
A, disgrammatie section of stem; B, portion of the slele and
endodermis enlarged,

(A, after Camphell; B, after Jeffrey.)

given off from the margin of the fertile branch of a frond
similar in habit to a leaf of Helleborus. ‘
The stem of Oplioglossum is characterised by a dictyostele
of collateral bundles with endarch protoxylem: the vascular
system of the leaf-stalk is also composed of several separate
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strands (fig. 246). In Botrychium the stele is a eylinder of
xylem surrounded externally by phloem. This genus affords
the only instance among ferns of a plant in which the addition

of seconds:

ry tracheae oceurs on a scale large enough to produce
a well-detined cylinder of secondary xylem traversed by radial
rows of medullary-ray cells' (fig. 247). The unsatisfactory
nature of the evidence in regard to the past history of the
Ophioglossales renders superfiuous a fuller treatinent of the
recent species.

U Jetfrey (98). For an eccount of the anatomy of Helminthostachys, see
Farmer and Freeman (99).




CHAPTER XXI.
FOSSIL FERNS.
Osmundaceae.

From the Culm of Silesia, Stur® described impressions of
sterile fronds which he named Todea Lipoldi on the ground of
the similarity of the fincly divided pinnules to those “of Todea
superbg and other filmy species of the genus. The type-
specimen of Stur (in the (Geological Survey Museum, Vienna)
affords no information as to sporangial characters and cannot be
accepted as an anthentic record of a Lower Carboniferous
representative of the family. Another more satisfactory bub
hardly convincing piece of evidence bearing on the presence of
Osmundaceae in pre-Permian floras has been adduced by
Renault?, who described petrified sporangia from the Culm
beds of Esnost in France as Todeopsis primaeva (fig. 256, F).
These pyriform sporangia are characterised by the presence of
a plate of large cells comparable with the subapical group of
« annulus” cells in the sporangia of the recent species (fig. 221).

Zeiller* has published a figure of some sporangia described
by Renault from Autun resembling the Osmundaccous type in
having a plate of thick-walled cells instead of a true annulus,
but the plate is larger than the group of cells in the recent
sporangia, and both sporangia and spores are smailer in the
fossil. The sporangia from Carboniferons rocks described by
Weiss as Sturiella® bear some resemblance to those of recent

I 8tur (75) A. p. 77, Pl x1. fig. 8. 2 Renanlt (96) A. p. 21
3 Zeiller (90) p. 16. 4 Zeiller (90) p. 48.
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Osmundaceae, but there is no adequate reason for referring
them to this family.

The generic name Pteridothece is employed by Scott as a
convenient designation for unassigned petrified sporangia of

Palaeozoic age with an annulus and other characters indicating
fern-affinity. In the species P. Butferworthi' the sporangia are
characterised by a group of large cells suggesting comparison
with the annulus, or what represents the annulus, in Osmun-
daceae and Marattiaceae. Scott has also deseribed a spor-
angium from the Coal-Measures containing germinating spores®;
the structure 1s similar to that of recent Osmundaceous sporangia,
and it is interesting to note that germinating spores have been
observed in the recent species Toden hymenophylovdes®.

Additional evidence of the same kind 1s afforded by fertile
specimens of a quadripinnate fern with deeply dissected oval-
lanceolate pinnules deseribed by Zeiller from the Coal-Measures
of Heraclea in Asia Minor as Kidstonia heracleensis* (fig.
256, E). Carbonised sporangia were found at the base of
narrow lobes of the ultimate segments and, as seen in fig.
256, E, the sporangial wall is distinguished by a plate of larger
cells occupying a position like that of the “annulus™ of recent
Osmundaceae. Zeiller regards the sporangia as intermediage
between those of Osmundaceae and Schizaeaceae. From the
same locality Zeiller describes another frond bearing somewhat
similar sporangia as Sphenopteris (Discopteris) Rallii (fig.
256, D)*: the term Discopteris was instituted by Stur for
fertile fronds referred by him to the Marattiaceae®.

It is by no means safe to assume that these and such Upper
Carboniferous sporangia as Bower” compared with those of
Todea were borne on plants possessing the anatomical characters
of Osmundaceae rather than those of the exfinet Palueozoic
family Botryopterideae. This brings us to the important fact,
first pointed out by Renaulf, that the Botryopterideas are
essentially generalised ferns exhibiting many points of contact
with the Osmundaceac?. Tt is clear that whether or not we

1 Seott, D. H. (08) p. 292. * Seott (04) p. 18.
4 Boodle (00) p. 484 4 Zeiller (99) PL m. figs. 5, 6.
5 Ibid. Pl. m. fig. 10. 5 See p. 402.

7 Bower (91) PL vir. 8 Seott, D. H. (09).
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are justified in tracing the Osmundaceae as far back as the
Lower Carboniferous period, some of the characteristics of the
family were already foreshadowed in rocks of this age.

Through a fortunate accident of preservation, unequivocal
evidence of the existence of Osmundaceae in the Palacozoic era
1s supplied by the Russian Upper Permian genera Zalesskya
and Lhamnopteris.

Zalesskya.

This generic title has been instituted by Kidston and
Gwynne-Vaughan' for two Russian stems of Upper Permian
age, one of which was named by Eichwald? Chelepteris gracilis,
but the probability that the type of the genus Chelepteris is
generically distinet from Eichwald’s species necessitated a new
designation for the Permian fern.

In habit the stem of Zalesshye resembles that of an
Osmunda or a Todea, but it differs in the possession of a stele
composed of a eontinuous cylinder or solid column of xylem
surrounded by phloem, and by the differentiation of the xylem
into two concentric zones. The leaves are represented by
petiole-bases only ; the sporangia are unknown, The stem and
leaf-base anatomy fully justifies the inclusion of Zalesskya in
the Osmundaceae.

Zalesskya gracilis (Eichwald). Fig, 248,

The type-specimen is a partially decorticated stem, from
Upper Permian beds in Russia, provided with a single stele,
13 mm. in diameter, surrounded by a broad thin-walled inner
cortex containing numerous leaf-traces and oceasional roots : this
was doubtless succeeded by a sclerotic outer cortex. In its
main features Zalesshya gracilis agrees closely with Z. diplozylon
represented in fig. 249. The stele consists of a continuous
cylinder of xylem exhibifing a fairly distinet differentiation
into two zones, (1) a broader outer zone of narrower scalariform
tracheae (271, fig. 248) in which 20 to 25 protoxylem strands (px)

! Eidston and Gwynne-Vaughan (08). ? Eichwald (60).
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occur just within the edge, (ii) an inner zone of broader
and shorter tracheae (fig. 248, #7). The protoxylem elements
(p, fig. 248) arve characterised by a single series of sealariform
pits, while the metaxylem elements have multiseriate pits like

Pl T i T %

Fra, 248. Zolesskya gracilis (Bieh.). Transverse section of part of the stele:
ph, phloem ; x i, x4i, xylem; pr, protoxylem. (After Kidston and
Gwynne-Vaughan. x20,)

those on the water-conduesing elements of recent Osmundaceae.
The tracheae show an interesting histological character in the
absence of the middle substance of their walls, a feature recog-
nised by Gwynne-Vaughan' in many recent ferns. External to

1 Gwynne-Vaughan (08).
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the xylem and separated from it by a parenchymatous sheath
is a ring of phloem, ph, composed of large sieve-tubes and
parenchyma separated from the inner cortex by a pericycle
4 to 5 layers in breadth. The oceurrence of a few sclerotic
cells beyond the broad inner cortex points to the former
existence of a thick-walled outer cortex. The leal-traces are

nh

H
1

Fia, 249, Zalesshya diploxylon. Kidston and Gwynne-Vaughan, Transverse
section of stem. ph, phloem, (After Kidston and Gwynne-Vaughan.
x23.)

given off as mesarch strands from the edge of the xylem; they
begin as prominences opposite the protoxylem and become
gradually detached as xylem bundles, at first oblong in trans-
verse section, then assuming a slightly crescentic and reniform
shape, while the mesarch protoxylem strand takes up an
endarch position. As a trace passes further out the curvature
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increases and the protoxylem strands undergo repeated bifurea-
tion ; it assumes in fact the form and general type of structure
met with in the leaf-traces of Todea and Osmunds. Numerous
diarch roots, given off from the stele at points just below the
out-going leaf-traces, pass outwards in a sinuous horizontal
course through the cortex of the stem.

In Zuolesskya gracilis the xylem eylinder was probably wider
in the hiving plant than in the petrified stem. In Zalesskya
diploaylon’, in all probability from the same Russian locality,
there can be little doubt that the xylem was originally solid to
the centre (fig. 249). In this species also the phloem forms
a continuous band (ph, fig. 249) consisting of four to six layers
of sieve-tubes,

Phamnaopteris.
Thamnopteris Schlechtendalii (Eich.). Figs. 250, 312, A.
Frontispiece. ‘

In 1849 Brongniart® proposed the name Thamnopteris for
a speeies of fern from the Upper Permian of Russia origin-
ally described by Eichwald as Anomopteris Schlechtendalii. A
new name was employed by Brongniart on the ground that the
fossil was not generically identical with the species previously
named by him Anomopteris Mougeotii®. Eichwald’s specimen has
been thoroughly investigated by Kidston and Gwynne-Vaughan®,
The stem (EL‘OlltLﬁ[Ji-l-‘(‘,(,") agrees in habit with those of Z(rﬂg,g-sﬂyu
and recent Osmundaceae ; on the exposed leaf-bases the action of
the weather has etched out the horse-shoe form of the vascular
strands and laid bare numerous branched roots boring their
way through the petiole stumps. The centre of the stem is
occupied by a protostele 13 mm. in diameter consisting of solid
xylem separated by a parenchymatous sheath from a cylinder
of phloem. The xylem is composed mainly of an axial column
of short and broad reticulately pitted tracheae (fig. 250 b and
Frontispiece), distingunished from the sharply contrasted peri-
pheral zone of normal scalariform elements, a, by their thinner

! Kidston and Gwynne-Vaughan (08) p. 226.

? Brongniart (49) A, p. 35. ¥ Brongniart (28) A. Pl. nxxx.
* Kidston and Gwynne-Vaughan (09).
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walls and more irregular shape. The protoxylem, pa, is repre-
sented by groups of narrower elements rather deeply immersed
in the peripheral part of the metaxylem. A many-layered
pericyele, per, and traces of an endodermis, en, succeed the
phloem, ph, which is characterised by several rows of large
contiguous sieve-tubes; beyond the endodermis is a broad thin-
walled inner cortex. The leaf-traces arise as in Zalesskya,
but the protoxylem in Thamnopteris is at first central; as the

per en Pl pa

Fra. 250. Lhamnopteris Scllechtendalii (Fieh.), Pari of stele: a, outer xylem:
b, inner xylem, (After Kidston and Gwynne-Vaughan. x13.)
trace passes outwards a group of parenchyma appears immedi-
ately internal to the protoxylem elements and gradually
assumes the form of a bay of thin-walled tissue on the inner
concave face of the curved xylem. The next stage is the
repeated division of the protoxylem strand until, in the sclerotic
outer cortex, the traces acquive the Osmundaceous structure
(fig. 812, A, p. 453). The petiole bases have stipular wings as
in Todea and Osmundi.
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The striking feature exhibited by these Permian plants is
the structure of the protostele, which in Thamnopteris and
probably in Zu.levs:.;-f.;'yu. diplozylon consists of solid xylem sur-
rounded by phloem : this may be regarded as the primitive
form of the Osmundaceous stele.  In Osmunda regalis and in
other recent species of the genus the xylem eylinder has the form
of a lattice-work; in other words, the departure of each leaf-
trace makes a gap in the xylem and the overlapping of the
foliar-gaps results in the separation of the xylem into a number
of distinet bundles, Tn Zalesskya gracilis the continuity of

Tia. 251, Lonchopteris virginiensis. (After Fontaine. 3 uat. size.)

the xylem is not broken by overlapping gaps; in this it agrees
with Lepidodendron. In Thamnopteris the centre of the stele
was occupied by a peculiar form of xylem obviously ill-adapted
for conduction, but probably serving for water-storage and
comparable with the short and broad tracheac in Megalozylon’.
There is clearly a well-marked difference in stelar anatomy
between these two Permian genera and Todea and Osmunda :
this difference appears less when viewed in the light of the
facts revealed by a study of the Jurassic species Osmundites

Dunlopr.

! Seward (99).
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As possible examples of Triassic Osmundaceae reference
may be u_mde to some alnecum included in Stw’s genus
Speirocarpus’. 8. wirginiensis was originally descr ibed by
Fontaine® from the Upper Triassic rocks of Virginia as
Lonchopteris virginiensis (fig. 251) and has recently been figured
by Leuthardt® from the Keuper of Basel. The sporangia, which
are scattered over the lower surface of the pinnules, are
deseribed as globose-elliptical and as having a rudimentary
apical annulus; no figures have been published. In habit
the frond agrees with Todites Williamsoni, but the lateral

veins form an anastomosing system like that in the Palaeozoic
genus Lonchopteris (fig. 290, B). There woul Id seem to be an a
priori probability of this species being a representative of the
Osmundaceae and not, as Stur believed, of the Marattiaceae.
Seeing that Lonchopteris is a designation of a purely provisional
kind, it would be convenient to institute a new generic name
for Triassic species having the Lonchopteris venation, which
there are good reasons for regarding as Osmundaceous ferns.

Similarly Speirocarpus tenvifolivs (Emmons) (= Acrostichites
tenuifolius Font.), which resembles Todites Williamsont (see
- 339) not only in habit and in the distribution of the spor angm
but also in the venation, is probably an Osmundaceous species.

Osmundites.
Osmundites Dunlopi, Kidston and Gwynne-Vaughan®, fig. 252

This species was found in Jurassie rocks in the Otago distriet
of New Zealand in association with Cladophlebis denticulata®
(fig. 257). The type- specimen forms part of a stem 17 mm. in
diameter surrounded by a broad mass of crowded leaf-hases.
The stele consists of an almost continuous xylem ring (lig. 252)
enclosing a wide pith: the phloem and inner cortex are not
preserved but the peripheral region of the stem is occupied by
a sclerotic outer cortex. The mass of encasing leaf-bases
resolves itself on closer inspection into zones of foliage-leaf

I Krasser (09) p. 10. ? Fontaine (88) Pls. xxvir. xxrx.
% Leuthardt (04) P1. xvrm. 4 Kidston and Gwynne-Vaughan (07).

5 See p. 348,
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petioles and the petioles of scale-leaves with an aborted lamina.
A similar assoeiation of two forms of leaf is seen in the existing
American species Osmunde Claytoniana and O.cinnamomen. The
cortex and armour of leaf-bases are penetrated by numerous
diarch roots. The xylem eylinder, six to seven tracheae broad,
is characterised by the narrower diameter of its innermost ele-
ments and—an important point—by the fact that the detachment
of a leaf-trace does not break the continuity of the xylem
eylinder (fig. 252). Each leaf-trace is at first elliptical in
section; it then becomes curved inwards and gradually assumes
the horse-shoe form as in Zalesskya and in the recent species.
The single endarch protoxylem becomes subdivided until in
the petiole it is represented by 20 or more strands.

Fra.

| S}
L
o

Osmundites Dunlopi Kidst. and G.-V. Portion of xylem showing the
departure of a leaf-trace. (After Kidston and Gwynne-Vaughan; x 86.)

In the continuity of the xylem cylinder this species of
Osmundites shows a closer approach to Todea barbara or
T. superba (fig. 221, B) than to species of Osmunde; it differs
from Zalesskya in having reached a further stage in the re-
duction of a solid protostele to one composed of a xylem
cylinder enclosing a pith. This difference is of the same kind
as that which distingnishes the stele of Lepidodendron rhodum-
nense from L. Harcowrtiv. In Lepidodendron short tracheae
occasionally occur on the inner edge of the xylem cylinder, and
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in recent species of Todew the same kind of reduced tracheae are
met with on the inner edge of the xylem'. In both cases the
short tracheae are probably vestiges of an axial strand of con-
ducting elements which in the course of evolution have been

converted into parenchymatous cells. In Lepidodendron vos-
culare the mixed parenchyma and short tracheae in the centre

Fra. 253. Osmundites Kolbei Sew. (4 nat. size.) \

of the stele represent an intermediate stage in xylem reduetion,
and the arrangement in vertical rows of the medullary paren-
chyma in Lepidodendron is precisely similar to that deseribed by
Kidston and Giwynne-Vaughan in Thamnopteris. In both cases
1 Seward and Ford (03).
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the rows of superposed short cells have probably been produced
by the transverse septation of cells which began by elongating
as if to form conducting tubes and ended by assuming the form
of vertical series of parenchymatous elements,

In another Jurassie species, Osmundites Gibbiana’, the xylem
15 of the Osmunda type and consists of about 20 strands insteud
of a continuous or almost continuous eylinder,

Osmundites Kolber Seward. figs. 253—255,

This species was founded on a specimen obtained by Mr
Kolbe from the Uitenhage series of Cape Colony® The fossil

Fia. 254. Osmundites Kolbei. (Leaf-scars.)

flora and fauna of this series point to its correlation with the
Wealden or Neocomian strata of Europe®. The type-specimen
consists of several piceces of a stem (fig. 253) which reached
a length of about 90 em. On the weathered surface the
remains of petiole-bases are clearly seen and on the reverse
side of the smaller piece shown in the figure numerous sinuons
roots are present in association with the leaf-stalks. The
depression ¢ in the larger specimen may mark the position
of a branch: at ¢ fig. 253 (enlarged in fig. 254, o) the
vascular strand of a petiole is exposed as a broad U-shaped
band and at b (fig. 254, b) the form of the petiole-bases
1s clearly shown!. With the stem were found imperfectly
preserved impressions of fronds referred to Cladophlebis denti-

1 Kidston and Gwynue-Vaughan (07).

* Seward (07%) p. 482, Pls. xx. xx1.

* Beward (03) ; Kitchin (08).

4 Cf. Todea Wilkesiana (p. 2846).
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Fre. 255. Osmundites Kolbei Sew. Transverse seciion, from a photograph
gupplied by Dr Kidston and Mr Gwynne-Vanghan. (2§ nat. size.)
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culata, a common type of leaf which was found also in association
with the slightly older New Zealand stem, Osmundites Dunlopn.

An examination of the internal structure of the South
African stem by Dr Kidston and Mr Gwynne-Vaughan has
revealed many interesting features, which will be fully described
in Part IV, of their M onograph on fossil Osmundaceous stems.
I am greatly indebted to these authors for allowing me to
publish the following note contributed by Dr Kidston:—

“The section of Osmundites Kolbei Seward, shown in fig. 255,
presents the usnal appearance of an Osmundaceous stock. The
parts contained in this seetion are the stele, Inner and outer
cortex and a portion of the surrounding mantle of concreseent
leaf-bases. The whole specimen has suffered much from pressure,
but if restored to its original form the xylem ring must have
been about 19 mm. in diameter. The number of xylem strands
18 about fifty-six and several of them are more or less joined
as in the modern genus Todea. The tracheae are of the typical
Osmundaceous type, that is to say, the pits are actual perfora-
tions and several series of them oceur on each wall of the larger
tracheae.

The most interesting structural characteristic of Osmundites
Kolbei is not well seen in the figure owing to the compression
of the xylem ring. This consists in the occurrence of tracheae
mn the pith. In fact, we have here a mixed pith, composed
of parenchyma and true tracheac, a condition which connects
the Osmundacene with a parenchymatous medulla with those
possessing a solid xylem stele like Zalesskya and Thamnopteris
and so completes the series of transitions extending from the
older and solid-steled forms to the modern medullated members
of the Osmundaceae.”

Osmundites skidegatensis, Penhallow.

This lower Cretaceous Canadian species, first deseribed by Pen-
hallow* and more recently by Kidston and Gwynne-Vaughan?, is
remarkable for the large size of the stem, the stele alone having
a diameter of 24 em. Penhallow figures a fragment of a leaf

! Penhallow (02). * Kidston and Gwynne-Vanghan (07).

8. IL. 22
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bearing a superficial resemblance to that of Osmunda Claytoniona,
which may be the foliage borne by Osmundites skidegatensis.
The xylem eylinder is broken by the exit of leaf-traces into 50
or more strands varying in size and shape, and 1t is noteworthy
that the phloem is also interrupted as each leaf-trace is given
off, In recent species the xylem cylinder is almost always
interrupted, but the phloem retains its continuity. In the
Canadian fossil an internal band of phloem occurs between the
xylem and the pith, and this joins the external phloem at each
leaf-gap. This internal phloem finds an interesting parallel in
certain recent species!, but in these the internal and external
phloem do not meet at the foliar gaps as they do in the extinet
type. In Osmunda ecinnamomen the internal phloem oceurs
only at the regions of branching of the stem stele; in the fossil
it is always present.

It is clear that Osmundites skidegatensis represents the most
complex type of stem so far recognised in the Osmundaceae: it
illustrates a stage in elaboration of the primitive protostele in
advance of that reached by any existing species.

The primitive Osmundaceous stele was composed of solid
xylem surrounded by phloem (Thamnopteris and Zalesskya);
at a later stage the xylem cylinder lost its inner zone of
wide and short tracheae and assumed the form seen in
Osmundites Kolbei, in which the centre of the stele consists of
parenchyma with some tracheae. Another fype is represented
by 0. Dowkeri in which the pith is composed wholly of paren-
chyma and the xylem ring is continuous. From fthis type,
by expansion of the xylem ring and by the formation of over-
lapping leaf-gaps, the form represented by Osmunda regalis was
reached. Osmundu cinnamomer, with internal phloem in the
regions of stelar branching, probably represents a further stage,
as Kidston and Gwynne-Vaughan believe, in inereasing com-
plexity due to the introduction of phloem from without throngh
gaps produced by the branching of the stele. In Osmundites
skidegatensis the leaf-gaps became wider and the external phloem
projected deeper into the stele until a continnous internal

1 See p. 314, - Also Jefrey (03); Faull (01) ; Seward and Ford (03).
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phloem zone was produced. This most elaborate type proved
less successful than the simpler forms which still survive.
Osmundites Sturi,

Impressions of fertile pinnae with narrow linear segments
bearing exannulate sporangia described by Raciborski from
Lower Jurassic rocks in Poland as Osmunda Sturit’ may with
some hesitation be included in the list of Mesozoic Osmundaceas.

Osmundites Dowheri.

Under this name Carruthers? described a petrified stem from
Lower Eocene beds at Herne Bay, which in the structure of the
stele agrees closely with the Jurassic species (), Gibbiane and
conforms to the normal Osmundaceous type. It is possible,

as Gardner and Ettingshausen® suggested, that the foliage of
this species may be represented by some sterile Osmunda-like
fragments recorded from the Middle Bagshot beds of Bovey
Tracey and Bournemouth as Osmunda Lignituem,

Todites,

This generic name* has been applied to fossil ferns exhibiting
n the structure of the sporangia and in the general habit of the
fertile fronds a close resemblance to the recent species Todea
barbara (fig. 221, D, p- 286).

Todites Willigmsoni (Brongniart) figs. 256, B, C, .

1828, Pecopteris Williamsonds, Brongniart, Prodrome, p. 57 ; Hist. vég,
foss., p. 324, PL ox, figs. 1 and 2.

—  P. whithiensis, Brongniart, Hist, vég. foss. p. 321, PL omx. figs.
)

— A" tenuds, ibid. p. 322, PL cx

1829, Pecopteris recentior, Phillips, Ge

— P, curtata, ibid. PL vim, fig, 12.

1833, Newropterss recentior, Lindley and Hutton, Foss. Flora, Vol 1.
Pl, zxvrm,

—  Pecopteris dentata, thid. Vol. 1., Pl. onxix.

1836,  Adcrostichites Williamsonis, Goeppert, foss. Farn. p. 285,

5. 3, 4.
- Yorks. p. 148, PL v fig. 15,

* Raciborski (94) A, p. 19, Pls. v1. x1.

? Carrathoers (70) A.: Kidston and Gwynne-Vaughan (07) p. 768 see also
Seward, Vol, 1. p. 212,

¥ Gardner and Ettingshausen (82) pp. 22, 48, P 1v. figs. 1—3.

* Seward (00) p. 86.
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1841, Newropteris Goeppertiana, Muenster, in Goeppert, Gattungen foss.
: Pflanz. Lief. 5 and 6, p. 104, Pls. vill.—X.
1856, Pecopteris Huttoniana, Zigno, Flor. foss. Oolit. Vol. L. p. 133.
1867. Acrostichites Goeppertianus, Schenk, Foss. Hlor. Grenzsch, p. 44,
PL v. fig. 5, PL vir. fig. 2.

Fra. 256, A. Cladophlebis denticulata.

B, B'. Todites Williamsoni (fertile).

Q. T. Williamsoni (sterile pinna).

D. Discopteris Rallii,

E, B'. Kidstonia heracleensis.

F. Todeopsis primaeva.

G, Todites Williamsoni (sporanginm).

[B, O, from specimens (13491; 39234) in the British Museum (B, very

slightly redueed; C, 4 nat. size); D, B, after Zeiller; T, after Renault; G,
after Raciborski.]

-0
4
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o

1883, A. linnaeacfolius, Fontaine, Older Mesoz, Flora Virginia, p.
Pls. vI.—IX.

—  A. rhombifolius, ibid. Pls. VIIL. XL.—XIV.

1885. Todex Williamsonis, Schenk, Palaeont. Vol. xxx1. p. 168, Pl 1
fig. 3.

1889. Cladophichis virginiensis, Fontaine, Potomac Flora, p. 70, Pl 111

figs. 3—8; PL 1v. figs. 1, 4.
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It is hopeless to attempt to arrive at satisfactory conclusions
in regard to the applicability of the name Todites Williamsonsi
to the numerous fronds from Jurassic and Rhaetic rocks,
agreeing more or less closely with Brongniart’s type-specimen.
Specimens from the Rhaetic may not be specifically identieal
with those from the Jurassic; the main point is that, whether
actually identical or not, both sets of fossils clearly represent the
same general type of Osmundaceons fern® and may for present
purposes be included under the same designation. The above
synonymy, though by no means complete?, serves to illustrate
the confusion which has existed in regard to this widely spread
type of Mesozoic fern.

Todites Williamsoni may be briefly deseribed as follows:—

Frond bipinnate ; long linear pinnae (20—30 cm.) of uniform breadth
arise at an acute angle, or in the lower part of a frond, almost at right
angles, from a stout rachis Closely set pinnules attached hy a broad
base; slightly faleate, the side towards the rachis strongly convex and the
outer margin straight or concave and bulged outwards towards the base of
each segment, margin usually entire, or it may be slightly lobed. Fertile
pinnules similar to the sterile; sporangia of the Osmmdaceous type and
often geattered over the whole lower suface of the lamina (fig. 256, B,
B, G). Venation of the Cladophisbis type (cf. fig. 256, A).

Tt is not always easy to distinguish Todites Williamsoni from
Oladophlebis denticulata,another common Jurassic fern,but in the
latter the pinnules are usuall y longer and relatively narrower and
the rachis is more slender (cf. fig. 256, B and 257). Schenk?® and
Raciborski* have shown that the sporangia of Todites conform
In the absence of a true annulus to those of Zodea (fig. 256, G)
and Osmunda. Nathorst® has recently figured a group of spores
of Todites Williamsoni in illustration of the use of the treat-
ment of carbonised impressions with nitric acid and potassinm
chlorate, This species, though widely distributed in Jurassic
rocks, is hardly distinguishable from the German Rhaetic fronds
figured by Schenk from Bayreuth as A erostichites Goeppertianus®,

! Seward and Ford (03) p. 251.

* For a more complete list, sce Seward (00) p. 87.

# Behenk (85) PL. m. fig. 3. * Raciborski (94) A, P, vi.
? Nathorst (08) PL 1. fig. 7. ® Schenk (67) A.
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or from other fosgils referred to an unnecessarily large number of
species by Fontaine' from Upper Triassic rocks of Virginia®

It would seem from the paucity of later records of Os-
mundaceae that the family reached its zenith in the Jurassie era.
When we pass to the later Tertiary and more recent deposits

—

| Fia. 257. Cladophlebis denticulata. (From a specimen in the British Museum
from the Inferior Oolite rocks of Yorkshire. Slightly reduced.)

J evidence is afforded in regard to the geographical range of
Osmunde regalis. 1t has been shown fo occur in the Pliocene
forest-bed of Norfolk® as well as in Palaeolithie and Neolithic
depositst.

A fertile frond from the Molteno (Rhaetic) beds of South

! Fontaine (83).
¢ The geographical distribution of Todites and other genera will be dealt
with in Volume 1

3 Carrnthers (70) A, p. 350. 4 Teid (99).
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Africa referred to Cladophlebis (Todites) Roesserti (Presl)!
represents in all probability an Osmundaceous fern closely allied
to Todites Williamsoni. The same species is deseribed by
Zeiller® from Rhaetic rocks of Tonkin and very similar types
are figured by Leuthardt® from Upper Triassic rocks of Basel
as Pecopteris Rutimeyeri Heer, and by Fontaine* from rocks of
the same age in Virginia.

Cladophlebis.

The generic name Cladophlebis was instituted by Brongniart
for Mesozoic fern fronds characterised by ultimate segments of
linear or more or less faleate form attached to the pinnae by
the whole of the base, as in the Palaeozoic genus Pecopteris,

possessing a midrib strongly marked at the base and dividing

towards the distal end of the lamina into finer branches and
giving off secondary forked and arched veins at an acute
angle. The term is generally restricted to Mesozoie fern fronds
which, on aceount of the absence or imperfection of fertile piunae,
cannot be safely as

igned to a particular family. In the case of
the species deseribed below, the evidence in regard to systematic
position, though not conclusive, is sufficiently strong to Jjustify
its inclusion in the Osmundaceae.

Cladophlebis denticulata Brongniart. Figs. 256, A ; 257, 258,

1828, Pecopters denticulata’, Brongniart, Prodrome, p. 57 ; Hist, vég,
f'u»a-u p. 301, Pl xovrr. figs. 1, 2.
—_— . Phallipsii, Blunvmnt Hist. p. 304, PL orx. fig, 1.

This species is often confused® with Zodites Williamsons,
The name Pecopteris whithiensis has been used by different
writers for Jurassic fronds which are undoubtedly specifically
distinet : speeimens so named by Brongniart should be referred
to Lodites Williamsoni, while P. whitbiensis of Lindley and

! Seward (08) PL, v p. 98, 2 Zeiller (03) Pls. 11 1v.

% Leuthardt (04) Pl. xv, * Fontaine (83) Pls, x1.—x1v.

B I‘nr synonymy and figures, see Seward (00) p. 134: (04) p. 134.

* B.g. by Yokoyama (06) who identifies specimens of Cladophlebiz denticulata
from Jurassie rocks of China as Todites Williamsoni,
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Hutton' is Brongniart’s Cladophlebis denticulate. 1t is im-
possible to determine with accuracy the numerous examples
described as Pecopteris whithiensis, Asplenium whithiense,
Cladophlebis Albertsii (a Wealden species?), Asplendum, or
Cladophlebis, nebbense?, ete., from Jurassic and Rhaetic strata.
The Cladophlebis denticulate form of frond is one of the
commonest in recent ferns; it is represented by such species as
Onoclea Struthopteris, Pleris arguta, Sadleria sp., Gleichenia
dubia, Alsophila lunulate, Cyathew dealbata, and species of
Polypodiwm. It is, therefore, not surprising to find records of
this Mesozoic species from many localities and horizons. All
that we can do 1s to point out what appear to be the most
probable cases of identity among the numerous examples of
fronds of this type from Mesozoic rocks, particularly Rhaetic
and Jurassic, in different parts of the world. The name Clado-
phlebis denticulata may be employed in a comprehensive sense
for fronds showing the following characters :—

Leaf large, bipinnate, with long spreading pinnae borne on a com-
paratively slender rachis. Pinnules, in nearly all cases, sterile, reaching a
length of 3—4 cm., acutely pointed, finely denticulate or entire, attached
by the whole of the base (fig. 257). In the apical region the pinnules
hecome shorter and broader, Venation of the Cladophlebis type (fig. 256, A).
Fertile pinnules rather straighter than the sterile, characterised by
linear sori parallel to the lateral veins (fig. 258)

In endeavouring to distinguish specifically between fronds
showing a general agreement in habit with C. denticulata,
special attention should be paid to venation characters, the
shape of the pinnules, the relation of the two edges of the
lamina to one another, and to the amount of curvature of the
whole pinnule. Unless the material is abundang, it is often
impossible to distinguish between characters of specific value
and others which are the expression of differences in age or of
position on a large frond, to say nothing of the well-known
variability which is amply illustrated by recent ferns. It is
remarkable that very few specimens are known which throw
any light on the nature of the fertile pinnae. Ifig. 258 repre-

I Lindley and Hutton (34) A. Pl. oxxxiv. ? Seward (94%) A. p. 91.
# Nathorst (78).
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sents an impression from the Inferior Oolite rocks of the
Yorkshire coast in which the exposed upper surface of the
pinnules shows a series of parallel ridges following the course
of the lateral veins and no doubt formed by oblong sori on the
lower surface. There can be little doubt that the specimen
figured by Lindley and Hutton and by others as Pecopteris
undans® is, as Nathorst suggests, a portion of a fertile frond of
C. denticulata. A fertile specimen of a frond resembling in
habit C. denticuluta, which Fontaine has deseribed from the

Fre. 258, Fertile pinnae of Cladophlebis denticulata, (From a Yorkshire
specimen in the Sedswick Museum, Cambridge.)

Jurassic rocks of Oregon as Danaeopsis Storrsic®, exhibits, as
that author points out, a superficial resemblance to the specimen
named by Lindley and Hutton Pecopteris undons. There is,
however, no adequate reason for referring the American
fragment to the Marattiaceae. In the absence of sporangia we
annot speak confidently as to the systematic position of this
common type; but there are fairly good grounds for the assertion
that some at least of the fronds described under this name
are those of Osmundaceae. The English specimen shown in

! Lindley and Hutton (84) A. PI. oxx.
* Fontaine, in Ward (05) PL xv. figs. 6—9.




346 FILICALES [cH.

fig. 258 is very similar to some Indian fossils figured by Feist-
mantel as Asplenites macrocarpus’, which are probably identical
with Pecopteris australis Morris?, a fern that is indistinguishable
from Cladophlebis denticulata. Renault? figured a fertile speci-
men of the Australian fossil as Todew australis, which agrees
very closely with that shown in fig. 258, and the sporangia
figured by the French author are of the Osmundaceous type.
Another example of a fertile specimen is afforded by a Rhaetic
fern from Franconia, Asplenites oftonds, which is probably
identical with Alethopteris Roesserti Presl [= Cladophlebis
(Todites) Roesserti], a plant closely resembling Cladophlebis
denticulota. Another argument in favour of including €. denti-
culata in the Osmundaceae is supplied by the association of
pinnae of this type with the petrified stem of Osmundites
Dunlopi recorded by Kidston and Gwynne-Vaughan,

Schizaeaceae.

Evidence bearing on the existence of this family in Car-
boniferous floras is by no means decisive. The generic name
Aneimites proposed by Dawson* for some Devonian Canadian
plants resembling species of the recent genus Aneinua, and
adopted by White® for a species from the Potsville beds of
Virginia, is misleading, The Canadian plants give no indica-
tion of the nature of the reproductive organs, and the fronds
described by White are, as he shows, those of a Pteridosperm
and bore seeds.

An examination of the suspiciously diagrammatic drawings
published by Corda® of the small fertile pinnules of a Car-
boniferous fern from Bohemia, which he named Senftenbergia
elegams, leads us to conclude that the sporangia are almost
certainly those of a Schizaeaceous species. The small linear

pinnules bear two rows of sessile sporangia, singly as in recent
Schizaeaceac and not in sori, characterised by 4—5 rows of
regular annular cells (fig. 270, A) surrounding the apex. It
has already been pointed out that the apical annulus of recent
! Feistmantel (77) Pls, XXxvI. XXIVIL
2 Morris (45) PL viL 3 Renault (88) p. 81, P1, x1,
t Dawson (61). 5 White (04). 6 Corda (456) A. PL nvo.
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Schizacaceae, though normally one row deep, may consist in
part at least of two rows. Zeiller! examined specimens of
Corda’s species and decided in favour of a Schizacaceons
affinity ; he describes the sporangia as 0-85—0:95 mm. in length,
with 3 to 5 and oceasionally only two rows of cells in the apical
annulus, Zeiller’s figures (fig. 270, A) confirm the impression
that Corda’s drawings are more beautiful than accurate, Stur?,
on the other hand, who first pointed out that the type-specimens
of Senftenbergia came from the Radnitz beds of Bohemia and
not from the Coal-Measures, convinced himself that the
sporangia have no true annulus (fig. 270, E). He deseribes them
as characterised by a comparatively strong wall and by the
presence of a band of narrow vertical cells marking the line of
dehiscence, features which lead him to assign the plant to the
Marattiales, a group which seems to have exercised a dominating
influence over his judgment. In a later publication Zeiller®
replies to Stur’s criticism but adheres to his original opinion.
Solms-Laubach®, while expressing himself in favour of Marab-

b

tiaceous affinity, recognises that Zeiller’s arguments cannot be
set aside.

The question must remain open until further evidence is
forthcoming ; but it would seem that this Carboniferous type,
not as yet recognised in Britain, possessed sporangia having a
distinet resemblance to those of the Schizaeaceae. though this
similarity does not amonnt to proof of the existence of the
tamily in the Palacozoic era.

Palaeozoic floras may be described as rich in generalised
types, types foreshadowing lines of evolution, which in the
course of ages led to a sorting and a redistribution of characters,
It may be that Senftenbergia is one of these generalised types.

It is not until we ascend the geological series as far as the
older Jurassic rocks that we meet with a type which can with
confidence be classed with the Schizaeacene, as least so far as
Sporangial characters are concerned. The species Klulia eailis

! Zeiller (83) p. 188, PL x. figs, 1—5. ? Stur (85) A, p. 64,

g8,

¥ Zeiller (88) A, p. 50. 4 Bolms-Laubaeh (91) A, p, 147,
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is selected as the best known and most widely-spread representa-
tive of Jurassic Schizaeaceae.

Klukia exiles (Phillips)t.  Fig. 259.

The generic name Klukie was proposed by Raciborski® for a
species originally described by Phillips? from the Inferior Oolite
of the Yorkshire coast as Pecopteris exilis. Bunbury’s* discovery
(supplemented by additional evidence obtained by Raciborski)
of well-preserved sporangia justified the substitution of a
distinctive designation for the provisional term Pecopferis.

Fia. 259. Klukia exilis (Phillips). (Figs..1—3, x40; fig. 4, x3}; fig. 5,
nat. size.)
The species may be defined as follows:—

Frond tripinnate, of the Cladophlebis type; pinnae linear, lanceolate,
attached to the rachizs at a wide angle. Ultimate segments short and
linear, entire or, in the lower part of a frond, crenulate, 5 mm. long or
oceasionally longer. Sporangia 0:5 mm. in length, borne singly on the lower
surface of the lamina in a row on each side of the midrib.

A re-examination® of the specimen deseribed by Bunbury
confirmed his account of the structure of the sporangia. The
pinna shown in fig. 259 is characterised by unusually small
fertile pinnules some of which bear 10 sporangia in two rows;
the annulus includes about 14 cells. Fertile specimens of this
and similar forms are figured by Raciborski® from Jurassic rocks
of Poland, and good examples of the English species may be seen

1 For gynonymy, see Seward (00) p. 130. ? Raciborski (91).

3 Phillips (29) A, p. 148, 4 Bunbury (51) A. 5 Seward (947) A.

% Raciborski (94) A.
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in the Leckenby collection, Cambridge, in the British Museum,
the museums of Manchester, Scarborough, and other places.

It is possible that specimens referred to K. exilis by
Yokoyama' from Wealden strata in Japan may afford evidence
of the persistence of the species beyond the Jurassic era, but in

Fie. 260. Ruffordia Goepparti. (A, ©, sterile: E, fertile ; slightly reduced.
Specimens from the Wealden of Snssex; British Museum ; V. 2333,
V. 2180, V. 2166.)
view of the close resemblance of the sterile fronds deseribed
from Wealden strata as Cladophlebis Brownii? and €. Dunkeri?
to those of Klukia exilis, iden tity can be established only by an
examination of fertile specimens. A Jurassic fern recently
described by Yabe? from Korea as (I adophlebis koraiensis may
be identical with K. exilis and there is little doubt as to the
existence of the species in Jurassic Cancasian strata®.
! Yokoyama (84). 2 Beward (842) A, ¥ Yabe (05) PL m.
4 Seward (074) Plg. 1. 1.
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Ruffordia Goepperti (Dunk.). Fig. 260.

This Wealden fern' has been doubtfully assigned to the
Schizaeaceae on the ground of the resemblance of the sterile
fronds to those of some species of Aneimia, and because of the
difference between the sterile and fertile pinnae (Fig. 260).
Ruffordia cannot be regarded as a well authenticated member P
of the Schizaeaceae,

Fra. 261. A, A Chrysodium lanzacanum,
B, B'. Lygodium Kaulfussi.
C. Marattia Hookeri,
(After Gardner and Ettingshausen ; A, B, £ nal. size.)

Lygodivm Kaulfussi, Heer. Fig. 261, B, B’

Fragments of forked pinnules, agreeing very closely in vena-
tion and general appearance with recent species of Lygodium,
have been identified by Gardner and Eftingshausen® from
English Eocene beds and by Knowlton from the Miocene beds of
the Yellowstone Park® as Lygodium Kaulfussi Heer (fig. 261, B).
Despite the absence of sporangia it is probable that these
1 Seward (04%) A. p. 75,
¢ Garduer and Ettingshausen (82) p. 47, Pls, vir., x. ; Heer (55) A. P1. 1. p. 41.
4 Knowlton (99) Pl. rxxx.
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fragments are corrcetly referred to the Schizaeaceae. The

sterile and fertile specimens figured by Heer! from Tertiary beds

of Switzerland agree very closely with recent examples of

Lygodivm. Similar though perhaps less convincing evidence

of the existence of this family in Europe is furnished by

Saporta®, who deseribed two Hocene species from France,
Gleicheniaceae.

The application by Goeppert® and other earlier writers of
the generic name Gleichenites to examples of Palaeozoic ferns
was not justified by any satisfactory evidence, One of Goeppert’s
species, Fleichenites neuropteroides, 1s identical with Ney ropterts
heterophyllat, a plant now included in the Pteridosperms,

The resemblance of sporangia and sori, whether preserved
as carbonised impressions or as petrified material, from Car-
boniferous rocks, to those of recent species of Gleicheniaceae
1S in many cases at least the result of misinterpretation of
deceptive appearances. Williamson® drew attention to the
Gleichenia-like structure of some sections of sporangia from
the English Coal-Measures, but he did not realise the ease with
which sections of Marattiaceous sporangia in different planes
may be mistaken for those of annulate (leptosporangiate)
Sporangia, In the regular dichotomous habit of Carboniferous
fronds described as species of Diplothmema (Stur)and M, ariopterys
(Zeiller)® we have a close correspondence with the leaves of
(E’Leichenm, but the common oceurrence of dichotomous branching
among ferns is sufficient reason for regarding this feature as
a1 untrustworthy criterion of relationship. It is, however,
intt-restjng to find that in addition to the existence of some
Ul‘)per Carboniferous ferns with sori like those of recent Glei-
cheniag, the type of stelar anatomy illustrated by Gleichenia
dicarpg (fig. 287, C, p. 310) and other species is characteristic
of the primary structure of the stem of the Pteridosperm
Heterangium, We find in Carboniferous types undoubted
indications of anatomical and other features which in succeeding
ages became the marks of Gleicheniaceae.

' Heer (55) A, P, xuur., * Baporta (72) A. DL 1. figs. 13, 14.
¥ Goeppert (36%) A, Pls. 1v. v. * Zeiller (88) A. p. 261.
* Williamson (77) PL. vir. % See Ch. xxvir
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Some Carboniferous fronds with short and small pinnules of
the Pecopteris type, bearing sori composed of a small number of
sporangia, have been assigned by Grand Eury and other authors
to the Gleicheniaceae; the same form of sorus is met with
also on fronds with Sphenopteroid segments. The former 18
illustrated by Oligocarpia Gutbieri' and the latter by 0. Brong-
niarti deseribed by Stur and by Zeiller®. Zeiller has described
the cireular sori of Oligocarpia (fig. 270, B) as consisting of
three to ten pyriform sporangia borne at the ends of lateral
veins and possessing a complete transverse annulus, but Stur?
believes that the annulus-like appearance is due to the manner
of preservation of exannulate sporangia. In this opinion Stur
is supported by Solms-Laubach*® and by Schenk®  Despite
an agreement between Oligocarpia and Gleichenia, as regards
the form of the sori and the nmmber of sporangia, it is not
certain that the existence of a typical Gleicheniaceous annulus
has been proved to occur in any Palaeozoic sporangial.

From Upper Triassic heds of Virginia, Fontaine has figured
several fronds for which he instituted the genus Mertensides'.
The habit, as he points ouf, is not dichotomous, but the sori are
cireular and are said to be composed in some species of four to

six sporangia. No satisfactory evidence is brought forward in
support of the use of a designation implying a close relationship
with recent (Hleichenias (sect. Mertensia). One of the species
described by Fontaine was originally named by Bunbury
Pecopteris bullatus®, the imperfect type-specimen of which is
now in the Museum of the Cambridge Botany School. In the
form of the frond, the thick rachis, and in the pinnules this
Triassic species resembles Todites Williamsoni, but the re-
sernblance does not extend to the sori, Two of Fontaine's species
are recorded by Stur from Austria®, but he places them in the
genus Oligocarpia and includes them in the Marattiaceae.

! (roeppert (41) PL 1v. figs. 1, 2. ¢ Zeiller (88) A, Pl. xr. figs. 3—3.

3 Wtur (85) Al p. 128. 4 Solms-Laubach (91) A. p. 146.

i Schenk (88) A. p. 30.

¢ Dr Seott tells me that an examination of Dr Zeiller’s specimens led him
to agree with the latter's desoription of the annulus of Oligacarpin. (A. C.8.)
7 Fontaine (83) Pls. xv, —x1x.
5 Bunbury (47) PL . fig. 1; Seward (94%) A, p. 189. 9 Krasser (09) p. 16.
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Lenthardt! figures what appears to be a Gleicheniaceons
fern from the U pper Triassie beds of Basel as Gleichenites gracilis
(Heer) showing sori composed of five sporangia (fig. 265, ©)
with a horizontal annulus, A Rhaetic species (Gleichenites
macrophylius Schenk? from Franconia agrees in the form of its
small rounded pinnules with Gleichenia, but no sporangia have
so far been found.

An impression of a frond from Jurassic rocks of northern
Tlal} figured by Zigno as Gleichenites elegans® closely resembles
in habit recent species of Gleichenin; though no sporangia have
been found, the habit of the frond gives ]medhzhn' to Zigno's
determination.

A Jurassic species from Poland, Gleichenites Rostafinskii,
referred by Raciborski* to Gleichenia, exhibits a close agree-
ment in habit and in the form of the soral i Impressions to some
recent speeies of Gleichenia.

As we pass upwards to Wealden and more recent rocks it
becomes clear that the Gleicheniaceae were prominent members
of late Mesozoie floras in north Enrope and reached as far north
as Disco Island. In English Wealden beds portions of sterile
fronds have been found which were assigned to a mew genus
Leckenbya®, but it is probable that these specimens would be
more correctly referved to Gleichenites. Similarly fragments of
Gleichenia-like pinnae with very small rounded pinnules oceur in
the Wealden rocks of Bernissart, B elgium ® in north Germany”,
and elsewhere. Conclusive evidence has been obtained by
Prof. Bommer of the existence of Gleichenites in Wealden beds
near Brussels, where many plant remains have been found in a
wonderful state of preservation. The specimens, which I had an
opportunity of seeing some years ago, might easily be mistaken
for rather old and brown picces of recent plants. Some of the
Belgian fragments, of which Prof Bommer has kindly sent
me L[I.LWLL\'J":; and photographs, are characterised by an arrange-

! Leuthardt (04) p. 40, PI. xvin. fig. 3.

# Behenk (67) A. p. 86, P1. xxm. figs, 7, 8.

# Zigno (56) A, Pl x.

* Raciborski (94) A. p. 43, P, xim. figs, 15—20.

5 Seward (95) A. p. 295. 5 Seward (00) PL 1v. 7 Bchenk (71).

8, 1. 23
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ment of vasenlar tissue identical with that in the petioles and
rhizomes of some protostelic Gleichenias. The stele of one of
the Belgian rhizomes appears to be identical with that of
Gleichenia dicarpa (fig. 237, C. p. 310).
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A, Gleichenites longipennis Heer.
B, G.delicatula Heer.

C. G. Nordenskioldi Heer.

D. G.Zippei. (Corda.)

(After Heer ; A, B, D, very slightly reduced.)

Fic. 262,

Gleichenites Zippei (Corda). Fig. 262, D.
This species, originally described by Corda as Pecopteris
Zippei and afterwards figured by Heer? as (Fleicheniu Zippei

1 Corda, in Reuss (46) p. 95, P1. xuIx. 2 Heer (75), n. 44, Pls. 1v.—vIL
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(fig. 262, D) from Urgonian rocks of Greenland, affords a
striking example of a Mesozoic member of the Gleichentaceae.
It is characterised by the dichotomons branching of the frond
and by the oceurrence of arrested buds in the forks. The long
and slender pinnae, reaching a length of 9 em. and a breadth of
6—8 min., bear small crowded pinnules oceasionally with cireular
sori which are described by Heer as consisting of a small number
of Sporangia (ef, h{:{' 262, C). Several other Lower Cretaceons
Species are recorded by Heer from Greenland, some of which
are probably unnecessarily separated from Gleichenites Zippen.
Examples of these are represented in fig, 262, A, B, C.

A (H(,‘-i(’?]l(_!l.liiLU('l'ﬂIS sp@cii'-ﬁ dl'ﬁ(itl'”_u:t[ 1».'_\' ]J(_‘I.Nf‘\' and Ett,irlgs-
hansen from Lower Cretaceons rocks of ;&]..\Z*].‘}.-(“!L"I]_IEH(* as
Didymasorus comptonifolius' is very similar in habit to some
of Heer's Greenland species: this should probably be referred
to the genus Gleichenites.

Ny« - . P ) .
Gleichenites hantonensis, Wank. Fig. 263.

From the Eocene beds of Bournemonth, Gardner and Ettings-
hausen? have described under the name Gleichenia hantonensis
what is in all probability a true Gleichenia (fig. 263). This
Species, originally recorded by Wanklyn?, is characterised by a
slender forked rachis showing what may be traces of arrested
buds between the arms of the branches, by circular sori of
SIX or eight sporangia and by the presence of peculiar tendril-
like appendages on the pinnae. If the description of the
tendrils is correct, this British species affords one of the few
Instances of terns adapted for climbing and may be compared
With the recent species Davallio aculeata (fig. 232, p. 299).

Matonineae.

m 5 SE T .
The genera Laccopteris and Matonidium may be described
a8 examples of Mesozoic ferns exhibiting a very elose agreement
With ;‘_1(!{:1)”‘;{__
! Debey and Ettingshausen (59) Pl. 1.

* Gardner and Ettingshansen (82), pp. 43, 59, Pls. vr. x.
* Wanklyn (69).

(85
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Lagccopteris. This genus, founded by Presl’, may be de-
seribed as follows:—

Frond pedate, in habit resembling Matonia pectinatu, with pinnate or
pinnatifid pinnae; ultimate segments linear, provided with a well-marked
midrib giving off numerous dichotomously branched secondary veins which
are in places connected by lateral anastomoses. Sori circular, forming a
single row on each side of the midrib (fig. 278, B); sporangia 5—15 in each
sorus, with an oblique annulus and tetrahedral spores. The presence of
an indusinm is not certainly established.

Fic. 263, Gleichenites hantonensis Wank. (Restoration, after Gardner and
Ettingshausen.)

Schenk?, who described several specimens of Laccopteris
from Rhaetic rocks of Germany, compared the genus with
Gleichenia but he also recognised the close resemblance to

1 Presl, in Sternberg (38) A, p. 115, 2 Sehenk (67) A.
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Matonia pectinuta. Zeiller' first established the practical
identity of the sori and sporangia of Laccopteris and Matonia.
The Rhaetic species, such as L. Muensteri, L. eleguns, and L.
Goepperti, agree very closely with L. polypodivides and need not
be described in detail,

5

Fre. 264, Laccopteris elegans (Presl). (From a specimen in the British
Museum ; from the Tiower Keuper of Bayreuth, Germany. Nat. size;
part of pinnule x3.)

The Rhaetic species Laccopteris elegans, represented in
fig. 204, illustrates the characteristic habit of the genus and
shows g feature usually overlooked?, namely the oecurrence of
anastomoses between the lateral veins. The form of the sorus

L Zeiller (85). 2 Seward (997) p. 194.
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of another Rhaetic species is shown in fig. 265, E. Schenk
figures an interesting series of fronds of L. Goepperti in different
stages of growth?; one of the younger leaves is seen in fig. 265, D.
An examination of Rhaetic specimens of Laccopteris in the
Bergakademie of Berlin convinced me of the correctness of the
published descriptions of the sori.

Fie. 265. A. Matonidium Wiesnert, (Slightly enlarged.
B. Marattiopsis marantacea. (Slightly enlarged.)
. Gleichenites graeilis, (Slightly enlarged.)
). Laeccopteris Goepperti. (Slightly rednoced.)
E. L. Muensteri. (Enlarged.)
(A, after Krasser; B, O, after Leuthardt ; D, I, after Schenk.)

Laccopteris polypodioides (Brongniart)., Figs. 266—268;
278, A.

1828, Phicbopteris polypodioides®, Brongniart, Hist, vég. foss, p. 372,
PL xxxmn. fig. 1.

— L. propingua, ibid. Pls, oxxxiw fig, 1, oxxxur fig. 2.

1 Sehenk (67) A. Pls. xx1ir. xx1v.

# For a more complete list, see Seward (00) p. 78.
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1829. Pecopterdis cacspitosa, Phillips, Geol. Yorks. p. 148, Pl vor fig. 10.
— P. erentfolia, ibid, PL vir. fig, 10.
— P ligate, ibid. PL v fig. 14

In habit this species closely resembles Matonia and Matoni-
dium, the long petiole divides distally into several spreading

Fre. 266. Laccopteris polypodioides (Brongn.). (x14.) (Brit. Mus.)

pinnatifil pinnae with linear ultimate segments (fig. 278, A).
Cireular sori (indusiate?) oceur in a single row on each side of
the midrib containing 12—14 large sporangia (fig. 266) cha-
racterised by an obliquely vertical annulus. The midrib of the

F1a. 267. Pinnules of Laceopteris. (linlarged.)
A, B. From the Inferior Oolite of Yorkshire.
0. From the Inferior Oolite of Stamford. (British Museum.)

pinnules gives off secondary veins at a wide angle and these
form a series of elongated meshes parallel to the median rib,
as in the recent genus Woodwardia; forked and anastomosing
branches are given off from these to the edge of the lamina

(fig. 267).
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The specimen shown in fig. 268 is probably a young frond of
this species.

A very similar, possibly a specifically identical plant, was
deseribed by Leckenby from English Jurassic rocks as Phlebo-
pteris Woodwardi, the distinguishing features of which are the
greater number of lateral veins and the smaller sori (fig. 267, A).

The name Mierodictyon was proposed by Saporta? for pinnules

Fra. 268, ?Laccopteris polypodioides. Nat. size. From a specimen in the
Whitby Museum (Brit. Mus.).

differing slightly from those of Laceopteris in venation characters:
he included Laccopteris Woodwardi in this genus, but such
differences as are recognisable in the venation hardly justify the
use of a distinct generie title. Similarly, specimens described by
Debey and Ettingshausen® from Lower Cretaceous rocks of Aix-
la-Chapelle as species of Carolopteris may also be included in
Laccopteris.

! Leckenby (64) A. p. 81, P1, v fig, 6.  (Type-specimen in the Sedgwick
Museum, Cambridge.)

# Baporta (73) A. p. 306, # Debey and Eftingshausen (59) PL. 111
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Laceopteris Dunkeri (Schenk)™.

This species is represented in several Wealden localities by
fragments of fertile pinnae similar to those of L. polypodicides.
It is almost impossible to distinguish small specimens of the
Wealden fern from Heer's genus Nathorstia (Marattiaceae)
unless the sori are well preserved. This species occurs in
Wealden beds in England, Germany, Belgium, and elsewhere
and has been discovered by Dr Marcus Gunn in Upper Jurassic
plant-beds of Sutherlandshire (N.E. Scotland).

Lagccopteris is widely spread in Rhaetie, Jurassic and Lower
Cretaceous floras. It affords evidence of the former abundance
in northern latitndes of a family now represented by the two
species of Matonin confined to a restricted area in the southern
hemisphere.

Mutornrdiuni.

Schenk? instituted this convenient term for fossil fern fronds
agreeing in habit and in their sori with Matonia pectinata (figs.
227, 228, p. 292). Zeiller? has drawn attentfon to the fact that
the Mesozoic species differ from the surviving types in the
greater number of sporangia in each sorus, and, 1t may be added,
in Matonidium the fertile pinnules are more richly supplied with
sori than are those of Matonia. Unfortunately our knowledge
of the structure of the sporangia of Matonidiuwm is less complete
than in the case of Laccopteris, but such evidence as is available
justifies the conclusion that Mafonie is & direct descendant of
ferns which formed a prominent feature in European Jurassic
and Wealden floras. Tt is interesting to find that in a Cretaceous
species, described by Krasser (fig. 265, A) since the publication
of Zeiller's paper, the sori appear to be identical in distribution
and in appearance with those of the recent species.

T am indebted to Prof. Bommer for permission to reproduce
the unpublished drawing represented in fig. 237 D (p. 310) of a
section of the rhizome of Matonidium from the Belgian Wealden

1 Gee Sewnrd (94%) A. and (00) for an account of this fern.
# Bchenk (71) p. 219. 3 Zeiller (85).
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beds of Hainaut (“ Flore Bernissartienne”). The section shows an
arrangement of vascular tissue identical with that in the recent
species: there may be two solenosteles and in addition a solid
axial strand. The form of the leaf-trace in the fossil appears to
be identical with that in Matonia pectinata (fig. 237, A, p. 310).

Matonddium Goepperti (Ettingshausen)®. Fig. 269.

Under this name are included specimens from Inferior

Fro. 269, Matonidium Goepperti (Fitings.). (A, B, 4 nat. size; €, approxi-
mately nat. size.)

Oolite and Wealden strata in Britain and elsewhere. It is
however, not impossible that if more information were available,

]

we should find adequate reasons for recognising two specific
types. Fontaine?, adhering rigidly to the rules of Ppriority,
speaks of this species as Matonidinm Althawsii (Dunker), but
Ettingshausen’s specific term is better known.

! Ettingshausen (52) p. 16, PL. v, For synonymy, see Seward (94%) A; (00).
¢ Fontaine, in Ward (05) p. 230.
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Fronds pedate and apparently identical in habit with those of Matonia
pectinaie; ultimate seginents linear, slightly faleate and bluntly pointed.
Sori eircular or oval, numerons, containing 16 to 20 sporangiawith an oblique
annulus, in two rows on the lower surface of the pinnules; indusium as in
Matoni.

The English examples have so far afforded no information
in regard to sporangial structure, but Schenk! has recognised a
distinet annulus in German material. In his deseription of fossil
plants from Lower Cretaceous rocks in California, Fontaine®
doubtfully identifies two very small fragments as Matonidwun
Althausii ; the evidence is, however, wholly inadequate.

Matonidium Wiesneri, Krasser®. Fig. 265, A.

This Cenomanian (Cretaceons) species from Moravia appears
to be identical in habit with the older type. The pinnules are
larger and bear fewer sori. Krasser’s figures of the sterile pinnules
show no lateral anastomosing between the secondary veins, but
the small vascular network below each sorus (fig. 265, A) iy
identical with that in Matonia pectinata. The indusiate sori
contain about six sporangia with an oblique amnmulus.

The very wide geographical distribution of the Matonineae
during the Mesozoic era affords a striking confrast to the

limited range of the Malayan survivals.

Hymenophyllaceae.

The frequent use of the generic name Hymenophyllites as a
designation of Palacozoic ferns, more particularly in the older
literature, is another instance of the undue importance which
palagobotanists have always been prone to attach to external
resemblances of vegetative organs. The fragment of lamina
deseribed by Stur for the Culm Measures of Austria as Hymeno-
phyllum  waldenburgense* has no claim to consideration as
evidence of Palacozoic Hymenophyllaceae. On the other hand,

I Schenk (71) p. 19. ? Fontaine, loc. cit. P1. wxv. figs, 22, 23,

# Krasser (96) p. 119, Pls. x1. xir. x1v.
4 Btur (75) A. p. 284, Pl zxxur, fig, 15,
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there are a few records of fertile fronds which, though nof to be
accepted without reserve, are worthy of more careful examina-
tion. Some petrified sporangia described by Renault! from
the Culm of Esnost are veferred to Hymenophyllites on account
of the position of the annulus, which appears to encirele about
two-thirds of the ciremmference ; it is, however, not certain that
the annulus is horizontal as in the recent genus.

The Culm species Rhodea patentissima described by Ettings-
hausen® as Hymenophyllites patentissime and subsequently

Fia, 270. A, B, Senftenbergia elegans.

B. Oligocarpia Brongniartii.

C.  Trichomanes sp.

D.  Hymenophylium tunbridgense.
¥

y G Sphenopteris (Hymenophyliites) quadridactylites.

(4. B, ¥, G, after Zeiller ; D, after Hooker ; E, alter Stur,)
referred by Stur® to Rhodea, is regarded by these authors as
closely allied to Hymenophyllum simply on the ground of the
finely divided and delicate stevile fronds ; another species, Rhodea
morawviee (Ett.), which ttingshausen referred to Trichomanes,
1s compared with recent species of that genus. In neither
case do we know anything of sporangial characters.

A fertile sphenopteroid frond figured by Schimper as Hy-
menophyllum Weissi* from the Coul-Measures of Saarbriicken

1 Renault (96) A. p. 19. * Httingshausen (66) PL vrr. fig, 4,
3 Btur (75) A. p. 36, PL. . figs, 1—9. * Schimper (74) A. PL xxvor fig, 47,
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bears some resemblance to recent Hymenophyllaceae, but the
figures are by no means convincing: an examination of the
type-specimens in the Strassburg Museum led Solms-Laubach?
to express dissent from Schimper's determination. A more
satisfactory example is that afforded by the fertile pieces of a
frond described by Zeiller? from French Coal-Measures as
Hymenophyllites quadridactylites (Gutbler). Some of the
ultimate segments with a truncated tip are preserved in close
association with a group of oval sporangia with a complete
transverse annulus (fig. 270, ¥, G). The position of the sporangia
is such as to suggest their ;

paration from a terminal columnar
receptacle like that in Trichomanes and Hymenophylbwm. In
his account of this species from the Coal-Measures of the Forest
of Wyre, Kidston?® states that Zeiller informed him that he had
noticed traces of what appeared to be a columnar receptacle in
the French specimens.

The records of Hymenophyllaceae from the Mesozoic and
Tertiary formations are not such as need detain us. The facts
bearing on the geological history of this family are singularly
meagre. There is no evidenee which can be adduced in
favour of regarding the Hymenophyllaceae as ferns of great
antiquity, which played a prominent part in the floras of
the past.

It is interesting to find that the genus Ankyropteris, one
of the Botryopterideae (a group of Palaeozoie Ferns for which I
propose the name Coenopterideae), has a morphological character
in common with Trichomanes, namely the production of axillary
buds: there are also features in the stelar anatomy shared by
the Botryopterideae and Hymenophyllaceae®. These resem-
blances, though by no means amounting to proof of near
relationship, point to a remote ancestry for certain features
retained by existing members of the Hymenophyllaceae,

Cyatheaceae.

The specimens from the Culm rocks of Moravia on which

! Bolms-Launbach (91) A. p. 153, * Zeiller (83) p. 1553 (88) A, PL vz, figs, 1-8.
4 Kidston (84%) p. 593. 4 Bee p. 440, i Soott (08) p. 343.
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Stur founded the species Thyrsopteris schistorum® are too im-
perfectly preserved to warrant the use of this generic name.
Goeppert® in 1836 instituted the genera Cyatheites, Hemitelites,
and Buolantites for species of Carboniferons ferns believed to be
closely allied to recent Cyatheaceae, but a fuller knowledge
of these types has clearly demonstrated that in all cases the
reference to this family had no justification,

The Upper Carboniferous species Dicksonites Pluckeneti, of
which Sterzel® described fertile specimens in 1886 as possessing
eirenlar sori, has since been shown by Grand'Eury* to be a
Pleridosperm hearing small seeds. In Sphenopteris (Discopteris)
eristata (Brongn.) Zeiller® has deseribed sori very like those of
Cyathea and Alsophila, but differing in the exannulate sporangia;
this species, like so many of the Palaeozoic ferns, is probably more
akin to the Marattiaceae than to the Cyatheaceae.

We have as yet no satisfactory evidence of the existence of
the Cyatheaceae in Palaeozoic floras, It is not until we reach
the Jurassic period that trustworthy data are obtained. Raci-
borski® has identified as Cyatheaceous fertile Jurassic fronds
from Poland, but his figures are inconclusive. In Alsophila

polondee itis not clear whether the annulus is vertical or c‘ﬂ'niiq ue,
and in another supposed member of the family, Gonatosorus
Nathorsti, in which the indusium is described as bivalvate,
there is no proof of affinity to Cyatheacene.

In attempting to decipher the past history of the Cya-
theaceae it is important to remember the elose resemblance
between the fertile segments of some species of Davallia
(Polypodiaceae) and those of Dicksonia (fig- 229, C, D, p. 294).
Unless the sporangia are well enough preserved to show the
position of the annulus, it is frequently impossible to feel much
confidence in the value of the grosser features, such as the
reduced lamina of the fertile segments and the form of the
sori. It is, however, probable that the widely-spread Jurassic
species Coniopteris hymenophylloides is correctly referred to the

I Btur (75) A, p. 19, PL x. figs. 1, 2,

* Goeppert (3G7) A. pp. 319, 320, 329,

* Btersel (86). * Grand'Euary (05).

* Zeiller (06) Pls, 11. 1o, % Raciborski (94) A. PI, 1x.
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Cyatheaceae, but even in the ease of this species the evidence
of external form needs confirmation by an examination of
individual sporangia.

Conzopteris.

This genus was instituted by Brongniart® for fossil fronds
characterised by pinnules more or less intermediate between
the Pecopteris and Sphenopteris type and agreeing in the form
of the sori with the leaves of recent species of Dicksonia. Tt
should be noted that Stur included in this genus a species,
Coniopteris lunzensis* from the Upper Trias of Lunz, which he
regarded as a Marattiaceons fern.

Contopteris kymenophylloides, Brongn, Figs, 271, 272, 275, B.

1828,  Sphenopteris hymenophylloides, Brongniart, Hist. vég. foss.
p. 189, PL wnvr fig, 4.

8. stipata, Phillips, Geol. York: p. 147, PL x. fig. 8.
5. Tymponophora simpler, Lindley and Hutton, Foss. Flor,
Pl orxx, AL

— 7. PUCLINOI(L, ihid. Pl cuxx. B.

—  Sphenopteris arguie, ihid. Pl opxvrm,
1836. Hymenophyllites Phillipsi, Goeppert, Foss, Farn. p. 256.
1849,  Condopteris lymenophylloides, Brongniart, Tableau, p. 105.

— Contopteris Murrayana, thid.

1851. Sphenopteris nephrocarpa, Bunbury, Quart. Journ. Geol. See.
Vol. vir. p. 129, Pl, x1. fig. 1.

1876.  Thyrsopteris Murrayana, Heer, Flor. Foss. Aret. Vol 1v. (2)
p. 30, Pls. 1. 11, viIL

The above list represents a small selection of the names
applied to Jurassic ferns from different localities which there
are good grounds for regarding as referable to a single type®

Froud tripinnate; pinnae linear acuminate, attached to the rachis at a
wide angle; the pinnules vary considerably in size and shape; in some the
lamina is divided into a few broad and rounded lobes (fig. 275, B) while in
others the leaflets are dissected into narvow linear segments. The sori are
borne at the ends of veins; the fertile pinnules have a much reduced
lamina and, in extreme cases, bear a close resemblance to those of

I Brongniart (49) A. p. 26. * Krasgser (09).
 For fuller synonymy see Seward (00) p. 97.
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Thyrsopteris elegons (fig. 229, A, p. 294). The sori are partially enclosed in
a cup-like indusium and the sporangia appear to have an oblique annulus,
Venation and habit of frond of the Sphenopteris type.

The pinna shown in fig. 271 is the type-specimen  of
Sphenopteris argute Lind. and Hutt. from the Yorkshire
Inferior Oolite and is indistinguishable from the English
examples on which Brongniart founded his species 8. hymeno-
phylloides. Fig. 272 shows a specimen from the York Musenm
illustrating the difference between the sterile and fertile pinnae.
The resemblance of some fertile pinnae of Comzopteris hymeno-

i

\

Frc. 271, Coniopteris hymenophylloides ( Brongn.). Nat. size. From a specimen
in the Manchester Museum.

SN

phylloides to those of Thyrsopteris elegans has led to a frequent
use, without any solid justification, of the generic name of the
Juan Fernandez fern for Jurassic and Wealden plants. It is not
impossible that some of the fossils deseribed by Heer from
Jurassic rocks of Siberial as species of Lhyrsopteris are Cya-
theaccous ferns, but it is impossible to say with certainty that
they are generically identical with the recent species. In his
monograph of the Potomac flora of Virginia* and Maryland,
Fontaine has deseribed as species of Thyrsopteris several speeci-

1 Heer (76). ? Fontaine ( 89).
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mens of fronds which afford no evidence as to the nature of the
sori or sporangia. Some of the fronds referred by this author
to Thyrsopteris rarinervis’, which 1 examined in the Washington
Museum, are in all probability examples of Onychiopsis, a genus
included in the Polypodiaceae. The fragments described by
Lester Ward? as species of Thyrsopteris from the Lower
Cretaceous of the Black Hills of North America afford no

I1a. 272, Coniopteris hymenophyiloides. Speeimen from the Inferior Oolite,
Searborough ; in the York Museum. [M.S.]

satisfactory evidence of relationship to the recent type. Similarly
Velenovsky has deseribed a Lower Cretaceous Onychiopsis from
Bohemia® as a species of Thyrsopterts, although the fertile \
segments bear little or no resemblance to those of the Cyathe-
aceous genus. Some fertile portions of fronds described by
Heer! as Asplenium Jolnstrupr and afterwards as Dicksonia

1 Fontaine (89) p. 123, Pls. xxvL, xn1m1. ete. 2 Ward (99) PL. orx1.
¥ Velenoveky (88). 4 Heer (75) A. Pl 1. figs. 6, 7.

B. II. 24
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Johnstrupi! from the Cretaceous beds (Kome series) of Greenland
are very similar to Condopteris hymenophylloides.

Convopteris quinqueloba (Phillips). Fig. 273.

This species, originally described by Phillips? as Sphenopteris
quingueloba, is very similar in habit to C. hymenophylloides,
differing chiefly in the smaller size of the leaf and in the
narrower ultimate segments. The specimen shown in fig. 273, B,
illustrates the form of the sorus and sporangia.

Fre. 273, Condopteris quingueloba (Phillips). A, %2; B, considerably en-

1

larged. From drawings supplied by Dr Nathorst.

Al

Coniopteris arguta (Lind. and Hutt.?). Figs. 274, 275

The sterile pinnae of this species bear pinnules of a type
met with in various species of ferns from different horizons :
the smaller ones are entire and slightly faleate, while on the
lower part of a frond the ultimate segments are longer and
have a crenulate margin, The fertile pinnae bear pinnules
reduced to a midrib with a narrow border, and terminating
in a cup-like indusium (fig. 275, A). In habit the sterile leaf
(fig. 274) of this species is similar to the Jurassic Schizaeaceous
fern Klukia exilis.

Protopteris.

Presl® instituted this genus for a Lower Cretaceous tree-

* Heer (82) A. PL. 11, fig. 2. # Phillips (75) A. p. 215.
4 BSeward (00). 4 Sternberg (38) A, p. 169,
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fern from Bohemia originally figured as Lepidodendron punc-
tatum® and assigned to a Palacozoic horizon ; it was afterwards

Fie. 274.  Cowiopteris arguta. (Nat. size. From a specimen in the Sedgwick
Museum, Cambridge.)

named by Corda® Protopteris Sternbergii and referred by

Brongniart® to Sigillaria. The genus Protopterdis stands for

1 Sternberg (20) A, PL 1v.
# Uorda (45) A. Pl. 1. fig. 5. # Brougniart (28) A. Pl. xu1.

24—2
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fossil fern-stems with the habit and, in the main, the structural
features of recent tree-ferns, Persistent leaf-bases and sinuous
adventitious roots cover the surface of the stems: the vascular
system 1s of the dictyostelic type characteristic of Cyathes
(fig. 240, p. 313) and Alsophila. Ttis by the pattern formed by
the vascular tissue on the exposed surface of the leaf-bases that
Protopteris is most readily recognised: the leaf-trace has a horse-
shoe form with the ends eurled inwards and the sides more or
less indented (fig. 277). The generic name Cuulopteris is
used by some authors in preference to Presl’s genus: bub
Protopteris is more conveniently restricted to Mesozoic C yathe-
aceous stems and Coulopteris to Palacozoic stems, with the
internal structure of Psaronius (see Chap. XXIL). Stenzel

Fra. 275. A. Coniopteris arguta. (Fertile pinnae ; nat. size.)
B. C. hymenophytioides.
A, from the Inferior Quolite of Yorkshire (British Museum); B, from Jurassie
roeks in Turkestan.

applies Cuulopteris to Mesozoie stems in which the leaf-trace
consists of several separate strands and not, of a continuous band.

Lower Cretaceous casts of tree-fern stems in the Prague
Museum have been described under the names 4lsophilina and
Ongopteris ; the figures of the latter (fig. 276) given by Feist-
mantel® and by Velenovsky* show the petiole-bases mrranged
in vertical rows and characterised by leat-traces consisting of
bwo separate strands in the form of two Vs lying on their sides.

Tree-fern stems deseribed under various generic names are
not infrequently found in European Lower Cretaceous rocks: their
comparative abundance affords an example of striking changes
in geographical distribution since the latter part of the Mesozoic
epoch. The Cyatheaceae no longer exist in Europe and the

1 Feistmantel (72). 2 Velenovskf (88).
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arborescent species of the genus have retreated to more southern

regions.

ﬂ th \U\U

l m'l; i

T'ro. 276.  Oncopteris Nettvalli. (After Velenovsky ; # nat. size.)

Fia. 277. Protopteris punctata. (After Heer; very slightly reduced.)

Protopteris punctata (Sternb.), Fig. 277

The earliest information in regard to the anatomy of this
widely spread Lower Cretaceous fern we owe to Corda, who
showed that the species agrees in essentinls with existing
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tree-ferns, The English example described by Carruthers’
from Upper Greensand beds in Dorsetshire (now in the British
Museum) shows only the external features. The sandstone cast

Fi1e. 278. A. Laccopteris polypodioides, Brongn. [From a specimen (39275) in
the British Maseum ; slightly reduced.]
B. L. Muensteri.
O. Dicksonia (petiole stele),
D, Onychiopsis Mantelli (fertile segments),
B. Hausmannia Sewardi Richt.
F. H. Kohlmanni Richt.
G, H. Protopteris Witteane, Schenk. (x, xylem; R, roots.)
(B, after Schenk ; E, F, after Richter.)

! Carrnthers (65) Pl. x11.
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(14 em. in diameter), of which a portion is seen in fig. 277, was
deseribed by Heer from Disco Island (Greenland) as a Carboni-
ferous species!, but afterwards correctly assigned to the Ceno-
manian series®. This species is recorded also from the Lower
Cretaceous of Bohemia by Fri¢ and Bayer®. Among examples
of petrified stems exhibiting a general agreement with Pro-
topteris punctata are those deseribed by Stenzel from Turonian
rocks in Germany. In one of these, Rhizodendron oppoliense
Gipp., attention is drawn to branches given off from the stem
stele which have a solenostelic structure in contrast to the
dictyostele of the stem; also to the minute structure of the
tracheac which appear to have their ends perforated, a feature
shown by Gwynne-Vaughan® to be characteristic of the xylem
elements of many ferns. .
Protopteris Witteana Schenk® (fig. 278, G, H), a Wealden
species recorded from Germany and England, represents a closely
allied or possibly an identical type. The section of the stem
(fig. H) shows the narrow vascular bands, x, of a dictyostele
similar to that of recent Cyatheaccous tree-ferns and a form
of meristele (fig. G, x) resembling that of P, punctata.
Adventitious roots are seen in section at R (figs. G and H).

Polypodiacesae.

Sections of petrified sporangia from the English Coal-
Measures (Pteridotheca sp.) occasionally exhibit a striking
resemblance to those of recent Polypodiaceae™, but in the
absence of material in which it is possible to recognise the
true orientation of the sporangia, the exact position of the
annulus is almost impossible to determine. We have as yet
no satisfactory evidence of the existence of true Polypodiaceae
in the Palaeozoic era. It is noteworthy that apart from the
absence of ferns which can reasonably be included in this family,
the anatomical features of the Botryopterideae (Coenopterideac)
and of the Cycadofilices or Pteridosperms do not foreshadow those

! Heer (75). ¢ Heer (82) Pl, xuvm.
& Frit and Bayer (01) p. 76.
4 Stenzel (86). Bee also Stenzel (87). # Gwynne-Vanghan (08),

b Sehenk (71) Pl xxx. ; Seward (94%) A. Pl x1. 7 Beott (08) p. 293.
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of Polypodiaceous ferns.  On the other hand, as we have already
noticed, anatomical characters of such families as the Gleicheni-
aceae, Hymenophyllaceae, and Schizacaceae are met wish in
certain generalised Palacozoic types. These facts are perhaps
of some importance as supplying collateral evidence in favour of
the relatively more recent origin of the dominant family of
ferns in modern floras.

The use of the generic name Adiuntites for fern-like
fronds of Lower Carboniferons age characterised by cuneate

Fra. 279, A. _Adiantides antiguus (Ett.). (4 nat. size.)

B.  A. Lindsayoides (Sew.). (B’ nat. size.)
(A, after Kidston.)

pinnules like those of species of Adiuntum, suggests an affinity
which is in all probability non-existent. It has been pointed
out that this generic name was applied in the first instance to
the leaves of the Jurassic plant G'.i.'n/ftrr,m digitata’ and should.
therefore, be discarded. Schimper® used the designation
Adiantides, and Ettingshausen® more rashly than wisely, pre-
ferred Adiantum. The specimens described by Kidston* as

! Goeppert (36) A, p. 217. * Sehimper (69) A. p. 424
# BEtlingshausen (66). 4+ Kidston (89%) P1 1,
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Adiantides antiguus (Ett.) (fig. 279, A) from the Carboniferous
limestone of Flintshire are portions of tripinnate fronds bearing
cuneate segments with numerous forked veins radiating from the
contracted base of the lamina. It is not improbable, in view of
Dr White's? discovery of seeds on a very similar plant from the
Pottsville beds of North America, that this characteristic Lower
Carboniferous genus is a Pteridosperm.

From Jurassic rocks in various parts of the world numerous
fossils have been described under the generic names Aspidiun,
Asplenium, Davallia, Polypodiwim, and Pteris. In the great
majority of cases such records leave much to be desired from
the point of view of students who appreciate the dangers of
relying on external similarity between vegetative organs, and
on resemblances founded on obscure impressions of sori. The
generic term Woodwardites®, which suggests affinity with the
recent genus Woodwardic, has been used for Rhaetic plants
belonging to the Dipteridinae.

A plant deseribed as Adiantides Lindsayoides from Jurassic
rocks of Victoria®, characterised by marginal sori which appear
to be protected by the folded-over edge of the, leaflets, and by
the resemblance of the pinnules to those of recent species of
Lindsaya, may be a true Polypodiaceous fern ; but in this case,
as in many similar instances, nothing is known of the structure
of the sporangia. Some sterile pinnae deseribed by Yabe from
Jurassic rocks of Korea as Adiantites Sewardi* may perhaps be
identical with the Australian species.

In such a species as Polypodium oregonense Tont., from
Jurassic rocks of Oregon, the generic name is chosen because
the © fructification seems near enough to that of Polypodium to
justify the placing of the plant in that genus®.” But the fact
that no sporangia have been found is a fatal objection to this

identification.

Onyehiopsts.

This generic name was instituted by Yokoyama® for a

I White (04). 2 Schenk (67) A. PL xmr. ; Zeiller (03) p. 91, P1. xvir
1 Beward (042) p. 162, PL vru. fig. 5. 4 Yabe (05) p. 39, PL 1. figs, 1-8.

5 Fontaine, in Ward (03) p. 64. % Yokoyama (89), p- 26.
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Japanese Wealden species, previously described by Geyler! as
Thyrsopteris elongata, on the ground that, in addition to a
similarity in habit of the sterile fronds, the fertile pinnae
present a close agreement to those of the recent genus
Onychium,

Onychiopsis Mantelli* (Brongn.). Figs. 278, D; 280, A and B.

The Japanese species Onychiopsis elongata may perhaps be
identical with this common Wealden fern which, as Fontaine
pomtﬁ out, should be called O. psilotoides if the rule of priority
is to be observed irrespective of long usage.

1824, Hymenopteris psilotoides, Stokes and Wehb, Trans. Geol. Soc.
[ii.], Vol & p. 423, Pl xuvr. fig, 7

1828, Sphenopteris Mantells, Lmu"nntr Hist. vég, foss. p. 170,
Pl xuy. figs. 837,

1890, fn"h-Jf)[c—i-(}{.’ﬂ?.‘! Mangelli, Nathorst, Denksch. Wien Akad, Vol
LVIL p. b,

Onychiopsis Mantelli may be defined as follows :—

Frond bipinnate, ovate lanceolate, rachis winged ; pinnae approximate,
given off at an acute angle; pinnules narrow, acuminate, with a single
vein ; the larger segments serrate and gradually passing into pinnae with
NATTOW ultanntu segments. Fertile segments sessile or shortly stalked,
linear ovate, sometimes terminating in a short awn-like puﬂou‘,dhun

The fertile segments (fig. 278, D) bear so close a resemblance
to those of species of Onychiwm that it would seem Justifiable
6o regard the plant as a member of the Polypodiacese. This
fern is one of the most characteristic members of the Wealden
floras: it occurs in abundance in the English Wealden, in
Portugal, Germany, Belgium, Japan, Bohemia, South Afriea,
and elsewhere. A piece of rhizome figured from the English
Wealden® is very similar to the creeping rhizomes of recent
species of Polypodiaceae. The English Wealden specimens

I Geyler (77) PL xxxu. fig, 4.
# For synonymy, see Fontaine, in Ward (05) p. 155 ; Richter (06) p. 6
Seward (94) A. p. 41; (03) p. 5.
4 Beward (94) A. p. 52
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shown in fig. 280, A and B, illustrate the difference in form
presented by leaves of this species; the smaller pinnae repro-
duced in fig. A are more characteristic of the species than are
those of the slightly enlarged example represented in fig. 280, B.

Fic. 280. Onychiopsis Mantelli. (From Wealden specimens in the British
Museum ; No. 13495 and No. V. 2615, A, natural size; B, very
slightly enlarged.)

Among British Tertiary species referred to Polypodiaceae,
it is interesting to find what may well be an authentic record
of a fern closely allied to the recent tropical species Acrostichum
( Chirysodvum) aurewm. This Eocene species from Bournemouth
is described as Chrysodiumn lanzaeanuin’.  The frond 1s simply
pinnate and apparently coriaceous in texture, with lanceolate or
oblong lanceolate pinnules (fig. 261, A, A, p. 350), differing from
those of Acrostichum wurewm in being sessile, A prominent

! Gardner and Eftingshausen (82) Pls. 1. 11
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midrib gives off numerous anastomosing veins. No fertile
pinnules have been found.

Specimens described by Forbes from the Eocene beds of the
Island of Mull as Onoclea hebraidical bear a strong likeness
to the North American and Japanese recent species  Onoclen
sensabilis. Fertile specimens referred to the latter species are
recorded by Knowlton? from Tertiary beds of Montana,

A specics deseribed by Saporta® from the Eocene of
Sézanne as Adiantum apalophyllum is recorded by Gardner
and Ettingshausen from Bournemouth : an 1dentification which
18 based on somewhat meagre evidence.

The following remarks by Gardner and Ettingshausen are
worthy of repetition as callin g attention fo eircumstances offen
overlooked in analyses of fossil floras, They speak of ferns as
relatively rare in British Eocene rocks and add,—*the Horas
consist prineipally of deciduous dicotyledonous leaves, which...
fell into the water and were tranquilly silted over. Ferns, on
the other hand, would require some violence to remove them
from the place of their growth, and their preservation wonld
consequently be exceptional, and they would be mutilated and
fragmentary. This may account for their rarity. Few as the
British ferns are in the number of species, they nevertheless
form the largest and most lmportant series of Eocene ferns,
even of Tertiary ferns, yet deseribed from one group of bedst”

Dipteridinae.
Dictyophyllum.

This genus was founded by Lindley and Hutton for a
pinnatifid leaf from the Jurassic rocks of Yorkshire which they
regarded as probably dicotyledonons and named D, rugosum®,
Several ferns of this genus have since been found with well-
preserved sori which demonstrate a close si milarity to the recent
fern Dipteris.  Dictyophyllum may be defined as follows :—

I Forbes (51) ; Gardner and Ettingshaugen (82).
# Knowlton (02) PI. xxvr,
* Baporta (68) A, ; Gardner and Fttingshausen (82) PL x. fig. 1.
= Gardner and Ettingshausen (82) p. 21,
" Lindley and Huatton (34) A, PL crv.
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Fronds large and palmute, charcterised by the equal dichotomy of the
main rachis into two arms which curve outwards and then bend inwards
(lig. 281); from the surface of each arm ave given off numerous spreading
pinnae with a lamina more or less deeply dissected iuto lobes varying in
breadth and in the form of the apex. Each lobe has a median vein, from
which branches are given off approximately at right angles and then sub-
divide into a reticulum, in the meshes of which the veinlets end blindly
(lig. 282, A and E). Sovi composed of annulate sporangia are crowded on the
lower surface of the lamiva. In habit and in sporangial characters the
genus closely resembles Dipieris, and in the branching of the frond
suggests comparison with Magonie. The rhizome (fRhizomopteris) is
ereeping and dichotomously branched, bearing leaf-scars with a horse-
shoe form of vaseular strand.

Fi. 281. Dietyophyllum exile. (After Nathorst ; mueh reduced.)

Dictyophyllum is represented by several types to which
various specific names have been assigned, the distinguishing
features being the form of the pinna lobes, the degree of con-
crescence between the basal portions of the pinnae, and similar
features which in some eases can only be safely used as eriteria
when large specimens are available for comparison,

Dictyophyllum exile (Brauns). Figs, 281, 282, D, E.

1862,  Camptopieris exilis, Brauns, Palaeontograph. tx. p, 54

1867,  Dictyoplyllwm acutilobwm, Schenk, Foss, Flor. Grenz P 7T
Plsi xox, X

1878,  D. ewile, Nathorst, Flora vid Bjuf, 1. p. 39, Pl v. fig. 7.

— D acutilobum, ibid, Pl x1. fig. 1.

2
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The restoration, after Nathorst?, shown in fig, 281 illustrates
the habit of this striking fern, examples of which or of closely
allied species are recorded from Rhaetic rocks of Germany, Scania,
Persia, Bornholm, Tonkin, China, and elsewhere®. The petiole,
reaching a length of 60 em., forks at the apex into two equal
arms leaving between them an oval space and occasionally
crossing one another. The axes of these branches are fiwisted
g0 that the pinnae, which may be as many as 24 on each arm,

Fie. 282, A, Dictyophylium Nilssoni.
B. Rhizomopleris Schenli.
C. (,."mupmpb'ris spiralis,
D, E. Dictyophylivm exile.
(After Nathorst ; A, B, C, E, £ nat. size.)

and arise from the inner side, by torsion of the axes assume an
external position. An interesting analogy as regards the
twisted rachis of Dictyophyllum exile and Camptopteris is
afforded by the leaves of the Cycads, Macrozamia Faweeitioe and
M. corallipes, which are also characterised by the torsion of
the rachis. The habit, justly compared by Nathorst with

I Nathorst (069%). 2 Seward and Dale (01) p. 505,
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that of Matonia pectinata, affords another illustration of the
commmon occurrence in older ferns of a dichotomous system
of branching. The pinnae, characterised by cireinate vernation,
reach a length of 60 cm. and are divided into linear lobes
inclined obliquely or at right angles to the pinna axis. The
whole of the under surface of the lamina may be covered with
sporangia, 4—T7 sporangia in each sorns; the annulus is
incomplete and approximately vertical (fig. 282, D). The
rhizome is probably represented by the dichotomously branched
axis described by Nathorst from Scania as Rhizomopteris
major; the leaf-scars show a horse-shoe leaf-trace.

Dictyophyllum Nathorsti Zeiller?,

This type, represented by a splendid series of spécimens
from the Rhaetic beds of Tonkin, agrees very closely with
D. exile. 1t differs, however, in the basal parts of the pinnae
which are concrescent for a length of 5 to 8 em. instead of free as
in D. exile; and, to a slight degree, in the form of the ultimate
segments. In habit and in soral characters the two species are
practically identical. Each sorus contains 5 to 8 sporangia,
which are rather larger than those of Dipteris.

Dictyophyllum rugosum, Lind. and Hutt. Fig. 283.

1828, Phicbopteris Plallipséi, Brongniart, Hist. vég foss. p. 377,
Pl, oxxzxmm. fig. 3; Pl oxxxon fig. 1.

1820, Phyllites nervulosis, Phillips, Geol. Yorks., p. 148, PL vim.
fig. 9.

1834, Dictyophylium sugoswm, Lindley and Hutton, Foss. Flor. 11
Pl crv,

1536,  Polypodites heracleifolius, Goeppert, Toss. Farn, p. 344,

1849, Camptopteris Phillipsid, Bronguiart, Tableau, p. 105,

1880.  Clathropteris whitbyensis, Nathorst, Berittelse, p. 83.

This species, which is characteristic of Jurassic rocks, is
less completely known than the two types described above,
but in the form and venation of the pinnae there is little
difference between the Rhaetic and Jurassic plants. The leaves
of the Jurassic species appear to have been smaller and more

L Zeiller (08) p. 109, Pls, xx111,—xxvi1,
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like those of Dipteris conjugate (fig. 231): there are no indi-
cations of the existence of the two curved arms at the summit
of the petiole which form so striking a feature in D). exile and

TFra. 283.  Dietyophyllum vugosum (Lind. and Hutt.). (Brit. Mus. Nat size.)
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D. Nathorsti. No sporangia have been found on English
specimens, but it is safe to assume their agreement with those
of other species. A more complete list of records of D). GOSN
1s given in the first volume of the British Museum Catalogue
of Jurassic plants®,

Nathorst® has recently drawn attention to certain differences
between Dictyoplyllum and Dipteris. The pinnate division of
the pinnae is not represented in the fronds of the recent species,
but this method of lobing, which is a marked characteristic of
Dictyophyllum, is less prominent in Clathropteris; and in Clamp-
topteris lunzensis Stur®, an Austrian Upper Triassic species, the
pinnae are entire. In Dictyophyllum the sori cover the whole
lower surface of the leaf; in Dipteris they are more widely
separated and the sporangia have a diameter of 002 mm., but
in Dictyophyllum the diameter is 0:4—0:6 mm. Moreaver in
Drietyophyllum the sori contain 5 to 8 sporangia, whereas in
Dripteris they are much more numerous. Despite these dif-
ferences it is clear, as Nathorst says, that Dictyophyllum,
Clathropteris, and Camptopteris are existing types very closely
allied to Dipteris. Tt is a matter of secondary importance
whether we include all in the Dipteridinae or follow Nathorst’s
suggestion and refer the fossil genera to the separate family
Camptopteridinae.

Thawmatopteris.

This genus, founded by Goeppert* for a Rhaetic plant
from Bayreuth, is by some authors® regarded as identical
with Dictyophyllum, but it has recently been resuscitated by
Nathorst® for specimens which he names 7. Schenki, formerly
included by Schenk im his species 7. Brauniana’. It bears
a close resemblance, in the long linear pinnules with an entire
or crenulate margin, to Dictyophyllum Fuchsi deseribed by
Zeiller® from Tonkin, and it would seem hardly necessary fo
adopt a distinctive generic designation. The sporangia have

1 Seward (00) p. 122, 2 Nathorst (06%),
¥ Krasser (09) p. 111, 4 Goeppert (41).
5 Seward and Dale (01) p. 503. 6 Nathorst (072),
7 Schenk (67) A. PL xvr, & Zeiller (03).
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a vertical or slightly oblique annulus and the rhizome is
similar to that of Dictyophyllum exile. The habit of the
genus is shown in fig. 284, which represents one of the
German Rhaetic species.

i
=
!
I
.—l
Fig. 284, Thaumatopteris Minsteri, (From a specimen in the Bergakademie, J
Berlin ; & nat. size.)
Clathropteris.
Clathropteris meniscoides, Brongn. Fig. 285,
Clathropteris, founded by Brongniart! for Rhaetic specimens ‘

from Scania, agrees very closely with some species of Dictyo- o
phyllum, but in view of the more rectangular form of the
venation-meshes it is convenient to retain both names. The
type-species was originally named Filicites meniscoides® and
afterwards transferred to Clathropteris. An examination of

1 Brongniart (23), 2 Brongniart (23).
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Brongniart’s specimens has convinced Nathorst of the specific
identity of O. meniscoides and C. platyphylla. The Tonkin
leaves deseribed by Zeiller' under the latter name should,
therefore, be included in C. meniseoides, which may be thus
defined :

Fi6, 985, Clathropteris meniscoides. From Rhaetic rocksnear Brlangen. [M.5.]

The petiolate frond is characterised by an equal dichotomy of the
rachis, as in Dictyophyllini; each branch bore 5—15 pinnae, disposed
e éventail, reaching a length of 2030 cm. and fused basally as in
D. Nuthorsti Zeill. Pinnae linear lanceolate, slightly coutracted at the

1 Zeiller (03).
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lower end and gradually tapered distally. The lamina, 3—I14 crm. broad,
is characterised by obtusely pointed marginal lobes. From the midrib
of each pinna lateral veins are given off at a wide angle, and adjacent
veing are connected by a series of branches which divide the lamina
into a regular reticulum of rectangular and polygonal meshes (fig. 2856).
The sori are abundant and contain 5—12 sporangia like those of Dictyo-
pleyllum.

Tra. 286. Cluthropteyis egyptiace. (Nab. size.) a, b, pieces of main ribs in
grooves,

What is probably the rhizome of this species has been
described by Nathorst (Rhizomopteris cruciata); it iz similar
to that of Dictyophyllum, but the leaf-scars are more widely
separated. This species occurs in Upper Triassic, Rhaetic or
Lower Jurassic rocks of Seania, France, Germany, Switzerland,
Bornholm, North America, China, Tonkin, and Persia and is
represented by fragments in the Rhaetic beds of Bristol'.

1 Seward (04) pp. 18, 164,
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Clathropteris egyptiaca Sew.! Fig. 286.

The specimen on which this species was founded was dis-
covered in the Nubian Sandstone east of Edfu; the age of the
beds is uncertain, but the presence of Clathropteris suggests a
Lower Jurassic or Rhaetic horizon® Seven strong ribs radiate
through the lamina from the summit of the petiole; at « and b
small pieces of the projecting ribs are shown in the grooves,

Fre, 287. Camptopteris spiralis, (After Nathorst. Much reduced.)

From the main veins slender branches are given off at right
angles and, as seen in the enlarged drawing, these again sub-
divide into a delicate reticulum with free-ending veinlets.

Camptopteris.
Camptopteris spiralis, Nath, Figs. 282, C; 287,
Nathorst proposed this generic name for Rhaetic fronds®

! Seward (07).

2 The evidence of the shells is stated by Mr R. B. Newton (04) to be in
favour of the Cretaceous age of the Nubian Sandstone.

¥ Nathorst (78) p. 33.
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resembling those of Clathropteris and Dictyophyllum, but ditfer-
ing in the form of the pinnae and in habit. The habit of the
type-species, C. spiralis, is shown in fig. 287. An examination
of the specimens in the Stockholm Museum convinced me of
the correctness of Nathorst’s restoration’. Each of the forked
arms of the rachis bore as many as 150—160 long and narrow
pinnae characterised by an anastomising venation (fig. 282, C)
and by a spiral disposition due to the torsion of the axes. The
sporangia agree in essentials with those of Dictyophyllum.

HQH-STH(M?,?H:(.(.

A critical and exhaustive account of this genus has been
given by Prof. Von Richter® based on an examination of
specimens found in the Lower Cretaceous rocks of Quedlinburg
in Germany. The name was proposed by Dunker? for leaves
from the Wealden of Germany characterised by a deeply dissected
dichotomonsly branched lamina. Andrae subsequently instituted
the genus Protorhipist for suborbicular leaves with dichoto-
mously branched ribs from the Lias of Steierdorf. A similar
but smaller type of leaf was afterwards described by Zigno®
from Jurassic beds of Ttaly as P. asartfolius, and Nathorst®
figured a closcly allied form from Rhaetic rocks of Sweden.
While some authors regarded Hausmannia and Protorhipis as
ferns, others compared them with the leaves of Baiera (Gink-
goales); Saporta suggested a dicotyledonous affinity for
leaves of the Protorhipis type. The true nature of the
fossils was recognised by Zeiller”, who called attention to the
very close resemblance in habit and in soral characters to the
recent genus Dipteris. A comparison of the different species
of Dipteris, including young leaves (fig. 231, p. 297), with those
of the fossil species reveals a very striking agreement®. There
can be no doubt, as Richter points out, that the names Haws-
mannie and Protorhipis stand for one generie type.

1 Nathorst (062) p. 15.
¥ Dunker (46) A. p. 12.

Richter (06),
Andrae (53) A.

i
& Zigno (56) A. 1x. fig. 2. ¢ Nathorst (78%) PL m. fig. 2.
T Zeiller (97%) p. 51. &

Seward and Dale (01).
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Hausmannie may be defined as follows:

Rhizome creeping, slender, dichotomously branched ; leaf-stalks slender
(2—25 em, long), bearing a leathery lamina (1—12 em. long and broad),
wedge-shaped below, occagionally cordate or reniform, entire or more or

Fic. 288. Hausmannia dichotoma. (Specimens from the late Dr Mareus Gunn's
Collection of Upper Jurassic plants, Sutherlandshire ; very slightly
reduced.)
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less deeply lobed into broad linear segments. The leaf is characterised by
dichotomously branched main ribs which arise from the summit of the
rachis as two divergent arms and radiate in a palmate manner, with
repeated forking, through the lamina. Lateral veins are given off at a
wide angle, and, by subdivision, form a fairly regular network similar to
that in Dictyophyllum, Clathropterds, and Dipterds.

Hausmannia dichotoma, Dunker®. Tig. 288, A, B.

This Wealden species, represented in the North German
flora and in beds of approximately the same age at Quedlin-
burg, has been discovered by Dr Marcus Gunn in Upper
Jurassic rocks on the north-east coast of Seotland. The lamina,
(12 em. or more in length) is divided into five to seven linear
segl'nent-s and bears a close superficial resemblance to leaves
of Baiera and to recent species of Schizaea (lig. 222, p. 287).
Each segment contains one or two main ribs (fig. 288, A), A
similar form is deseribed by Bartholin® and by Moeller® as
H. Forchanvmer: from Jurassie rocks of Bornholm.

Hausmannia Kohlmanni, Richt. TFig. 278, F.

In this species, instituted by Richter from material obtained
from the Lower Cretaceous beds of Strohberg*, the compara-
tively slender rhizome bears fronds with petioles reaching a
length in extreme cases of 25 em. but usually of about
10 em. The lamina (1—7 em. long and 1—10 em. broad) is
described as leathery, obecordate, and divided into two sym-
metrical halves by a median sinus which, though occasionally
extending more than half-way through the lamina, is usually
shallow. The venation consists of two main branches which
diverge from the summit of the petiole (fig. 278, F') and sub-
divide into dichotomously branched ribs; finer veins (not shown
in the drawing) are given off from these at right angles and
form more or less rectangular meshes as in other members of
the Dipteridinae and in such recent ferns as Polypodium
quercifolium (fig. 231, D, p. 297).

The imperfect lamina represented in fig. 289 may belong to

1 Dunker (46) A., PL v, fig, 1. 2 Bartholin (92) Pls, x1. xm.
3 Moeller (02) Pls. 1v.—v1. 4 Richter (06) p. 21.
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Hausmannia Richteri or may be a distinet species; it shows
some of the finer veins connecting the shorter forked ribs,
which formed part of the reticulate ramifying system in the
mesophyll, This specimen was obtained from the plant-beds of
Culgower on the Sutherlandshire coast, which have been placed
by some geologists in the Kimmeridgian series.

The smaller type represented in fig. 278, K, is referred by
Richter to a distinct species, Hausmannia Sewardi?, founded
on a few specimens from the Lower Cretaceous strata of
Strohberg. This species is characterised by a stouter rhizome

i

Fic. 289, Hausmannia sp, Upper Jurassic, near Helmsdale, Scotland., From
a specimen in the British Musenm. (Nat. size.)

bearing smaller leaves consisting of a short petiole (3—4 em.
long) and an obovate lamina (1-—2 em. long and broad). There
are usually two opposite leaflets on each leaf-stalk, and these
may be equivalent to the two halves of a single deeply dissected
lamina.

It is interesting to compare these different forms of Haus-
mannie with the fronds of recent species of Dipteris represented
in fig. 231. The more deeply dissected type, such as H. dicho-
toma, closely resembles D. Lobbiana or D. quinguefurcata,
while the more or less entire fossil leaves (fig. 278, E, F and
fig. 289) are very like the somewhat unusual form of Dipteris
conjugate shown in fig. 231, B, p. 297,

I Richter (06) p. 22,
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Other species of the genus are recorded from Liassic rocks
of Steierdorf' (Hungary) and of Bornholm® Nathorst® has
described a small Rhaetic species from Scania: a French
Permian plant described by Zeiller* and compared by him with
H. dichotoma, may be a Palaeozoic example of this Dipteris-
like genus.

Some segments of leaves from the Eocene beds (Middle
Bagshot) of Bournemouth, and now in the British Museum,
described by Gardner and Ettingshausen® as Podoloma poly-
podivides, bear a close resemblance in the venation to the
lamina of Dipteris eonjugata.

1 Andrae (53) A. 2 Moeller (02) Pls. 1v.—vI.
# Nathorst (78%) PL. 1=. fig. 2. 4 Zeiller (79).

5 (3ardmner and Eltingshausen (82) p. 29, Pl. mr. fig. 6.



CHAPTER XXIL
Marattiales (Fossil).

Tug discovery of Pteridosperms has necessarily led to a con-
siderable modification of the views formerly held that existing
genera of Marattiaceae represent survivors of a gronp which
occupied a dominant position in the forests of the Coal age,
Mr Arber writes :— The evidence, formerly regarded as beyond
suspicion, that the eusporangiate ferns formed a dominant
feature of the vegetation of the Palaeozoie period, has been
undermined, more especially by the rémarkable discovery of
the male organs of Lyginodendron by Mr Kidston. At best
we can only now regard them as a subsidiary group in that
epoch in the past history of the vegetable kingdom'.” Dr Scott
expresses himself in terms slightly more favourable to the view
that the Marattiaceae represent the aristocracy among the
Filicales. He says :—“ We now have to seek laboriously for
evidence, which formerly seemed to lie open to us on all hands.
I believe, however, that such eareful investigation will result in
the resuscitation of the Palaeozoic ferns as a considerable, though
not as a dominant group®” Zeiller’s faith® in the prospect of
Marattiaceous ferns retaining their position as prominent
members of Palaeozoic floras, though shaken, is not extin-
guished: he recognises that they played a subordinate part,

Reference has already been made to the impossibility of
determining whether Palaeozoic fern-like fronds may be legiti-
mately retained in the Filicales, or whether they mmust be
removed into the ever widening territory of the Pteridosperms,

1 Arber (06)-p. 227. 2 Beott (06) p. 189, 4 Zeiller (05).
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The difficulty is that the evidence of reproductive organs is
very far from decisive. In the absence of the female repro-
ductive organs, the seeds, we cannot in most cases be eertain
whether the small sporangium-like bodies on fertile pinnules
arc true fern sporangia or the microsporangia of a heterosporous
pteridosperm.  What is usually called an exannulate fern
sporangium, such as we have in Angiopteris and in many
Palacozoie plants, has no distinguishing features which can
be used as a decisive test. The mierosporophylls of the
Mesozoic Bennettitales produced their spores in sporangial
compartments grouped in synangia like those of recent Ma-
rattiaceae; and in the case of Crossotheca, a type of frond
always regarded as Marattiaceous until Kidston® proved it to
be the microsporophyll of Lyginodendron, we have a striking
instance of the futility of making dogmatic assertions as to
the filicinean nature of what look like true fern sporangia. In
all probability Dr Kidston’s surmise that the supposed fern
sporangia known as Dactylothecu, Renaultia, Urnatopterts are
the microsporangia of Pteridosperms will be proved correct®,
The question is how many of the supposed Marattiaceous spo-
rangia must be assi gned to Pteridosperms ? There is, however,
no reasonable doubt that true Marattiaceae formed a part of
the Upper Carboniferons flora. All that can be attempted in
the following pages is to describe briefly some of the numerous
types of sporangia recognised on Palaeozolc fern-like foliage,
leaving to the future the task of deciding how many of them
can be accepted as those of ferns. Tt is impossible to avoid
overlapping and some repetition in the sections dealing with
true Ferns and with Pteridosperms. The filicinean nature of
the stem known as Pseronius (see page 415) has not as yet
been questioned.

The nomenclature of supposed Marattiaceous species from
Carboniferons and Permian rocks is in a state of some confusion
owing to a lack of satisfactory distingnishing features between
certain types to which different generic mames have been
assigned. As we have already scen in the case of supposed

1 Kidston (06). ? Kidston (06) p. 429,
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leptosporangiate sporangia, the interpretation of structural
features in petrified or carbonised sporangia does not afford
an example of unanimity among palacobotanical experts.

Ptychocarpus.

This generic name, proposed by the late Professor Weiss?,
is applied to a type of fructification illustrated by the plant
which Brongniart named Pecopteris wnitd, 4 SPecles common In
the Upper Coal-Measures of England® It is adopted by Kidston
for fertile specimens from Radstock which he describes as
Ptychocarpus oblongus®, but the precise nature of the fertile
pinnules of this species cannot be determined.

Ptychocarpus unita (Brongn.*). Fig. 291, A, B. (= Goniopteris
unita, Grand Eury.)

This species has tripinnate fronds with linear pinnae bearing
contigiious pinnules of the Pecopteris type (fig. 291, B), 4—5 mm,
long, confluent at the base or for the greater part of their length.
On the under surface of the fertile segments, which are identi-
cal with the sterile, occur eircular synangia (fig. 291, A) consist-
ing of seven sporangia embedded in a common parenchymatons
tissue and radially disposed round a receptacle supplied with
vascular tissue. The synangium is deseribed as shortly stalked
like those of Marattia Kaulfussvi (fig. 245, B, p. 320). In shape,
in the complete union of the sporangia, and presumably in
the apical dehiscence, Ptychocarpus agrees very closely with
Kaulfussia (fig. 245); but we cannot be certain that we have
not a collection of microsporangia simulating a fern synangium,

A synangium closely resembling Ptychocarpus has been
described by Mr Watson® from the Lower Coal-Measures of

1 Weiss, O.E. (69) p. 94, PL xz. fig. 2. The specimens figured by Weiss bear
a somewhat remote resemblance to that deseribed by Renanlt (96) A, under the
BAINE geneTic name.

* Kidston (91%) p. 23. 3 Kidston (88) p. 350,

4 Renault (96) A. p. 9; Zeiller (88) A. p. 1623 Grand'BEury (77) A. Pl. vior,
fig. 13,

5 Watson (06).
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Lancashire as Cyathotrachus altus, but there is no convineing
evidence as to the nature of the plant on which it was borne.

Danaertes.

This generic name, instituted by Goeppert', has been used
by authors without due regard to the nature of the evidence
of affinity to Danaes. The type named by Stur Danaetes
sarepontanus® (fig. 291, E) bears small pecopteroid pinnules
with ovoid sporangia in groups of 8—16 in two contiguous
series on the lower face of the lamina. The sporangia dehisce
by an apical pore and are more or less embedded in the
mesophyll of the segments. No figures have been published
showing any detailed sporangial structure, and such evidence
as we have is insufficient to warrant the conclusion that the
resemblance to Danaes is more than an analogy.

Parapecopteris.
Parapecopteris neuropteroides, Grand'Eury, Fig. 290, D.

The plant described by Grand'Eury® from the Coal-fields of
Gard and St Etienne, and made the type of a new genus, is
characterised by pinnules intermediate between those of Pecop-
teris and Newropteris* and by the presence of two rows of united
sporangia along the lateral veins, as in Danaea and Danaeites.

Asterotheca.

Certain species of Pecopteris fronds from Carboniferous strata
are characterised by circular sorl or synangia consisting of a
small number (3—8) of exannulate sporangia attached to a
central receptacle and free only at their apices. Strasburger®
suggested a Marattiaceous affinity for Asterotheca and Stur®
deseribes the species sterotheca Sternbergii Goepp. (fig. 291,
C, D) as an example of a Marattiaceous fern. The latter
author retains Corda’s genus Hawlea™ for the fertile fronds

1 Goeppert (36%) A, p. 380.

2 Stur (85) A. p. 221, PL wxy; Zeiller (88) A, p. 41.

# Grand'Eury (90) A, p. 288, PL vi. fig. 26.

4+ For an account of these genera, see Chap. xxviL.

5 Strasburger (74). 6 Stur (85) A, p. 183, 7 Corda (45) A. P1, nviz,
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of the common Coal-Measures species Pecopteris Miltone, while
on the other hand Kidston! includes this type in Asterotheca.

Pecopteris (Asterotheca) Miltoni (Artis).

825. Filicites Miltond, Artis, Antedil. Phyt. PL xiv.

828. Pecopteris Miltoni, Brongniart, Prodrome, p. 58,

828. Pecopteris abbreviata, Brongniart, Hist. vég foss, p. 337,
PL exv. figs. 1—4; Lindley and Hutton, Foss. Flor, Vol. 1.
Pl 134,

1845, Hawica puleherrima, Corda, Flor. Vorwelt, p. 90, PL nvm.

figs, 7, 8
1877—1888, Hawlen Miltond, Stur, Culm Flora, p. 293; Farne Carbon.
Flora, p. 108, Pls. rix. 1.x.
1888. Pecopteris (Asterotheca) ablreviata, Zeiller, Flor, Valene, p. 186,
PL xx1v. figs. 1—4.

Fro. 290. A, Alethopteris lonchitica. x2k )
B. Lonchopteris rugosa. » 2. r
C.  Sphenopteris Hoeninghaousi,
D.  Parapecopteris neuwropteraides.
. Pecopteris (Dactylotheca) plumosa [=P. (Dactylotheca) dentata
Zeiller (88)]. x4,
(A—C, K, after Zeiller; D, after Grand’Eury.)

For deseription
wd J see Chap. xxvir.

! Kidston (91%) p. 20; Stur (85) A, P1. nx,
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The fronds of this species reached a length of more than
3 metres and a breadth of 2 metres. They are characterised
by the presence of aphlebiae® appressed to the rachis and by
cireular sori composed of a small number (3—6) of sporangia.

Fia. 201. A, B. Ptychoearpus unita.

G, D. s
B. Danaeites sarepontanus.
F. Hawlea Miltoni,
G. Howlea pulcherrima.
H—K. Secolecopteris elegans.
(A, B, after Renault; C—G, after Stur; H, I, after Strasburger:
K, after Sterzel.)

ratheca Sternbergii, )

In habit and in the form of the pinnules this type is similar to
Dactylotheca plwmosa.
Hawleaq.
Stur? retains this generic name for gori in which the

1 See Chap, xxvIL 2 Htur (85) A, p. 106.
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sporangia are free and united only by the proximal end to
a central receptacle (fig. 291, F, Gi). He describes the indi-
vidual sporangia as possessing a rudimentary annulus, a
comparatively strong wall, and terminating in a pointed distal
end. He elllll]‘ld\]ﬁ(a the greater degree of cohesion between
the sporangia of Asterothecd as the distingunishing feature of
that genus; but this is a character difficult to recognise in some
cases, and from the analogy of recent ferns one is disposed to
attach little importance to the greater or less cxtent to which
sporangia are united, at least in such cases as Asterotheca and
Hawlea when the cohesion is never complete,

Scolecopteris.

Zenker! gave this name to detached fertile pinnules from
the Lower Permian of Saxony, which he described as Sgole-
copteris elegons. He recognised the fern nature of the sori
and snggested that the pinnule-s might bo]ong to the fronds
of one of the “Staarsteinen” (Psaronius),a view which subse-
quent investigations render far from improbable. The sori,
which oceur in two rows on the lower surface of the small
pecopteroid segments with strongly revolute margins (fig. 291,
H-—K), contain 4—5 sporangia attached to a stalked receptacle
comparable with that of Marattia Kaulfussii. These pedicellate
synangia were fully described by Strasburger?, who decided in
favour of a Marattiaceous alliance. The lower portions of the
distally tapered sporangia are concrescent, the distal ends being
free (fig. 291, H). Stur includes in Scolecopteris the common
species Pecopteris arborescens (fig. 376), but Kidston® states
that the British example of Scolecopteris is S. polymorpha
Brongn. from the Upper Coal-Measures,

Scolecopteris elegans Zenk. furnishes an example of a plant,
or plant fragment, which has been assigned to the animal
kingdom. Geinitz* described silicified pinnules as Pualaeojulus
dyadicus, the generic name being chosen because of the re-

1 Zenker (37). ¥ Strasburger (74). * Kidston (912) p. 20.
¢ Geinitz (72), See Solms-Laubach (83), who gives in full the early history
of the genus Seolecopteris.

8 1II. 26
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semblance to Millipedes such as the genus Julus. The mistake
is not surprising to anyone who has seen a block of siliceous
rock from Chemnitz crowded with the small pinnules with
their concave surfaces formed by the infolding of the edges.
Sterzel’, who pointed out the confusion between Myriapods
and Filices, has published figures which illustrate the deceptive
resemblance of the pinnules, with their curved lamina divided
by lateral veins into segments, to the body of a Millipede (fig.
291, K). He points out that Ceinitz searched in vain for the
head and legs of Palaeojulus and expressed the hope that
further examination would lead to fresh discoveries: the exami-
nation of sections revealed the presence of sporangia and
demonstrated the identity of Palaegjulus and Scolecopteris.

Discopteris.

Stur? instituted this genus for fertile fronds from the Upper
Carboniferous Schatzlarer beds, including two species Discopteris
karwinensis and  D. Schwmanni. He deseribed the small
Sphenopteroid pinnules as characterised by disc-shaped sori
made up of 70—100 sporangia attached to a hemispherical
receptacle: the absence of a true annulus led him to refer the
genus to the Marattiaceae. In his memoir on the coal-basin of
Heraclea (Asia Minor), Zeiller® instituted the species Sphenopteris
{Discopteris) Rallii and figured sporangia resembling those
described by Stur in the possession of a rudimentary “apical
annulus,” He compared the sporangia with those of recent
Osmundaceae and Marattiaceae. In the later memoir on the
Upper Carboniferous and Permian plants of Blanzy and Creusot,
Zeiller* gives a very full and careful description of fertile
specimens of Sphenopteris (Discopteris) cristuta, a fern origin-
ally described by Brongniart as Pecopteris cristata®. Many of
the Sphenopteroid pinnules of this quadripinnate fern frond
show the form and structure of the sori with remarkable
clearness in the admirable photographs reproduced in Plates
I.—111. of Zeiller's Blanzy memoir. The lobed pinnules of this

1 Sterzel (73); (80). 2 Stur (85) p. 140, 8 Zeiller (99) p. 17.
4 Zeiller (06) p- 10. & Brongniart (28) A. Pl, oxxv, fig. 4.
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species are of oval-triangular form, 5—15 mm. long and
2'5—6 mm. broad. An examination of the type-specimens
of Discopteris from Vienna enabled Zeiller to correet Stur's
original description of the sori: he found that the Austrian
and French specimens, though specifically distinet, undoubtedly
belong to one genus. The sori in Discopteris cristata are
globular, as in the recent genera Cyathea and Alsophila, and
frequently cover the whole face of the lamina. The individual
sporangia are 0:4—05 mm. long and 0:15—0°2 mm. in diameter;
they are exannulate, but for the annulus is substituted a group
of thicker-walled and larger cells in the apical and dorsal region.
The description by Stur of a hemispherical receptacle seemed
to indicate an important difference between the Austrian and
French species; but Zeiller found that this feature does not
actually exist and that it was so described as the result of
misinterpretation. Zeiller succeeded in isolatin g spores, 40—50 g
in diameter, from some of the sporangia of D. eristata and
found that they exhibited the three-rayed pattern characteristic
of fern-spores and which is indicative of their formation in
tetrads. The conclusion arrived at is that the genus Discopteris,
as represented by D. harwinensis, D. cristata ete., may be
regarded as a true fern and included in the Marattiaceae. As
Zeiller points out, the sori of Discopteris differ from those of
recent Marattiaceae in their pluriseriate construction and
agree in this respect with those of the Cyatheaceae. The
comparison already made? between the sporangia of 1. Rullj
and those of recent Osmundaceae holds good : the genus
affords another example of a generalised type, in this case
probably a fern, combinin g features which are now distributed
among the Marattiaceae, Osmundaceae and Cyatheaceae.

In addition to genera founded on true synangia or groups
of free or partially united sporangia, the literature of Palaeozoic
ferns contains several generic names applied to sporangia which
occur singly on Sphenopteroid or Pecopteroid pinnules, The
following may serve as examples; but it should be stated that
these will probably be transferred eventually to the Pterido-

! Renault and Zeiller (88) A. PL xxv, 2 Page 325

26—2
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sperms. It is, however, immaterial whether they are dealt
with here or in the chapter devoted to the seed-bearing « ferns.”

Dactylotheca.

Zeiller' created this genus for fertile fronds of Pecopteris
dentate Brongn., (= P. plumosa Artis®), a common British species
in the Upper and Middle Coal-Measures. Stur® included P.
dentate in his list of species of Senftenbergia, the genus to
which reference wag made under the Schizaeaceae,

Pecopteris (Dactylotheca) plumose (Artis). Figs. 200, E, 292,
293,

1825, [Filicites plunosus, Artis, Antedil. Phyt. p. 17, Pl xviL

1828, Pecopteris plumoss, Brongniart, Hist. vég. foss. p. 348,

Pls. oxX1. OXXII,

P. dentata, Brongniart, ibid. Pls. ¢XXIIL CXXIV.

— P delicatulus, Brongniart, ibid. Pl cxvL fig. 6.

1832,  Sphenopteris caudata, Lindley and Hutton, Foss, Flor. Vol. 1.
PL xrviin; Vol 1. PL ¢XXXVIIL

1834, Pecopteris serra, Lindley and Hutton, tbid. Vol. . Pl eviL

1834, Schizopteris adnascens, Lindley and Hutton, did. Vol. L
Pls. ¢. oL

1636, dspidites eaudetus, Goeppert, Syst. fil. foss. p. 363.

1838, Steffensia silesiaca, Presl, in Sternberg, Flor. Vorwelt, Vers. 11
p. 122,

1869, Pecopterts silesineus, Schimper, Trait. pal. vég. Vol. n. p. 617,

Cyathocarpus dentatus, Weiss, Flora der jiingst. Stk. und

Roth. p. 86.

1877. Senftenbergia plumose, Stur, Culm Flora, 1T p. 187 (293).

N, dentata, ibid.

1886. Ductylotheca plumosa, Kidston, Cat. Palaeozoic Plants, p. 128,

1888.  Dactylotheca dentate, Zeiller, Flor, Valene, Pls. XXV —XXVIIL

For a fuller synonymy reference shonld be made to Kidston’s
account of this species?, from which the above list is compiled.
The large fronds of this species are tri- or quadripinnate. The
pinnules vary much in shape and size and in degree of lobing,
according to their position on the frond (fig. 293). The primary

1 Zeiller (83) p. 134; (88) A. p. 30. ¢ Artis (25) A,
# Btur (75) A, 4 Kidston (96) p. 205.
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pinnae are subtended by two Aphlebiae (fig. 293, A) appressed
to the rachis, like the delicate leaves of the recent fern Tera-
toplyllum aculeatum (see page 301). The sporangia (0'5—065)
are oval and exannulate and are attached parallel to the lateral
veins; they may occupy the whole of the space between the
midrib and the edge of the pinnules. This species oceurs in the
Upper, Middle, and Lower Coal-Measures of Britain, reaching

Fie. 202, Dactylotheca plumosa, (After Kidston. Slightly reduced.)

its maximum in the Upper Coal-Measures. The aphlebiae
undoubtedly served to protect the young fronds, as shown by a
specimen fignred by Kidston (fig. 293, B); they may also have
served other purposes, as suggested by the above comparison
with Teratophyllum, in the mature frond. Lindley and Hutton
regarded the aphlebiae as leaves of a fern climbing up the
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rachis; which they named Schizopteris adnascens, a confusion
similar to that already mentioned in the deseription of Hemitelia
capensts (see p. 304).

Fie. 293,  Dactylotheca plumosa: A. Rachis with Aphlebiae. B, a, young pinnae
circinately folded. (After Kidston. A, B, # nat. size.)

Renaultia.

This name was proposed by Zeiller! for Upper Carboniferous
fertile pinnae of the Sphenopteroid type, bearing ovoid sporangia
either singly or in marginal groups of 2 to 5 at the ends of the
veing. The appearance of the apical cells occasionally suggests
the presence of a rudimentary annulus. Kidston has recorded
this type of fructification in Britain® Stur describes fertile
pinnules of the same type under the generic name Hapalopteris®s

L Zeiller (83) p. 185. ? Kidston (82). 4 Btar (85).
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Zeilleria.

This genus was founded by Kidston® for fertile pinnae of a
very delicate fern, Zetlleria delicatula (Sternb.) characterised
by filiform ultimate segments bearing an indusium-like body,
spherical when immature and splitting at maturity into four
small valves, Kidston, in his earlier paper, compared the
species with recent Hymenophyllaceae. In the same genus he
includes Z.avoldensis®(Stur) assigned by Stur to Calymmatotheca,
a genus described by some authors as characterised by groups of
radially elongated sporangia at the tips of the pinnules: these
supposed sporangia are now known to be the valves of an
indusiun-like organ or cupule, as Stur asserted. There can be
little doubt that the fertile fronds placed in Calymmatotheca
and in Zeilleria were borne by Pteridosperms.

Urnatopteris.

The Upper Carboniferous fronds of a delicate Sphenopteris
habit, to which this name was assigned by Kidston3, were
described by him as FHusphenopteris tenella (Brongn.)* and
compared with Hymenophyllaceae ; subsequently Kidston ex-
pressed the opinion that Urnatopteris may be a Marattiaceous
fern, as Williamson® believed ; he has since suggested that
the sporangia are the mierosporangia of a Pteridosperm®. The
sterile and fertile pinnae differ in the absence of a lamina in
the latter. The sporangia (or microsporangia) are characterised
by a poricidal dehiscence.

The records from strata higher in the geological series than
the Permian, disregarding many of doubtful value, afford ample
testimony to the existence of Marattiaceae in Upper Triassic
and Rhaetie floras.

Muarattiopsis.

The generic name Danaeopsis was applied by Heer? to an

Upper Triassic fern, previously described by Presl as Tueni-
1 Kidston (842, ¥ Kidston (87).
4 Kidston (82) p. 8 4 Kidston (84%) p. 594,

5 Williamson (83) A, & Kidston (06).
7 Heer (76) A. p. 71, PL xx1v, fig. 1,
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opteris marantacea. A splendid specimen from the Keuper
of Stuttgart is figured in Schimper’s Atlas! showing the
pinnate habit of the frond and the broadly linear segments,
25 em. x 35 cm., bearing rows of contiguous sporangia. The
large pinnules have a strong midrib giving off eurved and
forked lateral veins. Presl's species may most appropriately be
ineluded in the genus Marattiopsis. A specimen of M. maran-
taceq described by Leuthardt* as Danaeopsis marantacea from
the Upper Trias of Basel shows a peculiarity in the venation
the lateral veins often fork near their origin, as noticed by
other authors, but each vein forks a second time near the edge
of the lamina and the two arms converge, forming a series of
intramarginal loops (fig. 265, B).

Mavrattiopsis Muenstert (Goepp.). Fig. 245, D, L

This widely spread Rhaetic plant affords the best example
of a post-Permian species which may be accepted as an authentic
record of fossil Marattiaceae. Various generic names have been
used for this species; Goeppert originally described the plant
as Tueniopteris Muenstert®; Schimper* proposed the name
Marattiopsis, and Schenk?® substituted Amngiopteris on the
ground that the fertile pinnules resemble that genus rather
than Marattia. Marattiopsis, if interpreted as indicating a
JSumily resemblance rather than ‘special affinity to the genus
Maraitia, would seem to be the more appropriate designation.

This species has been figured by several authors and in
many instances with fertile pinnules; the best illustrations
are those published by Zeiller® in his monograph of Tonkin
plants.

The pinnate fronds are characterised by a broad rachis bearing sessile
broadly linear pinnules rounded at the base, obtusely pointed at the apex,
reaching a length of 15—20 cm. and a breadth of 12—35 mm. From a

Schimper (74) A. PL 88 ; see also Schenk (88) A. p. 31.
Leuthardt (04) p. 29, PL xu, figs. 1, 2,

Goeppert (36%) A. Lief. 1. and 11, PL 1v. 4 Schimper (69) A. p. 607.
Schenk (83) A. p. 260, & Zeiller (03) P1. mx.
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well-marked midrib are given off secondary veins dichotomously branched
close to their origin. The linear synangia near the ends of the veins
contain two rows of sporangial compartments and open as two valves as
in Marattie. (Cf. fig, 246, A, p. 320.)

This species occurs in the Rhaetic beds of Scania, Fran-
conia, and Tonkin. A similar type is figured by Fontaine from
Jurassic beds in California as Angiopteridium californicum’,
and Bartholin® and Moeller® record M. Muenster from the Lias of
Bornholm. Schenk’s species from Chinas, Angiopteris Richi-
hofent, is a closely allied species, and a similar form is recorded
from Jurassic and Caucasian strata®. The mieroscopical exami-
nation by Nathorst® of a group of spores from a synangium
of M. Muensteri shows that they resemble those of recent
Marattiaceae.

From the Upper Triassic plant beds of Lunz, Stur has
meluded several species of ferns in the Marattiaceae, and of
these Krasser” has recently published full diagnoses but un-
fortunately without illustrations. In addition to Maraitiopsis
marantacea (Presl) the list ineludes species referred to Coni-

opterus, to Speirocarpus, a genus founded by Star, to Oligocarpia,
Asterotheca, and Bernowillia (Heer).

As already peinted out, some at least of these Austrian ferns
are more probably Osmundaceous than Marattiaceous,

Danaeopsis Hughesi, Feistmantel.

The pinnate fronds described by Feistmantel® from the
Middle Goudwana rocks of India and recorded from Rhaetic
strata in South Africa®, China®, and Tonkin®, may belong to
a member of the Marattiaceae, but no fertile specimens have
been deseribed. The close agreement between the sterile leaves
from India and South Africa and the fertile fronds of M arattiopsis
marantaocea suggests generie identity.

! Fontaine, in Ward (00) P1, wv. figs, 3—4. 2 Bartholin (92) PL .
# Moeller (02). + Behenk (83) AL

 Beward (07¢) PL 11. figs. 16—18. % Nathorst (08). 7 Krasser (09).

¥ Feistmantel (82) Pld, 1v.—x. * Seward (08) p. U5.

1 Krasser (00) PL 11, 1 Zeiller (03) PL 1%,
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The Upper Triassic ferns deseribed by Heer, Krasser', and
Leuthardt® as Bernouillio have been referred to the Marattiaceae,
but without trustworthy evidence in favour of this affinity.

The large leaves, 70 cm. long and 7 em. broad, described by
Zigno® from the Jurassic of Ttaly as Danaeites Heeri, are
probably Cycadean. The Polish Jurassic species Danaea micro-
phylla* is a more satisfactory record.

Fra. 294. A, B. Nathorstia angustifolia, Heer. (After Heer. A, nat. size.)
C, D. Horus of N. latifolia, Nath. (After Nathorss. C,x132;
D, x45.)

Nuthorstia,

This name was instituted by Heer® for pieces of pinnate
fronds from Lower Cretaceous rocks of Greenland. The re-
semblance of the long pinnules to the fertile segments of

! Krasser (09) p. 21. 2 Leuthardt (04) Pls, x1x, xx.
3 Figno (56) A. Pl. xxv. 4 Raciborski (94) A. Pl v1. & Heer (30).
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Laccopteris is so close that generic identity might well be
assumed, but it has recently been shown by Nathorst® that
the soral characters justify Heer's use of a distinctive name
for the Arctic fern. The circular sori arranged in two rows
(fig. 294, A, B) are superficially identical with those of Leac-
copteris, but consist of concrescent sporangia forming a circular
synangium (fig. 294, C, D) like those of Kaulfussia and
Ptychocarpus. The lighter areas in fig, 294, D, represent the
sporangia: fig, C shows the radial disposition of the numerous
sporangial compartiments round a central receptacle. From a
stout midrib lateral veins arise at right angles, but their distal
termmations are not preserved. It is probable, as Nathorst
suggests, that Bayer's® species Drynariv fuscia from the Lower
Cretaceous rocks of Bohemia should be referred to Heer's genus.
In the absence of well-preserved sori it would be exceedingly
diffieult, or even impossible, to distinguish between pinnules of
Laccopteris and Nathorstia,

A Tertiary species, Marattia Hookeri (fig. 261, C, p. 350),
described by Gardner and Ettingshausen?® from the Eocene beds
of the Isle of Wight is referred by them to the Marattiaceae
because of a resemblance of the sterile pinnae to those of
M. Kaulfussii; but this is insufficient evidence of relationship,

1 Nathorst (08).
* Bayer (99). ¥ Gardner and Ettingshausen (82) Pl x11. figs. 1—7.




CHAPTER XXIIL

Psaronieae.

Tris family name, first suggested by Unger, may be con-
veniently adopted for the numerous species of petrified tree-
fern stems characteristic of the Lower Permian and Upper
Carboniferous strata. In his monograph Uber die Staarsteine
published in 1854, Stenzel' rveferred to the Psaronieae as a
special sub-division of the TFilices most nearly allied to the
Polypodiaceac. There is now a consensus of opinion in favour
of including Psaronius in the Marattiales, or at least of regarding
the genus as more closely allied to the Marattiaceae than to any
other family. While admitting that the balance of evidence is
i favour of this view, it is probably wiser to retain the dis-
finctive term Psaronieae on the ground that species of Psaronius
differ in several respects from any recent ferns, and because
of our comparative ignorance in regard to the nature of the
fructification.

Psaronius.

This generic name was proposed by Cotta in his classic
work Die Dendrolithen®. The stems so named, formerly included
by Sprengel® in the genus Endogenites, had long been familiar
as petrified fossils, Most of the specimens described by the
earlier writers were obtained from Lower Permian rocks in the
neighbourhood of Chemnitz, Saxony. The mottled appear-

! Btenzel (54) p. 803. 2 Cotta (32). 4 Sprengel (28).
)




kT4

CH. XXIII | PSARONIUS 413

ance presented by their polished surfaces is said to have
given rise to the appellation Staarsteine (starling stones), a
term expressing a resemblance, more or less remote, to a
starling’s breast. It has been suggested that this word is a
corruption of Stern Steine or star stones?, a descriptive term
suggested by the stellate arrangement of the vascular strands
in trangverse sections of the roots. Parkinson? in his Organic
Remains of o former World, speaks of these stems as starry
stones. The history of our knowledge prior to 1854 is sum-
marised by Stenzel. At first compared with eorals or the
stems of sea-lilies, Psaronit were recognised by Sprengel, who
first used a lens in the examination of the fossils, as fern stems
most nearly allied to those of recent Cyatheaceae. By other
anthors, e.g. Schlotheim and Sternberg, they were referred to
Palms, and by Brongniart considered to be the lower portions
of Lycopodiaceous (ZLepidodendron) stems. Corda and many
subsequent authors selected the Marattiaceae as the most
closely allied family among existing plants.

Psaronius is represented by specimens obfained from the
Lower Permian of Saxony and Upper Cirboniferous rocks in
Central France, also from Bohemia, Brazil and North America,
As yet a few fragments only have been found in the English
Coal-Measures. The genus was recognised by Williamson® who
described the roots and a small piece of the vasenlar tissue of a
stem which he called P. Renawuiti, and this type has since been
more fully described by Scott®. The roots of another species
have been described by Butterworth® as P. Cromptonensis.

It was pointed oul in the account of Lepidodendron that
several generic names have been used for the same type of
stem in different states of preservation ; in Psarontus accidents
of fossilisation have been responsible for a similar confusion in
nomenclature. The name Psaronius is applied to petrified
specimens which, as a rule, lack external features. Casts or
impressions of Palaeozoic tree-fern stems provided with leaf-
scars arve described as species of Cuaulopteris, Megaphyton, and
less commonly as Ptychopteris (figs. 297—299). The first name

I Stenzel (54) p. 753, * Parkinson (11) A,
§ Williamson (76). 4 Beott (08).  Butterworth (00).
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is applied to stems exhibiting spirally disposed leaf-scars like
those of recent tree-ferns; in Megaphyton the scars are dis-
tichously arranged, in two rows, while Ptychopteris is applied
to decorticated stems. These terms are used for stems belonging
to one generic type and possessing the structure of Psaronius
stems,

The researches of Grand’Eury! led to the discovery that
certain Psaronius stems bore fronds of the Pecopteris type
some of which bore sori of the dsterotheca or Scolecopteris type.
The same author® has also contributed many interesting facts,

Fio. 205, Prarvonius stem with roots. (Much reduced. After Grand'Eury.)

obtained by an examination of the relation of Psaronius stems
to the sediments of French Coal-ficlds in which they oceur,
in regard to habitat and manner of growth. The specimen
represented in fig. 205 shows a portion of a Psaronius stem, the
upper part of which illustrates the Caulopteris state of preser-
vation, while the lower part is covered by a mass of roots. It
1s probable, as Rudolph® suggests, that this rich development of
roots, which gives to an old Psaronius stem the appearance of an

L Grand'Hury (77) A. ? Grand'Eury (77) A; (90) A,
# Rudolph (05),
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elongated cone, may have served an important mechanical
purpose analogous to the secondary thickening in a Dicotyledon
or a Conifer. A specimen of Psaronius Cottas in the Hof
Museum, Vienna, is cited in illustration of the enormous breadth
of the root-system: the radii of the stem proper and of the
encasing cylinder of roots bear the ratio 17 to 165. The
comparatively frequent occurrence of a lacunar cortex in the
roots points to the growth of the stems in swampy ground, a
conclusion in harmony with the evidence afforded by the ana-
tomical features of many other Palacozoic genera.

Psaronius may be briefly defined as follows :

Tree-fern stems, oceasionally reaching a height of 50 feet or more,
closely resembling in habit recent tree ferns, but exhibiting in the structure
and arrangement of the vascular system a close agreement with recent
Marattiaceae. Leaves,in such cases where a connexion between fronds and
stems is known, large and highly compound and of the Pecopteris type,
borne in more or less crowded spirals (Psaronius polystichi), in four rows
(. tetrastichi), or in ftwo opposite rows (P. distichi). Leaves deciduous,
leaving a clearly defined oval scar containing the impression of the leaf-
trace in the form of an open U, or a closed oval with a small inverted
V-shaped band a short distance below the upper end of the long axis of
the oval (figs. 207, 298); in Megaphyton the alternate scars of the two
oppogite series are larger and characterised by a different form of meri-
stele. The surface of the cortex below the leaf-scars occasionally shows
impressions of pits similar to the lenticel-like argans on recent Tree-forn
stems. The central region of the stem is oceupied by a complex system of
concentrically disposed steles (dictyosteles), which in transverse section
present, the appearance of flat or curved bands varying in extent and in
degree of curvature. The vascular bands consist of xylem surrounded by
a narrow zone of phloem; the xylem is composed either exclusively of
tracheac or of tracheae and parenchyma; the protoxylem in the one
instance in which it has been clearly recognised is endarchl. The steles
are embedded in parenchymatous tissue and in sorne species are associated
with mechanical tissue (e.g. . infarctus, fig. 206, A, B). The central or

vascular region of the stem may be surrounded externally by a cylinder of
. mechanical tissue interrupted by ountgoing leaf-traces and adventitious
roots. The leaf-traces arvise as single bundles from an internal stelar
band and pursue an obliguely radial course towards the outside, even-
tually anastomosing with peripheral cauline steles, which in some species
form with the leaf-traces the outermost zone of the vascular region.
The leaf-traces have the form of loops which pass into the petioles as

I Beott (08) p. 302,




Fre. 296, A.  Pearonius infarctus (P, peripheral steles; L, leaf-traces).
P. infarctus, longitudinal tangential section through the
peripheral region of the stem.
P, coalescens.
P. musaeformis.
P. asterolithus (root).
(A—C, E, after Zeiller; D, after Stenzel.)
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V-shaped meristeles or closed oval cylinders. As a leaf-trace passes out
comipensating strands oceupy the foliar gap.

The vascular region is surrounded by a parenchymatous cortex, which
I younger plants, or in the apical region of an older plant, forms the
surface of the stem to which the leafstalks are attached. From the
peripheral steles, or from the more external bands of the vaseular network,
roots are given off which pass in a sinuous vertical eourse through the
cortex, appearing on the surface between the leaf-bages. In older stems,
after leaf-fall, the tissue immediately external to the vasenlar region
produces secondary parenchyma with which the roots become intimately
associated by their outermost cells. As a result of the secondary cortical
development and the gradual increase in the number of roots invading
the cortical tissue from above, the stem is enclosed by a eylinder of roobs
and associated parenchymatous tissue of secondary origin,  In still older
portions of a stem the more external roots are free from the stem-cortex
and form a thick felted mantle, which increases in thickness towards
the base of the tree,

The roots (fig. 296, E) are polyarch, 5—10 groups of xylem alternating
with strands of phloem, and similar in structure to those of vecent species
of Maratiia and Angiopteris; the stele is enclosed by an inner cortex of
compact or lacunar tissue containing secretory sacs, and this is surrounded
by a eylinder of mechanical tissue. In one or two instances secondary
xylem has been observed wholly or partially enclosing the root-stele!,

Our knowledge of the anatomy of Psaronius is based largely
on the investigations of Stenzel considerably extended by
Zeiller's more intensive studies and, more recently, by the later
work of Stenzel® and that of Rudolph. A striking fact, which
has led to various suggestions, is that in a transverse section of
a Psaronius stem with its encasing cylinder of roots no signs of
leaf-traces are met with in the root-region. If the roots simply
penetrated the cortex, as in some recent species of Lyeopodiwm
(fig. 125, A) or as in Angiopteris, we should expeet to find
leaf-traces in the outer region (root-cylinder) of Psaronius
stems.  An explanation of the absence of leaf-traces which was
suggested by Stenzel, is that the cortical zone formed a
comparatively narrow band in the young leaf-covered stem ;
after leaf-fall it became the seat of active growth in ifs inner
layers and so produced a constantly widening zone of secondary
parenchyma, which pushed the superficial cortical tissue with

1 Butterworth (00). Pelourde (08%) has recently deseribed the structure of

the roots of several spacies of Psaronius.
¥ Stenzel (06).
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the leaf-bases or leaf-scars farther out until 1t was exfoliated.
Farmer and Hill* find it difficult to accept this explanation; but,
as Rudolph shows, the radial arrangement of the cortical cells
between the adventitious roots and their elongation in a radial
direction are arguments in support of the secondary nature of
the cortical zone,

In sections of the adventitious roots of Psaronius Renaulti
figured by Williamson?, the spaces between the cylindrical roots
are partially occupied by cell-filaments which, at first sight,
suggest root-hairs; it may well be, as Rudolph suggests, that
these felted hairs represent the outermost and looser part of
the growing secondary cortex which gradually passes into the
covering mass of free extra-cortical roots.

As Stenzel® has shown, slender stems of Zygopteris (= An-
kyropteris) are occasionally met with growing through the web
of Psaronius roots.

Psarontus infarctus Unger. TFig. 296, A, B.

This species, which Zeiller! has investigated from sections of
Unger's material, illustrates a type in which the vasceular tissue
g : i

is very richly developed and forms crowded concentric series of
curved plates associated. in the more peripheral series, with
bands of mechanical tissue. The outermost part of the vascular
region consists of (i) a series of loops or variously curved bands
of conducting tissue representing leaf-traces at different stages
in their ontward course, (1) a series of similar vaseular strands
(peripheral steles of Zeiller) confined to the stem (canline) and
tissue associated with the leaf-traces and peripheral steles.
The peripheral steles (fig. 296, A, B, p) form anastomoses with
the leaf-traces and contribute to their formation,

The form of some of the vascular bands in the section
of Psaronius infarctus shown .in fig. 296, A, illustrates the
occasional anastomosing of one dictyostele with another: the

! Farmer and Hill (02). 2 Williamson (76) PL. .

3 Htenzel (39) PL. vi.
+ Zeiller (90) p. 204, Pls. xvr. xvit.; see also Hudolph (05).
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different degrees of looping of other bands represent stages
in the giving off of leaf-traces which eventually pass ont
as V-shaped meristeles, Beyond the leaf-traces and scleren-
chymatous bands the section consists of transverse sections of
adventitious roofs.

The surface-features of Psaronius mfarctus are probably
represented, as Zeiller points out, by the cast deseribed by
Lesquereux as Caulopteris peltigera (fig. 298, A).

Tra. 297. Pecopteris Sterzeli: a, pinnule. (After Renault and Zeiller. 1 nat.
siza.)

The Psaronius shown in fig. 297 is one of the few examples
illustrating the connexion between fronds and stem, The leaf
(Pecopteris Sterzeli Zeill. and Ren.?) is quadripinnate and is
described as reaching a length of at least 3 metres; the
ultimate segments are entire or lobed. The stem is charac-
terised by elliptical scars, 6—8 em. x 3'°5—4 cm., with leaf
traces like those in Cuulopteris peltigera. The fronds of
Pecopteris  Pluckeneti, a Pteridosperm, bear a very close

! Renault and Zeiller (88) A, Pls. v.—vm.
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resemblance to those of P. Sterzeli, which are as yet known
only 1n a sterile state.

Psaronius brasiliensis Unger, a species founded by Unger
on a piece of silicified stem acquired by Martius in Brazil and
now in the Rio Museum, is a good example of a tetrastichous
species.  Solms-Laubach' has recently told the history of this
type, which is represented by sections, cut from the Rio stem,
m several European collections. A well-preserved section in
the British Museum is fignred by Arber® in his catalogue
of the Glossopteris flora and by other authors. Scott gives
a concise deseription of the species in his Studies in Fossil
Botany®. 'The roots of P. brasiliensis are stated by Pelourde?
to have a lacunar cortex.

Psaronius musaeformis Corda®. Fig. 296, D,

This species from the Lower Permian of Chemnitz and the
Coal-Measures of Bohemia affords an example of the distichous
type in which the leaves are borne in two rows. The vaseular
bands, as seen in a section of the dictyosteles, oceur in regular
parallel series. The stelar region is separated from the eylinder
of encasing roots by a sclerenchymatous sheath, broken at
intervals where roots pass out from the vascular region.

Psaronius coalescens® (fig. 296, C) illustrates a somewhat
different arrangement of vascular tissue which approaches more
closely to the polycyelie strueture characteristic of such recent
ferns as Matonia and Saccoloma, A still closer resemblance to
the solenostelic type is seen in Psaronius Renaulti from the
Lower Coal-Measures of England which Scott? describes as
characterised by a single annular stele, interrupted only by
the exit of leaf-traces. As he points out, it is noteworthy that
this species is distinguished by the simplest form of stele met
with in the genus; it is the oldest species and may be regarded

1 Holms-Laubach (04). Arber (05) PI, vi1.

4 Seott (08) fig. 113; Zeiller (90) p. 246, Pl, xxi. fig. 1.

4 Pelourde (08%). ¥ Btenzel (06) PL. v1, ; Goeppert (64) A.; Stenzel (06).
8 Zeiller (90) P1, xxmr. " Beott (08) p. 301,
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as the most primitive representative of the genus Psaronius so
far discovered.

Psaronius stems preserved as casts showing surface-features,
or in o decorticated state.
1. Caulopteris.

This generic name was instituted by Lindley and Hutton®
for tree-fern stems from the English Coal-Measures showing
circular or oval sears arranged quincuncially. The vascular tissue
of the petiole is represented by a U-shaped impression on the

{

Fio. 288. A. Caulopteris peltigera.
B. Megaphyton insigne.
(After Grand’Eury.,) Much reduced.

scar, the ends of the U being incurved, or by a closed oval ring
with a wide-open and inverted V near its upper end. The
surface between the leaf-scars bears the impression of adven-
titious roots. Caulopterds is represented, in the Upper Coal-
Measures of Hngland, by €. anglica® Kidst. The species
U. peltigera (fig. 298, A), originally described by Brongniart as
Sigillaria, illustrates the elosed form of leaf-trace and, as Zeiller
suggests, it is the cast of a Psaronius stem which possessed
a vascular systemn on the same plan as that of P. infarctus.
. Suportae® illustrates the open U-shaped type of petiole stele.

!} Lindley and Hutton (33) A. P1. xzu. ? Kidston (88) Pl xxvr.
& Renault and Zeiller (B8) A. P1, xxxv. fig. 6.
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Caulopteris peltigera has scars measuring 6—9 by 4—6 cm.;
it oceurs in the Commentry Coal-field of Franee in associa-
tion with the fronds known as Pecopteris cyathea, a species
which Kidston regards as identical with P. arborescens®.

n.  Megaphyton.

The first use of this name was by Artis?, who gave it to a long
Hattened cast, Megaphyton frondosum, found in Carboniferous
strata in Yorkshire, characterised by two vertical rows of large
scars and by impressions of sinuons roots. Kidston records the
genus from the Middle and Upper Coal-Measures of Britain.
A good example of this type of cast is afforded by M. McLay:
Lesq.? from the Coal-Measures of North America, which has
been recognised in European Carboniferous rocks. The leaf-
scars are rounded or oval, broader than high; the vaseular
impression has the form of a closed ring (5—8 x 3—6 cm.),
more or less circular and with a tendency to a rectangular
outline, characterised by a deep inverted U-shaped sinus in the
middle of the lower surface and by a W-shaped impression
of an internal strand (fig. 298, B).

iii.  Ptychopteris.

This generic name, instituted by Corda®, is applied to
decorticated stems of Psaronius, the surface of which is that
of the vascular region on which the form of the leaf-scars is
more or less clearly defined. The scar-areas are limited by an
impression of the sclerenchymatous sheath enclosing the leaf-
meristele, and internal to this is the impression of the leaf-trace.
In some specimens a layer of coaly material which represents
the carbonised cortex and adventitious roots covers the Ptycho-
pteris cast. The Ptychopteris cast represented in fig. 299
shows the decorticated surface of part of a long stem on which
the leaf-scars are arranged as in Megaphyton. An example of

! Kidston (86) A. p. 113, 2 Artis (25) A. PL xx.
# Lesquerenx (66) A.
¢ Renanlt and Zeiller (88) A. PL xr.; Grand’Bury (§0) A.

¥ Corda (45) A.; see aleo Grand'Hury (90) A. ; Renault and Zeiller (88) A.
Pls. xxxvIiin—xn,
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Fro. 209. Ptychopteris. } nat, size. From the Middle Coal-Measures of |
Lancashire. (The Manchester Musenm.)
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Ptychopteris is figured by Fontaine and White! from Virginia as
Caulopteris gigantea.

Position of Psaronius.

A comparison of Psuronius with the Marattiaceae and other
recent ferns leads to the conclusion that, on the whole. the
evidence 1s in favour of the view usually held, namely that
this genus 1s more closely related to the Marattiaceae than fo
any other recent ferns. 1t is, however, important not to over-
look the differences between Psaronius and recent genera of
Marattiaceae, or the resemblances between the extinct genus
and the Cyatheaceae. In habit Psaronius agrees closely with
recent tree-ferns; in the vaseular system and in the sequence

Fra. 300, Dicksonia antayctica (half of stem in lrangverse seetion): st, stele;
5, sclerenchyma.

of events connected with the production of leaf-traces, there are
striking resemblances between Psaronius and the Cyatheaceous
fern Saccoloma adiantoides (= Dicksonia Plumieri Hook.) as
described by Mettenius®. The piece of stem of Dicksonia
antarctice represented in fig. 300 exhibits a fairly close agree-
ment with species of Psaronius, e.g. P.oanfurctus (fig. 296, A, B).
Moreover, the peripheral steles, which Zeiller has shown are
confined to the stem and play an important part in the pro-
duction of the roots and in the anastomoses with leaf-traces,

1 Fontaine and White (80) Pl. xxxvr.; Zeiller (90} P1. xrv.
2 Mettenius (65); Tansley (08) p. 85.



XXIIT] PSARONIUS 425

are not represented in any Marattiaceous fern; on the other
hand, they are comparable with the accessory strands met with
in stems of recent Cyatheaceons tree-ferns' (ef. fig. 240). The
complex system of coneentric dictyosteles is a feature more closely
matched in Angiopteris (Marattiaceae) than in any Cyathe-
aceous genus, the chief difference being in the more band-like
form of the steles in Psaronius, though in a stem of Angiopteris
figured by Mettenius we see a close approach to the extinct
type. The position of the protoxylem has unfortunately not
been clearly defined in Psaronius stems, but in P. Renaulti it
is stated by Seott® to be endarch, a position which some of the
protoxylem strands oceupy in Angiopteris®. The occurrence of
large sieve-tubes described by Scott in P. Renaultii is another
feature shared by recent Marattiaceae. In many of the conti-
nental species of Psarondus the phloem has not been preserved,
and our knowledge of this tissue is comparatively meagre. In
the Marattiaceae the roots arise mainly from the inner portions
of the stele, while in Psaronius they are usually formed from
the external vaseular bands. The formatiofi of secondary cortical
tissue is a peculiarity of Psaronius; on the other hand, if
Butterworth® is correct in referring to that genus the roots
with secondary xylem, which he describes as P. Cromptonensis,
a comparison may be made with the occurrence of secondary
tracheae in the stem steles of Angiopteris®.

The absence of mechanical tissue in the stem of Angiopteris
is in contrast with its oceurrence in the fossil stems and in
recent tree-ferns; but this is a character of secondary impor-
tance and one which can be readily explained by the difference
in habit between Angiopteris and Psaronius.

The roots of Psaronius, more especially as regards the stelar
structure, are in close agreement with those of Marattiaceae.

The reference to Marattiaceae of the great majority of fertile
fern-like fronds from Permian and Carboniferous rocks con-
stituted a strong a prior: argnment in favour of including
Psaronius stems in the same family, especially when it was
known that leaves with Marattiaceous synangia were borne by

1 Rudolph (05). 2 Seott, D, H. (08). 3 Shove (00),
4 Butterworth (00). % Farmer and Hill (02),
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species of this genus. It is, however, well to remember the
change in our views as to the dominance of Marattiaceae in
Palacozoic floras consequent on the discovery of the Pterido-
sperms. The association of fronds bearing Asterotheca and
Scolecopteris types of fructification with Psaronius stems recorded
by Grand’Eury! is a point in favour of the Marattiaceous affinity
of this extinet genus, but it is not impossible that Psaronius
stems bore fronds which produced Pteridosperm organs of re-
production. In this connexion the specimen represented
fig. 297 is of interest, as the fronds (Pecopteris Sterzeli) borne
on the Psaronius stems are hardly distinguishable from the
seed-bearing leaves known as Pecopteris Pluckeneti.

The position of Psaronius may be best expressed by assigning
it to a separate family, the Pcuommo as advocated by Stenzel,
and by 1eg.trdmg it as one of the many instances of a generalised
type which in the sum of its characters approaches most nearly
to the Marattiaceae.

! Grand’Bury (7

7) A. p. 98.




CHAPTER XXIV,
Ophioglossales (Fossil),

THE fossils hitherto elassed with the Ophioglossales are not
such as afford any satisfactory evidence in regard to the past
history or phylogeny of the group. In the generalised class of
Palaeozoic ferns, the Botryopterideae, we find certain characters
suggesting comparison with recent members of the Ophioglos-

Fie, 301, Rhacopteris sp., Ballycastle, Ireland. From a specimen in the
Manchester Museam. [M.S.]

saceae, but no trustworthy records of these eusporangiate ferns
are furnished by the older plant-bearing strata.

The genus Rhacopteris (fig. 301), characteristic of the Culm
flora, has been compared with Botrychium, but on grounds which
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are wholly inadequate. The species R. paniculifera Stur® is
characterised by a stout rachis bearing two rows of laterally
attached rhomboidal or subtriangnlar segments with a more or
less deeply lobed margin and spreading veins. The rachis
branches distally into two arms, and these are again symmnie-
trically subdivided into fertile axes bearing clusters of small
spherical bodies 1 mm. broad, which Stur speaks of as ex-
annulate sporangia similar to those of Botrychium. He includes
the species in the Ophioglossaceae. As Zeiller? pertinently
remarks, Rhacopteris differs essentially in habit from any recent
member of this family. Rhacopteris also includes species charac-
terised by leaflets deeply dissected into linear segments; an
example of this form is represented by Rhacopteris Aabellata
(Tate) recorded by Kidston® from rocks of Caleiferons Sand-
stone age in Flintshire.

The specimen described by Renault* from the Carboniferous
rocks of Autun as Ophioglossites antiqua is equally unconvineing :
1t consists of a carbonised fragment, 7 cm. x 1'5 em., regarded as
part of a fertile lamina characterised by a vertical series of
transversely elongated slits, 7 mm. wide, some of which, on
slight magnification, are seen to contain a mass of small orange-
yellow granulations. The slits are compared with the surface-
openings of the sunken sporangia of Oplioglossum, and the
yellow bodies are identified as spores. The material is too
imperfect to justify the use of the name Ophioglossites.

Noeggerathia.

This genus of uncertain position may be briefly described
here, though it has little claim to recognition as a represen-
tative of the Ophioglossales. It is characteristic of Lower
Carboniferous rocks and is compared by Stur® with recent
Ophioglossaceae.  Noeggerathia foliosa Sternb. (fig. 302) may
be cited as a typical example of the genus. It consists of an

I Stur (75) A. PL v, 2 Zeiller (00) p. 55.

¢ Kidston (89%), Pls, . 1. For other figures of Rhacopteris see also Stur
(75) A.

+ Renault (96) A, p. 30, Pl z.xxx11. figs. 7—9.

5 Btur (75) A.
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axis bearing ovate leaves with numerous spreading veins. The
upper part of the axis forms a spike composed of fertile leaves
in the form of transversely oval bracts 2 em. broad with a serrate

Fra, 302. Noeggerathia folicsa, (After Stur; A, reduced.)
B, Fertile leaf; C, Sporanginm.

edge bearing on the upper face several sporangia (3 x 4 mm.) in
some of which spores have been seen (fig. 302, B, C). In
another form described by Weiss' the bracts bear a greater

I Weiss, C. E. (79).
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number of sporangia characterised by the presence of an arillus-
like basal ring.

(feinitz’, who first deseribed fertile specimens of Noeggera-
thia, placed the genus in the Gymnosperms, and O. Feistmantel®
was in favour of this yview. C. Feistmantel®, who described
the small bodies in the sporangia, uuugos‘trd comparison with
Schizaeaceae, and Weiss* discussed various possibilities, asking
but not answering the question, are the so-called sporangia

Fra. 803, Chivopteris Zeilleri, Sew. [From g specimen in the British Museum
(v. 3268). Nat. size.]

rightly so named or are they fruits? Potonié® places the
genus in the Cycadofilices. An important feature is the
occurrence of the sporangia on the upper face of the bracts
as in Lycopodiales and Sphenophyllum, but in other respects
Noeggerathia bears no resemblance to these two groups. Sterile
examples of the genus are similar in habit to Rhacopteris, but
In the latter genus the leaves or leaflets are laterally attached
and not obliquely inserted. Further, we may assume that in

! Solms-Laubach (91) A. p. 141. * 0. Feistmantel (75).
& C, Feistmantel (79). 4 0. E. Weiss (79). * Potonié (99) p. 167.
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Rhacopteris the segments are leaflets of a compound leaf,
whereas in Noeggerathiu they arc probably single leaves. We
must leave the position of this Lower Carboniferous genus
undecided, merely expressing the opinion that it is perhaps
more nearly allied to the Cycads than to any other group.

The plant figured by Lindley and Hutton from the English
Coal-Measures as Noeggerathia flabellata, which some authors
quote as a species of Noeggerathiu, is generally recognised as
a Psygmophyllum and placed with some hesitation in the
Ginkgoales,

Charopteris.

This genus was founded by Kurr on a leaf characterised
by anastomosing venation from Keuper beds near Stuttgart.
A resemblance in form and venation to the leaves of
recent species of Ophioglossum led authors to suggest the
inclusion of Kurr's specimen in the Ophioglossaceae, We
have, however, no justification for considering Chiropteris as a
member of this family ; it may be a fern,"and that is all that
can be sald. The leaf represented in fig. 303 is the type-
specimen of a South African Rhaetic species Chiropteris
Zeillert'. The genus is recorded also from Rhaetic rocks in
Queensland. 2

Newberry® describes some leaves from the Lower Cretaceous
of Montana as species of Chiropteris: one of his types,
C. spatulata, is almost certainly a Sagenopteris, similar to
S. Phillipst (figs. 327, 328) or 8. Mantelli. A second species,
C. Williamsii, is probably not generically identical with the
specimen represented in fig. 303,

! Beward (03) p. 63,
* Carruthers (72%) Pl, xxvir, fig. 5; Seward (03) p. 62.
9 Newberry (91) PL x1v.




CHAPTER XXV.

Coenopterideae, { e Botigepiatis,
| II. Zygoptereae.

THF term Botryopterideae, first used by Renault, has been
applied to a group of Palaeozoic ferns ranging from the Lower
Carboniferous to the Permian and containing several genera,
the distinguishing features of which are supplied by the
anatomical structure of the stems or, in many cases, by that
of the petiolar vascular strand. Scott! subdivides the Botryo-
pterideae into the Botryopteris and the Zygopteris sections. In
an admirable monograph recently pubhahed by Paul Bertrand?
considerable changes are proposed in current nomenclature ; he
substitutes the name Inversicatenales for Botryopterideae, a
designation, which as Scott remarks, is « probably too technieal
to command general acceptance.” A more serious criticism is
that the name Inversicatenales has reference to a character
(the inverse curvature of the leaf-trace in relation to the axis
of the stem) which is by no means universal in the group?.

In the following account, necessarily incomplete, the generic
terminology of Bertrand is adopted, but this decision does not
carry with it any obligation to accept the name Inversicatenales.
We may speak of the types of Palacozoic ferns dealt with in
the following pages as members of a group differing in many
respects from any existing genera of the Filicales, and ex-
hibiting the characteristics associated with generalised plants.
Williamson, as early as 1883, spoke of Renault’s Botryopte-

! D. H. Scott (08). * P, Bertrand (09). 3 Beott (092).
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rideac as comprising “altogether extinet and generalised ”
types’. For these generalised Palacozoic ferns I propose to use
the name Coenopterideae®. This term may be adopted in a
wider sense than Renault’s name Botryopterideae. The name
Primofilices proposed by Arber® might be employed, but the
implication which it carries is an argument against its
adoption. We have not yet reached a stage in the investi-
gation of extinet types at which we are able to recognise
what are actually primary or primitive ferns. The search for
origins will continue; as new discoveries are made our point
of view shifts and the primitive type of to-day may to-morrow
have to take a higher place. The epithet primitive or primary
1s in reality provisional: to adopt such a name as Primo-
filices suggests a finality which has not been, or is likely to
be, achieved. The true ancestral type—the Urform—mwhich
we strive to discover eludes the pursuer like a will-o’-the-wisp.

Seeing that the number of trae ferns of Palaeozoic age has
been recently considerably reduced and is likely to suffer further
reduction, the consideration of such undoubted Carboniferous
and Permian examples of the Filicales as are left acquires a
special importance. In the first place it is natural to ask
whether the Palacozoic ferns include any types which, if not
themselves ancestral forms, may serve to indicate the probable
lines of evolution of existing families. It is probable that in
the near future our knowledge of the Coenopterideae will be
considerably extended; as yet we possess meagre information
in regard to those characters on which most stress has generally
been laid in the classification of recent ferns, namely the
structure of the spore-bearing organs. The sporangia of
Diplolabis and Stauropteris (figs. 309, A ; 322) are exannulate;
in the former genus they occur in sori or synangia consisting
of a small number of sporangia, while in the latter they are
borne singly at the tips of ultimate ramifications of a highly

1 Williamson (88°%) A, p. 478,

¥ gowds=Lat. communis, common or general. I am indebted to my friend
Mr L. H. (. Greenwood, Fellow of Emmanuel College, for supplying me with
a mame to express the idea of the generalized nature of these Palacozoie ferns. |

4 Arber (06).

5 1L 28
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compound leaf. The resemblance of the synangium of Diplo-
labis to that of Kaulfussia (fig. 245, C) is not shared in an
equal degree by the sporangia of Stauropteris, which are in
some respects comparable with those of the Ophioglossaceae.
In the Zygoptereae, or at least in the case of such fertile fronds
as are known, and in Botryopteris (fig. 319), the sporangia occur
in groups, and the pedicel of each sporangium is supplied with
vascular tissue as in Helminthostachys. Another characteristic
of the sporangia of the extinct types is the possession of an
annulus several cells in breadth, a peculiarity which supplies a
point of contact with the Osmundaceae. In the sporangia of
Kidstonia we have a similar though not an identical type (fig. 256,
E, p. 340). So far, then, as the evidence afforded by sporangial
characters is concerned, it points to comparison with thé
Ophioglossaceae, the Osmundaceae, and the Marattiaceae.
When we compare the steles of the stems we find a wide
range of structure.  All the genera agree in being monostelic ;
in Pubicaulis and Gromamatopteris the protoxylem 1is exarch,
in Botryopteris it is internal, while the foliar strand of
Stauropteris and the stele of Ankyropteris corrugate  are
mesarch. The axillary branching of species of Ankyropteris
suggests comparison with the Hymenophyllaceae.

The investigation of the vaseular system of the petioles has
afforded results which in the hands of P. Bertrand have led to
conclusions in regard to inter-relationships. We must, however,
not overlook the danger of attributing an excessive importance
to this single criterion and of negleeting the facts of stem
anatomy.

I. Botryoptereae.
Grammatopteris.

Renault instituted this genus for petrified stems from the
Permo-Carboniferous beds of Autun. Grammatopteris Rigolloti®,
the type-species, is represented by a fragment, 12—15 mm. in
diameter, surrounded by crowded petioles characterised by a
vaseular strand in the form of a short and comparatively in-:md

! Renault (96) A. p. 46, Pls. xxx. xxx1,  See also Tansley (08) fig. 2, p. 13,
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plate with the smallest tracheae at each end. The solid xylem
of the stem stele (protostele) has peripheral groups of proto-
xylem. Nothing is known as to the form of the leaves, but
sporangia similar to those of Etapteris (Zygopteris) were found
i association with the stem. It is possible, as P. Bertrand
suggests, that Renault's species may, be the stem of a
Tubicaulis.

Tubicaulis.

Tubicaulis solenites (Sprengel)t. Fig. 304

This species from the Lower Permian of Saxony has been fully
described by Stenzel?. Tt is characterised by a very slender
erect stem bearing numerous spirally disposed leaves associated
with adventitious roots; the single stele (protostele) consists
exclusively of tracheae, described as intermediate between the
sealariform and reticulate type, surrounded by phloem. Leaf-
fraces are given off from the periphery of the stele where groups

Fia. 304. Tubicaulis solenites. (From Tansley, after Stenzel,) Stem and
petioles: the latter numbered in the order of their age,

of smaller elements occur; these have the form of a wide-open
U-shaped strand with the base of the U facing the axis of the
stem. As the trace passes ont towards the leaves, the ends of
the U become more or less incurved. The stem is said to reach

b Cotta (32) p. 15, ¢ Blenzel (89) Pls. v m.
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a metre in length and to bear compound fronds a metre long.
The orientation of the leaf-trace with its concavity turned
outwards is in striking contrast to the relation between leaf-
trace and stem in recent ferns.

Tubicanlis Sutcliffiz, Stopes™.

In this species the vascular axis, 2 mm. in diameter, is
almost cylindrical and of the protostelic type with the proto-
xylem “near to or at the edge™: the tracheae are sealariform
or reticulate. The leaf-traces, when first separated from the
edge of the stele, are oval and gradually assume the eurved
form seen in 1\ solenites (fig. 304) with the convex side towards
the axis of the stem. The transition from the sealariform to
the reticulate type of pitting on the tracheal walls referred to
by Miss Stopes has also been noticed in some recent ferns
(e.g. Helminthostachys) and in Sigillaria (fig. 200, C, p. 212).
The fact that the scalariform type of pitting is practically
universal in the xylem of recent ferns, would seem to show
that this character has been acquired in the course of evolution
and retained in preference to the retienlate form characteristic
of several Palaeozoic species. The distinetion between the two
methods of pitting is one of little phylogenetic importance.

Buotriyopteris.

This genus, founded by Renault on a specimen from Autun,
is represented in the Lower Coal-Measures of England by
Botryopteris lirsute (= Rachiopteris hirsuta Will), B. ramosa
(= R. ramosa. Will.?) (fig. 306) and B. cylindrica (fig. 305), also
by B. antique (fig. 307) from the Culm of Pettyeur, Scotland.

An important charaeteristic of the genus is the solid stele
of the stem which agrees with that of Pubicaulis and Gram-
matopteris, except in the central or peripheral position of the
smallest tracheae.

I Stopes (06).
* Williamson (89) A, p. 162,  The term Rachiopteris was adopted by

Williamson for petrified petioles from the Coal-Measures which he believed
to be filicinean,
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Botryopteris forensis Renaultl. Figs. 309, B; 319, D—G.

The stem of this species from the Upper Carboniferons of
St Etienne is 17 em. x 7'5 mm. in diameter. The solid stele
consists of reficulate tracheae with the smallest elements on
the outer edge. The comparatively broad cortex of the type-
specimen 1is traversed by a leaf-trace in an almost vertical
course and by vascular strands passing horizontally to roots.
The petioles are cirenlar in seetion and their vascular strand
has the form of an @ in transverse section (fig. 319, G), the
three projecting arms pointing to the axis of the stem. Both
stem and leaves bore large multicellular hairs, spoken of by
Renault as equisetiform because of the finely toothed sheaths
of which they are composed. The eompound fronds had fleshy
lobed pinnules with dichotomonsly branched veins (fig. 309, B} ;
stomata are said to be confined to the upper surface, an
observation which leads Renault to describe the plant as
aquatic on evidence which is hardly convineing.

The pyriform and pedicellate sporangia are borne in groups
of two to six on the ultimate divisions of the frond; the
wall is composed of two layers of cells and on one side of the
sporangium is an .a,nnulm geveral cells in breadth (fig. 319,
D, F). An interesting type of sporanginm described by Oliver?
from (rand’Croix in France may, as he suggests, belong to
Botryopteris forensis; the differences between Renault’s and
Oliver's specimens being the result of the more perfeet preser-
vation of the tissues in the latter. The sporangium described

by the English author is circular in section and measures
065 x 0-53 mm.; the wall is in part composed of a single layer
of cells and in part of two to three layers, a character recalling
the “ annulate ” sporangia of Botryopteris. Between the spore-
mass and the wall is an interrnpted ring of short tracheal
elements similar to the xylem-mantle which oceurs at the
periphery of the nucellus of certain Palacozoic gymnospermous
seeds. In the absence of proof of a connexion between this
sporangium and Botryopteris it is convenient to use the
generic name Tracheotheca subsequently proposed by Oliver®.

1 Renault (75); (96) A. p. 47, Tl xxxm,

2 Qliver (02). 3 Oliver (04) p. 395 (footnote).
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In the recent ferns Helminthostachys and Botrychium, and, as
Oliver notices, in the microsporangia of the Australian Cyead
Bowenia spectabilis, vascular strands extend almost to the
sporogenous tissue, but the fossil sporangium is unique in
having a tracheal layer in immediate contact with the spores.
These xylem elements may, as Oliver suggests, have served the
purpose of conveying water to the ripening spores.

Botryopteris hirsuta (Will.)1,

This English species has a slender axis bearing numerous
leaves with petioles equal in diameter to the stem. The surface
of the vegetative organs bears large multicellular hairs. The
leaf-traces resemnble those of B. furensis, but the projecting teeth
which terminate in protoxylem elements are less prominent
than in the French species ; the petioles were named by Felix
Rachiopteris tridentata®. As a leaf-trace passes into the stele
of the stem the three protoxylem strands unite and take up an
internal position in the solid stele. The stele may, therefore,
be described as endarch. The small tracheae at the edge of
the stele supply the xylem strands of adventitious roots.

Sporangia similar to those of B. JSorensis have been found in
association with the English species.

Botryopteris cylindrica (Will.). Fig. 305.

A plant originally deseribed by Williamson? from the Lower
Coal-Measures of England as Rachiopteris cylindrica (fig. 305)
and afterwards more fully dealt with by Hick*, has a slender
stem with a cylindrieal stele characterised by well-defined
central protoxylem elements in one or two gronps. The leaf-
traces are semi-lunar in section with the protoxylem on the
flatter side. The stele of Botryopteris cylindrica (fig. 305, A)
is more cylindrical in section than that of B. ramosa (fig. 306)
and shows more clearly the differentiation into smaller central
and larger peripheral tracheae. In the section reproduced in
fig. 305, B the stele is giving off a branch almost identical in

L Seott, D. H. (08). * Felix (86) A.
3 Williamson (78) A. p. 351. + Hick (96).
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structure with the main vascular axis. Secott?, in referring to
the inclusion of this type in the genus Botryopterts, expresses
the opinion that its habit must have been very different from

Fis. 805. Botryopteriz cylindrica (x30). From sections in the Cambridge
Botany Sehool.

1 Scott |:O"‘] i




440 COENOPTERIDEAE [cE.

that of other species, and he suggests the mstitution of a new
genus,

Botryopteris ramosa (Williamson). Fig. 306.

This species, which bears a close resemblance to Botryopteris
firsuta, was originally deseribed by Williamson from the Lower
Coal-Measures of England as Rachiopteris ramosa®, the speeific
name being chosen on aceount of the numerons and crowded
branches given off from the main axis. The section shown in
fig, 306, A, illustrates Williamson’s description of the stem as
being “always surrounded [when seen in transverse sections|
by a swarm of similar sections of the large and small branches,
though of varying shapes and sizes.” The stele is composed of
a solid and more or less cylindrical rod of xylem tracheae of
the reticulate type surrounded by phloem (figs. A and D): one
or more internal groups of smaller pro oxylem elements ocenr
in an approximately central position (fig. A, pz). The stele is
in fact endarch like those of Selaginella spinosa and Tricho-
numes revaforme, a feature which, as Tansley® believes, probably
entitles the vascular axis to be considered a primitive form of
protostele. 1In the specimens represented in fig. 306 the phloem
and inner cortical tissues were almost completely destroyed
before petrifaction. The thick-walled onter cortex bears at its
periphery numerous multicellular hairs. Some of the xylem
strands given off from the stele no doubt supplied adventitious
roots, but in most cases the outgoing branches are leaf-traces
and the numerous sections of axes of different sizes seen in
fig. A point to a repeated subdivision of the erowded fronds.
The structure of a petiole is shown in figs, C and D. As seen
in fig. C, the oval vascular strand has three protoxylem groups,
p, on its flatter side; a well-defined epidermal layer is shown
at ¢ in fig. C.

Fig. B shows at a a section of a leafiaxis in the act of
branching and the row of branchlets at b represents a further

! Williamson (91%) A. p. 261. The two species deseribed by Williameson
as Racliopteris hirsute and R. ramosa were first identified as Botryopteris by

Seott in 1898 (British Jdssoe. Report, Bristol Meeting, p. 1050).
® Tansley (08) p. 15.
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stage in subdivision. At sp in fig. A the section has cut
through a single sporanginm characterised by a group of larger
(“annulus ) cells on one side of the wall.

Fio. 306. A—1), Botryopteris ramosa; stem and frond axes. (AxT; Bx15;
Gx26: Dx13. From sections in the Cambridge Botany School
Collection.) pax, profoxylem; sp, sporangium; e, epidermis.

This slender fern with its numerous repeatedly branched
leaves may perhaps have lived epiphytically on more robust

plants.
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Botryopteris antigua, Kidst. Fig. 307.

This species, recently deseribed by Kidston® from the Culm
of Pettycur near Burntisland, is represented by sections of a
small stem with a eylindrical stele 0-40 mm. in diameter com-
posed entirely of scalariform tracheae without any recognisable
protoxylem. The petioles are larger than the stem; the
meristele (fig. 307) is oval with protoxylem elements on the
slightly more rounded adaxial face. As Kidston suggests, this

Fia. 307, Botryopteris antiqua: Petiolar vascular strand, (After Kidston; x 65,)

stem may belong to a serambling plant which required support
to bear its relatively large leaves. An interesting feature is
the absence of projecting tecth in the leaf-trace, a character in
marked contrast to the o form assumed by the petioles of
Botryopteris forensis (fig. 319, G) and B. hirsuta. This leads
Kidston to suggest that the vascular strand of the petiole
tends “to become more simple...as traced back in geological
time.” The greater similarity in this species between the stéle

! Kidston (08).
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of the stem and that of the petiole is probably another mark
of a wore primitive type. :

In these three types, Grammatopteris, Tubicaulis, and Botryo-
pteris, we have monostelic plants, for the most part of very small
size, with leaf-traces varying in shape from the oblong band-form
in Grammatopteris, and the oval form of Botryopteris untiqua, to
the @ type represented in its most pronounced form by B. forensis.
In several species the stem stele is endarch. Ounr knowledge
of the leaves is very meagre : in B. forensis they were repeatedly
branched and apparently bore small fleshy pinnules; the spo-
rangia, though differing from those of recent ferns, may be
compared with the sporc-capsules of Osmundaceae as regards
the strueture of the annulus. The abundance of hairs on the
stems and leaves of some species, the tracheal sheath in the
sporangium described by Oliver as Tracheothecu (=Botryopteris?),
and the apparent absence of a large well-developed lamina,
may perhaps be regarded as evidence of xerophilous conditions.

II. Zygoptereae.

Corda® proposed the generic name Zygopteris for petrified
petioles from the Permianof Saxony, included by Cotta in his
genus Tubicaulis, which he named 2% primarius. Corda’s genus
has been generally used for petioles of Palaeozoic ferns charac-
terised by a vascular strand having the form of an H in
transverse section (fig. 308, D). Since the generic name was
mstituted, information has been obtained in regard to the
nature of the stems which bore some of the petioles of the
Zygopteris type; and for other species of Zygopteris, the stems
of which are still unknown, new generic names have been
proposed. P. Bertrand® retains Zygopteris for one species only,
Z. primaria.  Fig. 308, D, shows the character of the petiolar
vascular strand; thé chief points are the comparatively long
cross-pieces (antennae of P. Bertrand) inclined at an angle of
45" to the plane of symmetry of the petiole axis, and the groups

! Oliver (02). ¥ Corda (45) A.; see also Stenzel (89) p. 26,
¢ P. Bertrand (09) pp. 186, 212.
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of protoxylem elements shown by the white patches in fig. D.
In this as in other members of the Zygoptereae the main rachis
of the leaf gives off four sets of branches in pairs alternately

e, 308. A, Clepsydropsis antiqua.
B. Ftapteriz Seotti,
C. Diplalabis forensis.
D.  Zygoptevis primaria,

LE—G. Stauropteris oldhamin.
The white patehes in the xylem in figs. B—G mark the position of
protoxylem elements.
(A, after Unger; B—G, after P, Bertrand.)

from the right and left side of the primary vascular axis. This
method of branching of the stele in the primary rachis of
several members of the Coenopterideae shows that the fronds
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bore pinnae laterally disposed, in some ecases in one row and in
others in two rows on each side of the rachis. In a typical fern
frond, as represented by recent and most fossil species, branching

Fi. 309. A. Diplolabis forensis.
B. Botryopteris forensis.

C, D. Corynepteris coralloides.
E. Schizopteris (Etapteris) pinnata.
(A, B, after Renault; C, D, after Zeiller; E, after Renault and Zeiller,)
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of the rachis occurs in the plane of the frond, that is in the
plane represented by the horizontal arm of xylem in Zygopteris
primaria connecting the two antennae or cross-pieces. In the
Zygoptereae the branches from the petiole vaseular axis lie in
a plane at right angles to that of the frond; they lie in the
transverse and not in the horizontal plane. The two strands
shown in fig. 308, B, 4, have been formed by the division of a
single strand, 3, in the transverse plane (i.e. in the plane of the
paper). As Tansley! points out, a type of branching super-
ficially similar to, though not identical with this, is seen in
some recent species of Gleichenin and Lygodium. In this
connexion it is worthy of note that a fern figured by Unger
from Thuringia as Sphenopteris petiolata Goepp * bears pinnae
In two rows on the rachis which are characterised by repeated
branching and by a very narrow lamina or by slender naked
axes; the occurrence of this form of frond in rocks con-
taining Clepsydropsis antigua (fig. 308, A) suggests a possible
connexion between the petrified rachis and the impressions of
the leaves.

The vascular strand of the rachis of Zygopteris primaria
(fig. 308, D) is simpler than that of most of the Zygoptereae
and exhibits a close resemblance to the type of strand described
by Renault as Diplolabis (fig. 308, C).

Diplolabis.

Renault® instituted this genus for two species from the
Culm beds and Coal-Measures of France based on the structure
of the petioles. The stems are unknown. The main rachis
has a stele similar to that of Zygopterts primarie, but dis-
tinguished by its greater similarity, in transverse section, to
an X rather than to the letter H: the long transverse bar in
Zygopteris is here much reduced in size. The petiole of
Diplolalis  forensis Ren, (fig. 308, C) has a diameter of

1 Tansley (08) p. 22. 2 Unger and Richter (56) P vr, fig, 19.

* Renanlt (96) A. p. 11.

* The Diplolabis type of strand is very similar in the form of the metaxylem

to the condueting strand of a lateral vein in Seolopendrium oficinarum [ef.
Pelourde (09) fig. 3, p. 117].
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1'5—2 em. From the antennae a pair of small bundles is
given off alternately from the right and left side, as in
Zygopterts; the members of each pair coalesce after leaving
the antennae and then separate to pass into the lateral
branches of the frond. The position of the protoxylem and
the formation of the lateral xylem strands previous to their
separation are shown in fig. 308, C. On the side of the
vascular strand shown in fig. C, 2, the two lateral extensions
of the antennac are converging towards one another previous
to their separation and subsequent union. The ovoid sporangia
oceur in groups of three to six and are coalescent below with a
central receptacle ; they have no annulus, but the cells on the
side next the receptacle are smaller than those on the external
wall (fig. 309, A). The synangial form of the sorus suggests
comparison with Marattiaceae.

The species deseribed by Renault from the Culm of Esnost
is regarded by P. Bertrand as identical with that described by
Solms, from the Culm of Falkenberg, as Zygopteris Roemerit.
Diplolabes 1s compared by P. Bertrand with Metaclepsydropsis,
the generic name given to the Lower Carboniferous petiole
described by Williamson as Rachiopteris duplex®.

Mr Gordon has recently deseribed in a preliminary note a
new type of stem stele under the name Zygopteris pettycurensis
from the Lower Carboniferous plant bed of Pettyeur?: he regards
the petioles attached to the stem as identical with Zygopterds
Roemeri Solms-Laubach®. This species, founded by Solms-
Laubach on petioles only, is placed by Bertrand® in the genus
Diplolabis and regarded as identical with D). esnostensis Ren.
The stele found by Mr Gordon may therefore be assigned to the
genus Diplolabis : it includes two regions composed exclusively
of tracheae and is cylindrical in transverse section. The inner
xylem zone consists of short, square-ended, reticulately pitted
elements and the outer zone is composed of long and pointed
conducting tracheae. The scalariform protoxylem elements are

! Solms-Laubach (92). * Willinmson (74) A. Pls. nrv. wv.

¥ Gordon (049). Mr Gordon's more complete account of this plant will
shortly be published. I am indebted to him for furnishing me with the
main facts in regard to the anatomical features.

4 Solms-Laubach (92) P1. . fig. 18. * Bertrand, P, (09) p. 211,
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situated between the two metaxylem zones. As Mr Gordon
says: this type of stem vceupies a position “in the Zygopteroid
alliance ” corresponding to that which Thamnopteris Schlech-
tendalii (p. 329) occupies in the Osmundaceous series. The
discovery of this stem supplies another link between the two
fern groups, Osmundaceae and Coenopterideae. Pelourde! has
described an imperfectly preserved vascular strand from a
locality near Autun as the type of a new genus Flicheia esnostensis.
Mr Gordon has pointed out to me that this is a partially rotted
petiole of Diplolubis esnostensis (= Zygopteris Roemert).

In their recent account of fosgil Osmundaceous genera, Kid-
ston and Gwynne-Vaughan? speak of the central parenchyma of
the existing medullated stele as being derived from tracheal
tissue. They add that if the Zygopteroid line of descent is at
all close to the Osmundaceous, we must be prepared for the
existence of a Zygopteris with a solid xylem like that of
Thamnopteris : “such a discovery, in fact, we hopefully antici-
pate®” The new Pettycur stem amply justifies this prophecy.
It is noteworthy that Mr Gordon’s stem affords an instance of
the ocourrence of a type of stele, similar in its eylindrical form
and in the absence of parenchyma to that of Botryopteris, in a
plant bearing leaves characterised by the Zygopteris type of
vascular strand.

Metaclepsydropsis duplex (Will.) fig. 310, A% [= Rachiopteris
duplex, Williamson 1874.  Asterochlaena (Clepsydropsis)
duplex, Stenzel 1889. Clepsydropsis, Renault 1896.]

The vascular axis of the main axis of the frond is charac-
terised by the hour-glass shape of the xylem which consists
entirely of tracheae, most of which are reficulately pitted. In
a transverse section (fig. 310, A) the two ends of the stele are
dissimilar ; at one end of the long axis is a small bay of thin-
walled tissue (phloem) enclosed by a narrow band of xylem, and

1 Pelourde (09).

? Kidston and Gwynne-Vaughan (08) p. 230. 3 Ihid. (09) p. 664.

4 A Culm species Rachiopteris aplyllus (Unger) is closely allied to Meta-
clepsydropsis duplex. [See Solms-Laubach (96) p. 30.]
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at the other the bay is open and has two protoxylem groups.
The latter represents the earliest stage in the production of
secondary bundles: at a later stage the bay is closed by the
elongation of the edges, the enclosed group of phloem is
vertically extended, and the protoxylem strands are more
widely separated. The curved band of xylem becomes de-
tached as a curved arc and divides into two (fig- 310, A). In
a single section of this species one often sees several strands of
xylem enclosed in a common cortex with the main vascular
axis; these are the xylem bundles of lateral pinnae. Meta-
clepsydropsis duplex shows the method of branching of -the
petiole vascular axis which has already been noticed in Diplo-
labis and Zygopteris. In reference to this feature, Williamson
wrote in 1872—* T know of no recent fern in which the secondary
branches of the petiole are thus given off in pairs, which pairs
are distichously arranged on the primary axis, and cach of
which secondary petioles sustains ternary ones arranged dis-
tichously.” By slightly altering the primar§ stele of this type
of frond, by narrowing of the constricted portion of the hour-
glass and extending the lateral groups of xylem obliquely
upwards, the form of stele shown in fig. 310, A, would be
converted into the Diplolabis type (fig. 308, C).

Clepsydropsis.

Unger! instituted this genus as a subdivision of Corda’s
family Rhaciopterideae?, the name having reference to the
hour-glass form of the vascular axis®. The type-species
C. antigua (fig. 308, A) is spoken of as the commonest fossil
plant in the Devonian rocks of Thuringia. In some sections
the xylem has the form seen in fig. 308, A, in which an
mvagination of thin-walled tissue occurs at each end; in
other sections (tig. 308, A’) the bays become islands in the
xylem. Solms-Laubach speaks of Unger's species as Rochio-
Pleris (Clepsydropsis) antiqua. P. Bertrand?, who has recently
deseribed Unger’s plant, while recognising that C. entiqua and

* Unger and Richter (56) p. 165. * Corda (45) A. p. 83,
¥ kheyiifpa, water-elock. 4 P, Bertrand (09) p. 127.

8. IL 29
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Metaclepsydropsis duplez closely resemble one another, draws
attention to certain differences in the structure of the xylem
which he regards as sufficient fo justify a generic separation.
The leaf-traces of (lepsydropsis are deseribed by Bertrand as
almost cireular closed rings of xylem instead of an arc as in

Metaclepsydropsis.

Fra. 810, Al Metaclepsydropsis
B, C. Stauropteris oldhamia.
D.  Anlyropteris scamdens.
[A, from a section in Dr Kidston’s Collection (Lower Carboniferons); B, C, from
sections in the Cambridge Botany School; D, after Stenzel. |

Ankyropterts.

Stenzel adopted this name for a subdivision of Corda’s genus
Zygopteris, applying it to a species described by Renaunlt as
Z. Brongniarti, to a Permian species described by himself as
Z. (Ankyropteris) scandens, and to Z. Lacattiv Ren.; Rachio-
pterws Grayi Will. and Rachiopteris corrugata Will. are also
included in this genus. The characters emphasised by Stenzel®

1 Blenzel (89) p. 25.
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are (i) the double anchor-like form of the H-shaped petiole
strand in which the lateral arms (antennae) are curved like the
flukes of an anchor, and (ii) the emission of four rows of branches
instead of two. The latter distinguishing feature no longer
holds good, as Z. primaeria also gives off four rows of bundles
and not two as Stenzel supposed. P. Bertrand has adopted
Stenzel’s genus in a narrower sensel,

Fre. 311,  Ankyroplevis Grayi. Stele. (From a section in Dr Kidston's
Collection.  x 18.)

Ankyropteris scandens Stenzel®. Fig. 310, D.

This Lower Permian species is very similar to or perhaps
identieal with Ankyropteris Grayr (Williamson). The stem of

! Dr Scotf points out to me that recent observations, which have not yeb
been published, both by Dr Kidston and himself show that Bertrand’s
terminology requires modification. There are many points to be eleared up
before we can hope to obtain a satisfactory classification of the Zygoptereae.

* Stenzel (80) p. 31, Pls. v1. viL
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A. scandens was found in association with the roots of a
Psarontus stem evidently petrified dn situ as it burrowed,
like Pmesipteres, tropical aroids, and other recent plants, among
the living roots of the tree-fern. The stem, 10—I11 mm.
m diameter, bore fronds with an H-shaped vascular strand,
small scale-leaves, and adventitions roots. The stele consists
of a five-angled cylinder of scalariform tracheac surrounding an
axial strand of parenchyma containing scattered tracheae of
gmaller diameter. This axial tissue extends as a narrow strip
ito each of the short and obtusely truncated arms (ef. fig. 311).
A striking feature is the production of a shoof in the axil of the
foliage-leaves (fig. 310, D), a manner of branching characteristic
of Trichomanes (see page 365).

Ankyropteris Graye (Will). Fig. 311.

In describing this species, Williamson wrote—*That no
classification of these fossil ferns based solely upon transverse
sections of the petiolar bundles is or can be of much value, is
clearly shown when tested amongst those living ferns the
classification of which is chiefly based upon the sporangial
reproductive organs’.” This is a view entirely opposed to that
which inspires P. Bertrand’s recent monograph. Whether the
value attached to the vaseular structure of petioles as a basis
of classification is upheld or not, it is noteworthy that since
Williamson expressed his opinion, our knowledge of the anatomy
of ferns and of the value of anatomical evidence has enormously
increased. The slender stem® of this Lower Coal-Measures
species agrees closely with that of A. scandens; it bore spirally
disposed fronds, scale-leaves, and roots. The stele has the form
of an irregular five-rayed star (fig. 8311) in which the relative
length of the arms varies in different sections owing to the
separation of the distal ends to form leaf-traces. The axial
region is composed of parenchyma and associated narrow
tracheae, as in A. scandens. The xylem, with protoxylem
elements at the ends and especially at the angles 6f the arms,
is completely surrounded by phloem. The cortex consists

1 Williamson (89) A. p. 158, * Ihid. ; see also Secott (08).
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internally of parenchyma which becomes thicker-walled towards
the periphery and bears multicellular epidermal hairs. A leaf-
trace is detached in the form of a triangular strand and is
formed by the tangential extension of the distal end of an arm
of the stele. The trace, on its way through the cortex, divides
into two: the outer branch gradually changes from a slightly
curved band to an H-shaped meristele; the inner branch,
which supplied an axillary shoot, is similar to the stele of the

B

C

Fia, 312, A. Thamnopteris Schlechtendalii. Leaf-trace: pz, protoxylem;
8, island of parenchyma, (After Kidston and Gwynne-
Vaughan.)
B.  Ankyropteris corrugata. Single trachea with tyloses,
C. 4. bibractensis. Part of foliar strand. (After P, Bertrand.)

stem, but smaller. Scott® has recently recorded the occurrence
of scale-leaves (aphlebiae) in this species like those described by
Stenzel in A. scandens.

Bertrand includes in Ankyropteris Renault’s species Zy-
gopteris bibractensis® and Williamson's species Rachiopteris
corrugata®: the former he names A. bibractensis var. west-

1 Seott (07) p. 180. 2 Renanlt (69); Williamson (74) A. p. 697.
# Williamson (77) Pls, v.—vi.
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phaliensis. The fossil deseribed by Williamson as R. irreqularis
or inaequalis! are the secondary branches of A. bibractensis.

Ankyropteris bibractensis, var. westphaliensis. TFigs, 312, C; 313.

The rachis stele of this species, which is represented by
portions of fronds only, has the form of a double anchor
(fig. 313); the antennac are continued at the outer edge of
their distal ends into a narrow band (“ filament ” of P. Bertrand)
(fig. 812, C, and 313, a) composed of smaller tracheae and
separated from the xylem of the antennae by a strip of thin-
walled tissue (phloem ?). A group of protoxylem occurs at the

Fie. 318. Ankyrvopteris bibractensis: s, stigmarian rootlet; a, narrow loop of
xylem. (Cambridge Botany School; x 6).

Junction of the filament and antennae. The whole of the xylem
is surrounded by phloem.

The section reproduced in fig. 313 shows the characteristic
form of the petiolar vascular axis, consisting of a horizontal
band of metaxylem with groups of much smaller tracheae on
both the upper and lower margins. At the junction between
the antennae, curved like the flukes of an anchor, and the
horizontal band of xylem, the latter is only one- trachea in
breadth. The narrow loops of smaller xylem elements are

! Williamson (89) A. PL. yur. fig. 28,
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shown on the outer edge, a (fig. 313), of the antennae separated
from the ares of larger tracheae by a dark line which represents
a crushed band of delicate tissue. The spaces enclosed by the
incurved antennae are largely occupied by parenchymatous
ground-tissue., The eylinder of outer cortex consists internally of
comparatively thin-walled parenchyma succeeded externally by
a zone of dark and thicker-walled cells characterised by a fairly
regular arrangement in radial series, as if formed by a secondary
meristemn ; there is, however, no indication of a meristematic
layer. Below the small-celled epidermis are a few layers of
thinner-walled cells which are not arranged in radial series.
The structure of the outer part of the cortex is similar to that
in the petiole of recent species of Angiopteris (fig. 243, p. 319)
and Marattia, in which a more delicate hypoderm is succeeded
by a band of mechanical tissue.

The rachis of this type of frond gives off two rows of lateral
branches from the vascular axis, the plane of symmetry being
at right angles to the primary rachis. Each pinna bore ab its
base two aphlebiae supplied with vascular strands from the
leaf-traces.

We have no certain information in regard to the sporangia
of this species, but Scott points out that “pear-shaped sporangia,
with a very broad and extensive annulus, are commonly found
associated with Zygopteris bibractensis and Z. corrugata in the
petrifactions of the English Lower Coal-Measures.”

Ankyropteris corrugata (Will), Figs. 312, B: 314—317.

The stem of this type of Zygoptereae was described by
Williamson from the Lower Coal-Measures of Lancashire ag
Rachiopteris corrugata and included by him in the sub-group
Anachoropteroides. The stele (fig. 314, B) is oval in transverse
section; it consists of a eylinder of xylem tracheae enclosing a
central region oceupied by parenchymatous tissue and scattered
narrow scalariform tracheae. The central tissue extends radially
in the form of narrow arms which reach almost to the outer
edge of the tracheal tissue and divide it up into 5—T groups.

! Scott (08) p. 322,
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A cylinder of thin-walled tissue encloses the xylem and in this
oceur groups of large sieve-tubes (fig. 314, D, Sv).

In a section of this species in the Williamson Collection?
the long axis of the stele has a length of 5 mm. and the
diameter of the stem as a whole is 25 em. The greater part
of the extra-stelar tissue consists of large parenchymatous cells
passing near the periphery into a band of darker and thicker-
walled tissue.

Reniform vascular strands traverse the cortex in an obliquely
ascending course on their way to the leaves, also smaller bundles,
some of which are given off directly from the stele, while others
are branches of the petiole vascular strands. The petioles
described by Williamson as Rachiopteris insignis® were after-
wards recognised by him as those of Ankyropteris corrugata,
though this conclusion was not published®. Williamson’s
species R. wnsignis must not be confused with Unger's Culm
species Arctopodium insigne, which Solms-Laubach* refers to as
Rachiopteris insignis. The leaf-bundle of Ankyropteris corru-
gate is at first reniform in contour (fig. 314, C, P), but as it
becomes free from the stem it gradually assumes the H-shaped
form (figs. 315—317). This petiolar strand differs from that of
Ankyropteris bibractensis (fig. 313) in the shorter and less
strongly curved antennae; and, as Williamson first noticed, the
tracheae are frequently filled with thin-walled parenchyma
(fig. 312, B). The existence of scale-leaves or aphlebiae like
those of Ankyropteris scandens and A. Grayi has been recorded
by Seott in 4. corrugata’.

The section represented in fig. 314, C, shows the relatively
small size of the stele S in the stem of Ankyropteris corrugata.
The main mass of the eortex consists of uniform parenchyma
passing near the surface into darker and stronger tissue: two
vascular bundles are shown in the cortex, one of which forms
the conducting strand of a petiole, P, which has nearly freed
itself from the stem: the other bundle, as shown by the
examination of a series of sections, eventually passes into

1 No. 245,
4 Williamson (80) A, p. 507. # Beott (06).
4 Bolms.Laubach (96), % Beott, D, H. (06) p. 519.
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another leaf-stalk. A root of another plant has invaded the
cortex at R, fig. 314, C.

The form and structure of the stele is diagrammatically
represented in fig. 314, B. The outer portion (black) consists

Fra. 314. Ankyropteris corrugata. R, intruded root; P, petiole; S, stele, Sv
sieve-tubes,
A, B. From a section in the University College Collection,
0. After Williamson.
D. From a section in the Williamson Collection (British Museum).

of a cylinder of scalariform tracheae in which the position o

groups of smaller elements (protoxylem) is shown by the whit e
patches. The xylem is thus seen to be mesarch. The promi.
nent group of xylem on the lower right-hand side of the section
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consists of tracheae, cut across in an oblique direction, which are
about to pass out as a separate strand. The centre of the stele
is occupied by parenchymatous tissue in which are included
scatitered tracheae, either singly or in small groups. These
medullary tracheae are rather narrower than these of the main
xylem cylinder. A characteristic feature is the radial outward
extension into the xylem of the medullary parenchyma, which
tends partially to divide the tracheal cylinder into broad groups.

Fie. 815, Ankyropteris corrugata (Will). Petiolar vascular strand. [From a
section in the University College (London) Collection ; after Tansley
x 36.]

Fig. 314, A, enlarged from fig. B, @, shows the mesarch
position of a protoxylem group, and a few of the parenchyma-
tous cells of one of the narrow arms of the axial tissue. At
Sy in fig. D a group of large sieve-tubes is seen separated from
the xylem by a few parenchymatous cells, and beyond the
sicve-tubes are some tangentially elongated cells. Both the
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sieve-tubes, Sw, and the flattened cells resemble tissues in a
corresponding position in the steles of modern Osmundacesae.
In a section of Ankyropteris corrugate in the Williamson
Collection the radial arrangement of the more external meta-
xylem elements suggests the addition of secondary tracheae™.
This suggestion of secondary thickening, a point which requires
much more thorough investigation, is interesting in relation (o
a new type of stem named by Scott Botrychiozylon®, but not
yet fully deseribed. This generic name has been given to

Fie. 816. Ankyropteris corrugata, Petiole. a, narrow xylem loop; b, spaces
in cortex. From w section in the Cambridge Botany School Collec-
tion; (% 10.)

a stem stele which closely resembles that of Ankyropteris cor-
rugata except in the regular radial arrangement of the peripheral
xylem elements. The name Botrychiozylon was chosen by Scott
because of the secondary xylem characteristic of the recent
genus Botrychium (fig. 247, p. 322).

In the petiolar vascular strand represented in fig. 315 the
narrow band of tracheae which forms a loop external to the
antennae 1s clearly seen, also the small-celled parenchyma
between the loops and the larger metaxylem elements of the

1 British Musenm, section No. 245. Cf figures by Williamson and Bertrand -

Willinmson (77) PL. v. fig, 19; Bertrand, P. (09) PL xix, fig. 87.
2 Beott (07) p. 182; (08) p. 318,
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antennae. The crushed tissue lying on the outer face of each
of the loops probably represents the phloem and pericycle ; the
thin-walled elements above and below the horizental band of
metaxylem are probably sieve-tubes.

Fig. 316 shows a transverse section of a petiole of this
species: the loops, @, of small tracheae are scen bending round
the outer edge of the antennae. The inner and more delicate
cortical tissue is partially preserved and spaces, b, have been
formed in 1t as the result of contraction previous to petrifaction.

Fre. 317, dnkyropteris corrugata. From a seetion in the Cambridge Botany
School Collection. (% 9.)

In the petiole represented in fig. 317 the tracheae of the
horizontal band are considerably erushed ; the seetion is, how-
ever, of interest because of the presence of Lyginodendron
roots, [, in the space originally occupied by the inner cortex.

In a paper on the tyloses of Rachiopteris corrugata, Weiss?!
draws attention to the fact that similar inclusions have not
been found in the tracheae of recent ferns. The oceurrence of
thin-walled parenchymatous cells in the large tracheae of
Ankyropteris corrugata petioles and of other species is a
striking feature. Williamson® compared these cells with the
tyloses in the vessels of recent Howering plants, and in a later
paper® he suggested that the included cells may belong to
saprophytic or parasitic fungi. It is, as Weiss points out,

1 Weiss, F. E. (06). # Williamson (77). # Williamson (88) A.
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difficult to explain the oceurrence of tyloses in tracheae not
immediately in contact with living parenchyma. It may be
that the pits in the tracheae of Ankyropteris were open spaces
as in the xylem of recent ferns described by Gwynne-Vaughan,
and if so this would facilitate the invasion of the conducting
elements by growing cells, A comparison is made by Weiss
between certain cell-groups found by him in the trachcae of
Anleyroptervs and by Miss Jordan?® in the vessels of the re-
cent dicotyledon Cucumais sativa. In a more recent paper on
tyloses Miss MeNicol? expresses the opinion that pseudo-
parenchyma in the tracheae of the fossil petioles owes its origin
to fungal hyphae.

Williamson compared the petiole bundles of Ankyropteris
corrugata with those of recent Osmundaceae, a comparison
based on the structure of the leaf-trace before its scparation
from the stem and its assumption of the H-form. Tt is
noteworthy, however, that this comparison has acquired a
greater significance as the result of recent work. The stele
of Ankyropteris bears a fairly close resemblance to that of
Zalesskya described by Kidston and Gwynne-Vaughan; in
both types the xylem is represented by two kinds of tracheal
tissue. In the Permian Osmundaceous genus the centre of
the stele consists of short storage tracheids, while in Anky-
ropteris we may regard the central parenchyma and scattered
tracheae as derivatives of the solid xylem core of some ancestral
type. Moreover, the appearance and arrangement of the phloem
and the tangentially elongated elements external to it (fig. 314)
remind one of the extra-xylem zone in recent Osmundaceae.
That the Osmundaceae and Zygoptereae are closely related
groups there can be little doubt; of this atfinity and common
origin® Ankyropteris corrugata affords striking evidence.

The difference between the steles of Ankyropteris Grayi
and A. scandens (figs. 310, D; 311) and that of Ankyropteris
corrugata is comparatively small. In the two former species
the cylindrical form has become stellate owing to the radial
extension of the xylem arms. It may be that this more
elaborate style of vascular construction is connected with the

1 Jordan (03). 2 Mc¢Nicol (08). 3 Gwynne-Vanghan (09).
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climbing habit of A. scandens and possibly A. Grayi. The
radial extension of the xylem and the consequent alternation of
the yielding parenchymatous cortex and the more rigid tracheal
arms would probably render the water-conducting elements less
liable to injury in a twisting axisl. In Anachoropteris De-
eaisnii’, deseribed by Renault, and more especially in Astero-
chloena loxa® Stenzel, a Lower Permian type from Saxony
(fig. 324), the xylem of the stele is much more deeply lobed
than in dnkyropteris Grayi or A. scandens.

'f'.

Fic. 318. Etapteris Secotti, P, Bert. (From Tansley, after Renault.)

Etapteris Scotti. Figs. 308, B: 309, E; 318.

P. Bertrand has proposed this name for a species of petiole
from the Lower Coal-Measures of England referred by Binney*
to Zygopteris Lacattit Ren., and included by Williamson® in
his comprehensive genus Rachiopteris. Bertrand® regards the
English species, which is recorded also from Germany?, as
distinet from Renault’s type® and therefore proposes a new
name. The petiole stele has the H-form, but its structure
is simpler than that of the Ankyropteris petiole.

The horizontal band of xylem has at each end two oval
groups of tracheae connected with it by a single row of xylem

! Compare fignres of the vaseular eylinders of climbing Dicolyledons given
by Schenck (93).

* For a figure of the stele see Tansley (08) p, 25, fig. 20.
4 Btenzel (89) Pls. 1mm. and 1v.

1 Binney (72). 3 Williamsgon (74) A.  Bertrand, P. (09).
7 Felix (86) A. 3 Renault (69).
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elements (fig. 318). From the lower part of each oval group
a small strand is detached; the two strands from one side of
the stele coalesce and then separate to pass into two pinnae,
Fig. 308, B, shows four stages in the giving-off of the secondary
branches. This species, therefore, produces four rows of branches
in alternate pairs from the right and left sides of the petiole.

The first stage is shown at 0, 0, fig. 308, B; the two
projecting groups of protoxylem mark the points of departure
of a pair of small strands. At 1, the projections are more
prominent, and at 2 a pair of strands has become detached : at
a later stage, 3, these two strands unite to divide later (4) into
two slightly curved bundles.

Our knowledge of the fructification of Etapteris is based on
Renanlt’s account of sporangia, which he regarded as belonging
to Zygopteris (Etapteris) Lacattiv. They have the form of

Frs. 819. A—C. Sporangia of Ftapteris (7).
D—G.  Botryopteris forensis.  (After Renaulf.)

elongated slightly curved saes (2°5 x 1'3 mm.) borne in clusters
(fig. 319, A—C) on slender ramifications of the fertile frond,
which is characterised by the absence of a lamina. Each
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sporangium has a pedicel, and three to eight sporangia are
attached to a common peduncle ; the walls of the sporangia are
at least two cell-layers in thickness and the annulus consists of
a band of thick-walled cells passing from the erest down each
side (figs. B and C), thus differing from the sporangia of Botryo-
pteris (fig. 319, D, F) in which the broad annulus is confined to
one side.

It is practically certain that the fronds deseribed by
Grand’Eury® as Schizopteris pinnata (fig. 309, E) and Schizo-
stachys frondosus vepresent respectively the sterile and fertile

F1a. 320.  Stauropteris oldhamia. (After Tansley. From aseetion in Dr Seott’s
Collection. x 60.)
leaves of Ktapteris. Zeiller? gives expression to this by substi-
tuting the generic name Zygopteris for Sehizopteris, and we may
now speak of the leaves as Etapteris. Dr White® has referred
to a new genus, Briffsia, some impressions of pinnate fronds
from the Coal-Measures of Missouri which, as he points out,
bear a close resemblance to Schizopteris pinnata Grand Eury
(fig. 309, E). No sporangia have been found; it is, however,
probable that Brittsia problematica represents fragments of a

! Grand’BEury (77) A. P, xvir. ? Renault and Zeiller (88) A.
3 White (99) p. 97.
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leaf’ borne by a plant closely allied to Etapteris (Zygopteris).
The broad rachis bears crowded pinnae given off at a wide
angle; the small pinnules are rather deeply lobed or pin-
natifid (3—10 mm. long by 1:-5—3 mm. broad). The lamina
13 traversed by irregularly lobed and oceasionally anastomosing
veins. In the fertile pinnae the segments have no lamina but
bear bundles of pedicellate sporangia.

It should be noticed that the sporangia described by
Renault and by other authors as those of Zygopteris (fig.
319, A—C) have not been found in organic continuity with
a frond showing a well-preserved vaseular strand. It is, however,
certain that this characteristic annulate sporangium, horne on
branched and slender pedicels, was produced on fronds with
a much reduced lamina belonging to some species of the
Zygoptereae, Etapteris and probably also Ankyropteris.

Stauropterts.

This genus was instituted by Binney for petioles from the
Lower Coal-Measures of Oldham (Lancashire),

Stauropterts oldhamia Binney' is characterised by a stele
(figs. 308, E—G; 310, C; 520; 321) composed of four groups
i.‘-f'Xl\"l(‘l‘ll which Bertrand regards as homologous with the
antennae of Diplolubis, Ankyropteris, and Etaptervs, the hori-
zontal cross-piece of these genera being absent in Stauropterds.
Williamson spoke of this species as “one of the most beautiful
and also one of the most perplexing of the plants of the Coal-
Measures " ; he discussed its possible affinity with both Lycopods
and ferns, deciding in favour of the latter group® In transverse
section the petiolar vascular axis is approximately square, the
xylem groups forming the ends of the diagonals; the tracheal
groups are separated by phloem and the centre of the stele in
the primary rachis is also occupied by that tissue, which is
connected by four narrow strips with the external phloem. The
structure of the petiolar vascular axis is very clearly shown in
the drawing by Mrs Tansley reproduced in fig. 320. Proto-

! Binney (72); Williamson (74) A. p. 685.
? Williamson (74) A. p. 685.
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xylem elements occur close to the surface of each of the four
arms of the xylem; the bays between the two lateral and the
two lower xylem groups contain large sieve-tubes. Portions of
the Inner cortex are seen in places abutting on the small-celled
pericyelic tissue.

The right and left halves of the stele are not absolutely
identical (fig. 320; fig. 308, E); this is due to the fact that
secondary branches are given off in four rows, two alternately
from the right and left sides. The preparation for the departure
of the lateral strands alters the configuration of the stelar xylem
groups. The protoxylem groups are not external but separated
from the surface by one or two layers of metaxylem, In fig. 308, E,
the occurrence of two protoxylem strands in the right-hand
groups of metaxylem marks an early stage in the detachment
of branches. These two protoxylems are the result of division
of single protoxylem strands like those in the left-hand half of
the stele. At a later stage the petiolar stele assumes the form
shown in fig. 308 F, and two small bundles are detached to supply
aphlebiae: this is followed by the stage shown i fig. (}, where
two four-armed strands are passing out to a pair of branches of
the leaf axis. The separation of these two meristeles leaves
the right-hand half of the stele in the condition seen on the
left-hand side of fig. E. The diagrammatic sketch represented
in fig. 310, C, shows one pair of branches in organic connexion
with the rachis, and each of these arms contains an obliquely
cut vascular strand like those in fig. 308 G.

The cortex consists for the most part of fairly thick-walled
parenchyma (fig. 321) which in the hypodermal region is replaced
by a zone of thin-walled lacunar tissue. A few stomata have
been recognised in the epidermis’. The lower left-hand branch
seen in fig. 310, C, has been shaved by the cutting wheel so
that the aerenchymatous tissue, , is shown in surface-view: a
portion of this tissue is enlarged in fig. (. The same deljcate
chlorophyllous tissue forms a folded and shrivelled layer with
an uneven margin on the surface of the rachis and lateral
branches. This hypha-like tissue, which was discovered by

1 Bertrand, P. (09) Pl. viz, fig, 48,
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Scott! and figured by Bertrand? doubtless represents the
much reduced lamina of the highly compound leaves; it may
be compared with the green outer cortex of Psilotum shoots
and with the lacunar tissue in the capsule of the common
moss, Hunaria hygrometrica.

The rachis reproduced in fig. 321 is surrounded by an
enormous number of sections, some transverse, others more or
less vertieal, of branchlets of various sizes. Fig. 310, B, shows
the three-rayed vaseular axis of a branch of a lower order than

¥ra. 321, Stauropteris oldhamia: a, sections of pinnae. (x10. From a

3

section in the Cambridge Botany Sechool Coll.)

those seen in fig. C, and the single vascular strands of still finer
ramifications of the leaf. The extraordinary abundance of axes
of different sizes, many of which are eut in the plane of
branching, in close association with the rachises of Stauropteris
affords a striking demonstration of the extent to which the sub-
division of the frond was carried in a small space. The leaves
must have presented the appearance of a feathery plexus of
delicate green branchlets devoid of a lamina, some of which
bore terminal sporangia. It may be that the delicate fronds
were borne on a slender rhizome which lived epiphytically in a
moist atmosphere on the stonter stems of a supporting plant.
1 Beotd (05%) p. 115, 2 Bertrand, P. (09) Pl vir.
30—2
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The sporangia® of Stauropteris oldhamia are exannulate and
nearly spherical, with a wall of more than a single row of cells;
they occur at the tips of slender and doubtless pendulous
branchlets. The discovery by Scott? of germinating spores
(fig.- 323) in a sporanginm of this type supplies an interesting
piece of evidence in favour of the fern nature of these repro-
ductive organs. Similar germinating spores have been described
by Boodle® in sporangia of Todea.

Fra, 322, Sporangia of Stawropteris oldhamia. St, stominm : », palisade
tissue. (From Tansley, after D. H. Scott, from a drawing by
Mrs D. H. Scott.)

Stauropteris burntislandica.

This Lower Carboniferous plant identified by Williamson
with the Oldham plant from the Lower Coal-Measures is
referred by Bertrand to a distinet species. In the strueture
of the rachis stele it agrees closely with Stauropteris oldhamia ;
the main vascular strand gives off four rows of branches, two
from each side, and aphlebiae were present at the common

g

1 Beott (04) 3 (059). # Beott (062). 7 Boodle (08),




XXV CORYNEPTERIS 469

base of each pair of pinnae. Mrs Scott!, who has recently
described the sporangia of this species, speaks of one specimen
in which germinating spores were found. The same author
gives an account of some curious spindle-shaped bodies which
she found in association with S. buratislandica. The nature
of these organs is uncertain; Mrs Scott inclines to regard
them as glands borne in pairs on lateral pedicels of the
frond: she adopts for these the name Bensonites fusiformis
proposed by Dr Scott. If there is a reasonable probability, as
there certainly seems to be, in favour of connecting these organs
with Stauropteris, it is legitimate to question the desirability
of adding to the long list of names included in the group
Coenopterideae.

Fie. 328, Germinating spoves from a sporangium of Stawropteris. (From
Tausley, after D. H. Seott.)

Corynepteris. Fig. 309, C, D.

This genus was founded by Baily® on fragments of a fern
from Carboniferous rocks in County Limerick, Ireland, charac-
terised by a peculiar type of fructification which he named
Corynepters stellata.  Move complete examples of the same
genus have been deseribed by Zeiller? from the Coal-field of

! Seotf, R, (08) Pl xxxiv. figs. 1, 2.
2 Baily (60) PL. xx1. xaptivn, & club or mace, 3 Zeiller (83),
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Valenciennes. The sporangia are large, ovoid, and sessile: the
annulus (fig. 309, D) has the form of a complete vertical band
several cells in breadth: five to ten sporangia are grouped
round a receptacle. Zeiller describes two species as Spheno-
pteris (Corynepteris) coralloides Gutb. and 8. (Corynepteris)
Lssinghwi And.; in both the fronds are quadripinnate and bear
aphlebiac at the base of the pinnae. The former species is
recorded by Kidston® from the South Wales Coal-ficld. A
single pinnule of €. coralloides is shown in fig. 309, C. Potonié?
refers this frond to his genus Alloiopteris: the portion of a
pinna represented in fig. 354 G shows the characteristic modified
pinnule next the rachis. Zeiller draws attention to the oceur-
rence of two parallel lines on the rachis of a specimen of
Corynepteris coralloides which he figures®, and suggests that
these may indicate the existence of an H-shaped form of
vascular strand like that of Etapteris and Ankyropteris. The
sorus of Corynepteris is comparable with that of the Marattia-
ceae, but the broad annulus is a difference which suggests
affinity to Ktapteris. The sorus is similar to that in Diplolabis
(fig. 309, A), but in that genus the sporangia are exannulate.

The vascular axis in the stems of different members of the
Coenopterideae assumes a variety of types. In Botryopteris
antigua the xylem forms a solid protostele in which no proto-
xylem strands have been recognised; in other species, e.g.
B. ramosa, the cylindrical stele is similar to that of Tricho-
manes radicans (Hymenophyllacese) in the more or less central
position of the protoxylem. In Botryopteris forensis the
protostele 1s said to be exarch. The probability is that the
central Botryopteris type is the endarch protostele, a form of
vascular axis which may be regarded as primitive. The leaf-traces
of the Lower Carboniferous Botryopteris antiqua are simple
oval strands differing but slightly from the eylindrical stele
of the stem. In the Upper Carboniferous British species the
petiolar vascular strand has become more specialised and
farther removed from that of the stem; in B. Surensis the

I Kidston (94). 2 Potonié (02) p. 492, 4 Zeiller (88) A, PL x.




XXV] ANKYROPTERIS, ETC. 471

distinction between leaf and stem steles is still more pronounced.
1t 1s perhaps legitimate to regard these types as representing
an ascending series, the more primitive of which are distin-
guished by the greater similarity between leaf and stem,
organs differentiated from a primitive thallus?, that is from a
vegetative body. Portions of this ultimately became specialised
as lateral members or leaves, while a portion acquired the
character of a radially constructed supporting axis or stem.

The wvascular strand characteristic of the Zygoptereae is
represented by the H-shaped form as seen in Ankyropteris
corrugata or in a more complex form in A. bibractensis. This
style of strand may be regarded as a development from the
simple strands of Grammatopteris and Tubicaulis or Botryo-
pteris  anfigua along other lines than those followed by
B. forensis. The extension of the xylem in two symmetrically
placed arms at the ends of the cross-piece of the H is correlated
with the habit of branching of the leaf-system which forms one
of the striking peculiarities of many of the Zygoptereae. The
solid type of stele characteristic of the Botryoptereae 1s closely
matched by that in the Lower Carboniferous stem discovered
by Mr Gordon® By the partial transformation of the central
xylem region into parenchymatous tissue and the concentra-
tion of water-conducting elements in the peripheral region the
style of Ankyropteris corrugata was developed. The vascular
strand of the older plant, which is of the Diplolabis type, may
be regarded as a more primitive style than that of the H-form
of petiole strand represented by Ankyropteris corrugata. A
further stage in evolution is seen in the stem stele of Anky-
ropteris Grayi and A. scandens, both of which have the H-form
of meristele. This step in increasing complexity of stem stele,
though probably connected with the increasing specialisation of

the leaf-traces, as held by Mr Tansley, may also be associated
with the development of a climbing habit. In Asterochlaena
luza Stenzel (fig. 324) and A. ramose (Cotta)® the tendency
towards a stellate expansion of the originally cylindrical form

1 Tansley (08). 2 See p. 447.
3 Stenzel (89) p. 15, Pls. 111, 1V,
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of stele reaches a higher degree, with the result that a style is
evolved which agrees clrmh' with that of the conducting tissue
of some existing Dicotyledonous Lianes.

Attention lms already been drawn to the generalised features
exhibited by the Coenopterideae both in the anatomy of the
steles and in the structure of the sporangia. The conclusion
arrived at is that while the Coenopterideae foreshadow in some

Fia. 324, dsterochlaena laxa: part of stem with petiole and a few roots.
From Tansley, after Stenzel.

of their characters more than one group of more recent ferns,
some at least of their members afford convineing evidence of
the correctness of the view—which is also that of Dr Kidston
and Mr Gwynne-Vanghan—that the Osmundaceae and the
Coenopterideae are offshoots of a common stock.




CHAPTER XXVI.

HYDROPTERIDEAE | woroa0ae.
Salviniaceae.
TuE unsatisfactory and meagre records in regard to the past
history of these heterosporous Filieales render superfluous more
than a brief reference to the recent species.

Marsiliaceae.

This family is usually spoken of as including the two genera
Maorsilia and Pilularia. Lindman® has however founded a
third genus, Regnellidium, on a Brazilian plant which is dis-
tinguished by some well-defined characters from all species of
Maorsilia. The members of the Marsiliaceae live for the most
part in swampy situations, Marsilia is represented in Europe
by M. gquadrifoliota L. which occurs in Portugal, France,
Germany and other parts of the Continent, extending alsb
to Kashmir, Northern China, and Japan. Of the other 53
species, 17 are recorded from different regions in Africa, while
others occur in South America, Asia®?, Australia, and elsewhere.

Pilularia globulifera 1. is the only British representative
of the Hydropterideae. The remaining four species of the genus
oceur in South Ameriea, California, New Zealand, Australia,
and P.minuta Dur. is met with in the Sonth of France, Algeria,
and Asia Minor in subtropical or warm temperate regions.

The Marsiliaceae are regarded as more nearly related to the

! Lindman (04). * Baker (87) A.; Badebeck, in Engler and Prantl (02).
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Schizaeaceae than to any other family of homosporons ferns,
Their heterospory, the production of sporangia in eclosed fruit-
like sporocarps, and the anatomical features associated with
existence in marshy habitats, tend to obscure the resemblances
to the true ferns.

The genus Marsilidium proposed by Schenk? for a piece of
an axis, bearing apparently a whorl of six leaflets, from the
Wealden of Osterwald, cannot be regarded as satisfactory
evidence of the existence of the Marsiliaceae in the Wealden
flora of North Germany,

The six leaflets of Marsilidium speciosum, having a length
of 5 em, are similar in shape to the four leaflets of recent
species of Marsilia, but they differ in the repeated dichotomy
of the veins from the reticulate venation of the recent forms,
It is worthy of note, however, that in Lindman’s Brazilian type
Regnellidium diphyllum (fig. 326,A), the leaflets are characterised
by dichotomous and not by anastomosing veins.

Hollick? has described some impressions of imperfect orbicular
leaves with a “finely flabellate obscurely reticulated(?) venation”
from Cretaceous rocks of Long Island as Marsilic Andersoni,
but these are too fragmentary to be accorded this generie
designation. My friend Dr Krasser informs me that he is
deseribing some well-preserved leaves from Cretaceous beds of
Griinbach in Lower Austria as Marsilie Nathorsti*. He com-
pares these with the recent form Marsilin elata, a variety of
M. Drummonds.

Another Lower Cretaceous species Marsilia perucensis has
been figured by Fri¢ and Bayer® as a stalked fruit-like body
from Bohemia. This was originally described by Velenovsky as
M. cretacea, but under this name Heer® had previously recorded
a supposed sporocarp from Greenland. These fossils have little
claim to recognition as examples of Marsiliaceous plants.

The fragment figured by Heer” from Tertiary rocks of

1 Camphell (04) ; Bower (08) p. 5l. 2 Schenk (T1) p. 225.
# Hollick (94) PL. nxxr, * Mentioned by Krasser (06) in a preliminary note,
5 Tri¢ and Bayer (01) p. 88, fig. 34, % Heer (82) PL xv1.

7 Heer (55) A. Vol. . p. 156, PL cxwv. fig. 35.
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Oeningen as Pilularic pedunculate is too small to determine
with reasonable accuracy. Other supposed representatives of
the family mentioned in palacobotanical literature are not of
sutficient importance to deseribe,

Salviniaceae.

The two genera of Salviniaceae, Salvinie and Azollu, are
water plants, and are usually described as annuals which survive
the less favourable season in the form of detached sporocarps.
Goebel® states that all the tropical species of Salvinie known to
him have an unlimited existence.

Salvinia natans, Hoffm., the only European species, extends
from the South of France to Northern China and the plains of
India: the other twelve species are mostly tropical. Aszolla,
represented by four species, oceurs in Western and Southern

North America, South America, Madagascar, Australia, New
Zealand, and is widely spread in tropical Asia and Africa.

Species of Azolla frequently form a consitlerable proportion
of the floating carpet of vegetation on inland waters® growing
under conditions which might be supposed favourable for pre-
servation in a fossil state.

The Salviniaceae, though probably rather farther removed
than the Marsiliaceae from the homosporous Filicineae, are con-
sidered by Bower? to be related to the Gradatae, but modified
in consequence of their aquatic habit and the assumption of
heterospory.

No undoubted examples of fossil species of Azolla have
been deseribed.  Salvinia, on the other hand, is represented by
several Tertiary species, for the most part founded on leaves
only, and Hollick*, who published a list of fossil Salvinias, has
deseribed detached leaves as Salvinia elliptice Newb. from what
may be Upper Cretaceous rocks from Carbonado, Washington,

1 Goebel (05).

2 Bee Beward (04) p. 441, for a deseription of the foating plants on the
lagunas of Gran Chaco (8. Ameriea) by Prof. Graham Kerr.

# Bower (08) p. 611, + Hollick (94).
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Some of the leaves figured as Tertiary Salvinias are of no value
as evidence of the former distribution of the genus?,

From the Coal-beds of Yen-Biii (Tonkin), probably of Miocene
age, Zeiller® has figured some well-preserved impressions of
oval or orbicular leaves, 15 mm. long and 10—20 mm. broad,
characterised by reticulate venation and by cordate bases,
which he refers to Heer's Swiss species Salvinia formosa®.

Dr Zeiller* in the most recently published part of his series
of valuable résumés of palaeobotanical literature refers to a
description by Brabenec of specimens of this species from
Bohemian Tertiary beds showing both microspores and mega-
spores.

One of the most complete specimens so far discovered has
recently been described by Fritel® from Eocene beds of the Paris
Basin as Salvinia Zeilleri. This species, founded on portions of
stems bearing floating leaves, submerged root-like leaves, and
sporocarps, is compared with a recent tropical American species
S. auriculato.

It is noteworthy that no authentic records of Hydropterideae
have been discovered in Palacozoic rocks®. Comparisons have
been made in the case of the genera Traguairia Carr. and
Sporocarpon. Will. with the reproductive organs of Azolla?,
but these rest on a wholly insufficient basis.

Dawson® proposed the generic name Protosalvinia for some
spores of Devonian age, which he regarded on inadequate
grounds as evidence of Palacozoic Hydropterideae.

Zeiller”, in discussing the possible relationships of the
problematical type Chorionopteris gleichenioides Cord., suggests
a possible alliance with the Hydropterideae. Corda founded
the genus Chorionopteris™ on some small fragments of pinnules,
6—7 mm. long, found in the Carboniferous rocks of Radnitz in
Bohemia.

! B.g. Lesquereux (78) PL vxiv. fig. 14; PL v, fig. 10. Staub (87) P1. xix,
fig. 2.
# Zeiller (03) P1. 11, figs. 2, 8.
# Heer (55) A. Vol. rr. p. 156, P, oxy. figs. 1—315,
* Zeiller (09%) p. 95. i Fritel (08),
% Bee also Arber (06) p. 228, 7 Bolms-Laubach (1) A. p. 183.
8 Dawson (86). 9 Zeiller (88) A. p. 58, 10 Cordw (45) A, P, vrv.
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The lobes of the pinnules are incurved distally to form a
capsule, containing four sporangia, which apparently opened on
dehiscence into four valves; the spores are of one size. The
material is however insufficient for accurate determination,

There is no evidence contributed by fossil records which
indicates a high antiquity for the Hydropterideae, Tt is unsafe
to base any conclusion on the absence of undoubted Palaeozoie
representatives of this group: but the almost complete absence
of records in pre-Tertiary strata is a fact which may be allowed
some weight in regard to the possible evolution of the hetero-
sporous filicales at a comparatively late period in the earth’s
history.

A deseription of the Mesozoic genus Sugenopteris may be
conveniently included in this chapter, though as in many other
instances the inelusion of a genus under the heading of a recent
family name does not by any means imply that the position of
the extinet type is regarded as settled.

Sagenopteris.

This generic name was applied by Presl! to small fronds
composed of four or rarely two palmately disposed leaflets with
a more or less distinet midrib and anastomosing secondary
veins. Schimper® compared Sagenopteris with Marsilia, but
did not regard the resemblance as evidence of relationship.
Nathorst® expressed the opinion that certain fruit-like bodies
obtained from the Rhaetic beds of Scania are of the nature of

sporocarps and were borne by Sagenopteris, with the leaves of
which they were associated. He published a drawing of part of
a frult showing on its partially flattened surface some raised
oval bodies which are considered to be spores. Dr Nathorst
kindly placed at my disposal the drawings reproduced in
fig. 825 made from some of his specimens found at Bjuf in
Scania.

In contour and superficial features, e.g. the veining on
the wall, these bodies bear a fairly close resemblance to the

1 Presl, in Sternberg (38) A.  * Schimper (69) A. ¥ Nathorst (78) p. 17,
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sporocarps of recent species of Marsilia. They were found in
assoclation with the leaves of Sugenopteris undulate Nath.,
an abundant Scania type similar in form to the English Jurassic
species S. Phullipsi (figs. 327, 328). Heer was independently
led by an examination of some examples of the Swedish * fruits”
to compare them with the sporocarps of Marsilic. A small
spherical body is figured by Zigno' close to a leaf of his
species S. angustifolia, which may be a sporocarp. In a recent
paper, Salfeld® says that he found fructification on the lower
face of the leaflets of S. Nilssoniune Brongn. from German
Jurassic rocks, but he brings forward no evidence in support of

Fie. 325, Sporocarp-like bodies found in associntion with the leaves of Sagen-
opteris.  (Nat, size. From drawings supplied by Dr Nathorst.)

this statement. The systematic position of Sugenopteris is by
no means settled. In a previous account of the genus 1
expressed the view that it is probably a member of the true
ferns?, but the resemblance of Dr Nathorsts drawings to the
Marsilian sporocarps influences me in favour of his opinion that
Sugenopteris may belong to the Hydropterideae. The evidence,

1 Zigno (56) A. Pl, xx. 2 Balfeld (09) p. 17.

# In a footnote to Fontaine’s deseription of Jurassic plants of Oregon, Lester
Ward writes:—Seward treats Sagenapteris as a fern, elassing it now (Fur. I,
Yorkshire Coast, 1900, p. 161) in the family Polypodiaceae, although in his
Wealden I'lora, 1894, p. 129, he placed it in the Schizaeacene.” [Ward (05)
p. 83, note.] My words are I am disposed to regard Sagenopteris as probably
4 genus of ferns ™ (loc. cit. 1900, p. 161). T haye never referred this plant to
the Polypodiacene or Schizaeaceae or to any other family.
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as Solms-Laubach? states, is not wholly satisfactory: Sehenk
points out that the frequent occurrence of detached Sagenopteris
leaflets suggests that they casily fell off the petiole, whereas in
Marsilia the leaflets do not fall off independently. The dis-
covery of a new type of Marsiliaceae in Brazil, which Lindman
has described as Regnellidium dephyllum® (fig. 326, A), affords
an additional piece of evidence bearing on the comparison

Fra. 326. A. Reguellidivm diphyllum Lind. Single leaf and stelked sporo-
carp. (& naf. size. After Lindman,)

B. Cuticle of Sagenopteris rhoifolia. (After Schenk.)

of Sugenopterts with members of this family. In Regnellidium
the leaves differ from those of Marsilia in bearing two instead
of four leaflets, and in the former the veins are repeatedly forked,
and do not anastomose as in Marsilic. In the possession
of only two leaflets Regnellidium agrees with some forms of
Sagenopteris (fig. 328).

1 Solms-Laubach (91) A, p. 182.

* I am indebted to my friend Dr Nathorst for calling my attention to
Lindman’s paper.
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Sagenopteris Phillipsi (Brongniart)!. Figs. 327, 328,

1828. ‘Glossopteris Phillipsi, Brongniavt, Hist. vég. foss. p. 225,

(=}

Pls. LT bis, LXIII,
1838.  Sugenopteris Phillipsi, Presl, in Sternberg’s Flor, Vorwelt, vii.
p- 69.

e
e Al

*3‘1" v

Fro. 827.

The

Sagenopteris Phillipsi.

A,

From the type-specimens of Lindley and Hutton (Glossopteris
Phillipst). Gristhorpe Bay, Yorkshire. British Musgeum. No.
39221. Blightly reduced. M.S.

From a specimen in the British Musenm (39222). Nat. size.
Tigured by Lindley and Hutton as Glossopteris Phillipsi,

fronds of this common Jurassic species, which is
recorded from many European localities, from North America,
Australia, the Antarctic regions?, and elsewhere, are very variable
as regards the form, size, and number of the leaflets.

! For a fuller synonymy, see Seward (00) p. 162.

? Nathorst (04%).
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Frond petiolate, in some forms the petiole bears four linear or oval-
lanceolate leaflets having a distinet midrib and oblique anastomosing
veins., In others a shorter winged petiole bears one or two shorter and
broader, somewhat obcuneate, leaflets without a midrib.

1t is probable that Bunbury® was correct in his opinion that
the specimen figured by Lindley and Hutton?® as Otopteris
cuneate, characterised by two leaflets (fig. 328), is not specifically
distinet from the normal form with four leaflets (fig. 327).

Similarly, such specimens as that represented in PL xviir,,
fig. 3 of the first part of my Jurassic Flora, in which a short
stalk bears only one leaflet may, provisionally at least, be
included in Brongniart’s species, Yabe® describes a form with
two leaflets from Jurassic rocks of Korea as Sugenopteris

Fic. 328. Sugenopteris Phillipsi. From a specimen in the Manchester Uni-
versity Musenm. Nat. size.

bilobate which resembles S, Phillipsi; and Moeller! records

a specimen similar to that represented in fig. 328 from

Bornholm as S. cuncata (Lind. and Huft,).

The leaf shown in fig. 327, A, in which the longest segments
are 45 cm. in length, represents the most abundant form and
illustrates the very close agreement between 8. Phillipsi and
the Rhaetic species S. rhoifolia. Fig. 327, B, which is drawn
from a specimen figured by Lindley and Hutton? shows a leaf
with longer (65 em.) and much narrower segments. Broader
leaflets are occasionally met with in which the lamina reaches
a length of 11 em.?

Leaves with leaflets narrower (3 mm. broad) than those

! Bunbury (51) A, * Lindley and Hntton (35) A. Pl. cuy.
* Yabe (05) P1, 111, fig. 16. 4 Moaller (02) PL. v1. fig. 10.

* Lindley and Hutton (33) A. PL rxm fig. 2. % Seward (00) p. 169, fisz, 26,

Baill, 31
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represented in fig. 327, B, are described by Zigno! from Jurassic
beds of Ttaly as S. angustifolia and by Moeller® from the Jurassic
of Bornholm as 8. Phullipsi f pusille. A coarser type of
venation than that of S. Phillipsi is oceasionally found in
Jurassic examples, as in S. grandifolia Font.? from Oregon and
S. Nathorsti Barth. from Bornholm®,

Sagenopteris is recorded also from several Rhaetic floras.
The best known species, S. rhoifolia Presl®, is hardly dis-
tinguishable from some forms of 8. Phillipsi or from the Ttalian
Jurassic species described by Zigno as S. Goeppertiana®, thongh
the leaflets are usually rather larger. This species was first
deseribed by Brongniart as Filicites Nilssoniana®, and a few
authors® have adopted this specific name because of its priority
over Presl’s designation. As Nathorst remarks, to give up
the well-known name S. vhoifolic for S. Nilssoniana is * mere
pedantry.”  The epidermis of 8. rhoifolia as figured by Schenk”
consists of cells with straight and not undulating walls:
stomata oceur on the lower surfice (fig. 326, B).

Rhaetic leaves of the type represented by S, rhoifolia have
a wide geographical distribution.

The specimens described by Feistmantel from the Damuda
series of India as Sagenopteris longifolia are no doubt fronds
of Glossopteris longifolia™.

The Wealden species Sagenopteris Mantelli (Dunk.) agrees
closely in habit and in the form of the leaflets with 8. Phillipsi
and 8. rhoifoliu. 1t is probable that some of the leaves
described by Velenovsky® from Lower Cretaceous rocks in
Bohemia as Thinnfeldia variabilis ave portions of Sagenopteris
fronds.  S. Mantelli is recorded from several European localities,
from California® and elsewhere.

1 Zigno (56) A. Pl xx1. ? Moeller (02) P1. v1. figs. 8, 9.
# Ward (05) PL xv. fig. 5.
1 Bartholin (92) P1. v. fig, 9. ® Presl, in Sternberg (38),

& Zigno (56) A. Pls. xx1. xxu, ; Rueiborgki (94) A. PL xx. figs, 13—18.

7 Brongmiart (25) P1, xrr. fig, 1.

® Fontaine, in Ward (05); Salfeld (09) PL. 1. * Behenk (67) A. P .

10 Arber (03) p. 75, W Seward (94%) A, p. 130. 12 Velenovsky (83) Pl 11.

¥ Fontaine, in Ward (05) Pl. Lxv. Newberry's Chirapteris spatulata from
Montana may be founded on leaflets of Sagenopteris Manteili. Newberry (91).
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Sagenopteris appears to have been widely distributed during
the Rhaetic, Jurassic and Lower Cretaceous floras. The very
great similarity between the specimens recorded from these three
formations renders the genus an uncertain guide in regard to
geological age. Decisive evidence as to its position in the
plant kingdom is at present lacking : the inclusion of the genus
as a possible member of the Hydropterideae has still to be
Justified.

31—2




CHAPTER XXVIL
GENERA OF PTERIDOSPERMS, FERNS, AND PLANTAE
INCERTAE SEDIS.

THE genera and species deseribed in this O ‘hapter are
founded on sterile leaves or portions of leaves, and in the great
majority of cases the reproductive organs are either imperfectly
known or have still to be discovered. Some of the genera, the
smaller number, are no donbt true ferns, while most of them
may safely be regarded as plants which will ultimately be shown
to belong to some other group, in most cases that of the
Pteridosperms. It is possible that a few of the types may be
members of the C ‘yeadophyta rather than of the Pter idospermene,
but evidence as to systematic position is for the most part of a
negative kind or too icomplete to lead to any definite expres
of opinion as to the cyecadean or pteridosperm nature of the im-
perfectly known Palaeozoie or Mesozoic species. Many of the
genera atre of little botanical interest, though even the most prob-
lematical are of importance as eriteria of geological age. Genera

10N

which there is good reason for including in the Pteridosperms
are dealt with in this section, in order that the Chapter in
Volume 111, devoted to this important group may be limited
to more (50mp]c:t‘el‘y known Lypes.

In most text-books it is customary to employ family names
for sterile fern-like fronds which possess similar venation
features or have in common certain vegetative characters, the
value of which it is impossible to estimate. In the following
account family or group names are not adopted, on the ground
that such slight utility as they may have is more than counter-
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balanced by the risk attending a grouping under gne name of
plants which may agree only in unessential characters. The
practice of classifying fossil plants has been carried to excess.
Grouping together genera as a matter of convenience unavoidably
creates a prejudice in favour of actual relationship, which may
or may not exist.

Taeniopteris.

This generic name was instituted by Brongniart? for simple
linear or broadly linear leaves with a prominent midrib from
which secondary veins, simple or dichotomously branched, are
given off at right angles or obliquely. The frond of the type-
species Taeniopteris vittata (fig. 332), characteristic of Jurassic
foras, was compared by Brongniart with the pinnules of Dancent
and Angiopteris. Among recent ferns the Taeniopteris form
of frond and venation is represented by Oleundra neriiformas,
Asplenium nidus, and many other species. Though usually
applied to fronds which there i3 good reasgn for regarding as
simple leaves, the generic designation Taeniopteris has been
extended to include pinnate fronds, e.g. the Upper Palacozoic
species T. jejunate Grand'Eury, and 7. Carnoti Ren, and Zeill.
(fig. 330, A). The compound fronds from the Lower Coal-
Measures of Missouri deseribed by Dr White® as T, massowriensis
are characterised by decurrent and confluent Taeniopteroid
pinnules, In a later reference® to this plant White pertinently
adds, “ perhaps it belongs more properly in A lethopteris.”

Leaves of the Taeniopteris type are described by several
authors as species of Oleandridium, Angropteridium, Danaeites,
Marattia, and other genera. In such species of Taeniopteroid
leaves as have been dealt with in a former Chapter, the
oceurrence of sorl justifies the substitution of a name denoting
a close relationship to existing members of the Marattiaceae,
but in the absence of fertile specimens the provisional designa-
tion Taeniopteris should be retained. It is often difficult to
decide between Taeniopteris and Nilssonia as the more suitable

1 Brongniart (28) A. p. f1. * White (93).
5 White (99) p. 144,
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name to apply to fragments of fossil leaves of Mesozoic age.
Taeniopteris is, however,distinguis}md from the Cycadean genus
by the greater prominence of the rachis, also by the dichotomous
branching of the secondary veins, usually close to their origin
and at varying distances between the axis of the frond and the
edge of the lamina. The genus Taeniopteris, though most
abundant in Rhaetic and Jurassic strata, ocours also in Upper
Carboniferous and Lower Permian rocks, The generic name
Macrotaeniopteris instituted by Schimper® has been used for
leaves differing only in size from the usual type of Taeniopteris,
but there is no adequate reason for its retention.

The species included in Tueniopteris afford no satisfactory
evidence as to their systematie position. Tt is obviously unwise
to adopt such generic titles as Oleandridium, Marattiopsis, ete.,
merely because of resemblance in the venation of sterile
fragments to Oleandra or Marattinceous forns,

Some specimens of Taeniopteris fronds described by
Mr Sellards® from Permian rocks of Kansas, which are referred
to later, have furnished unconvinein g evidence of reproductive
organs,

Luaeniopteris multinervis, Weiss, Fig. 329, A, B.

)
]

The late Dr Weiss? instituted this species (which he desig-
nated Taeniopteris multinervia, though the specific name multi-
nervis is constantly used) for a fragment of a leaf from the Lower
Permian of Lebach characterised by numerous forked veins
given off at right angles from a prominent rachis (fig, 329, B).
This type of frond is recorded from the Permian of Trienbach
(Alsace) by Zeiller*, by Renanlt® and Zeiller® from the Upper
Carboniferous of Autun, and from other localities. The lamina,
of the simple leaf reaches a breadth of 6 cm. and a length
of 40 em. (fig. 329, A); the numerous secondary veins (25—36
per cm. of lamina) are either at right angles to the rachis
or given off at an acute angle. The mesophyll consists of

1 Schimper (69) A. p. 610. 2 Sellards (01).

# Weiss, C. E. (69) p. 98, PL v1. fig. 13. + Zeiller (94) p. 169,
5 Renault (96) A. p. 1. 9 Zeiller (90) Pls. x1r. xu11,
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polygonal cells some of which are elongated at right angles to
the surface of the lamina. A very similar form is deseribed
by Fontaine and White from the Permian of Virginia as 1.
Lescurana’.

Tt is futile to expect to be able to separate the numerous

Fic. 320. A. Taeniopteris multinervis, Weiss. (§ nat. size. After Zeiller.)
B. 1. multinervis. (Enlarged. After Zeiller.)
C. FLesleya Delafondi, (%2, After Aeiller.)

Taeniopteris leaves into well-defined species: all we can do is
to group the specimens under different names, using as arti-
ficial distinctions such characters as the shape of the leaf, the
number of veins per centimetre, and the prominence of the rachis.
Another Virginian species of Permian age described by Fontaine

! Fontaine and White (80) PI. xxxiv,
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and White!, 7. Newberriana, is said to bear sorl, but no
satisfactory information is given as to the nature of these
organs. Specimens referred with some hesitation to this
species and to a similar species, 1. coriacea, have been described
by Sellards® from material obtained from Permian beds in
Kansas. The lamina of the simple linear fronds is characterised
by the occurrence of small oval bodies half immersed in the
substance of the leaf between the secondary veins (figs. 330, D, E).
One of these bodies is represented in an apparently dehisced

condition in fig. 330, D. Sellards suggests the possibility that
these bodies are sporangia, but, as he points out, they atford no
indication of cellular structure nor are they in direct connexion
with the veins.

Tueniopteris jejunata, Grand’ Eury?,

|
This species differs from 7. multinervis in its bipinnate fronds; |
the linear or oval-linear pinnae are attached by a short stalk to !
the primary rachis and reach a length of 25 em.: the veins are l‘
less crowded, 12—15 per centimetre,
T. jejunata is recorded from the Coal-fields of the Loire and
Commentry* in France, from the Lower Permian of Thuringia’
and elsewhere,

Taeniopteris Carnoti, Ren. and Zeiller®. Fig. 330, A.
g .

This species, founded on portions of pinnate fronds from the
Coal-field of Commentry, is characterised by rather broader
(25—30 mm.) pinnules, with short pedicels and a cordate base,
reaching a length of 25—30 em. The secondary forked veins are
more numerous than in 1. jejunate. In 7. wmultinervis the
pinnules are still broader and have a stronger midrib.

Several species of Tueniopteris have been described from
Triasso-Rhaectic rocks in Europe, India, Tonkin and elsewhere,

L Fontaine and White (80) PL xxxiv. figs. 1—8, 2 Sellards (01). ‘
¥ Grand’Eury (77) A. p. 171. * Renault and Zeiller (88) A,

" Potonié (03) A, p. 145, PL xviw. fig. 3.

¢ Renault and Zeiller (88) A. p. 282, Pl xxm. fig. 10.
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In some cases it is practically impossible to recognise clear
specific distinetions between Rhaetic and Jurassic types.

From the Damuda and Panchet series of India (Triasso-
Rhaetic) Feistmantel has described large sterile fronds as
Mucrotaeniopteris Feddeni which reach a breadth of 20 em.:
these may be compared with the Indian species Tueniopterts lata
Oldham? and to 7. gigantea from the Rhaetic of Franconia®
and Scania. A specimen of this species figured by Nathorst*
from Scania has a lamina 33 em. broad. Other examples are
afforded by M. Wienamattae Feist.® from rocks of the same age
in Australia and by Taeniopteris superba Sapt from Lower
Rhaetic rocks near Autun.

From the Rhaetic of Tonkin, Zeiller records several species,
among which may be mentioned 1. Jourdy' Zeill.” and
T. spatulata MaeClelland (fig. 830, B, C). Both have simple
fronds. Those of 1. Jourdyi reach a length of 10—40 cim.
and a breadth of 10—T70mm.; the rachis is characterised by
crowded and discontinuous transverse folds, and the secondary
veins (35—50 per cm.) are usually at right afigles to the rachis.
This Tonkin species is compared by Zeiller with the European
Rhaetic species T\ fenuinervis Brauns.

The polymorphism of the fronds is a striking feature: in one
case described by Zeiller the lamina appears fo be divided into
segments like those characteristic of the leaf of the Cycadean
genus Anomozametes. Tt is obviously difficult in many in-
stances to distinguish between detached Taeniopteroid pinnae
of a compound frond and complete simple leaves. In some
compound fern fronds, as in the recent Polypodiaceous genus
Didymochlaena, the pinnules are deciduous, and the same feature
undoubtedly characterised the fronds of many extinet species.
A specimen figured by Zeiller which shows several pefioles of
T. Jourdyi attached to a thick stem® demonstrates the simple
nature of the leaves. In other cases, e.g. 1. wittata, specimens
occur in which the slightly enlarged petiole-base has a clean-cut
surface indicating abscission from a rhizome (fig. 332).

1 Feistmantel (81) A. Pls. xx1. A. xx11. AL 2 Oldham and Morris (63) p. 41.

4 Schenk (67) A. Pl xxvm. fig. 12. 4 Nathorst (78) PL. mx.
5 Feistmantel (90) A. Pl. xxvir, % Saporta (73) A. Pls, 1xr, Lxi.
7 Zeiller (02) Pls. x.—x1v. p. 66. 8 Zeiller (02) PL xr. fig. 4.




490 PTERIDOSPERMS, EIC. [cH.

The fronds deseribed by Zeiller as 7. spatulata? (£ g.330,B,C)
closely resemble Jurassic leaves from Vietoria referred to
Taeniopteris Daintreei McCoy2,

Fra. 330. A, Taeniopteris Carnoti, Ren. and Zeill. (Nat. size. Affer Renault
und Zeiller.)
B. T.spatulata, MeClell. (Nat. size. After Zeiller.)
C. 7. spatulata. (x3. After Zeiller.)
D. Supposed sporangium of . corigcea. (x15. After Sel lards.)
E. T. coriacea. (%2, Affer Sellards.)

Whether specifically identical or not, these leaves represent
a type distinguished from the other species of the genus by
the small breadth of the linear-lanceolate or linear-spathulate

! Zeiller (02) PL xur. For synonymy, see also Arber (03) p. 124.
| ! Beward (04) figs. 18—292,
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lamina, which may be 6—15ecm. in length and 3—12 mm.
broad. The lamina is often characterised by transverse folds
(fig. 330, C).

Taeniopteris Carrutherst, Fig. 331.

1872. Taendopteris Daingreed, Carruthers, Quart. Jowrn. Geol. Soc.
Vol. xxvirn PL xxvir fig. 6.

1883, 7' Carruthersy, Tenison-Woods, Proc. Linn. Soc, N. 8. Wales,
Vol. vir. p. 117.

Fra. 381. Taeniopteris Carruthersi, Ten.-Woods. Nat. size,

The simple fronds included under this specific name are
/eharacterised by a strong midrib from which numerous simple
or forked secondary veins are given off at a right angle or
slightly inclined. The breadth of the lamina decreases
gradually towards the petiole. The Australian species named
by McCoy Zueniopteris Daintreei, to which Carruthers referred
the (Queensland fossils, has a much narrower and more linear
form of frond, and for this reason Tenison-Woods instituted a
new speeific name. 7. Carruthersi represents a form of leal met
with in Rhaetie, or possibly Upper Triassic, rocks in 8. Africa!
and Australia. A very similar, perhaps an identical type, was
described from Argentina by Geinitz® as T. mareyiace : among

1 Seward (0R) p. 98, 2 Geinitz (76) PL 1. figs. 1—3.
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many other examples of this form of frond may be mentioned
T. immersa* Nath. from the Rhaetic rocks of Scania and 7.
virgulata from the Rhaetic of Tonkin®.

A comparison of Taeniopteris Carruthersi or various other
“species ” of Rhaetic fronds with the Jurassic species T, wittata
ilustrates the slight and unimportant differences on which
specific separation is based. It is hopeless to attempt to draw
a satisfactory distinetion between the numerous Taeniopteris
fronds from Upper Triassic and Jurassic rocks.

Taeniopteris wittata, Brongniart. Fig. 332.

The simple leaves to which Brongniart applied this name
are characteristic of the Inferior Qolite flora of England, and
examples of the same type are recorded from Jurassic rocks of
India, Poland, the Arctic regions, Japan, China, Australia and
other countries™

Leat linear-lanceolate, reaching a length of more than 20cm. and a
breadth of 3em. The lamina increases gradually in breadth from the
base and tapers towards the apex. Numerous secondary veins are given
off at right angles from a broad midrib: the lateral veins may be simple
or forked close to their origin, near the margin, or in the intermediate
portion, of the lamina,

It 1s exceedingly difficult to use Taeniopteris leaves of this
form as evidence in regard to the Jurassic or Rhaetic age of
plant-bearing strata. The species 7% éenuinervis Brauns, as
figured by Schenk?! from the Rhaetic rocks of Germany and
Persia, and recorded from several other regions, presents a
close agreement with 7. wittata. Oleandridium lentriculi-

Jorme Etheridge® from the Hawkesbury series of Australia is

another similar leaf, The species 7. wittata from the Yorkshire
coast, represented in fig. 832, shows a well-preserved petiole
with & clean-cuf base like that of the petioles of Oleandra
neritformis and other recent ferns which are detached from the
rhizome by the action of an absciss-layer.

! Nathorst (78) P, x1x. # Zeiller (02) PI. xv.

4 For synonymy and distribution, see Seward (00) pp. 159, 304,

;

Sehenk (67) A. Pl xxv. See also Bartholin (92) Pl. r=. fig. 7.
Etheridge (947).
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Fie. 832, Taeniopleris vittata. (British Museum No. 80217. 3 nat, size.)
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A broader form of frond with similar venation was described
by Lindley and Hutton? as Taeniopteris major. An examination
of the type-specimen,from the Inferior Oolite of Yorkshire, now
in the Manchester Museum, led me to doubt the necessity of
specific separation from 1% wittata ®,

A smaller frond of the same general type as T, wittata is
recorded from Wealden strata of North Germany and England
under the name 1. Beyrichii®.

Weichselia.

This generic name was instituted by Stichler* for impres-
sions of bipinnate sterile fronds, presumably ferns, from
Lower Cretaceous rocks near Quedlinburg. The same type of
leaf from Hnglish Wealden beds had previously been referved
by Mantell and other authors to Pecopteris, and by Brongniart
to his genus Lonchopteris®. It is, however, advisable to follow
Nathorst’s example® and restrict the latter name to Palacozoic
species. As already suggested, it would obviate confusion to
substitute a new generic designation for Lonchopteris in the
case of Triassic species which are probably members of the
Osmundaceae. The type-species of Stiehler, Weichselia Ludo-
wicae’, does mnot differ in any important character from
Weichselia Mantells, the species originally described by Stokes
and Webb from the Wealden of England as Pecopteris
reticulat.

Weichselia Mantelly (Brongn.)®. Fig. 333.
1824, Pecopleris retieulata, Stokes and Webb, Trans. Geol. Soc. [2].
Vol. 1. p. 423, Pls. xn.vI. XEVIL
1828.  Lonchopteris Mantelli, Brongniart, Prod. p. 6 ; Hist. vég, foss.
p- 369, PL cxxxr
1894,  Weichselin Mantelli, Seward, Wealden Flora, Vol. 1. p. 114.
PL x. fig. 3.
1899.  Weichseliar reticulata, Fontaine, in Ward, Ann, Rep. U, 8.
Geol. Surv. p. 651.
! Lindley and Hutton (33) A. Pl. xorr,
2 Seward (00} p. 14, ¥ Bchenk (71) P xxrx.; Seward (949 A. p. 125,
4 Stichler (58) Pls. x1r. x111. 5 Hee p. 8T6. 5 Nathorst (90).
* For figures, see Stiehler loc. eit. and Hosins and Von der Marek (80)
Pls. xpun xniv.
8 For synonymy, see Fontaine, in Ward (99) p. 651 ; Seward (94%) A. p. 114
Seward (00) p. 20.
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Frond bipinnate, rachis broad ; pinnae very long, of uniform breadth
and with prominent axes ; pinnules erowded, entire, with obtuse apex,
usually oblong but more or less triangular or rounded towards the distal
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Fic. 838, Weichselia Mantelli.
A. Partof a frond from the Wealden of Sussex, England. (British
Museum ; v. 2630. ¥ nat, size.)
B, Pinnule from Bernissart, Belgium ( x 3).
C. Weichselia erratice, Nath. Section of pinna. (After Nathorst.)

ends of the pinnae. The pinnules, which may reach a length of 9 cm., are
characterised by a fleshy lamina attached by the whole breadth of the
base

; the two rows of segments on each secondary rachis are usually




inclined towards one another so that they form with the axis of the pinna
a wide-open V instead of lying in one plane (fig. 333, ¢). TFrom a median
rib are given off numerous anastomosing branches (fig. 333, B).

This characteristic Wealden species is recorded from England,
Germany, France, Belgium, Austria, Russia, Bornholm, North
America, and Japan. It is by no means certain that Weichselia
Mantelli is a true fern: no satisfactory evidence of fructification
has been adduced.

The broad and strong rachis is comparable with that of
a Cycadean leaf and the thick lamina suggests a plant of
xerophilous habit. T have retained the specific name Mantelli
on the ground of long established usage instead of following
Fontaine in his adherence to strict priority.

Glossopteris.

The name Glossopteris was proposed by Brongniart in 18222
for an imperfect leaf-impression which he ecalled Filicites
(Gilossopteris) dubius, but the specimen so named has since
been identified as part of a sporophyll of a Lepidostrobus. The
author of the genus afterwards published® a diagnosis, based
on well-preserved leaves from Permo-Carboniferous rocks in
Australia and India, of the type-species Glossopteris Browniana,
the Indian examples being distingnished as @. Browniona var.
indica while the Australian form was named @. Browniana
var. austrolasica. Schimper® afterwards raised the Tndian
fossils to specific rank as @ indica though some authors* have
continued to consider the two forms as insufficiently distinet to
be regarded as different species.

The genus Glossapteris may be defined as follows :

Leaves simple, varying considerably in size, shape, and venation
characters, but almost without exception characterised by repeatedly
anastomosing lateral veins. The leaves are of two kinds: (i) Jfoliage
lecwes ; apparently always sterile, usually spathulate, with an obtuse apex,
a well-marked midrib which may persist to the apex or die out in the
upper half of the lamina, characterised by its slight prominence and
comparatively great breadth especially in the basal part of the frond. 1In

! Brongniart (22) A. PL m, fig. 4. * Brongniart (28%) A, Pls. nxir, rxrr,
# Schimper (69) A. p. 645. * Seward (97%) A, p. 817.
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most cases the lamina extends as a narrow wargin to the leaf-base, but in
a few forms there is a short petiole (fig, 334), Though usually spathulate,
the frond may be linear-lanceolate, or ovate ; the apex is sometimes acute.
Leaves vary in length from 3 to 40 cm. and may in larger forms have a
breadth of 10 em. Numerous lateral veins eurve upwards and outwards
to the margin of the lamina or pursue a straight course almost at right-
‘mwlvk to the midrib. (ii) Seale-leavest which differ fr om the foliage- leaves

1 their much smaller size and in the absence of a midrib; they are deltoid,
l'\m[ or cordate in shape and generally terminate in an acute apex; the
edge of the lamina may be slightly muuwd s0 that the leaf presents a
conves upper surface supplied with anastomosing veins., The seale-leaves,
which vary in length from about 1 to 6 cm. lm)ln.hlv(utml as sporophylls.
The only evidence as to the natwre of l]lt‘ fructification so far obtained
is 1‘,1-10.“_:1{,0‘] by empty sporangium-like organs (1-2—1-5 mm. long by
0:6—0-8 mm. broad) frequently associated with the seale-leaves?,

The leaves, in some cases at least, were borne near together on g
eylindrieal stem or rhizome which produced branched adventitious rootss,
d by Zeiller* and by

The fossils long known as Fertebiaria were recog
Oldham?

a8 the stems of Glossopterds,

The systematic position of (lossopteris must for the present
be left an open question, Though usually spoken of as a fern,
1t is noteworthy that despite the enormous abundance of its
foliage leaves in the Permo-Carboniferous strata of India,
Australia, South Africa, and South America, no single example
has been discovered which shows undoubted remains of sori
or sporangia. Many authors have deseribed fertile leaves of
(ilossopterds ; but it was not until Arber’s discovery of sporangia
in close association with the scale-leaves that any light was
thrown on the nature of the reproductive organs.

The probability is that Glossopteris was not a true fern but
a member of that large and ever-increasing elass, the Pterido-
sperms.  This opinion is based largely on negative evidence.
Such sporangia as have been described may have contained
microspores and the plant may have been heterosporous, The
occurrence of seeds in association with Glossopteris fronds
recorded by more than one writer®, though by no means
decisive and possibly the result of chance association, is favour-

! For figures see Zeiller (96) A. ; Zeiller (02), (03) ; Arber (05) ; Seward (97) A,
= Arber (05%) ; Seward (072). 3 Luubur_\j (61) Pl. x1.

+ Zeiller (96) A. » Oldham (97); Zeiller (972).

® Beward (97) A. (07%) ; Avber (02%) p. 20; Zeiller (96) A. p. 874.
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able to this view. Dr White! has suggested that the small
leaves described by Zeiller® as Oitokaria bengalensis from Lower
Gondwana (Permo-Carboniferous) rocks of India, and similar
fossils recorded by himself from Brazil as (. ovalis. may repre-
sent “sporangiferous ” organs of Glossopteris or frmzf;r!mnpfe?in
“both of which are probably pteridospermic.” There is, how-
ever, no conclusive evidence in support of this suggestion.

The genus, whatever its position may be, has a special interest
for the geologist and for the student of plant distribution ; it is
a characteristic member of a Permo-Carboniferons flora which
flourished over an enormous area, ineludin g India, South Africa,
—extending from Cape Colony to Rhodesia and German East
Africa® —Australia, and South Ameriea. This flora, known as
the Glossopteris flora, differed considerably in its component
genera from that which overspread Europe and North Ameriea
and some more southern regions in the Upper Carboniferons
and Permian periods.

The discovery by Amalitzky? of Glossopteris, and other genera
characteristic of the Glossopteris flora, in the Upper Permian
rocks in Vologda (Russia) demonstrates the existence of a
northern outpost of the southern botanical province, and
Zeiller’s discovery of the genus in the Rhactic Hora of Tonkin®
shows that Glossopterss persisted beyond the limits of the
Palacozoie :f-pocll Dr David White” has re cently proposed to
re-christen the Glosso )11‘[9115 flora the ( afmf-'f‘uuuph ris flora, on the
ground that (rfcmjm.'uu)f(*na 18 strictly Palacozoic in its range,
whereas (rlossopteris persisted into the Mesozoic era; this is
perhaps hardly a sufficient reason for giving up so well
established a title as the Glossopteris flora. A fuller aceount
of this southern flora must be reserved for another volume.

I White (08) p. 535. 2 Zeiller (02).

% Potonié (00),

4 Beward (04%) ; Zeiller (97%); Avber (03) p. 17; D. White (07).
® Amalitzky (01) ; Zeiller (987). b Zeiller (02).
# D. White (07) p. 617 (footnote 2).
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(Glossopteris Browniana, Brongniart, Figs. 334—36,

The specific name Browniana is now applied to obtusely
pointed leaves which sometimes reach a length of 15 em., but
are usually rather shorter. In form and venation they closely
resemble the leaves of the recent genus Autrophywm and
species of Acrostichum. The comparatively broad midrib may

Fra. 834. Glossapteris Drowniana, Brongn. A. Nat. size: Bx 3}

be replaced in its proximal portion by several parallel veins:
from it are given off numerous lateral veins which form a
reticulum characterised by meshes approximately equal in'size
and elongated in a direction parallel to the general course of
the secondary veins (fig. 334).

The drawings, originally published by Zeiller?, reproduced
in fig. 335 illustrate the venation and its range of variation ;

! For synonymy, see Arber (05) p. 48. ® Zeiller (96) A.

32—2
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the meshes are usually hexagonal and arranged as shown in
figs. A and B, but occasionally (fig. 335, () they follow a more
steeply inclined eourse.

Small leaves with a more or less distinet midrib, 2—3 em.
in length, supply transitional stages between foliage- and scale-
leaves. ' In the true scale-leaves spreading and oceasionally
anastomosing veins take the place of the midrib and lateral
veins of the ordinary frond. McCoy' in deseribing some
Australian specimens of Glossopteris in 1847 spoke of scale-like
appendages of the rhizome which he compared with the large
ramenta of 4 erostichum and other ferns. Ttwas, however, Zeiller?

R

f

/

f

i

Fra. 335, Glossopteris Brownwana, Brongn. (Affer Zeiller. % 2.)
who first recognised the leaf-nature of these scales and ade-
‘ quately deseribed them ; additional figures of scale-leaves have

been published by Mr Arber® and by myself*. The import-
ance of these small leaves has been considerably inereased by
Mr Arber's discovery of associated sporangia which, as he
suggests, were probably borne on their lower concave surface.
The sporangia (fig. 336) are compared by Arber with the
micro-sporangia of recent Cyeads and with the Palacozoic
sporangia described by Zeiller as Discopteris Rellii (fig. 256, D) ;
the latter are distinguished by the well-defined group of thicker
walled cells representing the annulus of true fern sporangia.
We know nothing as to the contents of the Glossopteris

L MeCoy (47). * Zeiller (96) A.
# Arber (05); (062). 4 Beward (47) A; (07).
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sporangia, whether they contained microspores or whether they
are the spore-capsules of a homosporous plant.

The rhizome of Glossopteris Browniana has been deseribed
in detail by Zeiller, who first demonstrated that the fossils
originally assigned by Royle® to the genus Vertebraria represent
the stem of this and, as we now know, of some other species of
(Hlossopteris.  Vertebrarin oceurs in abundance in Permo-Canr-
boniferous strata in association with Glossopteris; the differences
between Australian, Indian, and South forms, though expressed

Fic. 336. Glossopteris Browniana, Brongn, Sporangia. (x30). After Arber.

by specific names, are insignificant. The stems are usually pre-
served in the form of flattened, single or branched, axes sometimes
bearing slender branched roots and characterised by one or two,
or less frequently three, longitudinal grooves or ridges (fig. 337)
from which lateral grooves or ridges are given off at right angles,
dividing the surface into more or less rectangular areas 1 cu. or
more in length. The surface of these areas is often slightly
convex and in some specimens the outlines of cells may be
detected. Mr Oldham has described some interesting examples

! Royle (33).
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of Vertebrarie from India in which the longitudinal and trans-
verse grooves are oceupied by a dark brown ferruginous substance
or by the carbonised remains of plant-tissues (fig. 338, C, D).
In transverse section, a Vertebraria cast appears to be divided
mto a number of wedge-shaped segments radiating from a
common centre. Prof Zeiller! has figured specimens of Verte-
brarig with portions of Glossopteris fronds still attached.

Fie. 837  Vertebraria indica, Royle. Nat, size. (After Feistmantel.)

The rhizome of Glossopteris, as represented by the Vertebraria
casts, 1s aptly compared by Zeiller® with that of the recent
Polypodiacepus fern Onoclew struthiopteris. Sections of the
recent stem (fig. 338, E, F) show that the form is rregularly
stellate owing to the presence of prominent wings which
anastomose laterally at intervals as shown by the examination
of a series of sections. The leaf-traces are derived from the
steles of adjacent wings. Fig. 338 (B and A) represents some-

1 Zeiller (96) A. 2 Zeiller (96) A.
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what diagrammatically a longitudinal and transverse view of a
Vertebraria; the radiating arms represented in the transverse
section (fig. A) are the stem ribs or wings and the segments
between them are intrusions of sedimentary material: The
rectangular areas characteristic of the surface of a Vertebraria
arc the intruded segments of rock: these are separated at
intervals by transverse grooves, which mark the course of

Fia. 338, A, B. Vertebraria indica. (After Zeiller.)
C, D. TV.indica. (Nat. size. After Oldbam.)
H, . Onoclea struthiopteris. (= 2. After Zeiller.)

vascular strands given off at each anastomosis of the longitudinal
wings to supply the leaves.

Mr Oldham, who discovered the connexion between (7losso-
pteris and Vertebrario independently of Dr Zeiller, does not
agree with the interpretation of the structural features of the
rhizome which Zeiller bases on a comparison between Vertebrario
and Onoclea struthiopteris. Oldham?! describes Vertebrario as

1 Oldham (97).
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consisting of a central axis “joined to an outer rind by a series
of radial septa,” the spaces between the septa being divided
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F1a. 830,  Glossopteris fronds attached to vhizome. (I'rom a specimen lent by

Dr Mohlengraaff. Considerably reduced.)

into chambers by transverse partitions. His view is that the
rhizome of Glossopteris was a cylindrical organ and not an
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irregularly winged axis like the stem of Onoclesr. Zeiller! has
1@1;1 .d in detail to Oldham’s interpretation and adheres o his
original view, that the rhizome consisted of a solid axis with
radial wings or flanges which at intervals anastomosed trans-
es. It may, however, be possible that

versely in pairs at the nod
the spaces between the longitudinal and transverse grooves on
a Vertebraria axis, which have been filled with the surrounding
rock, were originally occupied in part at least by secondary wood,
and the transverse strips of carbonaceous material® lying in the
orooves may represent medullary-ray tissue and accompanying
leaf-traces. The longitudinal striations seen in some specimens
of Vertebrarie on the areas between the grooves may be the
impressions of woody tissue. It is impuuwible without the aid
of more perfectly preserved material to arrive ab a satisfactory
conception of the structural features of a mmplete Glossopteris
rhizome.
In the specimen of Glossopteris Browniane shown in
fig. 339 several leaves are attached to an axis which shows
none of the surface-features of Vertebrarig. I am indebted
to the kindness of Dr Mohlengraaff of Delfs for the loan of this
specimen which was obtained from Permo-Carboniferous rocks
in the Transvaal. An axis fignred by Etheridge® from an
Australian locality bears a tuft of Glossopteris leaves, possibly
;. Browniana ; in place of the rectangular areas characteristie
Vertebraria it shows transversely elongated leaf-scars or, on
the internal cast, imbricate rod-like projections which Etheridge
suggests represent vascular blindles.

Glossopteris wndica, Schimper. Figs. 340, A, 341.

It is a question of secondary importance whether or not
the fronds which Brongniart spoke of as a variety of Glossopteris
Browniana should be 1‘ec-0lgr,ni£-‘e(.l as specifically distinet. The
careful examination by Zeiller of the venation characters has,
however, afforded justification for separating . Browniana and
G. indica. We must admit that the slight and not very constant

1 Yeiller (02). 2 Zeiller (02) PL v. fig. 7. # Htheridge (94).
\ B )
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! differences in the size and form of the meshes produced by the

anastomosing of the lateral veins are characters which cannot

Fro. 340. A. Glossopleris indica, Schimper. (4 nat. size.), |
B. Glossopteris angustifolia, Brongniart. (Nat. size) From Arber, ‘
after Feistmantel,

be recognised as having more than a secondary value, though, as
a matter of convenience, we employ them as aids to determina-
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tion. The arbitrary separation of sterile leaves, which differ by
small degrees from one another in form and in the details of
venation, by the application of specific names is a thankless
task necessitated by custom and convenience; if is, however, idle
to ignore the artificial basis of such separation. Mr Arber has
recently published, in his valuable Glossopteris Flora, an
analytical key which serves to facilitate the deseription and
determination of different types of frond™.

The large leaves of Glossopteris indiea, reaching a length in
extreme cases of 40 em. and a breadth of 10 cm., are characterised
by a rather greater regularity In the arrangement of the

Fre. 341,  Glossopteris indicn, Schimp. (x1%) From Arber, atter Zeiller,

meshes and by the greater parallelism of the upper and lower
sides of each mesh (fig. 341) and by less difference in size
between the venation meshes than in G. Browniana, the leaves
of which are usually smaller. The relatively thick epidermis
consists of rectangular cells with stomata in depressions®,
The scale-leaves®, rather larger than those of . Brownianda,
are more or less rhomboidal with rounded angles and reach
a length of 1'5—6 cm. and a breadth of 1:5—25 em. The
rhizome is practically identical with that of (7. Brownianaw?,
This species occurs in greab abundance in the Permo-

Carboniferous rocks of India, Australia, and in various parts of

' Arber (05) p. 47. v Zeiller (96) A. p. 368, fig. 18.

& Zeiller (02) 3 (08). 4 Oldham (97).
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South Africa, and elsewhere, It has been recognised also by
Amalitzky! in Upper Permian beds in Russia and by Zeiller in
the Rhaetic series of Tonkin®

Glossopteris angustifolia, Brongniart. Figs. 340, B; 342.

It is convenient to retain this designation for linear fronds
with an acute or obtuse apex and a venation-reticulum
composed of long and narrow meshes (fig. 340, B). It is by no
means unlikely, as Arber suggests, that the same plant may
have produced leaves of the G. indica type and narrower fronds
which conform to @. angustifolia. In his description of some

Fra. 342, Glossopteris angustifolia vax. taeniopteroides. (% 81.)

Indian specimens of G. indice, Zeiller draws attention to the
variation exhibited in regard to the extent of anastomosing
between the secondary veins: some examples with very few
cross-connexions agree more closely with 7. aeniopteris than
with Glossopteris as usually defined®, The venation shown in
fig. 842 illustrates an extreme case of what is almost certainly
a Glossopteris leaf of the G. angustifolia type. This specimen,
which was discovered by Mr Leslie in the Permo-Carboniferous
sandstone of Vereeniging (Transvaal), has been referred to a
variety of Brongniart’s speeies as . angustifolic var. taeniopte-
roides* on aceount of the almost complete absence of any cross-
connexions. The reference to Glossopteris, which my friend

! Amalitzky (01). * Zeiller (03) PL xvi.

& Zeiller (02), * Beward and Leslie (08) p. 113.
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Dr Zeiller suggested, is amply justified by the form of the leaf
as a whole, by the angle at which the lateral veins leave the
midrib, a feature in contrast to the wider angle at which the
lateral veins are usually given off in Tueniopteris (figs. 329, 332),
and by the similarity to the Indian specimens already mentioned.
SQeveral authors have deseribed leaves or leaflets under the generie

Fre. 343. Bleehnoxylon tallragarense, Eth.: s, scale-leaves; &, seeondary
xylem. (After Etheridge. Ax2; Bx3; C much enlarged.)

name Megalopteris' from Carboniferous and Permian rocks
which bear a close resemblance to the South African variety,
but in some cases at least Megalopteris is known to be a pinnate
and not a simple leaf. The leaf figured by Jack and Etheridge
as Taeniopteris sp.? from Queensland may also be an exam ple of

| Dawson (71) A. Pl xviIL ; Fontaine and White (30) p. 11; White (95)

p. 815; Arber (05%) p. 307, FL xx.
2 Jack and Etheridge (92).
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(flossapteris. Comparison may be made also with the Palaeozoic
leaves described in the first instance by Lesquersux and more
recently by Renault and Zeiller as species of Lesleya® (fig. 347).

Blechnozylon talbragarense, Etheridge. Fig. 343,

Under this name Etheridge® deseribed some specinens
from the Permo-Carboniferous Coal-Measures of New South
Wales, which he regards as a fern, comparable, in the poss

,’:,‘ir'm
of a cylinder of secondary xylem, with the recent genus
Botrychium and with Lyginodendron and other members of
the Cycadofilices. The slender axis (1—3 mm. in diameter)
appears o consist of a zone of radially disposed tissue
(fig. 343, C, #), which is probably of the nature of secondary
xylem, enclosing a pith and surrounded externally by imperf: setly
preserved remnants of cortex. Unfortunately no anatomical
details conld be made out, but the general appearance, if
not due to inorganic structure, certainly supports Etheridge’s
determination. The stem bore at intervals clusters of linear-
lanceolate leaves (reaching 12 mm, in length) in close spirals
(fig. 343, A and B); the leaves are characterised by a strong
midrib and forked seconda ry veins. Small “pyriform” bodies of
the nature of scale-leaves oceur in association with the fronds
(fig. 343, B, s).

In his description of this interesting plant, Etheridge quotes
an opinion which I expressed in regard to the comparison of the
stemn with those of Botryehium, Lyginodendron, and other
genera. No satisfactory evidence has been found as to the
nature of the fructification. Although the leaves of Blechnowylon
are much smaller than those of (rlossopteris, T am now disposed
to regard the genus as closely allied or even generically referable
to (rlossopterss. The crowded disposition of the leaves is like
that in Glossopteris, shown in fig. 339 and in the figures published
by Etheridge and by Oldham ; the association of scale-leaves
and foliage-leaves is another feature in common, The absence

! Lesquereux (79) A. Pl xxv.; Renault and Zeiller (88) A. Pl. xxmr.  See

p. 817.
¢ Htheridge (99).
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of a reticulum of anastomosing veins can no longer be considered
a fatal objection to the snggestion that the Australian type
may be a species of Glossopterts. If the view that Blechnosylon
is not a distinet genus is correct, the oceurrence of secondary

Tia. 344,  Glossopteris retifera. (Natb. size. From Arber, after Feistmantel.)

xylem is favourable to the opinion already expressed thatb
(lossopteris is more likely to be a Pteridosperm than a true fern.
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The data at present available render it advisable to retain
I Mr Etheridge’s name: the comparison with Glossopteris lacks
| confirmation.

Glossopteris retifera, Feist. TFig, 344,

In some Glossopteris leaves the anastomosing secondary
veins form a coarser reticulum, as in the example represented
in fig. 344, The name G. retifera was given by Feistmantel®
to Indian fronds of this bype; similar forms have been deseribed
as . conspicua and G. Tatel. The type illustrated by G.retifera
is recorded also from Permo-Carboniferous rocks in Zululand?
Natal, the Transvaal, Cape Colony, and the Argentine.

Gangamopteris.

In 1847 McCoy?® deseribed a leaf-fragment from Permo-
Carboniferous rocks in New South Wales as Cyelopteris
angustifolie. The type-specimen of this species, which is now
in the Sedgwick Museum, Cambridge, has been re-described
by Mr Arbert. Subsequently® McCoy instituted the generie

name (Gfangamopteris for leaves, like that previously referred
by him to Cyclopteris, from the Bacchus Marsh Sandstone of
New South Wales, but he did not publish a diagnosis of the
genus until several years later®. Feistmantel”, who has
described many species of Gangamopteris from the Lower
Gondwana strata of India, slightly modified the original
diagnosis. The genus is represented by sterile fronds only.
We know nothing of the stem, and such evidence as is available
in regard to the form of the fertile leaves is of a eireumstantial
kind. It is, however, highly probable that Gangamopteris is
not a true fern but a Pteridosperm.

Leaves simple, sessile, varying in shape ; obovate or spathulate, broadly
lanceolate or rarely linear; the apex is usually blunt (fig. 345) but
occasionally gradually tapered. In general appearance a Gangamopteris
leaf is similar to that of Glossopterss {ndica, the chief distinction being the

! Feistmantel (80) Pls, xxvir, A., xur, A, 2 Beward (07).

4 McCoy (47). & Arlier (022). * McCoy (60) p. 107 (footnote).

i MeCoy (75)- ¥ Feistmantel (79).
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absence of a midrib. Gangamopteris leaves are on the whole larger than
those of Glossopteris; many of them reach a length of 20 cm. and some of
the large Indian fronds are nearly 40 em.long. The venation of Gangaimn-
opteris shows a greater uniformity in the size and shape of the meshes
than that of Glossopteris. The middle of the Jamina, especially in the
lower part, is occupied by a few vertical veins from which brancheg curye
upwards and outwards towards the edge of the lamina. The secondary
veins are connected by !miueut anastomoses and agree very closely with
those of Glossopterss. The lamina becomes narrower towards the base,
which is either cuneate or in some cases slightly anriculate (fig, 345).

As | have elsewhere pointed outl, the presence or absence
of a midrib is not in itself a character of real taxonomic
importance. In the recent fern Scolopendirium vulgare the
frond has a prominent midrib, while in 8. nigripes there is no
median rib. Mr Arber has expressed the opinion that “it is
extremely doubtful whether the genus Gangamopteris should
not be merged in Glossopteris®” The retention of the two names
is, however, convenient, and 1t would tend to confusion were
we to carry to its logical conclusion the view that the recognised
distinetion between the two genera may not be a mark of
generic difference.

Gangamopteris is confined to Palacozoic strata, a fact which
leads White® to speak of the Gangamopteris rather than of the
Glossopteris Flora. Tt oceurs in South America, South Africa,
Australia, and India, extending as far north as Kashmir; it has
been discovered by Amalitzky in Permian rocks of Russia‘,
The Russian rocks in which Glossopteris and Gangamopteris
were found are no doubt of Permian age. In Australia, South
Africa, Brazil and Argentina, and in the Indian Coul-fields,
Gangamopteris 18 a charvacteristic genus of Lower Gondwana
rocks. These strata are usually spoken of as Permo-Carbon-
iferous in order to avoid the danger of attempting on insufficient

data a precise correlation with European formations.
Feistmantel speaks of Gangamopteris as most abundant in
the Talchir-Karharbdri beds, thongh it is represented also in
the overlying Damuda series. In Australia the genus occurs in
rocks which correspond in position and in their plant fossils
1 Seward and Woodward (05) p. 2.
2 Arber (024 p. 14, § White, D. (07). * Arber (05).
8. IL 33
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with the Talchir-Karharbari beds of India ; similarly, in South
Africa and South America the Gangamopteris beds are homo-
taxial with those of India and Australia. The leaf described
by Carruthers® from Brazl as Noeggerathia obovata (the type-
specimen is in the British Museam) is no deubt specifically
identical withGangamopteris eyelopteroides Feist.* In a paper
by Mr Hayden on Gangamopteris beds in the Vihi Valley,
Kashmir, evidence is adduced in support of the eonclusion that
the rocks are “not younger than Upper Carboniferous and may
belong to the hase of that subdivision or even to the Middle
Carboniferous®” Tt would seem that Gangamopteris was a
very widely spread genus during the latter part of the Carbon-
iferous period in the vast Southern Continent to which the
name Gondwana Land is often applied, and that it flourished in
the Southern Flora during at least part of the Permian period :
with other members of the Glossopteris Flora it rigrated to the
North where it has been preserved in Permian rocks of Northern
Russia, The Glossopteris Flora must have had its birth in the
Southern hemisphere. The conclusion seems inevitable that
the leaves of Glossopterts and (Gangamopteris in the shales and
sandstones of India, South Africa, South America, and Australia
Ptation of a continent of which these regions

are relics of the veg
are the disjuncta membra. Darwin wrote to his friend Hooker
in 1881, “I have sometimes speculated whether there did not
exist somewhere during long ages an extremely isolated conti-
nent, perhaps near the South Polet” It is probable that
Gangamopteris is one of the genera which flourished on this
continent.

Gangamopteris cyclopteroides, Feistmantel®, Fig. 345
1876. Feistmantel, Records Geol. Sury. India, Vol. tx. Pt iii, p. 73
The specimen represented in fig. 345 illustrates the characters
of this commonest representative of the genus,
L Carruthers (69%) p. 9, PL vr. fig. 1. ? Beward (08) p. 83.
+ Hayden (07); Seward (079),

! Darwin (87) A, Vol. 1. p. 248.
o For synonymy, see Arber (05) p. 104.
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Fra. 345. Gangamopteris eyclopteroides,
Feistmantel.)
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(rangamopteris kashmirensis, Seward.
1905.  Seward, Mem. Geol. Surv. India, Vol. . Mem, {i.

This type agrees closely with G. cyclopteroides in size and
in the form of the leaf, but it is distinguished by the flatter
form of the arch formed by the lateral veins, by their greater
inclination to the margin of the lamina, and by the more
acutely pointed apex of the lamina. This species, though not
very sharply distinguished from @. eyeloptervides, is important
as coming from beds which have been assigned on other than
palacobotanical evidence to an Upper or possibly a Middle
Carboniferous horizon,

We have no definite information in regard to the nature of
the reproductive organs of Gangamopleris, but such evidence as
there is supports the view expressed by Dr White® and shared
by some other authors ‘that Gangamopteris and Glossopteris
should be assigned to the Pteridosperms. Despite the abun-
dance of Gangamopteris leaves, no fertile specimen has been
discovered. This negative evidence may prove to be as correct
as that which led Stur® to exclude Newropteris, A lethapteris and
Odontopteris from the ferns. The only evidence of a positive
kind is that furnished by Dr David White in his recent Report
on the Palaeozoic Flora of South Brazil. This anthor deseribes
some stoall Aphlebia-like leaves under two new generic names
Arberia* and Derbyella®. The differences between the two sets
of specimens, so far as can be determined from the reproduc-
tions of imperfeet impressions, are slight, and it is by no means
clear that a distinction of generie rank exists. These scale-
leaves are on the average about 2 em. in length; the lamina is
oval or rounded and has more or less prominent lobes, In
Derbyella there are indieations of anastomosing veins. The
specimens referred to Arberia minasica are, as White points
out, very similar to the fossil described by Feistmantel from
Lower Gondwana rocks of India as probably a portion of an
inflorescence of Noeggerathiopsiss, Feistmantel's specimen is

' Seward and Smith Woodward (05) ; (079).

* White (08) pp. 473, 483, T Btur (84) p. 658,

* White (08) p. 537, PL. vuir, figs. 8-10, & 1bid, p. 548, Pl 1x. figs. 1-8,
¢ Feistmantel (80) Pl. xxvu. fig. 5,
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represented in fig. 346: the curled lobes may have originally
borne seeds. In the Brazilian examples the abruptly truncated
lobes “bear evidence of separation from reproductive bodies.”
An important point is the association of these seale-leaves with
Gangamopteris fronds and with gymnospermous seeds of the
Samaropsis type. On the leaves assigned to Derbyella aurita
circular depressions occur at the base of the lobes which are
desceribed as probably due to sporangia.

Dr White’s discovery gives us increased confidence 1n
expressing the view that Gangamopteris bore its reproductive
organs on specialised leaves very different from the sterile
fronds; it also strengthens the suspicion that the genus I8 a
member of the class of seed-bearing fern-like plants.

Tra, 846. Arberia sp. (= Noeggerathiopsis of Feistmantel). (Nat. size. After
Feistmantel, )

Lesleya.

This generic designation was instituted by Lesquereux* for
simple oval-linear leaves from the Coal-Measures of Penn-
sylvania. The leaves so named are probably generically
identical with the specimen doubtfully assi gned by Brongniart®
to the Cooal-Measures, and made by him the type of the genus
Coamnophyllites on the ground of a resemblance to the leaves of
the recent flowering plant Canna. Fig. 347 illustrates the
form of a Lesleya leaf from the (Coal-basin of Gard, named by

I TLesquereus (30) A. p. 142; PL xxv. 2 Brongniart (28) A, p. 129.
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Grand’Eury L. simplicinervis!, a type in which the veins are
frequently unbranched and not repeatedly forked as in most
examples of the genus (fig. 829, C). The features of the genus
are, the oval-linear or lanceolate shape of the presumably simple
frond, its entire or, in one species at least (L. Delafonds, Zei L),
finely dentate margin, the stout rachis giving off at a very
acute angle numerous dichotomously branched secondary veins.

W
A
A
AU
\ LR
A N

A \“\\V\\\* \‘\:3
(i
¥

AN ,
BRI

Fra. 347, Leslya simplicinervis, Grand’Eury. (Redueced : after Grand’Enry,)

In L. Delafondi (fig. 329, C), described by Zeiller? from the
Lower Permian of Autun, the frond may reach a length of
more than 20 em. and a breadth of 8 em. Similar Species are
represented by L. ensis® from the coal-field of Commentry,
and L. grandis* from Upper Carboniferous rocks of North
America. The genus is characteristic of Upper Carboniferous
and Lower Permian strata: the form of the leaf and the direction

! Grand'Eury (90) A. PL vir, fig. 5. 3 Zeiller (90) p. 166, Pl xm. fig. 2,
# Renault and Zeiller (88) A, P, xxrm, fig. 6. * Lesquerenx, loe. cit.
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of the secondary veins suggest comparison with Glossopterts,
but in Lesleya there are no cross-connexions between the veins.
Nothing is known as to the fructification, a fact which naturally
evokes the opinion that the genus is a Pteridosperm? and not a
true fern. Some years before the discovery of Pteridospertns,
Grand’Eury? suggested that Lesleye might be a Gymmnosperm ;
his opinion being based on the woody nature of the rachis and
on the simple venation of Lesleya simplicinervis.

Neuropteridium.

In their monograph of fossil plants from the Bunter Series
of the Vosges, Schimper and Mougeot® deseribed some pinnate
leaves of ferns as species of the genus Newropteris. In 1869
Schimper® placed these in a new sub-genus Newropteridiwm, in
order to draw attention to the fact that their fronds appear
to be simply pinnate and not bipinnate or tripinnate as in
Neuropteris. The type-species of Neuropteridiwm 1s N. grandi-

folia Sch. and Moug. from the Bunter Sandstones of the Vosges.

The genus includes Triassic European species and the widely
distributed Permo-Carboniferous species from Brazil® originally
deseribed by Carruthers as Odontopteris Plantiana. It is
probable that some Carboniferous plants, particularly species
from the lower members of the formation, referred to the genus
Cardiopteris, are not generically distinet from the Indian and
southern hemisphere type Newropteridium validum (= Odon-
topteris Plantiana).

Fronds pinnate, linear ; a broad rachis bears pinnules which may be
either semicireular or broadly linear with an entire or lobed margin. The
longer pinnules may exceed 6 cm. in length. The pinnules agree with
those of Neuropteris in being attached by the median portion of the lamina
and not by the whole base, which is more or less aurviculate. In some
cases the repeatedly forked veins diverge from the centre of the pinnule
base ; in others there is a midrib which persists for a short distance only,
and in some species the more persistent median vein gives the segments a
closer resemblance to those of Neuwropteris. Fructification unknown, with
the exception of obscure indications of sporangia (?) on the fertile leaves of
a Triassic species.

1 White (05%) p. 881, 2 @Grand’Eunry (90) A, p. 305,

Schimper and Mougeot (44) A. ¢ Behimper (69) A, p. 447,
Carrathers (697).

3
5.
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Fro. 848.  Newropteridium validum, Feist. Nat. size. From the Karharbari
Coal-field, India. From Arber, after Feistmantel,
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Neuropteridiwm validum. (Feistmantel).  Fig. 348.
1869. Odontopieris Plantiana, Carruthers, Geol. Mag., Vol vL. p. 9
P, vr. figs, 2, 3.
1878, Newropteris valide, Feistmantel, Mem. Geol. Sury. India, Foss,
Flor, Gondwana Syst.; Vol 1ir. p. 10, pl. I—VrL
1880. Neuropteridium palidum, Feistmantel, Jbid. 2, p. 84.

The specimen represented in fig. 348 illustrates the main
features of Neuropteridium validum. This species is referred to
by Dr White? as N. Plantianum on the ground of priority, and
with & view to perpetuate the name of the English engineer
Nathaniel Plant who discovered the species in a Brazilian Coal-
field in the provinee of Rio Grande do Sul. Feistmantel's specific
nanie is however retained as being much better known. An
examination of Mr Plant’s specimen in the British Museum
led me® to speak of the Brazilian species as identical with
N. validum described by Feistmantel from Lower Gondwana
rocks of India. Zeiller* had previously drawn attention to the
resemblance between the two sets of specimens. The frond of
N. validum may exceed 50 em. in length. The lower pinnules
may be entire and semicircular in form while the upper and
larger segments, which may reach a length of 5 or 6 em,, are
characterised by broad lobes (fig. 348).

This type is represented in the flora of the Talchir-
Karharbari series (Lower Gondwana) of India® in Permo-
Carboniferous rocks of Brazil and Argentine’, and in the
sandstones of Vereeniging on the borders of the Transvaal
and Cape Colony. Tt is a characteristic member of the Glossop-
teris Flora and oceurs in association with Glossopteris and
Glangamopteris.

Neuropteridivm intermediwm (Schimper). Fig. 349.

This species has been figured by Schimper and Mougeot”
from the Bunter of the Vosges and more fully described by

1 See Arber (05) p. 116; Seward (03) p. B3.

2 White (08) p. 483. 3 Seward (03) p. 83. 4 Zeiller (95) p. 616,
5 Feistmantel (79). § Kurtz (94).

7 Sehimper and Mougent (44) A, Pl xxxviir.
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Blanckenhorn® from the Bunter beds of Commern. The pinnate
leaves reach a length of 65 em. ; the lower semicirenlar pinnules
pass gradually into broadly linear segments characterised by an
anriculate base and a Neuropteris type of venation (fig. 354,

D', E). In the example reproduced in fig. 349 from one of

Fie, 349. Newropteridiwm intermedium (Schimp.). (After Blanckenhorn.
} nat. size.)
Blanckenhorn’s figures, the fronds are attached to a short and
thick rhizome bearing roots and portions of old petioles.
An example of another Triassic species is afforded by Neuro-
pleridvum grandifolium Schimp. and Moug., which agrees very

closely with . validum in the size and shape of the pinnules,

1 Blanckenhorn (85) p. 127, Pls. xvir, —x1x.

N
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The occurrence in Lower Mesozoic European rocks of fronds
hardly distinguishable from the older southern species may be
regarded as favourable to the view already expressed, that some
at least of the Permo-Carboniferons plants migrated north of
the Equator. The resemblance between the Vosges Triassic
species of Schizoneura® and the examples of this genus recorded
from the Lower Gondwana rocks of India affords additional
evidence of a northern migration,

Our knowledge of the reproductive organs of Newropteri-
dium is practically nil. There is no doubt that Zeiller? and
Blanckenhorn® are correct in regarding the Bunter fronds
assigned by Schimper and Mougeot to the genus Crematopleris
as the fertile leaves of Newropteridium intermedium or some
other species from the same horizon. These fronds bear crowded
pinnules similar to those of Newropteridium intermedivm,
N. Voltzn*, and other species, exhibiting on the exposed surface
numerous carbonaceous spots which may be the remains of
sporangia.

Cardiopteris.

Schimper®applied this generic name to Lower Clarboniferous
fronds of a simple-pinnate habit which had previously been
deseribed as species of Cyclopteris.  Cardiopteris frondosa may
serve as a typical example, This species, originally deseribed by
Goeppert as Cyclopteris frondosa (fig. 350), is recorded from
Lower Carboniferous rocks in the Vosges distriet® in Silesia,
Moravia’, and Thuringia® The pinnules, which are attached
in opposite pairs to a broad rachis, vary in length from 2 to
10 cim. and have a breadth of 2 to 8 cm.; in manner of attachment
and venation they agree with those of Neuropteridium valvdum.
The venation is very clearly shown in a drawing of some large
pinnules figured by Stur®.

The spccime,n of Cardiopteris _fr'U'Hdt).S‘a, a portion of which

1 Vol. 1. p. 292. 2 Zeiller (00%), 3 Blanckenhorn (85) p. 129, PL xxL
+ Blanckenhorn loe, eit. The specimens figured by this author are in the
Strasshurg Mugenm, as are also some of those figured by Schimper and Mougeot.
i Schimper (69) A. p. 452, % Schimper and Koechlin-Schlumberger (62) A,
7 Thid. 8 Fritach, K. (97). v Stur (75) A. Pl xIv. fig. 1.
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is shown in fig. 350 on a slightly reduced scale, was originally
figured by Schimper from an unusnally good example in the
Strassburg Museum, Schimper's drawing hardly does justice
to the original specimen.

A frond bearing rather narrower pinnules, alternately
placed on the rachis, which Fritsch has deseribed as Cardiopteris
Hochstettervi var. franconica from the Culm of Thuringia, bears
a close resemblance to Newropteridium validum but differs in
the entire margin of the pinnules. An Upper Carboniferous

¥ia. 550.  Cardiopteris frondosa (Goepp.). (§ nab. size. After Schimper.)

species from Russia described by Grigoriew! as Neuropteris, cf.
cordata var. densineuwra, represents another form of similar habit.

Schuster* has recently proposed a new generic name
Ulvopteris for a fragment of a pinna from the Coal-Measures
of Dudweiler in Germany bearing large pinnules, which he
compares with those of Cardiopteris and species of Rhacopteris.
The specimen appears to be indistinguishable from some of

1 Grigoriew (98) P1, 1v. 2 Schuster (08) p. 184,

-y




XxviI] APHLEBIA 525

those already referred to as conforming to Neuropteridium, and
it is difficult to recognise any reason for the creation of a new
generic name.

We cannot hope to arvive at any satisfactory decision in
regard to the precise affinity between Neuropteridium validum
and species referred to Curdiopteris and other genera so long as
portions of sterile fronds are the only tests at our disposal. It
is difficult to determine whether a specimen consisting of an
axis bearing pinnules represents a large pinna of a bipinnate
frond or if it is a complete pinnate leaf. There is, however,
no adequate reason for supposing that the presu mably
pinnate fronds from the Gondwana Land rocks are generically
distinet from the Lower Carboniferous European species
Cardiopteris frondosa. Granting the probability that both
genera are Pteridosperms and closely allied to one another, the
two generic names may be retained on the ground of long usage
and in default of satisfactory evidence confirmatory of generic
identity. Cardiopteris would thus stand for a type of frond
characteristic of the Lower Carboniferous strata of Europe,
while Neuropteridium is retained for the Southern species
N. walidum, and for others from the Trifis of the Vosges.

Aphlebia.

This name was proposed by Presl® for large leaf-like
impressions having a pinnate or pinnatifid form and characterised
by a confused irregular type of venation, or by a fine superficial
striation or wrinkling which simulates veins, Gutbier had
previously deseribed similar fossils as Fucoides, and other
anthors have described Aphlebiae as species of Rhacoplyllum,
Schizopteris, and other genera® The term Aphlebia is retained,
not as denoting a distinct genus but (i) as a descriptive name
for detached leafy structures similar to those figured by Presl,
which are now recognised as laminar appendages of the petioles
of ferns or fern-like fronds, and (ii) as an epithet for highly
modified pinnules which frequently occur at the base of the

! Presl, in Sternberg (88) A.
2 For synonymy, see Zeiller (88) A. p. 301,
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primary pinnae of Pecopteroid and Sphenopteroid fronds
(e.g. Dactylotheca plumosa, fig. 293)1,
Modified pinnules, similar in their reduced and deeply
dissected lamina to those represented in fig. 203, are frequently
found at the base of the primary pinnae of Palaeozoic species of
Sphenopteris and other genera of Pteridosperms or ferns,including ,,
members of the Coenopterideae. Potonié® gives a list of various
types of Aphlebiae in his paper on these organs. A striking
case has recently been described by Zeiller in a French Upper
Carboniferous species, Sphenopteris Matheti®. It would seem
that the larger examples of Aphlebiae are more frequently
associated with the compound leaves of Pteridosperms than
with those of Ferns*
As examples of the larger types of Aphlebiae reference may
be made to dphlebia crispa (Gutb.)®, which reaches a length of
nearly 60 cm. and has the form of a more or less triangular
pinnate leaf divided into decurrent deeply lobed segments, to
a similar species represented by 4. Germari (= Schizopteris
lactuea Germ.)® which simulates the leaves of endive (Ciichorium
endwvia I..), and to some large forms figured by Grand Eury7 as '
species of Sehizopteris. |
Aphlebiae such as that figured by Kidston® as Rhacophyllum
crispum, with narrow ultimate segments, might easily be
mistaken for the impressions of an alga.
The term Aphlebia may be applied also to the Cyclopteroid
pinnules on the petioles of some species of Neuropteris, Odonto-
pteris and Archaeopters. Goebel® has referred to the application
by Potonié and other authors of the term Aphlebioid to the
pinnules which serve as bud-protecting organs in recent fronds
of Gleichenie (fig. 226, p. 290); he expresses the opinion that it
is superfluons and misleading to make use of a special desig- ‘
nation for structures which are undoubtedly modified pinnules,
In the case of fossils it is, however, convenient to employ
the term Aphlebia as a deseriptive name for modified pinnules

1 Page 406, = Potonié (03) p. 162. 3 Zeiller (06) Pls. vi. vir.
+ Arber (06). ® Renault and Zeiller (88) A. ; Zeiller (88) A. PL. nr.
& Renault and Zeiller (88) A. PL. xxiv, 7 Grand'Eunry (90) A. PL xix.

¥ Kidston (91) PL. xxxv. 4 Goebel (05) p. 318.
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or stipular structures which cannot be connected with definite
species of fronds. Tt is clear that some Aphlebiod leaflets, such
as those of Dactylotheca, served as protective organs for the

Fic. 851. Seale-leal of Guanera manicata. (Slightly reduced. M.S.)

unexpanded pinnae’, and in all probability the large Aphebiae
served the same purpose as the fleshy stipules of Adngiopteris
and Maratiia which cover the uncoiled fronds. The pinnatifid

! Bee p. 406, fig. 295 ; Potonié (03) also figures a young frond of Dactylo-
theca plumosa partislly covered by Aphlebiae.
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scale-leaves of considerable size (fig. 351) which oceur n the
leaf-axils or as ochrea-like stipules on the fronds of Gunnera
(a tropical and subtropical Dicotyledonous genus) bear a very
close resemblance to some Palacozoic Aphlebiae, e.g. Aphlebia
erispa (Guth.). The recent and fossil scale-leaves may be
regarded as similar in funétion as in form; moreover the delicate
coiled fronds of Palacozoic Pteridosperms or ferns, like those of
some recent flowering plants, may have been kept moist by a
secretion of mucilage. The pinnatifid stipules of Murattia
Sfrawinew (fig. 241, B, p. 317) resemble certain fossil Aphlebiae,
and the wrinkled surface of the recent stipules presents an
appearance similar to that which in some fossil forms has been
erroncously described as veining. 1t is not improbable that
mantle-leaves of such recent ferns as Polypodium quercifolivm
(fig. 234, M, p. 303) are comparable with some fossil Aphlebiae
which may have served as humus-collectors for Palaeozoic
epiphytes.

The filiform appendages on the petioles of the recent fern
Hemitelia capensis (fig. 235, p. 304) have often been compared
with the aphlebioid leaflets of fossil fronds.

Potonié who has discussed the nature of Aphlebiae regards
them as vestiges of a once continuous lamina, which formed a
winged border to the branched axes of more primitive forms of
fronds. It is possible that the pinnules between the pinnae on
the rachis of Archaeopteris and the Cyclopteroid leaflets of
Neuropteris and Odontopteris may have the morphological
significance aftributed to them by Potonié. In some cases
it is probable that the Aphlebiae, whether vestiges or not,
served the purpose of proteeting either the whole frond or
individual pinnae. Aphlebiae, though especially characteristic
of Palaeozoic leaves, are occasionally met with in the form of
modified pinnules at the base of the primary pinnae on
Mesozoic ferns, e.g. in Coniopteris hymenophylloides®.

In some fern fronds the lowest pinnule of each pinna
differs in shape or size from the normal ultimate segments,
but it would be almost affectation to extend the use of the
term Aphlebia to such pinnules. The Jurassic specles
! Seward (00) Pl xx1. fig. 1.




XXVIL] SPHENOPTERIS 529

Cladophlebis lobifolia (Phill.) 1s a ecase in point’. In this
fern, which some authors speak of, without sufficient reason,
as Dicksonia lobifolia®, the lowest pinnule is large and different
in shape from the others,

Fic. 852. A. Sphenopteris obtusiloba. Pinnule. (Enlarged. After Zeiller.)
B, C. S.obtusiloba, (§ nat. size. Affer Zeiller.) ;
D. Pecopteris arborescens. (Slightly enlarged. After Zeiller,)
L. Sphenopteris furcate (=Diplotmema furcatum). (Slightly en-
larged. After Zeiller.)

Sphenopteris.

Sphenopteris 1s one of the many generie names which we
owe to Brongniart®, It is the generic designation used for a
great number of Palaeozoic and later fronds, most of which are
those of true ferns while some Palaeozoic species are undoubted
Pteridosperms. The genus, which is purely provisional, includes

1 Ibid. p. 145. ? Raciborski (94) A, Pl, x1. 4 Brongniart (22) A.

8, 1T 34
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members of widely different families possessing pinnules of the
same general type,such as is represented in some recent species
of Davallia, Asplenium, and other ferns.

The fronds of Sphenopteris may be bipinnate, tripinnate, or quadri-
pinnate; the rachis may be dichotomously branched or the branching may
be of the pinnate type characteristic of most recent ferns. The pinnules
are swuall ; they vary considerably in shape even in a single frond, but the
chief characteristies are: the lobed lamina, contracted and often wedge-
shaped at the bage (fig. 352), the dichotomonsly branched veins radiating
from the base or given off from a median rib at an acute angle. The
lamina may be divided into a few bluntly rounded lobes (fig. 352, C) or
deeply d issected into linear or cuncate segments (fig. 352, A, B, E).

Examples of Sphenopteroid leaves have already been
described under the genera Condopteris, Onychiopsis, Ruffordua,
etc. Among the numerous examples of Sphenopteris species
from the Carboniferous rocks mention may be made of Spheno-
pterts obtusilobe Brogn.* (fig. 352, A—C), which oceurs in the
Middle and Lower Coal-Measures of Britain® This type 1s
characterised by the almost orbicular, oval or triangular pinnules
which may reach a length of 15 mm.; they are occasionally
entire, but more usnally divided into 3 to 5 rounded lobes. The
forked veins radiate from the base of the pinnule. The rachis
may be dichotomously branched. Fructification unknown.

The species S. furcate Brongn.?, characteristic of the Middle
and Lower Coal-Measures of Britain (fig. 352, E), is referred

to under Stur's genus Diplotmema* in which it is ineluded

by some authors solely because of the dichotomous habit of

branching of the pinnae.

The pinna represented in fig. 353 illustrates a similar type
of pinnule. This species, which 1s very common in the Caleiferous
Sandstone of Scotland, was described by Lindley and Hutton
as Sphenopteris affinis®.

The fronds of Sphenopteris affinis were ™ discovered by
Mr Peach®in a fertile condition, but he regarded the reproductive
organs as those of a plant parasitic on the Sphenopteris fronds,

I For synonymy, see Kidston (86) p. 68. 2 Kidston (94} p. 208,
% Zeiller (-c'i-q) A p. l-‘.ﬁ', Plghaw s Kidston (R“) Pa 80. + See P 298,

& Lindley and Hutton (31) A. PL, xuy. W Peach (78).
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Kidston® substituted Stur’s genus Calymmatotheca for Spheno-
pteris on the ground that the sporangia figured by Peach
under the name Staphylopteris Peachii bear a close resemblance

-,
‘. y Fia. 353, Sphenopteris afinis, Lind. and Hutt, From the Caleiferous Sandstone
of Burdiehouse (Seotland). (Sedgwick Musenm, Cambridee.) M.S.
to the organs which Stur deseribed as valves of an indusium in
his species Calymmatotheca Stangeri®. An examination of Stur’s
t Kidston (57) p. 144, 2 This species will be deseribed in Vol. 1.
L]

342
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specimens by Miss Benson' and by Prof. Oliver and Dr Scott
has confirmed Stur’s interpretation of the appendages at the
tips of the fertile pinnae as valves of an indusial or cupular
strueture. The superficially similar bodies on the fertile pinnae
of S. affinis are however true sporangia, and cannot legitimately
be-included in the genus Calymmatotheca as deseribed by Stur.
For this reason Miss Benson institutes a new genus Telangium,
the type-species of which, 1. Seotty from the Lower Coal-
Measures of Lancashire, is based on petrified material. The
Scotch species Sphenopteris affinis (= Calymmatotheca affinis of
Kidston) is also transferred to Telangium; the sporangia are
considered by Miss Benson to be microsporangia. This with other
species is no doubt correctly included in the Pteridosperms.
A complete frond of Sphenopteris affinis, showing a regular
dichotomy of the main axes, is represented by an admirable
drawing in Hugh Miller's Testimony of the Rocks®.

Some of the Palacozoic species of Sphenopteris probably
represent the fronds of true ferns, but others are known to have
been borne by Pteridosperms. S. Hoeninghause (fig. 200, C,
P 399) is the-foliage of Lyginodendron, and Scott® speaks of
three species, S. dissecta, S. elegans, and S, Linkii as the leaves
of Heterangium. Grand’Eury* has recorded the oceurrence in
French Coal-Measures of seeds in association with other
Sphenopteroid fronds.

Mariopteris, Diplotmema, Palmatopteris.

The discovery of sporangia on the fronds of several Pa-
laeozoic species of Sphenopteris and Pecopteris has led to the
institution of new generic names, which indicate an advance in
knowledge beyond the stage implied by the use of those
provisional designations based solely on the form and venation
of the pinnules. Other names have been created by authors in
place of Sphenopteris and Pecopteris on the ground that a
striking feature in the mode of branching of fronds is sufficiently
important to justify generic recognition even in the absence

! Benson (04). 2 Miller (57), Frontispiece.
3 Heott (05%) p. 144, 4 Grand'Fury (05%).
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of fertile specimens, As examples of designations based pri-
marily on the branch-system of compound leaves, the genera
Mariopteris, Diplotmema, and Palmatopteris may be briefly
considered (fig. 354 A—C). Dr Kidston! is of opinion that the
creation of new genera for purely vegetative characters of fronds
is of no real advantage, and he prefers to retain the older
provisional names for speeies known only in the sterile condition.
On the other hand, if we are sufficiently familiar with specimens
large enough to enable us to recognise a well-defined morpho-
logical character, it may serve a useful purpose to employ a
generic designation for features which may have a phylogenetic
value. A comparative examination of Palaeozoie, Mesozoic, and
recent compound fronds, including both Pteridosperms and true
ferns, brings to light certain distinguishing features character-
istic of the older types which, as Potonié maintains? point to
the derivation of the pinnate habit from a primitive dichoto-
mous system of branching. TFor a more complete discussion of
this question reference should be made to Potonié’s suggestive
papers. Among recent ferns Matonie and Dipteris, two
survivals from the past, afford instances of fronds with a
branching system of the dichotomous fype.

Similarly, in Gleichenia, Lygodiwm, and more rarely in
species of Polypodiaceae (eg. Davallia vculeata, fig. 232)
dichotomy is a striking feature of the fronds. In the great
majority of recent ferns the fronds have assumed a pinnate
habit. Among Palacozoic fern-like fronds dichotomous branch-
ing of the main rachis and of the pinnae is much more common.
Potonié draws attention to several other features which
distingnish Palacozoic fronds from the majority of later
species: the frequent oceurrence of pinnules borne directly on
the main rachis (fig. 354, D), and of modified pinnules or
Aphlebiae on the rachis and petiole, are characters to which he
attributes an evolutionary significance. The main point is that
a comparative examination of leaf-form affords evidence in
favour of the view that the modern type of frond, with its
naked rachis bearing two rows of pinnae, has been derived from
a less specialised type in which the distinction between the

! Kidston (012) p. 191. * Potonié (95) ; (99).
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parts of the leaf is much less evident. The primitive leaf was
probably a dichotomously branched axis provided with a
continuous lamina which eventually bhecame broken up into
separate lobes or pinnules.

As the dichotomy of the frond beeame less regular, a pinnate
habit was acquired, as is clearly seen in many Palacozoic types o,
which constitute conneeting links between forked and pinnate
fronds (fig. 354, D). The Aphlebiae may be remmants of the
once-continuous lamiua ou the petiole, and the normal pinules
borne on the rachis may be regarded as the attributes of fronds
in which the division of physiological labour had not reached
the stage which characterises the leaves of recent ferns.

Mariopteris.

This name, which is due to Zeiller', is applied by him to
Palacozoic fronds characterised by a double bifurcation of the
rachis of the primary pinnae. Mariopteris muricata (= Peco-
pteris muricata Schloth.) may be taken as the type of the genus.
This species is common in the Lower and Middle Coal-Measures
. of Britain and rare in the Upper Coal-Measures®. It is
described by Kidston® as one of the most polymorphic and
widely distributed Coal-Measure species. The pinnules as
seen in fig. 364, B, are of the Sphenopteroid type. No fertile
specimens are known, but it is significant that GrandEury*
has recorded the association of Mariopteris muricats and seeds.
The main rachis gives off alternate naked branches, each of
which bifurcates at its apex into two short naked axes, and these
' are again forked, the ultimate branches having the form of
bipinnate pinnae provided with large Sphenopteroid pinnules
(fig. 354, B). Zeiller includes in Mariopleris some species /i
which Stur® referred to his genus Diplotmema. Possibly some 3
of the Palaeozoic fronds with a zigzag rachis may have been
climbers like Lygodiwm.
1 Zeiller (79°). ¥ Kidston (01%) p. 195.

3 For synonymy, see Kidston (03) p. 771,
4 Grand’Eury (08). 5 Stur (75) A. p. 120,
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Diplotmemir.

This generic name is employed by Zeiller! and other authors
in a more restricted sense than that in which it was originally

. v
: C . . B
2 A ¥ 'X{,
Fra. 354, A. Palnatopteris.
B. Mariopteris. (A, B, after Potonié.)
C. Diplotmema Zeilleri, Stur. (Affer Zeiller.)
C'. D. Zeilleri. Pinnule. (x3. After Zeiller.)
D. Newropteris macrophylla. (British Museum !
. N. macrophylla. Pinnule. (Slightly enlarged. After Kidston.)
et F. N. heterophylle. Pinnule. (Slightly enlarged. After Zeiller.)
F. N. Schewchzeri. (Slightly reduced. After Kidston.)
G. Alloiopteris Essinghii. (Bnlarged. After Potonié.)
used by Stur. The Upper Carboniferous species Sphenopterss
Jfurcata Brongn. (fig. 352, E) may serve as the type. This species
occurs in the Middle and Lower Coal-Measures of Britain®
1 Zeiller (79%); (B8) A. p. 142. * Kidston (94) p. 240.
'
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The main rachis gives off branches as in Mariopteris, but in
Diplotmema each naked lateral branch is forked at its apex
into two opposite pinnae bearing deeply dissected Sphenopteroid
pinnules. Zeiller' and Stur have recorded fertile specimens
of Diplotmema, but in no case have actual sporangia been

A

Fra. 355, A. Cephalotheca mirabilis, Nath. Tertile pinnae. (Partially re-
stored. After Nathorst.)
B. C.mirabilis. Stevile pinnule. Nat. size, (After Nathorst.)

discovered. In the species Diplotmema Zeillert Stur (fig. 354,
C, C') two Aphlebiae oceur at the base of each secondary axis®
It has been pointed out by Potonié¢ that in Diplotmema furcatum
the equal dichotomy of the lateral branches is not characteristic

1 Zeiller (88) A, p. 147. ¢ Ihid. Pl. xvi.
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of the frond as a whole. In the case of branches higher on the
rachis the dichotomy becomes unequal and the forked axis i1s
gradually replaced by a simple pinna (fig. 354, A). For this type
of frond, Potonié proposed the generic name Palmatopteris in
place of Diplotmema, which he diseards. The long compara-
tively slender rachis of P. furcata suggests comparison with
the liane species of Lygodium™.

Cephalotheca.

This genus was proposed by Nathorst?® for some peculiar
bipinnate fertile fronds from the Upper Devonian rocks of
Bear Island. The pinnae bear slender forked ultimate seg-
ments represented by a few detached fragments (fig. 355, B),
associated with the rachises. The fertile pinnae are given off
in opposite pairs from the main axis over which they are
concrescent (fig. 355, A). A mop-like cluster of sporangia is
borne on the lower surface and close to the base of a fertile
pinna: the exannulate sporangia are compared with those of
Scolecopteris. Nathorst compares Cephalotheca with a Belgian
species of Upper Devonian age deseribed by Crépin® as
Rhacophyton condrusorum and by Gilkinet! as Sphenopteris
condrusorum. A similar fossil is also described by Baily?® as
Filicites lineatus from the Kitorkan Grits of Ireland.

The position of Cephalotheca cannot be definitely determined
from the available data, but it is more probable that it was
a seed-bearing Pteridosperm and not a true fern, Zeiller®
has recently expressed the same opinion.

Thinnfeldia.

The genus Thinnfeldia, founded by Ettingshausen in 18527
on some Hungarian Liassic specimens, though frequently in-
clnded in the Filicales, cannot be said to occupy that position
by virtue of any well-authenticated filicinean features. 1t is by

1 Potonié (92). * Nathorst (02) p. 15.

5 Crépin (75). Previously deseribed by Crépin (74) as Psilophyton.
4 Gilkinet (75). & Nathorst (02).

& Zeiller (09%) p. 20 7 Bitingshausen (52),
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no means improbable that many of the species referred to this
genus are closely allied to Palaeozoic Pteridosperms.

Thinnfeldia may be briefly defined as follows :

Fronds simple and pinnatifid, pinnate or bipinnate: rachis broad and
oceasionally dichotomously branched. Pinnules often fleshy or coriaceons ;
broadly linear, entire or lobed, provided with a midrib from which simple
or forked secondary veins are given off at an acute angle : or the laminae
may be short and broad withont a midrib and traversed by several
glightly diversent and forked veins,

No satisfactory evidence of reproductive organs has so far heen
adduced.

The genus is chiefly characteristic of Upper Triassic, Rhaetic,
and Jurassic floras, though it was in all probability represented
in Permian floras. Several species, many of which are value-
less, are recorded also from Cretaceous and Tertiary formations.
Search should be made for fertile specimens or for evidence
as to the association of sceds with Thinnfeldia fronds.

Some Permian fossils from Kansas which Sellards® has
made the type of a new genus, (lenopferis, appear to be
indistinguishable generically from leaves of Lower Mesozoic
age universally recognised as typical examples of Thinnfeldia.

Thannfeldia odontopteroides (Morris)®  Figs. 356—358.

This 1s a very variable species as regards the shape and size
3 1 g I

of the ultimate segments and their venation. It is a type of

extended geographical range characteristic of Rhactic or Upper
Triassic rocks in Australia, South Africa, India, South America,
and various Enropean localities.

Frond bipinnate ; the broad rachis may be dichotomously branched.
Pinnules with a thick lamina which may be almost semi-circular in form,
deltoid, broadly oval or broadly linear, and often confluent at the base.
Short and broad pinnules occur on some fronds direetly attuched to the
main rachis between the pinnae. The longer and narrower pinnules
(fig. 366, C), regenbling those of the Palaeozoic genus Alethopieris, have a
well-defined midrib, while the smaller segments are characterised by
several slightly divergent veins which spring directly from the rachis
(lig. 366, A). Epidermal cells polygonal or, above the veins, rectangular
in shape ; stomata, which are slightly sunk, oceur on both the upper and
lower epidermis. TFertile specimens unknown.

I Bellards (00).

2 For synonymy, see Seward (03) p. 52.

B o
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The portion of a lobed pinnule shown in fig. 356, B,
illustrates a form of segment intermediate between the linear
type with a midrib and a row of shorter pinnules without
a median vein. Fig. 356, D, represents another instance of
variation in the arrangement of the veins in segments of
different sizes. Various specific and generic names have been
assigned to Thinnfeldia fronds of Rhaetic age on the ground of
the ocemrrence of pinnules longer and narrower than those

Fic. 356. A—D. Thinnfeldia odontopteroides (Morris).
B, Ptilozamites. (B, after Nathorst.)

nsually associated with 7' edontopteroides ; bub in view of the
range of variation met with in a single leaf it is advisable to
extend rather than to restrict the boundary of what we are
pleased to regard as a specific type.

The name ZLhinnfeldic lancifolic has been applied by
Morris to fossils from Australia which may be identified with
T. odontoptervides, and the same designation is employed by
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Szajnocha and by Solms-Laubach® for Rhaetie specimens from

South America. Similar fronds are described by Geinitz® as

Tlhannfeldia  tenwinervis from Argentine Rhaetic strata.

Odontopteris macrophylle Corran, T. falcate Ten.-Woods, Glei-

chenie lineate Ten-Woods, and Cardiopteris Zuberi Szaj. ,
afford other examples of what are probably closely allied forms® i,

Fi16. 357. Thinnfeldia odontopteroides (Morris). $ nat. size. -y

Some exceptionally large examples of T'. odontopteroides are
figured by Feistmantel* from the Hawkesbury series of New
South Wales in which the bipinnate frond has a breadth of

1 Solms-Laubach and Steinmann (99) PL. x1v. fig. 2; Szajnocha (88).
I 2 Geinitz (76) Pl 1. % Seward (08) p. 95. * Feistmantel (90) A, Pl. xxrv.
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25—30em. A specimen from the Molteno beds of South Africa,
probably of Rhaetic age, represented in fig. 357, illustrates a
smaller leaf with pinnules of the linear type, some of which
are partially divided into shorter pinnules with forked veins.
The example represented in fig. 858, from Cyphergat (S. Africa)
shows two equal branches of a rachis with small contiguous

»

SR BTOE R
segments.

Trc. 358. Thinnfeldia odontoptervides. From a specimen in the British Museum
(v. 2490). 14 nat. size.

Some specimens figured by Zeiller! from the Rhaetic strata
of Tonkin as Pecopteris (Bernouwillia 7) sp. may be portions of
Thinnfeldia fronds, and the large leaves which he refers to
Ctenopteris Sarreni differ but slightly from the Australian
specimens deseribed by Feistmantel as 1. odontoptercides.

} Zeiller (03).
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Thinnfeldia rhomboidalis, Ettingshausen. Figs. 359, 360, C.

Under this name Ettingshausen described the type-specimen
of the genus from Lower Lias strata at Steierdorf in Hungary.
He assigned the plant to the Coniferae on the ground of a
resemblance of the pinnules to the phylloclades of Phyllocladus.
Thinnfeldia vhomboidalis bears a close resemblance to T. odon-
topteroides, but the pinnules are usually longer and narrower,
as shown in the English specimen from the Lower Lias of

Fuie. 359. Thinnfeldia rhomboidalis, Bttings. Slightly reduced. From an
English Liassic specimen in the British Museum. [M.S.]

Dorsetshire represented in fig. 359. The darker margin of the
pinnules shown in fig. 360, C, gives the impression of a revolute
lamina, but a microscopical examination points to a thicker
cuticle at the edge of the segments.

The species is recorded from Jurassic rocks of France, Ger-
many, Italy, India, Australia, and elsewhere'.

Pulacobotanical literature contains numerous records of

! For references, see Seward (04) p, 81,
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Jurassic, Cretaccous and some Tertiary species referred to
Thimmfeldia, but many of these are probably not generically
identical with 7. odontopteroides or T. rhomboidalis. Mr Berry!
in a paper on The American species referred to Thinnfeldia
concludes that the genus is “a rather indefinite one...and
badly in need of revision.” He regards the Middle and Upper
Cretaceous American species as Conifers related to Phyllocladus
and probably forming a link between the Podocarpeae and
Taxeae: for these forms he proposes the generic name Proto-
phyllocladus. The opinion has been expressed elsewhere® that
this “problematical?” genus rests on an unsatisfactory basis;
the available data do not justify the use of a name which
implies the existence in North American Cretaceous floras of
a type related to the New Zealand and Tasmanian Conifer
Phyllocladus. We are not in a position to assign a single
species of Thinnfeldio to the Filicales or the Gymnosperms.

A leaflet from Jurassic rocks of Poland figured by Raci-
borskit shows what this author regard

ls as the impression of a
circular sorus: no sporangia have been found. A specimen
in the British Museum? which 18 said to gome from Rhaetic
beds in Queensland, shows a row of contiguous polygonal
prominences on each side of the midrib which resemble the
sori of a fern; but until sporangia are discovered we cannot
determmine the precise nature of this apparently fertile frond,

A species deseribed by Fontaine® from the Potomae beds
(Wealden-Jurassic) of North America as Thinnfeldio variabilis
affords a good example of a plant which cannot be identified
with any degree of confidence either as a fern or a seed-bearing
type. Mr Berry draws attention to the former application of
this name by Velenovsky to a distinet Lower Cretaceous
Bohemian species and proposes for Fontaine’s plant the name
T. Fontaaned ; he maintains that no one has doubted the fern-
nature of the Potomae plant. 1% wariabilis may indeed be a
fern, but the evidence is not such as to preclnde legitimate
doubis as to the correctness of this suggestion. Solms-Laubach?,

¥ Berry (03). 2 Seward (04) p. 31. 4 Hollick and Jeffrey (09) p. 24.
! Raciborski (94) AL PL xx, figs. 1, 2; Zeiller (00%) p. 98,
3 w. 9950, b Fontaine (89) Pls. xvit, xviii,

¥ Solms-Lmubach (91) A. p. 141.
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in referring to Schenk’s view that Z%inn/eldic and its allies
may represent a group intermediate between Ferns and Gymno-
sperms, admits that it is a possible supposition : he is, however,
inclined to consider Lomatopteris and Cyeadopteris, * genera
cspecially comparable with Thinnfeldia,” as more probably
ferns,

At this point we may conveniently consider a series of
genera which occupy an equally uncertain position and bear
a very close resemblance to Thinnfeldie.

Fic. 860. A, Lowmatopteris jurensis. (% nat, size, After Knrr.)
B, L. Selimperi. (& nat, size. After Salfeld.)
Q. Thinnfeldia rhomboidalis, Btt. (Slightly enlarged. British
Museum. No. 52672.)

Lomatopteris.

The generic name Lomatopteris was proposed by Schimper!
for some bipinnate fronds originally deseribed by Kurr? from
Jurassic rocks of Wiirtemberg as Odonfopteris (7) jurensis
(fig. 360, A). I have elsewhere expressed the opinion® that
this German species may be identical with Thinnfeldia rhom-
boidalis Ett. Kurr's type-specimen, a portion of which is
reproduced in fig. 360, A, consists of a frond or large pinna

1 Schimper (69) A, p. 472, * Kurr (45) P1. 1. fig. 1.
4 Seward (04) p. 30.
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characterised by a prominent and broad rachis giving off
alternate linear pinnae bearing bluntly rounded, contiguous
and basally concrescent pinnules having a thick or revolute
border and a central rib. The lateral veins are visible in the
ultimate segments of Kurr's fossil. Saporta’ has described
several species, which he refers to Schimper's genus, from
French Jurassic strata: it is, however, difficult to recognise
some of the examples represented in his illustrations as speci-
fically distinet forms. This author notices the resemblance of
Lomatopieris to Thinnfeldia, not only in habit but in the
structure of the epidermal cells®, In Lomatopteris and in
Lhinnfeldia the cells have straight and not sinuous walls
and the slightly sunken stomata are surrounded by a ring
of epidermal cells. Salfeld® has recently described portions
of fronds from Jurassic rocks of South-West Germany, which
ke identifies as Lomatopteris jurensis. He disagrees with my
view that Lomatopteris does not differ sufficiently from Thinn-
feldia to be accorded generic autonomy, chiefly on the ground
that the folded-over edge of the pinnules is a distingnishing
feature of Lomatopteris. There is, however, no difference, in
appearance at least, between the leaflets of some species of
Thinnfeldia, e.g. T. rhomboidalis from Liassic rocks of England?,
and those referred to Lomatopteris. In a later paper, Salfeld®
describes some Portlandian fragments from North Germany as
Lomatopteris Schimper, identifying them with a Wealden fossil
of somewhat doubtful affinity, which Schenk® makes the type
of his species. The Portlandian specimens are described as
tripinnate, with thick decurrent obtusely terminated pinnules
with a revolute edge. The general form of the frond is very
similar to that of L. jurensis. Salfeld publishes a photograph
of a large specimen which he describes as fertile and a drawing
of a ]rjece of a pj]]na; the latter is 1‘0}_’)1':)('1[1(:13(1 n ﬁg’ 360, B.
He speaks of sori oceurring in two rows, probably attached to
lateral veins, in the groove between the midrib and the revolute
edge of the lamina. The sporangia. are deseribed as “nichg
I Saporta (73) A. 2 Behenk (67) A. * Balfeld (07) p. 192.

4 Beward (04) p. 34, fig. 2, PL 1v. ¥ Salfeld (09).
& Sehenk (76) PL xxvr. fig. 7.

8. 1L 36




546 PTERIDOSPERMS, ETC, [cH.

niher bekannt’” An examination of the figures reveals
nothing as to the nature of the “sori” The specimens are
considered by Salfeld to afford decisive evidence against the
view that Lomatopteris and Thinnfeldia are generically identical.
Nothing has so far been published which constitutes a valid
argument in favour of retaining Schimper’s generic name.

Cycadopteris.

Zigno® founded the genus Cyeadopteris on Ttalian Jurassic
impressions regarded by Schimper as indistinguishable from
Lomatopteris.  As Solms-Laubach® points out, the supposed
sort of Cyeadopleris described by Zigno are not convineing,
There appear to be no satisfactory reasons for separating
Chyeadopteris from Lomatopterds, nor do the fronds deseribed
under these names exhibit any important differences from

Lhinnfeldia,

Ptilozamites.

Nathorst® founded this genus on a remarkable series of
specimens from the Rhaetic Coal-beds of Scania and assigned
1t to the Cycadophyta. The species Ptilozamites Heert may be
taken as a representative type. The leaves are linear and
simply pinnate. In the example shown on a much redueed
scale 1n fig. 361 the frond is 53 em. long and 21 em. broad.
The upper edge of cach pinnule is straight or slightly coneave ;
the lower edge 1s rounded; the veins are slightly divergent
and dichotomously branched (fig. 356, E, p. 539). In some of
Nathorst’s specimens the broad rachis is forked as in many
Thinnfeldias.

As a comparison of fig. 356, A and E, shows, the pinnules
of some specimens of Thinnfeldia odontopteraides are identical
with those of Ptilozanutes. In the latter genus the rachis is
either unbranched or oceasionally forked, while in Zhinnfeldia
the branching may be of the dichotomous or pinnate type. In
Ptilozamates the segments appear to be always without a mid-

1 Salfeld (09) p. 34. 4 Zigno (56) A.
# Solms-Laubaeh (91) A, p. 114, 4 Nathorst (78).
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rib, while a median vein frequently occurs in those of Thinn-
feldia., There can be little donbt as to the very close alliance
between the Rhaetic species referred to these two genera. The

A

AN
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Fra, 361, Ptilozamites Heeri, Nath. (L nat. size. After Nathorst )

35—2
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name Ptilozamites should perhaps be retamed for such long
and narrow fronds as that shown in fig. 361: no species
included in Thinnfeldia is known in which the rachis reached
so great a length without branching. The habit of Ptiloza-
mites Heeri predisposes one in favour of Nathorst’s opinion
that the fronds are Cycadean: we have no information in regard
to the nature of the reproductive organs.

Ctenopteris.

This name was instituted by Saporta?, at Brongniart's
suggestion, for Liassic species characterised by pinnules like
those of Thinnfeldia, but distinguished by the bipinnate habit
of the frond. Saporta compares the genus with the Palaecozoic
leaves known as Odontopteris, and with Ttalian Jurassie plants
referred by Zigno to his genus Dichopteris.

The name Ctenozamates is applied by Nathorst? to the type
of frond which Saporta, Zeiller, and other authors refer to
Ctenopteris. Nathorst instituted Ctenozamites for fossils agree-
ing in the form and venation of the pinuules with his genus
Ptilizamites but differing in being bipinnate and not pinnate.

Fronds of Ctenopteris are characteristic of the Jurassic and
Rhaetic series; they are known only in the sterile condition.
As Zeiller?® says, Ctenopteris may be a member of the Cycado-
filices, an extinet group founded on Palaeozoic plants com-
bining Cycadean and Filicinean characters, and some of which
are now known to be Pteridosperms. It is probable that the
genus 18 not a true fern: it is more likely to be a member
of the Cycadophyta or of some generalised extinet group.

Utenopteris cycadea (Brongniart). Fig. 362.

1828, Filicites cycades, Brongniart, Hist. Vég, foss. p. 387, PL cxxix,
1832, Odontopteris eycadea, Berger, Verstein. Coburg Ge
PL 111,
1873. Ctenopteris cycadea, Saporta, Pal. Frang. Vol 1. p. 355
Pls. x1. XTI

1 Saporta (73) A. p. 352. ® Nathorst (78) p. 122, 3 Zeiller (08) p. 52,
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Frond bipinnate, broad rachis giving off branches at an acute angle:
pinnules broadly linear, slightly falcate, with several slightly divergent
forked veins.

A frond very similar to the Lower Lias specimen from
Dorsetshire represented in fig. 362 was described by Leckenby
as Ctenis Leckenbyi (Bean MS.) from the Inferior Oolite of
Yorkshire!, Leckenby recognised the possibility of a Cycadean

T'ra. 362, Clenopteris eycadea, Brongn. (4 nat, size.) From a specimen in
the British Musenm. [M.S.]

affinity, but regarded the bipinnate habit as an objection. The
branched fronds of the Australian Cycad Bowenie supply an
answer to this objection. Several good examples of Ctenopteris
cyeades arve figured by Schenk?® from Rhaetic rocks of Persia.
Zeiller's Tonkin Rhaetic species, €. Sarrani®, affords a striking
illnstration of the difficulty of drawing a clear line of separation
between Ctenopteris and some species of Thinnfeldia.

! Leeckenby (64) A, PL x, fis. 1; Seward (04) p. 36.
# Behenk (87). 8 Zeiller (03) Pls. vi.—vrir.
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Clenopteris is in all probability very closely related to
Thinnfeldia and Ptilozamites.

Dichopteris.

This genus was proposed by Zigno! for some large specimens
from the Jurassic plant-beds of Northern Italy.

The bipinnate leaves are characterised by the great breadth of the
rachis which is dichotomously branched in the distal vegion (fig. 363): the
linear pinnae reach a considerable length. Pinuules relatively small,
oblong and slightly contracted at the base; the decurrent and confluent
lamina forms a narrow wing to the main axis. Veins slightly diverzent
and forked, as in Ptilozamiies,

Dichopteris visianiea, Zigno. Fig. 363,

A gpecimen of this species in the Padua Museum has a
total length of 83 em. It has been elsewhere suggested® that
a fragment figured by Zigno as a fertile example of this type is
probably part of a frond of the Osmundaceous fern Todites.
Since this opinion was expressed I have had an opportunity
of examiming the actual specimen at Padua: the circular
patehes deseribed by Zigno as sori appear to be irregularities in
the matrix and not an original feature.

Brongniart® instituted the genus Puchypteris for some
imperfectly preserved English Jurassic fossils from Whitby,
which he deseribed as P. lanceolata. Specimens have since
been described® from the Inferior Oclite rocks of the Yorkshire
coast. Brongniart described the pinnules as being without
veins or as possessing only a midrib. Tt is almost certain that
the apparent absence of veins in most specimens® is due to the
tleshy nature of the segments and that the species P. lunceolata
should be transferred to Dichopteris.

Krasser® has described a species from Cretaceous rocks of the
island of Lesina, off the Dalmatian coast, as Pachypteris dal-

I Zigno (56) A. Pls. x11. x111. ? Beward (00) p, 170,
4 Brongniart (28) A, p. 49, * Beward (00) p. 171,

* Baporta (78) A. p. 368. % Krasger (94).
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matiea which is very similar in habit to the English specimens
and to Zigno's Dichopteris visianica. One of Krasser's specimens
1s practically identical with Dichopteris lanceolatu (Brongn.),

Fic. 363, Dichopteris visianica, Zigno. (3 nat, size. After Zigno.)
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while in others the small pinnules are replaced in some of the
pinnae by a continuous lamina with a few distal serrations.
The latter form a link between the Dichopteris and Thinnfeldia
type of segment. Krasser gives a full résumé of opinions
expressed by other authors in regard to the position of Pachy-
pteris (= Dichopteris) and decides in favour of a Cycadean
alliance.

A French Jurassic plant which Saporta! made the type of a
new genus Scleropteris, and deseribed as S. Pomelid, appears
to be indistinguishable from Dichopteris.

Dichopteris, though conveniently retained as a distinet
genus, agrees so closely, in the broad and forked rachis and in
the fleshy pinnules, with Thinnfeldia that it would seem reason-
able to regard the two genera as members of the same group.

Several authors have drawn attention to the striking
resemblance in form and venation between the fronds of the
Palacozoic genus Odontopteris and those of Ctenopteris and
Thinnfeldia. In Odontopterts, as in Newropteris, another Palae-
ozole genus, the rachis occasionally bifurcates as in Thinnfeldia
and Dichopteris, and the ultimate segments of some species of
Odontopteris (fig. 366, A) are practically identical with those of
Thinnfeldia and Ptilozamites.

Odontopteris is probably a Pteridosperm. There is no
adequate reason for supposing that this group of plants which
played a prominent part in the Permo-Carboniferous floras was
no longer in existence during the Mesozoic cra.

Odontopteris.

Brongniart? instituted the genus Odondopteris for compound
fronds from the Coal-Measures characterised by pinnules at-
tached by the whole breadth of the base and traversed by
numerous forked veins. Odontopteris is very rare in British
Carboniferous rocks and “appears to be restricted to the Middle
and Upper Coal-Measures®.”

! Baporta (73) A. Pl srvit. * Brongniart (28) A. p. 60.
¥ Kidston (01%) p. 196, :
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Fronds large, bipinnate or tripinnate, the main rachis, which may be
dichotomously hranched, bears long linear pinnae with broadly linear or
deltoid pinnules, acute or blunt, attached by the whole of the base; the
lower margin of the lamina, which is usually entire and rarvely lobed (e.g.

Fra, 364, A, Alethopteris lonchitica (Sehloth.). 3 nat. size.
B. Mariopteris muricata (Schloth.). xZ.
C. Odontopteris ef. alpina (Presl). £ nat. size,
D. 0. cf alpina. Portion of pinna enlarged.
(A—D. From photographs by Dr Kidston.)
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Odontopteris osmundacformis)?, is often decurrent on the axig of the pinna.

The basal pinnule of each pinna is frequently attached by a contracted

base, and the lamina may differ in form from that of the normal segments.
? y 5

Fro. 865.  Odontopteris minor, Brongn. (Rather less than } nat. size. After

Zeiller.) [The pinnuleg are omitted in the right-hand braneh. ]

I Potonié (93) A. PL. xv.
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Pinnules often oceur on the maiu rachis, and in some species the petiole
bears modified pinnnles which are larger than the ultimate segments of
the pinnae and in some cases Cyclopteroid in shape. The pinnules are
traversed by numerous dichotomously branched veins; if a midrib is
present it dies out in the basal part of the lamina. In some species
(genus Mivoneunra) pinnules of the Neuropteroid type, characterised by a
well-defined midrib, ocour in association with typical Odontopteroid
pinnules on the same pinna,

The species represented in fig. 364, C, D, from the Middle
Coal-Measures of Barnsley, Yorkshire, illustrates the form and
venation of the Odontopteris type of pinnule. Another species,
0. Reichiana Gutb.?, is also recorded by Kidston from the Lower
Coal-Measures of Lancashire. Some unusually good specimens
of the type-species of the genus Odontopteris minor, Brongn.,
have been fignred by Zeiller® from the Coal-Measures of Blanzy
(fig. 365) which show the dichotomy of the main axis and the
oceurrence of Aphlebiae on the petiole. The late Dr Weiss®
divided Odontopteris into two sections, Xenopteris and Mixzo-
neura, the pinnules of the former having the form shown in,
fig. 364, D: while in species of the latter sub-genus some of
the pinnules are identical in form and venation with those of
Neuropteris except that they are attached by the whole breadth
of the base. Zeiller* employs Mizoneura as a generic designa-
tion. In an American species 0. Wortheni Lesq.” the pinnules
bear numerous hairs like those on some species of Neuropteris
(fig. 373, p. 570). The large size of the fronds of Odontapteris sug-
gested to Weiss® that they were horne on the stems of tree-ferns,
but Grand'Eury’s” examination of specimens in the Coal-beds
of central France led him to picture the plant as bearing a tuft
of leaves on a short subterranean stem. Renaunlt and Zeiller®,
on the other hand, obtained evidence in the Commentry Coal-
field of fronds borne on elongated stems which grew on the
ground and were supported by stronger plants. Stur? was the
first to suggest that Odonfopteris should be excluded from the

I Kidston (89) p. 409,

 Zeiller (06) Pls. xrx.—xx11.; (00%) p. 100, fig. 73. ¥ Weiss, O. B, (70).
3 Zeiller (06) p. 90. “ Lesquereux (80) A. p. 131 ; Weiss (70).
¥ Weiss (69) p. 37. 7 Grand'Eury (77) A, PL A.

¥ Renault and Zeiller (88) A. p. 219. 4 Btur (84).
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ferns.  Grand’Eury’s! supposed fertile pinnules of Odontopteris
do not atford any satisfactory evidence of the sporangial nature
of the small swellings which he figures at the ends of the veins.
This author pointed out several years ago that the petioles of
some species of Odontopteris possess the anatomical features of
Myeloazylon. a type of leaf-stalk which is now known to belong
to Pteridosperms. In a recent paper Grand'Eury? records the
association of Odontopteris fronds with small seeds (Odontoptero-
carpus), a discovery which leaves little or no doubt as to the
Pteridospermic nature of the genus. The fronds of Odontopteris
are very similar in habit to those of Neuropteris, another
Pteridospermic genus.

The similarity between some Odontopteris and Thinnfeldia
leaves, to which attention has already been called, is well illus-
trated by 0. genuing Grand’Eury?, a ‘pinnule of which is repre-
sented in fig. 366, A. Odontopteris is a fairly widespread genus
in Upper Carboniferous and Lower Permian rocks, and is recorded
also from Triassic strata: it is represented in the Coal-fields of
North America and in several parts of Europe*,

In some fronds included in Odontopteris the pinnae are
characterised by a broad irregularly lobed lamina which also
forms a winged border to the rachis. Examples of this form are
alforded by Odontopteris Browni Sew.’ from the Burghersdorp
Series (Triassic 7) of Cape Colony, and 0. Fischeri described by
Brongniart® from the Permian of Russia. The Russian species
would perhaps be more appropriately placed in the genus
Callipteris, as Weiss” snggests; the absence of venation in
0. Browni renders generie identification unsatisfactory.

! Grand’Eury (77) A. P, xur. 2 Grand'Eury (08).
4 Renault and Zeiller (88) A. P, xx1v.
4 Weiss, C. B (69) ; Goeppert (64) A,; Potonié (93) A, (04); Lesquerenx
(80) A., p. 124; White (99) p. 195.
& Beward (08) p, 97, Pl vur,
% Brongniart, in Murchison, Vernenil, and Keyserling (45) PL A,
7 Weisy, C. E, (70) p. 871.
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Callipteris.

Brongniart! instituted this genus for certain species of
supposed ferns previously referred to the genera Pecopteris,
Alethopteris, and Neuropteris. Callipteris is a characteristic
Permian plant which is almost certainly a Pteridosperm.

Fic. 866. A. Odontopleris genwina (Grand’Eury). (x 2% After Renault and
Zeiller.)
B. Calliptevidivm gigas (Guth.), (=28 After Zeiller.)
C. Callipteris Pellati (Zeill.)., (x1%. After Zeiller.)
D. C. lyratifolia (Goepp.). (x15. After Zeiller,)

Zeiller has pointed out that such deseriptions of fertile specimens
as have been written are unsatisfactory. A fow years ago, how-
ever, Grand Eury ? recorded the occurrence of seeds in association
with Callipteris fronds in the Autun district, and in some cases
they were found attached to the pinnae and rachis. The seeds
are ovoid or spherical (5—10mm. broad) and smaller than

1 Brongniart (49) A. p. 24. * Grand’Eury (06).
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those of Neuropteris. The drawings of fertile segments pub-
lished by Weiss! afford no indication of reproductive organs,
Potonié* figures some pinuules of Callipteris conferta in which
the thick lamina is covered with sinuous grooves probably
made by some insect larvae: as he suggests, similar markings
may have been mistaken for the remains of sori. The ocenr-
rence of Callipteris fronds vecorded by Weber and Sterzel®
in association with Medullosa stems in the Lower Permian
of Saxony is in accordance with Grand’Eury’s conelusion.

Fronds reaching 1 metre in length, bipinnate or tripinnate, main
rachis frequently exhibiting a combination of dichotemous and pinnate
branching.  Pinnae linear, usually erowded, decurrent on the rachis ; the
pinnules on the lower side of the pinnae are continued on to the rachis.
Pinnules of the Pecopteroid type, entire or sglightly Tobed, or of the
Sphenopteroid type and mare or less deeply dissected (fig. 366 (0, DY, the
laming of adjacent pinnules concrescent ; on the lower pinnae the
laming may be continuous as in an Alethopteris pinnule, A midrib
iy extend almost to the bluntly rounded apex of the ultimate segments,
giving off oblique, simple, or forked veins, the lowest of which arise directly
from the rachis ; in the Sphenopteroid forms the lateral veins are given
off at a more acute angle,

on the main rachis, as in Odontopteris.  Zeiller has wisely
extended the application of Callipteris to fronds possessing this
character irrespective of the entire or lobed form of the
ultimate segments. He found among the numerons examples
of the genus obtained from Autun* and Lodéve® transitional
forms connecting such species as C. conferta (fig. 367) and
O. Pellaty Zeill. (fig. 366, () in which the Pecopteroid pinnules
are slightly lobed, with C. lyratifoliu (Goepp.) (fig. 366, D),
C. flabellifera® (Weiss), and . Bergeroni Zeill. characterised by
deeply lobed Sphenopteroid segments,

A striking feature of the genus is the oceurrence of pinnules

Callipteris conferta (Sternberg)”. Fig. 367.

2

1723.  Scheuchzer, Herb. Diluv. PL 1., fig. 3.
1826.  Neuropteris conferéa, Sternberg, Flor. Vorwelt p- 17.
1849, Unllipteris conferta, Brongniart, Tablean, p. 24,

L Weiss (69) Pls. v1. vIn ? Potonié (93) A. PL 1. figs. 1,2

# Weber and Sterzel (96) p. 99. 4 Zeiller (90) p. 84. ¢ Zieiller (983),
% For figures of this and other species, see Potonié (07).

” For synonymy, see Zeiller (90) p. BT and Potonié (0T) p- 2.
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This polymorphic species (fig. 867) is one of the most
characteristic Permian plants. The oval-linear pinnules, attached
by the whole base, oceur on both pinnae and rachis; this
feature, the thick texture of the lamina, and the linear, obliquely
set, pinnae render the fronds easily recognisable. The fronds
bore seeds.

Fre. 367, Callipteris conferta. TFrom the Permian of Aschbach, Rhenish
Prussia (British Museum, No. 39052).

In a recent account of some Permian plants from Germany,
Schuster’ refers a portion of a frond to Callipteris conferta
(Sternberg) var. polymorpha Sterzel, which is characterised by
nnusually large and polymorphic pinnules. In size and shape
the pinnules recall those of Newropteridium validum Feist,

1 Sehuster (08) PL. var. fig. 7.
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Callipteridium.

The name Callipteridiwm, created by Weiss'as a sub-genus
of Odontopteris, is applied by Zeiller and other authors to a
few Upper Carboniferous and Permian species characterised by
the occurrence of simply pinnate pinnae on the main rachis
between the bipinnate primary pinnae. Single pinnules are
borne directly on the rachis of the primary pinnae between the
pinnate branches. The form and venation of a typical pinnule
are shown 1n fig. 366, B. Callipteridivm pteridium, originally
recorded by Schlotheim as Filicites pteridius®, has been fully
deseribed by Renault and Zeiller from unusually large specimens
found in the Commentry Coal-field®. This species illustrates
the peculiar morphological features of the genus. The main
rachis of the tripinnate fronds, several metres long, shows a
combination of dichotomous and pinnate branching; from the
zigzag and forked axis are given off bipinnate pinnae and,
between these, shorter pinnate branches. The pinnules closely
resemble those of Callipteris conferta but reach a greater length
the pinnules borne on the rachises of the lateral branches differ
from the others in their broader base and more triangular lamina.

No fertile specimens have been found. It is probable that
Clallipteridivam was not a true forn, and that White* is correct
in including it among the Pteridosperms.

Archaeopteris.

In 1852 Forbes® published a brief deseription of some
supposed fern fronds, found by the Geological Surveyors of
Ireland in Upper Devonian rocks of Kilkenny, under the name
Cyclopteris hibernica. The Irish specimens were more fully
described by Baily®in 1858. Fronds of the same type were
referred by other authors to Cyclopteris, Adiuntites or Noeg-
gerathia, until Schimper” proposed the generic name Palaeo-
pteris on the ground that the fronds described by Forbes and

I Weiss, C. E. (70). # Behlotheim (20) A. p. 406.

¥ Renault and Zeiller (88) A. Pl x1x. 4 White (05%) p. 388.
# Forbes (33) p. 43. & Baily (59) p. 7a. 7 Bechimper (69) A. p. 473,
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Baily are distinguished by the nature of their fertile pinnae
from the sterile leaves included in Brongniart’s provisional
genus Cyclopteris. The earlier use of Palaeopteris by Geinitz

Fie. 368, drchacopteris hibernica. (From a specimen in the Seience and Art
Museum, Dublin. Rather less than } nat. size.)

8. 1L 36
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for an entirely different plant led Dawson! to institute the
genus Archaeopleris. The genus Archacopteris may be defined
as follows:

Fronds bipinnate, reaching a considerable length (90 e¢m.)! the stout
rachis bears long linear piniae; sterile pinnules ohovate or cuneate with
an entire, lobed, fimbriate, or laciniate lamina traversed by divergent
dichotomously branched veins, The fertile pinnae usually ocenr on the
lower part of the rachis; pinnules with a much reduced lamina bear
numerous fusiform or oval exannulate sporangia (fig. 369, A, E, H), sessile
or shortly stalked, singly, or in groups of two or three. The base of the
petiole is characterised hy a pair of partially adnate stipules (fig. 369, C, D),
and single pinnules or seales oceur in some species on the rachis between
the pinnae and on the petiole.

Archaeopteris hibernica (Forbes). Figs. 368, 369, A—C.

The specimen from Kilkenny represented in fig. 368 has
a length of over 80 em. The upper pinnae bear numerous
imbricate obovate pinnules (fig. 369, A, B) with an entire or
very slightly fimbriate margin, while on the shorter lower
pinnae the ultimate segments are reduced to a slender axis
bearing numerous fusiform sporangia, 2—3 mm. in length.
Kidston® has pointed out that sporangia occasionally oeccur
on the edge of ordinary pinnules, and he first recognised the
stipular nature of the scale-like appendages which Baily noticed
on the swollen petiole base (5 em. broad) of the Irish species
(fig. 869, C). Restorations of drehaeopteris hibernica have been
figured by Baily® and by Carruthers®, but the deseription of
the fertile pinnae'by the latter author requires modification in
the light of Kidston’s description of the Dublin specimens.

Archaeopterts is recorded from Upper Devonian rocks of the
South of Ireland, Belgium, Germany, Southern Russia, Bear
Island, and Ellesmere Land in the Arctic regions, Canada,
Pennsylvania, and elsewhere. Many of the specimens deseribed
under different names bear a close resemblance, which in some
cases probably amounts to specific identity, to 4. hibernica.

¥ Dawson (71) A. p. 48; (82).

# Kidston (91%) p. 30, PL 11w ; (06) p. 434.

4 Baily (75) Pl zxvim. * Carruthers (72%) PL a1,




XXVII] ARCHAROPTERIS 563

A. Jacksoni originally deseribed by Dawson! and more recently
by Smith and White® from Devonian rocks of Maine, the
Canadian type A. gaspiensis Daws., and some species figured
by Lesquereux® from Pennsylvania, are examples of forms
which present a striking similarity in habit to the Irish species.
The Belgian Devonian fossils named by Crépin® Palaeopteris
hibernica var. minor are regarded by him as probably identical
s Roemeriana from the neigh-
bourhood of Aachen, Heer recorded Archaeopteris Roemeriana
from Upper Devonian beds in Bear Island, and Nathorst®, who
has published a more complete account of the Arctic forms,
draws attention to the resemblance of some of them to
A. libermico. A species described by Schmalhausen® from
the Upper Devonian of Southern Russia as A. archetypus
(fig. 369, D) appears to differ from A. hibernica in the slightly
less reduced lamina of the fertile segments. This species has
been more adequately illustrated by Nathorst” from material
collected in Ellesmere Land: he is unable to confirm Schmal-
hausen’s statement that the pinnae are spirally disposed.

The species A. fimbriata (fig. 369, ) described by Nathorst
from Bear Island is characterised by the more deeply dissected
lamina of the sterile pinnules. In 4. fissifis Schmal. from
Russia and Ellesmere Land the lamina (fig. 369, E, F) is cut
up into filiform segments: a fertile pinnule of this species

with Goeppert’s species Cyelopter

is represented in fig. 369, E.

Some sterile impressions figured by Krasser® from Palaeozoic
strata (Lower Carboniferons or Upper Devonian ?) in the
province of Nanshan in China as Noeggerathin acuminifissa
are considered by Zeiller® to be portions of an Avrchaeopteris
or Rhacopteris frond. The resemblance to the former genns
is however by no means close enough to warrant a reference
to drchaeopterss. The sterile specimens deseribed by Sturt
from the Culm of Altendorf as species of drchacopteris are

! Dawson (71) A, * Smith and White (05) p. 39.

¥ Lesguereux (80) A, *+ Crépin (74).

¥ Nathorst (02). 8 Schmalhansen (94), 7 Nathorst (04).
¥ Erasser (00) P1. 1. figs. 3—17. ¢ Zeiller (03%) p. 27.

¥ Stur (75) A. Pls. viri. XI5 XvL

36—2
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probably not generically identical with the Irish and Arctie
The dichotomous branching of the rachis in A. Tscher-
malk: and A. Dawsont 1s a feature unknown in Archaeopteris.

specles.

Fia, 369.

2B

Arehasopteris hibernice. Fertile pinna. Dublin Geological
Survey Museum. (Reduced. After Kidston.)

A, hibernica. Pinnule. (Slightly enlarged. After Carruthers.)
A, hibernica. Base of petiole. (Dublin Museum. After Kidston.)
A. archetypus. Base of petiole: Ellesmere Land. (After
Nathorst. & nat. size.)

A. fissilis. Sporangia, (Slightly enlarged. After Schmal-
hausen. )

A. fissilis. Bterile pinnule. Zllesmere Land. (Slightly en-
larged, After Nathorst.)

A. fimbriata. Bear Island. (After Nathorst. § naf. size.)
Archaeopteris sp. Ellesmere Land. (After Nuthorst, § naf.
pize.)

In the absence of fertile pinnae the separation of drchaeopteris

from Ehacopteris 1s by no means easy.
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Archaeopteris was regarded by Carruthers as a fern closely
allied to recent species of Hymenophyllaceae, but this conclu-
sion was based upon an interpretation of the fertile segments
which Kidston® has shown to be incorrect. The latter author
regarded the presence of stipules and the structure of the
exannulate sporangia as evidence of a Marattiaceous alliance.
In a later reference to Awrchaeopteris, Kidston expresses the
opinion that the genus is not a true fern but 2 member of the
Cycadofilices or Pteridosperms, a view shared by Grand Eury*
and doubtless by many other palaeobotanists. The sporangia
of Archacopteris appear to be of the same type as those of
Dactylotheea (fig. 290, B, p. 399).  Schmalhausen gave expression
to his disagreement with Nathorst and other authors who
referred Archaeopteris to the Marattiaceae by proposing the
distinctive group-name Archaeopterideae.

There can be little doubt that the reproductive organs of
Archaeopterts so far discovered are microsporangia, and that the
plant hore seeds. The sporangia are larger than those of any
known fern and, as Kidston points out, tltey are stmilar to those
of Crossotheca which he has shown to be microsporangia of the
Pteridosperm Lyginodendron. The presence of stipules in
Archaeopteris hibernica, A. fimbriate, A. archetypus (fig. 369,
D) and probably throughout the genus does not materially
affect the question of taxonomic position. Stipules are a
characteristic feature of Marattiaceae and, in a reduced form,
of Osmundaceae, but similar appendages are borne at the base
of the petiole of the Cycad Ceratozamia. The occurrence of
Aphlebiae on the rachis of Arehaeopteris is a feature shared by
the fronds of Neuropteris and other Pteridosperms.

Neuropteris.

The fronds for which Brongniart® created this genus,
though suspected by Stur in 1883 as wrongly classed among
the ferns, have only recently been shown to be the leaves of
Pteridosperms. As yet only one case is recorded in which

I Kidston (88%). 2 (rand'Eury (08). 3 Brongniart (22) A.
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Neuropteris pinnae oecur in organic connexion with sceds!,
but it is almost certain that the genus as a whole must be

Fra. 870, Neuropteris frond with Cyclopteris leaflets. Fmglish Coal-Measures. ‘
. (From a block given to me by Mr Carruthers, A.CH)

1 Kidston (052).
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placed in this generalised group. Renault® pointed out that
the petioles of Neuropteris fronds from Autun had the anatowmical
features of Myeloxylon (petiole of Medulloss). Since Kidston's
important, discovery of seed-bearing pinnae of N. heterophylle,
Grand’Eury? has recorded the association of Neuropteris fronds
with seeds in French Coal-fields. By some of the older authors
Newropteris was compared with Usmunda because of a similarity
in venation. In the frequent dichotomy of the frond and
in the occurrence of pinnules on the rachis, Neuropleris closely
resembles Odontopteris®: there can be little doubt as to the
close relationship of the Pteridosperms possessing these two
types of foliage. Neuropterts may be defined as follows :

Fronds reaching & considerable size, probably in some cases a length of
10 metres*; bi- or tri-pinnate; the rachis may be dichotomously branched
(fizs. 354, D; 370); both rachis and petiole bear single pinnules, those on
the latter frequently differ from the norwal leaflets in their larger Cyclo-
pteroid laminae (fig. 370). Pinnules entire, rarely slightly lobed, broadly
linear, attached by a small portion of the base, which is usually more
or less cordate. In N. Grauger: Brougn. the pinnules are attached by
a short pedicels. The midrib always dies out before reaching the blunt or
pointed apex of the lamina and gives off at an acute angle numerous
secondary veins characterised by their arched conrse and repeated forking,

Potonié ‘describes the secondary veins of the pinnules of
Neuropteris pseudogigantea® as occasionally anastomosing, a
feature which may be regarded as a step towards the reticulate
venation of the closely allied genus Linopteris.

Renault? deseribed some petrified pinnules of Newropteris
in which the mesophyll shows a differentiation info upper
palisade tissue and lacunar tissue below; the lower epidermis is
infolded at intervals where grooves (probably stomatal) oceur
like those on the leaves of an Oleander (Nerium oleander).

The rachises of Neuropteris fronds are described by Grand’-
Eury under the generic name Aulacopteris®.

1 Renault (76). 2 Grand'Bary (08). ¥ White (99) p. 128.
4 Grand'Eury (77) A. p. 122 3 Zeiller (90) P1, x1. fig. 6.
6 Potonié (99) p. 118, 7 Renault (82) A. Vol. m. ; Zeiller (90) p. 189,

8 Grand’Eury (77) A. p. 105.
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Neuropteris heterophylla, Brongniart, Figs. 354, E; 371.

This species is characteristic of the Lower Coal-Measures
of Britain; it occurs also in the Middle Coal-Measures and 1s
a common type in Upper Carboniferous rocks in various parts
of the world. The fronds are large and tripinnate, the rachis

\%L_». A

F16. 871,  Newropteris heterophylla. From n specimen in the Manchester
Mugeum. 3 nat. size. M.S,

is often dichotomously branched and Uyclopteroid pinnules
may occur on the petiole. The pinnules, 5—20 mm. in length
and 3—8 mm, broad, have a rounded apex (fig. 354, E, p. 535).

As shown in fig. 371 which represents a primary pinna, the

! Brongniart (22) A. PL . fig. 6. Tor synonymy, see Kidston (03) p. 775 ;
Zeiller (88) A. p. 261,
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small pinnules on the lower branches are gradually replaced in
the upper portion of the specimen by falcate segments.

Neuropteris macrophylla, Brongniart®. Figs. 354, D, D'; 372.

The rachis of the large fronds of this species illustrates the
dichotomous habit of many Neuropteris fronds, also the occur-
rence on the petiole of large Cyclopteroid pinnules (cf. fig. 870).
The small piece of a pinna reproduced in fig. 372 shows the
slender attachment of the segments, the blunt apex, and the

Fro. 872, Neuwroptetis mucrophylla, Brongn,
From o photograph by My Hemingway.

Neuropteroid venation. Single pinnules of this species may be
distingnished from those of N. Scheuchzert by the blunter apex,
the absence of the pair of small Cyclopteroid pinnules on the
same branch and by the absence of hairs. N. macrophylla is
characteristic of the Upper Coal-Measures of Britain,

1 For synonymy, see Kidston (88) p. 354.
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Neuropteris Scheuchzeri, Hoffmann.  Figs. 354, F'; 373.

Fragments of this well-known Coal-Measure species were
figured by Scheuchzer in his Herbarium Diluvianum' as Lithos-
munda minor, and by Thywd (Luidius®) as Phoyllites mineralis as
early as 1760. Neuropteris Scheuchzeri, so named by Hotfinann
m 1826, is a type which many authors have deseribed under
different names. Lesquereux® figured it as N. hirsuta from the
Coal-fields of Pennsylvania, and under the same name it is
recorded by Fontaine and White* from Permian rocks of
Virginia. The oval patches on the surface of a pinnule de-
seribed by these authors as sori are certainly not of that nature.
The same species is described by Bunbury® from Nova Scotia

Fre, 878. Newropteris Schevchzeri. From a specimen (v. 2009) in the British
Museum. § nat. size,

as N. cordata Brongn. var. angustifolia. For a fall synonyniy
of the species reference should be made to lists published by
Kidston®, White?, and Zeillers,

The large tripinnate fronds are characterised by the long
linear- or oval-lanceolate pinnules (fig. 373)" with a pointed
apex and numerous bristle-like hairs on the lamina ; two much
smaller Cyclopteroid segments occur at the base of the pinnae
which are terminated by the linear leaflets (fig. 354, T, p. 535).

Neuropteris Scheuchzert is characteristic of the Upper and
Middle Coal-Measnres of Britain and is recorded from several

! Beheuchzer (1723) A. p, 129, Pl x. fig. 3.

2 Lhywd (1760) A. T’ v. fig. 190.

¥ Lesquereux (79) A. Pl vor * Fontaine and White (80) p. 47.
5 Bunbury (47) Pl xx1. b Kidston (94) p. 357; (03) p. 806,

White (99) p. 182, ¥ Zeiller (88) A. p. 251, ? Bee Vol. L p: 45.
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localities in North America and the Continent. Zalessky® has
recently recorded the species from the Coal-Measures of Donetz.
The frequent oceurrence of detached pinnules points to a
caducous habit. Even single leaflets can, however, be identified
by their large size, the pointed apex, and hairy lamina. The
hairs are preserved as fine oblique lines simulating veins:
they were so deseribed by Roemer* who took them for cross-
connexions between the secondary veins and referred the pin-
nules to Gutbier’s genus Dictyopteris.

Another example of Neuropteris with hairy pinnules is
described from the Commentry Coal-field by Renault and
Zeiller as N. horrida® The oval-linear, bluntly rounded,
pinnules are characterised by a median band of hairs on each
surface and a narrower strip at the edge of the lamina.

Cyclopteris.

This <l(,11»-]1<, name was created b\ blﬂllg‘lll:tlt m 18284 for
specimens which he believed to be complete single leaves of
orbicular or reniform shape similar to those of Trichomanes
reniforme. The lamina is traversed by numerous dichotomously
branched veins which spread from the centre of the basge.

It was suspected by Lindley and Hutton® that certain
Cyclopteris leaves belonged to the frond of a species of
Neuropteris, and some years later Lesyuerenx ® concluded that
Brongniart’s genus was founded on orbicular leaflets of Newro-
pteris. In 1869 Roehl” figured a specimen of Newropteris
bearing Cyclopteroid pmnulps on ils rachis, Tt 18 now univer-
sally admitted that Cyelopteris is not a distinet genus and that
the specimens so named were borne as modified pinnules on the
main rachis of Neuropteris and Odontopterts. 1t is, however,
convenient to retain the name for detached leaflets which
cannot be referred to the fronds on which they were borne. A
specimen found by Mr Hemingway in the Upper Coal-Measures

1 Zalessky (07) Pl. xxmv. fig. 5. 2 Zeiller (88) A. p. 251.

3 Renault and Zeiller (88) A. p. 251, P1. xxxir, 4 Brongniart (28) A, p. 51
5 Lindley and Hutton (33) A. p. 28.

§ Lesquerenx (66) A. 7 Roehl (69).
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of Yorkshire and described in 18881 affords a striking example
of the large size attained by what was probably a frond of
Neuropteris. The piece of main rachis reached a length of
over 120 cm. and bore five pairs of Cyclopteris pinnules, some
of which were 7em. long and 5em. broad. The complete
frond must have reached a length of at least 4 metres. Fig. 370
shows some typical Cyclopteroid leaflets on the petiole of a
Neuropteris frond.

Linopteris.

The Upper Palacozoic fronds included in this genus are
more familiar as species of Dictyopteris. Pofonié® has, however,
pointed out that the creation of this name by Lamouroux in
1809 for a genus of Brown Algae which is still retained, makes
1t advisable to fall back upon the designation Linopteris.
Guthier® proposed the genus Dictyopteris in 1835 : Linopteris
was first used by Presl* in 1838. The fronds so named are
identical with species of Neuropteris except in the anastomosis
of the secondary veins; Linopteris bears to Neuropteris the
same relation as Lonchopteris bears to Alethopteris. As in
Neuropteris, Cyclopteroid pinnules oceur on the petioles of Lino-
pteris, but the veins form a fine reticulum. G]'nﬂn:i"]:lurvvﬁrr\mtu'ds
the association of Linopteris Brongniart: with seeds belonging
to the genus Hewagonocarpon, a fact which points to the
Pteridosperm nature of the foliage.

Some fertile pinnules of Linopteris Schutzei (Roemer) are
described by Zeiller® from Autun as bearing on the under
surface of the lamina two rows of long and pointed sporangia,
probably united in groups. The presumption is that these are
microsporangia.

Fig. 374 is a reproduction of a careful drawing, originally
published by Zeiller?, of a pinnule of the type-specimen of
Gutbier’s species Linopteris neuropterovdes. This species differs
from Linopteris obligua, instituted by Bunbury ¢ for specimens

I Beward (88). * Polonié (99) p. 153 (note). 3 Grutbier (35).

4 Presl, in Sternberg (38) A. * Grand'Eury (04).

b Zeiller (90) P1. x1. fig. 9.

¥ Zeiller (99) p. 46, ® Bunbury (47) A. p. 427,
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obtained by Lyell * from the Coal-Measures of Nova Scotia, in
the smaller size of the meshes. Linopteris obligue oceurs in the
Upper and Middle Conl-Measures of Britain; it is recorded by
Zeiller from Asia Minor, by Lesquereux ® from Pennsylvania,
and by other authors from several European localities. "The
pinnules frequently occur detached from the frond and like
those of some species of Neuropteris were caducous. Linopteris
is rare in British strata.
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F16.874. Linopteris neuropteroides, Gutb. (Pinnule of type-specimen, Enlarged.
After Zeiller.)

Alethopteris.

The name Alethopteris, instituted by Sternberg?, is applied
to compound fronds often reaching a considerable size, exhibiting

the following features :

The linear pinnules arve attached by the whole breadth of the base,
with the lower edge of the lamina decwrrent and usually continnous with
that of the next pinnule (figs. 200, A, p. 389; 375). The ultimate segments
are entive, with an acute or rounded apex and often characterised by a fairly
thick lamina convex on the upper surface. From a prominent midrib,
continued to the apex of the pinnule, numerous simple and forked secondary
veins are given off at a wide angle, the decurrent portion of the lamina
being supplied by veins direct from the axis of the pinna.  Tn the upper
part of a frond or primary pinna the pinnules may be replaced by a
continuous, lobed, or entire simple lamina. The main rachis cceasionally
exhibits dichotomous branching, but the fronds are for the most part
constructed on the pinnate plan. Single Cyclopteroid pinnules? oceur on
the petiole of some species of the genus.

1 Lyell (45) A. Vol mm. p. 202. 2 Lesquereux (80) A, p. 146,
3 Bternberg (26) A. 4 Grand'Eory (04).
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In certain species of Alethopteris the pinnules appear to
have been decidnous as in Didymochlaena among recent fernst,
A piece of cuticle from the upper surface of a pinnule of
Alethopteris Grandini (Bron gn.) figured by Zeiller? shows Very
clearly the polygonal form and straight walls of most of the
epidermal cells, those above the veins being almost rectangular.
The position of the sunken stomata is revealed by small eireular
spaces surrounded by a cirele of cells,

The absence of fertile specimens of this common genus of
Upper Carboniferous plants led Stur® to exelude it from the
ferns.  Although no seeds have so far been found in organie
connexion with an Alethopteris frond, it is certain that some
species, probably all, represent the foliage of Pteridosperms.
Renault was the first to deseribe petrified specimens of A4/etho-
pterts fronds exhibiting the anatomical structure of Myeloxylon
(leaf-axis of Medullosu). The calearcous nodules from English
Coal-seams contain numerous fragments of the Myeloxylon
type of rachis bearing Alethopteroid pinnules.

The constant association of the fronds of Alethopteris
lonchitica and Trigonocarpon seeds noticed by Mr Hemingway
in the Coal-Measures of Yorkshire led him to regard the spe

1es
a8 seed-bearing: it has since been recognised as the foliage of
the Pteridosperm Medullosa anglicas,

Grand’Eury® has recorded the association in French Coal-
lields of species of Alethopteris with Trigonocarpon and Pachy-
testu seeds,

Alethopteris lonchitica (Schlotheim)s. Figs. 364, A; 290, A,

This species, deseribed by Schlotheim in 1820 as Filicites
lonchiticus and previously figured by Scheuchzer’, is abundant
in the Middle and Lower Coal-Measures of Bri tain®, It is
characterised by large tripinnate fronds, probably quadripinnate
in the lower part, bearing primary pinnae of a more or less

! Grand'Eury (90) A, * Zeiller (80) P1. 1x, fic. 6, A, & Stur (83).

1 Beott (07) p. 206 ; Seott and Maslen (06) p. 112,

® Grand'Kury (04).

% For synonymy, see Kidston (03) p. T72: Zeiller (88) A,

7 Bcheuchzer (1723) A. PL 1. fig, 4. & Kidston (94) p. 245,
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triangular form divided into pinnate branches replaced in the
apical region by linear segments. The pinnules, 8—30 mm. long
and 3—5 broad, are linear- or oval-lanceclate with an obtuse
apex; the npper margin of the lamina is slightly contracted at
the base, while the lower edge is decurrent.

Fra, 375. Alethopteris Serlii (Brongn.). From a specimen in the York Museum.
2 nal. size.

Algthopteris Serlii (Brongniart)'. Fig. 375.

This species, figured by Parkinson in 1811, closely re-
sembles A. lonchitica, but 18 d]htmgmshnd by the mmccmwded
and relatively longer pinnules W hich are ,]omed to one another
by a narrow conmeetin g lamina (Fig. 875). The secondary
veins in A. Serlii are rather finer and more numerous. Grand’-
Eury* records the association of the seed _Padry esta with fronds
of this species in the (Clonl-Measures of St Etienne.

1 For synonymy, see Kidston (94) p. 5065 (03) p. 806; White (98) p. 117.
? Grand’Enry (04).
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A. Serlii is very abundant in the Upper Coal-Measures but
rare in the Middle Coal-Measures of Britain®.

Lonchopteris.

This name was proposed by Brongniart? for sterile fronds
from Upper Carboniferous rocks which are practically identical
with species of Alethopteris, but differ in the reticulate venation
of the pinnules. It has been pointed out in a previous chapter®
that Lonchopteris is usunlly used for Palaeozoic species, the
Wealden leaves, which were placed in this genus by Brongniart,
being transferred to Weichseliu.

There can be little doubt as to the close relationship of
Lonchopteris with Alethopteris: both may be referred to the
Pteridosperms. Lonchopteris rugose Brongn.* (fig. 290, B, p- 399)
and L. Bricei Brongn., hoth British species, are fairly common
in Upper Carboniferous strata. In . rugosa, a Middle Coal-
Measures species, the anastomosing secondary veins form poly-
gonal meshes (fig. 290, B, p. 399) smaller than those of L. Brice:.

Pecopteris.

Reference has already been made to this genus in the
chapter on Marratiales, so far as regards certain species of
fertile fronds the sporangia of which resemble those of recent
Marattiaceae. It is, however, by no means safe to assume that
such Pecopteris fronds were borne on stems having the anatomi-
cal characters of ferns. The sporangia in some at least of the
species may have contained microspores. In one Upper Car-
boniferous species usually referred to Pecopteris, P. Pluckeneti,
Schlot., Grand'Eury® has recorded the occurrence of seeds on
the pinnules of the ordinary fronds. This species will be
referred to in Volume 1. The substitution of such generic
names as Ptychocarpus, Asterotheca, Hawlea, Dactylotheca
and others for the purely provisional designation Pecopteris
indicates a step towards a conclusion as to natural affinity.
The probability is that Pecopteris, as applied to Palaeozoic

! Kidston (94) p. 245, # Brongniart (28) A. p. 59.

3 Page 494. 4 Kidston (94) p. 596. 5 Grand'Eury (05).
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species, in many cases stands for the compound fronds of
true ferns, but the possibility of the inclusion of those of
Pteridosperms in the same category is by no means excluded.
The designation Pecopteris may conveniently be retained for
sterile bipinnate, tripinnate, or quadripinnate fronds bearing
pinnules having the following characteristies :

Lamina short, attached to the rachis by the whole of the base and at a

wide angle, with the edges parallel or slightly converging towards the
sent, pinnules may be continuous basally by a

usually blunt apex; adj
narrow lamina, A well-marked midrib extends to the apex and gives off

simple or forked lateral veins almost at right angles (fig. 352, D, p. 529).
Hydathodes like those on the leaflets of Polypodivm vulgare and other
recent ferns! arve occasionally seen at the ends of the lateral veins of
Pecopteris pinnules.
In addition to the examples of Palaeozoic fronds with
the Pecopteris form of pinnule referred to in chapter xxi1, the
species Pecopteris arborescens may be briefly deseribed.

Pecopteris arborescens (Schlotheim)®  Figs. 352, D : 376.

The species named by Schlotheim Filicites arborescens in
1804 is characteristic of the Upper Coal-Measures and is
recorded also from Permian strata®

Fronds large ; the rachis, which may reach a breadth of 3 em.4, gives off
long ovoid-lanceolate pinnae in two alternate rows (fig. 376); pinnules
small, 145—4 mm. long and 1—2mm. broad, contiguous, with rounded
apex, attached approximately at right angles ; the upper surface of the
lamina is slightly convex and may be hairy® The fertile pinnules,
identical in shape with the sterile, bear groups of ovoid exannulate
sporangia (synangia). The midrib extends to the apex of the pinnule and
gives off simple veins at a wide angle (fig. 352, D

Our knowledge of the reproductive organs is very meagre,
Grand’Eury described the synangia as consisting of 3—5
sporangia borne on a central receptacle; sporangia have been
described also by Stur®, Renault and Zeiller?, and Potoniés,

! Potonié (922); (93) p. 54 2 For synonymy, see Kidston (88) p. 366,
* Zeiller (90) p. 45 ; Potonié (93) A. p. 57.
* Germar (44) Pls. xxxv. Xx3V1. 5 Kidston (88) p. 366.

5 Stur (83). 7 Rennult and Zeiller (88) A. p. 196.
& Potonié (98) A. p. 48,
8. IL. 37
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but no fertile British specimens are recorded. Stur places this
species in the genus Scolecopteris, and Potonié regards the
sporangia found by him on Permian fronds, which may be
identical with Pecopteris arborescens, as conforming to those of
the Asterotheca type. 1t is impossible to decide on the evi-
dence available whether this species is a Pteridosperm or a
fern, but there is a natural inelination in doubtful cases to give
preference to the first of these two choices. '

T16. 876, Peecopteris arborescens (Schloth.). From the Upper Coal-Measures of
Radstoek. From a photograph by Dr Kidston, TReduced.

The nmmnerous fronds from Carbeniferous and Permian rocks
deseribed as species of Pecopleris exhibit a considerable range
of variation in the form of the pinnules. In many species the
pinnules are of the type represented in fig. 352, D; in others
the lamina of the ultimate segments is slightly contracted at
the base and the secondary veins are given off at a more acute
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angle, as in Pecopteris polymorpha, Brongn! In Pecopterts
unita, Brongn., already deseribed as Ptychocarpus unita®, the
pinnules are joined together except in the apical region. Some
fronds included in Pecopteris possess pinnules in which Peco-
pteroid and Sphenopteroid features are combined; P. Sterzeli,
Zeill? and P. Pluckeneti, Schlot. are examples of fronds in
which the pinnules are lobed as in Sphenopteris, but the base
of the lamina is only slightly contracted and the venation is not
that of typical Sphenopteris speeies.

The species to which Potonié has applied the generie name
Alloiopteris* also 1llustrates the impossibility of drawing a
sharp line between Pecopteris and Sphenopteris. The fronds
already described in chapter XXV. under the designation
Corynepteris bear pinnules with a contracted base; In some
species the lamina is lobed, but in others (fig. 354, ) it 1s
entire with a midrib nearer one edge than the other. The
species which Potonié assigns to Alloiopteris, like many other
Sphenopteroid and Pecopteroid fronds, are characterised by
the oceurrence of an abnormal pinnule (aphlebid) at the base
of each pinna (fig. 354, G, p. 535). Young fronds of Pecopteris
are oceasionally met with showing very clearly the circinate
vernation of the pinnae as in the leaves of Chycas and Angiopteris
represented in fig. 220, p. 283. The genus Spiropteris was created
by Schimper?® for coiled unexpanded fronds of fossil ferns; it is
however superflnous to apply a distinetive term to specimens
of this kind.

The designation Pecopteris 1s employed chiefly for leaves
of Palaeozoic age which are unknown in the fertile state, or do
not afford sufficient evidence as to the nature of the sporangia
to justify the substitution of a special generic name. Many
Mesozoic species have also been referred to Pecopteris, but most
of these are more appropriately inclnded in Brongniart’s later
genus Cladophlebis. The pinnules of Cladophlebis, as Brongniart
pointed out, are intermediate between Pecopteris and Neuwro-
pteris ; they are usually attached by the whole breadth of

! Zeiller (002) p. B8. 2 Page 397. ‘
3 Renault and Zeiller (88) A. p. 178, Pls. v.—vmi.  dnie, p. 419.
¢ Potonié (02). 5 Sehimper (69) A, p. 688,

37—2
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the base, as in Pecopteris, but the more acute origin, more
arched form, and more frequent dichotomy of the lateral veins
are features shared by Neuropteris. As a rule, Mesozoic sterile
fronds with straight or folded, entire or dentate pinnules are
of the Cladophlebis type : this genus is especially characterstic
of Rhaetic and Jurassic floras. Examples of Cladophlebis
pinnules are shown in figs. 256, 257 (pp. 340, 342). It is to
be regretted that anthors do not make more use of the generie
name Cladophlebis in deseribing sterile fronds, instead of
following the misleading and unscientific practice of employing
such genera as Pters, Asplenites, and others on wholly insuffi-
cient grounds.
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H. quadridectylites 3656

Hymenophyllum dilatatum 289

H. tunbridgense 294, 300, 315

H. waldenburgense 363

H. Weissi 364

H. Wilsoni 294

Hymenopteris psilotoides 378

Inversicatenales 432

Isoetaceae 33, 58-66

Ispetes 30-33, 46, 58-68, T2, 88-91,
108, 175, 184, 191, 208, 217, 246,
269, 274, 277, 278
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Tsoetes Boryana 60
I. Braunii 68

I. Choffati 66

1. echinogpora 58, 59

1. hystriz 33, 60, 61, 63, 66
I
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I

. lacustris 38, 58, 59, 61, 62, 66
Scheuzeri 68
. setacea. G8
Tsoetites 67, 68
I, Choffati 67
I. crociformis 67
Isoetopsiz 68
I. subaphyila 68

Jack, R. L. and R. Etheridge 509
Jahm, J. J. 28

Jamesonia 304, 312

Jefirey, E. C. 113, 310, 812, 515
Jordan, R. 461

Juncus 58

Karsten, G. 301

Kaulfussio 321, 434

Eerr, T. 164

Kidston, R. See note, page 609

Kidston, R. and J. Bennie 191

Kidston, R. and D. T. Gwynne-
Vaughan 267, 314, 326, 320, 334,
338, 346, 877, 461, 472

Kidstonia heracleensis 325, 340

Klukia 348

K. exilis 347-349, 370

Knorr, (G, W, 124

Knorria 124-127, 174

K. imbricata 255

K. mirabilis 125

Knowlton, F. H. 350,

Kolbe, — 335

Konig, C. 209

Krasser, F. 181, 861, 409, 410, 474,
550, 552, 563

Kubart, B. 195

Kunze, — 307

Kurr, J. G. 431, 544

380

Laceopteris 355-361, 411

L. Dunkeri 361

L. elegans 357

L. Goepperti 357, 358

L. Muengteri 374

L. polypodioides 858-361, 374

L. Woodwardi 360

Laminaria bulbosa T1

Lamonroux, J, 572

Lang, W. H. 47, 49, 194, 195

Lavoisiera Iycopodioides 40, 75

Leckenby, J. 549

Leckenbya 353

Letodermaria 198

Leiodermarieane 203

Leitgeb, H. 55

Lepidoearpon 58, 92, 271-279

L. Lomaxi 272-275

L. Wildianum 274

Lepidodendron. 7-10, 27, 28, 34, 40—
43, 55, 60-63, 71-T7, 90-192, 196,
199-201, 207-211, 217-225, 230-
249, 267-270, 312, 331

L. aculeatum 142, 155, 156

L. anglicum 264

L. australe 178-181

. brevifolium 175, 176, 222

L. eyclostigma 264

L. dichotomuwm 178

. digeophorum. 200

I.. esnostense 99, 113, 139, 140, 266

L. fuliginasum 21, 139, 141-162, 169,
175, 177, 191, 246, 262

L. guspianum 27

L. Harcourtiz 113,139, 141, 1438, 160-
163, 170-178, 182, 189, 191, 263,
266, 275, 333

L. Hieckii 101, 156, 161

L. longifolivm 97

L. Losseni 253

L. mecrophyllum 171, 176

I

L

L

o

£q

. meemmallatum 268
. omundum 241, 260-263
. nothwm 180
I.. obovatum 139, 142, 154, 156
L. ottonis 224
T.. Peachii 201
L. Pedroanum 177, 178
L. punctatum 371
L. rhodwmnense 140, 266, 333
L. saalfeldense 141
L. selaginotdes 110
L. Spenceri 192
.. Sternbergii 97, 98, 110
L. tenerrimum 260
L. vasculare 109-123, 130, 145, 148,
152, 163, 166, 169, 189, 266, 334




L. Veltheimi 172

L. Veltheimianum 94, 99, 101, 125-
129, 184, 141, 171-178, 187, 188,
209, 222, 233, 245, 249, 955

L. vereenigense 105

L. vollkmanwionum 105

L. Willigmsoni 141, 142

L. Wortheni 200, 201

L. Wiikianum 257

Lo, Witnschigmuon 142, 152, 161-171,
187, 222, 223, 245

Lepidophloios 104-109, 138, 139, 142,
158, 154, 157, 170, 171

I, Déssorti 106

L. fuliginosus 141

L. laricinus 137

L. scoticus 106, 1335, 136, 185

Lepidaplyllum 181

Liepidospermupe 278

Lepidostrobus 9, 39, 46, 60,
181-192, 209, 248, Z
496

L. Bailyanus 257

L. Brownii 189-191

L. fombriatus 46

L. foliacens 192, 193

L. insignis 192, 193

L. oldhamins 188

L. Olryi 248-253

L. ornatus 181, 187, 188

du variabilis 187, 188

L. Veltheinianus 175

L. Wiinschianus 171

L. Zeilleri 264

Leptophiveunt rhombicun 180

Leptosporangiate Filicalos 283-316,
324 -394

Lesleya 610, 517-519

L. Delafondi 487, 518

L. ensgis 518

L. grandis 518

L. simplicinervis 518, 519

Leslie, T, N. 105, 178, 258, 508

Lesquereux, L. 77, 201, 419, 510, 517,
563, 570, 571, 573

Leuthardt, V. 332, 343, 353, 408, 410

Lhywd, B. 570

Lignier, 0. 15, 23

Lindley, J. 67, 82, 84

Lindley, J, and W. Hutton, 128,
130, 135, 160, 209, 210, 221, 239,
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249, 405, 421, 431, 481, 494, 530,
571

Lindman, ¢. A. M. 473

Lindsaya 311-313, 377

Linopteris 567, 572, 573

L. Brongniarti 572

L. newropteroid,

2

L. obligua 572, !
L. Sehutzei 572
Lithosmunda minor 570

Logan, W. E. 228, 232
Lomataphivios macrolepidotus 182
Lomatophloyos TWiinsehianus 163
Lomatopteris 544546

Lo jurensis 544, 545

L. Sehimperi 546

Lomax, J. 4, 240, 260

Lomax, J. and ¥. B, Weiss 110
Lonchapteris 494, 576

L. Dricet 576
L. Mantelli 494
L. rugosa 576
L. virginiensis

331, 332

98, 312
Loxsomaceae 298
Lowsomopsis costaricensiz 203
Lycopodiaceae 33-49
Lycopodinles 7, 10, 14, 30-979
Lycopodites 98, Ti-84

L. carbonaceus 251
Lycopodiopsis Derbyi 178
Lycopodites ciliatus T9

- elongatus 79, 87

. falcatus 39, 76, 83, 84

. Guthier: 79

- Aanceolatus 81-83

« macrophyllus 79, 80, 85, 171
. Milleri 28

Reidic 78, 79

. scanicus B3

. squamatys T6

L. Stockii 78

L. swissei 85

L. tenerrimus 84

Lozsoma 293,

BRSNS

L. Vanuxemi 78

L. wictoriae 84

L. Zeilleri 80

Lycopodium 17, 24, 30-51, 56, 60,
63-66, 74-78, 82, 88, 06, 194, 195,
215, 251, 253, 263, 417

L. alopeguroides 82, 82
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o

o alpinum 32, 41
. annotinum 32
. arboreuwm T6

casuarinoides 3b, 39

cernuum 81, 87, 39, 41-49, 93,
185, 194, 217

BB

L. clavatum 32, 40, 41, 46
L. complanatum 87
L. eruentum 32

. Dathousionwm 85, 38, 42
. densum 40
dichotomuon 34, 35, 41, 44, 406,
106
. elongatum BT

. erythracum 36

N

. faleatum 83

. inundatum 32, 43, 44

. munmuiarifolivm 85, 38

. absewrum 38, 39, 93

. Phlegmaria 39, 44, 45, T8
L. primagvum 86

L. rufescens 34-30

L. saururus 41, 42

BN N

L. s¢

L. Selago 4, 34, 44, 87, 133,
256

L. serratum 42

L. squarroswm 36, 38, 39

.. tetragonuwm~35, 39, 76

L. werticillatum 39

L. wolidile 35, 39

Tycopsida 312

Lycostrobus 88-01

L. Scotti 88-91

Eyginodendron 140, 221, 270, 460,

510, 532, 565
Lygodiwm 42, 287, 311,
534, 537
L. dichotomum 337
L. Kanlfussi 350
M. 57, 58

446, 533,

Lyoun, F.

MeCoy, Sir F. 180, 491, 500, 512
McNieol, Mary 461

Macroglossum alidae 321
Macrotaeniopteris 486

M. Feddeni 489

M. Wianamatioe 4589

Macrozamia corallipes 382

B. Faweettiae 382

Malagquin, M. 103
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Marattia 320, 408, 409,
485, 527

M. fraxinea 317, 320, 528

M. Hookeri 850, 411

M. Kaulfussii 320, 397, 401, 411

Marattincene 316-321, 351, 352, 395,
411, 434, 447, 565, 576

Marattiales 316-321, 395-411

Marattiopsis 407-409

Marattiopsis marantacea 358, 408, 409

M. Muensteri 320, 408, 409

Marion, A. F. 25, 26

Mariapteris 351,

M. muricata 554,

Marsilia 473, 477-479

M, Andersoni 474

M. eretacen 474

M. Drummondi 474

Marsilia elata 474

M. Nathorsti 474

M. perucensis 474

M. quedrifoliata 473

Marsiliacene 473-475

Mavsilidivm 474

M. speciosum 474

Martin, W. 229 F

Martins, K, F. P, von 420

Maslen, A, J, 187, 189, 190

Matonia 291, 292, 298, 308, 316, 381,
120, 533

A, pectinata 289-293, 300, 310, 314,
356, 857, 862, 363, 383

M., sarmentosa 291, 310°

Matonidium 63, 310, 355, 359, 361-
363

M, Althausii 362, 363

M. Goepperti

M. Wiesneri 358, 363

Matonineae 291-293, 355-363

Medullose 558, 567

M, anglica 574

Megalopteris 509

Megalozylon 331

Megaphyton 413-415, 422

M. frondoswmn 422

M. insigne 421

M. MeLayi 422

Mellor, E. T. and T. N. Leslie 233

Mertensides 352

Mesostrobus 195

Metaclepsydropsis 447450

417, 455,
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M. duplex 448-450
Mettenius, (+, 223, 424, 495
Miadesmia 92, 275-279

M. membranacea 275, 276
Mierocachrys tetragona 76
Microdictyon 360

Miller, H. 27, 28, 532
Mizoneura 555
Mixtae 285
Mohl, H. von 63

Mohlengraaff, G. A. . 505
Mohria 287

Moller, H. 392, 481
Monagramme 306

Morris, J. 185, 191, 539
Miinster, G. Graf su, 24, G7-69
Museites faleatus 83

Myetoxylon 556, 574

Niigeli, K. W. von 55

Naiadacese 82

Naiadea acuminata 81

N. lanceolata 81

N. petiolata 81

Naiadite 82, 83

N. lanceolata 81

Naiadiles acuminatus 81

Nathorst, A. G. See note, page 609

Nathorstin 361, 410, 411

N. angustifolia 410

N. latifolia 410

Nephrodium filiz-mas 313

Nerium oleander 567

Newropteridium 519-528, 525

N. grandifolium 519, 522

N. intermedium 521-593

N. Plantianum 521

N. validum 519-523, 525, 559

N. Voltzii 523

Neuropteris 398, 516, 526, 528, 552,
553, Bab, 55T, 565-572, 579, 580

N, cordata var. angustifolia 570

N. cordata var. densineura 524

N. conferta 559

N. Goeppertiana 340

N. Grangeri 567

N. heterophylle 3561, 585, 568

N. hirsuta 570

N. herrida 571

N. macrophylla 535, 569

N. pseudogigantea 567

INDEX |

N. recentior 339

N, Seheuchzert 535, 569-571
N. valida 520

Newberry, J. S§. 431
Nilzsania 485

Nepa 309

Noeggerathia 428-431, 560
N. acuminifissa 561

V. Aabellata 431

V. foliosa 429

N. obovate 514
Noeggerathiopsis 233, 516
Northampton, Marquis of 190

-

= =

Odontopteris 516, 526, 528, 552-558,
560, 667, 571

Q. cf. alping 555

0. Browni 556

0. eyeaden 548

0. Fischeri 556

Q. genwina 556, 557

0. jurensiz 544

0. macrophylla 540

0. minor 554, 555

0, osmundaeformis 554

0. Plantiana 519, 531

0. Neichiana 555

0. Wortheni 555

Oldham; R. D. 497, 501, 503, 505, 510

Oldham, T. and J, Morsds 84

Oleandra 301

0. nertiformis 485, 4992

Deandridium 485, 486

O. lentriculiforme 492

Oligocarpia 409

0. Brongniarti 352, 364

0. Gutbieri 852

Oliver, F'. W. 437, 443, 532

Omplalophloios 264266

0. anglicus 197, 264

Oncopteris 372, 373

0. Nettvalli 373

Onoclea heliraidica 380

0. sensibilis 380

O. struthiopteriz 303, 344, 502, 503

Onyehiopsis 369, 377-880

0. elongata 378

O. Mantelli 374, 378, 879

0O, psilotoides 378

Ophioglossacene 821-323, 434

Ophioglossales 427431 4
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Ophioglossites antigua 428

Ophioglossum 12, 321, 428

0. paimatum 322

Q. pendulum 321

0. vulpatum 321, 322

Osmunda 267, 341, 567

0. cinnamomea 286, 333, 339

0. Claytoniana 314, 315, 333, 358

0, lLignitum 339

0. regalis 2B5, 286, 331, 338, 342

(0, Sturii 339

Osmundaeceae 285, 286, 308, 314, 315,
304346, 403, 400, 434, 443, 448,
461, 472

Osmundites Dowkeri 338, 339

0. Dunlopi 831-334, 337, 346

0. Gibbiana 335, 339

0, Kolbet 334-837

0. skidegatensis 337, 338

0. Sturii 339

Otopteris cuneata 481

Otozamites Beani 307

Ottokaria bengalensis 498

0. ovalis 4498

Pachyphloeus tetragonus 171
Pachypteris 550, 552

P. dalmatica 550

P, laneceolata 550

Paehytesta. 574, 875
Palacojulus dyadicus 401, 402
Palasopteris 560, 561

P. hibernica var. minor 563
Palmatopterts 538, 535, 537
P. furcata 537

Parapecopteris 398

P. neuropteroides 398, 599
Parkeriacese 297

Parkinson, J. 181, 231, 413, 575
Paullinia thalictrifolia 307
Peach, C. W. 530

Peeopteris, 298, 398, 404, 532, 041,
557, 6T6-680

P. abbreviate 399

P. arborercens 422, 529, 577, 478

2.
Jil
.

bullatus 852
caespitosa 359
erenifolia 359
P. cristata 402
P. curtata 359
P, eyathea 422

b

. dentata 389, 404

. denticulata 343

. exilis 348

P. Huttoniana 340

. ligata 359

. DMiltoni 899

. Phillipsii 343

. Pluckeneti 419, 426, 576,
. plwmose 399, 404

. polymorpha 574

. recentior 339

. reticulata 494

. Rutimeyeri 345

. serra 404

. Sterzeli 419, 4'_“5, 574
. tenwis 8539

. undans 345

P. unita 397, BTY

, whithiensta 339, 343, 344
. Williamsoniz 389

. Zippei 354

Pelourde, F. 448
Penhallow, D. P, 28, 78, 357
Petver, — 231
Phanerosorus 292
Phillips, J. 67, 348
Phelabopteris Phillipsi 383
P, polupodioides 358

P. propingua 358

P. Woopdwardi 360
Phragmites 206
Plyllachne clavigera 40
Phyllites nervulosis 383
Phyllocladus 542, 543
Phylloglossam 30, 31, 33
P. Drummondi 33
Phytolithus cancellotus 126
P. parmatius 129

P. verrucosus 231

Picea excelsa 94
Pitularia 67, 473

P. globulifera 473

P. minuta 473

P. pedunculatae 475
Pinakodendron 264

P. musivum 2068

Pinus 194

P. attenuata 134

P. ¢lausa 134

P. excelsa 174, 182

P. longifolia 95, 98

)

24
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Plagiogyria 297

Plant, N. 177

Platyzoma 291

P. microplylla 312

Plewromeia G6-73, 91, 141

P. oculina 69

P, Sternbergii 68=70

Padocarpus 210

P. dacrydioides 75

Podoloma polypodioides 394

Poecilitostachys Y1

P. Hangi 91

Polypodiacens 296, 375-380

Folypadiwm 344

P. Billardieri 3032

P. carnosune 301

P, heracleifolius 383

P, oregonznse 377

P, yuercifolivn 297, 293,
392, 528

P. vulgare 301, 318, 577

Potonié, H. See p. 609

Prantl, K. 296

Presl, €. B, 127, 356, 890, 407, 477,
525

302, 303,

572
Prestwick, J. 229

Primofilices 433

Protophyllocladus 543

Protopteris 370-374, 300

P. punctate 373-375

P. Siernbergit 371

P. Witteana 374, 375

Protorhipis asarifolivs 390
Protosalvinia 476

Paavonieae 412-426

Psaronius 300, 372, 396, 412426, 452
P. asterolithus 416

P. brasiliensis 420

P. coalescens 4106, 420

P. Cottai 415

P. Cromptonensis 413, 4925

P dnfaretus 415421, 424

P. musaeformis 416, 420

P, Renaulti 413, 418, 420, 425

P, Sterzeli 419, 420

Pgeudobornia 11

P, ursina 8

Psilophyton 26-29

P, Dechianum 27
P, filiformis 24
P, princeps 26-29

INDEX

P. robustius 27, 29

Psilotacese 12-15

Psilotales 17-29

Psilotiphyllum 26

Psilotites 24, 25

P. filiformis 24

P, lithranthraeis 25

P, unilateralis 25

Prilotum 12-24, 26, 20, 237

P. complanatum 18

P. triguetrum 17, 18, 20

Psygmophyllum 431

Pleridospermaphytn

Pleridosperms 282, 395, 596, 403, 407,
426, 484580

Pteridotheca 325, 375

P. Butterworthi 325

Pteris 312, 580

P. agquilina 305-309

P. arguta 344

Pteropsida 312

Ptilozamites 539, 546, 547, 560

P. Heeri 546-5348

Pryechocarpus 897, 411, 576, 578

P. alilongus 397

P. unite 397, 400, 578

Ptychopteris 413, 414, 422494

278

Rachiopteris antigua 449

L. corrugata 450, 455, 460

B. eylindrica 438

R, duplex 447, 448

R. hirsuta 430G, 438, 442

R. inaequalis 453, 454

I, insignia 456

It, drregularis 453, 454

B, ramosza 436, 440

R. tridentata 4138

Raciborski, M. 839, 341, 348, 353,
543

Regnellidium 473, 479

R. diphyllum 474, 479

Reinecke, F, 301

Reimsgeh, P. T. 192

Renault, B, See note, p. 609

Renanlt, B, and €. Grand’Tury 219

Renault, B. and A. Roche, 204

Renault, B. and R. Zeiller 510, 5;
560, 571, 577

Renaultia 394, 406

Renier, A. 133

G
o
(=13




INDEX

Rhacophylium 525
2. erispum 526
Rhaciopterideas 449
Riacophyton condrusorum
Rhacopteris 426, 430, 431, 525, ¢
R. flabellata 428

R. paniculifera 428

!'.',1'_
R
It cruciate 388

R. mujor 383

. i 382

Lhodea , 129, 196, 251
B. moravi
R. pa

Rhytidodendron 251

sodendron oppoliense 375

mmapteris 381

entissima 364

. minutifoli
Rhgtidolepis 198
fer, P. :
Rodway, J. 93
Roehl, von 571

Roewmer, F. 571

Hotularia cuneifolia 1
Royle, J. T, 501

Rudolph, K. 414, 417, 418
Ruffordia 350

R. Goepperti 349, 350

a 420

S. adiantoides 424
Sadleria 344

Salfeld, H. 545, 546
Sagenaria Bischoft 69

.,H‘. Ve r';‘hr'irm'im(l ]Tl

f'». angus rn.n!‘m 4 jFE".’.

S. bilobatn 481

S. cuneata 481

S. grandifolia 482

. dongifolia 482

S. Mantelli 431, 482
Nathorsti 482

<
S. Nilssoniana 478

S. Phillipsi 431, 478-482
S. Phillipsi £. pusilla 482
S 'i'.il‘t'iil'-'.ﬂ'i!'f 479482
Salvinia 475

S, Alleni 25

S. auwriculota 476

S. elliptica 475

8, jormosa 476

8, natans 475
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8. reticulata 25

8. Zeilleri 476

Salviniacene 475-477

Samaropsis 517

Saporta, le Marquis de, 66-68, 351,
360, 380, 545, 546, 548, 552

Schenk, A. 341, 352, 356, 358, 861,
363, 474, 482, 492, 544, a 549

Scheuchzer, J. T a70, 574

Schimper, W. . 25, 190, 2
376, 477, 486, 496, 523,
560, 579

Sehimper,
519

Sehizdea 312

, 364,
546,

W. P. and A. Mougeot 90,

S. dichotoma 307
S. elegans 287, 307
S. pusgitla 287

He

Y 3, 287, 346-851
Sehizoneura 5
Sehizopteris
S. adnascens A0

S. pinnata 445, 464

S. lactuce 526

Schizostachys frondosus 464
Schlotheim, BE. F. von 413, 560, 574

577
Schmalhansen, J. 257, 563
Schuster, J. 559

Sehwarz, I, H, L. 259

Seleropteris 552, 578

S. Pomelii 552

Seolecopteris 401, 402, 426

N. elegans 400, 401

S. polymorpha 401

Seolppendrivum nigripes 300, 513

8. vulgare 513

Scott, D. H. Se¢ note, p. 609

Seott, Mrs D, H. 192, 469

Selaginelia 17, 30-33, 39, 49-58, T4-
77, 85, 87, 88, 184, 215, 217, 263,
274-278

S. apus 57

S, arabica 80

S. Berthoudi 84

o caulescens 85

S, erythropus 53

S. grandis 50-53, 75, 84

8. tnaequalifolia 54

S laevigate 54

8. lepidophyila 33

S. Martensii 51, 53




S. revoluta 80

8. rupestriz 52, 56, 57
8. spinosa 31, 38, 50, 52, 53, 5,
278, 440

S, spinulosa 23

S. Willdenowii 53, 53
Selaginellaceae 82, 33

Sellaginellites T4-77, 85-88

S. elongatus 80, 87, 88

8. primaevus 80, 86-88

8. suissei 70, B5-88

Sellards, E. H. 486, 488, 538

Senftenbergia 347, 404

8. elegans 346, 364

8. plumose 404

Shattock, 5. G, 151

Stgillaria 39, 48, 44, 55, 61, 66, 69

75, 92, 98, 99, 105, 109, 110, 128,

140, 170, 196-226, 230, 231, 234,

238-240, 248, 266-209, 421
Brardi 179, 180, 193, 200-203,

207, 210, 213, 213, 219, 234-226,

241, 261, 2656-267

S. denudata 203

8. discophora 139, 209, 249

S. elegans 160, 197, 217-924

S, elongata 221, 222, 994

S. Bugendii 198

S, laevigate 198, 200, 202

8. lepidodendrifolia 200

S MeMurtriei 199

S, mammillaris 198, 199

5. Menardi 224

S. minutifolia 251

S. mutans 224

S, oculine 69-73

S. pachyderma 198

S, rimosa 248

8. rhomboidea 203

S, rugosa 197, 198, 200

S. scutellate 196G, 198, 212, 221, 299

8. spinulesa 201, 212, 219, 294

8. Sternbergii 69

S, .[‘Jl;tfi'(li'i 209

S, tessellute 197

S, vascularis 110

S. Fanwxemi T8

S. ayling 221

Sigillariophythum 200

Sigillariopsts 213, 214

S. Decaisnei 213

S. suleata 214

INDEX

Sigillariostrobus 200, 215-217
8. bifidus 26

S, etllatus 216

S. major 217, 226

S. nobilis 215

S. rhombibracteatus 216

8. Teighemi 215, 216
Simplices 234, 208

Smith, G, 0. and D. White 28, 563
Solenites Murrayone 67

Sollas, Igerna B. J. 82, 83
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al, 560

Nenophyton vadiculoswm 158
Xenopteris 555
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