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PRE:E'ACE 

I 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decade would have given an out-of-date character to much 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 "nd the extinct members of the Gymnosperms that our 

outlook has been materially altered by recent contributions to 

Palaeobotany. It is, howe"er, sowe satisfaction to be able to 

add that recent progress htJ.8 been relati vely sligh t in that part 

of the subjec. dean with in .he firs. volume. 

The original intention was to complete the whole work in 

two volumes. Soon after the second volume was begun, it 

became evident that the remaining divisions of the plant

kingdom could 110t be included within the compass of a single 

volume. I decided, therefore, to oake the consequences of 

having. embarked on too ambit ious a plan of treatment, and 

to preserve uniformity of proportion by reserving the seed

b~ring plants for a third volume. The third volume will 

include the P teridosperms, other than those briefly described 

in the final chapter of the present volume, and other classes of 

Gymnosperms. I propose also to devote such space as is 

available within the limits of a text-.book to the neglected 

subject of the geogrnphical distribution of plants at different 
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stages in the history of the earth. It is my intention to 

complct,' Volume lIT with as little delay as possible. As I 

hl1vt wri tten else where, the past history of the Flowering 

plants needs special t,reatmcnt. and anything more than a merc 

compilation can be adeq uately "ttempted only after consider

able research and with the assistance of botanists possessing 

/l special knowledge of diffm'ent families of Angiosperms. The 

need (If :J. critical eXlLtllina.tim1 of llvailable data. in regard to 

the geological history of this dominant group will not be lost 

sight oC 

I am well aware that while certain genera have received 

an undue shal'f:' of attention in the present volume, others 

have been ignored OJ' tre..'l.ted wi th scant consideration. For 

this inconsistency I have no excuse to offer, beyond the state

ment that the subj ect is a large ODC, and selection is necessruy 

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 testim ony to the remarkable spread of interest 

in the s(,udy of the vegetation of the past, which is oue of the 

outstanding features in the recent history of botanical 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 lact with an expression 

of tha.nks to corporate bodies and to individuals who ha.e-e 

allowed me to make use of blocks, drawings, or photographs. 

I \vish to thank my colleltgu c, Mr A. G. Tansley, for placing 

at my disposal several blocks originally published in the pages 

of tbe New Phytologist. To Professor Bertrand of Lille and to 

his son Dr Paul Bertrand I am indebted for several prints and 
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descriptive notos 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 severnl 

excellent prints of specimens .in his collection and for the loo.n 

of sections. I have profited by more than one examination of 

bis splendid collection "t Stirling. Professor Weiss has gener

ously allowed me to borTow sections from the Manchester 

Unjversity collections, more especially several which have been 
reproduced in the chapter devoted to the genus L"Pidodendron . 

To Professor F. Vol. Oliver my thanks are due for the loan 

of sections from the collection under his charge at University 

College. I have pleasure also in thanking Dr Scot_, Dot only 

for lending me sections of a Lepidodenw'on and for allowing 

me to use some drawings of Miadesmia, originally made by 
Mrs Scott for reproduction in his invaluable book, Studies in 

Fossil Botany, bu t foJ' kindly undertaking the laborious task 

of reading the proofs of this volume. I t would be unfair to 

express my gratitude to Dr Scot.t for many helpful suggestions 

and criticisms, without explicitly stating that thanks to a 

frj end for reading proofs must not be interpretE;d as an attempt 

to claim bis support for aU statements or views expressed. 

The Genel'lll Editor of the Series, AII' A. E. Shipley, has also 

kindl~ read tbe proofs. I am under obligations also for assis

tance of various kinds to Prof. Thomas of Auckland, New 

l\ealand, to Mr Boodle of Kew, to Mr D. M. S. Watson of 

Manchester, to Mr T. G. Rill of University College, and to 

Mr Gordon of Emmanuel College, Cambridge. I am indebted 

to the bnd offices of Miss M. C. Knowles for the photograph 

of the specimen of A"chaeopteris hibttrnica in the Irish National 

Museum, Dublin, reproduced on page 561. 
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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 

dra.wings made from sections IJDd for some of the outline 

sketches I am responsible. I have availed myself freely of 

the facilities afforded by Prolessor McKenny Hughes in the 

Sedgwick Museuro of Geology for the examination of speciM 

mens under the charge of Mr Newell Arber, the University 

Demonstrator in Palaeobotany. It is a pl easu re to add that, 

as on former occasions, I am indebted to the \'igilance of the 

Readers of the U niversj ty Press for the detection of several 

en ol'S which escaped my notice in the revision of the proofs. 

A. C. SEWARD. 

BOTANY SCHOOL, CAMBRlDCE. 

March 12, 1910, 
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CHAPTER XIII. 

SPHEXOPIITLLALES (c"",luded). 

Sphenophyllum.. 

THE account of the Sphenophyllalcs given in the first 
volume:! of th is work must be extended and somewhnt modified 
in the light of recent work ou the fertile shoots of Spheno
phyllum. 

Splienophyllostachys Dawsoni ( \\7j ll.) was described as con
sisting of an axis bearing superposed whorls of bracts conna.te at 
the base in the form of a shallow funn el·. haped collar giving 
off from the upper surface a.nd close to the axis of the cone two 
concentric series of sporangiophol'es. Occasionally there are 
three series, as represented in fig. 112. In another type of 
strobiJus, Sphenophyllostachys R ihn&ri3 each sporangiophore 
term inates in two pendulous sporangia (fig. 113, A ; see also fig. 
107, C, vol. 1.). I t has already been pointed out that the common 
occutTence of detached strobili necessitHtes their description 
under distinct specific names ; it is only by a rare accident 
that we can assign fossil cones to their vegetative shoots. There 
are, bo)vever. reasons for believing that Sphenophyllostachys 
Dawso"i is the strobilus of the plant originally described by 
St~rnberg4 from impressions of foliage-shoots as Rot·ularia cu.nei
foli<t. Another difficulty presented by petrified material is that 
of determining, witb certainty. whether two imperfect specimens~ 
differing from one another in features which do not appear to 

I The full titlee of books and paper" referred to in footnotes distinguisbed 
by the addition of A. a.fter the da.te are given in the Bibliogra.pby &t the end of 
Volume I. 

2 Chap. :1.1. l ibid. p. 405 . 
• Sternberg (23) A. p. S8, PI. XXVI. figs. 4 a, 4 b. 

B.I1 . 
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bo of sufficient. importance to warrant specific separation, are 
forms of one species or portions of specifically distinct concs. 
It has beeD pointed out by Scott' that tbe strobilus kDOwn as 
Spi.enophyllostacliy .. Dawsoni probably includes two distinct 
species, one being the cone of Sphenophyllmn cuneifoliu77t 
St",rnb., and the other the coM of S. myriopllyllum erep'. 
The stem of S. myriophyllum agrees anatomically with the type 
known as Sl'hellOphyllum pl'u1'ifoliatum Will. and Scott'. 

FlO. 112. Sket.oh of a radial longitudinal section of Sphowp"yllo,t(!C},:YB. 
There arc usually two concentric series or sporangia on the sporopbyl1s, 
nOL three 0.8 wovm in the figure. The upper figure (afler Zeiller) shows 
the liMar bracts in surface-view. 

In addition to tbe two types of CODe already mentioned, 
Spltellopllyllostacllys })awsoni a.nd S. R ii1neri, otl1effl bave 
beeu described by Kidston from carbonised impressions. One 
of these is tbe fertile branch of Sphf:nophyllu'fn majus·. The 
bas.."ll 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 Scott (05) p. 34. 
~ Zeiller (88) A. Pl. UJI. figs. 2-4. 
3 Va\. 1. , p. 397 . 
• Kidslon (01 ) p. 128, fig . 25; (02) p. 361, !\g. 1S. 
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on its upper surface one group, or possibly two groups, of four 
sessi le sporangia. between the narrow coherent bases of the 
laminae and the sinus between the terminal lobes (fig. 113, C). 
Anotber characteristic feature is the greater length of the 
internodes; this renders the cone less compact and less sharply 
differentiated from the ,'egemtive shoots than those of other 
species. A specimen in Dr Kidstoo's collection illustrates the 

FlO. 113. A. SphwophylloslachYIl Rameri. (Solms.Laubacb.) 
B. SphelUJphyllllm triclwmat08um Stur. 
C. SplU!1wphyllu1Il majus. Bronn. (A-C. After Kidston. ) 

peculiar character of the fertil e portion of this species; it con
sists of an axis bearing a succession of lax sporopbylls succeeded 
above and below by wborls of sterile leaves. In this species, 
therefore, we cannot speak of a compact strobilus at the end of 
a shoot of limited growth, but of axes in which sterile and 
fertile leaves are borne alternately', a condition recalling the 

1 Bower (OS) p. ~!. fig. 221. 

1-2 
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alternation of foliage leaves and sporophylls in Trnesipte .. is 
and in Lycopod·iu", Selago. 

Another form of cone, also from the Middle Coal Measures, 
is referred by KidstOll to Spltenopltyllum tric/unnato8um Stur1 

(fig. 11 3, B): this is charncterised by the more horizontal 
position of the bracts, which" db DOt appear to be so much or 
so sudden ly bent upwards in their distal portion as in some 
ot.her species of Sphel1oph!Jllttm," and by sessile sporangia. 
borne singly on the upper face of each bl'act. 

A more recent addition to our knowledge of the fertile 
shoots of Sphellopitylllt1" is duo to Scott who has described a 
ncw type of cone under the name 8phenophylllun jert·ile'J.. 'rhe 

]~w. ] H. l·'phcllophyllostachya fcrtilia (Scott). {Af!er Scotq Diagrnm of Ii 

node in longitudinal section, showing one Rporophyll am1 the base of the 
opposite one. r.l. ventral lobe of sporophyJl; 11.11. one of the segments into 
which it QiyjciC8; 1:.8'. s tump of IIDo1hcc Begmenl; d.l. dorsal lobe; 
d.s., d.I'. segments of dorS(L1 lolle. 

petrified specimen on which the species was founded was 
discovered bv Mr Jallles Lomax. in the Lower Coal Measures of 
L'l.Dcashire; "jt represents a portion of a cone 6 cm. long ftnd 
approximately 12 mill. broad. The axis contains a single 
vascular cylinder agreeing in essentials with the type of stem 
structure known as Sphenapltyllum plurifoliatum. The nodal 
regions, whioh exhibi t t he slight swelling characteristic of the 
geDus, bear several (probably twelve) appendages connate at 

1 Kidston (91) p. 59, PI. 1. ; (01) p. 123, fig. 22. 
:J Scott (OS) . 
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the base and forming a narrow Bange encircling the axis. 
Each bract, the base of which forms part of the narrow collar 
surrounding the n.xlS, consists of two lobes, ventral and dorsal, 
div-ided palmately into several (sometimes four) segments or 
sporangiophores (fig. 115). Each sporangiophore terminates 
distally in an oblong or oval lamina. bearing two sporangia on 
its adaxial face (fig. 114). The space between the axis and the 
periphery of the CODe is thus occupied by crowded peltate 
laminae, each with its pair of sporangia. A single vascular 
bundle supplies each sporangiophore and bifurcates in t he 

FlO. 115. Splu.I!O]Jhylillstachy, fe r-litis (Scott). (After Scott.) Dillgram of 0. 

single sporophyU 8S it would appear ill a transverse flection of the eODe: 

showing one lobe (dorsal or ventraJ). (Is" part of axis to which the 
sporophylls arc attached. 

distal lamina into two branches which extend to the buses of 
the sporangia. The sporangia agree in structure with those of 
other species of Sphenophyllum: the spores are of one size and 
elliptical, characterised by the presence of several sharp ridges 
or,flanges encircling the spore-wall in tbe direction of the major
axis. Sphellophyllostachys fertili. differs from aU previously 
recorded types in tbe absence of sterile bracts. The appendages 
of 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 SphenophyLlmn 
and Calamites. It is possible, as Scott suggests, that the 
"absence of sterile segments is tbe result of modification of the 
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more usual type of strobilus; instead of t he dorsal and ventra) 
lobes of the bracts sharing between them t he duties of protec
t.ion and spore-production, the whole of each bract is constructed 
on the plan of t,ho ma."{imum spore-output, the JamlDru' termina

tions of thE' sporangiophores serving the purpose of protection. 
The COrle mny be described as more specialised than the normal 
type of strobilus for reproducthoe purposes l , 

It has been stated, on evidence which is unsatisfactory, that 
8phenophyllum possesses two kinds of spores. While regarding 
the gen lls as homosporous on the evidence before us, it is 

B 

c ·· 

F IG.11 G. SphclIOphyllndachys DOW801ti. (After Tboday.) A. Larger spores j 

B, abortive spores; 0, mature Spores showing the cha.ra.cteristic spines. 

interesting to find that cases occur in which the spores in the 
same sporangium exhibit a marked difference in size. 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 Tboday3 who gives ]201" as the maxim"m 
and 90", as the minimum diameter of the spores in a cone of 
Sphenophyllostachys Dawsoni. Tbe presence of several abortive 
spores in the sporangium (fig. 116) con taining the larger 
spores favours the vjew that this difi~:ll"ence in size may be the 
firs t step towards the development of heterospory. 

1 See also Browne, Lady Isabel (09) p. 4. 
: Williamson and Scott. (94.) A. p. gu. , Thoday (06). 
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It is clear that the types of strobilus designated Spheno
phyllostachys (figs. 112-]14) present a di vergence of characters 
too great to be comprised under one genus j but in the absence 
of fuller informa.tion, we cannot do otherwise than follow the 
only logical custom of grouping them together as examples of 
strobili borne by plants whi.h. in the present state of our 
knowledge, are most conveniently referred to the genus Spheno
phyllum. 

Chei,·ofit,·obus. 

This generic name was applied by Dr Scott' to a calcified 
CV!le obtained by Mr J ames Bennie in 1883 from the Lower 
Carboniferous plant-beds of Pettycur near Burntisla.nd on the ,. 
Firth of Forth. Chei"ost"obus is distinguisbed from SpiLeno
phyllostachys by its greater breadth (3'5 em.); ext.rnally it 
agrees more closely with the fertile shoots of Lepidodend"Qn 
tha.n with those of Sphenophyll1l,m. A single vascular cylinder 
having the form of a fluted Doric column (fig. 117. B, x) 
occupies the axis of the cone: it consists for the most part of 
reticulate tracheae which tend to assume a short or isodiametric 
form in the central region; the smaller protoxylem t.racheids 
with the spiral form of pitting oonstitute the sharp and 
prominent ridges at the periphery of the xylem-cylinder. In 
the outer part. of the cylinder the metaxylem ~ consists exclu
si" ely of tracheae, but towards the centre of the axis these are 
associated with numerous parenchymatous cells. 

The xylem is therefore centripet..· .. ll 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 cylinder of the cone consists entirely of primary xylem, 
bat secondary xylem has been found in a more recently dis
covered specimen s. Secondary xylem occurs also in the 
peduncle of the cone. No appreciahle remains of phloem have 

1 Scott (97) A. ; sea also Scott (00) p .. 106 .. 
: The term meta:lylem may be conveniently applied to the primary :lylem 

other than protoxylem; the latter is usua.lly but by no means invariably 
chancterised by apiral thiokening bands . 

• Scott (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 , nre 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., It). , The members of each whorl 
are connate at the base : from this narrow collar each sporopbyll 

---8 

Q:"-,,--- lt ' 

~ "lr;)./7i~ __ - lt 

B ' _ ---- . 

FIG. 117. A, B. ClteirostTobzul l Jftt!lCll1"Imsjl Beau. (Alt-er Scott.) 
C, D. P St!lIdQbonlia u-rsitla Nath. (After Nathorst.) 

A. Diagrammatic rad ifl.l1ongitudinal section of pa.rt of the coue·axis and two 
sporophylls. ll, bundle passing out to sporophyll; f. fertile segment of 
sporophyll showing two sporangia.; " sterile (lower) segment. 

B. P!l.rt of t raul!vllrse section. :l:, stele; It, it', bundles on theif way to 
sporopbylls: a. t ips of sterile segmen ts of lower sporophylls. 

C. Palmately branched leaf (! natural size). 
D. Node of litem showinFl leaf·bases. 

branches into an upper or dorsal and a lower 0 1" ventral limb 
(fig. 117, AJand 8). 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 
e xpansious (fig. 117, B, s) to l1fford 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 Oil its adaxial face four diagonally 
placed outgrowths which form the short l",dicels of very long 
and narrow sporangia. The three lower segments-the sterile 
divisions of the sporophylls-(6g. 117, A, B, s) are similar to 
the upper set except in their greater length ~Uld in the kite
shaped form of their distal laminae which are provided wi th 
lateral lobes. The single vascular strand which supplies each 
sporophyll is represeDted at It in fig. 117, B ; at It' th e strand 
has divided into four , the three upper bundles in the figure 
supply the sterile segments and the single lower bundle 
ultimately divides into three which supply the fertile segments. 
A pair of blunt processes (fig. A, 8) extend downwards over the 
ends of the underlying fertile lamina and two slender prolonga
tions extend upwards through several internodes. 

An economical arrangement of the long and narrow sporangia 
and of the sporophyll-segments between the axis and the 
periphery of the cone is rendered possible by the interlocking 
of the sterile and fertile segments by means of a groove in the 
upper face of the latter for the accommodation of the former. 
The sporangia are characterised by their unusually long and 
na.rrow form: the length of a sporangium may reach 
1 centimetre. In the structure of the wall the sporangia of 
Cheirost ,·obu8 agree closely with those of Calamostachys' and 
Sphenophyllostachys. The spores are of one size only. The 
vascular cylinder of the peduncle, originally described by 
Williamson' as the peduncle of a large Lepidostrobu~ (the cone 
of Lepidodendron), is characterised by the presence of a short 
radially disposed zone of secondary tracheids, a feature, as 
Sc" tt points out, which may extend into the axis of t he cone. 
lt is noteworthy tbat the protoxylem elements are not al ways 
external, but occasionally occur internal to one or two of the 
outermost meta xylem tracheae: the usual exarcb 3 structure of 

1 Vo1. 1. p. 354, fig. 95, C. 
2 Williamson (72) PI. XLIV. p. 297 , figs. 29, 30. 
1 I Eurch' denotes that the protoxylem is on the ontside of the primary 

xylem; 'endarch' that His on the inoer edge or ill a central position ; 'meslU'ch' 
tPat it is internal, either Dear the inner or the outer edge of the rnetaxylem. 
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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 
t.he 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 complex ity and high degree of specialisation of 
Cheirostrobus. 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. 

I t is unfortunate that we are still withou t any satisfactory 
evidence as to the n~l.ture of the plant the cones of which nave 
been made the type of a new genus and a new family. 
Gltei1'ostrobus affords an interesting example of a type of 
reproductive shoot constructed on a plan sui generis, and may 
be classed with some other extinct genera as instances of the 
production in the conrse of evolu tion of architectural schemes 
whicb 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 relics of t.he Palaeozoic vegetation frequently supplies a 
key to phylogenetic problems. Cheirost,·obu. by its complex 
combination of features characteristic of the Equisetales, the 
Lycopodiales and the genus Sphenophyllum throws a welcome 
ligh t on the inter-relationships of groups which represent 
divergent series. ~'he combination of morphological features 
in this genemlised type led the author of the genus to describe 
it as a descendant of an old stock which existed prior to the 
divergence of the Equisetales and Lycopodiales. 

The discovery of this new type of strobilus naturally le~ to 
a search among Lower Carboniferous plants for vegetative shoots 
ex hibiting characters conformable with the whorled and brunched 
leaves of Cheirostrobu~. In Sphenophyllum we have a genus 
obviously compemble wi tb Cheir08trobllS as regards the form 
and disposition of the leaves, but the differences between t he 
cones and the striking similarity of the v""cular cylinder of the 
latter to that of Lepidodendron demonstrate conclusively th .. t 
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we must look elsewhere for the vegetative members of the 
plant which produced cones of the Chei1"Ost"ob"" type. 

In 1902 Professor Nathorst 1 instituted the generic name 
Pseudobo1'nia for plants of which imperfect examples had 
previously been referred by Heer ~ to CaJ,wmites under the name 
C. radiatu8. H eer's plants were obtained from Upper Devonian 
rocks of Bear Island in the Arctic seas and additional specimens 
were brought from the same locality by the Swedish Polnr 
Expedition of 1898. Pseudob01~nia possesses jointed stems 
(fig. 11 i , D) bearing wborled and sbort ly stelked leaves, often 
four in Dumber, nt each node. The leaves nre palmately 
branched with fine serrated edges (fig. 117, C). Certain 
specimens, which are no doubt correctly described by Nathorst 
as cones, nre characterised by a th ick axis bearing whorled 
leaves with sporangia on their lower surfaces j but the material 
is Dot sufficiently well preserved to render possible a recognition 
of stmcturnl details. It has been sllggested by Scott that 
Pseudobomia may possibly be referable to the SphenophyLiales 
and that the stem of Chei'rostrobus "may have had something 
in common with" Nathorst's genus'. The beds in which the 
stems occu r are of Upper Devonian age, while O},eirost1·obus 
was found in Lower Carboniferous rocks: this difference in 
age is not, however, a serious objection to the validity of the 
comparison. "T e cannot do more t han express the view that 
Pseudobornia, so far as can be ascertained without an exami
nation of petrified materia.l or of more perfect impressions of 
strobili , exhibits vegeta.tive features not inconsistent with the 
morphological characters of the fertile shoots known as 
Cheirostrobus . 

• The insti tution of a special group-name for the reception of 
Sph.nophyll'"'' is justified by tbe sum of its morphological 
features, which do not sufficiently conform to those of any 
existing group of Pteridophytes to warrant its inclusion in a 
system of classification based. on recent genera. In the case of 
Cheirostrobus we are limited to the characters of the cone and 

I Natbol'8t (02) p. 24. ~ Heer (7l) p. 32, PIli. I-VI . 
• Scott (07) p. 155. 
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its peduncle. The suggestion that the Devonian fossil. known 
Ill; Pseudobomia may represent the foliage shoots of a plant 
closely related to Chei,-astrobuB has stil1 to be proved correct. 
Although we may find justiEcation in the highly complex and 
peculiar structure of CAei1'ostrobus for the recognition of the 
gcnus M a type of still another group of Pteridophytes, it would 
be unwise to take this step without additional knowledge. 

The undoubted simill\rity between Cheir'ostrobuB and 
Sphenophyllmn coupled with striking points of difference fU.\fours 
the inclusion of the two genera in distinct families placed, for 
the prescnt at least, in the group Sphenophyl1ales. 

Group SPHENOPHYLLALES. 

SphenophyJleae: genus Sphenophyllum. 

Cheirostrobeae: genus Chei'rost1·obus. 

It has recently bcen proposed to include the family 
Psiiotaceae, comprising the two recent genera P silotum and 
1'mebipteris, as another subdivision of the Sphenophyllales. 
This proposal had been made by Pl"Ofessor 'l'homas 1 primarily 
on the ground that the sporophylls of T1Ilesil'tm-i;; and Psiloellln 
appear to afford the closest parallel among existing plants to 
the peculiar form of sporophyll chamcteristic of the Spheno
phyllnles. The morphological interpretation of the sporophylls 
of both Sphellophyllu1n and Cheirostroilus has been the source 
of considemble discussion '. If we regard each sporophyll as a 
leaf with two lobes, one fertile and one sterile, except in the 
case of Sphmwphyllosta.chys fertilis in which both are f~tile, an 
OhVlOUS comparison may he made with the fern Ophioglossurn; 
hut the difference between a single fern frond, consisting qf a 
comparatively large sterile lamina bearing a fertile branch 
composed of a long axis with two rows of sporangia embedded 
in its tissues, and the whorled sporophylls of Sphenophyllu1Il is 
considerable. 

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

I Thomas, A. P. W. (02) p. 350. :2 Bower (04) p. 227 ; (08) p. 424.. 
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in t he Sphenophyllales. The shoot~ of T11l ... ipten8 bear simple 
foliage leaves spirally disposed on a slender axis, and in 
association with these occur sporophylls consisting of a short 
axis bearing a pair of small lobes and a bilocular synangium ' 
(fig. 120, B). The synangium is seated on n very short smlk 
given off from its sporopbyll at 't he base of the pail' of luminae: 
the synangium ,,~th its shOl·t stalk may be spoken of as t he 
sporangiophore. In most cases the synangium appears to be 
sessi le on the sporophyll , but occasionally the much reduced stalk 
is prolonged and forms an obvious feature. Dr Scott'suggested 
that the Tmesipteris synangiurn with its axis may correlSpond 
to the ventral lobe (or spomngiophol'e) of SphellophyUum. In the 
latter genus the whorled sp01'ophylls consist in most species of 
a dorsal and a ventral lobe, the latter sen·jng as a sporangio
phore bearing one or more sporangia ; in Tmesiptel'is the 
sporophylls are spirally disposed ami each consists of a bilobed 
sttrile portion bearing a sept..1.te sporangium OJ' bilocular 
synangium on a very short ventral lobe. Professor Bower ~, in 
his account of the development and structure of the sporophylls 
of Tm,esiptel'is, drew attention to the comparatively freq uent 
occurrence of abnormal sporophylls and spoke of the plant as 
unstable. More recently Professor Thomas" of Auckland has 
carefully exam.ined living plants, with the result that variations 
of different kinds are proved to be exceedingly common. He 
finds t hat sporophylls occur which ex hibit repeated dichotomy 
of the axis (fig. 120, D, F) and thus each may bear foUl' instead 
of two leaf-lobes and three synll.ngia. one at the first fork and 
one at each of the forks of the second orderll. 

Other abnormalities occur in which the synangium is raised 
on a. distinct stalk instead of being more or less sessile at 
th" point 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 sporophyU, its place being taken by a leaf-lobe. 
The deduction from the occurrence of these abnormalities is 
that the synangium of Tmesipteris represents a ventral leaf-

1 See p. 19. 
s Bower (94) p. 645 . 
t Sykes (08) . 

, Scott (00) p. 499. 
4 Thoma.s (02). 8ee a.lso Sykes (08). 
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lobe, as Scott suggested. Professor Thomas draws attention to 
the resemblance between T-mesipteris sporopbylls and tbe foliage
leaves of Sphenophyll'Um. which are either simple with dicho
tomously branc:hed veins or the lamina is deeply divided into 
two or more segments. In some types of Sphenophyllostachys 
the bracts are simpl e (S. Dawsoni), but in others (Sphellophyllum 
",,,jus, fig. 113, C) they are forked like the foliage-leaves 
and bear a close resemblance to the aharma.I sporophylls of 
Tmesipteris. Moreover, in Sphenophyllostachys Rorneri (fig. 
113, A) each ventral lobe of a sporophyll bears two sporangia, 
a condition almost identical wjth that represented by the 
occasional occurrence of a synangium on a comparativel,v 
long stalk in T'Illesipteris. Similarly the more elaborate 
sporophylls of Cheirostrobus may be compared wi tb the branched 
sporophylls of Tmesipte>·js (fig. 120). This agreement between 
the sporophylls of the Palaeozoic and recent genera acquires 
a.ddi tional importa.nce from the very close resemblance between 
t he exarch stele of SphellophyUnrn and that of the genus 
PS1:lotmrl.. which conforms to the Palaeozoic type not only in 
the centripotal character of the primary xylem and in its exal'ch 
structure, but also in the occasional occurrence of secondary 
xylem I, and in the steJIate form of its transverse section. Tbe 
occasional mesarch structure of th~ stele of Chei-rostrob'us finds 
a parallel in the mesarch xylem groups in the stem of 1'mesiJpteris. 
It is tbus on the strength of these resemblances that Thomas 
and Bower would remove the Psilotaceae from the group 
Lycopod iales and uni te them with Sphenophyllum and Chei,'o
strob"s in t he Sphenopbyllales. While admitting tbe validity 
of the comparison briefly referred to above, I prefer to retain 
t be Psilolaceae as a division of the P teridophyta including only 
P silotu'm, and Tmesipteris. 

In his recent book on The Origin qf Land Flom, Prof. Bower 
raises objection to the us~ of the term ventral lobe in speaking of 
the sporangium-bearing stalk or sporangiophore borne on the 
sporophyll of Sphellophytlmlt. H e 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 POrtl!4 p. 21. 
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in the absence of proof. The designation sporangiophore i. no 
doubt preferoble to that of ventral lobe as it carries with it 
no a.dmission of particular morphological value; as a further 
concession to a non-committal attitude we may provisional1y at 
least regard a sporangiophore as an organ sui gelle1'is "and not 
the result of modification of any other part'." 

The view pu t forward by Prof. Ljgni eJ'~ that the Spheno
phyllales nre descenda.nts of primitive ferns is Dot convincing, 
and his comparison of Sphenophyllmlt with 111'chaeopteris lacks 
force in view of our ignorance as to the nature of the reproductive 
organs of the latter genus. That the Spbenophyllales are 
connected with the Equisetales and with the Psilotales hy 
illlport.:'l.ot morphological features is clear; but the comparison 
between t he sporophylls of the extinct genera with those of t be 
existing genus Tme;ipt.,is , though helpful and possibly based 
on true homology, cannot be consjdered as settling the morpho
logical ""lue of the sporangiophores of Sphen0l'hyll1L>n and 
Chei1·ostrobus. 

I do not propose to discllss at length the different views in 
regard to the mOl-phologic<l1 nature of the sporangiophore of 
Sphel1ophyllwn. The comparison, which we owe in the first. 
instance to Scott, with the synangiulll of the rsilotales with its 
short stalk, though not accepted by Lignjer as a comparison 
based on true homology, is one which appeals to many bot.anists 
and is probably the best so far suggested. The furtber question, 
whether these sporangiophores are to be called foliar or axial 
structures is one which has been answered by several authors, 
but it is improbable that we shall soon arrive a.t a decision likely 
to be accepted as final. Discussions of this kind tend to assume 
an exaggerated importance and frequently carry with them the 
ina)1lication that every appendage of the nature of a sporangio-

• phore can be labelled either shoot or leaf. We treat the 
question from an academic standpoint and run a risk of 
ignoring the fact that the conception of stem and leaf is based 
on morphological characteristics, which have been evolved as 
tho result of gradual differentiation of parts of one originally 

I Bower (OS) p. 426. :% LigDier (03); (08). 
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homogeneous wnole. There is much that is attractive in the 
view recently propounded by Mr 'l'ansley that a leaf is Dot an 
appendicuJru' organ dj#fering ab ill.itio frOID the axis on which it 
is b()rDc, bllt that it is in p hy logenetic origin a " branch-system 
of n primitivl;! unditferentiated sporangium-bearing thallus 1." 

Admitting the probabili ty that this view is correct, our faith 
in the importance of discussions on the morphological nature of 
sporangiophores is !:'haken, and we ren-lise the possibili ty that 
our zeal for formality and cla.ssincation may lead to results 
inCOllsistEmt with an c\'olutionary standpoint2. 

1 Tanaley (OS) p. 26, wllQ refers to simjlar views held by Palanin IloIlO by 
Bidlicr. 

~ Ou the morphology of Sporansiophores, see also Benson (082) aod 
Scot.t, D, H, (09) p, 6211. 



CHAPTEH. XIII. 

PSI LOTALES. 

THE two recent genera Psilot1l.'ffI. amI Tmesi:pteris !\re usually 
spoken of as members of the family Psilotaceac which is 
included as one of the subdivisions of the Lycopodiales. It is 
prvbable. as Scottl first suggested, that t hese two plants are 
UlOl'C nea.rly allied than are any other existing types Lo the 
Palaeozojc genus Sphenophyllu'l1l. 

\\'e mfi)' give expression to the undoubteu J'eserublances 
between 1'", .. i1'I",'8 and Psiiot"", ·and t he Sphcllophyllales by 
including the recen t genera as menthol's of tha.t group, originally 
founded on t he e)(tinct genus SphBllophyllum. j this is the 
course adopted by ~rhom;ls~ and by Bowers : or we may 
emphasise t he fact that these two recent genera differ in 
certain important respects from Lycoporli'u:l'n and Selaginella. by 
remov'ing them to a separate group, the Psi lotales. 'rhe latter 
course is preferred on the ground that t he inclusion of P Sl,·lotun! 
and TrnC8'iptens in a group foundod on an extinct. and necessarily 
imperfectly known type, is based on insufficient evidence and 
carries with it an assumption of closer relationship than has 
been satisfactorily established. 

!rhe genus Trnesipt"'is (fig. 120, A) is represented by a 
single species T. tannensis Bertr.· which usually occurs as an 
epiphyte on the stems of tree-ferns in Australia, New Zealand, 
and Polynesia. Psilotum.. with two species P. triquet1'Wln 

] Scott (ooJ. ~ Thomas (02). 3 Bower (08) p. 398. 
~ Dangeard (91) and Bertrand, C. E.(Sl J recognise other species o( l'muiplerj8. 

bat it is doubtful bow (n.r sucb differences a.s exist are worthy of specifio 
r~nition. 

S.l1. 
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Sw. (fig. 118) and P. co71tl'lanatum Sw., flourishes in moist 
tropic.'\J regions of both hemispheres, growing either on soil 
"jeh in organic substances or as an epiphyte. Both genera 
nrc considered to be Illore or less saprophytic. 

i ~I 
A B 

FIG. US. PsilotlHlI lrique'mm (! natural size). 
A. Synangium. 
B. Sporophyllafter removal of the synanginm. (M.S.) 

Ps£lutWJ)1" 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 
repeatedJy forked aerial shoots. In P. compianatum1 the habit 

1 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 !latter form. In both species the fUDction of 
carbon-assimilation is performed by the outer cortex of the 
gre~n branches, as the small, size of the widely-separated 
foliage leaves renders them pl'actical1y useless as assimilating 
organs. 

Th e sporophylls consist of a short axis terminating in two 
smaiJ di\"ergent forks and bearing on its adaxial surface n. 
trilocular or in Tare cases a bilocular synangillm (fig. 118, A 
and B). The walls of the loculi Me composed of several layers 
of cells ~l.nd dehiscence takes place aiong three lines radiating 
from the centre of the srnangium. Professor Thomas l has 
recorded tI fairly numerous instances in Psilotl1mt of a second 
dichotomy of one branch of the first fork, 0'·, less frequ ently, of 
both branches ": instead of one synangium subtended by the 
two slender leaBels of the forked sporophyll-axis, there may be 
two synangia. and three leaf-lobes or three synangia and four 
It!af-Iobes. The occurrence of both these abnorrnaiites in 
P silotU/m and 'l'meS'ipteris shows a decided tendency in the 
Psilotales to a repeated dichotomy of the sporophylls'. 

A single stele 3 with a Buted surface occupies the ax.is of au 
aerial sboot (fig. 119, A); the axial region is occupied by a 
core (If elongated mechanical elements (8), which may occasion
ally extend to the periphery of the xylem and break the 
continuity of the band of scalariform tracheae (fig. 11 9, A, a). 
The tracheae form tbe arms of an inegulad y stellate stele and 
each arm is terminated by protoxylem elements (fig. 119, B,p.v). 
The rays of the xylem cylinder, which may be as many as six 
or eight in the upper part of the aerial shoots, become reduced 
in m!m ber as the rhizome is approached, assuming a diarch 

. structu re near the junction. In the rhizome the xylem forms 
an approximately tria.ngular group of tracheae without any 
COre of mechanical elements. Three to four layers of paren-

t Thomas (O'2) p. 34.9. 
, Another form of abnormality in tIle sporophylb of Psilotum has recently 
~ described by Miss Sykes. Sykes (oat) . 

• Bertrand. C. E. (81); Ford (04). 

2-2 
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chyrn. succeeded externally by an ill-defined phloem (fig. 119, A, 
p) surround the xylem and" fairly distind endodermis (fig. 119. 
A and B. e) encloses the whole. To ]IIr Boodle 1 is due the 

B 

, 
FIG, 110. A. Diagram of transverse section of aerial shoot of Prifutmn 

triquetrum. (I-C, cortex; 'p, phloem; t, endodermis; '. stereome; 
:t. xylem; a, gap in 'Xylem. 

B. Enlarged "iew of ODe of t.be u.ngles of the xylem shown in A. 
)lx, protoxyletn. 

C. Pa.rt of tr8,n8Ve~ section of an 8pprorimately triangula.r 
rhizome I3 tele showing a portion of t.be rnetaxyiem Xl ; p:t, proto
xylem elements; x2, 88condary xylem. 

1 Boodle (04). 
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interesting discovery that in some parts of the rhizome the 
parenchymatous zone surrounding the sculariforlll tracheae 
may become the sea.t of meristerntl.tic actiyit,y which results 
in the production of secondary tracbc!\e (If Len characterised 
by u sinuous longitudinal course. There is no definite 
cambium, but the radially dis]1t>scd tracheae and tbe adjacent 
parenchymatous elements clearly demonstrate the secondary 
nature of the tissue immediately external to the group of 
primary xylem. Fig. 119, C, drawn from a section kindly 
~upplied by :Mr Boodle, shows the iSecondary xylem clements at 
.'Jf! associated with radially disposed thin-walled cells abutting 
on the primary xylem, .r}. It is probable that this n.dded tissue 
mlly be a remnant of a more extensive secondary thickening 
characteristic of the ancestors of the recent species. In their 
mr..nner of occurrence and sinuollS course these s~condary 

tl'l:1.chcids benI' a resemblance to the secondary xylem of 
Lepidodend1'ol1.fuligil1QSUm,J. The :stele of the aerial shoot bears 
a fairly close resemblance to the vascular axis of Chei'r'ost1'obus , 
and its three-rayed form in the lower portions of the green 
branches recalls that of the Sphenophyllu1n stele, except that 
the axial xylem elements of the Palaeozoic genus are usually 
represented in Psiloflum by mechanical tissue. The cortex 
consists of three regions (fig. 119, A), an outer zone of chloro
phyllous tissue (a) rich in iutercellular spaces succeeded by a 
band of mechanical tissue (b) which gradually passes into an 
iuner region of larger and thinner-wal led cells (c). 

The genus 'i'mesipteris 2 agrees wi th PS't'iot:um in general habit 
and ill its epiphytic and probably in some degree saprophytic 
mode of life. I ts brown rootless l'hizome, which grows among 
the roots of tree-ferns 01' rarely in the ground. gives off 
peoonlous or erect shoots reaching a lengtb of two feet and 
bearing lanceolate mucronate leaves 2-3 cm. long (fig. 120, A) 
attached by decurrent leaf-bases. The sporopbylis, replacing 
the upper leaves or occurring in more or less well-defined zones 
alternating with the foliage leaves, consist of a short axis 
terminating in a pair of lanceolate lobes and bearing on its 

I See p. 150. , Bertrand (Sl); Jennings and Hall (91). 
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adaxial surface all elongated bilocular synangium attached to a 
very shol't stalk (fig. J 20, B). Reference bas already been 

pi 

FlO. 120. TmellipteriB. A. Foliage leaves. 
B. Sporopbyll and bilocular sYIHl.ngillm. 
C. Dillogram of transverse section of stele. P%, protoxylem. 
D. F. Abnormal sporophylls. (From drawings made by Prof. 

Thomas and generously placed at my disposal. A.C.S.) 
E. Portion of C enlarged. 

made to the divergent opinions as to the morphological nature 
of the sporophylls or sporangiophores, but recent investigations 
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distinctly favour the view that n sporophyll is best interpreted 
as n stalked leaf with two sterile laminae and nn almost sessile, 
or in some cases a. more ob"iously stalked, synangium; the 
whole sporopbyll is characterised by the possession of a ventral 
and a dorsal lobe '. The drawings reproduced in fig. 120, D 
nnd F , illustra.te some of the frequent \'ariu.tioDS described by 
Thomas in plants which he observed in the New ZeaJand 
forests. The sporophyll shown in fig. 120, D and F, has 
branched twice and bears three synangia. 

The aerial branches of Tmesiptel'is possess n. central 
cylinder of separate xylem groups in which the protoxylem 
o"cupies an inLernal position (fig. 120, C and E. px) enclosing 
an axial parenchymatous region. The cells of a few layers of the 
inner cortex immedia.tely outside the endodermis are rendered 
conspicuous by a dark brown deposit. The cortex as a. wbole 
is composed of uniform parenchymatous tissue. In the lower 
part of' the aerial shoots and in the rhizome the xylem forms 
a solid strand without protoxylem elements and conforms more 
clearly to that of Psilotum. 

In this 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 a recently published paper on the 
genus 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-trace is marked by an obvjous gap. Evidence 
is adduced in support of the conclusion that this difference. 
which at first sight appears to be ODe of morphological import
ance, is in reality merely a question of' degree and U is due to 
the earlier preparation for the formation of 'sporophyll' than 
lea"traces." Miss Sykes gives her adherence to the view that 
the j(sporopbylls" of Tmesipteris are branches and DOt leaves, but 
despite the arguments advanced this interpretation scems to 
me less probable than tbat whicb recogoises tbe sporopbyll as 
a foliar organ. Prof. Lignier ' has pointed out that if Miss 
Sykes's conclusion as to the axial nature of the eporophyll in 
Tmesipteris is accepted, it diminishes the force of the com-

1 Sykes (OS). 2 ibid. (08) . 3 Lignier (08). 
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pal'ison between t~- sporopbJ#)!! ,of that genus '9l 
l'ltyllum as those 0 tJ\~.,Jatter can hardl~fl*, reg:J!rde 
t.han foliar orgftlls. ~~~ .;:r" 

Both members 0 ' ~e Psilotales may, as..... odIe bas 
sugg£:stc:d, be regarded as ·oc.,eendants of a C 10n parent in 
which the t_\.cr ial stems posscssd'd a fluted or stellate cylinder of 
rn~saruh xylem. There can be no doubt as to the signi1icance 
of the morphological ]'<::semblu.nces between t.he Psilotales and 
the genem Spllen.lJpllyllum and Chm;1"ostrobus, but the position 
of ']''IIlesipteris and P S1'lotu71l in the plant-kingdom may probably 
be best expressed by adopting the group-name Psilotales rather 
than by transferrlug the recent genera to the Sphenophyllales. 
One of' the most striking differences between the Psilotales and 
the genus Lycopori1:mn is in the fm'm of the spol'ophylls and 
sporangia: in Lycopodl>U11L a. single sporophyU bears a unilocular 
spol'1lllgillm, but in the Psiiotaies the sporophyll may be 
described as a bilobcd structure homologous with a foliage
lun.f, 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 tbe sporopbyll 1 

FOS81:ZS described by authors as beillg closely 
allied to Psilotum, 

A search through palaeobotanical literatul'e reveals the 
existence of a very Srlldl1 number of specimens which b8~'e 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 
al'ailable in regard to the past history of the two southern 
genera Psilotum, and Tmesipteris, which are regarded by some 
botanists as relics of an ancient branch ~ of pteridophytes. 

III 1842 Munster ' institn ted the genus Psilotites for a small 
impression of a slender branched axis from Jurassic rocks near 
Mannheirn ill Germany which he named Psilotites filifONnis; 

1 Bower (94); (08). i Bertrand (81) p. 254. 
J Munster (42) p. 108, Pl. Ull. fig. 11; Fl . xv. fig. 20. 
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Sehimper' spoke of the specimens as too doubtful for deter
mination, an opinion with which every botanist would cordially 
agree. Goldenberg's species Psilvtites lit"aTlth'racis~ from 
the Saarbriicken coal-field is fou nded on impressions of axes : 
some of these are dichotomously branched and bear small oval 
projections, whjc:h may be rudimentary !cl\ \'cs or possibly leaf
scars. ~'1or" recently Kidston" described specimens of branched 
uxes from the Lunarkshire cOIlJ-field bearing a row of lateral 
thorn- like projections under the title }Jsilotites wl.ilaiel'o.lis; 
but these fragments, as Dr Kidston himself admits, are of no 
botanical valuc. 

In a paper on fossil Sah:inias, H oWck 4 mentions Salvim'(f 

Tetiwlata, originally described by H eel' and by Ettingshauscn 
and S. Alleni Lesq. 5 a 1~ertiary species, and calls attention to 
thei r very close resemblance in form, ner\'atioll, and apex to the 
lC:l\'cs of the genus l'me81;pte1'is: he refers both species to that 
genus. The dl'awings reproduced by R ollick re.present leaves 
with a midrib and numerous anastomosing lateral veins, 
whereas ill l'mesilJteris the lamina of the leaf has a midrib 
without lateral branches. An enlarged drawing of the outlines 
of the epidermal cells would correspond closely with the small 
reticulations in the fossil leaves and it may be that there has 
been some confusion between veins and cell·outlines. In any 
case there would seem to be no reason for the liSC of the recent 
generic narnell. 

Among other fossils assigned to the Psilotales we have 
Marion's genus G01n.phostl"obus from t he Permian of France aDd 
GermaDy ~ . Marion placed this pla.nt in the Coniferales on the 
strength of its resemblan.ce to Walcht'a and Arauccwia, but 
Potorue8 is inclined to recognise in the leaves and lDonospermic 
sp,,""ophylJs characters suggestive of Lycopodiaceous affinity. 

1 Schimper (70) A. p. 75. !! Goldenberg to;)) p. 13, PI. II. fi g 7. 
j Kidston (86t). ~ Hollick (94) p. 2li5, figs. 12, 13. 
~ Lesqnereux (78) PI. v. fig. 11. 
• Since this was written I have bad an opportunity of seeing a leaf labelled 

Tmuip'ttri. froUl the Tertiary planj...beds of FlorislULnt. in a collection recently 
acquired by t.he British Museum: the specimen be&rs no re&en1hlance to a leaf 
of the recent genus . 
• 1 Marion (90) . II Potonie (93) A. p. 197, Pis. XXVII., :n.VUl., :n:ntl. 
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The latter author in 189] l} in ignorance of Marioo's proposal to 
adopt the name Gomphostrobu., instituted a genus P8i.lon.. 
},hy/.luln for the sporophylls of a species originally described by 
Oeinitz" as Sigillariost"obus b(fidus, but he subsequently adopted 
Marion's designation and with some hesitation included the 
French and German specimens in the Psilotales. AB stated 
eisewheres, Potonie's arguments in favour of his view hardly 
carr)" convictioIl, and it is probably more in accordance with 
truth to deal with G01nphost1'obus in the chapter devoted to 
the Conifemles. 

P silophyton. 

The generic title Psilophyton, instituted by the late Sir 
WiHiam Dawson\ has become familiar to geologists as that of 
a J)re-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 differen t types and in 
many caSes unworthy of record. The genus was founded on 
impressions of branched axes from the Devonian stmta of New 
Brunswick resembling the rachis and portions of lateral pinnae 
of ferns 0 1' the forked slender twigs of a Lycopod. The type
species Psilophyton princeps Daw-s. as represented on somewhat 
~Iender evidence in Da.wson's restoration, which accompanies the 
original description of the genus and has since been copied by 
se\'eral authors, is characterised by the possession of a horizontal 
rhi zome bearing numerous rootlets and giving off dichotomously 
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 planE is 
spoken of by Dawson as apparently a generalised typeS, -re
sembling in hnbi t and in its rudimenta ry leaves the recent 
genus P silotum and presenting points of contact with ferns. 

I Potonie (91): (93) A.. p. 197. 
2 Geinitz (73) p. 700, PI. m. fig8. 5-7. 
3 Sewa.rd and Gowan (00) p. IS7 ; Seward aDd Ford (06) p. 374. 
" DawsoD (59) A. p. 478, fig. 1. 6 ibid. (71) A. p.88. 
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Specimens were found in an imperfectly petrified state showing 
a central cylinder of scalariform tracheae surrounded by a broad 
cortical zone of pl"lTenchymu and fibrous tissue. 

Among other species described by the author of the genus 
we need only mention Psilophyto1l robasti'US, characterised by 
vegetative shoots and "spore--cul!les " similar to those of the type
species; but, as Solms-L~ubach' has pointed out, the petrified 
sections referred by Dawson to P . robu-stius are of nn entirely 
different anatomical type from that of p. princeps 2. 

British fossils from the Old Red Sandstone from the north 
of Scotland, Orkney and Caithness, originally figured by Hugh 
Miller and compared by him with algae but more especially 
with recent Lycopods, were subsequently placed by Carruthcl'Ss 
in the genus Psilophyton as P. Dechian'U7n, the specific designa
tifoU being chosen on the ground that the Scotch specimens aTe 
specifically identical with fossi ls described by Goeppert' as 
Haliserites Dechianus. 

Various opinions have been expressed in regard to the 
nature of the Devonian species Haliserites Dechianu8 Goepp. 
with which Carruthers' identified Miller's Old Red Sandstone 
plant: reference may be made to a paper by ,,7hite G containing 
figures of dichotomously branched impressions described as 
species of Tlw'mllocladus which he includes among the algae. 

In describing some Belgian impressions of Devonian age as 
Lepidodendron guspianmn Daws. Crepin i states that Carrn thers 
has come to regard the specimens named by him PsilophytOl1 
Dechianum as branches of a Lepidodendron ; he also quotes 
Carruthers as ha,wg expressed the opinion that the name 
Psilophyton had been employed by Dawson foJ' two kinds of 
fossils, some being twigs of Lepidoden.dron while others, identi
fieQ, by Dawson as the reproductive branches of species 
of Psilol'hyto1l , represent the spore-cases of ferns comparable 
with Stur's genus Rlwdea'. One of the examples figured by 
CalTUthers O as P. Dechianu1n from 'l'hurso (preserved in the 
British Museum, no. 52636), measuring 34 cm. in length and 

1 Solms.Laubach (95) A. 2 Ds.wson (71) A. Of. PI. Xl. figs. 131, 134, etc . 
:I Carruthers (78). 4 Goeppert (52) A. Ii Carruthers (73). 
t White (02). '1 Crepin (75). II 8tur (75) A. p. 33. 
II Carru~er8 (73). 
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8 mm. broad, beru'S a close resemblance to a fern rhizome 
covered with ramen tal scales such as that of a species of 
Da.vallia. Other Bclgian specimens described by Gilkinet' as 
Lepidodendl'oll lmrnotense, like Crepin's species, are no doubt 
generically identical with some of the Scotch and Canadian 
fossils plac(·d in \,he gen us F siluphYioll , though Penhallow' 
considers that lihe spcc_jes Lycopodites Afiller{, is more. correctly 
referred to L,ycopodites t..han to P silophylolt. 

A more recent paper on the Geology of the Perry basin in 
~out,h-(!a.stern Ma.ine by Smith aud " 'hiteS contains a critical 
summary of the literature on P silophyton and drawings of 
~pecimcns. The latter afford good examples of Pre-Ca.rboniferous 
plant f)'agments, such a5 are often met with in various parts 
,If the world, ,vhich conform in habit to the New Brunswick 
specimens made by Dawson the type of his genus. 

An examination of materia.l in the Montrea.l Museum and of 
H ugh Mil.ler's specimens i_n the Edinburgh collection leads me 
to share the opinion of Count Solms-Laubach that the name 
P si/opilytoll has been applied t o plants which should not be 
included under One generic title. As Kidston' pointed ou tl 

t he Canadia.n species P silophyton '1'ouu8til£S is not generically 
disti nct from British and Belgian specimens referred to Lepido
drl1d'1'on; it may possibly be identi cal with t,he Bohemian plants 
on which S t Ul" founded his genus H ostinella,5. The Devonian 
plt1nt~ described by StUI' have since been examined by Jahns 
who regards them as vascular plants, and not as algae to which 
StUI' refeJTed them; he mentions two species of P silophyton 
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 fOJ'ked a.xes with a smooth surface and otbers 
figured by Miller and by Dawson, with the surface covered with 
scales suggesting the ramenta of a fern , may be tbe rachises or 
rhizomes of fihcinean plants. Other specimens may be Lepido
dendron twigs, as for example the petrified fragmems figured by 

I Gilkinet (75) figs. 2-5. ~ Penhallow (92) p. 8. 
, Smi th and White (05) p. 58, PIs. v. VI. ' ~ Kidston (S6i ) p. 232. 
b Stur (81) PIB. 111, IV, 8 Jahn (03) p. 77. 
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Dawson as Psilophyton princffps; while the stem identified as 
P. robustius is most probably that of a, Gymnospenu. It is 
doubtful whether a useful purpose is served by retaining the 
genus Psilophyton. It was in the- first instance instituted on 
the assumption, which C<:'l.nnot be upheld, that the abundant 
material in the New Brunswick beds bore <1. sufficiently close 
resemblance to the rhizome and aerial bmnche~ of Pdilotll1u. 
Psilophyton has served as a name for miscellaneous plant 
fragments, many of which are indeterminabl e. Dr V\Thite 
concludes his account of' the genus with lhe following words I : 

., The examination of such so-called Psilophyton material as 
I h3.ve seeD shows the e)..'istence in America of t-wo or more 
groups, represented by several fairly well-rnt\rked species which 
possess stmtigr::tphica! va.lue, and which should be carefully 
diagnosed and illustrated. It is probable also that additional 
material throwing light on the structure and relationships of 
these very remarkable early types of land-plants will be 
discovered at some locality. The inspection of the material in 
hand emphasises the need) as was pointed out by Solm~

Laubach, for the revision of the material referred by vl\rious 
authors to Psitophyton, together with a thorough re-examination 
and re-publica.tion of the types." 

Until a thorough re-examination has been made of the 
C~U1l.\di<1.n material, with a view to determjne whether there 
eX_1st substantial reasons for the retention of Dawson's genus, 
it is undesirable to continue to make use of this name for Pre
Carboniferous fossils which are too' incomplete to be assigned 
with certainty to a definite group of plants. Dr Wh ite draws 
attention to the similarity of some of the Perry basin specimens 
to Nathorst's genus Oephalothecu~ from Devonian rocks of Bea.l' 
Isl~lld in the Arctic regions, a comp.:"I.rison which might be 
extended to other genera and which serves to illustrate the 
possibility that many of the specimens labelled Psilophyton may 
eventually be recognised as examples of wel1 defined generjc 
types belonging to more than one group of plants. 

I Smith aDd White (05) p. 63. 
t NathorBt (02) p. 15, PI. I. figs. 18---35. 



CHAPTER XIV. 

LYCOPODIALES. 

THE recent members of the LycopodiaJes are considered 
apart from the exti nct genera in order that ou r examination of 
the laLter 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 extinct as 
well as with the recent genera wiU enable us to appreciate the 
contrasts between the living and the fossil forms and to realise 
the prominent position occupied by this group in the Palaeozoic 
period, a position in striking contrast to the part played by 
the diminutive sut'vi\'ors in the vegetation of tllP 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 
a.ppear to lead to an excessive attention to details, is necessarily 
sCHnewhat different from that represented in botanical text
books l . 

A. HOMOSPOREAE. 

Lycopodiaceae: genera Phyllogloss","" Lycopodium. 

B. HETEROSPOREAE. 

Selaginellaceae: genus Selaginella. 
Isoetaceae: genus Isoetes. 

The existing plants included in the Lycopodiales are in 
nearly all cases perennial herbaceous pteridophytes, exhibiting 

1 For a general account orreceot Lycopodiales see Pritze1(02) ; Campbell (05); 
Bower (08). 
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in their life-histories a well marked altern(Ltion of generations. 
The sporophyte (""exual geueration) is characterised by the 
relatively small size of the leaves except in the genus Isoetes 
(fig. 132) and in the Austmlian and New Zealand genus 
Phylloglossum. The stems aloe usually erect or trailing, 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 
tbe forUl of a single axial strand (stele) (fig. 125), but t he 
shoots of some species of Selaginella often contain two or more 
distinct steles (fig. ] 31). The g roup as a whole is characterised 
by the centripetal development of the xylem composed almost 
entirely of scalarifonn t.racheids: secondary xylem and phloem 
Ilfa peculiar t ype occur in isoetes, and the production of secondary 
xylem elements in a very slight degree has been noticed in one 
species of 8elaginella (8. ,c;pinosct)l. The roots are constructed on 
11 simple plan, having in most cases only one strand of spiral 
protoxylem elements (monarch structure). In L ycupodium. in 
which stem and root anatomy are more nearly of the same type 
than in the majority of pla.nts, several protoxylem strands ruay be 
present. The sporangia are axillary or, more frequently, borne 
un the upper surfa.ce of sporophylls. which are either identical 
with or more or less distinct 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 bmnches. 

The gametophyte (sexual generation) is represented by 
prothalli which, in the hODlosporous genera, may live under
ground as saprophytes, or the upper portion may develop 
chlorophyll and project above the surf""e of the ground"" an 
irr"![ularly lobed green structUl"e (e.g. Lycopod;."" ce .. nuum)'. 
In the heterosporous forms the prothalli are much reduced and 
do not lead an independent existence outside the spore by t he 
membrane of which they are always more or less enclosed. The 
sexual organs are represented by antheridia and archegonia; 

1 BnlchmllDD (97). 
, Treub (84-90) ; see also Lang (99) Rnd Bruchmann (98) . 
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the male cells are pro\7ided with two cilia except in I soetes 
which has multiciliate antherozojds like those of the ferns. 

The ex isting Lycopod" though widely distributed, never 
grow in sufficiently dense masses to t he exclusion of other 
plants to form a conspicuous feature in the vegetation of n. 
coun try. The inconspicllolls role which t hey play among the 
plant-a."sociations of the present era affords a striking contrast 
to the a.bundance of t he arborescent species in t he Palaeozoic 
forests of the northern hemisphere. 

Lycopodiaceae. L!Jco]Jod'iw1lj represented by nearly 100 
spcci(:s, forms a constjtllent of most fl oras: epiphytic species 
predominate in t ropica l regions, while oLhers flourish on the 
lI 111u ntaills and moorlands of Britain and in other extra-tropical 
cuuntries. For the ulOst part L,ycopodium exhibits a preference 
for a moist climate and appears to be well adapted to habitats 
where th e amount. of sunlight is rehtt ively small and the 
conditions of life unfavourable for dense vegetation. Mountains 
and islands const:l.ntly recur as situations from which species 
ha ve been recol·ded. Some species llre essentiully swarnp
plants, e.g. Lycopodimn 1'mmdatum, a British species, and 
L. CTuent,lI'Ill from the marshes of Sierra Nevada, A variety 
of t he American species, L . alopecllroides (val'. aquaticum) 
affords all instance of a submerged form , which has been 
colleded from an al,itllde of 12-14,000 ft. on the A.ndes and 
Himalayas. It is noteworthy that a considerable variety of 
habit,a.ts is represented within the limits of the genus and that 
many species are sufficiently hardy to exist in circumstances 
whjch would be intolerable to the maj ori ty of flowering pla.nts}, 

The Britisb species frequently spoken of as Club Mosses, 
include Lycopodium Selago. L. annotiniu7n, L. clavatmn, L . al-
p1'nwn, and L. im~ndatlL1n. c 

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

1 See Baker (87) A. 
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Selagil1ella lepidopl,yUa, a tropical American type, popularly 
known ;:is the Resu rrection plant" a nd often erroneously .!'poken 
of as the Ro~e of J erichol, possesses the pow~r of rolling up jts 
shoots during periods of drought and furnishes all example of a 
s pecies adapted 1,,0 conditiong in ma.rked contrR.."t, to those which 
arc most favourable to the majori ty of species. 

TIl(' onl.'> British species i8 Selugillella sp illH.'lfI named 
by Llnmll'u~ ],yropodiul/i :.;eitf,qinoidc.-; a.nd \lcc~\Sion~\Uy ref(!lTt:.·u 
to as Selogillclla spirl1l.tos(I A. Hr. (not to be c(JnfllllIlclccl with a 
J a\'an speci('s S. spi1'lululj(i Sprillg~). 

Isoetaceae. J.'iuetes (fig. 132), vI' which All' Bakcl' in his 
HundbUOh- of the F tn'II -A llie.~ enumerates 4-9 species. is a. 
type apar L, differing in habi t a~ in certaln other charl'l.ctcn; fro III 
the oth!.:r mem bers (If the Lycopodinles. I 'ome botanists3 

prefer to include the genu!; among the Filicales, but the bahtuce 
i,J' e \·jdence, including resemblances between J.<;oetes aod exti nct 
Lyc0l'0diaceous plants. would seem to favour its retention as an 
.tben·nnt genus of the group Lycopodinles. Snmo speeics arc 
permanently submerged, others occur in sit uations intermit
tently covered with water, and a few gmw in damp oi l. 
lsoetes lacust1'is is found in mountain tarns and lakes of Britain 
aDd elsewhere in Centr:).l and NQrthern Europe ~lntl North 
America. ] t,'oetes h,l/str'l.·a:4 , tl land-fo rm Occurs in Guernsey. 
XOl'th-East France, Spain aDd Asia Minor. 

Lycopodia.cea.e. 

The lIloIlotypic genus Ph ylloglu:Jsu1n, represented by P. 
]}rummondii of Australia and New Zealand, though in teresting 
from the point of \;ew of Hs probn.ble claim to be considered 
the.,most primitive type of existing Lycopodiaceou9 plants. need 
not be dealt with in detail. A complete individuili. which 
does not. exceed 4 or 5 em. in length, consists of a very small 
tubercle or Pl'otocorm bearing a rosette of slender subulate 
leaves and prolonged distally as a simple nfl.ked axis which over w 

tops the foliage lca,es and termina.tes in a compact cluster of 

1 The ROBe of Jerioho is. ,drWl tatica. Hit!roclnl1ltjrW L. So Cruciferou8 plant. 
~ Baker (S7) A, 1), 34., S Vines. {SS). 4 Scott and Eill (00). 

s. u. 
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small scale-like sporophylls, each subtending a single sporan
gium 1. 

L,'lcupndium. It w()uld be out of place in a volume devoted 
maitdy to fi)ssij plants to att~lnpt a comprohens.lve account of 
t he g(.·nera.1 morphology of recent species, a.nd indeed our 
knowlL'dge of the anatomical characters of the genus :is stilI 
s:o IlJ{·whaL rncagr·e. Fol' puqJOSCS (Jf co mparison with extinct 
IYl'l':-, it is {'ss(,J1t,ial that. some of the mure importnnt, morpho
logical f .. ,:tt,urcs ()f I;:'xisting species should be briefly considered. 
Th L' addi t ions made t,o our knowl enge of the gameophytc2 

of Ellrop('an anu trupical SP CCil'S during the last two decades 
hnvl' I'l',·cnli..'d a ~triking tli\-er:si t.y in habit. 

III ~c\'end species, gTl)Uped fou nd the \\ridely distributed 
t_l'pC L /jcul)(Jdiuw, Selago Linn., the cO'IJpal'ativeJ)' short, erect 01' 

:"tluc·rl'ct, sboots furlf)' fairly cumpact tufts; the ordinary foliage
leave::; fllncli()Tl n.:3 sporophyll s, and the sporangia. are not l ocali~ed 
1)11 spi:cial port,iun~ of shoots. From this type, we pass to others 
in whi('h the fertil e leaves tend to be confined to the tips of 
bl'Hnt:hc!:i , but hardly differ in fbrm fr01l1 the sterile. .A further 
degree (If !oIpccialis;l.tioD is exhibited by species with well-defined 
Cl ines ('omposed of ] c~Y(~s (01' brac't.s), tb e prirnary fun ction of 
which is t.u b€'ar sporangia and to aff'0rd n protective cOH:ring 

to the strobilu s3, 

Lycopuriilllil 1'I!fet,;cells B ook. An Andian species with stout 
dichotoll"wusly branched erect stem"! bell rs 011 the younger 
~hoots crowded leaves with t.heil· t.hick and broadly trjangular 
1l1minae pointing upwards, but on the older and thick shoots 
t.he laminae arc .trongly reflex ed (fig. 121 , A). The lower part 
of the s}.Iccimen l'eJJresented in fig. ] 2], A, shows ta.ngen
tially elungated scars and persistent leaf-bases or cushions 
left on the stem after the removal of the free portions of. the 
leathery leaves, a surface-feature which also characterises the 
Palacozojc genus L epidodendron . The refJexed leaves and 
persistent leaf-cushions are clearly seen in the pjece of old stem 
o{ Lycopodium. dichotornum Jacq'J a tropical American species 

1 For Phylloglou·um, see Bertrand (S2); Bowel' (\H). (OS) ; Campbell (05). 
2 Treub (84-90); BruchlllaDD 198,; Lsng (99), 
3 Sykes (08~). 
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A. Lycopodi.ltn~ ru!eactna. 13. L. dichotomum. 
C. L. tetrt1gonulII. D. L . 7IuI""n,,,{ari_foliltm. 
E. L. DalhlHUfiall'Ulll. F. L. ca8L/ari lloide8. 
G. L.volubile. 

'rom specimens in the Cambridge Herba.rium and Botanic Garden. M.S .) 
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rcpro<luced in fig. 121, B. Such species as L. erythmeum 
Spring, and othf'fS with stiff Innceol:.ne leaves exhibit a striking 
rC8cmbl;tl.1cc to the more slender shoot$ of some recent conifBr5, 
mOre c!'pccia.lIy A7·Ul.lC((7'1'(t e.''fcelsa, .A. Bal(l11sae, C1'ypto-meria, 
]Jrrcrydiu/ll and othe/' genera. 

I~G. 122. Lycopodium l!fJlwrrO~UIII. The brancilcli of t.he larger shoot terminate 
il) cones. (From a )llan t ill the CaUlbridge Botlluic Garden. Bedtlced.) 

In Lywpodi1l1n tetmgom,,,, 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 O\'ate leaves 
smd simulate the vegetative characters of certain conifers. 
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FIG. 123. Lycopodillm cernuum. 
(From a specimen in the Cambridge Herbarium. ! Dat. size.) 
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L. S(jllU1To8lbm Forst. (fig. 122) a tropj(;ru species from India. 
p (Jlynesill, :Il)d other r egjol1s, is characterised by its stout stems 
reaching a dialoeter of 2:5 cm., b8aring IOllg pendulous branches 
wit.h hu·gt...: t,erminni cones composed of spornphylls differing but 
s lightly from the foliage Jeaxes. The plant repl'esented in the 
phnt.ograph sen ('s as :tgood illustmtioD of the practical id entity 
in hal)i t between Palaeozoic and recent gcnera. 

L. ])alll outriun1l1n Spring, from the mountains of the Malay 
J'lellinsuJ:l and Bol'l1{_'(\ ha~ larger Je;}\,es (If finer texture w:ith a. 

.FICi.124. L!lcn)lo(iiUm of/sc ufllm. 

distinct midrib reaching fl length of 2-3 CIll. (fig. 121, E). 
Another type is illustrated by L. nUTmnularifolium Blume, also 
a. MalaJun species, ill which the leaves are shorter, broadly 
oblong or suborbicular, and the branches termina.te in narrow 
and often vel'y long strobili (sometimes reacbing a length of 
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30 COl .) with small bracts in striking contrast to the foliage 
lenves (fig. 121, D ). A similar form of long aud slender 
strobilus occurs in L, P/de,nm(lnn Linn ., I). comn1 0U tropical 
Lycopod: the freq uent forking llf the stl'obili noticed in this 
and oLher species is a character not unknown among fossil con~~ 
( Lepidost,·obi). . 

L . ce1'IIuum Linn. (fig. 123), Ilnother widel~' spl'(:'ad tropical 
type, (lifers An even closer rCS('tllhlnnce than L. '~'1'Htl'"o;sllm La 

the f,)~ail Lepidodendra. The stiff erect stern , reaching in some 
cases Cl length of several feet, bellrs numeruus rC' jJcatedly ii.)l'k l'd 
branches, with crowdt.·u lim'lu ]{'Il\'C'S., t.erlTllna.ti ng ill short 
cylindrical cones with broadly O\'at(' sporophylls. A similar 
ha.bit characterises t.he Nllrt.h American species L. obscllrum 
Linn. (fig. 1:?4) bearing cones s£> \' eral cen ti metres in length. 

I.. casuarinoides Spring (fig. 121, F ) an eastern t ropi cal 
~peci es, is 'worthy of not.ico aq exhibiting :\ peculiar form of lcaf 
consisting of fI very sma.ll lami.nn. ::l mm. in length, horne on t he 
top of a lung decurrent, ba.o;;(', which forms a. narrow type of leaf
cushion. bc;wing some l'esclllblance to the 1()llg and rib-like 
cushions uf certain f:i pecies of Sigillaria , and J'ecn.lling t he habit 
(If !-ilendcl' fossil twigs referred 1,('1 the COlli ferae under such 
n(lllle~ as Widd,.ingtollile.'J, C!J)Ja,ri...,s1'd1·utn, Sp"el1f)l~pidium. 

L. '!.lOll/b ile F orst. ( fig. ] 2] , G) a New Zealand species, in 
hflbit and leaf-form bears a. close rcsf'mblance to t he JUl'ass ic 
Lycol'oriites fa/catas Lind. and H utt. (fig. 137): it is "Iso a 
representa.tive of u. few species of Lycopodium, which agree 
with the maj ori ty of speci e~ of Selaginella in ha,\-ing- two 
kinds of steJ'i1e leaveg, compa.rati ,'ely long falcate leuves fOl'ming 
two lateral rows and smaller nppl'cssed lea,ve's on the upper 
surfa.ce of t he branches . 

• These examples suffice to iJlustratc th" general ilppeal'ance 
vresented by the vegetative shoots of recent species of which 
the foli:tge lea.ves \·n.ry considerably-frUln the sm:11l sc..'\.lc
lea\'cs of L ycopod'hun tetrogOlllJ,11I., to t.he very slender linear 
subulnte l e~tves of such a species as L, verticillallt1ll L inn, or th~ 

long and broader lamina of L. ]Jalf,ousianu.7n (fig. 121 , E). It is 
obvious that fragments of the various types preserved as fossils 
might well be mistaken either for some of the larger mosses or 
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for t wigs of conifers. As Dr Bommer t has pointed out in bis 
interesting paper on " Les causes d'erreur dans J'etude des 
enlpn'intcs v~getal es" some dicotyledonous plants may also 
Kimuhle the lw.bit of Lycopods : be cites P/,ylluclme cluvigel'a 
H"ok (C<llldoliellcell"), Ta!aUa [/l'IIveole"O' Wedd (Compositae) 
and L(t/'oisimn lycojJodt'oideiS Gard. (Meliw;tomaceao). Another 
point illustri.1.ted by fig. 12l -is the C!\ ose agreement in habit and 
in t.he limn of t he leaves and leaf-cllshions between the recent 
plants nnd the Piliacozoic Lepidodcndreae. 

III his mast.erly essay" On the vegetation of the Carboni
ft:rous Penod , ft~ cOloprtn:d wl t h that of the present day" Sir 
J oscph Hooker called attention to t.hL' variation in the shape 
and tlITH.ngl·lllent of the l eave~ in the same species of Lycopo
rli1l711.. The threE' wood cut~ which he publishes of' Lyco)Judill1n 
del1lwm. a :Xc\\' Zealand species, afford striking examples of the 
diversity in hahit and 1\~a f-JQrl1l and justify his warning "that 
if I,he SPf'C iC5 of Lepidodendron were .'lS pron(' to "ary in the 
foliage n.~ arc those of Lycopodium, our available means for 
disti lJglli~hing them are wholly insufficient:." 

As we have airt'ady noticed, t.hel'e is a considera.ble 
di\'{~r~ity a.mollg recent spcci c~, both as regards habi tat and 
habi t; in the anatomy of the ~ tem also corresponding "<uiatioDS 
nccnr within the limits (If a well-defined generic type of stele. 
Tn !'JJC'cies with crf'E'ping stems. such as L. cla.catum 3

, the 
:<;t,cle exhibits :U1 arrangemen t of "asctdar tissue characteristic 
of the 1'lngiotl'(1pic forms. rrhe xylem consists of more or less 
horizonta l plates of' scaJariform tracheae, each surl'ounded by 
small-celled parenchyma, alternating ''lith bands or groups of 
some wha t ill-defin ed phloem. The protoxrJem ;},nd proto
phloem clements occupy an external position (exarch), pointing 
to a. ceutripeta l do"€: lopmclJt of the mctaxylem. This cen.tri
petal or root-like character of the primary xylem is an important 
feature in recent as in fossil Lycopods. The close agreement 
uetween t.he roots and stems of recent species in the dispositioD 
of the vascular elements also denotes a simpler type of anatomy 

\ Bommer (03; PI. n. ligs. 140, loll. 
2 Rooker l48) p. 423, figs. 12-14. 
, Jones (05). 
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than occurs in the majori ty of vascular plants in which steUJ 

.'lod root have more pronounced structuml peculiarities. A 
pericycle, 2-6 cells in breadth, encloses the xylem und phloem 

~ J~ .\ r¥E ~b a,V 
.. ~~ 

p ' .r " JI'" 

FIG. 125. A. Lycopolliltl1l Ilichoto'fllUIIl. TrLLl16\'crse section of stem ; le, leaf. 
cushion; /l, Jeaf-tro.l:e; H, roots. 

B. L. CC!T/W,llnl, porLi on of cortex of fig . H, cnlll.rgetl. 
C. L. BlwrUillil. Cortex: It, ]caf·i,rlicei a , thill-walled tissue; 

IJ, thick-wa.lled ti lllHle: k, lacnna. 
D. L. 8a llru rll.~ . Stele: x , xylem; ]I. phloem. 
E. Portion of fig. D, enlflIged: P%. protoxy1em; p. phloem. 
F. TramiVerse Sp.ctiOD of leaf of LlIcopniliJ(lII. 
G. Vascular bundle of leaf: px, prolosylem. 
H. L . CU1l1wm: li, branch of stele; c_e", cortex; 8, GI,ace in 

cortex; It, lel\f~trnce. 
I. Stele of tig. H, enlarged (phloem olllitted). 

bands and tbis is succeeded by an endodermis, 2-3 cells broad, 
,,~tb vaguely defined limits. I n L . clavatwln, us in L. alpinlllln, 
another British species, the broad cortex is differentiated into 
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t hree fairly distinct l'egions; abutting on the endoderrn is is 11 

zone: Rt'vt'nll layers broad of thick-walled cells constituting an 
inner cortl'x modified for prntectlon and support ; the central 
region cou si;.;t,~ of larger and thinner-walled cells adapted for 
wl'lt,PJ'-!-;L<il'age and aeration; beyond thi s i s an outer cortical 
Zulll' of tinllt.!1' ilml Lhicker element.s. The prominent lenJ-bases 
Or leaf-cushiolls (fig. 123, A , lCJ g i\"e to the surfhce of a tntn:lvcrse 
~e{'lioll n. characteristic appearance whi ch presents the closest 
agn'elllcnt wil,h thlJt of thl! .'--(lunger ~hoots of Lepidodendron. 
From tht., per j}lhl'ra.J Jll'otoxy lcm groups sma.ll strands of xylem 
nre gi ven off, which follow a. sd,l'e piy ascending course through 
the torte x L(J the ~i ngle-y(' in cd leaves. The leaf-traces, in sC\'eral 
!-ip l ·cies Il t.. l ea~t. are t.hal"actc ri ~ed by a mesarch structure 
(fi g. ] 25, F', G), t, h {~ spiral protoxyJ em (· Iemcnts occupying an 

aplJl"OximaLC'iy cC'ntl"al p osi ti on. The mesophyll of the leaves 
\' tl ri ('~ in rf'garJ La the t'xtent of diffe rentiation into a palisade 
aud SpOfJgy parClJChYflla.: in aU caSCti then" is <t single \'asculnr 
bundk o{"('as.ionall.v Ilccompanied br a secretory duet. 

In e rect. S'L<' tli S of Lycop o(/ iu,m, RS represented by L. ce1'IIUlf'rn 
( fig:-. 12:~ . '125 , H , I ), L. ])(tlhou;"iaml'1l1, 1. sqlW1"1'(Jswm {fig. 122) 
anu n11\ny nthcrs, the stele pl'escnts a characteristic appea.rance 
due t,l.) I hl' xylem plate::; being hroken up into detached groups 
or shnn uniseriate band~ \vi th the interspaccs occupied by 
phlnl'11I islaIld~. This type of structure heal"s ;\ su perficial 
rl~:-:;t' llLhlall C:e Lli that ,in the single stele of ("ertuin ~pec i es of the 
rom L,IJ[IIJr/iIlW 1, but it is dist.inguished by t he islal1ds of phloem 
~C;ItLL'I\'d through the stoele. In oLher specief-; toIl e xylem t~nds 
to as.,,;u l11(· the form of t1 l\ IHltese CI'OSS (e.g. L . sen'allt?ll r:!'hbg.) 
Or it u1a.,- be disposed as V-shaped and sinuous bands termin 
ating in lU'oad t runcate enos composed of protoxylem elements. 
This form of t,he xylem and the di8triLution of the ph1.nem 
group::; are shown ill fig. 1 ~ 5, D, E, drawn from it section of a 
plant of Lycopudiu'ln S(l.IJ1'W·US La.Ol.~ collect.ed by l\lr A. W. H ill 
at an altitude of ]5,000 feet Oil th e Andes of Peru. The 
po:.:;itioll of t he protoxyletn is shown fig. 125, E, lJX. 

I Boodle (01) PI. xn:.. 
~ Thi s species is figured under lhe nam e- Lycopodium cmlRllIlI by H ooker 

and Oraville (31) PI. 224. See also Brongnian (37) PI. l. fig. 1. 
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, rhile se\'eral species pos.o;:;ess a cortex of three distinct zones 
(fig. 125/ H,. C, c', c"), 11'1 others the cxt.ra.~stelar tissue is much 
more homogeneous, consisting of thin·walkd pa.renchYlila or in 
~ome cases of thick· walled elenlt'nts; as It general T'ult:!, howen.!J', 

there is a tendency towards 11 morc compa.ct arrangement in the 
inner and outer portions of the ·cortex us cuntrasted with the 
larger aod more loosely connected cells of the middle region. 
In ct.'rt.ain t.ypes the middl L' COJ'te:x cOllLll ins fairly large spaces, 
as ill tJhc SWtl.tnp·spccies L. 'illlwdatnni. which with L. (llopeclI

raides exhibits another feature of S()lll~ interest first described b\' 
Hegt,jmaicr '. If a tramwerse section of the ::>tem Of .L. 1:1I'I_tnd(ltl{'1~t 
be exam ined the leaf-tJ';}(;c~ nrc seen to 11e accompanied by n. 

circular cawd containing li1ucilage which ext.ends in to the lamina. 
of t.he leaf: In a specimen of L. cenJull1/~ '! obtained at a height 
llf 2500 ft. by Professor Stanley Om'diner in th~ Fiji IshUld~, 

the Jeaf-traccs (fig. 125, B Lt,) wen' found to be accompnniC'ci for 
part of their cOurse by n well-marked secret.ory Rpace (fig. ] 25, 
B. s). There is little doubt I,hat the pre!-<cnce of Lhcse mucilage 
canrds is directly connected with a certai n type of habitat,:} ;lnd 
attl.'ntinn -is called to Lh em in \'iew of a resemblance which the\' 
offer to a. characteristic strand l)f tissue, known as the parichn()~, 
which is associated with the leaf-tracps of Lepidodolld7'eoe and 
Sig1·lla1"ieae. In tbe scction shown in fig. ] 25, H , the xylem 
(If the stele fOl'l1l s more continuous bands than i;.; often the case 

HI L . cenmU111 which bas already been ciescribl'o a~ having its 
:xyletn -in sl)).al1 detached groups. The presence of the smaller 
hranch-sf,de (fig. 125, fl , Ii) atlords an exarnple of monopodial 
branching. The outer cortex of L. S(1,tl1'/I7 'US (fig. 125, V) 
exhibits 11 somewhat unusual feature in the distribution of the 
thicker-walled tissue (b) which encloses a patch of more delicate 
paroochyma (a) with large lacunae (/e) in the region of the 

1 BegelwaicT (72). See ah~o l:liil, T. <3.\(0) p. 2\i\1; this authQrdre.wl'l a.t.teutiou 
to the filet that in some species uf Lycopodium the mucilage cUlluis are cOllfineu 
to the sporophyUs. 

2 Profe~or YapI' has drawn my attf'ntiun to the very close anatomical 
resemblant!£: betwncn l\ specimen of L!ICOpod(unl s«t(Lkense obtB.ined by bim 
from GUllong Inas in the Malay l)enill~ula. aud L cer1luul/1 !:La rcpreselltt=d 
in fig. 125, Hand 1. 

, JOllCS (05). 
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leaf-bases, nnd presents the appearance of an irregular reticulum. 
Thj~ nrrang['JT)t!Jlt of the mechanical tissue in the outer cortex 
is comp;1rabl~ with that ill stems of some species of S·igilla1ia. 

1n Cl'TL{t in ,o..:pecies of L ycopodium the roots I, which arjsc 
t ndogeuoll!-ily from the axiHl va.scu lar cylinder , instea.d of 
iJilSio;ing t hmngh Lhe cf} I'IIex or- the stem by the shortest route, 
bend dc,wnwards :lnd bore their ,,"loll in a more or less vertical 
din.:ctiull he /t'1'e emerging at or near the base of the aerial 
~htJ(Jt. The t ram;\'ersc section of L. dicliotoTlwlIl represented in 
fig. ]25, A, shows serer-al roots (B) in the cortex; they consist 
of n xylem :.;t raml of ci rculn.r or cr('scentric form accompanied by 
phloem and enclosed by several layers of I'oot~co rte x. The roots 
of LYCOPOfNunt do IJot always present so simple a structu re as 
1Jho~e of L. diclu){m1t1l7n: the xylem mar have an irregularly 
~.t'l' lhd (' fonn with as many a::: ten pl'otoxylem groups. 

J-{ep-,.ndllct1·!le Shools~. In L ycopodill'rn Selogo the foliage 
h.·}\\'i·s ~(' rv(' <\1 "11 m: spol'o}lh.rl l~ ,tnd, as Professor BowerS has 
l'oint(;>d ouL, th(' branches ex hibit t o sOll1e extent a zonal 
altcrnation of sterile and fcrtile lea,res j in other species, in 
whi ch fuli;lgl" leaves and !o:porophylls arc practically identical , 
till' SpOf'Hllg-ia OCCllr $poradicHlIy on t he ordinary leaves. In 
SIJ(.:ci('s with well -defin ed terminal cones the lower sporophylls 
may bear arrested ~porangia. and thus form transitional stages 
between sterile a lld fertil e leaves, a f't:uture which occurs also 
in thl' mal l> aud femal e fl owers of ma.ny recent °Arallc.:al'ieae 4 • 

The sporangia ~ (fig. ] 26 . D, F ) are usually I'eniionn and 
cumpl'cs!:'ed in ~\ directil)11 pandlel to the surface of the cone
scales; they are developed from t he upper surface and close to 
t.h" basc, of the fertile leaf to which they are attached by a 
Shl)J't flnd t hick stalk (e.g. L. i1tltndatam) or by a longer and 
more slender pedicel (L. Phlegma,ilt, fig. 126, E). On mat.'ll"ity 
the sporangia open as two valves in the plane of compression 

I Stmsbufger (7a ) p. 10!); Brongniarl (a7) PI. B; (39) A. 1)1. 32: Brongnio:rt 
fi~nre8 IItems of L. Phl~fllIH/ri(} and other species !!howin g fOots in the cortex. 
See also Goldenberg (55): Brllchmann (74); Salelby (08). 

t! :::; ince tLis wafS written a comparative accou nt of the sporophylls or 
Lycopodillm has been published by Miss Syke$. [Sykes (083).] 

3 Bower (94 ) p. 514 ; (08). .. Seward and Ford (06). 
& Goehel (05) p. 0579. 
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and the line of dehiscence is determined in som species at 
least by the occurrence of smaller cells ill the wall. In 

FIG, 126. A. Lycopodill1ll cerlluum, longitudimd aection of strobilus: n, band 
of lignified cells. 

B. L . cenlUum, Cell from spornngium wall. 
C. L. ct:rlHWnl. Sporophyll and sporangium; It, vascular hundle. 
D. L. clavatum. Part of radial longitudinal section of strobilus; 

p. sterile tissne. 
E. L. Phlegmariu. SporopbyU a nd stalked sporangium. 
F. L. clavutllTil. Tran~verse section of strobilus; }), sterile pad. 

transverse sections of cones in which the sporangia are strongly 
saddle-shaped, the sporophylls may appear to bear two sporangia. 
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This is well shown in t he section of a cone of L. clavatll1n shown 
i_D fig. 12l" F . The sp(Jrangia a and b aJ'e cut through in an 
approximately Inudian plane showiug the' irregular outlifie of 
the ~L(' rilL' prtd (p) ()f tissue in the sporogenous ca\-ity. Those 
at C ,lIld d ha;ve been tl'[\,\,crl-ied n.t a. lower le\'el and the two 
!'lbc~ 'I f! he R(4ddJ(··sbnp(.'d sponmgia are cut below the attachment 
t.o the spnr(Jphyll. The distal lamin,' of th e sporophylls, cut 
n.t diff\;n..' lll \e\'L'ls, are seen a.t the periphe ry of the cone. 

In longitudinal radi:tl sE:'ctiun of some cones the sporangia 
aplkar t,o OCC1Ipy Illl axillary posit ion, bllt in others (e.g. 

L. clClv£ltum) t hey ,we atta('h('d to the horiw nta l portion of the 
r-;plll'p}Jhytl almost midw;1y between th(' nxis of' the cone and the 
"pl.urm·d distal end of ihe sporophyll (fig. 12G, D). Th e wall 
or U slJorangiull1 fl'cqncnj,Jy cun:-lists of 2-:3 cell-layers and in 
sOll'le cases (e.g. L. dichotOIlIlU/I) , it may reach a thickness of seven 

la.YI..'rs, r c:semblillg in this respect t he morc bulky sporangia 
uf ;l certain type of L E'vidodendroid COD!;:. TIlE' spo/'ogenous 
1,j:;SIH.' ifi ~,wp;.)ri1,t,ed from the stalk (If the sporangium by a mass 
(If pn.I'C'll chymatolls t,iss ll t' which mny proj ect as a prou1inent 
pad (fig. 120. J), F. p ) in to the in t~ri or of the sporngenous 
(;;t\' ity. This ba.sal tissue (the subarchcsporil.ll pad of Bower!) 
hrt.. .. bel:: l1 ()hs(' J'\'cd in I .. ciava tu1IL to send up irregular processes 
of sterile cells fIltlong the de" elnpillg spores, suggesting a. 
cnmp"wisoll with the trabecu\;te which fonn a characteristic 
feaLure of the spcfrangi:.t of I soetes and with similar sterile 
$trands noticed by B()wcr ~ in LejJidostl'ob'lls (cone of Le)Jido~ 

dendru/l). 

Each sp<lrophyll i, supplied by It single "nscnlar bundle 
which according lo published statJements never sends a brallch 
to the spor:'::j,nglum base. The fertile tips of the foliage shoots 
l) f L . ce1"lWU1n (figs. 12(;, A-C) afford good example~ of 
specialised COIlOS. The surface of' tbo cone is covered by the 
broadly t riangu lar laminae of sporophylls (fig. 126, C) which in 
the ir firnbriate margins resemble the Palaeozoic cone~scales 

described by Dr Kidston' as Lepidostrobus fi",briatu~. The 
distal portions of the sporophylls are prolonged downwards 

J Bower (94) , 2 fbid. (94) PI. unIT. 

3 Kidston (83) Pl. xut. figs. 2-4. 



XlV] LYCOPO DI UM 47 

(fig. 126, A) to afford pt"Otection '0 t he lower sporangia, their 
e: fficicDCY being incrE'ased by the lignified find thicker walls 
(A, a) of the cells in the \ower portion of t.he laminar exprmsion. 
The cells of the sporangial wall a.re prO\' ided with strengthening 
bands which i n su rface·\Tiew (fig. liG, B) present t he appea.ra.nce 
of promi nent pegs. Since the* appearance of Mil:is Syk0s's 
paper on t,he sp.lmngium-bearillg orgaus of the Lycopodiucea.e, 
Dr Ltng l has published a morc complete accuunt of the 
structu re of the strobilus of Lycopodium, cerJl'llll1n ill which he 

Fla. 127. Radial longitudinal section of the cone of Lycop(Jdiu m ceruuuJI/. 
(After Lang.) 

records certain featurC:'s of special interest. Th e importan{'e of 
these morphological characters is increased by their agreement, 
as sl\ow n by Lang, with those of the Palaeozoic cone Spencerites~. 

• The sporophylls of a cone (12 mill. long by 3 lllDl. in diameter) 
of Lycopodium cernuum show an abm pt t.ransition from the 
foliage leaves, but like these they occur in alterna.te whorls of£\'c. 
A la.rge sporangi urn is a.ttached to t he upper face of each sporo
pbyll close to the base of the obliguely vertical distal lamina 

I Lang {OS}. ~ See page 192, o.nd Watson (09). 
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(fig.12i ); each sporophyll, which is supplied with a single vascular 
hundlc, has a large llluciJage-ca,-i ty ('In) in ir.s lower region. 
" The mucihginous change" in the sub-sporangiaJ portion of 
a "porophyl1 ," cxtendPl to the surface in vulving the epidelmis, so 
that, I,his portion uf t.h e spol'opbyll-base may be described as 
(·()IL..;isting of a ma!'ls of mucilagd bounded helow by a strllcturciess 
tlll ' lllhmn(,I ," Dehiscence of the sporangia .. occurs ::It the middle 
of th e' distal fFlec (fig. J:!7 , :1:). As seen in the radial sectiun 
(fig. 1 ~7 , ?na) the outer lllargin of the base of the sporo]Jhyll 
ht.';LI~ a short outgrowth. The Jeaf-ba5ieS of each whorl hang 
d OWIl between the sJ~or(l,l)gitl of the alternating whorl below~ ;:lnd 

Fln. 128. 'l'ranBvcrse section of the cone of L!lcopmlium cer1wwu, in its plane 
AA of fig. 127. (After LaD S.) 

the base of ench sporophyll is coherent wi th the margins of the 
two spol'oph)"lls of the next lower whorl between which it lies, 
the spor'mgia being thus closely packed and lying i,n a 
pocket u open only Oil the outer surface of the cone." Fig. 128 
represent!';. a tra.lls\·crse section through a cone in the plane AA 
of fig. 127 ; this traverses th e sporangia and tbejl'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 arc bound~d at the periphery by the 

I Lang (08) p. 857. 
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outer tissue of the sporophylls (a ). A transverse section in the 
plane BB of fig. 127 i. shO\m in fig. 129: the p<.-dicels and a 
part of each vascular strand are seen at b radiat ing from thU' 
axis of t be cone; one sporopbyll (sp, a) is cut through in the 

F ig. 12!J . TraDB\'crse sectioD of the cone of L!lcopodium cenWI/11I in the pl!me 
EB of fig. 127. (After Lang.)/ 

region of t he pad of tracheal t issue that characterises the short 
sporangial !5t alks. The upper port ions of t he sporangi~~ of the 
next lower whorl , whieb project upwa rds against the mucilag i
nOli. bases of t he sporophylls abo\'e (ef. fig. 127, BB) are shown 
at c and external to them) at a, the section has cut t hrough 
tbe outer persistent porti ons of these sporophyll bases. 

As Lang points out, this highly complex structure is an 
expression of the complete protection afforded to the sporangi fL 
of a plant met with in exposed sit,uati ons .in the tropics ; it 
is D.~'ill of importance from a morphological standpoint as ex-

• hibiting an agreement with the extinct type of Lycopod cone 
represented by Spencerites. 

Selaginellaceae. 

SelagineUa differs from Lycopodium in tbe production of 
two kinds of spores, megaspores and microspores, and, in the 

s. fl . 4 
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grea.t nu~j ()rity of species, in the dimorphic cha.racter of the 
fu!iage leaves, which are usually arranged in four rows, the 
lamiwlc of the upper rows being very much smaller than those of 
t,he lower (6g. 130, 1-3). rrhe smaller leaves ate shown more 
clcArly in fig. 130, l a. It is obviou.!i from an examination of a 

FIG. 130. Selaginellu gmnllill. (1-3, nat. size.) 

Selaginellll. sboot, sucb as is shown in fig. 130, tbat in fossil 
specimens it would often be al1)''lOst impossible to recognise the 
t!xistence of two kinds of leaves. Som.e species, e.g. Selag-inella 
spinosa!, the sole British representative of the genus, are 
homophyllous and agI'ee in this respect wit h most species of 
L ycopod'I'tlm. Anothor feature Chal'8.cteristic of Selaginella. as 

I Brmilimann (97). 
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contrasted with Lycopodiu.m, is the presence of a ligule in both 
foliage ]euyes and sporophyl1s. 'J:'his is a colourless thin lamina 
attached by a compnru_ti'-ely stout. foot to the base of n Vit 
on the upper sllrface and close to thp lower edge of the leaf 
(fig. 130,4, l; fig. 131, E, F . l). 

In an erect species, such a.. ... ·S. gr(l1Idis Moore I (fig. ] 30 und 
fig. ]3], G) from Borueo, the main shoots. which may attain a 
h~igbt of 2-3 feet, bear sInal! and 1nc~ongpic.uuus leases of 
one kind, but the lateral and repeated ly i'OJ'ked shoots are 
heterol'hyllous. Tbe passage ii'OIIl I.be hOO1rophyllous to the 
hetcJ'ophyllous arra.ngement is shown in the t l'ansition from the 
~:E'ct to the dorsivcutml habit of the lateral shoots (fig. 130, 2). 
The monopodially or dichotomollsly bmnch ed shoots produce 
long naked axes a.t the forks; these gmw downwal'd::: to the 
gruund where t,bey develop tlUmerOli s dichot.omously forked 
bri\nches. For ceIta.in reasons t,bese naked aerial axe~ were 
DI1Ul t:d rhizophol'cs and IHwe always been styled shoots, the term 
root being restricted to I'epeatedl,)' forked branches which the 
rhizophores produce in the soil. It has. however, been show II by 
Professor Harw'j'-Gibson !!: that there is no sufficient reason for 
(li'llwing any morphological distinction between rhi zophores and 
!'oots. the term root being applicnble to both. 

Our knowl edge of the anatomy of Sel«yinella., thanks chiefly 
t,n the researches of Harvey-Gibson3., is much more complete 
thaD in the case of Lycopodilt1n. The stems, which Illay be 
either trailing or erect, are usuaUy dorsiventml. and it is note
worthy that different shoots of the same phmt or even the same 
axis in different l'egions may exhibit considerabJe \'a.ria.tlon in 
the structure and arrangement of the vascular tissue. In the 
weU-known species, SelagineUa Ma'rten8ii. the stem, which is 
part,l]y trailing. partly ascending, possesses a single ribbon-shaped 
stele composed of scalilriform tracheids with two marginal 
protoxylcms formed by t.he fusion of the leaf-traces of the 
dorsal and "entral lea\'es respectively. As in Lyco]Jodi·um the 
metaxylem tracheae are as a rule scalnrifonn, but reticulate 
xylem elements are by no meaDS unknown. The trach eal band

J 

I Gard. Ohl'on, (B2). !! Rn.rvey·Gibson (02) . , ·ibid. (94) (97) (02). 
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FIG. 131. A. Sela,'1iJiella WilldlllWloii. Transverse section of stem: (1,outel 
cortex: p. phloem; t, trabeculae. 

B. S. "jlil/oJ/a, stem: )'X, protoxyJem. 
C. S. 1(ll'r"!}(I/o VaT. Lyallii, section of stele: t, ridge of ~Jlem 

cylinder; c, endodermis. 
D. S. rupc~lri~', seedlings with cotyledons (l') protruding beyond t}le 

sporophJUs (b). 
E. Transverse scotion ot St:laginclla leaf.base: I, ligule; it, leaf

trace. 
F. Portion of G. enlarged. 
O. S .• flTanllis. LongitUdinal section of strobilus: bb, sporopbyll

trllce; I, ligule. 
(A., il, C, E, F, a.fter Harvey-Gibson; D, a.lter Milia Lyon.) 
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surrounded by parenchymatous clements, is enclosed by phloem 
with external protophloern elements. The characteristic feature~ 
of the stele are shown in the diagrammatic drawing of a section 
of another species-So lVilldenowii-represented in fig. 131, A. 

A. pericycle composed of one or two layers of chlorophyll
containing cells encircles the whole stele which is suspended 
in a lacuna by t,rabecu lae (fig. 131, A, B, t) connecting the 
pericycle with the inner edge of the broad cortex. 'I'he 
trabeculae consist in part of endodcrmal cells characterised by 
cuticular bands. The cortex is usually differentiated into three 
fairly distinct regions. Mechanical tiissue of thick-walled fibres 
f'onstitutes tbe outer region (a); the middle cortex consists of 
thinner-walled p'.ll'enchymn. j the elements of which becotllc 
smaller and rather more compactly arranged in the inner zone. 
r.!.'he middle cortex is frequently characterised by the presence 
of l'paces and by the hyphnl or trabecular struct·ure of Lhe 
tissue, a feature which, as Bower] pointed out, is common to 
many recent and fossil members of the Lycopodiale~. In so111e 

ca.'Ses, e.g. S. e1'ytlil'oplls, from tropical America, the cortex 
of the creeping stem consists entirely of t,hit·k-wa.lIed ceBs. 
Selaginella grandis (fig. 130) has "a short decumbent stem 
rooted at close intervals 2." from which thick erect aerial shoots 
rise to a height of one foot or marc. In the a.pical region 
thf'sC erect axes give. off repeatedly forked foliage shoots 
on which the spiral phyllotaxis of the hornophyllous axis 
is gradually replaced by four rows of two kinds of leaves 
(fig. 130, 2). The anatomy of this species agrees with that 
of S .. Ma1·tensii. The trailing or semi-erect and homophyllous 
shoots of Selaghzella spinosa,3 present a distinct type of YllSculn.l' 
anatomy. The upper palt of the ascending stem has an axial 
stoand of xylem with seven peripheral groups of spiral proto
xylem tracheae (fig. 131, B); in the trailing portion of th e 
shoot the protoxylem elements occur as one central group in 
the solid rod of metaxylem through which the leaf-traces pass 
on their way to the axial protoxylem. This type is impnrtant 

] Bower (9i1). ! Ha.rvey-Gibson (94) p. 152. 
3 ibid. (94.) p. 194; Soott (96) p. 9. 
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as affording an exception , in the endareh structure of tbe 
xylem, to the usual exarch plnn of the stelar tissues. This 
specic~ is the only one in which any indication of the produc
tion of secondary xyl em element:;; has so fin been recorded. 
Hruchlllann 1 hus shown that, in the small tuberous swelling 
which nccurs at the base of the young shoot (hypocotyl), a. 
Tneri$tematic zone is form ed round the axial "Clscula.r strand and 
by its I1.ctivity a few flccondary tracheids ar(' added to the 
primary xylem. Wi th this exception Selaginelta appears to 
have lost, the power of secondary thickening, the possession 
of which constitutes so striking flo feature of the Palaeozoic 
Lycopods. Another type is represented by S. i1wequalifolia, 
an Indian species, the shoots of which may ha.ve either a. 

single stele or us many as five, each in lts separate lacuna. 
The homophyllolls S. laevigal,a "",r. Lyallii Spr., a Madagascan 
species, affords a furth er illustration of the Yariatioll in plan of 
the YRScular tissues within the genus. There is a considerable 
difference in structure between the erect and creeping shoots ~ 

in the former there may be as ma.ny as 12- 13 steles, whieh 
gradually coalesce b(.·fo rc the vert,-ical axis joins the creeping 
rhizome to form one central and four peripheral stales. In the 
rhizome there is usua.lly a distinct axial stele withou t proto
xylem, surrounded by nn lll-defined lacuna and enclosed by a 
cy lindrjcal stele (solenostele)2 usually two tracheae in width 
with four protoxyi£llll strands on its outer edge. The continuity 
of the tu bula.I" stele is broken and, in transverse section, it 
llSSllmes the form of a horseshoe close t.o the base of aD erect 
Sh(lot to which a cresccntric vascular strand is givcn ot!'_ 
Hltrvey·Gibson 3 has figured a section of the rhizome of this 
type in whjch the axial vascular stmnd is represented by a 
slight ridge of tracheae (fig. 131, C, t) projecting towards ~he 

1 Bruchmann (97). 
!/ The term ~oleDostele, first Ilsed by Vall Tieghem and revi,-ed by Gwynne. 

\1~ughR.n, may be applied to a stem in which the "ascular tissue has the form of 
a hollow cylinder with phloem fLnd endoderm is on each side of the xylem. As 
each leaf·trace i!J given off the continuity of the vasoular tube is interrupted. 
See Gwynne-Vaughan (01 ) p. 73. 

s Harvey-Gibson (94) PI. xu, fig . 93. 
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centre of the a.is of t he tu bu lar stele. The cylindrical stele 
consists of xylem with external and internal phloem (p): 
cuticularised endodermal cells occur at e and e. 

Reference has already been made to the descending naked 
branches given off from the points of rnn'lification of the foiiagc 
shoots of Selagillella. It. hus been shown by Harvey-Gibson I 
that these branches, originally designated rhi7.ophores by 
Nugcli and Leitgeb, as well as the dichotomously branched 
roots which they produce . below the Jevel of the ground, 
possess a slugle vascular strand of monarch type. It is i.n
teresting to find that in some species the aerial portion of the 
rhizophoJ'e has a xylem strand with a. central protoxylcm, 
flO instance of endarch structure like that in certain portions 
of the shoot-system of S. spinosa. The root-anatomy of 
Selllginella and the dichotomous habit of branching afford 
points of agreement with the subterranean orga.ns of Lepido
dendr011 and Sigillaria. 

Leaves. The leaves of Selaginella 2 usually consist of a 
reticulum of loosely arranged cells. but in some cases part of 
the mesophyH assumes the pa.lisade form, The single vascular 
bundle consists of a few sma.ll annular or spiral tracheae and at 
the apex of the lamina the protoxylem elements are accompanied 
by several short reticulated pitted clements. Both foliage 
lea"es and sporophylls are characterised by the possession of a 
ligule. a structure which may present the appearance of a 
somewhat rectangular plate (fig. 130,4, I, and fig. 131, E-G,l) 
or assume" fan-shaped form with a lobed or papillate margin. 
The base, composed of large cells, is sunk in the tissue of the 
leaf close to its insertion on the stem (fig. 131, E, I) and 
enclosed by a well-marked parenchymatous she!\th . The 
she,.th is separated from the vascular bundle of the leaf by one 
or more layers of cells) and in some species these become trans
fonned into short tracheids. The ligule is regarded by Harvey
GibsonS as a specialised ramentum which serves the temporary 
function of keeping moist the growing-point and young leaves. 

Oones. The terminal po,tions of the branches of Selaginelh, 
usua.lly bear smaller leaves of uniform size which function as 

• Harvey-Gibson (02), ~ ibid_ (97)_ 3 ibid_ (96), 
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'poJ'oph)'lIs, bu t in this genus the fertile shoots do not generally 
form such di~tinct cones as in many species of LycoIJodiurn. 
In S. grnnclis (figs. 130, 3; 131 , G) the long and narrow strobili 
consist. of' a slender a.'{is bearing imbricate sporophylls in four 
rows: each ~poropbyll subtendFi a sporangium situated between 
the ligule and the axis of the shoot. The sporangium rna)' be 
(Jcvcloped from the a.xis of the cone or, as ill Lycopodium, Ii'OlD 
the cells of the sporophylll, In some species the lowel' SpOTO· 

phylls bear only megrlsporangifl., each normally containing four 
megaspurcs, the micl'osporangia being confined to the upper 
part of tbe cone. This dist.ribution of the two kinds of sporangia 
is, howc\'cr, by no means constanL 2 : in some cases, e.g. S. 
'1'/(pest1'j's, CODes may bear megasporangia only, and in the cone 
of S. grwndis, of which a sUlull piece is represented in fig. 13] ,0, 
all the sporangia were found to contain microspores. 

The Occurrence of two kinds of spores in Selaginella 
constitutes a feature of special importance from the point of 
view of the. relationship between the Phanerogams, in which 
betcrospory is a constant character, and the heterosporous 
Pteridophytes. On e 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 filicin ean and cycadean features re
sembled the existing Phanel'ogams in the possession of highly 
specialised seeds. Thit d iscovery adds point to the comparison 
of the true seed with structures concerned "nth reproduction in 
seedless plants, which in the cOIlI13e of evolution g,lve rise to the 
more efficient arrangement for the Dursing, protect jon, and 
ultimate dispersal of the embryo. I n the megaspore" of 
Selagi11ella we have, as Hofmeister was the first to recognise 
in 1851, u structure homologous with the embryo-sac of the 
Phanerogam. The embryo-sac consists of a large cell produced 
ill a lllasS of pa.renchymatous t issue known as the nucellus 
which is altnost completely enclosed by one or more integu
ments. Fertilisation of the egg-cell within the embryo-sac 

1 Bower (OS) p. 315. 2 H ieronymus (02). 
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takes place as a rule while tbe female reproductive organ is 
sti ll attached to the parent·plnnt and sepnration does not occur 
until the ovule bas become th€' seed. 

In a few cases, notably in certain plan ts charllcteri r;; tic of 
Mangrove swamps, continuity between t he seed and its ptl.rent 
is retained until after germinfition. 'The megasporangium of 
Selllginella dehisces l along f1 line marked out by the occurrence 
of smaller cells over the crest of t he wall. It has been ctl~tomary 
to describe the megaspores as being fert ilised aft,e r ejection 
from the sporangia. This earlier separation fl'om the pa..rcnt 
and the absence of any protecti" e covering external to 1,he 
~pore-waJI constitu te two distinguishing features between ~ceds 
and megaspores. In Selogillella ap"Us, a Californian species, 
Miss Lyon has shown that fertilisation of the egg-cell usuaily 
takes place while the megaspore is still in the f:it1'obilus. On 
examining withered decayed strebili of this SP CC1E:S which 
hlld been partially covered with the soil for some months after 
fertilisat ion of the megaspores, se\reral young plants wel'e 
fou nd with cotyledons and j'oots projecting through the cre vicE'S 

of the megasporang-ia.2. From this, adds Miss Lyon , f. it secmR 
safe to assume t hat an embryo may have two pel'iod8 of 
growt h separated by oue of quiescence quite comparable to 
those of seed plants with marked xel'ophilous features." 

In a.nother 'Vestern Am erican species S. ntpest'ris descdbed 
by the same \\'riter the cotyledons of young plftnts were found 
protruding from the imbricate sporophylls of a withered cone 
(fig. 131, D). This species is interesting" also from the 
occasional occurrence of ODe instead of four megm~porallgia in a 
sporangium; a condition which affords another connecting link 
between the heterosporous Pteridophytes, on the one hand, and 
the seed-bearing Phanerogams in which the Qccurrence of a 

• si ngle embryo-sac (megaspore) in each ovule is the rule. The 
cones of Sela,ginella 'rupest1is retain connexion with the plant 
through the "linter and fertilisation occurs in the following 
spring. After the embryo has been formed the megasporaogium 
"becomes sunken in a shallow pit formed by the cushion-like 
outgrowth of the sporophyll around tbe pedicel." It is 

1 Goebel (05) p. 581. 11 Lyon (01) p. 135. 
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suggested I.hat this outgrowth may be comparable with the 
integument which grows up from the sporophyll in the fossil 
gE'nu~ Lep1"docarpo1/ I and almost completely encloses the 
spnrangimn. In the drawings given by Miss Lyon no features 
are recognif:nble which afford a parallel to the integument 
of Lepidvc(l1]JOll. I have, how~ver, endeavoured to show. by a. 
Lrjcf reference to this author's interesting account of the two 
CaJiiill"uian spl:!cies, that the physiological and morphological 
l'eScmblal)ces between the mcgasporangia of Selaginella and the 
intcgUll1ent("d ovules of the sced-benring plant,s are sufficiently 
close to ~Ilable us to recognise possible lines of advance towards 
the dt:!\' t:!ivpmcnt of the true seed. 

Professor Campbe JJ ~ records an additional example of a 
Selag,"ella-probably S. Bi,gelovii-from the dry region of 
Southern California in which the spores become completely 
drif'd up after the embryo has a.ttained some size, remaining in 
that ~tat,t' lInt,i] t,h€' more fa vourable condjtioDS succeerling the 
dry season induce rellowed activity, 

I soetaceae. 

The genus Isoetes is peculiar among Pteridophytes both in 
ha.bit und iu anatomical features. In its short (Lod relatively 
thick tuberolls stem, terminating in a. crowded roset te of 
subulate le;:lses like those of J uncuS and bearing numerous 
achcntitiOHs roots, Isoetes presents an appearauce similar to 
tha,t of many monocotyl edonous plants. The habit of the 
gellus is well represented by such species a.r.; l soetes lacllst1is 
and I. echilluspom' (fig. 132) both of which grow in fresh water 
lakes in Brita.in and in other north European countries. 
The latter species bears leaves reaching a length of ]8 cm. 
rrhe resemblance in habit between this isolated member of 
the Pteridophytes .md certain Floweri.ng plants, altbough in 
jtself of no morphOlogical significance, is consistent with the 
viewe''Pressed by Campbell that 1 808te8 may be directly related 
to the Monocotyledons'. 

I See p. 27l. 
3 Motelay aud Vcodryc8 (82). 

2 Ctullpbell (05) p. 522. 
~ Campbell (05) p. bl.il. 
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There is as a rule little or no difference between the foliage 
leaves and sporophylls; in I . lacustr-is t he latter are mther 

F1o. 132. 1,oete. echilUJIpora (After Motelay and Vendryes). 
A.. Stem of J. lacwiris. 
B. :Base of sporopbyU: 1. ligule; 'PSI. sporangium partially 

covered by velum. 
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larger and in the terrestrial species I. hystrix' the sterile leaves 
are repJ'esented by the expa.nded basal portions only, which 
perslst like the leaf. bases of Leptaodend1'on as dark brown 
scales to furl]] a protective investment to the older part of the 
stem. The innermost leaves arc usually sterile; next to these 
arl' sporophylls bearing megasporaogia, and on the outside are 
thr older sporopbylls with microspol'angia. rrhe long and 
sll!ndt'l" portioll of the leaf becomes suddenly expanded close 
tu it~ u.ttuchment to the stem into a broad base of crescentic 
~ecltion which bears a fOlirly conspicuous ligule (figs. 132, B, l, 
J ~2. E, /) inserted by a foot or glossopodium in a pit near the 
upper part of' the cancaYc inner face. The ligule is usually 
larger th." that of SelarrilleUa, though of tbe same type. The 
free awl-like la.mina contains four large canals bridged across at 
-inten"a.ls by transverse dia.phragms, and in the axial region a 
single vascular bundle of collateral structure. Other vascular 
elements, in the form of numerous short tl'acheids occur below 
the ba<e of the transversely elongated ligule. 

Stomnta are found on the leaves of I. hystrix, I. Bm'yana 2
J 

and in other species which are Dot permanently submerged. 
Both 1l1icl'osporangia and megasporangia are characterised by 
their large size and by the presence of trabeculae or strands of 
,tc ril . tissue (fig. 133, E, H, t) com pletely bridging across the 
sporangial cltvityor extending as irregular ingrolvtbs among the 
spore-producing tissue. Similar sterile bands, though less 
abundant and smaller, are occasionally met with in the still 
larger sporangia of Lepidostrobus ; these may be regarded as a 
further developmen t of the prominent pad of cells which 
project~ into the sporangial cavity in recent species of 
Lycopodi·um (fig. 126, D, pl. The sporangia are attached by a 
,cry short stalk to the base of a large depression in tiI<> leaf
base below the ligule, from the pit of which they are separated, 
by a ridge of tissue known as the aaddle, and from this ridge a 
,-ei l of tissue (t.he velum) extends as a roof over the sporangial 
chamber (fig. 133, E, v). In most species there is a large gap 
between' the lower edge of the velum and that of the sporangial 

1 Scott Bod Rill (00). ! MOlielay Illld Vendryes (82) Pis. XVI, XYII. 
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pit, but in I. hyst'l'i't this protective membrane is sepa.rated 
from the base of the leaf by a narrow open Lng, the rescrn blance 
of which to the micmpyle of an ovule suggested to ODC of the 
older botanists the employment of the same term I. Mr T. G. 
HilI 2 has called attention to the presence of mucilage c<"\oals iu 
the base of the sporopbylls of 1. hystl'i (l.', whi ch he compares with 
the strands of tissue kno,rn as the pllriohnos accompanying the 
leaf-traces of Lepidodendro7t and S1'gillco'ic" in the outer cortex 
of the stem. rrhc transyerse section shown in fig. ] 33, B and I. 
shows two of these mucilage canals in an early stage of 
development; a strand of parenchymatous clements dis* 
tinguished by their partially disorganj scd condition and mol'€' 
deeply sLaiued merub"mes (fig. ] 33, I ) runs throu gh the 
spandrels of the spoJ'ophyll tissue close to the ttppel' surface. 
There is a close resem blanec between the struc ture of these 
partially formed mucilage-cana.}s and the tissuL' which has beell 
called the secretory zone in Lepidodendron stems. Fig. 13:-1, R , 
a lso shows <.l. large microsporangium with prom.inent trabeculae 
(t) lyIng bolow th \'clum. A longitudinal section (fig. 133, E) 
through a spol'ophyll· base presents a.n appearance comparabl e 
with that of an Arauem·jan cone-scale with its in tegurnent(.'d 
ovule and micropyle. The megaspores arc characterised by 
ridges, spines, and other surt~1C(!-Orna.mentatj on 3. Th uugh usually 
unbranched, the perennial stem (If Isoetes (fig. 132) has in rare 
("ases been found to exhibjt djchotolDous branching, a featu re, as 
Sohns-Laubach 4 points out, consistent with i't. Lycopodinccous 
affinity. The apex is situated a.t the base of a funnel-shaped 
depression. The steltl is always grooved; in some specles tW(J 

and in others three deep furrows extend from th e base up the sides 
of the short and thick axis towards th e leaves: from the sides vf 
these. furrows numerous slender roots are given off' in acropetal 

• succession. A stele of peculiar structure occupies the centre of 
t he 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 stern. 

The stern of I. lacust,-is represented in fig. 132, A, frOIll which 

, B,.uu (63). ' Hill, T. G. (04) (06). 
" For figures, see Motelay and Vendryos {B2); Bennie and Kidston (SS) 

Pl. VI. 4 801mB.Laubach (02). 
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the laminae of the leaves have been remov d from the summit 
affords an example of a. species "'ith two furrows. The 
drawing shows the widely gaping sidt.·s of the brond fUTrow 
with circular root-scars and a few simple and dichotomously 
branched roots. A short thick ('olumn of parenchymatoliR 
tissue proj ects from n s]jghtly ccentric position on the bllSe of 
the stern. 

The. primary vascllla.r t:ylinder l c(l nRi~t;.: of numerous spiral, 
annular or reticulate tmcheids (fig. 13:1, A, x)/ which are cithf'r 
isodiametric or longer in n horizolltal than in a. vertical 
oire;:ction, associated witb parenchyma. Lower in t,hc stem 
cr\lshed and disol'gani::-ed xylelll elen-:enis are sc.-'ltter(ld thruligh 
a. st,i\l living t rabecular network of parenchymatous tissue. 
From the aDal c.'l incier nUllJ crous leaf-traces (fig. 133, A, it) 
radiate outwards, at first 1n a horizontal direction ~nd then 
gradually aBlcending t,owards the lert.ves. The vas('ula.1' cylindel' 
is of the t)l)e knowD as ca.uline: thn.t is, some of the X)'ll'ln is 
distinct in origin from that ·which consists solelr of' the lowel' 
ends of leaf-traces. As in Lycopodium. tbe development of tbe 
metaxylem is centripetal. 

y on Mohl~ , and a fow years bter Hofmeistera, were t he first 
botanists to give a. sati;factol'Y nccount of the anatomy of 
Isoetes, but it is only recently' that. fresh tight has been thrown 
upon the structural features of the genus the interest of which 
is enhanced by the many points of resemblance betw!.:cn the 
recent type and the Palaeozoic Lepidodendl'eae. A strikjng 
anatomical feature is the power of the stem to produce secondary 
vascular and non-\'asculn.r tissue; the genus ilS a lso cha.rac
terised by the early appearance of' secondary meristematic 
activity which renders it practically impossible to draw any 
distiltCt line between primary and secondalJ"1' growth. A 

• cylinder of thin-walled tissue (fig. 133, A, a) surrounds 
the primary central cylinder 3,nd in this a cambial zone, c, is 
recognised even close to the stem-apex ; this zone of dividing 
cells is separated from the xylem by a rew layer. of rectangular 
cells to which the tenD prismatic zone has been applied. 

1 See von Mohl (40); Fa.rmer (90). ~ Von Moh] (40). 
I Hofmei ster (62). ~ Farmer (90); Scot.t and Hill (00). 
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The early appearauce of the cambial activity on the edge oftbe 
vascular cylinder is shown in fig. 133, CJ which represents part 
of a transverse section of a. young stem. A leaf-trace, It, is in 
cOllncxion with the primary xylem, x', which consists of short 
trachcids, often represented on ly by their spiral OT reticulately 
1,hickened bands of lignified wall , and scattered parenchyma. 
SOrtiC of the radially elongated cells on the sides of the leaf
tr<'\ce are !;Cell to be in continuity on the outer edge of the 
litt·le, at st, with flattened clements, some of whicb are sieve
t,Ht.e~. The position of a second leaf-trace is show'I) at It'. 
ExtcJ'Ual to 1rhe si€:re-tubes the tissue consists of radially 
arranged series of rectangular cells, some of which have already 
M~ullll"d the function of ;1 cambium (c). 1'he tissue produced 
by tilt' cambium on its inner edge consists of a. varying amount 
of' !'ccondary xylc:m com posed of very short spi.ral tracheids; 
a I"w of these meO' be lignified (fig. 133, A, .,.) wbile others 
r('main thin. 

Phloem elements, recogn_jsable by the presence of a. thickened 
reticulum enclosing small sieve·al'eas (fig 133, B, s) are fairly 
abundant, and for the rest t his intracambial region is composed 
of thill-walled parenchyma. In longitudinal section theRe 
tissues present an appearance almost identical with t.hat 
(,bserved in a transverse section. Fig. 133, B represents a 
longitudinal secLion, through the intracambial zone and the 
edge of the stele, of a younger stem than that shown ill 

fig. 13~~ , A. Most of the radially disposed cells internal to the 
meristcll1<.ttic region are parenchymatous without any distinctive 
f":::ltUl"eS j i.\ few scil.tteTcd sieve-tubes (I» are recognised by their 
l"lIipt,ical si e"c-i1rcas and an occasional tJ'acheid can be detected. 
The Crtmbiutn cuts off externally a. succession of segments 
which constitute additional cortical tissue (fig. 133, }..., cr) 
of homogeneous structlU'eJ composed of parenchymatous cells 
containing starch and rich in intercellular spaces. As the stem 
grows in thickness the secondary cortex. reaches a considerable 
breadth a.nd the superficial layers are from time to time 
exfoliated 'as strips of dead and crushed tissue (fig. 133, A, b). 
The d_iagrammatic sketch reproduced in fig. 133, AI serves to 
illustra.te the arra.ngement and relative size of the tissue-regions 
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in an I soetes stem. In the centre occur numerous spirally or 
reticula.te tracheae scattered in pareuchyml\tous ti.ssue 'which 
has been considerably strE'tched and torn in the peripheral 
region of the stele; the radia.ting lines lllll.rk the position of the 
leaf-tnlces (It) in the more horizontal part of their course. The 
zone between the cambium (c) and the edge of the central 
cylinder eonsists of radially disposed secnndary tissue of short, 
and for the most pa.rt ulllignified, elements incluuing sievc
tubes auel parenchyma; the secondary xylem elements consist 
largely of thill-walled rectangular cells with delicate spiral 
bands, but discontinuous rows of lignmerl tracheae (,'t'~) occur 
iT} certain regions of the illtracamLial zone. Tbe rest of the 
stem consists· of secondary cortex (C1') with patches of dead 
tissue (b) still adhering to the irregularly furrowed surfaee. 
The struct,ure of the cambium and its products is shown in 
the detx~iled drawing reproduced in fig. 133, D. ~h,ny of the 
t: letnents cut off on the iuo Elr side of the cambium exhibit the 
characters of tracheids: most of these a.re unlignificd, but others 
hare thicker and lignified walls (t1"). 

I . hyst1'ia; appears to be exceptional in retaining its Je:tf
bases, -which form <."\. complete protect,ive investment ana prevent 
the exfoliation of dead cortex. Each leaf-trace consists of a few 
spirA.! tracheids accompanied by narrQ"" IJhloern elements djl'ecl,ly 
cOlltiuU QUS with the secondary phloem of tho intmcambial ZOn !:::. 
Dl' Beatt and M.I' Hill h::\\'c poi.nted out that a normal cambium 
is occasionally present in the stem of 1. hystrirc elUl'iog the early 
:-:t'lges of growth; this gives rise to xyl em internally. Th e 
few phloem elements observed external to the cambium may be 
regarded as primary phloem, tl tissue DOL usually represented in 
an Isoeteg stem 1. The occasiollal occurrence of this normal 
camb6.um, may, as Scott and Hill suggest, he a survival from a. 

t former condition in which the secondary thickening followed 
a less peculiar course. The lower leaf-traces become morc or 
less obliterated as the result of the constant increase in thickness 
of the broad zone of secondary tissues through which they pa.ss. 

The adventitious roots are developed acropetally and 

I Miss Stooke.y (0';)) . in a paper whic.h appeared since this 8.Ccount wa.s writtC'n, 
criticises the concluaioDs of ScoU Ilnd HilJ (00). 

S. H. 
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:llTangcd in para ll el series on each side uf the median line of the 
t wo {II' t hrcE:' f lll'ro ws. The three a rms of t he t riangular stele of 
1. J' /l8 lria' and Lh{: t wo 1l ,UTOW end::; of t.he long axis of the stele 
nf I. /(I(JlIs l r i s, which in t, rallSVe l'Se ~ection has the form of a 
flaltt·I\i_·d I ' l l ip~\" ;.lrt' built up of succes~i"e root-has('s. A root 
1If' ] .w,eit':S ( fig. I :t{, C: ) P\ISSt'~5i" 8 one Y(\.8(: 111:1.1' bUDdl ,,·, :"1.', wi th a. 
~i l1gl\· :-;i_ranrl of PJ'lI LuX Y\('ln, 1M', thu~ agree ing in iLS m .. march 
!-'tl'llt'\nn' "jl h t ilt' ]'oot-uundle in Sel (1[li1Iella and many species 
(d' L /lf'/ljJuditlili . T ht-' Cl)l'til,.d l\:gjr ,n (I f Lh,,' root cons i:-,. t~ of a tl'W 
];I,n' r:-; II I' (l u tl' !' {'t)rL t~:X st! c{"'l,dl'U by a larg(· s pnce, fllm.ed by 
1111' bn'ak i n ~ (iCJ\\' ll (I f th L' illl1 \.· !' ('or t ie'll t issu l'. in to which the 
\a~wllhr bur;dl l.' prfljec:t.s (fig. 1 :i :~ . F). 'rh l' ]J~c l1li<lri 1y of the 
n '(lh ill hon 'j ug a hullow ('ll r t.('X a nd all ('ccl.'11 Lr ic: vascllJn.l' bund le 
\\'a~ HI ,I ietd by Y OIl )J u hl l. In t,he mona rch bundles, a8 in t he 
th.l1tlar (.·ul't(·X and <.lj c h otolIl t1 u ~ lmlnching, t he ruot!, of I soetes 

pr'( ':-'l' lJi ;t f< tl'iking 1'€'!'(' l1lbl n. ll Ct' 1n tJh L' s le llder rontle ts of t.he 
P;d;ll'f)7.o ic 8 t irf1Wf1'i a (;:;t·e Pagl' ~+G ) . The longit udinal ~ecti lln 

t hl'ollgh th~~ b.1se vI' n root of j.'lOeies laC1l8b-is shown in fig. 133, F I 
atl~) l'd , ... a fUl't ,he r illllStl'~H i UIl of certain featurl's ('Ol)unon to the 

hlssll and recent, type~. 

FOSSIL LYCOPODIALES. 

I soet a ceae 

The geological history of this division of the P teridopbyta is 
exceedingly meagre, a fact all the more regretta.ble as it is by 
no weans improbable that iJ] the surviving gerlUs Isoetes we 

h:lve an isolated type possibly of considerable antiquity and 
closely akin to such cxtiuct genera as PleU'l'07neia and 
SigillCt1ia. If Saportu's Lower Cretn.ceous species !soetes 
Cll(Jjj((ti~, or more appropriatelr Isoet;des Ohojjatl:, is correctly t 

determined, it is the oldest fossil member of the family and 
inde.._:d the most satisfa.ctory among the mOre than doubtful 
species described as extinct forms of I soetes. 

I Von Mobl (40). 
!! Saporta (94) p. 134, PIs. :u.tV. X:1"". xnn, 



XlV] ISOET1TES 67 • 

I soetites. 

T he generic na.me I soetites was first used by l\IUn:;;wr J in tht! 
description of a. specimen, from the J ut'assic tith~)grd.}'hic slates 
of Solenhofen in Bava.ria, which he named Tsoetites cl'oc~for/l(is. 
The specific nallle was chosen to \.'xprt?f';!O II n:"l\'"'rn bhulCe of t ill' 
tubenlu.s a,ppeHI"3Ilc(' of the' lower p;lrt of thl' illt{ll'rlectiy pre· 
f;f"rVl,d and illd etl.:nniuabl l~ io.:-siJ to It Crocu::- cor m. 

IUlprcs;-;ioDS uf I soE;otl's-iike h:flYt.'S f'rOJu the ! IJferiol' Oolitl' 
of Yorkshire figureu by Phillips:! and afterwards by Lindl ey:: :t • .., 

Su/ellites .~J l(l'r(l.t/crna Wt,:'l'l' cUIJl}J;ll'l'tl "y the lat,WI' uuthor witJh 
]soete."; ;tnd Pilulori(l. but tlH..'!,;(, h:ayc~ an' now gt'nel'alJ,r 
:l:-- ... ignc·d If) E ecr'~ gyrw.II{_I~J>l'rnll)US gl'Tlu.-; C;elml1uwskia. All 

exmninatioll of t"h ..... struct,urc uf th(' l;.'pidf' fUlal cells of these 
Jurassic lmprpssions (:onvlll(:ed me th~lt 1 hey r(:_'s0n"lble recent" 
c()nir~ruus needJb n:\Ore tlm~ely tha,n thl' kases of ;my Pt.t.'riotl
phytc. The g~nus Czeka,11()Wf;/:io 4 in J\:<:ognised by s~\'l.!ra,l 

allthot's :J.S. il. f'l'ouable mClllher of the Gillkgoales. 

Isoetites CIt~t1ali. S"porta. 

The late Marquis lJf Saporta founded this species on two 
sets of impressions from the Urgon.ian (Lower Cretaceous) of 
Portugal which, though not found in a.ctua,l organ.ic connexion, 
ma~~ possibly be portions of t he same plant. Small rela.tively 
bro.ld tuberous bodies reaching a breadth of 1 cw. are compared 
wi th the short and broad stem of I soetes, 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 circular scars representing t he position of roots 
which were detached before fossilisatioll. Other impressions 
are ioentified as the basal portions of sporophylls bearing 

• sporangia : t hese suggest t he expanded base of the fertile leaves 
of l soetes wi th vertically elongated sporangia, some of which 
have a smooth surface while in others traces of internal structure 
are exposed; the interior consists of an irregular network with 
depressions containing c:arborused remains of spores. 

I Miinster (42) p. 107, PI. lV, fig. 4. ' Pbillills (29) A Pl. x. fig. 12. 
:I Lindley and HuUon A (34) Pl. CUI, 4. Na\.hoI8t (06); Sew&Td tOO} p. 278. 

b-2 
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While recognising a general resemblance to the sporophylls 
of Isoeles, cc.:rt.'lin ditfm'ences are obvious: there is DO ligule in 
tbe fossil lenses nor are there any di~tinct t races of vasC'uiar 
strands such a.'i occur in the leaves of recent species. The 
form of the sporangium, more elongated than in the majority 
of recent forms, is compared by Saporta w-ith that in a south 
European species fsoetes setacea Spr. 

Such cvidcnc~ as we have lends support to the inclusion of 
these Port.uguese fossils in the genus Isoetites, but apart from 
t.he filet Lhat we ha \Ye no proof of any connexion between the 
stems n,nd suppo~l.:d sporophylls, the resemblance of the latter 
tu thOf;C of Isoetes is, perhaps, hardly sufficient to satis(y all 
reasonable scepticism. 

Th e generic l1o\.me Isoetopsis was used by Saport..'l as more 
appropriate ,than Isoetes fOf' some Eocene fossils from Aix-ell
Pro\'('nce whlch are too doubtful to rank as trustworthy evidence 
of the existence of the recent genus. The species, Isoetopsis 
8uba,pll!/lla l is founded on impressions of small scales, 4 mm. 
long, bearing circular bodies which are compared with sporangia 
or sporeR. 

Other records of fossils referred to J Boetes need not be 
described as they have DO claim to be regarded as contributions 
l"uwards the past histOl'J of the genus. Heer's Mioct'ne species 
lsoetites Scllellzen' and I. B1'CWllli Ung€'l'~ from Switzerland are 
ba~ed on tll1satisi;l.ctory material and are of no importance. 

Pleuromeia. 

The generic name P leu1'omeia, was suggested by Cordas for 
a, fossil from the Bunter Sandstone, the origiIH\.l description of 
which was based by Mtinster~ 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 Bel'nburg, but a few examples are recorded 
from Commern and other German localities: all are now included 
under the name Plem·omeia Sternbe1"gi. Germar, who published 

I SlI.porta (88) p. 28, PI. II. pp. 16--20. 
a Corda., in Germar (52). 

:i Beer (76) A.. 
4 Munster (42) A.. 
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one of the earlier accoun ts of the species, states that Corda 
dissented from MUnster's choice of the name 81:gillaria and 
proposed the Dew generic title Pleuromeia. One of the best 
descriptions of the genus we owe to Solms-Laubach 1 whose 
pa-per contains references to earl ier writers. Illustnl.tions have 
heen pl1blished by MUnster, Gennar ', Bischof3, Solllls-Lnl1bach 
and Potonie". 

Pl.lt,·om,eia 8t"·11oe'·gi. (~liins'er.) 
Fig. 134. 

1842. ,("'igillaricL S(.·rnbt·rgi~·, Munster. 
l 85-1. S(lgfJ71(lria iJis"/i ojii, Gocppc rt6. 
l 8Ra. SI:q£llari(t Q(·ulina. lllanckcnhoru. 
J 90 .. 1. Pltu1"01IUJia oGuiinu, Potonic. 

Plell1'omeia Ste~'nber!]i is represented by ca.sts cf vegeta.tive 
and fertil e axes, but tbe preservation of the latt.er is not 
sufficiently good to enable us to draw any very definiLc 
conclusions as to the na.ture of the reproductive organs. Casts 
of the stems reach a. length of' about 1 metre and a diameter of 
5-6 em., or in ~ome cases 10 crn.; all of them are in a m Ore 

or less decortica.ted sta.tc, the degree of decortication being 
responsible for differences in the external features which Jed 
Spieker ll to adopt more tha.n one specific name. 

F ig. 134, A, represents a sketch, made some years ago, of a 
specimen in the Bmslau Museum which contains several examples 
of this species, among others those described by OCl'mar in 
1852. The cylindrical cast (38 cm. long by 12 cm. in circum
ference), which has been slightly sq ueezed towards the upper 
end, bears spirally arranged lmperfectl.)' preser ved leaf·scars and 
the lower end shows the truncated base of one of the short 
S~Yillaria·like arms characteristic of the plant. As shown 
clearly in a specimen originally figured by Bischof and more 
recently by PotoniO', the stem-base is divided by a double 
dichotomy into fow' short and broad lobes with blunt apices and 
bent upwru'ds like the arms of a grappling iron (fig. 134, D). 

1 Solms.La.ubach (99). 2 Germar (52). 3 Bischof (53). 
4 Potooie (01) p. 754; (04) Lief ii. ~ Goeppert, in Romer (54) PI. IV. fig. 7. 
, Spieker (53). 7 Potonie (/oe. cit.). 
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The surface of this brumJ region is characterised by numerous 
circular scars (fig. 134, D; 4 scars enlarged) in the form of 

B 

c 

o 

Fw. ]34. Pleuramda Stu1lber.qi. 
A. Cast of stem in the Bresl8.u Museum (! nat. size). (A.C.S.) 
B. " Sigillarill oculbta" Blanckcnhorn. (Alter Weiss). 
C, D. Leaf-Bcars and base of litem: at vascuhn tisane. (After 801mB-

Laubach.) 

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, a, the fractured surface of a 
basal area may reveal the existence of an axial vascular cylinder 
gi\~ng off slender branches to the rootlets. 

The bulbous enlargement at the base of the Brown ~ea

weed Lmm:nan:a bulbosa L'llli. I simulutes the swoll<>n lm.sC' of 
Pleuromeia; but a confusion between these two plants is hardly 
likely to occur. Aboye the Stigmario.-like base the gradually 
tapered ax is, in the less decort,icatcli specimens. bear~ spirally 
disposed transversely elonga.ted areas con~isting of two tri
angular flcars between which is th e point of exit of I). lcaf-tmce. 
The fbrm of the leaf-senrs is best Sl'cn On the filCC of a mould 
figured by Solms-Laubach (fig. 134, C): in this case the two 
triangular areas appear as slight projections separated by n 
narrow groove marking t.he position of the vascular bundlc of 
the leaf. Tbe curved lines above and below the leaf~scar 

probably mark the boundary of the leaf-base. The two 
triangular scars arc compared by 8olms-Laubach and by 
Potonie with t he parichnos-scars of S(qillw-ia and Lepido
dend,·oll (cf. fig. 146, C.), but the large size of the Pleuromeia 
scars constitutes an obvious difference though possibly not a 
distinction of' importance. 

The occul'rence of a vertical canal tilled with carbonaceous 
material in some of the stems t hTOWS light on the internal 
structm'e: the canal , which is described by Solms-Laubach as 
having a stellate outl ine in transverse section recalls th e naTTOW 
central cyl inder 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 ha \'e lost more of' the cortical tissues the 
surface is characterised by spirally disposed, discontinuous 
ver,jcal grooves representing portions of leaf-traces precise ly as 
tbey appear in similar casts of Lepidodendron. There is no 
direct evidence of the existence of secondary wood in the stem, 
but. as Potonie has pointed out, the greater transveT'SC 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 poss:ibly in both regions, 

I Barber (89) PIB, V, VI, 
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In Soio me specimens of Pleuromeia the upper portion is 
clothed with crowded and imbrica.te sporophylls which reach a 
length of 2-5 e111., a maximum breadth of 2'7 em., and a thickness 
of 1 mTl1. Each sporophyll ha a thin wing-like border, and 
on the lower face are s.;everal parallel lines. Solms-Laubach 
describes the sporallgium or ovu le as attached to the lower 
sllrfil.cc of the sporophyll and this opinion has been confirmed by 
Fitting1 who ha.s also brought forward satisfactory evidence in 
HLvour (,f the sporangial nature of the reproductive organs. 
Fitting found numerous spores in the Bunter Sandstone near 
HaIJ (:: thc!"lc are flattened circular bodi es 0'5-0'7 mm. in dia-
1I1(.' lel' with a gran ulated surface and the three converging lines 
chnlllcterist,lc of spores produeeci in tetrads. The comparison 
madl' by t,his author between tbe sporophylls of Pleuromeia, 
which bore t,he sporang ia on the lower surface instead of on t he 
upper as in other lycopodiaceous plants, and the pollen -sacs of 
Conifers. is worthy of note in reference to the possible. relat ion
ship bdween Conili'~rs and Lycopods. 

A C~tlllparison of tbe h,.oetes stem represented in fig. 132, A, 
wil,h the base of f\ Pleu.romeia shows n. striking simi la.rity, but, 
a:;; Fi tting points out" the Stigmaria-like arms of the fossil coo
tnincd a vascular cylinder whereas tbe blunt lobes of Isoetes 
consist exclusively of cortical tissue, the roots being given off 
from the grooyes between the lobes of the tuperous stem. 

Th e position of Plew'omeia must for the prescnt be left an 
open q\le~t;ion: i t is, however, clear that the plant bears a close 
l'esclllLlrtnce in the form of its base to the Stigmarian branches 
of L epidodend"on and Sigill",-ia. The vegetative shoot appears 
to be constructed on a plan similar to that of these two 
Palaeozoic genera, but the strobil us is of a different type. It 
would seem probable that Pleuromeia may be closely a.lI:i e~ to 
£Soctes and to the arborescent Lycopods of Palaeozoic floras. 
It is not improbably a link in a chain of types which includes 
Sigillari<t on the one hand and I soetes on the other. 

It is not improbable that a specimen from the Lower 
Bunt,er of Gommern which Blanckenhorn made the type of a 
new species, &gilla'/'l:a ocutina (fig. 134, B) is specifically 

I Fitting (07). 
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identical with Pleuromeia Stenibergi. An examination of Il 

cast of the type-specimen in the Berlin Bergakndemie led me 
to regard the fossil wi t h some hesitation as a true Si_qiUa1-ia., 
but t\ more extended "knowtedge of PlclI:,.omeia. lends support ttO 
the "lew adopted by Potonj~ l that Blanckenhorn 's plant 18 not 
genericaiJy distinct from Plellromeia SternbergL The resem
blance between Sigillaria ucul£na and some of the ralaeozoic 
species of Sigilla,1ia, elnphasised by \Veiss 2 has given rise to t he 
belief that the genus 8-igillm'ia persisted into the rrriassic era: it 
is, howe"el': highly probable tha.t the Bunt,er specimen ha,:.; no 
claim to the generic name undel'wbich it has hit-hert,obeen known. 

The Bunter Sandstone in which Pleltt'omei(( is t,he sole 
representati\-e of plant· life, at least. in certain localities, is 
usually considered to be a desert formatlon. \Ve may not be far 
'";\long iu accepting Fitting's suggestion that in this isolated 
species we have a relic of the sparse vegetation which was ;.\LI(:: 
t;o exist where the presence of lakes added a touch of life to the 
deadness of the Triassic desert. 

Plewromeia is recorded by Fliche as a. rare fossil in the 
1\_fiddle Trias of France in the neighbourhood of Luucvil le:!. 

Herbaceous fossil species of Lycopodiales. 

The history cfour knowledge of fossi l representatives of the 
Lycopodiales, as also of the Equisetu.les. affords a striking 
illustra.tion of the danger of attempting to found a cltLSSification 
on such differences as are expressed by the t,erms herbaceous 
and arborescent in the sense in which they are usually 
employed. As we bave seen -I-, the presence of secondary wood in 
stems of the Palaeozoic plant now known as Calamites led so 
eomp~teDt a botanist as Adolphe BroDgniart to recognise a 

• distinct geueric type Calarnodendron, which be placed ill t he 
Gymnosperms, reserving the designation Calamities for species 
in which no indication of secondary thickening had been found. 

Similarly, the genus Sigilla.ia was regarded as a Gymno
sperm because it was beljeved to be distinguished from 

I Potonie {04l Lief ii. 
a Fliche (03). 

2 Weiss, C. E. (86). 
4 Vol. 1, p. aoo_ 
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Lep1:dodendron by the power of forming secondary vascular 
tissues: the lntter genus, originally thought to be always 
herbaceous, was cl!l.'lSed ,,;th the Pteridophytes. At the time 
wh("n this IIllnatural separation was made between stems with 
s(!cundary wood and i,hose in which no secondary wood was 
known to fxjS.t, botanists were Dot !l\ .... ru·c of th e occunenCe of 
any r('cent Pteridophyte which shared with the higher plants 
the p(lw(" r of secondary growth in thickness provided by means 
of a rneristcmatic zone. It is true that the presence or absence 
of a. cambiulJI doe~ DOt in practice always coincide with the 
diyis ion into herbaceous and arborescent pla.nts: DO one would 
speak of a Date-Palm as a herbace{lus plant despite the absence 
of secondary wuou. 

rfhe danger which should be borne in mind, in adopting as a. 
matter of convenience the term herbaceous as a sectional 
heading, is that it should not be taken to imply a completre 
imlbility of the sO~C<l.lled herba.ceous types to make secondary 
additions to their conducting tissues. The specimens on which 
the sp('cit:s of Lycupod£tes and Selagl'11eltitcs, (genera which 
may be designated bertmceous,) are founded are pres€ned as 
impressions and not as petrifications ; we can, therofore, base 
definitions on.1y on habit and on such features as are shown 
by fertile le"'es and sporangia. We are 1\lIly justified ill 
concluding from evidence adduced by Goldenberg more than 
fifty years ago and U'OlD similnr evidence brought to light by 
mOre recent researches, that tbere existed in the Palaeozoic era 
lycapodiaceous species in close agreement in tbejr herbaceous 
habit with the lycopods of present-day floras. It has been 
suggested l that the direct ancestors of the genera Lycopodium 
and Selaginella are represented by t he species of Lycopodites 
and Selaginellites rather than by Lepidodendron and SigiEaria, 
the arborescent habit of which has heen rendered familiar by 
the numerous a.ttempts to fW'nish pictoria.l reproductions of a 
Palaeozoic forest, Until we are able to subject the species 
cla.ssed as herbaceous to microscopical examination we cannot 
make any positive statement a.s to the correctness of this view, 

I Ha.ne (07) p. 1. 
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but such facts as we possess lead us to regard the suggestion as 
resting on e. sound basis. 

Palaeobotanical literature abounds in record8 of species of 
Lycopo[lites, Lycopodilnn, Selayinellrt t\,nd Selag1nites, which 
have heen 60 named i.n the belief that their vegetativE' sh(lots 
bear a greater resemblance to those of recent lycopo(jjac(lous 
plants thaD to the foliage sh<x,ts of Lepiclod."d,·on. Many 
of these records a .. re valueless: Le-pidodendra, twigs of Both
rodendron 1 species of conifers, fern rhizomes, ll.nd A pldebiae2. 
have masqueraded as herbaceous lycopods. I t i8 obdolls that 
an attempt to identify fossi l ~ prcfolenti ng a general agreement in 
hl\bit and leaf-form with recent species of lycopod!' mllst be 
attended with considerable risk of error. Recent Conifers 
include several species the smaller branches of which simulate 
the leafy shoots of certain species of Lycopodium and 
Selagi'Ylella, ~lnd it is not surprising to find tha.t this similari ty 
ha.s been responsible for milny false determinations. Among 
Mosses and the larger [oHose Li verworts there ar£' species which 
in the condition of imperfectly preserved jmpres.~ions, might 
easily be mistaken for Iycopodiaceous shoots: an equally 
close resemblance is apparent, in the case of some flow ering 
plants, such as New Zealand species of Ven)1l:ica ,. 'Jla/a,Un, 
!I"uvealens (a Composite), Lavoisieru lyco]JodiDdes G.rd.' (n 
sp"cies of Melastomaceae), all of which have the habit of 
Cupressineae among the conifers as well as of certnin lycopodi
aceOllS plants. I t may be impossible to decide whether fossil 
impressions of branches, which are presumably lycopodiaceous, 
bear two kinds of leaves" like the great majorjty of recent 
species of Selaginella. Selaginella gl'andis, if seen from the 
under surface, would appen,r to have two rows of leaves only 
and might be confused with a small twig of such a conifer as 

. DacrydiU7n Kirkii, a New Zealand sI)ecies. 
The New Zealand conifers Dacrydi'U1ll cup1'essi'flUrn, Soland., 

and Podocarpus dacrydioides Rich. closely simulate species of 
Selaginellites and Lycopoddes: in the British Museum a 

I Feistml\Dtel (75) A. p. 183, PI. xn. pp. 1 and 2. 
~ Germar (49) PI. %X"I; GeinHz (55) A. PI. I. pp. ii, 6. 
a Bommer (03) p. 29, Pi. u. figs. 138-141. 
• Solms·Lanba.cb (91) A. p. 137. 
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specimen of the latter species bears a Ja.beJ describjng it as 
Lycopodiu"" aTb"Temn (Sir Joseph Hooker and Dr Solander; 
1769). The twigs of the Tasmanian conifer Miorocaohyrs 
tetro,golta H ook. f. are very similar in habit to shoots of the 
recent Lycopodium tetTu.gonum (fig. 121, C). 

In the description of examples of Lycopodite. and Selaginel· 
lites r have confined myself to such as appear to be above 
suspicioTl either because of the presence of spore-bearing organs 
or, in a few cases, because the specimens of steri le shoots are 
sufficiently large to r:: l"I ow tIle form of branching in addition to 
the texture of the leaves. The two generic names L ycopodites 
and Selagil1ellites are employed for fossi l species ·which there 
arl' substflntial grounds for regarding as representatives of 
Lycopod1:1t"fn and Selugi'11ella. The designation Selaginellites is 
adopt,cd only flW species which n.ffOl·d evidence of heterospory: 
the name Lycopodites, on the other hand) is used in a comprehen
sive sense to include alJ forms-whether homophyl!ous or hetero· 
phyUous-which are not known to be heterosporous. This 
restricted use of the generic name Selaginelldes is advoc..1.ted 
by Zeill er', who instituted the genus, Rnd by Halle' in his 
recent paver On herbilceous lycopods. 

Lycopoclites. 

The generic term Lycopodites was Ilsed by Brongniart in 
1822:1 in describing some Tertiary examples of slender axes 
clot,hed with snMII sc"le·)jke Ie" res which he Dlllned L ycopodites 
squa·)Jwtws. These nre fragments of coniferous shoots. In the 
P rud,t'ome d''U1te In'stoire des 'vegetaux fossiles 4 Brongniart 
included several Palaeozoic and Jurassic species in Lycopodites 
and instituted a new genus Selagin'ites, e)'''pressing a doubt as to 
the wisdom of attempting to draw a generic distinction between .. 
the two sets of species. In a later work6 he l'ecognised only one 
undoubted species, Lycopodites lalca/us. The first sat,isfactory 
account of fossils referred to Lycopodites is by Goldenbel'gO 

, Zeiller (06) p. 140. 
~ Brongnia.rt (22) A. p. 304, Pl. \'lJ fig. 1. 
r, Brongniart. (49) A. p. 40. 

! Balle (07). 
~ Brongniart (28) A,. p. 83. 
(I Goldenberg (55) p. 9. 
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who gave the following definition of the genus :-" Bmnches 
with leaves spirally disposed or in whorls. Sporangia in the 
axil of foliage leaves or borne in terminal strobili." 

It was suggested by Lesquereux 1 that Goldenberg's defini
tion, which was intended to a}Jply to herbaceous species, 
should be extended so as to include forms with woody stems 
but which do not in all respects agree with LepidodendTon. 
Kidston 2 subsequently adopted Lesquerenx 's modification of 
Goldenberg's definition. 'We cannot draw any well-defined line 
between impressions of herbaceous forms and t hose of small 
arborescent species. ~Te use the llamc LycopoditeEJ for such 
plants as appear to agree in habit with recent species of 
Lycopodium and Sela.giuella and which, so far as we know, Were 

not heterosporous: it is highly probable that sOllle of the 
species so named had the power of producing secondary wood, 
a power possessed by SOlue recen t;. Pteridophytes which never 
a.ttain the dimensions of arborescent plants. 

It has been shown hy Ha,lle 3, who hus re-examined several 
of' Goldenberg's specimens which have been acquired by the 
Stockholm Palaeobotanica.! l\Iuseurn, that some of his species 
of L ycopodites arc heterosporous and therefore referable to 
Zeiller's genus Seluginellites. 

In 1869 Renault described two species of supposed Pulaeo
zoic- Lycopods as Lycop odium 1JuJ1ctatu1n and L. R enaultii"', the 
latter name having been suggested by Brongniart to whom 
specimens were submitted. 'rbese species were afterwards 
recognised by their au thor as wrongly named and were 
transferred to the genus Heterallgiu'III,S, a determination which 
is probably correct; it is at least certain that the liBI!! of the 
name Lycopodium, cannot be upheld. 

We have unfort unately to rely on specimens wit.hout 
petrified tissues for OUI' inlormatiuu in regard to the history of 
Lycopodi!e. and Selaginellites, Among the older fossils referred 
to Lyco]Jodites are specimens from Lower Carboniferous rocks 
at Shap in Westmoreland which Kidston originally described 

I Lellquereux (84) A. p. 777 . 
J Halle (07). 
, Renaul' (96) A. p. 249. 

2 Kidston (863) p. 561. 
, Renault (69) p. 178, PIs. :Ul- 1JV. 
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a~ L!lcopor/ites P'llllu.?:emi\ id cnti~ring th em wjth Goeppert's 
8(qitlmirt Vwwa:elll,i,2 founded on German material. In a lat,el' 
pnpe l' -Kidston trall~fcl'I '('(l t.he Bri tish specimens of \~egetatj"e 

~ h(loLS j.a LI. lit'\\" genus ATC/tC1Bosigillaria3. 

L .'IcOpvrh'les Sfoc/';i£ Kiu8tl)11". 

Tlw plant:--0 nam(·d wa:; di~(.'(I\'cred in Lower Carbuniferous 
:--i f':tW ill' E~kfh!(', l)ul1lfries ..... cotlanel: it. is re pl'esenh.!d by 
ilIlP(:l'ft'ctl,\ )JT'l'St' ITt'U 8h"Pt.,!-, hearing a tcrn1wal st.robilus a.nd 
\\a~ ( wigjllldl.\ d('~(:rib('(1 by Ki clblOll a,'5 ApparcDtly pCJssebs ingtwD 
killel" (If' /;lliag'L' leaves honl(! 1n wh orl s. Thl' hlrg<'r leave:- han:' 
all (I\'at t' cf) J'li aL,' lamina with ml a cumi nate apex, while tht! 
f\lIlall l'I' 1l'<I \'cs, which urc le:::;:.- di~til1ct, nrc t ran:;;versely 
('l!lng-al,('d, :lnd ~jllltt!att' sporaugia in ftPlleal'all c~ . 1)r Kidstull's 
fi g-t ll'(" of tbi::- spt'cics has I'('centl), bl'Cll l'epl'oduc(,d by 
Pn d ..... s:-(ol' B(I\\l'r" whll 8p~l_t.k~ (If till' ~Upp()s(..'d slllulte l' lean!s ;15 

Spllnl.lIgia , :\ \ ' j l.: \\' \\'illh which t,h e authur of tlw t; p(_,cies agrees. 
]\, \\ouJd ilpjll'i.U· that this identification iB, however, based 
s(IJcly UJl l~xLL'rna l resembbnce and has no\.. been confirmed by 
Liw disco\,(.'ry of flll,)' spores. Assuming the sporangial nature 
or thl:se strllcture!';, this Palaeozoic type represents, as Bower 
point,s out, a condition similar to that in some recent specit:s of 
Lycopod·iu11t in whjcb sporangia arc not confined to a terminal 
strvbilus but occu r a lso in association with ordinary foliage 
lea\·es. 'I'he strobi lus consists of crowded spol'ophylls which are 
tuo imperfect to afford any definite evidence as to their 
homosporous 01' heterosporous nature. As Solms-Laubach 6 

points out, this type recalls Lycopodium Pldegmariu among 
recent species. 

Lycopodite. Reidi; Penhallow. 

Professor Penhallow' instituted this na.me for a specimen 
measuring 8 em. long by 6 mIll. in breadth, collected by Mr 

I Kidsion '(8G~) . ~ Goeppert (52) A. 
3 I\.idston (01) p. 38. 4 Kidston (84) PI. v; (01) p. 37. 
& Bower (OS) p. 298, fig. 147, s So1ms.Laubach (91) A. p. 186. 
7 Penho.Uow (92) PI. 1. fig, 2, p. 8. 
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Reid from t he Old Red Sandstone of Caithness, consisting of an 
axis bearing narrow lanceolate leaves SOllie of which bea r 
sporangia at the base. 

LycopocliteR Glltlrieri Goeppertl, 

1894, Lyoopod1'tefl' elo·"galus KidsLon~ (nuL G(,ldenberg). 

The ~pt'ci\!s, figured by Oeinitz :l:-. !-,/copodite,o; Gl1tbie1i', 
1'1'0\1) the Coal-]\! easur('s of ~ilX(llJ.r is prohably :l. true re
IJI ·(:·.:-ent.[tti\·t~ of 1 he genII">, The Saxon srh . .'c inl ~·n~ ;tn- hl'ten}
phyllons: t.he larger Janel'olnte ilnd slig-htly fillC';)LC lea\'('s 
FU'l'anged in tW(1 J'(1W~ , arl' 4-.:5 10tH. long ",hil!:' lilt' ~nlidll'J' 

leavt.:~ arl' Ollt-' half Ill' tlllt' third this sizt:: son'll' .,f' t,he: 
dichotol1'wIlsiy branched ~hOl)l" terilli nate ill long and narrow 
,r:;truhiii not unlike those of Zt·illcr's specic~ ::Je/o.'Jillcllites 
Suissei J , KiJston 6 has included Ul]dcr this specific nalU(.' SOllie 

fraglnents cllllcctcd by HI..'mingway fi'um the \ lppcl' ellal
MI..'a:::mt'c!5 of RaJstock, Somcl'sctshil'c, but rLS only one form of 
Jea.f is f'een thl' J'easons fol' adopting Goeppert's designation arc 
perlullJs hardly adequate. 

Lycopodites ciliatus Kid~ton ll. 

roder tbjs name Kidston describes a small speci men, 
obtained by Hemingway f!'Om the Middle Coal-Measures of 
Barnslcy in Yorkshire, consisting of a slender forked axis 
bearing oyal-acuminate leaves approximately 5 mm, long with 
a finely ciliate margin. Associated with the leaves were found 
spores which KidstOIl regards as megaspores. 

L ycopodites ma(;l'op hyliu8 Goldenberg'. 

This species, originally described by Goldenberg from tbe 
Coal-Measures of SaarbrUcken has been re-examined by Halle8 

who is unable to confinn Goldenberg's statement as to hetero-

I Goeppert (52) p. 44.0. 
~ Geiuitz(55) A, p. 32, PI. 1. fig . I, 
b Kidston (01) p. 36, fig. 2, B, 
1 Goldenberg (55) Pl I . fig. 5. 

, Kid,"'n (\14) A.. p. 254. 
4 Page 88, 
II Kidswn (01) p. 37, fig, 2, A, 
s Ha.Ue (07) PL 1. fig. 5. 
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phylly. The shoots closely resemble SelllfJinellite. primaevus' 
(Gold). 

L!JcO)lodites Zeitleri Haile'. Fig. 135, C. 

Halle has founded this species on specimens, from the Coal
Mcasurc8 of Zwickau in Saxony, characterised by dimorphic 

o 

J;'w. J;s5. Sdnfl;'Jl1lJiw (I}/d Lycnpl)llitf'S. (Mter f-lnllf' ) 
A. SI, ItI!lillc'llitl'N prillw<!!'I1>1 (Gold.). )or. 10. 

B. MeR(l.spore of SewyindWclI cloll,qatw: (Gold.). x 50. 
C. Lycopoditt'll Z!!illtri Balle. (Nat. size.) 
D. 8ela!lil~dlitc~ dOl/yat/ls (Gold.). x 2. 

ianceolate leaves in four rows, the larger being 4-6 mm. iong: 
t;he smaHer leaves ha \'c a ciliate edge. A comparison is made 
with the recent species Selaginella arabica Baker, S. '1'evol'lltaBak., 
and S. armata Bak in which the leaves are described as ciliate. 
In the absence of sporangia and spores the species is placed in 
t he genus Lycopodites. 

I Page 89. , Holle (07). 
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Lycopodites ia1lceoiat lls (Brodie). Fig. 136. 
1845 Y aiadit(l la llccula l a1 Brodie I . 

. \ ·aicui i'(1 aCliminata1 Buckmll. Jl 2• 

Ifl50 }._\ Puicl({.'{l lUllceula l rJ., Buckma 1l 3 • 

... \-aiadt'u l)!' f /lllaltl . DucklUan ~. 

19(X) .r(li{idit"l~ {Wllm/lIa ' ll.~. \\"i t.:kes '''_ 

81 • 

190 1 ."·alae/ita lam.·f'utala. ~{)l1a~jj (figu l'c . ..; ", howiug hahit Ilf the 
plim t~ . . 

1904 Lyt':'opod itt's lanccvlat lti1, S{'wlll'cF (figure showing haoi t !lf t he 
pllUlt ). 

c 

l·w. 1911. LycOl)Qci ite,; lullceolu tlli! (Brodie ). (After Miss Sol1as. x 40.) 
a, Sporangium w!i.ll ; ii, lea f. 
c, remains of tu buliU' elemeDts in s tem. 

] Brodie (45) p. 93. :! Bnckmnn in Murchison (45) p. G. 
:I Buckman (JOj p. 415, fig. 2. ~ Buckman (50) p. 415 , fig . 4. 
~ Wickes (00) p. 422. ); SoHa l> (01 ). 
, Seward (04) p. 14,.PI. u. figs. 2, 3. 

!:i. 11. 
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Specirntns referred to this species were originally recorded 
b\' Brndi(, from HhaHic r(lcks in the Sel'ern ""tiley, the na.me 
]!.';-uiaditu being c1HI:-,cll as Lhe rcsult of Lindley's compm:ison of 
the ~ Jl\a\l :lnd ddicatc Ictl\'cS with those of recent sp~cies of the 
~ll1n()(:(l t.rll·dtlnou:- family Xaiadaceac. The species luay he 
describt..·d <1:-' Ji)!Iu\\~: 

Plan t ~k'nJl' r and lu o8~-ljkc in habit. The uxis, which is 
d,·lieatl\ and t hread- like, hwu's [Iumervus linear acu1U.im~tc OJ' 
JlHfnm (I\-al,t' 1('il\"(\S reaching a. length of approximatdy 5 mOl. 

r nJt r a h",' magni(ying pnwt l' t he t hin iamin~ of the I~a\"es 

is )o,('en til ha"e :~ !'Ill lK.' lficiai iay(;l' of polygunal 01' rectangular 
CI,II ... arntIJgud iI, p::u·alll·l serie:- (fig. Vhi b). rl'hen'is no trace of 
lllidrib lll' :-Itolllnj,a. The spurangin. art' ll1or~~ or less sl_Jheric:.ai 
and )o,h()rr~sti.dkt..'d. situa.t.cd::tt tht' ba,~l' of the foliag0 leaves a.nd 
C('IlIwirli ug tlurm:rouS' tetmd~ of f;pOr e&. The SI!()I'L'fo; han! a 

diallIL·Lt..'1' Ilf 0'08 mill. 

HU!:..'klll;"~n ffllmdC'd n,dditional ~}lecies OD di.fferences in the 
f- hapc Ill' t he ien\'E'j:; but, as Miss Sollas has pointed out, such 
ditfi..'l'dll·l!S as he nuticed Ulay be dctected OIl the same ax::i~. 

It W:l~ stated in an ea'rlie l' chapter 1 that. Rwrkil:' Gardner, on 
in~utticicnt c \·idenc.e, proposed to place BI'odie's pla.nt among 
LIlt- ~.l()S.r::i?s. Th e disco"eJ',)' by Mr 'Yicke.s of Dew mntel'i<1i at 
Pylk' hill ncar Bri~tol afforded an opportunity for a re-ex_amina

tion tlf t he species: this was successfully undertakt!n by Miss 
Fi\db:-: whv \\"a5 able to dissolye out spores from the illntrix by 
dilll h' hydrochloric..: acid, and to recognise t he remains of internal 
::-:trncr.ul'c in the slender a:xes by exposing sl1ccessiYe surfaces 
with the aid of n hone. It was found that sporangia occurred 
nt tlw hast' of some of the leaves containing numerous tetrads 
of spur!..':;, t he individual spores having a diameter of 0'08 mlll ., 
apIJLl.rtntly twice as i[lrge ns those of any recent species of 
L ycopodium. Fig. 136 shows a sporangium. a, a.t the base of 
a kaf, b. Indications of tubular elements were recognised in tJ 

Lhe stelll and it is noteworthy that although the outlines of 
i._\ pidl,rtl1al cells on the It!iwes are weB presen 'ed no stomata were 
found. The iea\-es of the recent American species Lyco-po
dium ulopecll1'oides Linn. Val'. aquaticU'm, Spring2, which lives 

1 Yol. I. p. 240. 'l Solla.s (01) p. 31l. 



XlV] LTCOPODITES 83 

under water, possess stomatu. It is probable tlll1.t in Lycopodites 
lanceolat,lI . .s the lea ves had It n:-ry t bin lalllillfl and ma,), haw' 
been sinlj\ar in structlue to those uf reCent Mosses: the plnnt 
possibly lived in \"ery humid situntlons or grew submerged. 
Miss Sullas's in "estigatjolls afi'llrd ;l. satisfactory demonstration 
of the Iycopodiu('eons nature of this small Rhllt'tic spccief': n."! 
I h~n'(! elsewhere suggested I ,the generic l'mme J"ycopodites shnuld 
he substituted fvr t ha t of Nm'(f,dita. EXfI.JlJ pl cs of' this spl"cies 
Illay be .~een in Lhe Briti:.;h ')l uSL'tlJu. 

The Rhaetic species U\ltTI SCHnia, Lycopodites scaniclls);' ath.~ 

(in l-itt.) . recently re-described by H "lIc and originally referred 
'G,Y ):a.thorst \"u Gleic/,ell1'(1 affords another example of Ll\{J 

('CCUlTL'nce of ,1 small hcrbaceulls lycopod of Hhaetic age. 

FIG. 137. Lycopodit/!$ /(llcatufl L . and B. From the Inferior Ooli~e of 'fork . 
shire. (NBt. siile . Il1.S. ) 

• Lycopodites faicatlls Lind. and H lltt. Fig. 137. 

18:)1 L!lcopo(/ites falcalU-8, Lilldley and Hutton 3. 

1838 .Mugcitell.f(llca(:II.~, Stet"!\be-rg4. 

1870 Lycoj>(xlJlwt fa{calull1 , Schimper6
• 

I II 1822 Young and Bird ' figured a specimen [mm the 

1 Seward (04) p. 14. ~ 8 aUe (07) }). 14, PI. Uf. figs. G~12 . 
:) Lindley and Hutton (31) A. P I. LX]' 4 Sternberg (as) A. p. 38. 
:. SChimpet (70) A. p. fl. G Young Rod Bitd (22) A. PI. u. fig. 7. 
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I nferior Oolite rocks of the Yorkshire coaSt bearing (I small 
round c1'owch .. d jf'<1xe:;," whjch was afterwards descrjbed by 
Lindl ey from additional mat-e.rial obtRinc:d froUl Cloughton 
ncar Scarborllugh as LycOl)odites faicatu.s. The example re
vn.:sented in fig. vn !'ihows the dichotomously branched shoots 
beariug LW(J l'OWS of broadly frtlca.be 108.\'05. .A car'cful eX:~ll]ilJa.
tiIJI1 llf thl' type-specimen I revealed r..races of what appeared to be 
!:.im:t1ler leaves, but there is no satisfactory proof of heterophylly. 
K (J l--l'omngia or ~porcs h:w(: heeu founel. This British species 
has bf'E'n recorded from Lower Jurassic or Rhactic rocks of 
H{lfnhl)lm~ ~lnd u sim ilar th,)ugh prohllblr not identical t.rpe, 
L!Jc{lpocll:les 1'1:cto)"icle:~J has been rocognised ill Jurassic strn,tn. 
ul' AnstlTll i,~ (Sooth Gippsland, Yictoria). An Indian plant 
dt'scribed b\' Oldham and Morri s'" from the Jurassic flora of the 
H::Ljmahal J~lills ao A '1'aUCu1ite.s (?) gracilis and subsequently 
transferred by FejstmanteJ to Schjmper's genllS OheiJ'olepisf» 
may l.Jc identical with tlw Yorkshire species. The Jurassic 
fragments described by H ecl' from Siberia as Lyco)Jodites 
tenerri'll1usG rnay be Iycopodiac~ous, but they arc of D() bot,anicai 
illtel'e.st. 

Othl:1' exnmples of :Mesozoic Lycopods have been recorded, 
but, in the absence of well-preserved shoots and sporangia they 
al'e noteworthy only as pointing to a wide distribution of Lyco
pod~'tes j n JUrt1.ssic and Cretat:eolls fiora."i '. 

From Tt'rliiary straLa species of supposed herbaceolls lycopods 
have been figured by se\~cral a.uthors, one of the best of which 
is Selagiltella BeTth otidi Lesq. ~ frum Tertiary beds in Colorado. 
Tbls species agrees \Tery closely in the two forms of leaf 
with Selaginella grandis, but as the specimens are sterile \\"e 
h;~\'e not suffiejent j ll.stiticnLion for the em!Jloyment of the 
generic name /:)elagillellites. 

1 ~o. 3UH4, Brit. MliS. :! MoHer (02) PI. n. tig. 21 . 
. : ::;ewo.rtl (04Z) p. HH , PI. tigt>. 2-4. The drawing is reproduced 

~wice natural aiztl. 
~ OldbiHll Rnd Morris (63) }Jl .. . XXXln. :u:x\'. 
" I" eistJnnntel (77) p. 87. ~ Beer (iG) PI. xv. ji.gs. 1-8. 
:- :i'\atltorst (!~J A. Pl. u. lig. S. Sllporta (94) PIs. xxm.-u;r. Knowlton 

(~lt'I) p. HG. 
~ Le.squereux (78) Pl. v. fig. 12. See also Knowltollloc. cit . 
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SelaginelliteB. 

This generic name has been institut..cu by ZL'i llcr 1 fa]' 
~p{'cimens from the coal bflSis of Blanzy (France), It, is applied 
to heterosporous species with the habit of Seiu,qinellu: Zeillcr 
preferred the designation Selagil1elliles t,o 8ell1lJ1'nella on the 
ground that the type specie!:' differs fro111 recent forms in hn.\·ing 
mor~ th::tn four megMpoTt!S in each lI1cgaspomngium. J 1. is , 
however, convenient to extend the term ttl all hctcrosl'orou~ 

fossil :o::pecies irn::specti\'e of th<: ~pore-uutpllt. 

SelagiTlcllites ~uissei Zeillel'. 

This species was described in Zeiller's preliminary DoLe2 as 
Lyc(Jpociites Suissei, but he aft.erwards transferred it to the genus 
Selug1'l1ellites. In habit t ho plant bears a close rcsemblancu to 
Lycopodites mucrophylll's of (ioldcubcrg: the shoots, ] -:1 1ll1Lt. 

thick, are branched in a more or less dichotomous fashion and 
hf'a r Letl'astichouH leaves. The larger l eave~ reach a length of 
4-6 mill. and a breadth of 2-3 mIn j the smaller leaves are 
described as nlm0st invisible, closely applied to the axis. lwal
lanc('olate ancll-2 mm. long with a breadth of 0'5-0'75 mm. 
Long ::I.nd narrow strobili (15 em. by 8-10 mOl.) terminate the 
fertile branches; t,ht'se bear crowded spol'ophylls \\~jth no trian
gular lamina and finely denticulate mal'g'in. Onl] s]Jorangia 
were found on the lower sporophylls containing 16-24 spherical 
megaspores 0'6-0'65 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 
cellarette. The microspores ha.ve a diameter of 40-60# and 
the same type of outer membrane as in the megaspores. The 
meg;spores of the recent species Seloginella c(£ulescens, as 

, figured by Bennie and Kidston", resemble those of the Palaeozoic 
type in the presence of an equatorial fla.nge. It is interesting 
to find that, in spite of the occurrence of 16-24 megaspores 
in a single sporangium the size of the foss il spores exceeds 
that of the recent species. 

1 Zeiller (06) p. 141, PIs. XXX.IX. XLI. \! Zeiller (00) p. 1077. 
:1 Bennie lind Kidston (88) Pl. \'1. fig. 22. 
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Sell/.gin.ililes pn:/na.v". (Gold.) . . Fig. 135, A, fig. 138. 

J 0,.-",; L//"opodil",t priM{/t'I'U;J, (;(Jld c11iJcl"gi. 
11.,7f) 1'.',CQ/lIJdiilill jll"imacl'ltm, l-khiml'CI'2. 
JlJHi" s"t'ffp"n.,lIltel' prl/ll(u.:nUl, Halie 3. 

Fro. IS8, SelaailH!liitciI primaevu& (Gold,). (Alter Goldenberg.) 

[CB. 

In habit this species, first recorded by Goldenberg fi·om the 
Coal-Measures of SMrbrlicken. is similar to S. Suissei Zeill. 

1 Goldenberg (55) PI. I. fig. 3, 
~ Halle (07). 

~. Schimper (70) A, P1. Lm. fig. 2. 
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The drawing reproduced in fig. 1:38 is a copy of that of the t)'»e
specimen: another specimen, 1l1l0ll'c\ by Coh1enberg, is figured 
by Bnlle in his l"l'cctlrly pl1bJj::-hcd }Japer. The leav('s apl't:'1u' 

to be disti(;holls: no ~llltdlel' J(:,:L"OR hnn:- been deLecten, Lhlltlg-h 
Halle is inciit1(,d to regard tho plant AS hdcl·(lphylltlus. Th L' 
!"pnTophyll::, borne in slender terminal strobili, a.rC' smaller tJl:l1l 

t,hl' foliage leaves and spirally dispus(._·d (fig. ]:{H: f'1l1allC'r 
spt'cinll'n). Halle ~l1ccc('ded in dl'mOn~Lrll,ling t.hat SOlHl' ~,f 

the spurangia cunbtined ;1 single tetTad \If f; 1' Ol't~!", ('ach ~pOl'C 

haying n. diamder of 0'+--0'5 mm. ); n microspores \\ l're fuund, 
but it is clea.r that Lhe ipecies was h('Lero8pornu:-. and that it 
agl'L't'S with recent ~pucics in hr,,\'ing unly 1'0111' spores ill Lhe 

megnsporangium. 

8elaginellites elollflutlls (Guld.). Fig. 1 :35, ]:$, D. 

IS5[1 L!ICOpodifr:S l'l(mfJf(f.u~, GoldenUcl'g]. 
1870 Lycopodin)l~ elolt{jatltm, Schimi'el'~. 

The shoots of this spE'cics l'C';;icmblc the recfnt, Lycupod'il11n 
cOnJplunatum : tll(,Y differ from those of Sel(1!]illcllites }J1'I:?/laeUlt8 

in their long aDd Darrow branches which bear two furms of Ica.f: 
Th e Junger Ieare;::;, arrllnged in ()ppo~itc pam, are slightI,t· falcate; 
th~ ~maller Ieaycs are ap}Jl'(!sscd to the axis and have a triangular 
cordate lalHi na. Another peculiarity of this specieR is the 
Occllrrence of sporangia in the axil of the foliage leaves, a feature 
characteristic of the recent Lycopodium. Belaga. In recent 
species of Selaginella the sporophylls "1'0 always in strobili. ::\0 

microspares have been found nor the walls of megaspol'angia, 
but tetrads of megaspores were isolated by Halle: the spores have 
three radiating ridges (fig. 135, B) connected by nn equatorial 
ridg~. Halle estimates the number of spores (0'45 mm. in 
diameter) in 11 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. Suissei. 

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

l Goldenberg (55) Pl. 1. fig. 2. 2 Schimper (70) A. p. 10. 
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dimen.'3ions those of recent forms and on the other hand were 
SllIldl l'r 111<\11 thOSl' ()f the Palaeozoic arborescent species. 

There can be little doubt that sOllle of the Aresozoic and 
Tertiary spccit·!' included under Lycopodites agree lJlor~ closely 
,,"it,h Lht:.: recent genus Seloginello than with Lycopodium, but 
this does not cOIl!"lt,itute an argument of auy iUlportance against 
ill{_' restricted lISl' of the dcsignat,ion SelagineUites which we 
han~ adopt.('d. From a botanical point of view t.he \-arions 
n.·(:I))'ds nl' Lycopoclites and Selo,qi11ellites ha"e but a minor illl
P(q·i.;IIlCl': Lhey arE' not sufficiently nl1merou~ t.o throw any light 
on 'Itlc:-;tions of distribution in former periods, nor is the preser
nttirm (Jf the material such a:-; to enable liS to compare the fossil 
\\·ith l'('c('nt. t.'·pes either as r('gard15 th(,ir ana.tomy 0 1', except 1)1 
a Ie\\" casc~, their sporangia and spores. The Pnlaeozoic species 
;\1"(: interesting as I't:ycnling less reduction in the number of sporeR 
produ('(:'cl in Lhe tnE'ga .. "porangia. Among existing Pteridophytes 
I h(' genus lsoetes agrees more clo~el'y than Selagillella , as regard:; 
the numbcl' of megaspores in each sporangium, ,,·j tll such fossils 
as / .... 'elagillellites Su~·.c;sei a.nd S. elongatw·1. 

It, wonld seem that in most Palaeozoic species hcterospoJ'Y 
had not reached the same stage of development as in the recent 
g"enu5 Seluginello iu which the megaspores do not exceed foul' 
in (![teh sporangium. In Selagi'l1ell'ites prillwellus, howe\"E'r. the 
hrtl..'p,spory appears to be' precisely of the ~ame type as in 
(·xisting species. 

L ycostrobus. 

The generic name Lycost"olms has recently been instiLuted 
by Kathol"st l for certain specimens of a Iycopodiaceous strobilus, 
from the Rhaetic strata of Scania, which he form erly l'efcrl'tid to 
t.he gelllls A11d'rost'l·obus't. 

L.vcostl·oblfS Scott'; l'\ athol'st. Fig. 139. 

The fossi l described under t his name is of special interest as 
affording an example of a Mesozoic lycopodiaceous cone com
parable in habit n.nd in size with some of the largest examples 

I Natborst. (OS). ~ Nathorst (022, p. 5, PI. I. fig. L 
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f P alaeozoic Lepidostl"ubi , t he cones of Lepidodend1'On. The 
:wedish fossil from Upper Rhn.etic strata of R elFlingbol'g (Scunin) 
,'as originally designa.ted A ndrustrobus Scotti, the generic Ull,me 

t'ing adopted in dew of the close resCioblunct:! of t he form of' 
he strobil us to the male ftower (If a Cycad. A more complC'tf' 
xamina-tion has shown that th<: b('ldics, which were thought to 

FIG. la9. L ycoltr(jlm, Scotti, Nath. (A fter Nathorst; ~ na.t. s ize.) 

~ poUen-sacs- though Nathorst recognised certain differences 
'tween them and the pollen-sacs of lycopods-are t he 
egaspores of a lycopod. Microspores have also been identified. 
he axis of the cone has a breadth of 2 em. with a peduncle 
hich may be naked or provided with a few sma.I1 scales; the 
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~poro"hyll regiull tlf the' axis reached a lengt h of' ftt leMu ] 2 em. 
The ~I Ji raIJ.,' disjJ1'!:il,d sporophyll ~ tel'minate in a rhombic distal 
end which Ilia} rel're~('nt t he original termination 0 1' rhey 
11l;IY ha\'L' bt't:n p rolungt.'d upwa rds ar.:. free laminae. E ltch 

!o'l'onll'hyll bears I ,n jts upper face a ~ingl e large sporangium 
c:ontai llin g- eit.he r IlIcgasporl!s (11" micl'osl'ol'Cs: the mega~porcs, 
O'£;5-()'(iO nlTll, in diamt:t,cl', arc fincly gr1lnu1n,tc and bear small 
\\'art:' thorns til' 1ll01'L' slender pointed I.lppendagc!-=. Th E' micl'O

spon'!-(, afLf'r t l'catnll:nt with cau de J avelle, were found to 

1tlL':l!'UI'L' ;;(j-.t+1L ",hi le ot,herR which had been t reated with 
Olllll11llnia n ',\cJll'd .j-ip, in cliam ct,cl'. 'Kathorst (le~cl'ibco:: t he 
micrt)sp(ll'e!' :'lS occurring ill ~p IH.'ri(:a l grou ps or bulls, which 
i1, i ~ snggC'stecl may b...: cuwpared with the g roups of !:-lJores 
sepanl,jt,d hy !'tl'nnds of sterile t.issue (trabecu lae) in the large 
::: pnrnngia "f I suetes (c:f. tig. l B~, H ). If t,h i.s cnll1 pa.rison i~ .'::ound 
it would point to a. more cOlllpiete St'ptati(JIl of the spnrangium 
ill L ,ljcosh'oUIIS than in any r(!c~ut. spL'cies nf I soetes. The size 
(If tht' strobilus would 8(·t:In to indica.te Lhe porsistencL' into 
Lh l' Rhc1.l.:·tic l' ra 0f al] C1 l'blll'escent lycopodiaceous L)1Je: but the 
appt'il,runc(' ;lml l1lfUll1l~ l' of prest'n 7 ation of thl} axis is inteJ'
prct.l,d 1)' N <1.t horsL as e,·idencl' of a herbaceous rat her than 
it woody structurl' , He is dispused to regard /sueie[; as the 
llHlst nearly allil'd existing gen\l~. 

Th(· cmnp;ll'i ~on made by Nathorst wi th l soete& is based OIl 

;\ n.!scmbianct_· bet\Yt:~n the spores of the t wo genera and on the 
c \'idul1 cc, which 1s not decisive, of the eXlstencc of sterile 
."-tr<lnd::: of tissue' in th e sporangia. of L ycostrobus. Tbjs 
similarity is howen!}' hHI'dly of sufficient importance to justify 
the inclusion of t he Rhactic strobilus in tbe I soetaccae. In 
size Il.nci in t he arrangement and form of the sporophylls the 
cone presents a m ucb closor resemblance to LepidoclendTO?! than 
to Isoeles. It is probably ad\~sabl e to regard this Rhaetic • 
t)l\e simply as a Iycopod iaceous genus wbich we are unable, 
wi t hout adcutional informR.tioll, to assign to a particular position. 

The opinion expressed by Professor Fliche' that the plant 
described by Schiu'Iper and Mougeot as Ca,ulopteris tesseliata, 
a supposed tree-fern stem, from Triassic rocks of Lon'aine, is 

J PHebe (03) . 
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more proba.bly a large lycopodiuceotl s stem. e ither a Lepidu
dendron or a new genus, is Wl11'thy of not~ in rcference I~l 

Xathorst's account" \,1' L ycost1·ulJlls. 
In habit the fossil st l'obilu~ l11ay be compared with till' 

triassic: genus PleuTomeia, but the 1lo~itinn of thl' sp(lnmgil\. (I n 
the ~porophylls COnstitllt .. ~S a well-marked difi'el'(,u(:c. Tlw 
m0sL ilnp{!rtant resnlt of Xathorst's skiUful trl'1\tll1ent of thi~ 
intereHing fossil by chcIllical microscopic l1wthod:-- i:::. the 
demonstration of thl' existence of a large htlt..:rospvrotl'"' t)'pC"vf 
l.rcoI,udiat:cou~ cone in a Rhal'lir Bora. 

Poecilitostachys. 

UncleI' thi5 generi t name M. FlicheJ has briefly describl'd a 
fertile lycopodiact!ons shoot from the Triassic rocks of El'inal in 
Fmuce: the t,ype gpl:cil..!s P uecilitostuch!is f1 angi consl.'Sts of 1\, 

c:yjindri ca.1 axiK, 10 ClU. x 5 liun .. deprin'd of k'av(:s and tcrwi
nating in {t rounded receptacle be:lring a capitulum (If bractR or 
Jenile le~lves. Detached megasporangia containing small globu lar 
bodies found in associlition with the capitu lum an: compa red 
with the IIH:!g<\sfJorc.mgia of J8uetes. 

I Fliehe (\}O) . 
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Arborescent Lycopocliales. 

A:,\I (l~W the best known plants in t he Palaeozoic Aora~ are 
the gC'IlC I'H Lepidodemb'oll auel S'igillu1'io, t.)1)es which are often 
Sj'(Jkl'D tlf IlS Giant C!llb-Mo:.;scs or fiS ancestors of existing 
!'pecies of' LycOJlodium and Selugineflu. Of these genera, but 
m()r{' particularly of Lepidode}ldron, we possess abundant 
I'('('o rd~ in n condition which haYt:~ rnadc i t possible to obtain 
fitirly C(IIlIp]Cl,(, illformn.tion not only jl) regard. to habit and 
('x:t~;rn al featurE'S hilt ns to I he anatomical characters of both 
Y€'gct;,ttiv(' and reprociuctiye shoots. rrhe structure of Lepidoden
dron riitJt'l"S t l)O widely from tJUl t of recen t Club-Mosses (.~pecj es 

(I f L}lcopod'imn) to justi(r the statement that this prominent 
111ember of the Palaeozoic vegetation may be regarded as a direct 
n.l1ccstor of nn~T liying plant. There is at least no doubt that 
Lepidorie11d"'o11 a.nd Sigillaria must be included in t he Pterido
phykl. The descrip t ion by Dr Scott I of the genus Lepidoolt1'pon, 
fuunded on petrified speci mens of strobili , demonstrated the 
cx is tem:c of i\ t,ype of Iycopodiaceous plant in the Carboniferous 
period distinguished from all living representatives of the 
group b~' t he possession of integl1mented l.nega.spores, whicl'\ may 
fairly be styled seeds. Lepidocw])on and another seed-bearing 
plant j}fiadesmiu are described under tt separate heading as 
lycopodin.ceolls types character.ised by un important morpho
logical feature, which among recent plants constitutes a 
diffel'entiating character between the Pteridophytes and the 
Ph~1.Derogams. 

I Scott (01). 
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Lepidodendron. 

General. 

The genus Lepidodend7'on inciuucd spceics cOlUpnl'a.blc 
in size wi t h ('xisting forest trees. .A tapereri trunk rose \'l' rt ically 
to a. height of ]00 feet or upwnrds frvm a dichotomously 
uranchetl sl1btermnean axis of which the spreading bnmches, 
clothed with numervus rooLlet~, grew in a. horizonta l dil'ectiou 
probably in a. swampy soil or poss ibly under waLer. A 
description by All' RlIdwayl of Lyco}Jod~ on t he border of a 
savannah in Guiana forming' a minin.t.ul'e forest of Pine-like 
Lycopodiums might, with the om i,ssion of the qualifying 
adjectin!, be applied wi t h equal force to a grove of LClJidodondra. 
Thl' 0(ju111 dichotomy of many of t he braJl(!hcs gave to thE' t rc(! a 
habi t in striking contrast t o that of OUI' modern forest t rees, but, 
on the other hanel j in close agreement with that of' such recent 
species of LYGO]Jodiu?n as L. cenmum (fig. ] 2:3), L. Ob,'Jcu1'ttm 
(fig. 124) and other types. Linear or oval cones terminated 
some of the more slende r branches (fig. ] 88) agreeing in size and 
form with the COl)CS oft.he Spruce Fir and other con ife rs or wiLh 
the male flow er.s of specie!:; of lb·aucaria.-, e.g. A . i1Jtbricata. 
Needle-lik e: l e~1Ves, \'arying considerably in length in different 
spe('jes, covered the surface of young shoots in crowded spiruls 
and their dt'current basc8 or leaf-cushions fanned an encasing 
cylinder continuous wi t h the outer cortex. rrhc fact that leaves 
arO usua.lly found attached only to branches of comparati\'ely 
small diam~ter would seclU to show that Lepidode1l.d1'1.ill, though 
an evergreen, did not retain i tIS foliage even for so long a. period 
as do some recent conifers. 

By the activi ty of a zone of growing tissue encircling the 
cylinder of wood t he main t rwlk and branches grew in thickness 
year by year; the general uniformi ty in size of the secondary 
conducting elements affords no indicrl,t ion of changing seasons. 
As the branches grew stouter and shed t heir leaves the surfttC~ of 
the bark l'esem bled in some degree that of a Spruce Fir and other 
.species of Picea j in which the leaf-sCk'll"s form the upper jjmi t of 

I Rodwny (\15) A. p. 153. 
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IH'(lminent peg-like pr~jections, which, at first contiguous and 
n'gular in contour, afterwards become less regular and separated 
by ,l,rr(,o"cs (fig. 14-0) and ava, later stage losl' thei r outline as the 
bark i, ,,,'etched to the tearing point (fig.140,C). The leafless 
bnwch .... s (If Lepidodcnd1'on were cm'ered with spirally disposed 
onll Cllshions kss peg-like and larger than the decurrent Icnf
bn.._o:;l.·s of Picea, which show in the upper third of their length tl 

dt·an-cut 1 riangulnr area and swell ont below into two promineni 
ChL'I.·k:; ~cpar;'\tled by a Jll€'di;]"n g roo\'(' and tapering with 
dl'creasing thicl~,H'sS t.u a ]Jointed LasE', which ill son)e forms 
(e.[J. Lepid(ldelldrun Vclt/leim-ianll1ll, fig. 185, C, D), is proi<mged 
<)$ 11 ('uJ'\,ed ridgL' tIl th(' slIJl1mit of a 10Wl'l' 'leaf-cushion. 

A B c 
F lO. 1411. l 'iet'll ('.rtrloS(/. Shoot-I> of diffcl'(mt agclI sh(lwing cbanges in the nppeal'

ance ot the leuf-cushions: a leaf attached to ll. cushion in fig. A. 
(Slightly enlarged.) 

A portion of the clishion below the triangular leaf-scar often 
l:i hows transverse gaplng cracks 01' depresslons (fig. l 85, C) 'aucb 
it~ occur on a, smaller scale on the older clIsh.ions of a Fi r twig 
(fig. 140). Secondary thickening, as in recent trees, is not confiued 
to the vascular cyliudel' but at an ea,rl)' stage, frequently before 
t,here are any signs of secondary wood, the outer region of the 
broHu cortex becomes the seat of active cell-formation which 
results in the addition of a considerable thickness to the bark. 
At a later stage of increase in gi.rth, the leaf-cushions are stretched 
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apart and the origina.l surfnce·features become obliterat.ed by 
yertieal cracks and by the exfoliation of the superficial tissues 1• 

SOUle species of L epidodendron produced branches ch'lmc· 
terised by spiral 01' "ertical series of sca,rs i these in oldol' shoots 
were replaced by depressions ha"ing a diameter of several inches 
and comparable in appearance, as also perbaps in mann er of 
formation, with the scars left on the stem of it .Kauri Pine 
(A_gatltis atlst1'ul1:S):! 011 tbt' absci~sion (If lateral branches by a 
natural process. These shoot:;;, known ai-' Ulodend1'oll, arc 
described ill a. SUbSClluCllt section. (Pagt· ]28.) 

A fully-grown Lepidodendrun must, have been ;Lll impressin· 
tree, proba.bly of sombre col()u!', l'clic"ed by the encircling fdt of 
gr\:oll need les I)n the young pdldulous twigs. The Icaves of 
slime species WeJ't:: similar to thuse uf a til' while ill others they 
resembled th(.· filit"urlll ncedles of the Himalayan Pine (1)iwls 

tonglj'olia). The occasional presence of dt:licate hYVhac in thl' 
tissues of Lepidoclendl'Oll demunstra.tes susceptibility to fungal 
pests. 

Archltecturally, if one 111ay use thl' Lenni Lepidodelld?·ou 
owed its power of resistance tu the bending force of the wind 
to its stout outer bark formed uf thick-walled dements produced 
by the acti"ity o1'a cylinder of COl' tical meristem (figs. ]48, 172, 
etc.). The vascular axis, of insignificant diameter in proportion 
to the size of Lhe stelH (figs. 15~, 153, I i~, 181, A), lUUS' have 
played a subordinate part, from a mechanical point of view, as 
compared ,vith the solid muss of wood of a Pint:: or ~lll Ouk. 

\'ithin the compass of 11. text-book it is impof;sible, even ifit 
were desirable, to include an account of the majority of the 
species of the widely distributed Palaeozoic genus Lepidudench·on. 
In sp~e of the great number of known species of this common 
member of Carboniferous floras, (Jur knowledge of the type as a 

• whole is deficient in many poiuts, and such information as we 
possess needs systematising and extending by comparative 
treatment based on a. re-exR.miuation of available datu. 

In order to appreciate the meaning of certain external 

1 .A good examplE: of an old L~pidQdendron stem (L. acul~afum) is figured by 
Zalessky (04) PI. I. fig. 3. 

2 Seward and Ford (06) PI. HID. fig. C. 
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lenLu n 'i:j charfl,ctt: l'istic of Lepidodendron stems it is essential to 
ha\, (' snlllC knowlt.:dge of the internal structure. 

A dual s_r!'iI,I,:1ll of tenuilJology ha.s been unavoidablyad()pteci 
for r-. ]It'cil·S uf Lepidud"mclTulI: the mn:j01·jty of specific na,mes have 
UI.:fJ lI nssignt'd t(l f('sE-il~ klwwn only in the form of casts or im
Jlrt',-;!-i(m:s, whilt_· pet rifit.·d fragillents, which nniortunat,dy seldom 

_.., bo\\ I hI.' .s!l rl~lct:-tl·a tu res, h;tn~ l'cc:cl\"('d another :;et of names. 
A g lance a t, Lllt-' ()ltlcr lJ<til:l{;()buLa nicai literature l'l,\'eals t he 
('XiSI.~IH.:e Ilf :;:l'\"I.: r;1] generic d~s_jgnllti t)n~, which full er information 
has :-:h(l\nl 11, h:1 \' t, hl'en appli ed to.) lepidodendl'oid !ShoOL!; 

depri"l'd nf ~OIl1 t.: of t.heir :-;u perficial t,issut.:s before fos~iljsation 
nml diffL: l'iJlg cunside rably in :l1IJk:arancc fJ"Ult:1 t hc more complete 
bra-ncilL's (It' t h!,· sanw !OiJll·cies ' . I t has in somc instances been 
} 1\ l:oi::;ibh.: to cllITeiatt..! tht_· t.W() ::;ets of specimens, ca~ts 01' illl
}lre~" i ()n:-;, showing external features, and lletrificd fi·n guJi?nts. 
\\" r IJlU,V reasonn..bly expect that fu t,lll'C discoveries will I.:Dable 
115 t,o pi( 'cc l,Ogl'LilE'1' as definite spe<!ific types SptCilllt:IlS at. 
prescll t labelled with different nall.les, 

A \\l·lI-presc l'\"(~d IC(lf·cushion (If a Lepidodenfh'on~'th c most 
ob\' ious distinguishing fea tu re of t he genus-is rhomboidal 0 1' 

fur-;if;'1"I1t and \"crtically l·longated (fig. 146, C,E: fig. ]85 , C, D ): 
in exceptiona.l cn. .. "e!-i it may reach a lengch of ~ cm. and a breadth 
oj' 2 CIll. The cm.;hion a.s a whoJe repref.lents a prominent portion 
l)f the st.l'1ll or branch com parable with the. elevation on tht! twig 
of ~l Rprucc Fir lllld th€> leaf-base of a LycojJodiwlL (cf. fig. 121, A, 
lower pnrti,m) which appeari5 in a trans\'erse section of a branch 
as a l"vuncled }lrominence (cl: Lycopodiuw, fig. 125, .A. and H ). 
Disregarding differences in detail, a typical Lepidodendron 
k·af-l'u~hion is ch;lract,e l'i~cd by a clearly defin ed smooth 
arl:ft llfll"!ll situated in t he middle region (ng. ] 40 , C, s). 

This .i s t.he leaf-scar Qr place of attachment of the base of 
the It!af whi (.; h Wfl-'5 cut ofl' by an absci~s-layer while the branch • 
W;l~ cl"llllparati\"l:,ly youug, as in recent forest trees and in some 
s}Jec ie~ of F erns. On the leaf:-scar are three sinallcl' scarS or 
cicaLl'icuJl.!s, the central one is circular 0 1' mol'€' or less triangular 
in outline, 'the tWl) latera.l scars being usually oval or circular. 
The cent.ral }li t ll.lilrks the position of the single VasCU];;lT blUldIe 

I See l~lscher (04). 
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which cons.tituted the conducting t i!)."me connect ing the lCi\f 
with the main nlscu!<tl' system of t hI.' f'tenl. ~~h c tW(1 iat,(,I'ai 
Joo!cars (figtl. l+5, A, p; 146, C, ,,,,; 14-7 . p) l'eprescllt the exposed ends 
of two strands of tissue, t,he fVl'kcd brll,nches or a :-;tmmi which 
pass from the middl e corLex of the stem into the leaf; Lhi~ is 
known IlS the pa,richno:o:,:t name proposed uy Professor BerLI'Rnd 
in ] 89] '. 

Th~ specimen shown in fig. 1+1 shows thl_' lineal' It'llves 
aLk1.cht'd Lo their l'l'sp<:'ctivl,,_' cu!'hion~. 

FIG. 141. Lt'pidodt:llfiroll Sterflher!Jii.. From tl. Rpecimen in the Brith;11 
MU:;elltn (No . \', 1235) from the COtLI·:\lCRsures of Shropshire, 
(Kat-size.) 

The lamina. has a well-defined median keel LIn the lower 
surface and on either side. a groove in which sections of petrifi<.:d 
leaves}uwe demonstrated the occurrL'nce of ::;t;omatfl (ct: fig. 142). 

ii. Leaves and Leaf-clts/u·ons. 

All Lepidodendron leaves, so fa,r u.s we know, pDssessed It 

single median vein only. In some species, as for example in 
Lepidodendron longifotiu1I! Brongn., they have tho form of long 

J Bertra.ud, C. E. (91) p. 84: derived froUl npd, by the sid~ of, and rXVOf, trBCe 
or foot-print. 

S.n. 
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and ~1{:Tldt!r acicular needles very similar to those of Pinus 
10"9ijoli""': in L. Sternhe>gii (fig. 141 ) they are much broader 
and shorLeJ'. In external form as in internal structure i~ is often 
jlllIK,~sible L(l distinguish )x·tween the Je:.wes of Lepidoclend·ron 
Hud ,')'1"r;illuricl. The distinguishing fentllres enumerated by the
ialL' 111. l'el1;1l1lt. cannot be employed, with any great degn::c of 
clillfidcnct', as ciiaglll)stic characters. In transverse section the 
ialllilJa IJ f.t L r picil)dt:nd ron leaf pn'sents the same appearance as 
thaI" (d' thl' Sigillnrian l l'H\'l'::O I't'pn:scnted in fig. 142. 1\ear Lhe-

a 

FiG, H2. Leaves M .':;((fillaricl iu trnnsverse sectian. 
A, A', Section in tbe Manchester University Museum (Q. (j3I). 
H, C. S(.'Cliun8 in Dr Kidslon 's Collect.ion. 

bast' t,be free pal't of the leaf -is nsuallysllbrhombojdl:il in section . 
with short lat.entl 'wings, !.\ ventral keel and two stomatal 
gl'olwes (fig. 142, A. E , g). rrhe forlll and arrangement of stop 
mnt.(l are shown in tig. 143, A, which was drawn fromapieceofa 
leaf shuwD in su rface-view in a section lent to me bv Professor 
W"iss. I t should, however, be pointed out that the ieaf cannot 
be certainly identified with Lepidodel1d1'o11 rather than with 
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Sigillaria, bu t as t he leaves ('If these two genem are constructed 
on the &'lme plan the identificatjol1 is of secondary irnporL-.ance. 

The single xylem bundle consists of primary t racheae only. at, 
least in sllch laminae as have been identi fi ed a5 Lepidvdendroid. 
Surrounding the xylem strand OCCll l' dcl icat.e parenchymatous 
Cl~ IlS jll some Cases accompallit::d by darker /HId thicker~ \\'all t::d 

elements. As iu Sigilla'ria, the lc,wcs of which arc more fully 
dcscrjbed on page 2)0, H fairly bl'nad sheath of wjd~r and short er 
scalarifonn or spiral transfusion tnu 'hcicl..: :-lllITllUnds tht! Cull -

B 

f'l/ ;, l.Ja. A. Stomata in surfl1ce·\'icw (l.t'pido.iellti roll?). «, parenchyma: 
I, transfllsiou trachellil; .I, x}'lem. (Mallchcster University 
Collection 11. 72a). 

D, C. Lepiriodt!lI(iruli t!~IIQ8IellJlI! Ren. (A fter Hen ault.) 

dueting stmnd (figs. 142, t; H3, B, C, t). As Rena ul t shows in the 
case of Lepidode1Ul?'oll eS1lostelisel, th e sruall lefLves of which aI'£! 
] '5-2 mm. broad at the base and several centimetres long, the 
stom;ttal grooves and keel die out towal'd;;; the apex when the 
lamina aSSUlUes a more nearly circular form (fig. 143, C). 

The area of the clishion excl uding the leaf-scaT is spoken of 
by some writers as the fi eld. Below the J eaf~scar the kite
shaped eush.ion tapers to a gradually narrowing basal position: 
in Lepidodend?'oll Veltlteim,ianum, a species charac teristic of 

1 Renault (96) A. Pis. nxlU. XXXIV. p. 178. For a good seetion of aoother 
[.,epidodendroll leaf, see Scott (OB) p. 160, 6gg. {;4., 65. 

i-2 
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L nw{.'1' Cnrholtifcrous strata, it is s(!en to be ccmtinUOlls. as a 
ridgL' with ~!I'l'i/)g ~ide.<.;, with.'l. Jo wer c u. ... hion (fig. 18.1), 

Bl:I()w a INlf .. ~cal' t.hl' cU!:ihi ()J] frequently ::: h o",~ a pair uj' on1l 
:{"ea." 0 11 II hich a filll' pitLing" IIltl}' bt: det('cted in welj"pl'e.<.!cn·ed 
iIllPI'I'fiSiI11l"" thC~i' O\'IlI ~car!o; ) as been in fig. ] K5, D, are practically 
c(ll1t,in!l'lll~ 'It thl' UPl't' l' end wi th the p<ll'ichno,o:.; scurs on the 
k-ilJ-hC;tr an'n: t his is explained by the t:'1(;1 thn.t th('se infra-fuliar 
:.(";t r . ..; <ll.-;U 0)1'(" t IH.,ir {·Xisi.(,Dce to patches (If lacun!lr, ar·renchy
ll1tttloll~ tis!o:lI L! ill ('l()~(' conncxinn with the IJarichnos 1. 

Shol'tly bl'l(lrr entering the bnse vI' the )(;!tf-lll.minft !;he 
pari (' hnn~ divides into two ann:' which diverge in the out.er 
cnl'ticaJ l'l',!!iOll right fw d It'll (11' the vascular bund]{ .. , Ilncl j)a':):jing 
clbliq\ll.'l~· upward~ 1 hey ('omt' cloSE' to the :-;urifwc of the lL·af'· 
ClIshif)f) just heJo\\' t.he )Nlf-sca r. 'fh e diagram-fig. 14+, B
~hu\\'::i;t lellf·trn c(.·,1t,i n the lcaf-cll~hioD , as seen in a diagrammatic 
dr:llring of a vcrtical radial secti0l1 of .1)., stun, the d!)ttcd lines. 
]1 , , /, show th e tWO pnrichnos arm!': which 1"l.re repn.:seutl!c1 ns 
illlringillg un the' .1:;111'1;1(:(, of the Ji:af-cllsbion at p', and then 
bo.:lIding lIPWt\l'US to pass int.o the IcaJ-base rig ht, and left of the 
nl<;l,Cllllll' b!lndh~ 0 )' Je.1 f-t.J'nce. For cOI)\'enicnce t.he arms of the 
parichn(I:; a.re represented in one plane though actually in 
different vertic;t) phwt.'s. 

Fig. 144, A, slww!'; the difference between i.\. \·iew of the 
origin:l] .f;lJrJ;lC{" of f1 Lepiciode.nd')'())/, as;]t (I, where n ] (!,l1f-cushioD 

wiLh a l ear-~car is seen, and a view of an impression representing 
the (,1]Jter (,Ol'1iCX, b, /) ;-.;bort dis tance below tht> surface. The 
surl'act: b, 111 fig. 1 +4, A, corresponds to the t~ll;e d-e .in the dia.
gmm lllntic J!mgitudiJ1ai sectiuJl fig. 144., B: the DutJjne (If each 
cushion is clearly visible and in t he centre. is seen the leaf-trace, 
It , with its parichll(Js. 

'1'he sudace-features, u (fig. IH, A), have been impressed on 
the rock, c, (fig. ] 4-!, B) in which the specimen was entombed • 
and by the removal of th e cast of the stew, t.hat is the thickness b 
1.0 c in fig. 144, B, t,he form of the leaf-cusblon is revealed. The 
presence of the two infra-folia,· parichnos scars at p' (fig. 144, A) 
is ",pJnwed by t,h. diagmru, fig. ]44, B, p'. 

The relation of the pa.richnos to the un1.1 seal'S below a 

J Weit;s. l_<~. E . (07) . 
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Lepidodendron leaf-cushion hl\~ been worked out in detail by 
\ \ieiss who shows tha.t. nt, least ill 50111(,' species. the tW(l "1"111S 

do not bend dpwnwanJ~ ItS SIWWll in the diagram, fig. ] ·H" H, 
but pursue a straig-ht gntou}l.ll.r ascending course il,<; seen ill 
fig. 14.5, A. Just below the leaf-:-lcar region of the cushion each 
arm (:omes into ast:oci;ttioD with 3. group of iaClUlar, aercnchy
matou:; t issue, such a,s OCCIII'S in the ruots of certnill l\langl'oun.: 

A B a - -<1 

--e 

FlO. 144. /,t'pi.iotiC1,dl'()/1 rdt/teimiIW!ml Sternb. 
A. Leaf-cushion and lell.f-ItCRl" seen in sud!l.ce-vicw at (I ; on t.ile f(!!It 

of the !!pecimcn Ii slightly lowcr surface is ex})ollcd. (After 
Stur.) 

B. Diagrammatic longitudinal flcction to explain tlle difference!! 
between it.!; two surfaces /1 and 11 shown in fil,:. A, 

The shaded portioD (' represent!! the rock ma.trix, the sllrfaces 
(I/), cd, lllink the outer and inner edge of the outer portion of 
tht! bark of the Lepidodendron stf:lll. 
It. leaf· trace ; ]I, ]1', parichllo5. 

plants. and it is this ael'enCh)'11a which is exposed on the two 
oval depressions below the leaf-scar. The structure vI' this 
aerenchyma is shown in fig. 145, B; it consists in this species 
(L. Hl:ckii "ats.) of stellatt' cells which would constitute all 

efficient aerating system, Probably, as ~Teiss suggests, these 
patches of aerenchyma were originally covered by an epidermis 
l)rovided with stomata, and it is owing to the destruction of this 
super5cial layer that the two oval scars often form a prominent 
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fc[~ture no Lepidodendron leaf-bases l
, The diagram reproduced 

in fig. ] 44, B, may he tllk('11 as practically correct, a8 the patches 
of aerellchpl1n described by \\"e iss do not differ essentially from 
Lhe pnrichnos t issuE'. 

The parichnll!'i seul's are shown on the leaf-scar and cushion 
in fig. "146, C. I n the 10w(:[ leaf-cushion shown in fig. 146, E , 
1 he infra-fohn.!' l'a richnos sca.rs, p, are cle~lrly secn, but the 
Pl'c!'Pl'vatiuiI of tht.· leaf-scar is not sufficiently good to show them 

A 

F in, 145. A. Dill.ftrllmmatic Burfo.cc·"iew and longitndinal section of a. 
Lepidodendron leaf-cushion. 

B. AcrenchYlJ)lt uelow t.he leaf-scar. (Arter F. E. Weiss.) 

Oil Ihat part of the f05;i1. I n the upper cushion (fig. 146, E) the 
positi on of the pari chnos arms is shown on the leaf-scar, but, t he 
infnt-foliar parichnos scars are h.idden by two small spiral 
shells. The genus Spil'01 'b~'s, to which these shells are refclTed , 
appears to have persisted from the Silurian epoch to the present 
duy. The comparatively frequent occurrence of Spi1'01'bis shells 
0 11 the leaves und other parts of Palaeozoic plants, has recently 

1 For 8 fuller account or the parichnos, see Hill, T. G. (06) and other papers 
(Inoted by F . E. Weiss (07). 
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been dealt ,,· ith in 11. pnper by Barrois 1 who discusses ill ddnil 
t·he habitats of these small animals from the point of \-iew of t ill' 

conditions under which the plants were presen 'ed. In ft, note by 
Mnlaguin appended to Barrois' paper the beli €'f is cxprcs:-;cd 
that Spi1'orbis lived on pieces of Palaeozoic plan ts which lay 
under water. 

The fact t hat wi th Oll t..' exception aU t h(' ~pirorbis :$ hdls on 
tnt'specimt,n of Lepidorlend1·oll , of which two leaf-cushioD!O; nrc 
shown in fig. 1~6, E, oceur 0 11 the IUl'ge parichnos ~cars on 
the checks of the cushions, suggests the p"ssibili ty that the 
escape of gases fl'Om t he parichlJos tissu(' Illay have rendered 
the position at,tractiv(.: to t hl..' Spt"roTois. I t call hardly be 
accidental that the sheils occur on t he parichnos stra.nds. This. 
fact recalls the vicw held by Binney~ and accepted with favour 
by Dalwin ' tha t Lepidodend?'oll and othcr coal-forest t recs may 
have lived wi th the lower parts of the stems in Sea. water. 

Above the leaf-scnr is ;J,. fairly deep triangular or cresentic 
pit (fig. 140, C, I) knowll as the ligulnr pit from the occurrence 
on younger shoots of a delicate organ like the ligule of I soetes 
(fig.132)embedded in" depression in the upper part of th"leaf
cushion. The ligule was first figured in Lepidudelldron by 
Solms-Laubach" and described In English ma.terial by \Villiamson 
under the name of the adenoid organ ~ . 

In some Lepidodendron stems a second triangular depression 
!11;IY uccur abo"e the ligular pit. the l!Jenning of which is not 
clear: this has been called t he triangulUTu by Potorue tr• Stu r ; 
suggested that it may represent the position occupied by t.1, 

sporangium in Lepidodendron cones. 
I t is important to remember that nl'i a branch incrca.sos in 

girth the leaf-cushions are capable of only a certain amount of 
growth: when the limi t is reached they are stretched farther 
apart and thus the nurrow groove which separates them is con
verted in older stems into a comparatively broad and flat 
channel, thus altering the surface characters. 

I Barrois (04). See also Et.beridge (80); Geikia (03) p. 1049. 
2 Binney (48). ~ Darwin (03) vol. u . pp. 217,220 . 
.. Sohns·Laubach (92) PI. n. figs . 2, 4. 1I Williamson (9S) p. 10. 
G Potonii: (05) Lief, iii., p. 41. 1 Stur (75) A. Heft II. p. 277 . 
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H I I mw-" 
""''''''''''''11''"" IlirlIlllln~'IIIII' 

G 

Fta. l ·W. Lepidophloios !lnd Lcpidodcudl"OD leuf-clIshions. 
A, il , D. F, 0, H , I. Lr]}idophtoilil<. (Fie' A should be 1'C\·crsed.) 
C. E. Lrpitlodendn:m {1('/lleal.lllll . 
A. B. From n specimen in the Sedgwick Museum, Cambridge (leaf

cushiOIl a em. hrond). 
C. From a ~pecimen in the Sedgwick Museum, Cambridge (leal

cushion 4 em. long. 
D. From 0. section in the Cambridge Botany School Collection. 
E . From n spl'cimen in ~be BUllbury Collection, Cambriclge Botuny 

School. ~howjng Spirorliill shells (leaf·cus.hion 2 em. long). 
l~. From a section in the Williamson Collection , Briti sh Museum 

!'o. 1, mH. 

0. H , 1. From sectiolls in th e Cambridge Boiany School Oollection. 
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Another feature worth,- of notice in I'efer"'tlce to tht.' leaf
cllshions of Lepidodendron'is the llCCIlI'I'Cll(.'f' in rare iDstnnce~ of 
alt.ernate zones of 1111'ger and sma.ller clish iolis. This ynria.tioll 
in the !5izt: of tlw lenf-cl1shion~ is by no means um:0U1Il\r.l11 in the 
clo~eJy allit:'d germs Sigillaria: il~ Lcpidodencl1'Oll it has heen 
describ0d by Poroni..-,I in L. l.:ol!':mrmniwlllnI and 1'11\lre n'cl'ntiy 
by j\ll' Lf-':o;Jie and ll1y8elf~ in <I S01lth Afric;tn ~p('cies L. 
,'cl'cenigcl1se. 

Owillg to the natural exf:)iiation (If the Rl1 perficial layers of 
the (luter bark at il certn.in stage in the' gl\l\vth III' I,he pl:-\.nt, or 
in some instances no doubt as tht· result of post-lIIortem decay, 
which de~tr()ys the delicate celli' of the meristenmt,ic zonL' in the 
flutf'r COrL~X, isolatt·d leaf-cushiun:.; and ~trips of the extcrnnl 
:-;u rfilce arc occu:-.-ionaJly met with as carboni£.;cd imprcs."liolls. 

The app('arallC(' prt:scnt(,d hy rt Lepidodendroll stem which 
has hL,t'1l depriycd t,( it~ superficial tisslles may he dl';llt wit.h 
mOrE' inj,t.'IJjgibly afetr m,: h~\Vt· becol.Uc t::l.Illiliar wit.h t.he anft
tomical chnJ'acters. 

III. Lepidopltluios. 

Bef~lr(' pl'Occl,ding furt.her with the genus Le}}1'doclelld?'oH fL 

sh()rt ;,Lccount may be intcre:1lated of the externa.l ft:!i'Ltures of' a 
lepidodenrlroid type (If stem which it i~ cURLomary to rl('scribc 
llncil..'!l' ;1 distinct generic title Lepiduphloius. This IHl.BlC: is COIl

\"£'nienv for diaglJo~ti(' purpose:" t,h(lugh it seem~ clear that. apilrt 
from t,he form of the leaf-cllshion (fig. l..J.(i, A) we are at present 
lUl:\.bJe to recognise a.ny well-dtfined difi't'l'cnccs between t.he 
two ii)\'lll:; Lepidodendron and Lepic!ophlv1·"S. For general 
purposl's the name LepidodendnJn will be uSt;d as includiug 
plants }Jc~s~essing leaf-cushions or the t)lJe already desclilwd as 
well as t h(lst' with the Lepidopbloios form of cushion. 

The generic name Lepidophloios was first used by Sternberg~ 
for a Carboniferous species which he had previously dC:!scriued 
as Lepidodendron laricimlm. In] 84lj Cordo:' instituted the 
name L omatopltloios for specimens possessing the saDie (!xternal 

I Potonie (05) fig . 4. Z Seward and Ler;_lie (08) PI. x. figs . 1 and 2. 
:! Sternberg (26) A. PI. Xl. figs. 2-4; (02) p. 23. 
~ Corda (45) A. Pls. I.-IV. 
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chllrnctel~ as 'hose for "'hich Sternberg had chosen the name 
Lepiclvphlctios. The le"f-cushions of Lepidophloios differ from 
thnse of the true Lepiclvdeucb'on In their relatively greater lateral 
t'XtiL'llsion (of. fig. ] 46, A and C), in t heir imbricnte :trrangement 
and in bt·aring the leaf; or leaf-scar, a.t the summit. In some 
!:'pl'cic'l-i r(·fcrn·d to Lep·iclupldoios t he cushions arC' however 
Yl!l'tic;llly elongated and in th is respect similar to t hose of 
Lepidodcuci1'UII: :111 exa,lllpl~ (If this type is afforded by Lepido
phlO1:0S Dessort1' a Fn..mc:h species described by ZeiHer l

, In 
youngf..:r brRnchl's t. he cushions Ulay be diT"ccted upwards htlXlllg 
till' leaf-scar at the top: but in t he tnRjority of specimens 
the cushiolls arc deflexed as ill figs. ]46, D ; 160, A, The shoot 
of L,1fcopodiwtl rlicltoto17l.am shQn'n in fig, 121, B, with the Jeares 
in the> re\'e r~ed position bears a close resemblance to a branch 
of Lepidophloios. 

The photogm,ph of L epidophloios scoticus Kidst. ~ reproduced 
ill fig. ](;0, A, illustrates the dichotomous branching of the 
!'tem and t he form of t he cnshions wi th the leaf-scars pointing 
downwa.rds. In t he fertile bra.nch of the same spN:ies shown in 
fig. l()O. B, rhe lenf-scars li.lC(.' upwards. 

In moS':t species the cush"ions arc simply convex withou t n. 
Illcciinll keel, bu t in some cases a median ridge divides the 
cushioll into two cheeks as in tht' genus Lepidoclend1'on. The 
l eilf-~car bears t hree small scnrs, the largt:!f median scar marking 
the position of the leaf-trace, while the lateral scars are formed 
by the two arms of the parichl1os: in some examples of deflexed 
('ushill llS, Lhough not in all, a ligubr pit occurs on the cllshion a 
shOl" t distance abo\'e the leaf-scar. 

The drawing reproduced in fig. 146, A, showing the leaf-8car 
on the upper edge of the cush ion should have been rc\"ersed 
'rith the leaf-scars pointing downwards. This figure represents 
part of the sUl·face of a specimen consisting of the outer cortex 
of a stcnl with leaf-cushions 3 em. broad. The thickness of 
this specimen is 4 cm.: a section th rough the line ab is repre
sented in £g. 146, D (reproduced in the correct position, with 
the leaf-scars, te, pointing downwards): internal to the cushions 
is a band of secondary cortex (tbe shaded strip on the outer 

1 Zeiller (92) A, :2 KidstOD (93) p. 561, Pls. I. and II. 
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edge of the section) which was formed on the ot1t!sid(' of the 
phellogen. The phellogen is " cylinder of actively dividing 
cells in the OULer part of the cort.ex of the !'item. often 
spoken of as t,be cork~c."tmbium or cortical mcristelll. which 
produces a considerable amount of sl'coudar'y corticui tissue on 
lts inner face and a. much smaller amount to"r:uxls the stem 
snrfil.ce. This del icate cylinder freqtH'ntly form s It natuml line 
of st'paration betwC'cn t he outer shell (If bark and the rest of 
the stem. In the spucimcn before us, the thin-walled cells of 
t he phellogen were ruptured before petrification and t he ollter 
shell of bark W;.1S t hus separated a~ H hollow cylinder 1'1'011 1 lht" 

rest of' the stem: t his cylinder waS then Aat/tened, the tW(l inner 
s\l rfac~s cnming intcl contact. Fig. 146, D, repl'(!s(C nt,s a ~(!<:tioll 

of olle half of the thickness of tho flattened shell. 
This separation of the outer cortex, and its prescf\'lltion 

apart from the rest of the stem, -is of frequent OCCUI'I'f'l1ce in 
fossi l Iycoptldiaceous stem!?-. The flattened outel' cort.ical 5111.:11 
of .. t Lepidophl()ius, specifically identica l \\'ith that shnwn in 
fig. 1+6, A and D, was crronconsly dcscrib,·d by Dr C. E. " "c' iss 
in 18tH as a large lepidodendroid cone'. 

Fig. 146, B, affords a "jew of the inner face of the SI'E'CilnCn of 
which the ()uter surface is seen in fig. 14(j, A: the surf}LceshO\\'1l 

-io t he lower part of the drawing, on ''''hich the boundaries of 
the cIIshioliS are represented by a ret iculum, corresponds to 
t he innt!l' edge of the strip of secondary cortic.'ll tissue repre
sented by the vertically shaded band in fig. 146, D. 

The shaded sllrlftce in fig. J4G, B, represents a slightly 
deeper level in the stem wbich corresponds to t hl.:.' outer edge of 
the vertiC<l.lly shaded bn.,lld of fig. 146, D: the narrow tapered 
ridges (fig. 146 B) represent t he leafCtraces passing tlu·ough the 
secondary cortex, and the fine vertic~\l shading indicate!; the 
elongated elements of which this strip of secondary cortex is 

• composed. 
In the longitudinal section diagrammatically repl'oduced in 

fig. 146, D, cut along the line "b of fig. 146, A, the parenchymatous 
tissue of the stout cushions has been partially destroyed, as at 
a ; at 8 is seen the section of a Stigmarian rootlet which has 

I Seward (90). 
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ffnll1d it!oO way i,'to the inti:'l'ior of it cushion. Each leaf-trace is 
:l.(,(·()JUl"l1li(·d by a pari('hno!' strJ"l.Dd as ill the tT'Ut' Lepidodend1'01lj 
at LIH' hast' (If the leaf .. cushi(jJl 1 he pltl'i chnos branches into 
t\\O arms which di\' erge ~lightly right <l nd left of the leaf-trace, 
!in;lJJy l'nkri llg t,hl' base of the leaf lamina a~ two lateml strands 
(tig. 1+7, p). At nlll' point in fig. 14u, 1) the section has shaved a 
11':lf-lr:ltc n':],n.:.·s(, llt(·d by ,\ ulack patch n·stiug' 011 the parichnos 

A 

B 
1-'1(" Hi. [.'·pidophlu;u" iellr-ClIllhi(Jn iUI!LUgelllifl! section . (Froln II. aectiou in 

t.hl! \Yi!litlm~Oll Collection, Brilish Mnseum . No. 197ij. ) 

ju::..t ilbo\'e the lin\.' (~t: but it pas:.;es through one of the poll'ichnos 
arms p' which dt:bouchcs On to the leat:'scar sc a,t, p. H ad" 
the E'('ction beon cut a.JeJllg the line cd of fig. ] -H5, A the leaf
tnl.ce wo1I1<1 hnyc been seen in a posit.ioD similar to that occupied 
by the Imicimos p' in fi g. 1 +G, D. 

Fig. 14-i , A, affords a good example of a taugential section 
1 hrough ;\ LeJl1:rlophtuius \C'af- cushiou, 1 COl. broad, like that repre-
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sented in fig. )46, A, showing the Yllscllinr bundit' il , 1.hL' 
two parichuos strands, 1), composeu uf large thi ll -walled cells 
(ci: isoetes, fig. ]33, H , n, and the liguln.r pit. neftI' tht· uppel' 
edge of the section ellclosing thl' shrunken rt'main': of th(· liguh' 
(fig. 1+7, B, I). 

Fig. ]47, B sh\)w~ the Illrtll of thL' Langf..'lltia\ly rhlllgatcc1 
h;af-cl1shiuDS of Lepidophloios and their .spiral dis{1t1sition. 

Fig. 141), F, n:pre~l!nt~ i\ s~'ctiun simi\;Lr tl) t,hat shuwll in 
figs. ] +7, A and 13, but in t.his case the Icaf'-t,l'a{!c, it, ,nul the 
parichnos strands, p, lie in a ca.vity formed by the destruction 
of some of the leaf-cushion tissue, It is wort.hy (,f notice that 
~ he parichnos ct·ll!; h~n'c resi~ted eken), Hlorl..! SU(~c(:ssfull.r th,lI1 
th(:.· adjacent tiSSUl' uf the cushion, 

The diagrammatic sketchcs I'OJJroduced in fig. ] 4U .. H and I , 
were m~lde from a transverse sectlou similar l,O one originally 
figured by "Yillia,lllson': fig. 146, H, corn":8p(lnding in position to 
the line 0" in fig. ]40 , A, pa.<ses th,.ough the ligul<l" pit, I, <Iud 
cuts acros.s the parirhnos in t,hc act of bmnc.hjng; t.he leaf-t.race 

Vasses outwnrds beyond the Y -shaped pUl'ichnos ~tmnd, In the 
other ~(!ction, fi~. l-l,G, I , the parichnos is show1) in a horizont;l\ 
plane and the leaf-trace, tt, appears in oLliqne tmn8vcr:-;e 

section. In both section, and in fig. 1+6, G the , haded band at 
the ba~c represents the secondA.I")' cortical t issue external to the 
phellugell. 

fl'he tr<.\nsverse section represented in fig, 1-10, G shows in the 
left-hand cushion, a, the exit of the two paricbnos arms a.nd the 
leaf-trace between them: it illustrates also the various forms 
aSSUlned by Icpidodendroid leaf·cushions when cut across at 
different levels, 

iv, l'lte A lJatOI1l!/ of Lepidodendron va.sculare Binney~. 
Figs. 148-150, 16~, A. 

In the earlier literature dealing with the anatomy of Lepido
dendron and S£gt'Uw-ia the presence or a.bsencE: of secondaI'Y 
\'Mcnlar tissue was made the crjterion of generic distinction and 
the distinguishing feature between the classes Ptoridophytes and 

1 Williamson (93) PI. IV_ fig". ::10-32. :l; Binney (62) , 
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Gylnnnsperms, Lepidodend1'on being relegated to the fonn er class 
because it was su pp';sed to have no power of forming secondary 
wood , while Sigillaria, characterised by a considerable dcvelop
mE:nt of such tissue, was classed b.y Brongniart and a.fterwards 
by Henault. as a Gymnosperm. Binneyl in 11)65 recognised t hat 
the two types of stem pass into Olle anothe r, but it was 
\\'iJlitlmson~ wh" pro\'idL'd cum plete d~m onstration .If the fallacy 
oj" the Bl'ongninrt ian vie w. 

These two undonbted P tt::rieiophytes agree very cl0581y in 
ana tomical !Structure and buth a.rc now recognised as arborescent 
1{'.' llcm of LycopodiilCCOIIS plant,s. III a. paper published by 
LIHn:lX <tnd Wei:;.'; in 1 hl05~ a spl~cimeJ\ iR described ii'um the 
Cual- ) l eH!'sl1l'~S uf' Hudd~rsfidd, ill which a decort icat,ed stt:! IU 

with thl' anattlmioa.il:haracters of Binney's /'{igiUo.ria 'lJu!'Jcular£s 
gin·s off n branch ha\'ing the anatomical st ructure which it has 
been custolllary to associate wi th the species Lepidodenclro1l 
selagilloicles, stl-ctliled b~' S t\.'rnbcrg and f~, tlllded by him on 
imprt:'ssiilns Hhmring wdl-preserved ex ternal characters. 

III ItlG 2 Hinut'j'.J de~cl'ibed petrifi t·d specimens of n~getati\'(? 

~h(luts froll1 the Lower Cn::d-l\'fcasures of Lancashire uncleI' t he 
names Sigillcl1'ia ~lascl(l(1ris aod Lep1:dudend1'()// l'asculw'e. 
These W(: l'e a.ftcl'wa.l'd.s recognised as d_ifferen t sta tt;:S of the 
same specit'~ ' 11 few yefLrs i,fte l' th e publication of Binney's 
p<lpt·], Cal'ruthel's[' identified Binney's species Lep~'dodelldron 

'l'uRculul'e wi t h Sternberg's L, 8ela.gil1uides. The e\'idence on 
which this id ent.ifici~tion rests has not been staLed. but man,' 
writers ha\'c retained this specific designation fot' the well-defined 
type of ;lnatom ical st ructure fil':">t described by B inney as 
L. /Jaseniure. The use of t,he specific natn€, selagi,noides is, how
eyer, oven wobjection. The species L epidodendTon selagi71oides, 
.'1 ... puinted out by Kidston U, is probably identical wl th the plan t 
which Bl'ongniart had named L, Sternbergi1' before the institution • 
~If Sternberg's species, and we are not in pos~cssion of' convincing 
evidence as to th e connection of L, 8te1'Td)e111~'i (= L, selagi
ItQ1'des) wit,h specimens possessing the anatomy of Binney's type. 

I BinnC':,-' (65); see a lso Binney (72). 
;1 \\,~jsll. y, E. IUld Lomlll: (O,j), 
~ Carruthers (69) p. nH. 

:l Williamso n (i2). 
~ Binney (62), 
6 Kidston (SG) !.. p, 151. 
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Binney's designation is therefore retained for the a.natomical type' 
described in the following pages l . 

The most detailed account hi therto publisheu of t he IlIlat,olllY 
of Lepidodend1'ol1 vasClI.la.1'e is that by the lat£' M. Hoyclactlu e~, 

based on material from the Lower Coal -Jlcasn res of England. 

FIG. 148. Lepidodendron vlI;lC//lare Binney. 
A. Transverse section. (Based on Q section 2'5 CIll. in diameter, in 

the Call1iJridge Botu.ny Scbool Collection.) 
B. Longitudinal section. (Drawu froUl 8. section ill Dr Kid.ston's 

Collection.) 

The sma.Ll shoot, represented somewhat diagrammatically 
in fig. 148, A, illustrates the anatomical features of a tYl)icai 
example of the species; the sboot h"" a diameter of 2·5 em. and 
its central cylinder (x- se) is 2'5 mm. in wid t h. 

I Seward (06) p. 372. 2 Rovelacque (92) . 



112 LYCOPODJALES [CR. 

:'\utic('ablc featlll'Cf; are (i) the small size of the central 
('rlindt'I- ((II' st(']e) in proportion ro the diameter of tb(' branch, 
(ii1 ,ht· proJdl1(,t,j(,n at a COlrlP;l.l'iLtively early !O.tage of growth of n 

Will' of ~l·c(lndar.r w\lod, If''!, which g-n.lduallyassumes the form 
(It' a l'OB11'1(:ll' cylindel' of Ill1cquaJ breadth, sUJTounding the 
prinlaJ',r xylem. :1', (iii) the formation of a ~econdLl.r.r cMtical 
I iSfoil1t' bY:1 ltWrisLt'matic cylinder ( phcllugcn, pI) situated close 
til til<' 1('af-CIl"ihiUIl region of the outer cortex. On the outor 
t·rlg-i' (ht, :--1I..'il' ctlnsis;ts of l1arl'OW tracheae !'lome of which f'how in 
Inngitlldiwd !:iL'etion the ~vi ral form of thickening characteristic 
Ilf 1I11) ..... t. pruLo:xylt.'1ll elt'lllcnts: towa rds Lhc centre of the !'tele the 

A 

Fw, .14\), ]..'pidlldnufI'lHi L'Me/dufe. (/, immll.tlll'e tmeh(:ae; m, m£'rislem; 
mI'. medulhlty rD.,'i: !t, :Iylem. 

A. Longitudiual !lcciiou through the edge of the secondary wood, 
Ii, SLort t.mehen\< iu the ceutrc of the stele. (.Prom i\ specimen 

frOlU the Bo.lifllx Hard bed in Dr Kid..,;loll·S Coll.et..:tion.) 

rliaml'tcr (If t he tracheae gradually iool'eases and parenchymatous 
(·dls become <lSs(lciated with the elongated scalarifol'm elements. 
In the ('cntnll region the stele is composed of parenchyinatous 
tis~uc llrrallged in vertica.l series of short cells, interspersed with • 
:o:hort trnchcae distinguished by the greater thicknessoftheirwalls 
and by their scalarifornl and reticulate thickening bands, Some 
of these shod trll(,heae are shown in vertical section in fig. 149, B: 
t he nne anil brokell lines connecting adjacent thickening bands 
probably represent the remains of the original wall. These 
delica.te ba,ncis, which have been figured in various species 
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of lepidodendmjd plants ' , are worthy of notice ilJ cOnJJ{'x ion 
,\·ith (,he recent \rnrk of :!Ill" c;WYIIIlt'- " ,'tughnIJ 2 who ha.._..; si]()WI1 

that in I1Hl.ny recent fern:- the !'calarifornl bauds in Lht.' x,'I('1)1 
t·\ellu:nt~ <tre n('o\, cnnnt'-ct('d by a, 1 hin pit.-c!n::;ing mel1lbrn,n~. hnt. 
n.rc' r-:eparat.ed frum llllc allother hy l\l'CIl ~p:lCC~. In t.ill' Lcpidu
<.kudrun tmcheae w(, :-.Ct'1U t,1I h:1.\"(' H !St.nge ill which Lht~ inter
n"lIing mClll branc is in PJ'{)('css uf ab~o l·ptiull. lL is, 11('WI.:\"('I', 
pU!'$ible that the thl'l·ads may be tih' I't'!'u/t of COlltnlcLi(lJ"I Itnd 
..;plitting of the membrane during dr~'illg 01' decay. 

'1'he ~Ldl' of LepidlJdelldroll "asCllla,ret befIt!'(:_' t,ht· addiLiPIl of 
any ~ec(,ndary xylem, 11111," be de~cl'ibl'd ns a pr(ltostcie, H tt'J'Jll 

!,rig-inally proposed by PJ'(Jft,:ssOi' Jcffn.'j':I, in which the central part 
(If the condnc'Ling ~tr(\ml of xylOln \.'\cments ha.s beL'll CUllYl:r1,.\.·t] 

luto rOws of parenchyma ,l.nd short tracheids, the latter bcil)g 
better adapted to stol'<\go than t. •. ) conduct.ion. It is 1u'obable 
that this type of stelaI' 'lnaL~)lUy, which distil1guishe~ L . ?'Cfscuia1'e 

from (lther species, rC'prescnt,s n, c(lmparati \'cly primiti\'C: arrange
ment funning a. transition between the stele of L. eSIl()stense, 
which consists of a solid rod of tracheicls. and t ill' stele ~lf 

L. Hw·cou,·tii (lig. l i!J , A) and other species in which the xylem 
Jonlll':i a cylinder enclosing a large parenchymatous pith. 

Parencbymatous cells OCCll r in contact with the outer edge 
of the xyleln-c'ylinder some of which are distinguished by a n 
irrcgnla,r r~t.icnla,tc pitt,ing. rrhc tangential sed,ion repn-"
'3ent€'d in fig. 14k, B, illus tra.tes the appearance of a shoot of 
L. vaSCl/lard in which no flecondal'Y xylem is present: the central 
strand of tissue consists of t.hl: parenchyma iluutting on the 
xylem wlt.b sc'\ern.llea.f-trac(;s (It) passl ng upwards in an ullnUf:it 
yt~rtjcal COUl'se fWIll the Olltt;:1' edge of the stele. 

The secundary xylem (fig. 14.1i, A, :L~) consists of radially 
arranged scalariform tracheae with llRSociated rows of parcn-

• chymatous cells which form medullary rays (fig. 149, 1n)'). 

Leaf-traces pass through the medullary rays in the secondary 
xylem cylinder in a direction aL right n..nglt!s to the primary xylenl 
stele from which they are given ofi~ but at tbeouter edge of the-

I Solru~-Lallbach (92) PI. n. fig. 6; Seward a.nd Hill (00) PI. I V. tig-. 2(;' 
See 1l. 910 ~)f the. lo.tter pa.per [or (I~her references. 

~ Gwynne-Vaugban (08) . :I Jeffrey (!Itl). See also Tansley (08) p. S7. 

s" I1. 
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/oll·condary xylem they bend suddenly upwards a.nd fvr a time 
/illlow a steep and a lmost vertical C(lurse. 

I n wcJl~pn.$t.' rn.·d lungitud inal scctions the Qut,E" l'lllost 
secoJldary X:'iCtlL tracheae art' seen to be succeeded by a. few 
ImIT(I\\' and H'Ltically c1ong:'lted elt:l1lents (fi g. 149, A, a), 

which n'p l'(!~t.:nt Y<'IJ Dg unlignified tracheae : t hese a re f\111owc,d 
h!' !'.h(lrLt~r parcnchymat(J\l:" cells (til) f(lnning part of a meriste
lll:'lt.ic 7.um' {!'Om whi('h the R<:(,(lTIduI'Y -,,:'lelll receives additions. 

Hel,n rning to fig. l+H, A: the zone (if secondary W(lOO, n.~, 

('{lnl po~l'd (If scalari ftJl'IlJ t racllt:! ids aod luedullal')' ray s, is suc> 
Cl'ecil,d lJ'y a few layers of pllrt·nchyrnatous cell!'! and beyond thi ~ 
i ... a br(lIl.der zone, ,~·c, to which thl' term secretory zone hai:l 
b~e ll applied I: th is is madL- up of small pareuch:rmatous cells 
\'arying in size and of la,rg-er spacE's which a.ppcaJ' to have been 
IOl"IlH'd hy til(' disorganisation of t hin-walled ~ lements. The 
whoiL' zunI: prt.'s('ut~ a. characteristic a.ppearance due to th e 
a.$~tlci<'l,Li()n of snmll cdls, large clear space~, and il certa.in amount 
of dnrk-coloun·d Iw).terial suggestive of tiRsue disorganisat ion 
ami secreted products. The anatomlcal characters of the 
:-.l'crdo!"y zone are shown ifl the phutograph, fig, 16S, A, sc. 
~e \" E: j';\1 leaf- traces arc seen in tran::>\'(!I'se section ill t he secretory 
"une (black dots in fig. 148, A, se; fi g. 154, C, It): each tmcc 
consjsts of I_\ strand of narrow tracheae accompanied by a few 
f'm:il'cling layers of small p;:trenchymiltOtl~ cells. As a tmce 
cont iuul'S iliS steeply ascend.i llg course through the secretory zone, 
it becomes a~sociated wi th a ~trand of that \,iSSll e and assumes the 
form of' it collateral \"ascuhtr bunJle, the onter part of wruch does 
nuL consist of typical phloem but of shorter elements deri\'E\d 
from the s('CI"()tOl'Y 7.one. Beyond t.he secretury zOlle we find n 
wore homogeneous tii:ssue com posed of parcnchYl.lla.tou:s elements 
,lightly extended tangentially (figs. 148, A, c'; fig. 168, A, c) ~ 

this is spoken of as the inner cortical region, III the great •. 
]JJHj or_ity of sectiolls of L. 'lJascula:re as of other species of the 
genus, the broad er middle cortex (fig, 148, c~) is occupi ed by 
Illinenl\ ma.tter, introduced subsequent to decay of the tissup; 
or it is reprcscDtl'd by patches of delicate tissut composed of 
lov~l·ly arrang~d parenchymatous cells varying considerably in 

1 Seward (U9) p, 144 . 
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SiZl' nnd shape. SOIllt.' b(ling small,o"nl or polygonal l._·iel1)t;'uts 
whiJe oth{'rs ha\"e tht_' f(lnn of sinuous hypha-liki- t.ulws. 

In this middle cortical region Illll.y be Sot'l' lI l('af-tracl'S passing 
outWt\rd~ in :tn almust horizontal cour~l' (fig. ]48. A, It): Hft('r 
\l'fwing 1.h1..' inner cortex tlw h'af-tral!('s bl·nd :-.onwwhat ahrnpt,l:
t)urwfU,ds to follo\\' a more din.'et path through 1,1ll' middk flild 
onkr corh'x . Thl..' ring of tissue', S, seen in Lht' middle (:t)rt(~x 
of fig. 14l-J, A. bdongs to a ~tligmal'ian rootl •. :'L. 

Tht' \)Utl'f cartt:'x (fig. ] .j.H, A aTld li, &) eon~ i!o\ ls of hOllltl
gt'llt'ous pa.l'('ochYlUa which is stronger aud mOl'l' rl'si:-;tant (.fl 

decay t,han the JOUSt'l' midul(' cortex. Th!., h_'af-tl'lICl'S, as !o\hvwll 
in fig. 1 .. 1.8, R, pas.." throllgh l.hi::: I'l'gion in a mtht,1' Ski.'pl)' 
ilscl'nding din"ction: t.'ach is Sl'en to be cnclosl'd by a. 8Pfl.Cl' 
originally occupied by n strand of middll' cortic;l.l tisSlIi' which 
accompanies h·'piciodt.'nclroid l~..'af-tract!s un tht,.'ir under sidt' and 
has already beel l described a~ the pllri ch nos, ( pp. 97, 100- 10:1 ; 
fig,. 1+6. H 7). 

'Ih\.! SUrii.lC(, of the' stt:.'111 shown in section in fig. 148, A, i~ 

CtHllpos€:d of broad leaf-cushions. A single l(·af-trac(.' wiLh its 
ptl.richnos pas~L's into each cushion, bu t i.n thL' neighbllurhood 
(If t hL' base of a cllshinll the parichnos bifurcat('~ (of. fig. 146, 
H , I ) and the arms (livc rge slightly to the right and left finally 
}Ja~ing beyond th(.· cushion into thl' lami na of the leal; thei r 
position l)t!ing sl1(lwn, as all'l·mly explained, by the two small 
lat.eral scars 00 tht:' leaf-scar arua, 

Th l.: diagrammatic skdch of a radial longitudinctl s(:'ctil)n 

thrQugh a leaf-cushion I'!:'IJresfo'otcd in fig. ] 50 illustrates th(_' 
}'('lation of the leaf-trace to chI.:' leaf~cushion. Th L' tmCl' consists 
of xylel.U, x, above and a strand of the s(:·cretory ZOl1t, st, beluw; 
the parichnos tissue was originally present OJ) the und~r side of 
thE' leaf-tracE' at a. The extt:rnal Sl1rfaCl', be, marks ttw linlit 

• of tbt· leaf-scar through thl! luiddle of which passes the va..'Sculal' 
strand It. 

The lower gap Cl has buen iormed by th!';, tearing of thin
walled cells of thl! phellogen, the meristematic tissue from 
which a considerable amount of secondary cortical tissue 0 1' 

phellodcrm has been produced at pd. On the outside of the 
cushion, e, the cells are somewhat crushed and distinguished 

8-:? 
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hy I,h~ ir dn.rker colour from the bulk of the parcllcbymatous 
t, i!'o l' !J( ' rl. 

Thi ~ ~('ct i o f) a l ~u ill us trates anoth ur ch;lmctel'istic fea ture of 
Lp}J if/fJd(' I,d1"ul~. ml1lw ly t h(· presence ~ If a ligule and u lig ular 
Iii!.: I he fi,l'mcr i!o; rcprescnt(·d by It cClrh' lJli::oed patch of t issue and 
Ihe Inlit(.: r (·xtl·nds fr\lD] t he surfa.ct, (If t l1t: cushi0U aL b. just 
abon ' t, lw 1(.';\ (.l"ca l', a im us1 {,p th e Ic\'(.,1 (I f the leaf-trace, Lt. A 
(·nll lJl;lJ' i~i .. n nf this section with fjg~ . 146 aud 14i will make 
eiV;l l' t he )'(·laLill l) of Lh ll Se\'(:!l'<l ] pans of the cushion and h .. ·u f-scar. 

Th(' ga ps gg. ~L'L'n in tig. ] J .s. A and B, mark t he posit ion of 

J.'lfi, 1.;;0, f .I'l)il/olinu/nHi I'au/dare. Lcaf,cllSlJioll s in longitudimli section. 
(From u !;pecimen in 1)r Kiu fl ton'lI Collection,) 

til(' dt, licatc merist.emntic wne or phellogen which arises close 
to the bases of the lealccusluons: the phellogon hM already pro- • 
Juc'l..,d H f t ,\\, 1'OW 5 of radially disposed elements, represented hy 
!iiw rt radial line~ in the drawing, which constitute secondary 
conic.:lJ tissue, ' 

In olcier shoots t he amoun t of the secondar~' cortical 
t,issue dc\'e loped on th l:' inner side of th~ phellogen is consider
able (cf figs. 152, 153). 
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The structure of the cortex of 3. shoot in which secondan ' 
growt h, both in the stele and in the ont,er cortex, has P"(;
gressed fur ther than in the specimen shown in fig. ]48 if' 
represented in fig. 151. 

The secti on (fig. l.H, A ) mt:a..~ll1"C~ 7 x ::J'H CIII, in <iill1n('ter: 
the primm'Y xylem is surrounded by a fairly broad cylinder 
of secnnoal'y wood (flg, 151 , E, :r fllld :t:~). Th<" itimost, smooth 
Rurface of t he primary wooel (flg, 151, E. ,r) is ~ncceediJd by t,hl' 
sec(llldary xylem. a~, characterised itt it:il inner Cdgl' by \,he 
tapered cnds of tbt, radial I'OW S of scalariii:J rlll tracheiels b d w(.'(,11 

B 

F IG.1;)1. Li'piu(!l/rllaro'l l'lIgcul{lre, An oldcr'ltcm than that "hown in fi g. 14-i. 
(Fr()nl a ~clion in the i),ranch ester Museum. No. 351.) 

which OCC U1' st'\'cral delicate parenehymatous celll:i (fig. 151 , E , (/', 
The occurrence of such' isod iametric elements, often exhibiting 
a delicate spi ral thickeni ng band, is a characteristic feature of 
the boundary between primary and secondary wnod in lepinn-

• dendroid stems. The secondary wood is penetrated by numerous 
medu llary rays and in some of them arc seen strands of nalTOW 
spira.lly thickened tracheae-thE' lellf·traces-which are in 
organic continuity "."ith the exarch protoxylem of the primal")' 
wood. The leaf-t,races are oval and mesarch. The space, (;2, 

(fig. 1.51 , A) originally occupied by the delicate middle cortex, 
is succeeded by a shell of outer cortex composed chiefly of 
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~t;:.condary tissue (phdlt,derm, pel) passing t..o\\"nros the inner 
buundary of this regioll into the primary outer cortex g(fig. V>l , 
A nnd C). The mdiH.lly di!'posed elements whicb trHl.kt up tbe 
bulk uf the pht..1l0di.;'I'U1 ru'c associated wit.h concentric rows of 
Sl'CJ'('LOIJ !Strands, n:presented by tangentially arranged duts il1 

fig'. "I.; I, A: (~Il tht' outer edge of the pbelloderm a n.'w patches of 
primary Cortex a re still presenred, as at c, fig. A. One of these 
i~ lshl)wn un IL larger scale in tig. B; at In the pheJllld~l'm is 
int('ITlipted by H gap beyond which the cells have thinner walls 
ilnd ~Iww signs of recent division; this is probably the position 
t,f Lhl' l'hdlogen. Th e tissue h, fig. 151 , B, consists ofseconciary 
Cnrt,cx Rucct.·(_·ded beyonrl d by t.he pal'CnchYUHltolls tissue of the 
leaf-cushion, in which the remains of a ligule, i, are seen in t he 
lignlar pit. This st'ction corresponds in position to a line 
drawn across fig. 150 at the level of b. In this specimen we 
ha,\"c t.wo kinds of secondary cortical tissue: that fonned external 
to the phell()gen , from 'In to d in fig. ] 51, B, is less in am(,unt 
tha.n that produced internal to the pheUogell. \Ye cannot mllke 
any satist~l.ctory statf'menL :lS to tho nature of this secondary 
t, is~lI(, . whether or not any of it agreed in composition with the 
cIlrk which is usually formed extemal to the phellogen in recent 
plants. As the stem of a. Lepidodend'l'on grew in girth the leaf
cllshions became separated by intervening depressions composed 
of the l'econdary cortex formed external to the phellogen, but at 
a later stage the cushions were thrown off, leaving the outer 
edge of tbe phclloderm a!; the superficial tissue. This exposed 
t. issue btCl1mc fi ssured as growth and consequent stretching 
t'ontinuecl J producing the appearance seen on the surface of 
t he still older stem represented in fig. 153. 

The inner edge of the phelloderm .een at e in fig. 151, C, 
l)asses ~udden ly into the inner primary region of the outer cortex 
(fig. 151, A Md C,9) which comprises two types of parenchy- • 
mutous tissue, patches of isodillrnetric celis, g, fI, alternating 
",it,h radially arranged areas consisting of tangentially elongated 
elements (fig. C.f.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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}JJ'€"sent; in the lower part of the ~E'ction the xyl em and the 
uutgoing leaf- traces nre seen in radial section and a.t the upper 
end of each a.Im the leaf-trnc(:s alone, it . flrl' exposed, ;-\s in 
fig. lJ.8, B. It is interesting to notice the large amoHnt of 

A 

FlO. 152. l.l!p idlldtntlrOlI v{/Jlcuil1rl!. Sections of dichotomonaly brancbL"(l shoot. 
A. From a. sectioll (10 '5 x !J cm.) in the Ca.mbridge Botany School 

Collection. 
B . From 8. section (8 em. long) in Lhe Cambticlge Collection. 

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 ou termost part of the cortex together with the leaf-
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(;u~hinns: it consists JUl'ge ly of secondary cortex composed of 
radlaHy tHsp()~l.!d phc\\olkrm ccHs and t.angentia\\y placed 
sccrt:t.ory !'>fl':1nd~ (n':'lH'csL'u tcd by t he discontinu ous black lin es 
ill the dmwing>: tht.· dotted n·giUlJ ill tht: ceneral pa.rt; uf the 
axis jh. tll lllposed of primary cort ic:t! lJareJJchyma. aud the two 
Kl':~C(.'S !--\\I·\"(,\mding tht! ~tel~~ cont.:un ponions uf the la.cunar 
middle Cll l'tt'X . Each !o'tele posscse:-; i_t narrow crescent,ic zone 

F IO. 1u3. 1.rpidodelidrnll Vfi/!ct!larc. 
(F l'om a ~pccimen {lG x 7' 0 em.} in tLe Manchester Museum. ) 

of secondary xyl em j the amount is greater in the case of t he 
right-hand stele, of which a small piece is shown on a larger 
scale ; t he striking contrast in size between the outer and more 
iu ternal secondary tracheae is no doubt t he expression of some 
uufanHlrable condit ioll of growth. The position of the secretory 
zone beyond the secondary xylem is showu at se, fig. 152, A.. 
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An example of a large and partially decorticated .tem is 
afforded by the specimen (16 x 7'5 em.) shown in fig. 15:l. Th\.' 
irregularly ribbed surface if; formed of rnther thick-walled 
phelloderm . in which occllr tangentially <UTilllgf?d n lW:- of 
~ecrctory strands. The tapered 1'0 1'111 of Lh~ s(.:cundary cortex 
as it abuts internally on the pr_i llltlry cortex is shown Vt! I','1 clearly 
in the drawing (cf: fig. ] 51, C ). The :--tl..'ie ill thi!-l milch older 
stem CtH1s i~ts HUliul)" of ~ecol1dl'uT w(J(,d . 

Sc -.,~~ 
6:..~_~ 

{~~-~~ 

c 

.F1(" ].::;4. Lepidolit'lldroll t)(uclI[(/re. Shoot (2'8 em. dilllli.) with t.wo stcles. 
(From 8. sp('cimcn from Halifax. in the WilIia0l8on Collection, 
British lluseuIIl. No. 340.) 

An interesting example of it small shoot, the largest 
diameter of which is 2'8 em., is shown in fig. 154. A: the section 

• was cut a fl hort distance above the bifurcation of the !'iteJc intu 
two approximately equal branches. The outer part of tho 
cortex consists of phelloderm, pd, \\rith the usual rows of 
secretory tracts, and primary outer cortex g ; the middle cortex 
is represented by p.:.'1.tches of parenchyma. with a few leaf-traces. 
To one of the steles, s' (fig. 154, A), "crescent-shaped band of 
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~CCOl1(hll'.r xylem haR been added: the other stele, S, pD~sesses 

n41 fully deyeioped secclOdary eiclnl::nts. 

Fig. 154. Band C, illustrates the anatomioal features immedi
atdy external !.O LllC prinlflry xylt' l11 of tIl(' smaller stele, s. The 
cUlllparatiH·ly broad banu of radially disposed }-l,-uenchyma, m., 
is connl'ctcd wi th tht· oute rmost eleTUt:mts of tht! xylem by a 
fi-, w !'lither dark and sma.1l cru~hed pnl'enchymatons cells. The 
II<Lud '1H, which we nlay spenk of as the lneristemnt ic zooe, 

tll'ad:- l:onr.. ists of cells in a ~tate of di vision : it is in this l't!gion 
Ihnt th(· sL'ctmdnry xylem is produc(,d. Beyond the leaf-trace, 
( fig. 1})-1-, C It). occurs a pOl'tiull of t.he Rt'Cl'eGtl r_r zone, Some of ellt:! 

Fh;, 155. LI'p ,doti('u droll !'{lBcularr . Outer edge of secondary xylem: lIt, 

rueristematic zone ; Ul T, medullary ray. (Drawn from the section 
shown in fig. lOS, A). 

smaller cdls of which sbo\v signs of disorganisation; but most of 
t hiti tissl1(' h,s been destroyed (fig. 154, B, so). The outer edge of 
t,ht· sl'cretor:y zone is shown in fig. 154. D abutting On the cells 
of the inner cortex, c'. The leaf-truce 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 t.he more circular 
outline which it exhibits on t he inner side of the secretory 
ZOll e . 

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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nod much sm<.l.ller cells of the meristcmatic zono. rrhis i~ ~(.·rn 
in fig. 155, which shows a small piece of fig. 168. A, on a largor 
scale. III plants with a norllla! cambiulll the segments cut off 
from the initial layer tit on to thl' ciemcIIt.s (J f the xylem or 
phloem to which they are to torm additions, but in Lepido
dendron it seems to be a general rille tu find cn.ch of the most 
external lignified elements abutting on a group of two or three 
much slll<lllcr cells. It is difficult to believe \,hat the llltJri!5tl'1l1 

shown in fig. 155, m., could produce secondary xylem e lClllelltS 

eq unl in size to those 1I.1ready former]: in all probability had 
growt.h continued there would hUH' heen fL marked difference 
between the !Size of the seconoal'Y tra.chcids, as in fig. J 52, A,:If, 
where there was no doubt some cam;(' which intcrlel'ud with 
normal cambial activity. This djgparity in !Size betw l.'l! n the 
secondul'Y xylem elements and the adjacent parenchymatous 
tissue of the- meristematic zone is by no mean!-' exceptionnl and 
nUl." be described as the general rule. It. i!S Jt.t least certain 
that in L epidodendron V(tBClllm'e, as in other species, t,he secondnry 
xylem was succeeded by a bruad bn.nd of parenchymatous 
tissue, from which new tracheae and medullary-ray e lements 
were produced, and not by n. narrow cambium su('h ns occurs 
in recent plants. 

v. LcpidodeJJdl'on stems (IS l'e))resent.ed by casts cwd 
impression.s oj pm·tially decortl:cated bpecimells. 

The differentiation of the Ollte]' cortex of a Lep~'dodend1'on 

into comparatively t hjn-walled ('l,nd more resistant tissue has 

been the canse of uneqllfl1 decay and the consequent formation 
of shrinkage cavities. In addition to the unequal resisting 
power of contiguous tissues, another important factor in deter-

• mining the nature of casts and impressions is the existence of 
the cylinder of delicate cells in the au tel' cortex of stems and 
branches. As already pointed out, this meristematic cylinder 
or pbellogen constitutes & 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 resu lt of the separation 
of an outer sheli of bark from the rest of the stem and the 
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r{:~uILs uf uneq ual decay in t he more superficia l tissues, have 
I1C'Ct'Rf;llrily INI t.o t he preservation of the same specific type 
lilider l\. va ridy of fon1J ~. 

()ur kn!)wli:dge of t he aDM,om_r of Lepidod endron stems 
{' nabl c~ n~ to rl'C"ognis(.. in fossils of very different appearance 

f'qwcinll'IlS in "arion:,; ('Ilnditinns of pl'c~enat i nn of one and 
tht, sa lll l' type . Hllch names IlS ]{ n01'11:a, B er[Jerl:a anrl 118/)i
d"Or/:(f ar~ esarJlJ!J ~s nf generic titles instituted befiwe any 
;l(h~(ltla!.t' knowledge of Lepidudendron :l.llfltumy was 11,·ailable. 

Uiffl'l'cnel'!'j in ag(' a~ well as difJ'en:nt degrees of de('or ticR
ti(JIl han' e,mtJ'ibutPd in no sma ll measure to the institution of 
g'l:: ll l'J'ic and ~IJt'cifk lHlrt1eS which m orc l"L'cen t,iy acqui red knt\w
ll'dgl' hi'l.:-> !'hown to be slIpertluuus. 

j{'1U7Tift. 

Thl' dc:-; ignatinJ1 Kllorria. after a cu.rtain O. ,r. Knorr of 
l\'UrnuL"rg, W il S proposed by Sternberg in 182(; ' If)!" casts of 
.Pala('(..zoic ~LCHl5: of a t~' l J(;' figured more than a century carlier 
11." \"(llklllanll ~. UOl'PPt.'I-t. , in hi~ earlier works, p ubl ished dra.w
iilg~ of j;)ssi l stet!)::- whidl he referred to I 'tern berg's genus: one 
~ l' l.("iL'~ 11 (' a t fil'1:'t called l Jidyliwpli.ljlluln Scl/oUilli, He afte t'
wanh-::t d l'~<: rjbl·d :;;OIUC sp l'ci1l1enS which showed that the 

tl'at \lre~ ch;'l.n1ct.ltri:;;tic ()f ](nol"ria n1il.~' o{'cur on partially de
C/II'I i catl'cl ~t.cms with leaf-cushi ons (If tho t rue L epidodendron 
type. Hi :; r--pecinH:ns, ]ll't.!::ie rved in the Bresb.u Museum, 
deltlOllstnHL" th" accuracy of his drawings and conclusions. 
Uneppert, and aftl:l' him :Balfl)lll'\ drew at tent jon to the different 
appearances present.ed by bnmt'hcs of A ~'auca1"·ia illLbricaia wheu 
presen'ed with t he surface intact and after partial decort ication, 
as illustrating possible source!:; of error in the det,ermination of 
f\,ssii stems. 

AILhaugh it, is now a w~ ll· established fact that fossils bear
ing the n lUllC }{1lu,.,-ia are inLveJ-fect lepidodendroid stems, the 
lise of t he te rm may be conveniently retained for descriptive 
purposes. The specimen from t he Commentry coal-field of 

I Sternberg (26) A. ~ Goeppen (52) A. p. 196. See a.lso KidstOll (01) p. 50. 
~ ibid. (52) A. p, 44 . PI s. xu. XXXI. Lief. i and ii. .. Balfour (72) A. 
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France, shown in fig. 150, affords some excllse for the institu
tion {If sevel'ai generic names foJ' different st.;.l.tcs of }ll'cSt·n ·n.ti(Ul 

Or decortication of Olll' sp<'cics. Tht' c\ll'Lical !e\'el cx}'o~(!d at e 
ii-: characterised by spirally di:-;PLtS£:d peg-li ke I'idg-C'!:l wit.h trun
cated I1picc~: it i" thi::; form of ei\.SL which is lI:-11all~' u('bignalNl 
Xnotria. The ridge!:; \'itry in siZt, <lnd shape in diffl!nml.. t.ypcs 

Fw. I ~jG , .'i diohotomously bnmdfe(l Le[1idadl3t1JmiJ 5~em (Kmffriff mimlJilii{ 
Hen. aud ZeiU.). (After Renault. and Zeil1er.) (t nat. siu:.) Tim 
originll\ sJ)cci mt;n is in the ~l\tUrlll RisLury ~UHCum, Paris. 
II-fl. su rface ftlll,turcs ex posed as the result of difJel'l:mt clegret:yof 
deconiciltion. (See vol. f. p. 102, tii!. ~:l ). 

of stem; they may be narrow as shown at e, fig. 1.56, or short 
and broad with rounded distal cnds. In some cascs they are 
forked at the apex, as in the partially dt!corticated specimen 
of Lep'idode1ulron Veltheimianum represented in fig. 185, A. 

The ]{no1"1ia state represents the impression OJ' cast of the 
outer cortical region too deep below tbe leaf-cushion region to 
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n.'taln any indicatiuns of the cushion-rarlll: the ridges are the 
cn~t!i of t.hc spilces produced in the corte); by t he decay of the 
:-;hC;'lLh of dt.'licat,· ccll:-; ~ul'rounding each Jeaf-tra.ce and by the 
tlt·cay of thL' thin-walled cells of the pnrichnos. The oc(:ruiionaJ 
fnrkl·d ap('x of <l ridgp is t.he expression of the fi:lct that the cast 
Wi1."1 111:ttle Itt t,he rl:gion where t.he p:irichnos di\·ides into two a rms 
(d: p. 100 ). In te rt/lin SPl'CilllCns it is possible to connect the 
J\ 1I('ITia cast~ with tL<;s(lciat('d lepidodendroid stems wbicb Ina)" 
]t\, di:.'t,~rrtlilleJ spc(·jfically: out whell We have no C\'jdence as to 
:"uJ'facl'·fl'nlllJ'cs the fu;.;~ils may be dt'signated casts of lepido
d .. :ndroid "it,{'IU:'i ill the Kllnrria condition. Such casts are illus
trated by I1Ulll(:nHlS drawings in palaeohotanicn.lljt,t'J'iltdlJ'el. 

b. Bnger'a. 

This is anoLher nllme first used by Sternberg in his classic 
work, Die Flum der Vonuelt, for casts of lepidodcndruid pln.llt~ 
~1I('h as Stei_[lhauer~ bad previously figured as PltytOl1't/'U8 
c(llt('ellat/J~. Brollgniart:l recognjsed that the nppEcat,jon (If the 
generic. title L epidodelldron shou ld be extenci<::d to include 

F]lL'ciuWJ1s rcf~lTt'd by kternberg to Bergeria, and n few j'l"ars 
lall'!' Golu('nbcl'g4 realised t hat this name does not stand 
for well-defined generic characters. The correctness of tbest' 
,·il'\\,s WllS, howl'\,er, first sat.isfactorily demonstrated by Car-
1'1Ithers j

, 11JJd by Ft,jstm;wj,eJH. 
If 11 Lcpiuodendrun SLulll loses iLS superficial layers of outer 

cortt'x alld in this condition is C1ubedded in sand or mud, the 
C,ISL i~ (Lstingui~hed from that of a perfect stern by the absence 
()r th(' kaf-Rcars and by other feature::;. It may, ho·wevet·, sr..ill 
shuw ~pirally disposed a.reas, corresponding approximately to 
j 1)(' origin:1! Jenf-clJshions, which ::I.re cbllr~cterised by a small 
dl,)prcs~il)n or pi t either ;It the apex or nCar t he centre of each 

oval arca: thl.' pit mark~ the position of the leaf-trace and ir..s · 
parichnus ~lrand. ]n some cases the exposed sUlface may be 
slllooth without any indication of leaf-cushions, while narrow 

I G()od examples are given b:r ScbmEllha.usen (77) Pi. III. 
\! StcinllO,!lel' (18) _4. . })l. 1'1'. fig. 5. :1 Bronguilolri (49) A.. p. 42. 
J Goldenberg (.i5l. to Catrutherll (73~) p. 6. 
s FeistmaDtcl (75) A. 
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spi.rall~- arranged grooY 's represent t.hl' obliquely ;~c('nding 
vascular bundles passing Lhrough the COItt!X to th(' lean·s. 

Fig. 185. B, shows the Bt'rgcJ'ia statt: of Lep~'doderI(Jr()n 

T'elt/u~h-m'alwm" which ditlers from the Knorl'iu. conditi on jn thl' 
fact. tlHlt dl'col't,ication had not. extended below the le\'el nt 
which the form of the leaf-cushions could be recilgni~~d. It. jg 

clear t hat no sharpliu€' can be drawn in nil cases between the 
ditft:rent degrees of decortication as eX I'l"l':"I!':icd by thl! Lenw:i 

]\"lIorria und Berger/a.. 
A list of synunyms (If ]{non1.CI., Berfjel'iu, and l hpid'ia1'1:(I 

forms of st,em and a detailed trcatment of t.heir characteristic 
features may hI;' fl)und in a n:cent. work by Putonie!. 

c. A s)J?'clia1·ia. 

In one of the earliest English books on fossil plants, the: 
il l!tedilwvian Phytology by Arti~~, ft specimen from th .. ", Car
boniferous sandstone of Yorkshire is figured as Ap/lylltl?ll 
c1'istatmn, and a similar fossil is described as 4. aspe1·u1n. 
Th f:'se are impresgjons of Lepidodend ron st,ems in whirh the 
characteristic leaf·cush ions are replaced by smooth amI slig htly 
conv(;x_ areas with a narrow central ridge. To this type of 
!:Ipecimen Presl glt\'e the nam e: Aspidia1'i(I,'J, under the impres
sion, ::;hared by subsequent writers, that the s upp(l~ed external 
features \\'(l r'e entitled to generic recognition. 

I t is to Stur~ thnt we owe the first Ratis factoJ',Y interprekl.tion 
of fossils included under t he name ..d.spid£ari« : he !Showed that 
on the l'e!l]o\'al of the projecting com'ex ureas from some of his 
specimens a typical Lepidodendron leaf-cushion was exposed 
(fig. 1+4, A , a). The 1I.Bpidiaria condition (fig. 144, A , 0) repre
sents the inner i:--l.Ce of the detached shell (If outer bark of u 
L epldodendroll stem, while in the Bergeria casts we ha\'e a. 
view of the external fac:e of a s~em deprived of its superficial 
tissues. 

I n a Lepjdodendron stem embedded in sediment the morc 
delicate por tions of t he leaf-cushions would tend to shrink away 

] PotoniG (OS) Lief. iii. 42-44. 
3 Sternberg (38) A. 

:: A.rtifl (2';) A. Pis. X\'J. UUI. 
~ Stur (75) A. Heft u. p. 229. 
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from the illtt:rnai and ltl()re l .... ·sistant tissues of the otltiCr cortex, 
tl,u~ produt'i_ng ~IJac('s bct\\'(·en each cushion: further dec,_'ty 
wunld CllII;';(' rupture (tf the iE'af-tm.(;l!;"l and the 8uptJfici~11 t,issues 

Will! hi d1lJs hI:.' ~i' · I.)amt.(.;d from t.he rL'st. of the sterll. The 
Ll! nc\ ('Il(:Y Ilf Ll'pid(,dendron ::;tems to split a.long the line of 
I'hl:lIUgl'll ill thi,_' outer cilrH.'x i!'; seen in fig. l4H, A , g. The 
dt·pq.si! ion (If ~ed illl (, llt. nn the E'x pused innt.'r face of t his cortical 
shell would "t.'::iUlt, ill t.he pmdnction of a spccimeD of the 
.A ::pidil1l'in type: tJlf' rei i('u iulu (.!nclosing t.he spirally di~posed 
(:\IIJ\'eX a.rl'a~ i~ f1l1'llll,d by til!' irnpres~iun of t.he nl'lner tissue 
]'i'tW{'L'1l i,hc icrtf"C'lIs ninn$. 

"I. I~ep;d()delld/'oid (U6S k,l QIl'11 a~ Uloclcnclroll wul Hal olli:1.. 

(/. Flode"d}·ulI. 

This generic Wl.IllC was sugg(>:-ted by Lindley and H ntt(Jn! 
li~r two sp~·cil11ens frOtH the English CO;tI-l_lleH5U rCsch:l.racteris~d 

by 1(_'af:'clt~hil)llS like those uf uLepidudell<iroJl , but distinguished 
by t hl' PI't!:-;cIlCC (If two w'rtical 1'OW5 of large ~tnd more OJ' less 
circular <.:!!P-sh.lped l-ical'~, These authors, while re<.:ognisiJlg 
t.lw pu!:'sibility that tIl{' t;lssils might be identical with Lepido
dendrolt, regarded t.hcln as generically distinct. The generic 
Litl .... Clodellclrult, though no long(' r denoting generic rank, is 
still ;\}'}djt'd to certain ShOl,ts of Iycopodiaceous plant~ which 
IlLny ill'long t/J the genenl L epidudeJ/dron, Bothl'udelldrull. and 
aCC(lJ'(ling co SOIHE:' authors~, also to Sigill(17·ia. 

Th\.· large spcciulen from the Belgiall coa.l-uleasnrcs, rcprc
:-<1...·11{, .. :d in fig. 211 , utl'ol'ds i.l. good eX<1l11plc: of the UlodcndrllD 
{('I'Ul (If shoot of the genlls lJoOI1'odemiron, which is descl'lucd on 
page 24.0. Th e specimen shown in fig. lSi shows the Uloden
drull shooL of Lepidudendrun Veltlteimiumon. 

Casts of large Ulodendl'on SCars are occasionally met with 
a.s separate fn):;~ils bearing a I'csenlulancc Lo an oval shell. 

In Steinhauer's pllpel' on Fussil Reliqniae ~ a drnwlug is gi\'en 

! Lindley lI.nd Hulton (;ll) A. Pis. ,'. Md \'1. 

~ l\idstOll (1S5). III thi s importnnt paper Dr Kidston gives 11 ful! nccollut of 
the history of our knowledge of C·lu(/I'lltil'llll. 

3 Steiuhnuer (II'!) A. p. 2$u, PI. "II . fiS. 1. 
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of a Ulodendron stem under the name Phytolitlms panllatus 
and a simi lar stem specifically identical with that shown in 
fig. 157 was figured by Hhode 1

, One of tIl(' elU'licst wri Lers fl!) 

Fw.157. Lepidvdtmdroll T"~lt1l1!hnia1llWL Ulodendron condition. (From tl 

photogra.ph by Dr Kidstoll of a specimen from the Calc.iferous 
Sandstone series, Midlotbillll; i nat. size.) [Kidston (02) Pl. 1.\'0.) 

fossil plants, under the comprehensive designation" SchulJpen
pRanze." 

There has been no lack of ingenuity on the part of authors 

1 Rhode (20) Ill. m. 
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ill offering suggest ions as to t he meaning of t hese large cup~ 
lik (~ depn'5!-oions, a nd t,ht.:· re is still difference of opinion as t o 
their Higni fi cance. Lindley and H utton l described them 1.S the 
..;cars of branches or masses of inAol'eRCence. Sir J oseph 
Hooker 2 l'i l't'aks of a speci1l1en of Ulodend1'on, shown to him by 
1\1 r ] ~ awl'~, (In whi(·h a la rge organ, su pposed to b e fI. cone, was 
"l!"l'rll'd ill U nl~ of {,he depressions, bu t he was tlTHtbli ' to arrive 
H any l'(lnc:lll~ioTl as to the real nat ur(' of t he fossil. \Y hile 
nll~1 :lntlwrs hnn;: 5(.;en ill the sca r:-; pressure-areas fonnt.'d by t he 
11 '1'5811n.· (If sessi le cones against t. he F-Ur{;lCE' of a g rowing bra nch, 
ltht,I':-, as for (·,,,ampl e Ul:'injtz 3 , h"1\'e described the d{'l>l'cs:-;ion~ 
l:-; br:lIIch-scars. Cn rrut.h (> rs~ regarded t he scars (l,S those of 
ain:flLiliu1l5 roots and \\\[liamstJu referred to t hem as t he 

!-lea l'S of l'(~ lJl'od ll (;tjn ' shoots, The depressions vary cOllsiderably 
in !-'iz{'. Th l' £(·lgiall exatnpl (· shown in fig. 211 pu~:-:c,:.;ses scaTti 
D ('111. in diamet.e r. A sJle.ci ntt..: n flf Botht'odelldron in the Man
l'ill'~tt-r :\] nSNlIlJ froDl the La.ncashirt> Coal-Measu res, to which 
Wjlli;'Lmson ~ has referred, bears two rows of scars 1] -12 em. 
ill diHllldcr on a stelJ1 11 2 em. in gi r t h and .233 CIll, long. The 
l:'C'a rs occur in t wo altornate. series, on opposite faces of the 
:lxii', L1w distance between the ::.;u('c('sS'i\'(~ scars in t. lw same row 
bl'i ng 2!) (' ltL Tlw 5l1 rfrlce-feaLUl'eS (I f this large stem al'(' not 

III'esern·d. 
Before consid t.:' ring t.he nature and origin of t ilt:' scars it is 

im portant to remember the cvnsiclerable size 1.(1 which t.hey 
lJIay attn.in ; other points of importance are t he occurrence, 
eit.her in the cent re of each depression or in an excent ric 
pOiiitiul1, of an umbiliclls oj' slightly projecting boss, in the 
ct'lltrl' uf wllich is ~l pit formed by the decay of an outgoing 
\'a~cular stmTld, Th e s loping sides of t he scars someti mes 
bear dl.·\'atjons resembling leaf-cushi ons like those on the rest 
~)f t he :-;tC Ill s lIrfiwe. In the specimen shown in fig. 15i t he. 
lower margi n of each cup ~hows indistinctly the outlines uf what 
appeal' tl') be ]eaf~cLlshions. while t he rest of the sloping fa.ce is 
cha.r3cteri~ed by radial ridges, which may be due to bracts or 
leavE'S. 

I Limllc)' and HUlton PH) A. ~ Hooker (48), p, 4.27, S Gernitz (55) A. 
4 Carruthcrl:! (70). :. Williamson (72) . 
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It is ob,"ious that in these cups we haye the scars of SOl1ll' 

lat.eral organ, but t he e\'idcnce atford\.-'Cl by specimens of whi c' h 
Lhe depressions contain the remains of such organs is by no 
means conclusive. A Ulodendron has been figured by D'Arcy 
Thompsonl , in which tht> lower part of II iatf'ml organ i~ 

a.t,tachecl by a narrow base t.o onl' of t.he scars, but t he prl'· 
sCITation is Ilot su fficient l.r good t.n ewtb!e liS to cleoid!.' l\'Iw1.h (.' r 
t,h,,' organ is a cune 0 1' a \·i:.'getatin· ~ho(\L Kidst()n ~ has 
<it 'scribed Oth01' examples showing portions of organs in l'UIl

nexion with t he scars~ but au examination oj' t he spec:iml·ns in 
his cul lection failed to condnce me t.h;1,1. hi :.; interpretation uf 
i hL'1ll as strobi li is coned. 

'I'll(; phenomenon known as Cllldl1pto!:'is, as ~hown ou a SLt l1l 

(If t he C()n ifer Agath'£s:: and ccrLi'l. in Dicotylcdonnlls t rees Sllch 

U!o' Cust·iU(J(l, suggests a possibl(' expianatiull of t ht! Ulodendron 
scars. This comparison W ;l..':i made by ShaLto('k~ iu lSH8, but h(· 
did rwt accepL the resemblance {t$ a real one. AtJ. obj ection 
may be urged to the cladoptosis hypothesi!'! that in UtodendrOIl 
the branch, whether vegetati\'(' or reproductive, was n(lt 

att:lched to the whole of t he depressed an:a. On the oth~t , 

haud, ;\ lateral branch originally atk1.chcd by a narrow ha!'\€ 
may have cOlltinued to illcre~lsc in diame.ter until -its bl:1..'Sc 
hl'Cu,me slightly Slin k in the bark of the stem, thus prod ucing a 
cu p-like depres!:iion which, on t he fall of the brnllch, would 
retain t races of the original surfacC'-features of the stem. 

Mr \J\"Tatson!i of I\1allcb est('l' recently published 11 paper on 
U lodendron scars, ill which he adduces fresh and, as it se(' IJIS 

to me, sat.isfactOl·~· argumel.lts in favouI' of the branch
scar hypothesis. Fig. 1.58, frum one of Mr \\"Tatson's blocks, 
illust·rates t,he nature of his evidence. H e points out that ill 
the obverse half of a large speci men of Bothr'odend1'on in the 

• Manchester Museu m, t he umbilicus consists of a cylindrical 
hole, 18 mm. dCE! p and I; I1ml. in diameter, surrounded by a 
proj ecting ring of mineral material which doubtless represent!; 
some portion of the original plant: on the reyerse half of the 

I Thompsou, D'Arcy (80). 
S Seward and Ford (O{i) Pi. XXlll. fig. C. 
~ Watson (OB). 

2 Kidston (S5). 
0( Shauock (SB). 

9-2 
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!:'Jlecimen the c0ntinufttion of the ring is seen as a prominent 
Cllll (' fittillg int.o Lhl' cup-li ke depre:s!'lion in the obverse half: the 

'" Tii:'5;:' 
~ HL 158. Dia.grammatic section through the base of a braneh to illustrate the 

Branch theory of the Ulodendroid scar. (After Watson.) 

:onical ('ast shows that Dumerous small vascular strands were 
~i\"cn otr from this ring of tissue. and these strands have the 
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same nrrnngement and size as the dot!' which are found on 
typicJt) modendron scars. H e in terprets the ring sUlTounding 
the umbilicu~ as t he n.·mains of the primmy wood and t,h(' 
small strands as ] ea.f-tral·e~ su pplying tht' lW:l1lch. 

In the diagrammatic sl?ctinn shown in fig. ] 58 t he Otae r 

cortex of t,he rnnin st,em is l'eprest'nted by oc L 1,hi8 cOllsist8 of 
secondary tissue. The C('IITesp{lnding tis:me in the branch is 
seen at oc 2. The stele ()f t tl(' stl'Ul iH ghoWTl at 'fr. S t. and 
that of' the branch ai, Hr. St.: Lt, It. mark the position of the 
lca''''traccs. If we assume the branch to be detRc'hed along 
t he line LS, the depression wou ld show llUlI) C' f OIl S spi rally 
arranged dots represent ing the poin ts (If exit of lcnJ-tmccs Hnd 
Lhc \'<\.";('u!ar axis would be exposed in the mnbili(·us. 'l'hi~ 

explanation appears to me to be in ha.rmouy with the surfuce
fl'atures of Ul(Jdendrorl scars ou l}(l[;h Bothrodcndron and 
L epidodendron stems. fl'hl' occasional (lCCll rrCu ce of lL'tlf
cushions OLl a portion of ,I Ulodcndtlln ,~Ca r is n difficulty OJ} t h l' 

cladnptosis hypothesis, Assuming t hat true leaf-cush ions OCCUI' , 

t.heir presence may, as \\ n.tson SUggl~St5, be due to the folding 
back of a. lJiece of t he ou ter cortex of t he branch wh ieh has 
lwen "cl'wshi..'d duwn on to t he area of t he 5ca1' I." 

Since this l1C'count was written a note has beelJ published 
by M. R e nier 2 in which he describes a specimen of iJUth1'O
deneb'on from Li ege, one face of which shows u projecting Ulo
(h:ndroid scar ,vith an excell t ri c ul1lhilicus. On t he other face 
is a dichotomol1Rly branched shoot with i' lldhce-features correli~ 
ponding to those on the fSCJt r: the e\'idence that tho scar 
l'evresr;:nts; the base of the branch is described as indispu tablt:. 

Star:l held the view that the deprcl;sions on U lodcndl'ol1 stem!; 
represent the places of attRchment of special shoots comparable 
with t he bulbils of Lycopodium Selago, 01', it may be added, 
,\~jth the short branches occasionally pJ'oduced on Gycas stems. 
If the depressious were formed by the pressure of the bases 
of cones, it is cleal' that the size of the cavity roust be an ind l~x 
of the diameter of the cone. The lal'ger U lodendl"On 8Cal'S 
exceed in diameter the base of any known lepidodendl'oid stro
bilus. Another obvious difficulty , which has not been over-

~ Watson (OS) p. 10. ~ Renier (08). 3 Stur (75) A, Heft II. 
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IO'lked by Kid::;ton who h"lds tha.t the scars were produced by 
!O(_'ss ile ('r;nps, if.; that in LepidodeJlcl1'ol1 Veltlleimiwmm strobili were 
bonk at. lhe tips of sleuder branches: the sa.me difficulty is 
PJ'f>sCII1{·d hy }Jutkrodendro71 (Fig. 213). lL is unlikely that two 
tyl'('S til" s tnJuili WEc_'rt.! }lJ'odm:,'d (In Lht.' &"\mc plant, p;-l.rticularly 
a:.; f Ih' ('01\(.' of L. Veltheintiallurn was heterosporo1ls. 

'1'11(' (:11111:'8 (If <:e rtain ."ipec ie~· of Pillu.\· remain a.t.ta.ched to 
thl' [rei' fill' lllallY ycnrs IUld their ha~(!:;; bl'WIlIE' t'lllbecldL'd in 
11'\(.' l"tf'tn: this is p:II'li eui:l. rly well shown in the drttwing of a. 

}'IO. 159. Pil!ll8 C«1118a, t nat. s.ize. 

l:OOe of Pinus cla.llS(1. (fig. 159), for which I am indebted to 

1\lr Sudwol'th, Dendrologist in the United States Forest Sen-ice. 
Jlr Sunworth has drawn my atten t ion to p , attenuata and p, 
I)wricata in illustration of the 5.:'1.llle phenomenon 1, 'l'he 
l'xtUnple shown in fig, 159 cannot, however, be matched by any 
known specimen of UlodemZ1'on; 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 practic .. tlly certain that this 'was 
not t he case, 

I Gardeu u·"d FO/'eM, "01. "" pp. 160-162, fig , 2-:1. (April 6, 1902) . 
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There Co:W be little doubt that certain P:\hteozoic Lycopods 
shed theil- branches by n method si m i lnr to ilVlt em ployed b.,' 
til(' Kaud Pine of X cW Zealand nnd by some species of DicotJ
\{'(lons. The t'v idencc addu('('d in the case of B othrude11droll 
p!l llctatum is a strong argument. ill fHV(,Ur or extending tlw 
saine ex planation tu othe l' UJodeudmn ShOOLS. 

A 
B 

FI(; _ HiO. A. L epido]JlilniaG I)CariCUK Kidst. From a speci.men Crom the Calci
ferous Sandstone. Midlothil\u , in Dr Kidston's Collection; rather 
less than !- nat. size. 

B . L. 8cOticu8 COile. From ft, specimen from the Cn.lciferouB Sand
l!fone of ~fjdJothjan in Dr Kidaton's CoJIeCtloD; slightly rflduced. 

• b. Hal-onia. 
The branched axis with Lepidophloios leaf-cushions, l'e

p1'esented in fig. 160, A, illustrates a special form of shoot 
described by Lindley and Hutton' under the generic name 
Halonia. The original specimens referred to this genus are 

I Lindley and Hutton (35) A. 



1~6 L YCOPODIALES [CB. 

dt.·cortjeated axes showing remains of Lcpidodendroid leaf· 
l:l1shionb. The spinl!ly disposed circula.r scars in the specimen 
(If J/ ull)/Iia (LepidoJ)hloios scoticus l

) shown in fig. ] 60 constitute 
t hl' l'hantCLCl'istic fea.t.urE: of t he genus; they may ha\'e the 
form , fll" in fig. l(iD, A, of ci rcular di~cs with a central umbilj('us 
marking \ hl' pusition of a yascular strand, or, as in the sand
.... Wlll· ca~t of H(/lonia torl u()s(t, shown ill fig. 161 ::, they may 

FIO.161. H airlll ia t ortll llJ(1 L. aDd fl, :From a !iPCCiDlflD in Dr KidslOD'S 001-
le<:tion, {rom the LO\\'cr Coal-measures of AY1'shire (Ko. 1561); 1- nllt. s ize. 

appear as prominent tubercles. ~ehe latter example illustrates 
the condit,ion characteristic of partially decorticated stems. 

In 1883 \Yilllamson 8 described a specimen. now in the Leeds 
Museum, which convinced him that H Cflollia, is merely a special 
form of Lepidodendron concerned with t he production of fertile 
shoots or strobill. F eistmantel4 a lso recognised that R alonia 

I Kidston (f/S) PI. II . fig. Ii. 2 ibid. (02) PI. wn. fig. 2. 
IS \YiHiarnson (832) A. PI. 34. 'Feistmsntel(75)A. p.193, Pls. nxn".-:n"xvlI .. 
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"egularis is identical in the form of the cushions with the t'n)L~ 

known as Lepidophloios laricilWS. It is worthy of note t,hat 
under the name Halonia, Feistmantel' tigured n piece of dl;.'~ 
corticated }Lxis characterised by two I"O\\':-; instead of the usua.l 
spiral series of lal'g~ cup-shaped SC:lr~. Recent I'cseurches haH', 
howe\'er, tended to break down the disr;inc:tion between Dlo~ 

dendron and Halunia founded 1'('slJ('ctJi" eiy on t,he biseri'li,{' 
and spiral arrangement of the SCH.r'S or tubercles. 

The interpretation of Halt'loill.l b l':llJchct:: a.'"i cone-bearing 
members of Lepirlod(:ndroid plants has passed into a generally 
ac~('pted statement of tact, but, !'o f;11' as I know, only om" 
spc:cimen has been figured in which :;t l'obiii art' f;ceu attached 
to an Halon ia axis. This speci men, described by Grand'Eul''y~ 
from the coal-field of Oard, is h, ... dly sufficiently well-presel'\'('cl 
to constitu te a demonstration of the correctness of the gent.'rall.\· 
l'ecei\'ed view, which, as is not unusual, bas bee.n repeatt,d by 
O:le writer after another without due r<'gard being paid to til(' 
nll.r;ure of the L,\.-jdence on which the statement is based. 1 t 
may, indeed , be COITect to describe Halonial branchE's as cone
bc:u'ing, but there tlrc certain considerations which make om: 
pause befote unhesitaliingly accepting this explanation. The 
vascular strand which passes from the centraJ cyl inder of the 
shoot to the tubeJ'cle or scar is composed of a solid rod of 
xylem distinguished from the main stele br Lh(· ahsence of ;t 

pith. In such pctrifil;:d peduncles a.«. have been discovered t h(' 
stE:le is of the medullat.ed type. The com mon occurrence of 
strobili terminating slender branche$ of Jepidodeudroid plants, 
though not a fatal objection to t heir attachment to B alonial 
shoot,s, sbo \vs that in IUauy cases the cones were borne at the t ip 
of leafy shoots. I t mar be that some of the Halonial Scal'S are 
in origin like those of the U lodendl'on axes of Both1'odend"(Jn 

• and mark the position uf deciduous vegetative branches. 
The first account of the anatomr of H alollz'a We owe to 

Dawes3; this was followed by a fuller description by Binne,"~. 

The history of our knowledge of this type of branch has been 
given by Carruthers!>, who expressed the opinion that Halonia 

1 Feistmantelloc. cit. PI. XLVU. ~ Grand' Eury (90) A. 
:I Dawes (48). ~ Binney (12); see also Seward (W}. 0 ClIJTuthets p;l:!J, 
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is 1IIt'l-d~ ' :1 t~rLjle condition of L epidofJMoios flnd possibly of 
lither 1"l'irinciPntiJ'oid plants, H e was also inclined to regard 
th,' HaJ(lniaJ tnucTcks ;1:-; younger stagc:, of th~ larger !'leal'S 
chamt"lt-ri:·jl it· of Lhc ~('nlL~ Ulodelidrun, \Yillinlnson's contribu· 
Ijnll~ 1.11 (Jn l' knm\!Nlgt... of l/a/ollia art.! of pJ'imar,v importa.nce; 

hI..' :-OIIPI,li('d furth(,1' proHf of I,he Lepidodendroid Ila.tlll'e (If these 
hl'a.nthl':- n.lld flch·a.nced nul' knowledge of their allfttomy. In 
,HI lO:"l!"l." J1ape!"1 hl: l'Xl)l'(:~~1'f1 the \'j ew tha.t the differences (In 

whi(:h Ha/oJlia Itnd [;{Mlellrl1'oll ~I'l' separated a re such as result 
fnln! a ditfl'I't.'O<:!? ill n.gt.: and (ll'(;: lIot of generic importance. 
]11 the la~l IlIC' llluir, Itt' which Ill' was sole i.l1lthor, published by 
tilt' Hn,,':d ~oc iL'ry ::, Williamson Lronght iorward further e\' i
cI('ncl' in !':lIPp0J't. of this wcJ]·foullded opinil,n, 

Tlwt. (Ill\.' I( Jss il s kno\\'u llS Halom'a are hntuehes of a. 
ll'pid(,dt'ndwid planL i, .. at least certain, and it i~ prouable that. 
the tHcm) bmnch,'f; which the," bore wcre fertjl e, though sMis
fa.l'tury IJI'oof of Lhil' i10i lacking. 'Yc know al:io that Balonia 
branche~ arc char:lcteril'cd ll.\· the L cpidopbloio::, form of leaf
clish ic)Jl: thel'(~ is, IHlw(· ,-er, 11t1 ~uffir.ient reason to assume that 
!'Hch hrllilehes we' re nen?r :l.ttached to stems with the cllshions 
of i he Lt·pidodcndroll form. The furth er question, namely 
whether \\'illiamsl'll was correct in his contention nl' to t.he 
absence of any essential distinction between Ulodend1'011 and 
IlllluII?'(l, dtles not admit of an unchallenged answer. In 1903 
\\\·iRS:1 described the anatomy of a specirnen of' a biseriate 
H"iu'IIia branch of Lepidophloios, The fonn of the lenf~cllshions 
is unfortunately not very well preserved, but "~eiss figures 
other sprcimens with two rows of tubE:l'cles on which the lcaf
('ushions are sufficiently distinct to justify n cornpa.rison l"ith 
those uf Lepidvphloio8. He believes with Williamson t hat it is 
tl1C presence of tubercles in place of scaTS which dic:;tinguisbes 
If alonia, from UlodendrulI , and tha.t the arrangemen t of the, 
tubercles or scars is a. matter of littl{;: iroportanc(!, H e ex
presses the opinion justified by the evidence available that the 
absence or presence of tubercles irs merely due to accidents of 
preservntion or, one may add, to differ€lllce in age, Kidston· 
dissents from '" eiss's description of his specimt'n as a biseriate 

I WiUia.mson (72), ~ ibid. (BS). !I Weisl, F , E, (03) , 4 Kidston (05), 
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H alonia i he regards it as a P1odendl'on branch of SI:gl'llU1~I'a 
discophora (Eonig). Unt il speCimf'IlS \\·ith more clearly pre
served l!xternal featu l'e~ are filrthcumiTlg it, is imp\)~sib l l' to 
settle the point in dispute, but on thl' f;u:t!5 bd'(Ir(' us thel'c 
would seem to be a. ])ril1W fucie cas ... · ill fll\ ' n Ul' of \\·i.·i~s·~ 

contt:ntion. 
Th(' dl'signatioll Hil.lolliu may be n'tninl..!d as a dL:~cripli\'~' 

telTli ftlr Lf'pid(l(kndl'oiri sho()t.i"i charact.en:-\ed by ~pil,;t1J.y di:..
posed sears or t, uberclcs and bearing leaf-cushions 111' Uk Lepi
clophloil)'" t,'])c, In the cas.;' IiI' ~peci 1l1 ~ns showing pnHllinl!IlL 
l,ubcl'cles, t ht· superfi cial tissUeS are ul'ually absent and, ;\f; in 
thl;' fo . ..,:-;i] f{~pn.'.";(,11It,d in hg. ] (i l , Lht' mU)I(' H alO1u'(I dOt,S Hot, 

ncc(,sS~lrily imply the pt'escnce llf lcaf~(:ushions of a part,icula.r 
t .'"j Jc. 

\-ji. ..d natorm'cal c//((racters of Vegetatitre Lepidodendron Ifl'(lf,t.'i 
(Lephlodellri1-on (jlld Lej)icl(jphloio~) . 

The type alt'ead~- described under the name Lepidodelld~'(J'1 
t'{lscuirwe differs from those dealt wi th in t he following pngL!s 
chiefly in the anat.omy of t he stele. The simplest Itnd probably 
1110st, primitive type of LepidodendrljJ1 stem is tlult in whi ('h 
the xylem forms a. solid rod; t hf' typ e of stele nlf)st frcfjuen tly 
represented is that of L. Ifm·cot/1·tii, L. fu liginvslIm, fwd PLher 
species in which the diamett: r of the stole is gn·atel' Hnd H. 

cylinder of primary xylem encloses n comparatively l.'ll'gc 
parenchymatous pith. 

1. Lepi£lodend1'on esnostense, R enaul t l
. 

This species was founded by Renault on petrifie:d specimens 
from t he Culm beds of Esnost in France. The sudace of a 
young twig bears prominent lcaf~cu shions of elongated rhOln~ 

-boidal forlll similar to those of Lepidodendron obovatu?n 
(fig. 173) and other species. In older branches the primary 
corte.\: is repJaced by a considerable thjckness of radjaJJy dis
posed secondary cortical tissue which, as shown in tangential 
section, consists of a reticulum of elongated pointed ~lements 

1 Renault (96) A. p. 175, Pls. xnIn. xur .... 
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wi Lh cornpamti" c iy thick walls enclosing meshes filled with 
Illrgc-celled pan.'llchyma. It i ~ \VOl-thy of note that if such a 
branch wen- txposed to dcca~-r, t hp earlier destruction of th€' 
ili on' dl·lic;I,tc t,issue ill the meshes of' the secondary cortex 
w~'llltl prodll(:c a :;erics of oval dcpl'ession~. corresponding to 
Ih!? paronch.\"lwtW tlS an,,'IlS, s(,pi.tl'at~ 1 bY;l pl'oj ect ing reticulum 
(If lh t, lIJon:! rc~i 8tan t e lt:'m e ULs: a cast of this partially decayed 
~ltrf~lce would he indi stinguishabl ~ from that or some types 
of Sigillaria, or of a L ygillodendron. The inn er regions of 
t.hl' cortt'x (If \,}W typl'-~ l'ecime ll i' han~ not been prescrr<-:d . 
Tlli' xyll·m. which iti t he only part of the stele reprcgcnted, 
ha:- t.he form oi' ;1. pl'otosttle 0 1' ~ol1d cylinder of scalarifottn 
I,J·;,u.:hcids with pe ripheral grollp~ of narJ"Owc: protoxyleru ele-
111I._'nCS which [ J1 i~rk the points of exit of the Jeaf~tmces ; in a 
branch '1-2 en1. wide th (.' xylclIl tolumn has a. di;\D1 eter of 
a 111m. The f'mall lC:lv('s (fig. 1-1-3, B , C), simila.r t,0 those of a 
Si[lillan.'a, nre fi ub-I'hon lbuidal in section near t he base and 
ul'Jll'Oximately circular Iwar the a.pex'. T he mes0}lhyll consists 
of pnlisadt· I_'L·lls haying the appea]';)nce of' typical cbl orDphyll
li~~ll('. The hc-t.(:I'lI!;;PUI'OUS strobili attributed to this species bore 
micnJspomllgia on Lht! upper and megaspol'allgia on t.he lower 
s JloJ'{l phyl!s; t,he megaspores, (,1' which a considerable number 
(lC(;l1J' in t..'ilCh lll C'gasporangiulll , an' identica l in size with those 
fIr ;U1othl'r C ulm 1'01'111. LeJridudelidron rhodll1nnense. Some of 
t hc!'.v lul.Yc retained traces of prothall us tissue, and in ODe sl_Jore 
Renaul t figures what he regards as an al'chegonium: the 
dl'a\\'ing is by no tllcan.(J com-incing. 

0) Lep1:dodelldl'ull rho(lul1l11ense, Rella.ult ~ . 

The species from the Culm of Combl'es (L oim) agrees in its 
solid xylt!m cylinder and in the diffe rentiation of the secondary 
cortex, as also in the association of t\\-O kinds of spore, with. 
Lepidodendron esnostellse. A compari:;ol1 of the leaves of the 
two types I'ev('u!s certain differences which may be of speci fi c 
rank, bl}t, apart from minor differences. these Oulm species 
may be classed under one anatomical type. 

1 For description of t.he lea.f.s. natowy, seo pp. 98, 99. 
~ Henault (79) p. 249, :PI. 1: . 



xv] LEPIDODENDBON 141 

3. Lep'idodendl'oll s(1.aljelden!ie, Sulm.s-Laubnch I, 

'rhis Deyonian SpCei(!5 W<'lS found t!d nn 11. specimen 
• a x 2-5 em. broad all th e hast', which sh(lwS thl.! stumps of four 

branches recalling the dichotomously bn:mchl'Ll arlllS of Sti[!
maria and PlellrunuJI.'a. If these arc in reedity thL' rL'llLa.ins vI' 
StigmHria-likl' horizonLai bmnchl:s 1,h(: sl'L'<:i..::s affurds all 

inrerc::oring exaJJlple of a Lepit}lIdendrlHl }i..xis wiL-h It _';;Ilbt.('f
t'aneull rhizolHe hi' t,}1t: type Wllich ha~ h .'en r\)nnel ill i-l("\"l'rai 
Sigillarian stem~. In LIlt' UPJIi..'1' tOud of L1lL' axi~ Lhl.' stclt.' 
cOllsi~Ls of .)" s(did ~tntnd of xyll'lll ·whic·h I::; l1pt ~ufficil'ntly 

well pn:'sened to ~how thl' }Ju~iti ull "f tilt, jll'lILnxykm grulI pH. 

A trnnS\'er-Se sectioH tak('fl lll"i.U' Lilt' !,a .... l· f\" \'c,d:-! a 'rl'~' of 
stele differing frOlIl Lhat ;It thl' upper l:ml in blJiIlg C01 1ljlO:-;t.:U 
of I'udilllly di$Ju)sed trru::Ilt.:ids il.ud in ils rcsembl"l,!lcc LH Lhl: 
st,eic of 8tignwl'ia. 

4. Lep/r[ocielldrOlt /idigino.'iW)L, \\,i!lillnl~on . Fig:">. j(i2-17:!., 
]79, E. 

1871. J~epid'I<I(>,'r{I'()/1 !lan'(Jw·tl·/, BinlLey, Pallc.fllt. :-il~., [to -110), PI. \'[1. 

tig. (i 

1872. H alrmi{f 1·"gldw·i.~, Binney) Pa\t'cont. Sw., JI. Hfi, 1'1. X\·. 
lSP-1. v}lidodendro1/ iIctl'co1trtii, Willimu:;uu, Phil. Trail:;. Hoy. i"oc., 

' ''01. 172, p. 288, Pb. XLIX- l.lI. 
l BA .... Lc})idoriel1(lron jltlifJilW8lLin, Willi1l.msQ1L, Proc. Roy. Soc., Y lii. 

XLH. p. 6. 
l 89\. L('pidow.mdrorl- JriU£am.6oni, Sohns-LrlllhHch, FOSl:iii Bottl-ny, 

p.226. 
18\)3. LepidQpldoiosjltli[Jino/JuliJ Kjdstol1, T!'au!;. Hoy. Soc. Edjnl.ml'gb, 

Vol. "':X.\"HII. }l. 548. 

The name Lepidodend1'On juliginos'lI.!,n \vag proposed by 
Williamson ill 188i for petrified stems pre"iously included by 

.him in 'Yi tham's species L. H a'rcourti'i, but subsequently 
recogni!:ied as <l distinct type characterised by "the g r<:atcr uni 
formjty in the composition or the entire cortex" ~'l.nd by other 
features some of which do not cDnstitute distinctive characters. 
The species agrees with L. HUTcuw"tii and with L, Velthei'lni
.anum in having a medullated stele; it is distinguished not 

I Solllls.LlI.tlbacb (96) p. 18, Pl. X. fig8. 7-11. 
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only hy 1,1](' mon.' frequ ent preservation of the m.iddle cortex, n. 
fac!' due 1,0 a difference in minute structure, but chiefly by 
Lilt: I,pc:: ulial' structure of the secondary tissue added to the 
:-.1,(.' 1<:: Lhir-; is in ll:ut compuscd of radial series of parenchy
ma.l'\ '1!S edls and (If no varying amount of tracheal tissue tbe 
('icIlH:nt,!; of which al'e l1arr()w(;':1' than in other ~pecics and <'I,r e 

('llHradcrj~ud alsv by t,hC!il' sinuous vertical course. As is point.ed 
out ifl the fo;<>qucl, th e: anat,umicill fe/iLUl'eS of L . .fr.tliginosmn. as 
ilt })J'l''il' nt unrlerstoud, ar~ lIot C(lnJillcd to one type of L epido
rleudrun st.I'm. Specjmen:; ha,ye bl'en described with I (:'af

enshinlls (Jf Lht· jvnu chal'acLcrist,ic of L. aculeatll1)t, L. oiJOVLttu1it 

and Lepidophloius cou)l,incd with t.hc anal()mic~d fea.tul'es of 
\Y illia1l1~un'):) l"pecit's: it. is pmisible that th8 two species 
I ,. ubovuillin and L. aculeatuni are not really distinct', but it i:Oi 

c('I'Laill that s}wots ,,-ith bot.h ljhc Lepidoclendnlli. and Lepi
dop/doio,1; cURhiun~ may have the sam\' type of anatomical 
SLl'uCLul'l..'. 

A 1I101'l' detailed knowledge of LhL' sttuctuI'I11 features of 
L t'p iilvilendl'on shoots mar enable us to define llzln.tomicaJ 
!']'ccil's \\'jt..h mt'lre exa.ctness than is possible at pl'eSt~nt, There 
C;lII , hO\\"(:\'(:1", be litti<: doubt thai, well-rnarkt·d anatomical 

featul"l:'s may be associated with more than one ~pccif:ic form of 
~h o()l, as defined by the: ff}rm of the lcaf-clishinlls. 

Dolins-Laubach proposed t.he nam..._' Lep'idodencb'on H~illiwn-

80ll'i fin' the anatomical type L./uligl:1losU7n of \rilliamson, but 
the hut(' I' m\lne has bel.:ll generally adopted. 

In the following account special cl.ttention is directed to the 
natUl'e ilnd origin of the secoDd;ll'J stdar tissue a.nd to Lhc 
~L'CI'I_.tOI'.r zOlle , as difference of opinion exists as to the interpre
t.ll.tijoli of' the::il' ft'atul'es. Among the bust examples of shoots 
of Lepidodendrult fltligino8wn without secondary ti!:isue 0 1' in 
which it is feebly dcvt!loped are those originally de~cribed by. 
Binnc>y. The stele includes a large parenchymatous pith, the 
cells of whieh frequently show signs of l'tlcent division, a feature 
obsen-ed a lso ill the pith of th{;: large stem of L_ -Wiim,schianum, 
represented in figs. 181, 182. The primary xylem cylinder has 
an il'l'egularlycl'enulate outer edge like that of L. lVi~nscltial1u11l .. 

1 T lJey arc regarded as identical by Fischer (O i ). 
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and L. Ha1'courtii and t he protuxyl em c·letnellLS occuJlY nn 
t.!xarch position. Isodiarnetric reti cuhtt,eiy-pitt1f't\ d~menls ,l rL' 

met with both on the inner and outt:1' edgt.' of du' xylcllI. 

FIO . IG2. T.rpid/Hil'm/roll'/llli!Ji uns/w!. Pllrt of th~ stl!ie i,l Lrall/.1verhe sl'otiull. 
lBlnni'Y Collection, Sedgwick l\!ui<eum, Cambrid!.!'e.} 

FlO. Hi3. L epidodelldr()11 juligil/QJ/um. LOTll;i tudinal section. 
(Bi nney Collection, Cambridge. ) 
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Figs. 1 (j 2 and 103 illustrate the structure of t he outer portion 
"I' t n(' X,d (' nl anel adjacent tissues in n section of a shoot 
:{'H em. x 2:5 CUI. in diamder, wh ich is in the act (,f branching, 
n.,>'; l:ihown In' thc' (ICClIITenc(._' of tW(/ steles of equal size, 

.\ fig-un · !/f 'L!ll: C()Inpll;!te .section will be found jn B inney's 
ltIL'!II,)lr l , and [Hlditir;nal illustrations were published in "1 899:!. 

T hl' prillln.ry xylelll (fig::; , 162. 1(; :3, .1') is succeeded by 2-:1 

1:'w. Hi4. LepidodelUiron fuligil1oS l11II . Leaf-trace. 
(Diullf'Y Collection, Cam bridge .) 

I\"I\\'S of polygonal cells with dark contents and associa t,ed with. 
isodiarnetric t racheae: these pass into clearer parenchymatous 
tissue, ct , charact.erjsed by t he arrangement of the cells in 
ver tical series, to which the term meristematic zone has been 
applied. The tiecretory zone, s, abu tting on t he meristemat ic 
zone, consists of more or less disorganised parenchymatous cells 

I BiDnt>)' (72) PI. XUl . fig. 1. 2 Seward (99). 
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and broader nl1l1 more elongated spacts: it is intC' l'ruptl..'li h~ re 

and Lhere by an outgoinglcflf-trac(·,ag t~t it 1 t\mll t:2 in fig. 1U2. 
The secretory ZOtl t' is sllcceC'ded by It homogeneous illlll'r CO rLt'X 

like t.hat described in L. 'UlIscltl(l r~: pa rt ~)f t.hi~ regi on if" $~,t' ll 

at the upper edge of fig. lG2. Th ..: broad 1I1iddJe curtex, which 
is separated from the inDcr cortex by n sharply dl'fi nC'd 
boundary, i~ cOll1post'd of rat he- I" small lacunar parenchyma
tous tissue consisting of sinllou~ tubular e:\CIlH:lUt.S int Pl'sl' l~ rsl;'d 

lllllOng isod i.uuetric ce ll::, of vuriolls s izes (fig. 16u, 1»). In 
th~ middle cortical region t he h:af-tra(·c!oO PUl'SlI(' all al nl (J::it 

Fw. Hi5. L<'IJiduoklllll'ulI f,diOlllOIWIII, L CILf·trace:.T. xylem; II. S(:cr(l tQr,Y zone. 
(Uillney CollecLion, Cambridge.) 

horizonktl course; one is shown -in fi g. 104, in oblique longi
tudinal secr,ion, in a re \'crRud position; the xylem, x, should be 
on t he inner side of the secretory tissue, s. The clear spA.ce 
between the r.wo parts of the Y3scnlar bundl e was originally 

• occupic'd by a. few la.yers of parenchYlJ'latolis cells. as seen in the 
transverse sectioDs, figs. 165 and 16G. In some specimens the 
Jeaf-traces pass through the middle cortex iu a much more 
n:rtical course, a..'5 shown by the section represented in fig. ] 65. 
This section illustrates t he structure of a typical Icaf-trace wit.h 
unusual clearness: it shows the tangentially elongated group of 
xylem, the strand of tissue which occupies the position of phloem, 

10 
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Ji «(.0 \\-hic·h the term secretory zon(: is applied), the compact 
l, al'l:Il(·h~·nn_l. betw(' t..' 11 thl' two pnrtli of Lhe bundle, llnd surround
ing thL' wfl(Jk a l1HITOW sheath Sh3J'ply contrasted hy the 
!-;I llal kr and I.lI Ol'l' unifi,rm size of th .... tells frurn the middle 
('01"ll'X, a ft,w cclht ',f which a,I'e seeD in the phll tograph. The 
lIlid!lll' Co rll'X shl)w~ a wcll-tlt:fin ed jnnctioD with tht' more 
C'P lll]I1LCI 11111,1,; 1' corti ca.l region, which consistfi of primary 
Imn.:llchYW;l p!1SS1ng t.:x!(' )'J_;;1] ]y into a Z(JlJC ()f ph ell oderm Com

jJu:"<l,d (,I' Lhick-wrlll C'd and ll)t) J'U ehmgaued cells. A noticeable 
t ~' I\(,lIJ'(" ill IlInny Lepidnd ... ·ndr·PH shl..l()(;!:I IS the oeeurronce of a 

(·jl'e! I.' ,01 ~tr;\nds of secn:Lllry Ci.,lIs often sn rrounding fa.irly largt· 

FI r. 1(\G, L epir/ (Jilf'll(/NHI/1I1i!lill()l1lwl. Lcuf-tr!\ce:}I. paricllllo5. 
(BiotH,), Collection, CfLIDuridge. ) 

u!lC1S jll~" in ternal to the edge of ph ellodenn: sl miJar strands 
1'('1' 1)') irregularly concentric circles, as was pointed out in the 
Ci l:;:(' uf L. v((scl.llal'e, in the phdlodcl'U1 itself. 

Fig. 166 shows it lenf-trace in the outer cortex accompanied 
by its crescent-sh~\ped parichnos) 1), deri ved from the middle 
cOItex and by means of which the outer cortex aucl tilt' lamjna 
(If tIl(' loaves arc' connected with t,be inner regiulJ of t.he shoot. 
T his lacunal' m.irldle cortex and parichoQs doubt.less constitute all 

aerating tisslle-sy~te l1} whicb aft.ei· leaf-fan is exposed directly 
to the ni l' at the t'llds of the parichuos arlllS on the leaf-scars. 
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Some of the sections in the Binney Collt:ction U;':;l·dgwirk 
Museum. Call1bridgt·) show ea.rly stages in lhl~ product,ion of 
secondary xykm: in the secriull rL'p" csented in fig. ] 67 IJH:' 
~ecretolT zone is succeeded on its inner face hr.l. zone of radi;dh' 
('l('ng;H~'cl ci.:lls, 111. which arechm.rly in a lIl U ri~I CI11 t\Lic cOllllitilll;, 
rrh(' same [;Ctl.i(l11 sh(lwS also the mor(' rlldi:lllr ('xh'nri€'d fUrBl 

(If the xylem (If a Jeaf-rnH'l' with it:, intern:d p;'pt()xylt' m, p.7'. in 

FlU. 1m. J.epidu(lewlrl!II _(,!/i!I,"WliUIII . 

(Biullcy CollecLioll, Caw bridge.) 

contrast to the tangentialIy elongated form which is assullIed 
during its p.8Sage through Ihe corLe' (cf. fig><. 165, J6(;). 

SOllle sections of LepidoLlend(on fltl'igino~tt1H in the l\Jan~ 

chester University Collection are of specia.l illterest frotH t.hl' 
point of \7iew of the method of secondary th ickening. J n 
t.he section reproduced III fig. luR, B, the meristeruatic zon \;' 
is seen to consist in part of radially elongated elements. 111, 

with parallel cross-wall~ ("\ridently ()f recent;. origin. The same 
tissue is shown also in fig. 168, C, (I, D, a, and in fig. ](;9, A, " 

10-~ 
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Thil" bllnd of fl]eriHtCrH, which we may speak of as the cambium, 
(l(_'{'Uf!oi in thL' outer I'('gi otl of th~~ merisLcmutic zone imme<liatcly 
illt erna! t.o the ~ccrt.'tory zone, 8C. 

'I'll(' I"l"snlt (If the activIty of this (;.alObium ba.nd is the 
production uf secondary parenchyma. und tracheal tissue. In 
fig. 1 i!l. E, dlitwn from a portion of the ~('ct,ion represented ju 

11 x m a Sc 

Fw. Hit'l. a. /. /'/lit/m/encir()11 l'{/liCllllln', (Botany Scho;,l. Cambridge.) 
B. I,"pidol/"lJdrUIi /uli!1i,wwUI. {From " specimcm from Shore, 

Lllncllf'hire, in th e Cllmbridge BotAny School Col!ectiO!l). 
C. L. f!{liyil/l)~III11. ("Biscrillte Hnlonia." of Weiss No. 257 , 

l\lllnchcste.r Univcr!iity Museum.) 
n, L . ("I;!lilw~!w!. (Mll.llchester Univ. )Illseu rn.) 

fig. ](;S, B, a projecting ann of primary xylem is seen at [1;; 
this is .follo\\'ed by 2-3 layers of parenchymatous cells, some of 
which have dark contents, and beyond this is seen a group of 
secondary eil!lnf'lltS, t1', cut. acroSs somewhat obliquely, which 
arc e\'idently products of the cambial cells on the inner margin 
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of the secretory zone, se. The IOllgitudinal section (fig. lug, D) 
shows the cambia! cell:., (I, lI ('xt the secrdory zone, se, pa.~sing 
interon.ll.,- intu crush ... ·d and imperfectly prtlscrn:-d ~longa.tt:'d 
elements which an.' presumably miniat.ure trnchCIlC', and th(,ge 
are slIcceeded b:, older and H1()r~ complell..'ly lignin"!] X.\"}l'lll 

FlO. 169. Ll.'pil/oilwdron_iuli.lJiJI0151tnL 
A, D. IManche!>ter University Collection. No. Q. 645A.) 
B, C. (MfLochester. No. 257.) 
D. (Manchester. No. G. ) 

~Iements, x. In larger shoots the aUlOunt of secolldary tissue 
is considerably groater; it may consist almost entirely of short
celled parenchyma (fig. 168, C, from", to se), or it may include 
a large proportion of radially disposed and vertically elongated 
tracheae (fig. J 68, D, X', and fig, 170, A, X'), or it may consist of 
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pfll't'nchymll cunt;lining scat.tered groups of t. r'8.cheac (fig. 
Jfi!J,A,,(..:!)I, 

F ig. llHl, A, is n.. diagrammatic !iketch of Lhe tJissw::::.- l Hun. 
\\id(·-hvtWt'I'Il thl' p rimary xylem, a:, and t Ill' inner COr tex . 

T!ll' priul,uy Xylt'lIl is suc{'\·\·ded hy :;hoJ' t }JllI'Cn ch,Y lnat(lUS cells 

fnlhI\H·t! hy a ZI)Ih.: pf radiall.\~ l·longat~d \·!emcnts pa&\ing 
Ilcc;l,....;i()wllly iIlto r(I\\'S (If WUTOW !<;calflrii(ll'l l l tracht'ae, some v 1' 

which, i1wi ng to their )';innllllH lnT.,g i tudinnl C(1ursc ( fi g. ] i I, C), 
arL' ""'l'll ill ()uliljlll' !'l'tLjoll. af; at.. C', fig. _I (j!), A. At its outer 

,·r!gf' thi..; st'cundaJ'Y li:.::-;tH:, ,')':!., c(,nsi::ting of parenchyma and 
tnlf'hl';ll', I';l~se!" ill lO t.ht! eamb ial bn.no (fig. 10D, B , 0). 

c' 

.~ 
A B 

F II). 170. J.l'pi(iod" luiroll fu/i!liIlOSIIIll. (From sectiOIlS ill the )lllOf!heslllr 
::U useuw.) 

T he radial long itudinal .section represented in fig . ] Ij ~, C, is 
t,/tkl.'n from the foss il descr ibed by \\"eiss ns a biseria Lt! H alonia ; 
it agree::; su fti cicntly closely 111 str ucture with others reft! l"l'ed to 
Lf'pic/ot/endnm /uli{linoslIlJt to Le ClflSSf,d as an exam pl e of this 
n.natlllll ica l type. A cOlilpletc trnns ,"erse sadion of the stem 
Ill Cl-\surc:-; 9 x B·3cnl. ; the b readth of t he t issues between t he 
edge uf t h t! primary xylem a.nd the oute r edge of t,he secretory 
zuni.' is 2'5 Dun. The Lniddle cortical region, characterised by 
t he :-:ooty appearance, which led \Y iJliamson to choose the 
specific narnefuliginos u11L, is t raversed by t he leaf~tl'aces and is 
:shal'ply .d ifferentia.ted from both the inner and outer cor tex. 

I As Miss Stokey (09) points out the produ ction of parenchyma iIl t,erna} 
to the cambium of L. / ll liyinQsllm is a feature sha.red by [ SOltes. See also Scot t. 
and Hill (00) , 'P. 424. 
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Th(' longitudinal sectinn (fig. HiS. C) shows thl' nutL'1' L"dg\.~ of 
th\.' primary xyll,·m. {I', abutting on a band (.)1' dark and ~IlHlll~ 

celled prtl'Pllchytua which pass('s int,o t.hL' hrol.t.d zone of sl,·conda.ry 
ti~~ue, til, the inner r(;gion of which (:\)n si~t!;;; of fil.irl .r thi('k~ 

\\'nlled pjE'JlleT\ts in radial s~'ri\ '5 pa~sing t'xte roally into th,' 
thin-walled cell~ of the cambial I'egioll. II, on till .. ' inner ('d~c \!j" 

till' secretory znll~. sc .. This s\.·ctiun ~h o\\'"!o. a.l~\) the int~ITl1l'tipll 

mr----

Fl(; .. 171.. Lepidm/clIIll'lIl1 /u/irlillul<um.. (FtOm 8ection~ in the Ma.n clh!lIter 
.1Illseum .. ) 

• of the secretory zone by an out-going leaf-trace, lt, the lowe!' part. 
of which, SC, is continued downwards into the secretory zone. The 
exit of a. Jeaf-traC'e produces a, gap in the secretory zone of the 
stem, but not ill the xylem. If we appli ed the term phloem to the 
secretory zooe-a course adopted by Prot F. E, Vveiss and some 
other authors, but whieh I do not propose to foll ow-we should 
speak of a phloem foliar-g-ap as a characteristic feattire of It 
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Lf'pid(Jd('ndron shoot. Tilis applies t(, othcr species of the 
.!!l·TllIS as Wt:, U as to L. flll1gilluswn . 

. Fig. 111 , A, Rhow:s mort' clearly the brow ZOIlQ of seconda.ry 
IllllT'llchyrn;\ wit.h the thinll(.'r-wallen cn.mbial region, a; the latter 
i~ I'<:pn::"ot:nted OIl n. larger sC;lie in fig. ) 71 , B. Thl! sectioIl 
~hllwlI in fig. lOK, D, and in fig. ]70, A, affords an l'xumpk, of u 
st'('UI in which t he secondary tiss1ll' c(Jl]sists b.rge·l), of narrow 
:-.t'alal'it;mll trucht'tl,(', {J;~: Lht' prilllar~' st.ele bas ~L dinm(·tt"l' of 

I Clll.: tht' ~(,coTldnry xylem, :t::', forms a fairly broad zone of 
pan·J'lthY1Wl. and u';-lchi.'f1.1 l'1{'B1ents thruugh which leaf-traces 
1111 ...... \ t'1'1ic:ally, ,l t:Lt.:t ()I' ~()IlH.' interest iu C01Tlp::t1'i~on with tht' 

1'[1., 17:!. Ll'piti(ldi'lIdroll fllli!lillOlwm. Prom fl semien (-! , ;{'4 cm.) m ~hf' 

Willinm~Oll Collection, Briti~h Mut>eum (\1). 37!1) . tij.!lll'ed b~ 
\YiIliHJ1l~Oll, 1'hi/. Tr(l11il. U. SOt'. 1881, Pl. 52. 

h(ll'izGntai Course which they pursue Lluough t.he medujJary ra.y_.; 
ill the normal secondary wood of L. l'(lscnlco'e and L. lriinsc!I1'
allum. The !':ccondn.ry tra.cheae pass gradually in to thjn-walled 
"alllbial ceUs «f, fig. l6R, D: no, A) with parallel tal.lgential 
walls. Fig.] 71. C, shows the sin uous course of the secondary ( 
tracbeae as seen in longitudinal section, and a. few small 
grou ps of pal'c1)chrmatou,~ cell.r.:, '1m', which ll);l.j' be of the naturE' 
\,f medl\llary rays, enclosed between the winding s(.:a.lariform 
t.racheae. 

The secl'etOJ~Y zone of Lepidodel1d1'ol1 fuliginosum agrees 
essentially wit h that of othel' species; it usually presents the 
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"pre.ranee shown in fig. 1 G~, B, sc: fig. 1 Gfl, Band C; fig. 
170, B (longitudinal sect jon): fig. 17] , D, !fe. The compnm
th'ely huge deal' spaces which chanwtcri:,:E' this tisslle. as sc(.'1l 
in fig, 168, P. , appc[\r 1..(, owe tlll'ir origin to grnllp~ of smn.1l 
('~1I$ which gmdually break down ;lnd gin: ri~l.· In ~pac('s ('011-

tainillg remnant.s of t.hc' dif<Ol'g,UJisNI ['ll..'l11(.:nt:-.;, 2\!'O in fig. 17]. n, 
:Hld fig. ] ()n, B, b. Th e :-</JcrPLoIY tissue ;-iecll ill fig. ) 70, B. 
con,sists of' I,lrg~-' and .sn!.'ll! parenchymAtous Ct,I!.-; \\"jl,)JO!1! nny 01 
t.11(.· hroad ~itCS Or I"paccs ~u("h as an: , .. hllll·n ill fi~ . .1 tHI. C. 

Fig. 17:? 1't.' pn_':::;eDt~ a dingnulllll<llic ~kd(·h of a [,mllfm . .: r~ l· 

8L'ctit)11 (oJ. x f{'4 em. in diameter) of <l. 'yl)lIng ShOl'{, frolll jill' 

Low('r Coal-Mf';\~\lre;-; of Lanc;\!-;hin: ngun·d by \\'ilIirun~on l in 
1 KH t a!i LeJlid(ldelld~'on fIorelli/rtii. It :-.hows the t\.':l.t,Ul'L'::\ 

ChHl'act,cristic of L.fuli{/iIlO$um ami is flf l\1)pol't:lnc~ as afford
ing an l'x:lmple or :1 ~hoot giying off a. bmnch from Ih ~ St.VIl' 10 
snpply a la.t,eral flxis (If the type chal':.lctt' ri sti(.: (If Rni(!lIi(l. Thl.' 
(lxit vt' the bl'a.nch-stt;:le fonlLS a gap in t,he ma.in stell'; a 
rn.mnlar gap as di~tillguished from a fl.)li~\r gap. The outgoing 
yn...:cular :-;1 ranrl is nt, first, c.r~sc\;.nt,ic, but becolJ1e:.; gradually 
c(ln\'Hted into a .~uJjd ~teJL'. The primar) xylem (,1' the main 
Slele (black in I,he figurt'» consist.~ of il. ring ~ix trac!wut' i1l 
lweadth: this is RlIcce~ded by a K·\\' 1:1Jcrs ()f dark iIlH\:lIchy-
11l'.l.t(IU!-l c(!ll~ and lL band of radially elong,-\tcd (:l('ments, 0 , which 
abuts on the sccrE'Lol'Y zone. The middle latllll:ll' cortex, c~, 

with Stig)/t(/l'ICJ. l'{)ot.1ets , s, is fil.il'ly well l_JJ·(;~(,I'\·l.'d. In thl:' outer 
C(J rtex oc<;uI' sl'\'cr;)i leaf-trace!;, It, R-ccompauil>cl by !5paces OI'igi
nail), occupi ed by the parichnQ:'i strand,p. A Im.nel f)f ~eC('nd:1ry 

cortex, consisting chieH}' of I)hollodcol'ln, ifol Sl"CO ,U pd. Th (.;' 
)Jrominent leaf-cushions, some of which show the parichnos,J), 
appeal' to be of the Lepidophloios tYlk. 

It remains lin consider the external characters of L cpidoden 
dmid shoots possessing the anR.tomical features represented 
by the comprehensive species Lepidodendron /uli_qino8-(lIft. 

Certain sections exhiblting this type of stl'uctllre were 
described by Binney in 1872 as Halonia 'regulan's~ on evidence 
supplied by Mr Dawes, who stated that they were eut from. 
1 Williamson (81) A. Pl. LU. p. 288. (Will. CoHo No. 379.) ! Binney (72). 
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specimen bem·jng Halonia tubercle~. The section representBci 
in fig. 17~ j::; 110 doubt from an H ai<lTlia axls. In 1890 Cash 
and Lomax 1 st:1ted that they h;)d jrl I heir POSSCRS](1l) ~l steal of 
the L . .!idigill(}~u'l/l type wi t h the external features of L epi
dU}Jhll)i{J~; thi ~ identificatiun ha,s been COnfil'Il1Cd by KidRton~ 
and \Teiss:l

. It i~ , ho\\'('n~ l', equally clear that certain ~pecies 
with till' t·longat~(l leaf-cn~hions uf Lepidodendron rnust be 
incltlc1t:d anJollg exam pks of shoots w.it.h the ~l"llnto lliical 

charactel's of L . .fidl!/~·nosIlIIL 

F" •. 17:l . Lt:pitlOidendroll olJOl'alllll1. (From u specimen lent by D]' D. H . Scott.) 

Dr Scott " pubJjsh('C) jJJ J £l OU;)' shon account 01' the stnJ('hu c 

1)1':t specimen frolll the Lower Co.,d-Measurcs of Lancashire, the 
external fcaturl!s of which were ident ified by Kidston \yith 
thl)se (I f Lepidvdel1ciroll ubO'/}(f tl€'1I /, Sternb. Dr Scott generously 
allowed mC to have dl':1wings made from his specimen .; these 
are reproclucl:!d in fig. 173. The form of the leaf·cushioll is by. 
no means perfect; there is a well-marked med iaD ridge, and 
the small circular SCkr near the upper end of some of the 
cushions may represent the ligular cavity. At the base of t he 
leaf-cushions a cortical meri8tem has produced a zone of 

I Cash and Lomax {90}. 
a Wejss, F. E. (03) p. 216. 

2 Kidston (93) p. 547. 
~ Scott., D. H . (OIP). 
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·t. 

c 

secondary curtcx; at c a second mel'istem if:; seen in the ot1(je r 
cortex : the ch\.rk dots III t he cortex Inar k the positiollS of leaf 
tnlce bundles. The inner ('ortex, d, i~ it more compact tis[.;uc 

Pw.175. L ep idodendron actLleatll7ll . 
(CaDlbridge Botany School.) 
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surrouuding the imperfectly presc:n'cd secretory zone. From 
th" medullated stele a lateral branch, b, is being given off; its 
crescentic: form becoming changed to circular as it passes n eft n~l' 

to the su rface. 
A type of Lep idodendrvlI, L. R ickii, founded on ;:ul:l.tornical 

characters b_r 2\11' '~~n tson I, is bel1c,-ed b.,- him to posst:ss Jeaf
cushion:; like those of L. oiJoV(ltmn; if' this is so, it is interesting, 
as h(' points ont, to find two distinct anatomical types associated 
with one species. W"atson thinks it probable Llmv the" specie/; " 
L. UOOl'Cttll1n includes at IO,-lst two widely different species. This 
merely emphasizes the importance of correlating SU~\I Ctll l'l! and 
t'xkrmd characters as fill- as anliJ;:lbJe da.ta permi t, 

.... , '. ' 

.' .;' ....... ::-:; 
" " I 

I' .c;0·.······ } .' -----lt
f 

.i ," .' " ~::j'_2ll - --- It 

.,._--~~~'.-. . 

X' x c a 
FIG. lil.i. Ll'pidodeu(/ro1t (/c lliallll1l1. 

(Cambridge 130iallY Sf'lhooL) 

Th r specimen, of which part of the su rface 1S shown in 
fig. 174, is in all probability L. cWllleatlt'ln Sternb. This was 
described by"'" in detail in The Annals of BotallY (J90G) as 
another example uf the co-existence of the L epidudend'l'on fllli
r;illuslOn type of anatomy with a true Lepidodellcl'1·o11.. The 
locality of the specimen js not known . The leaf-cushions 
are ]-5 Clll. long with tapered upper and lon-or ends; a ligular 
cm-i ty rnay be recognised on some parts of the fossil , also faint 
indications of leaf-trace scars. The tubercles (fig. 174, A-C, t) 
probably '·. present leaf traces which the shrinkage of the super
fi cial tissui!s has rendered visible in the lower part of their 
course. The circular scar, 8 (fig. B), on the partially decorticated 
surf.~ce is apparently a wound. The stele is sufficient ly 

I Wa.tson (07) 1), 18. 
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well preserved to justify its reference to L. fuligino811,m" The 
irregularly crenulated edge of the primary xylem, '" (fig. 175), is 
succeeded by a broad band of parenchyma (the mel'istematic 
zone\ '111, and beyond this are remnants of the secretQry zone, s. 
The structure of the leaf-trace~ corresponds with that of other 
specimens of the type, but the much steeper course of these 
vMcular strands, It, It' (fig. 176), is a. feature in which this 
example differs from most of those referred to L. JttligiHosum. 
Such eyidence as is available would Seem to poinu to the 

A 

(_~d~ 
~}~. ~" :< 

, , (l 

cJ 

l'w. l77. St.i!/llutriu -radicu1olf(l (Hick). (From sections ill the Ma.n(!he;:t f,Jr 
Univel'sity CoU~tioll.) 

absence of trustworthy criteria. enabling llS to sepaJ'ate, On 

anatomical grounds, Lepi(lopltloios and Lel'idodend,'on'. 

Stigmcn'ia 'J'adiculosrl (Hlck). 

We hltyc uo proof of the nature of the subterranean organs of 
Lepidodend~'on fu.lig·inosum. though it is not improbable thn.t the 
specimens described below may be correctly assigned by Weiss 
to that species. Prof. \Veiss2 has made an interesting contribu
tion to our knowledge of" type first described by Hick' under 
the na.me 'Pylophura 'radicmlosu. a designation which he nfter-

1 Seward (06) p. 378. z Weiss,F.E.(02). .\ H ick (~3). 
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wards altered to Xenophyto1! TadiculostLm i [Lnd for which we may 
DOW substitute Stl:gm.aria ntdiculosa (Hick). Pta!'. \\~i1liaOlsoll 
expl'es~ed t.he opinion that Xen ophyton ex hibited considerable 
affinity with 8t1[Jlltaria ficoides' and 'Weiss's further study of the 
species leads him to regard Hick's plant <\s probably the Stig
marla!) organ of L epidoclendtol1 ful!'[J1'noslwL rfh e diagl'ammatic 
tmnFiversc Mction represented in fig. 177 , A (4'5 en!. in dialllet(~r), 
shun'S a.n out,cr cortex of pa.I'ench.rl11(l, efl, consisting in pari of 

FIG. ] 71:i. ROf)lfd 6..; $Ii.'llll(tria, (From 11 section in the Manchester Collection.) 

radial rows of seconcli"ll'j' tisslle and of a band of compact paren
('hyma bounded by the wa.vy line a; at sc is a series of secJ'etory • 
strands exactly like those in a corresponding position in Lepido
dendron /aligi'1lOSUlI/, and other species of the genus. The greater 
part of the ' organ is occupied by a Jacunar and hyphaJ midclJe 
cortex identical in structure with tha.t shown in fig. 178, B, drawn 
from a rootlet. At d, fig. 177, A, the middle cortex has been 

I Hick (!.tall). 
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im'aded by a. narrow tongue of outer cortical t issue. The steJe 
is characte,·ised by a large pith SUed with parenchyma; in Stig
'1na'r'iuficoides 1 the general absence of pith-tissue has led to tht' 
jnference that the steJe was ho]Jow. The xylem is represented by 
a ring of bundles separated by broad medullary ray" each bundle 
contains a fl~W f;mal\, apparently prima,ry. element!?- on its innet 
('(Ige but is m;).iulT cumprlsed (If J'adi;}] rOws of sl~cl)lldary tracheal~ 
tl.P, fig. 177. B. On the outer f~LCC (.if the sccr,n(la.ry xylem occnr fL 

few smaller and t,hinller walled c~lIs, c, ht\\']ng the appearallcE' 
of IllerisLematic tissue : fl'om these addjrlt\n;_tJ tracllPae were 
added to the xylem. This meristclnatic zl)ne occurs, as in thE' 
stems of Lepid(lcielldrOlt, -jn'ln ~diatl::l y interual til the s~cretory 
tissue~ t:iG; a.t (.,'l, fig. 177,13, is :-;een the inner cortical t.is.\5ue. 

I n slld~lCe-\-it.:\\';~ specinlcn figured by Hick :! shows a [lumber 
of ~ircl1lar scars ~lgl'eeing in 1)hape aud arJ'H..ngement with the 
rootlet scars of })tig1ilU'l''ict jico1·des. At b in fig. 177, A, the basal 
portion of a rootlet is shoWI] ill organjc cllnnexion with the out~1' 
cOJ'tex. The rootLet bundles arE;' gi\'en off {i'om the stole as in 
other exumplt:s of i':ltigl1luria: each bundle consists of a triangular 
strand of xyk'I)'j with au enclal'ch pl'otoxylelll at the narrow end 
accompanied by a pOl'tion uf the secretory t.issue as in thl' 
leaf-traces. As in ::}tigmal'ia ./!'cuicles the rootlets are attached 
to the outer cortt_·x above a cushion of small cells. I t is inter
esting to find that rootlet-bundles, as Si::en in ta.ngential sectioTl 
of the main axis, are associated with a ]xl.l'i chnos strand, but 
this is ou the xylem side of the \"asculal' strand, whereas in the 
caSE! of leaf-trace:s the parichnos is on the other side of the 
bundle. 

Fig. 178, A. rl:: presents a transverse section of a rootlet 
(6 lIlm. in diallietel') associated with Stigllwria. ntdiculosa and 
probably belonging to this species. The xylem strand a· is com
posed of a gl'oup of tracheae with a single pl'otoxylem strand, 
p.1.', at the pointed end and with small llIetaxyleru eJeluents nt 
the broad end next. the spac(;! originally occupied by the 80-

called phloem. A panmchymatolls sheath, c'. ~urrounds the 
bundle, and beyond this is the broad middle cortex a small 
portion of which i!i shown 01] a, larger scale in fig. 178, B; as \Veiss 

I See p. 240. :: Hick (9~) PI. X\'T. fig. 1. 
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points out, some of the outermost cell~ of the lacunar cortex 
(m) are clearly in a. state of meristematjc activity. 

The prescrvi1tion of the middle cortex a.nd the small quan
tity of !:icconda,ry xylem :U'e chal'acters which this Stigmaria, • 
sha.res with Lepiclodendro11 fuliginosu,m, and although decisive 
e\"idencc is sr;il1 to seek, we may express the opinion that 
\Veiss's surmise:. of a connexion between Stigmaria, ntdiculosa 
and Lepidodellcl'ron fllligilloswn is pl'ob,lbly correct . 

. 5. L epidodel1dl'oll B arcoartii. Fig. 179, A-D. 

In 18::3] Mr \Vi tham 1 published an anatomic;1.1 description of 
it ii'agm<.;nt of a L ep'l.."clodeJldro71 which he named Lepidodendl'on 
Harc{)urtii after Mr C. G. V. \T crDon Harcou rt ii-om whom the 
~p('cimen was origi nally obtained. The fossil was found in rocks 
belonging te, the Calciferous series in N orthumbC'rland. \Yi tham 
reproduced the account of this species in his classic work 
on Fossit IT''9et(tbles~, and Lindley and Hutton :1, who examined 
:'III' H arcoul't.'s luaterial , pllblished a descl'iptifltl of it in their 
Fossil Flor(t; in which thl'), exprcs~ed the view that Lepidodell
dl'm1 j~ il1Lennediat~ betwet-n Conifers :tnd Lrcopods. AdolFhe 
Brongnial't J inclndr:d in his memoir on S(qilla1'i(/, elegans an 
aCCI)\lnt of \ri th~lm's species based on material presented to the 
l';lris 1\Juseml1 by .Hr Hutton and Robort Brown. Dr Kiclstunt. 
has shown Lhat the actlw) tran::;VCfS(:' sec:tion figured by \Yitham 
is now in the Y ork Museum; a piece of stem in the same 
~lu!:;eum, which is not tbe speclmen from whioh \rithal1)'s 
section was cut, ~llppl ied the tra.nsvel'se sectioll figured by 
Brongniart.. Th e figures gi\~en by Lindley and Hutton do nut 
appear to have been made from the York specimen,s. In 1887 
Williamson" published It note in which he pointed Ollt that some 
of the ~peci ltl ens described by him as L. Ha1'coU1't'ii should be . 
transferred to a, distinct species, which he named L,JuligiIl081l'11l,. 
Subsequently in 1893 he gave a fuller account of Witham 's 
species; it · bas, howe\'er, been shown by Dr Kidston and by 

I Witham (31) A. 
!) Lindley Ilnd HlltiOll (35) A. Pll1. 98, 99. 
ij Ki(bton (Oa) p. 822. 

:! Witham (33) A. Pis. XII. 
J BrongniaTt OW) A. 
I! Williamson (87). 
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Mr Watson' that certain specimens ident.ified by Willjamson as 
L. Ha"cou,1ii differ sufficiently from that type to be placed in 
another species, for which \Yatson proposes the name L. R ichi. 

.A. paper on L. HU'·COl,,·t·ii published by Bertrand ' in 1891 
extends our know lodge 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. Hcu'oom·tii is a feature to which no great 
importance should be attached. I t 'is possible that the large 
stems fl'om the Isle of Arran de::;cribed by \Y illiamson~ :.\s 
Lepidodendron Wilnscltiunu.m, jn whjcb t.he secondary lvoad is 
well de,eloped, may be specifically identical with the smaller 
specimens from Northumberla.nd and elsewhere which are recog
nised as examples of Witham's type. 

The diagra.mmatic sketch shown ill fig. 179, A, was made from 
a section figured by \~~illiam :;on 10 1803 4 j it has a. diameter of 
9 x 8'5 em. 'rhe stele is of the medullated type like that of 
L. ~Vunschianum, and the outer edge of the primary xylem is 
characterised by sharp and prominent projecting ridges similar 
to those of L. jilligiuosum but. ra.ther more prominent. Paren
chpnntotis cells slicceed tbe xylem, as in o~hel' species, but in 
this case there is no indication of meristematic activity; beyond 
this region occur occasional patches of a partially destroyed 
secretory zone. Remains of a lacunal' tissue are seon in the 
middle cortical region; also numerous leaf-traces, it, consisting 
of a tangentially elongated xylem strand accompanied by a 
strand of secretory zone tissue enclosed in a sheath of delicate 
parenchyma. In the innel' part of the outer cortex) &, the lea.f
traces lie in a space originally occupied by the parichnos; in 
the outer l?0l'tion of the same region a band of secondary 
cortex, pd, h.)..s been formed; immediately internal to this 
occur numerous patcbes of secretory tissue, represented by small 

• dots in the drawing close to pel; one is shown on a hU'ger sC<.'lie 
in fig. B. 

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

I KidstOll (08) 1'. B22; Wai.!lOJ1 (Oi). 
:1 Williamson (80) A. 

i'11. 

~ Bertrand, C. E. (91) . 
~ WilliaUlsoll (93) PI. I. fig. 3. 

11 
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Fig. 179, C, a;, shows the characteristic fOI·m of the primal')' 
xylem edge, beyond which al'e seen o\'al or circular leaf-traces 
wit.h " mesarch protoxylem. It, pre. It is possible that this 
specim(.Jll may not be specifically identical with \Vi tham's species, 
but it represents a. vcry similar if not identical type; it may on 
the other hand be referable to L. fltZiginoslun. The importance 
I)f the specimen, apart from its precise specific position, is that 

"

sc 

. 

X 

E 
FIG. 17(1. A-D. Le})idllcielUll"on lfarcQurth, l1"itlmm. 

E. LepidodtmdrOllfttii!JilloSlIfll, Shore, Lnncashil'e. 
A, B. From a $peciruen in the Williamsou Collectiou, British 

Museum (No. S80) , from Airdrie, Scotland. 
C, D. From Rections in the Collectioo or Dr Kidston, Crom Shore, 

Lancashire. 

it serves to illustrate the general app.amJlce of tbe xylem 
surface met with in Loth spccies

j 
L. Hal'courtii and L.fuligino

SU;1n. A tangential longitudinal section, taken through the 
line ab in fig. C, is represented in fig. 179, D. The xylem of 
the leaf· traces It, consisting cbiefly of scalariform tracheae, 
alternates with patches of crushed and delicate parenchymawbich 
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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 
cylinder; at ?n is seen a patch of meristematic zone tissue. 
This section together with the similar section of' Lepidoden
(l1'on 'Vascnla1'e describe:d on a previous page dem ollstmtes that 
the projecting ridges of the primary xylem forlll apparently 
vertic:).l bands: they arc not characterised by a lattice-work 
ttlTangement as described by Bertrand und by other authol's 
who ha.ve accepted his conclusions. If:1 reticululll of in Ler
secting ridges were present on the [;lce of th(! xylem cylinder its 
existence would be ren:aled by s uch a sect;iotl a8 tha.t repre
sented in fig. 1 i9, D. 

FIG. 180. Le)Jidodcm["r.m WiillJlclliulIIlIlI. From Arran. (* nat. size.) 
(Sedswick ;\lnseulll, Cambridge.) 

6. LepidodendTo1l Jrii1l8Chim"," , (Williamson). Figs. 180-184. 

Reference was ll1a.de in Volume T. to the occurrence of la.rge 
, stems of a Lepidodendron :in yolcanic bt:ds of Calciferous sa.nd
stone age in tbe island of Arran L. These were discovered and 
briefly described by Mr WUnsch in 18G7' and afterwUI'ds named 
by Carruthers Lornatophlo!Jos Wu.nschian1.ls 9

• l\lr Carruthers 

1 Volume I. p. 89. For other references to these stems, see Seward a.nd RiH 
(00) p. 918. 

~ Wiinsch (67). :I Carruthers (G9~i p. 6. 

11 -2 
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visited the locality and pllblished an account of the peculiaI' 
method of preservation of the plant remains l , It is, however, to 
\ \"iliiamsQu'..! that we owe the morc complete description of these 
Arran stems. .Portions of large stems from the ... "-Tran beds are 
prescITcd ill tho British Museum. t he Sedgwick Museum, Cam~ 
bridgL:J n,ne.! i u the .Manchester Museum. The section of one 
e.f tht'se j!:l shown in fig. 180; all outer shell of bark encloses a 
IIlass of yoicanic ash in which are embedded se\'eral woody 
cylinders oJ'igi11a!1y described as "internallJi t hs :1," and by Carrll
then~ IlS young stems ptoduced from .5pol'es wJ1ich had geJ'minatecl 
in the hollow trunk of a ial'ge tree, The t rue interpret.ation was 
supplieu by \ \'illialtl50Il who showed that u. 8tem of the dimensioIJ8 
or that represented by the outer cortex, e, fig. 180, must have 
possessed a single stele of the size of those seen in the interior 
of t,he hollow t runk. The adclit,ional woody cylinders, or !itele8, 
WE,:re derived from other stems, and canicd, probably by water, 
iJlLO Lhe partially decayed trunk. In addition t,o large Lepido
rlemlron stems W'illiamson described smaller shoots as weli 
as ::m Balonial hranch and made bri ef reference to some 
cones described by Binney4 in I t)71 from the same locality. 

Th e t'ullowillg account of LepidoriendTon lV'iinscliianwlt is 
based all an exceptionally fin e specimen discovered by Mr T. 
Ken of Edinburgh in Calciferous sandstone volcanic ashes ac 
l>almeny In LinEthgowshire. 'J1jle material from this locality 
deseribed by Mr Hill and myself' was generullsly placed in my 
hands by Dr Kidston of Stirling. Fig. 1lll , A, shows a 
transverse section) 33 cm. in diameter, cou5:listing of n shell of 
ouLer cortical tissue enclosing ;t core of light-coloured \'olcanic 
R..'!;h: on the decay of the more delici-l.te middl e cortex t he cylin
drieal stele dropped to one side of the hollow trunk. The stele, 
fi g. 182, has a diameter of G·5 COl . : the centre is occupied by 
concentric layers of' silica, s, s urrounded externa.lly by tbe 
rewains of :t parenchymatolls pi th, p, m;lde up of isodiamekic • 
and sinuous hypha-like elements like those in the middle cortex 
of Lepidodendron sh"ots. On the inner edge of the primary 

1 Carruthers (69) . 
~ Wiili!lch {(lc . cit. 

b SewBTd aDd Bill tOO). 

2 Williamson (80) A. ; {93l; (95). 
~ Binney (71) p. 56. 
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xylem, a/,occnl' se\'eral isod iametric tracheae with fine sClllariforOl 
and reticulate thickening bands lik e those in the central region 

A D 

B 

c 

FlO. lSI. Lcpidodelldrol/. JI ·ii/uchialllwt. Calcirerous Sandstone, Dalmeny. 
(A, Sedgwi ck MUl>eu lIJ , Cambridge. 13-F, Botany SQUDol, Ca.mbridge.) 
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of the stele of Lepidodend"0'11 vasculare: it is probable that these 
eleillents are \'estiges of conducting tissue which in ancestral 
fOl'ms form ed a solid a.nd not a. medullated stele. 

The primary xylem ifs limited externally by an unequally 
flu ted stl l'tilce with exarch prGtoxyiem elements; it is, howeyer, 

Fw. 18Z. Lepitiolieudrrm Wiill;JlclliallufII. The stele of toe stom shown in 
fig. 181, A. (Oambridge Botany School.) 

noteworthy' that there is not ahvays it very clearly defined 
diffel'ence between the small protoxylem and the large centri
petally developed tmcheae. Immediately beyond the primary 
xylem occur Dumerous thin-walled parenchymatous celJs with 
spiral and reticulate pitti ng ; beyond these is the broad zone of 
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secondary xylem, .'Ii, composed of scalariform tracheae and 
numerous medullary rays consisting of one, two, or several rows 
of radially elongated elements with spiral and reticulate pitting_ 
In tangential sections the rays are seen to vary considerably 
in size, some being made up of a single row of' cells while others 
arc longer and broader; through the latter leaf-traces pas, 
horizontally. Portions of lQedullary rays arC seen at 7)1-1' in 
fig_ 1~1, C and E. 

The leaf-traces given off from projecting ridges on the outer 
edge of the primary xylem pass up\~+ards for a short distance 
and then bend outwards through a broad medullar)" m)"; on 
Teaching the limit of the ~econdn.ry :xylem they again bend 
sha.rply up\\"ards, appearing in transverse section at It fig.lSJ, B. 
Each leaf-trace consists at first of long tracheae accompanied hy 
numerous thin-walled spiral and reticulate parenchymatous cells 
{lerived fl'Om the tis~ue in conta.ct. \nth the outer edge of the 
prima.ry wood. Fig. 181, B, shows }"L leaf-trace neal' the edge of 
the secondary xylem; it consists of:1. gl'Oup of primary tl'achcnc, 
with mllTOWtT protoxylem elements, p,c, near the outer margin, 
alrnoKt completely enclosed by radially disposed series of smaller 
and more delicate trachen.e, These s(!condal'Y elements of the 
leaf- trace are apparently added dUl'ing its passage thl"ough 
the medullary ray, bllt additjons arc a.lso made to this tissue 
by the mcristcmatic zone, 111, fig_ 181, Band E. In contact 
wi th !.he 0(1 tCl'most tra.cheae of DOrIl):l.} sizt"- tl t the edge of the 
secondary xylem there are Rome sm,\.l1er lignified elements:, as 
at ct, fig. 181, E, and:it 'f, fig 183; this jllxtaposition of large 
and small tracheae has been referred to in the deseript,ion of 
L. v(1,r;clIla't'e, 

Prof. Williamson' , in his account of the Arran specimens of 
this . pecies, expressed the opinion that the trees probably 
perished" in consequence of the mephitic vnpours which filled 
the atmosphere"; it 0),1), be tha.t in the striking difference in the 
dinrneter 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 

1 WilUll.tnson (96) p, 175, 
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of delicltte parenchymatous cells (nt, figs. Band E, 181 ; C, figs. 
11>3, 184) forming the meristematic zone'. The longitudinal 
section represented in fi g. ] 84 shows some recently formed narrow 
tracheae, 1', and beyond these the mCl'iscematic zone composed of . 
thin· wa,lled short cells, C, arranged in horizontal rows. It is this 
,mall-celled tissue to which the name phloem has been applied 
by some authors:!, a term which seems to me to be misleading 

FlO. 183. Lepidollelldl"on H'UIIBchiat1l/. rn. From the Rpeciwen shown iu fig. 181 
S, secretory zonej C, meristemj T, immature trachene. 

and inappropriate. In passing through this zonE' of divic]jng cells 
the leaf-traces become surrounded by nn arc of meristem from 
which elements are added to the radially placed rows of secondary 
tracheae. Beyond the meristematic region portions of the 

1 Tbe term mel'istematic zone is used beca.use some of the cells in this 
region are in a state of active division, though the inner portion may cons ist 
of permanent tissue. 

, Scott (00) p. lSI; (08) p. 142. 
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secretory zone are presen-ed, consisting of large sacs or spaces 
and small dark cells as seen in figs. 181, E, E, sc, F; 183, 184. 
Th.is tissue has the same structure as in L. 1)asculaTe and in 
L.jult'ginosu1n: it is a striking fact that there are no indications 
of any additions to the secretory zone even in stems with such 
a large amount of sec(llldary xylem as 111 the Dalmeny specimen 
(ng. 182,a:'). If the secretory zone were of the nature of phloem 
we should expect to see signs of additions made to it in the 

FlO. 184. Lf'pidodel!drOll Jrtlllllc/dllllrlnt. Longitudinal section of the specimen 
reprel>cntcd in transverse section in fig. 183. 

course of g rowth. In this connex'iOIl it is worth mentioning 
that in t he recent fern Bot"ychimn (O phioglossaceae) secondary 
xylem is formed in the stem, but apparently no additions are 
made to the phloem. The structure of the secl'etory zone tissue 
as seeD 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. Bet lveen the secretory zone and 
th e outel' cortlcal region, no tissues have been I)l"eServed. The 
shell of bark consists chjcfly of radial rows of elongated cells 
with rather t.hick walls characterised by the occurrence of small 
intercellular spaces and by t"ngentially placed bands of secretory 
cells o.nd sacs (fig. 181, D, s). Immediately internal to the 
secondary COI'te x or phellodenu occur gronps of secretory tissue 
as ~hown in the section of L. HOXCOU,l 'tii (fig. 179, B). 

'The large tree shown in transverse section ill fig. ] S1, A, 
has lost its leaf-cushions: the ba.I'k , as seen in the lower 
part of Lhe ph otograph, presents a fissured "ppeamnce like 
that with ,vhich we are familiar on :-111 old Oak or Elm ~ten1. 
A mdial longitudinal section thl'ougb the phcllodel'lu revealed 
the ex istence of a crushed leaf-trace passing outwf.ll'ds in an 
approxima.tely horizontal COurse a.ccompanied by a strand of 
panmchymatotl :i; tissue) having the characteI'istic structnre of a 
I'ilrichuu!'i. I t is prob.·-lbJe that the surface of this partially 
decoJ"tic<lted stem diflered in appearance f1"om tbat of an old 
,""lgiUor;u (cf fig. 19S) ill the much smaller and less eonsIlicuDllS 
piu·jchnos ~tJ'a.nds. 

In ndr]j t ion t,Q the If\.rge st,ems of L. lW;1J8chial1l111l. ft'om 
Arran and Dalmcny num erous exa.mples of smaller ~\x.._·~ from 
the fvrmer locali ty are represented in t.he ",Yilli ,ull!Son collection 
(Briti~h l\1u!'eum), SOW €! of the twigs are characterised by a 
solid :;;tele (Pl'otostele) giving off numerous leaf-traces accom
panied by short spirally thickened tracheids like those which 
occur at the outer edge of the primary xyl t:tn in the larger stem: 
thcfie extend jot!) the leaf where they are fllTanged round the 
\':l:scular bundl e like the transfusion tracheids2 in many recent, 
coni fers. The surface of these smaller shoots hears 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 Calciferous 
Sandstone ofCraigleith (British Museum Co!lection'), although its 
diameter is 19 x 14 em,. shows no signs of secondary wood.. This 
late appearance of seconda)'y xylem 'lnci other anatomical features 

1 SewaTd and Hill (00) PI. u. fig. 14. 
~ No. 52, 625. 

:: Worsdell (05); Bernard (04), 
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suggest the possibility of the specific identity of L. Wiillschianll7n 
and L. H a?'C0U1'tii 1, 

I n] 871 Binney 2 dcscribed a specimen ora heterosporous cone, 
Lepidost'rOD1JS lVunschian'lls. from Arran exhibiting the ordinary 
features of lepidodcndroid strobili ; th is was probably borne by 
L epidodendron TV'unschianum. 

7. Lepidodendron macrop"yU"", ( Williamson). Fig. 180, O. 

The diagrlLmmatic sketch reproduced in flg. 186. C, was 
madE> from the tranSYE:orsc section of a small twig. sljghtly 
less than 2 em. jn its longest diameter, originally fi gured by 
""\villiarnson:!in 1872. Earlier in the SlLme year Carruthers · pub-
1ished a short acco un t of t he same form based on specimens 
collected by Nr Butterw orth from t he Uoal-Measures of 
Lancashir~ ncar O\(lham, but both authors rl'frainud from insti
tuting n, new specific namt' , I n a later publicat ion 'V.illiamson 
"poke of the typ" as Lel'idodend"oll ",.acrophyU",1t''. \\"illi"m
son's species haR nothing to do with Lycop o(i7'tes macrophyUus of 
CoJd('Tlberg(l, The most striking fl,ature of t hiB l'n.re form is 
the lurge size of the leaf-cushions, which ::t.l'e of the Lepiduphl()ios 
trpe, in prnpor'ion '0 the diameter of the shoot. The stele 
consists of a ring of xylem, all of which is prima!',)' in the sections 
~o far descrlbt·d, en clo~i ng a pal'enchymatous. pi th: a Stigmarian 
rootld is showll a.t s. 

8. L epidodendron Velth ei11l.icm1t lll Sternb. (Genera l account). 
Figs. 157, 1~5 , 186, A, B. 

182( ). "SchuPIlCllpfltlllzc,J1 Rllode, Bcit. ZUl' Pflauzenkunde dc r Vor

welt, Pl. HI. fig. 1. 
IB2:i. upt'dnaenciron ' -cltIIO/lI1i(l1Ium, Stemherg, Flom del' YOJ'welt, 

• PI. I,ll. fig. 5. 
1836. P aclL!Jphloeus tetra_qonltl, Goeppol't. Diefossilen F al'llkriiutel'l 

1)1. XI,m. fig. 5. 
1852. Sagenari(I, Veltlwimiana, Goeppel't, Foss. Flora des ehe,rgangs-

gebirges, Pis. X\-II-xxn-. 

I Seward and Bill (00) p. 022. 2 BiDney (71) p. 56, Pl. :':1. figs. 2Q- 2c. 
~ Williamson (72) p. 29B, pJ. ~'1,V. fig. 35. 4 Carrothers (72). 
~ Williamson (93) 1). 30. 6 Goldenberg (55) p. 12. 
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1875. L epidodeudl'o?l ieltheirm,<;mum, Stut, Oulm Flora, p. 269, PIs. 
XVnl-XX TI. 

1/:'86 . L cpidodend1'on l"clthei,ll ianum, 1\idston, Oatalogucof Pa.lneozoic 
plA.nts, Briti~h Museum, 1). l{)O. 

1901. l ("pidndclldroll r eltlieimiall.-lt1lt , Potonic, Silw' lIod C~dru Flora, 
p. 116, fig,;. 72- -:8. 

hiO-l. L epidodendron r eltlwilm:anll,:m, Zniessky, Mem. Com. Oeo1. 
RusfSie, PI. IV. fi gF:., 4, 5. 

l(JO(j. Lepidodt:1ldroll "eltlLeimi, Pot,oni0., l{ouigi. PI'CU~s. geol. LI\ndes
tl.llstalt, Li~f. Ill. 

The above list may sel'\'e to call attention to a few synonyms1 

of this plant, flnd to [t 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. 

Lepirloclel1dt'on Veltlte£m1:onwn is represented by casts of 
sterns, the largest of which hitherto described reaches a length 
of 5·22 metres with a maxillltlrn diameter of G3 em. ; thi"S 
~pecimen, figured by StUl'~, consists of a t.: .. tpcred main axis 
gi\·ing off smaller lateral shoots, some of which exhibit dicho
tomous branching. Fig. ] 85, C and D, represent the external 
teatuI'es of a. well-presE! [ved cast and impression respectively. 
Oblique rows of prominent cushions wind round the surfcwe of 
the stem and branches : each cushion is prolonged u pwal-ds and 
dowDwards iD the form of tl narrow ridge with sloping sides 
which connects adjacent cushions by an ogee curve. At 
the upper limit of the bro~d c:r kite-shaped portion of t he 
cushjon th e:. Egu]a!' plt f('lrIns a conspicuous feature ; imme
diat.e1,r helow this .:i s t,he lea.rsear with its three small scat'S,
the lateral palichnos strands and the centra.l leaf-trace. The 
two on1.1 a.reas shown in fig. ] 85, D, just below the lower edge 
of the leaf-sears, represent the parichnos arms which impinge 
on the sur1~\Ce of the cushions on their way to the lenses, as . 
explained on a previous page. It is possible that these a reas 
\Vere visiblt:· on the living stem as strands of loose parenchyma 
comparable with t.he lenticel-like pits on the stipnles of 
Angiopteri8' and the lealebases of Cyntheaceous ferns, or it 

1 See also K_id~tou (\.14), (8G) A. p. 160; Potonie (05) Lief. m. 50. 
2 Stnr (75) A. n . p. 330, fig. 34. :1 Hannig (OS). 
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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 supel'ficial cOl'tex which hid 

o 

« 
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them on the living tree. Fig. 185, B, iJiustrates the appearance of 
a stem in a partially decorticated condition (Bergeria sl;;.te). 
A furthcl' degree of decorticflt,ion ~s seen in fig. ] 85, A, whic.h 
represents t he l(lIor1'ia condition. 

Fig. 157 shmvs a Ulodencil'on axis of this species ,: in the 
lov.-er part the speci men illustrates the pctrtial obliterat ion of 
the surface featu res as the result of the Sl)litting of the 
outer bark consequent on growth in thickness of the tl'~e. 

By an' extension of the cracks, shown in an carly stage in 
fig. 157, the lc"f~cushions would be entiJ'ely destroyed anci the 
surface of t he bark wonld be characterised by longi tudinal 
fissures simulating the vertical groo"cs rU1d ridges of a Sigil
larian stem. The large stumps of trees shown in the frontis
piece to VoJ urne I. ure probably, as Kidston 1 suggests, trunks 
of L. l'eltheimiam,wn in which the leaf-cushions have bc:en 
replaced by irregular longitncijnal fissures. In old stems of 
8igilluyia the en larg<!d pari chnos arC!as constitute It characteristic 
feature (p. 205), bllt it, does not tollow that the absence of large 
paJ'ichno~ e::ca rs 15 a distinguishing feature of all Lepidodend1'C(' 

In this species, as in other :::" the form of the l e;tf-cu~hi(Jn 

exhibits a considera.ble rnnge of variation dependent on the 
thickness of t be shoot; t he contiguotls cll~hions of yuung 
branches become stretched apart as the result of increasing 
girth of the whole OI·gan, and casts of sti ll older br:tnches lllay 
exhibit "cry different surface-features!!. The Jeaves as SCen 

on impressions of slender brancheH are comparatively short, 
rcrtcbing a length of 1-2 em. I t is important to notice that 
lea.fy twigs of this species may bear t(~rminal cones 3 resembling 
in forlll those of Picea eJ:celJ..'U and other recent conifers, though 
differing "",enti"Uy in their morphologi"'tl features. 

The fossil stu mps of trees represented in the frontispiece to 
Volume I , bear horizontally spreading and dichotomously 
brunched root-like organs having the characters of Stigma'ria 
ficoides·. Geinitz has suggested that Stigmm-ia inaequalis 
Gopp. may"be the underground portion of Lepidodend,wt Velthei
?JliU11u,m . 

I Yonn b and Kidston (88) A. 
:J Stur (75) 1I. A. Pl. xxxn. fjg. 0. 

:! i>otonie (Ol!) fig. 72, 11. 117. 
~ See Chap. xVH. 
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It js unfortunately seldom possible to connect petrified 
Lepidodend"o1l COnes with particular species of the genus based 
on purely "egetative characters, but it is practically certain 

f· that we are justified in recognising certain strobili described 
by 1VilliamsoD 1 from the Calciferous Sandstone series of Bllrnt
island On the Firth of Forth as those of L epidodendron Velt
he'im,ianum. vVilliamson belicv8d that the cone which he 
described belonged to the plant with shoots charactel'ised by the 
anatomical features of his species Lepidodend1'on brwlfulimn 
(=J;. l'eltlteimiantlm),a concluslOlJ which is confirmed by Kiclston~. 

1'he cone of L. Veltheimianmn j whi (;h rcached a diameter of 
at least 1 em. and a length of 4 em., agrees in essentials u·jt;h 
other species of Lepiclosi7'O[JHS; the ;lxis has a single medullated 
stele of the same general type as that of the vegetative shoots 
of Lepidodendr'oll fuliginosU1n and L. Httl'COUTth·. The .spOl'O
ph)'lls are described by Williamson as spirally disposed, and 
Scott notices tha.t -in some speciUlcns they are al'l'anged in 
alternate whorls ; as in rccent Lycopods both form.s uf 1)h,)"llo
taxis mily occur in the same species. The heterosporolls nature 
of thjs strobilus, to which Scott first applied the name L epi
dostl'olms Yeltlteimiamls, i!:i clearly demonstrated by the two 
longitudin;1i scctions contributed by Mr Carruthers and figured 
by Williamson in 1893'. 

Each sporol,hyll, attached almost at right angles to the 
cone-axis, bears H. radially elongated sporangium seated on the 
median line of its uppel' [;lee; its margins are laterally ex
panded as a thin laminil; from the middle of the lower face a. 
nanow keel extends downwards between two sporangia. belong
ing to alowel' series. Froll t,he base of a sporangium a mass of 
steri le tissue pcnetra,tes into the spore-producing r€gion as in 
t he large sporangia of I soetes (cr. fig. 191, H, Ct , and fig. 133, H). 
The distal and free portion of the sporophylls is bent llpwilrds 

• as a protecting bract. Some of the sporangia in the "pper 
• part of the cone produced numerous microspores. while 8-16 

I WiIlio.1Uson (72) Pl. XI.I". p. 294: (US) (93:!). 
~ Kidston (01) p. liO. See 11180 Scott (00) p. 170, figs . 67. (jS. 
3 Williamson (U3), 111. Vill. 6gs. 51, 52. See also figs. 67--(H) given oy 

Scott (00) . 
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megaspores OccUr in tbe lower sporangia. The megaspores, 
having (\ lUoan diameter ofO'S mrn. "quite 40 times the size of the 
ll1icrospores J

," are characterised by tubular cRIJitate appendages, 
and by" conspicuous three-lobed projection (fig. 191, £)' which, 
as Scutt suggests, may represent the outer spore-wall which 
has s})iit as the result of germination. It js not im
probable, as shown in fig. 191, I , that this cap was present 

);2 
FlO. 18(i, A, B. Lepidodendron Veltheimia7ll111l. {Botn.ny School, Cambrid,t;e.} 

C. r,I'piriode7JdrOJI ml1cTnphyllllm. (British MuseuDl. No. 37i.J 
;1;, l 'riDJRory xylem; :r'!, secondllTJ' xylem; .N, Stifjmarillll rootlet. 

before germination. The megaspores represented in fig. 191,1, 
ill ustrnte their characteristic forID as seen in a. section 
of a megasporangiuffi, 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 ch,lracteristic feature of 

1 Scott (00) p. ] 73. 
~ Scot.t [(08) p. 187] suggests tbat the projection ma.y ha.ve formed a passage 

for the admission of the microsporcs, or of tbe Bllermntozoids which they produced. 
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both recent and extinct spores and denote their origin in 
tetrads. The spore shown in fig. 191, EI, illustrates the external 
features. The apical region of t he pl'othallns of t\ megasporo 

• of Lepidodelldt'on VeltllBt"mimtlUIl described by Mi· Gordc)D:I 
consists of smaller cells than those occupying the greater p;.lrt 

of the spnn:-ca\Tity, a diticrentiution whicb he compares wlth 
that of l,he prothalills of Sell/gin.Ii". 

There call be little doubt that th(.: petl'ified shoots described 
by ""illialTIson:\ from the Calciferous S:Uldstone beds of Burnt,
island as L epi(lodendl'un brevifuliu7n are identical with speci mens 
possessing the externa.l features of L. VeltlteimiCt11wll.. In 1872 
Dawson ex})rcl:iticd thL: opil1ion that \\'illiamson's species should 
be [,(·ferred tu L. Veltheirni(lnw1I , and (;Yldcnce subsequently 
obtained confirms thi!:i view. 'rhe stele of this species is of 
the medullated t}l)e, differing from tlmt of L. fuligi1WSmH. and 
L. H aTconrtii in the a.bsence of prominent ridges on the external 
SUrf;lCt.' (If the primary xylem, and from L. vascalm'e in the 
lJossessioll of a pa.rcnChj'miltous pith. I n younger twigs the 
cortex consists of faid.,· hor.tlogeneous tissue, but in older 
branches there is ;). greater dist.inction between a delicate 
middle cortex and a st,ronger (H.lter cortex. Fig. 186, A, 
represents a stem in which the vascular cylinder is composed 
of a primary xylem ring, .c, 1'5 111m. broad, sllccet'ded by 
u zone tA sectlndary wood 1'2 em. in breadth. The junction 
between the pri1llary and secolldary xyleln is shown on a larger 
scale in fig. 18G, B. The tissues abutting on the sccond;U'y 
xylem hav!: not been pn.!s(!l'\'t:dj the outer cortex, whicb 
consists chiefly of ~ecolldary clements, is clivjded superficially 
in to unequal ridges corresponding to the leaf-cushions which 
have been more 01' less oblitel'uted as the result. of g1'Owtb 
in thickness of' the stem. 

9. Lepidodendron Ped,.oamt1/, (Carruthers). 

I n 1869 Mr Carruthers described some specimens of \'ege
tative stems and isolated sporangia, collected by Mr Plant in 
Brazil, as FlemingiwiJ' Pedroanll,s~. From a more recent account 

I Bennie and Kidston (88) PI. \'1. fi!;l!. 20, a-&'. : Gordon (08). 
a Willi!tmson (72), 4 Carruthers (692 ) . 

S. II 12 
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]lublished by Zeiller' it is clear that Carruthers' species is a 
true Lepidoclend1'on; an examination of the type-specimens in 
the British Museum con£rms this determi.nation. Th e con· 
tiguolls leaf-cushious have rounded angles similar in form 
t,o those of Lep1~dode/1dron Yeltheim£a.nU'J'11 and L. diclwtom:mn, 
bnt it is not unlikely that the Brazilian plant is specifically 
distinct from European species. A figure of one of the specimens 
on 'which Carruthers founded the species is given by Arber~ in 
his Glossopte1-is Flom. The Brazilian ]llant is chicfiyinterestiug 
a.-': affording proof of the t'xi!5tencc of L epidodendron in the 
~outhern hemisphere; the specjes has also been recogni.sed 
in South Mrictt from materiel I collected by 1\1r Leslie at 
YeJ'cenigintl. 

As Zeiller' bas sugge.tcd, it is not improbabJe that the 
fussils d~5cribe<l by Renault' from Brazil as Lycol'odioJ1sis 
Derbyi may be the petrified stems of Lepidodencl'1'on P edl'o
(lIIU1n. The structure of the contral cylinder of .Renau]t·~ 

sp~cies is (If t he typP represented by L. HlH'com'i'ii; the 
xylem forms a continuous ring and does Dot consist of separate 
stl'a]Jch of tracheae ;.1$ :Renault be1:ieved. 

10. LepidodencZ,'on allstrale (1I1'Coy). Figs. 187, A-C. 

Specin'lens described under th is name are interesting rather 
on a.ccount of their extended geogl'alJhical range and geological 
[tl]t,iquir~T than on botan ical grounds. The drawings reproduced 
in fig. 187 illustra.te the cbaractel'istic n.ppearnnce of this Lower' 
Cn rbauifemlls and Dp],!"!' DeI'ouinn type, as represented br II. 
specimen recently describecl 6 from the Lower Rarroo (Dwyka) 
series, which is proba.bly of Cal'bonifel'Ous: age, near Ol'l.wge 
£:.iver Station, South Afi·iea. The surface is divided into poly
gonal Or rhomboidal "reM (figs. A and B) 8--9 111m. long and 
7-8 llltn. broad, arranged in rogulru' series and representing 
lea(Cscars

1 
comparable with t hose of Sigillul-ia B,.a,.di and other 

species, or ]lossibly partially decorticated leaf-cnshions. A short 

1 Zeillat (95). !:;ee also White (08) p. 447. 
~ Arbar (05) [11. t. tig. 2. 
4 ZeiUe.r l\)8). 
r.; Seward (Oi:i). 

S Seward and Leslie (08). 
r, Renault(nO). 
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riistance below the apex of each area there is a. lilore 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 scar to the pointE'd base, as at g, g. 

In examining the graphitic layer on the surface of the 
South African specimen shown in fig. ] 87, A, use ·was made of 
a method recently described by Professor Xathorst'. A few 

:FIG. lSi. Lepidodendron 1111~lrtl/i!. Fig. A, nat. size. 

drops of collodion were placed on the surface, and after a short 
intel'vn.l the film was removed and mOlIDted on a sljcle. rrhe 

• a.ddition of a stai n facilitated t he microscopic examination and 
the drawing of lohe 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 u sub
epidermal tissue; the scar, which interrupts t he contiuujtyof 
the flat surface, may mark the position of a leaf-base, or, 

1 Nathorst (07) ; Bather (07); (08). 
HI _ o) 
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assuming a partiul decortica.tion to ha.ve occurred prior to 
fos~ilisn.ti on> it may represent a gap in the cortical tissue caused 
hy the eleen)' of delicate t.issue which surrounded the vascular 
h'undle of ench leaJ in its course through the cortex of the ' 
stem. If the impressi on were that of the <1,ctllal surface of a 
Lepidodend'l'{)}b 01' a S2gillariu, wo shovJd expect to find traces 
of t he I'ilrj chnos aPIJearing on the leal-scar as two small SC-1.r s. 

nne on each side of the leaf-bundle. I n specimens from Y CI'cb 

niging describt:ci in 1897 1 as S'igillwria Brw·di. which bear a. 
su perticiall'esemblance to Lhat, sh(l\\'11 in fig. A, the parich nos is 
cJeal'ly shown. On the other h;.md, an impression (If a. partially 
decor t icated Lcpidodendroid stem need nut, nec..:essa.rijy ~how the 
1IH1'icblloS }).S a dis tinct feature: owing to its close ll SS!lciatit)fl 
\\-ith the leaf-ttate in the outer cortex, before its separativll in 
Lhe form of two diverging arms, it would not appeal' as a. 
distinct gap a.par t froU) that represe nting t.he leaf-bundl e. 
The fl.bsence of the paric1mos may be regarded ~1.S a point ill 
faxour of the view that the: impression is that of a partially 
decortjcatl!ci stem. Sirnilarly, the absence of ollly demarc:tti oll 
between a leaf-cushion and a true leaf-scar su~h as cha.raetmi ses 
t he stems of Lepidodendra and IUany Sigillariae is also {,:t\"ollr

;lble to t he same iulerpl"etation. 
In 1872 JlIr C"J'J'utbers' described some fossils from Queens· 

land, SOlTIe of 'which a.ppeal' La be idcnLicnl wi th th;_tt shown in 
fig. lSi under the name Lepidodendron notlirmn, Unger:i, a. 
s}Jecies founded on Upper D eYOllian specimens from rrhuringia_ 
The l~uecnsltl.nd plant is probably identical wi th Da\\Tsol1 'S 

Canadian sl,ecies, Leptophloeum ,.//Ombic"",' . In 1874 JIl 'Coy" 
instituted the name Lep'idodendron a:ustJ'ctle for some Lower 
Carboniferous specl mens hom Yictol'ia, Australia.: Lheso arc 
in ,dl probability identical with the Queensland fossils referred 
by Carruthers to Unger's species, but as the identity of the , 
Germa.n and Australian plants is very doubtfnlll it is better LO 

adopt M'Coy's specific designation. 

I Seward (!}72) A. p. 326, Pl. XXIU. Z Carruthers (72"~) . 

~ Unger and Hichter (56). 
~ DaW~oll (71 ) A. PI. \'tn. See 1\180 Smith and White (05). 
t> M'Coy l74) . See also Fcistlliaotel (~O) A. I) Kidston (86) A. p. 231. 
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KIasser l has described a. similar, but probably Dot specifically 
identical} type from China; from Devonian rocks of Spitzbergen 
Nathol'st 2 has figured, under the name Bergeria, an example of 
this form of stem . and Szajuocha:) has described other specimeus 
from LoweI' Carbonifer(JUs stT;l,ta in the Argentine. 

L epidodend1'm1 australe has been recorded fi'0111 severa,l 
Australian localltles~ from strata below those containing the 
genus Glos8opten's and other members of the Glossopteris, or, as 
jt has recently been re-christened, the Gangn.Ill(lpteris n Flora. 

"iii. Fertile shoots of Lepidodendron. 

A. Lepidos!J·obus. 

The generic name Lepidostl'obus was first used by Bl'Oug
mart 6 for the cones of Lepiclodend ron, the tY1Je-sj)ecies of the 
genus being Lepiclostroblls OI'llatU~J the designation given by 
t he n.uthol' of the genus to a Lcpidost l'obus preyiously figtired 
by Parkinson ' in his 01'gam'c Remains of Ct Former lro7'lcl. 
The generic Ilame Flernillgites Pl'olJosed by Cat'1'1lthcrs8 in ]~65J 
under a mi~apprehension as to the na.ture of spores which he 
identifi ed as sporangia, was a.pplied to specimens of trlle Le)!ido~ 

strobL Bronguialt also instituted tlle generic nalUe L epiclo-
1Jhyllmn fol' detached leaves of LepidoclencJ?'on1 both vegetatiye 
and fertile; the specimen figured by him in 1822 as Filim:tes 
(Glossopteris) dubius fl

, and which \\"as afterwards made the tYl)e
species (If the g~nus, waS recognised as being a portion of the 
lanceolate limb of a large slngle~veined sporophyll belonging to 
a species of LepidostToblls. 

In an ullusually large Lepidophyllu1Jt, or detached sporophyll 
of Lepido/J'b'obus, in the JUunchester University Museum, the 
free lamjnar portion re.'1.ches a length of 8 em. 

I t js Dot uncommon to find LepidodendTon preserved in the 
form of a shell I..If outer cortex, which bas become separatea 
along the phellogen from t he rest of the stem; as t he result of 

1 Kro.sser (OO) Pl. 1I. fig. l. !l Kathorst {94} A. PI. D. fig. 8. 
,1 Szajnocha. (91) p. 20~. ~ Sec Etheridge (90); D!I,\'id and Pittman (93). 
~ White (08). 6 Brongniart (28) A. p. 87. 
;- Parkinson (11) A. PI. u. fig. 1. p. 428. 8 Carruthers (69'l 
{l Drollsnillrt (22} A. PJ. Jl. ng. 'i . 
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compression the cylinder of bark may assume the appearange of 
,'1.. flattened stem covered with leaf-cushions. A specimen pre
served in this \I'ay was d('~crjbed by E. 1\re iss as a cone of Lumato
lJ/'{uios 'fnacl'olepidotu'!; Gold.JuDd.is qllOted bySolms-Laubach L1nd 
other nuthol'Sl as an exampl e of an unusually large Lepidosl1·obus. 
An eX:lminn tiolJ ()f the type-specimen in the Bergnkade1nie of 
B(! rlin cOllvjnced me that, Weis!S had mistaken the partially 
destroyed lenJ-cnshions for sporophylls, and Stigmarian rootlets, 
which had invaded the empty space, for sporangia'. 

In external appea,rance some species of Lepidostrobus bear a 
sllperficin,l resemblance to the cone of a Spruce Fir (PiC6(l, 
e.t'celsa)1 bu t the surface of a lycopodiaceolls strobilus if:; usually 
covered by the overlapping and upturned laminae which 
terminate the more or less horizontal sporangium-bearing 
portion of the spomphyll. 

Fig. 188 affords a good example of a long and narl'QW 

Lepidostroblts. Tbis specimen fmm the Middle Coal-Measures 
of Lancashire has " lengt,h of 23 em. ; like other Lepidostrobi 
it is borne at the tip of a slender shoot. The fossil is suffi
ciently well preserved to sbow the characteristic radially 
elongated form of the large sporangia and the long and up
turned distal portions of tbe sporopbylls. 

We may briefly describe Lepidostrob"s as follows :-Cylin
drical strobili consisting of an axis containing a single cylindri cal 
stele which agrees generally with that of the vegetative 
.shoots of L. HarCOu,1·tii and other species. The amount of 
parenchymatolls pith varies in different forms; in .some the 
primary xylem is almost solid. The middle cortical region, 
wbich has usually been destroyed before fossilisation , po."esses 
the loose lacunar structure c.haracteristj c of this region jn the 
\"tegetative branches. The thjcker walled outer cortex is con
tinued at the periphery into crowded, usually spimlly disposed 
f'pol"ophylls, 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 uf the 
upper face is attached a large radially elongated sporallgi urn. 

One of the chief differences between " Lepidodend,,.on Cone 
I Bower (08) p. ii05. :.! Seward (90); lloLonie 19S~). 
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and those of the recent genus L ycopodi1l,11t is t he greater rtt.dinl 
elongation of the sporangia. in the former. Some species of 
Lepidost1'obus may have been homosporous j some are known to 

FlO. 188. L rpido.NtrQbus. Middle Coal ·Measures, Uardsley, Lancashire. From 
l\ specimen in the Manchester Museum. (~nat. size.) 

be heterosporous. In the latter the megasporangia horne on 
the lower spol'ophyl1s usually contain sevel'a1 megaspores as in 



184 LYCQPQDliLES [CB 

] soetes (cf. fi g. 133, E). Beyond the distal end of the sporangium 
the sporophyll becomes broader in a horizontal plane and is 
b Cllt upwards as a lanceolate limb; it may also be prolonged a 
short distance downward!' as a. bluntly triangulal' expansion . 

Fig. 189 is ~Ln accurate representation of a transverse 
~ection, 6 mm. in diameter, of what is no doubt the apical 
port ion of a Lepidostl'obus from the Coal-~reasurcs of Shore, 
Lanca~hire. The section cut~ across the u]lturned free laminae 
above the level of the apex of the cone-axis. Each lamina 

l~I G . 1t!!J. Lepidolltro/J1IB. Section through the apical region of a COlle aLa,e 
the axis. (Manchcijtcr University Collection.) 

contains a smalf vascula r bundle composed of a fell' tracheae and 
Rome thin-walled ceUs sUl'rounded by delicate mesophyll t i"Slle. 
Immed iately in front of the distal end of a ' por3.nginm 11 

small ligule is horne on the upper f,;ce of t he sporophyll 
(fig. 191, A, B, l) occupying the same position as in Selagi1lella 
(of. fig. 131, F). Strands of vascular tissue pass in a steeply 
a,_"lcending course from the xylem to the ped icels of sporo
phylls, finRlI y curving upwards and ending in the upper limh. 
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Each vascular bundle consists of a ,trand of xylem, apparently 
of mesarch structUl'e, accompanied by a. few layers of paren
chyma on its outer face and by a group of cambiform ele ments, 

• the whole being enclosed in a sheath of parenchyma continuou!=i 
with the inner cortex of the cone axis. Th e vascular bundl e i:-; 
accompanied by a parichnos in t h" outer cortex and in the 
sporophyll. 

There can be little doubt that th e Palaeozoic L epidodendm. 
like Lycopodhm~ ceJ'mfll1J1 (fig. ] 23) and other recent Lycopods, 
usnally bore t heir cones at the t ips of slender shoots. The 
fertile shoot of L epidophloios scoticus shown in fig. 160, B, affords 
one of' several instances supporti ng this statement ; similar 
examples are figured by Brongnial't 1

, MOl'ris~, and by more recent 
wri ters. The apparently se~sil e cone figured by \Yillinmson;! 
from a specimen in the Manchester Musculll is cC l'ta.i nly not 
in sita, but jg accident.ally associatl::'d with the stem. 

The geuel'a,l absonc[' of ~t'condal'y wood in the steles of 
Lepidostrobi is, as Dr Kidston ~ points out, consistent wi t h the 
vi~w that the cone:; werC' shed on mntlll'ity and that fertilisation 
probably took place on the ground, or }J~rhaps on t.he :-;ul'face of 
t he water where the f.ilender hai r:::: of the megaspol'C.'-; (fig. 191, 
F , I ) may have served to catch the lllicl'ospores. 

Heference has already been made to the belief on the part 
of some palaeobotanists t.hat the large scars of Ulodendron 
represent attach1llcnt-.'wrfn.ces of :;:;essi le c()nc::;, and reasoDs havc 
beell g iven agaiuF;t the acceptance of this view. 

There is cOD!';idel'able range in the size of Lepidost1'obi. An 
incomplete specimen, 3:""1. em. long and 6 cm. bruad, which 
mar have been 50 em. in length, is described by Renault and 
Zeitler ' from the COlUmentry Coal-fielrl. The larger cones 
afford a striking demonstration of the enormous spore-output 
of some species of L epidodendroll. 

• Among the earliest accounts of the anatomy of Lepido-
sM'obtltS are those by HookeI' ll a.nd Binney;. One of the speci mens 

1 Brongniart (37) PI. Ul\·. 2 Morris (40) PI. XXXVUI. fig. 10. 
s William sou (93) PI. VI. fig. 26, A. 
r. Rena.ult !lnd Zeiller (8S) A. PI. LXI. ftg. 4. 
:' BiOl\ey (71). 

~ Kidston (01) p. 62. 
Ii Hooker (48:!). 
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described by the former author (fig. 190) nffords an interesting 
example of an unusual manner of fossilisat-ion ; :l. hoUow stem OJ 

Lepidodendron is filled with sedimentary lm"Lteriai containing 
severn.} pieces of Lepidostrobi in an approximately vertical 
position. 

A 

Fw. HJO. Lep"idodeurlrrm stem with LepidOiltrobi. (After Hooker.) 
A. Side-\'iew showiDg lell.f-cushions on the lett-hand flide and t 

l(ut)TTiu condition on the right. 
B. View of transverse section; 8, sections of Lcpidolltrobi. 

The £~ct that Lepidost"obi usually occur as isolated spe' 
mens renders it impossible in most cases to refer them 
particulaT species of Lepidodellcl"l'on. Neither external featur 
nor anatomica1 characters afford satisfactory criteria by whi 
to correlate vegetative nnd fertile shoots; iu some measure t l 
js due to the imperfection of our knowledge as regards t 
range of structnre within the limits of species; it is also d 



xv] LEPIDOSTROllUS 187 

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 foJ' 

. rulmy years endeavoured to discover some specific characters by 
which different L epidostrobi can be dist.i nguished and identified, 
but thus far my efforts ha\"e been un~ucccRsfu}l. " In a fe\v 
cases) such as those mentioned in the description of Lepicloden . 
cl1'on Velth e,im.ianu'tlt and L. n''iinschiamum, it has been p()ssible 
to con'elate cones and vegetati ve shoots. 

The most complete account we possess of the a.natomy of 
LepidodendTon cones is that by Mr Afaslen ', who first demon
strated the occurrence of a ligule on the sporophylls, and thus 
supplied a missing piece of evidence ill support of the gcneraUy 
accepted view as to the homology of the sporangium-bearing 
members a.nd foliage leaves. 

L epidostrobl<' variabilis (Lindley and Hutton). 

181]. II Strobilus," Parkinson, OrganiC Remains, Vol. 1. p. 428, 
PI. I~. fig. 1. 

1628. Lepi·lostrobu,s Ornalu,s, Brongniart, Prodrome, p. 87. 
1831. L. variabililJ, Lindley and Hutton, Foss. Flora, PIs. x. Xl. 

1831. L. Ornat u8, Lindley and HuttoIl, Foss. }",'J ora, PI. xxn. 
1637. L . OrllUtU8 val'. d£cl;ljnw~ , ibid. PI. CLXfTL 

1850. .J rancarites COl'dai, L nger, Genera et Spec. Plant. foss. p. 382. 
18';'1). Lepidostl'obus variabilis, Feistmantel, Pn.1aoontographica, Vol. 

LXIII. PI. XLry. 

l 8BG. L . 'Vlt1iabilis, KidstoIl, ClLt. Palaeozoic Plants, p. 197. 
1890. L. or/wtus, Zei ller, 1"101'. Yaleuciennes, p. 497, PI. Lxxn. 

figs. f', 6. 
- L '/Jariabilis, Zeiller, FloI'. Valenciennes, p. 499, PI. LXXVl. 

figs. 3, 4. 

Under this specific name are included strobili from Upper 
Carboniferous rocks which, in spite of minor differences, may be 

- considered n.s one type. The cylindrical concs vary considerably 
in size, some reach ing :t Jength of 50 CIll. or more. Th e sporo
phylls are Itttacbed by 3 pedicel, 4-8 mm. long, at right angles 
to the axis, while the distal portion fOl'm s an oval lanceolate 
limb 10-20 mm. in length. The sporangia are 4-8 mm. long. 

J Willialll !!On (93) p. 26. 2 Maslen (On) . 
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The brallched example figul'ed by Lindley aud Hutton' as 
a l/aricty (L. 01"llatas nlr. d'id!J7nus) illustrates a phenomenon 
not uncommon in both Palaeozoic a.nd recent Iycopodiaceous 
stl'obili. 

ii. L epidost"obu8 uldlw",ius Williamson'. Fig. 191, A-D. 

1Villiamsoll~ instituted this t el'm for strobili previously 
described by Binney\ without adeyuatc evidence, <l$ the cones 

~~" ' ••• < • • ~ 
I ::... I 

\ , : 

lew. HI!. L ejlidwtrobll /(, 

A~D. 1... oldltal/li(fll. 
B, C, D. From sections in the Binney Collection, Cambl'idge. 
E. Mef:lL~pore. (Aher Kiclston.) 
F. hlcgn..spore ICoal-Measures, Halifux). (After Williamson.) 
G. Megaspore of Lepido~trl)bU8f()1i.ltCI!11~. (After Mrs Scutt.) 
H. Tangential section of sporangiurn. (after Bower.) 
I. Plll't of sporangium wall, Sm, of the cone or l.e1)iri(J(lclId"Oll 

i"l.' ltl!cimi(lIIum, enclosing two megaspores. (Cambr idge Botany 
Scbool.) 

1 Lindley and Hutton (!J7) A. Pl. W3. 
\! For a. deln.iled Mcount of this type, sec Maslen (9f,). 
:1 Williamson (1.13) p. 28. ~ Binney (71). 
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of Lepidodend',-on Ha1·c01n'tii. In shape and in the mau). 
morphological featuTcs this type resembles L. vaTiabilis, which 

• is however known only in the form of casts and irnpr~ssions. 

A cone of L. uldhamius, 2-3 cni. in diameter, possesses a. 

medullated stele eonsisting of " ring of primary xylem (fig, 
191 , D, x) with cxarch Pl'oto:-,.""ylem and no secondary clements. 
Maslen found several short tntcheae at the periphery of the 
xylem and st:.:l.tcs that these led him to compare the cone with the 
\'egetative shoots of Lepidodend1'on VUSGUiCLTB, bu t the common 
occurrence of such elements in different types of shoot renders 
them, of little or no specific value. 1'he inner C01'tex is llk& 
that of ,'egE'tativc shoots of Lepiclodend1'on and the ruiddle 
cortex, which was no doubt of the type described in Lepido~ 

strobus Brown:ii, is represented by a gap in the sections, beyond 
which is the stronger outer cortex (fig, 191, D) passing into the 
horizontal pcdicels of the spol'ophylls. 'rhe sectiOll of the' axis 
reproduced in fig, 1m, 11, was figured by Binney' as Lepido
dendl'on ·vascula1·e. The leaf-traces, seYeral of which are seen 
in the middlf? cortical region in fig_ D, it, cunsist of a strand 
of SC<l.larifonn trachea.E:! , with :1 mesClrch protoxylem, succeeded 
by a. few parenchymatous cells; beyond these there is usua.ll.'
a small gap which was originally occupied by a. strand of tbin
walled cells. It is important to note that in one spul'0l'hyll
trace figured by Maslen' there is a strand of thin-walled 
elonga.ted elemellt~ abutting on the xylem, which he describes 
as phloem. rJ~hi s tissue is certainly mOre like true phloem than 
any which has hitherto been described in tho leaf-traees of 
vegetative shoots_ The st<.lte of preservation is not, bowever, 
sufficiently good to enable us to recognise unclou bted phloem 
fcat,llres. . 

In such cones as I hayc examined DO tissue has been seell 
~ which shows the histological fel:ttul'es characteristic of the 

secretory zone of vegctative shoots: the" phloem" (Maslen) 
occupies the position in the sporophyll bundle which in the 
vascular 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, I t may be that in the strobili 

1 Binney (71) Pi. VIU. fiss. 2, 4. :.\ Maslen (99) PI. xnn. fig. 11. 
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t his ti:-;~ue occurred in a. modified form, but even assuming that 
the !4ection figured by Maslen shows t rue phloem, an assump
tion ba . .:.;ed 00 slender e\'idence, this is not sufficient justification . 
for the application of t he term phloem to a tissue occupying 
a cOl'l'e!'poncling position in vegetative shoots and distinguished 
by wd l-OJarked hi!')tologicai features. 

The ~porophyll-traces, as seen i:n the outer cortex in fig. 
19J, D, are paltj~dly f.;urrou nded by a large cres~entic space,p, 
which was origll1:l11y occupied by the parichnos. The sporangia 
are attached along the middle line of the 'l'o,·oph)"11 and, as in 
Lepiciostroutls Br01{!1I1',1' , a cushion of parenchyma. projects into 
the lower part \)f the sporangial ca,-ity (fig. 191, A, a; C f (1). 

~~he diagrammatic sketch of part of a section in the BiJluey 
Collection reproduced in fig. ] !J I , B, shows the position of the 
ligule, l. Nu megaspores h:.lYe been discovered in any ~peci
m('n.,. of t,his type ; the mjcl'ospOl'C~, whlch OCC111' both singly 
and in tetrad., have a length of 0·02-0·03 111m. 

The drawing t'howtl in fig. 191, A, based on a ~ection iu th(~ 
Binney Collection, illustrates the general arrangemcnt of the 
parts of a typical Lepidostrublls. I hnye made w::e of thj ~ 

sketch instead (.f that given by ~ I.asl en, as hi" figure convey!'; 
tht.· idea t hat th e sporophylls are superposed, when!as, whether 
t hey are verticill:l.te 0 1' spiTal, a. l'adial longitudinal ~ection 

wonld IIot cut succes~iye flporangia in t he same plane. 

111. Lepidost,·ouus B,·oll'ui·i (Brongn.). 

In 18+3 a specimen of a portion of a petrified cone was 
purchased by the British Museum, assisted by the :Marquis of 
1'\ orthamptoll and Robort Brown, for £30 from a French 
dealer. This fossil, fi'om an unkuown locality, was briefly 
described by Brown in 1851 1 and named by him Tn'plospO'I'ites, • 
but in a note added to his paper he expressed the opinion that 
th e genemc designation Lepidost>·obus wonld be more appro
priate, Bl'ongniart afterwards named the cone Triplosporites 
Br071'n'l.·i!!, and SchimpeJ"1' described it in his T1'I.1'ite as Lepl.'do-

I Brown, n. (.'>1). ~ Btongllilil't {6S}. 
:: Schiwpcr (70) A. p. 67, PI. I.XI1, figs. 13-2tt. 
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strobus Browni'i. The type-specimen is lJl'cserved in the British 
Museum and the Paris MuseulU possesses a. piece of the same 
fossil. 

Th e central axis of t he cone has a stele of the type 
characteristic of Lepidodendron ful'iginosll1lt and L. Ha'1·cO'lt1·tii, 
and t he xylem is su rrounded by a thin-walled tissue described 
by Bo·wer J as possibly phloem: but in the abfSence of longi
tudinal sections it is impussible to !Say how far the tissue 
external to t he xylem agl'et s with that ilJ Lepidudendron sterns. 
The sporophylls cOllsist of a horizontal p OI" Lion, to tbe upper 

f,\Cc of which the radially elongated sporangia arc attached, Ol1e 

to each spor0phyll : beyond tbc:' distal end of the spora.ngium 
the spomphyll bends slwl'ply lIpWllrrls as a fitirJy stout lamina. 
The wall of the sporangium i:; cornpnsed of several layers of 
cells, as shown in a drawing published by BQwer~; in til(' 
interior occur groul's of rnicl'ospor~s, and fron) <1. ridge of tissue 
which extends along the whole length of the sporangium 
irregular t rabecu lae of sterile tissne proj ect into t he sporangial 
cayity, as in I soetes (fig. 19) , H: cf. fig. 133, H). 

Further infl)l'matiou in regard to Lepidostrobu,~ B1'01.lJnii has 
}'C'cently been Eiu pplied by Prof. Zeiller\ who recognises the 
exiRtence of a, ligule, and draws attention to some lnteresting 
histologica.l features in the tissue of the sporophylls-l. 

SpOI'e8 qf Palaeozoic Lycopodiales. 

The cakareous nodules fi'om t.he Coal sea.ms of Yorkshire 
and L'tllcashire al'e rich in j~olated sporel;, many of' which are 
undoubtedly those of Lepidosl't'obi. Exa.mples of spol·e.~ were 
figured by l\folTis ~ in 1840, and their occurrence in coal has 
been described by se\'el'ul a.uthors, one of the earliest accounts 
bting by Balfou;· fJ . The dmwings of Palaeozoic and recent 

• spores published by Kidston and Bennie 7 demonstrate a striking 
simi larity between the megaspores of existing aIlli extinct 
Lycopo&, t he ch ief difference being t he la!'ge!' size of t he fossils. 

I Bower (93). ~ Bower (94) PI. XLvm . fig. 93. :1 Zeillel' (09) . 
~ Z8.1esBky bas recently {DB) described a large 8peC.i£!.lI of cone, Lepid(utrobwJ 

fla l ruwli , 5 em. in diameter. 
n ~dorris (40) . ~ Balfour (57). 7 Kidston and Bennie (88) . 
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Th e general generic nume Tl'iletcs, originaHy used by 
H(;i nscb ', i:5 a convcldent term by which to designate Ptel'i
tlophytic spores which ca.nnot be refcI'l'ed to definite types. 

It. is u~ual to find more t han four megaspores in each mega-" 
::;porangiurn in Palaeozoic and n ot infrequently, as we ha\re f$een, 
ill 1I1 l'sozoi(.' lycoporliaceous stl'Obiij, but, in some Palaeozoic cones, 
e.g. Botli 1'ostrobus (fig. 2) 6) and Lepidostl'obus /o[i'aceus 2, n single 
t.etNld only appears t() ha.\'c r<.!ached II La ~U[·it.r . 

The occurrence of long simple or branched and somc·times 
capitate h;\irs 1S n. com m Oll feature of Cal'11oniferous megaspures 
(fi~. 191, E, F , I ). It is possible I,hat these appendages served 
to catch the microspol'oS, thus facilitating fel'tilis;;Ltion. A 
l)('cu liar {()rm of m egaspore bas bee1J described by 1\1rs Bcott,;/, 
alld ,",signed by he!' to Lep idustrQb'l$ fo1iaceus, the ruega
sporang iulTI of which apparently contained only lour spore:"). As 
shown in fig. 191, G, a lal'g~ bladder-like appendage chanlcteri:-.;cd 
by radiati ng veins is attached to the thick spore-coat : it is 
suggested tb"l.t this excrescence may b e compa_rcd with th t; 
c. $wimmjng " apparatus of the recent ~va ter-Jerll A.zol/a. Th e 
epithet swimming which it is custom;1.r.r to apply to the 
a.ppenuages of Azo{la Inegaspores would seem (,0 be inappro
priate if Cl:\ropbeJl4 is CQ n ect ill st!_\ting that S})Ol'CS of A ZuUr{ 
arc incapabl e uf fl oating. 

B. SpenCe1~ite8. 

Spencej'ites illsiflHis (\Villiamson). Fig. 192. 

187Ft Lcpid(lstrolnu; ,~p ., WilLialuJ$on, Phil. Trans. R. Soc., il. 3,lO, 
PI. :\XII. 

1880. .upidoatro(w.x 'l'Il-Si!Jnu, Williarusoll, Phil. Tr~Ul.", R. Soc. , p. U02, 
PI. xV. figs. 8-12. 

1880. Lepid(JdendrOl~ Spcnccr£, 1Villiawt1oo, Phil. Tl'llOS. R. SO(;., 
1J. 19V, PI. \'H. figs. 20- 22; Pl. nIl. fig. 19. 

1897. Spencerit(]$ illsignis, Scott, Phil. trans. p. 83, Pls. Xll-XL 

Another type of lycopodiaceous strobilus, differing suffici
ently from Lepiclostrobus to deserve a special generic designat ion, 

1 Reinsch (81) A. 
, Scott, R. (06). 

:: Maslen (9fJ) p. 373; Scott, R (OG) p. 117. 
~ CUlllphell (05) p. 41-1. 
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is that originally described by Wj]]ja.mson I. from t.he Lower 
Coal-Measures of Yorkshire, as a type of Lepidost1'oblls, L. ill 
signis. but afterwards:! more fully in\"estign.ted and assigned to 

• a new genus by ScottS, It should be pointed out that in n 
later publication Williamson spoke of' the lyct)podiaceolls axis, 

FIG. H~2. Spcm:el'itr,s illlJi[lllis (Williamson), (Alter Miss BelTidge.) 

which he suspected might belong to his L. i1l.signib', as possibly 
\ .... orthy of recognition as a distinct generic t)11e. 

Of the two species included by Scott in his genus Spen.ce1~ites 
only one, S. ins/gn'is, need be considel'ed. SiDce the publica-

1 Williamson (78) A. p. 340, PI. :UTI. See also tho drawings in WilliamsOll's 
later papers quoted in thl;: syuonymy. 

:I Willialllson (932). Scott. D. H. (98). 
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cion of Scott's papef' our knowledge of this type has been 
extended by Miss Berridge' and by Prof. Lang'. 

Th e axis of the strobilus has a !:itelc characterised by a 
pith of elongated elemen ts, most of which have thin wa.lls; . 
the xylem cyll_nder possesses about twenty protoxylem strands 
forming more or Jess prominent eXiJl'ch ridges. Th e COrtex 
l'xhibits it differentiation cOlll}Jarable with that ill the shoots of 
Lepidodendron. The spol'ophylls are ttl'ranged in alternating 
vcrLic:ils, each whorl consisting (Jf ten members: the narrow 
hvrizoutai p8Ji('ei of 11 ~Jl(ll-ophyll, con ta.ining a single \'uscular 
bundle, as shown in fig. 192. i~ l·xp:tl1ded distally into a 
pnJlllin(!I1tl ul_Jper lobe bearing a cushion of ~mal1 and cldicaLc 
cclb,!"o wh.ich the sporangium i!:l attached,a,nd prolonged obliquely 
upwards as a free /ta.f:·like lamina. The lower blunt prolonga
tion uf the spor(Jl'hyJls appNlI·S liD form n thick dorsa) Jobe. but, 
a~ Lang has poinLeu out, it is highly probaule that the J)rep\~nt 
ft)l'm of the dorsal lobe is of secondary orig-in, and is" duE' to the 
disappeurancc of it m\\ci[<l..g~ c;:wity froUl a large sporophyll 
oa.sf'~." As M iss Berridge remarks, tht' nlscu!at bund Ie of the 
s}Jol'ophyll does not g in1 off;l. branch ttl the '·cutral l()be: and 
~p(l!';lng-i!11l1. In attachment, -ill shape. n.nd ill thf' structure of 
r,he wH11 the sporangia, differ markedly froll) those of Lepidostrobi. 
The spore::;, wbleh ;-11$;0 constitut,e a chanu:tf'l'istic featu]'e of 
the g(.:nus, hare :1 m!-lXil))lln] dianJeter of O·].f II11D.; they are 
described a~ oblate spherl1ids with [L broad hollow wing running 
round the equa.tor (fig. ] 02) com pal"<Lblc with the air-sacs of t,he 
pollcn of PhlUs. Sc(.)tt points Ollt that the ~porcs of S}Jencerites 
arc int,E:rmediate in size hotwe~ll the mjel'Osporel:S of L ep/uodell
dl'ol~ ~uHl the megaspores of Lycupu(lilfln: .it is difficult therefore 
to decide to which category they should be referred. Spencel'ites 
is cicU1'iy u_istinct frum Lepl:clost}'obu8; the absence of ii. ligule, 
the rnanner of n .. ttachmcnt of the sporangia, and the Jorm and 
size of the spores, aJ'e chan ... ct.eristic fea.tllJ'es. 

A compa.ri~ull of Spence1"ites with the strobili of Lycopodium 
cenmm" (figs. 123, 126-129) has reccutly been made by Lang, 
who dra.ws att ntion to the strikiog agreement as regards general 
pbn llIld e,'en detailed structu ral features between the ~1l1aeozoi(' 

I Berridge (05). ~ Lflng (08) . :! Lnng (08) p. 3{;4, 
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and the ,'ocent type of strobilus. It is interesting to find, as 
Lang points out, that in the ot'iginal account of the fossi l cone 
by ',illiamsoD, Lhe vic\\' is expressed that the sporallgioph(lJ'(!s 

• were conAucutJ. An examina,til)Jl of the section figuT'(:'d by 
\VilliamsOD I led Lrmg to confirm this opinion. It would be 
out of T)l!lce to enter here into a detailed cOl11pari~on of 
Spel1Cerites inbignis awJ the COllE' of Lycopodiu1II, but the r('~cm
blancl!s are considered by Lang to l)e sufikielltiy close to ~l1ggesL 
that the striking similarity mil} b(, j/]ciicati,'e of l'eJationsbip~. 

I t is worthy of lluj,icc Lha,t the radjal scct,ion of Spencel'iles 
(fig. 103) presents it fa.irly close resemblance to a corresponding 
section through :1, coue-sculL' (If .Agutll1·s (Kauri Pin(')~. In each 
c~\,~c the mcgaslJmangium lS i\t.Lacher.! by a narrow pediceJ to 
the sporophyll n.nd the laHcr has a. ::;ilnihr form in the two 
plants, though th(:~ extent (If the resemblanee is sumewhat 
lessened by Lnng'ti Inore complete account of the Palaeozoic 
type. I f the S,!el1oel'ites ,:-pl1l'ungia ]lo~sl'ssed a.n int~gulllent 

tbl' simibl'ity with the .Agotlii,<; (Indo would of COH I'Se be much 
closer: recent, palaen\)c,t.anical inYcstigatiolls ba.H~ sho\\,l] t.ha,t 
ondes anel spon:l.Ilgia ill'i..! nDL /:i8Ixmtteu by imp<.\ss<Lble barriers. 

[Since this Chapttl' was set" ttp in t)lJc a papur ha~ arpeal'cd 
by Dr Bruno Kul,art 011 H. liCW ~pecjes of 8pencerittts spore, 
S.'Jlte1nU/'{l/laCell."', froBI the O::;tran-Karwlnel' CrmJ-basi n (Austria). 
The s}Jur L':=-: are hrgl.:!L' thun th(Jse of S'. illSigltl,'s and in SOIl1e the 
cells of 11 pruthallu~ are presf:ncd. Kubart figures a section of 
H RpUJ'1J containing ;t group of' ~c\'cn celis, a. central cell, which 
he I'l'gards as au <J.utheridiai moth(>l'~ceIl, surt'oulltl~d uy six wall
colls. Kuban (DO).] 

I WiUillru150n (71') A. Pi. XXII. tig. ·5i"l. 
2 LlLDg (OS) p. ~tj7, Smce this wn~ written IL paper has been pui;lished by 

).Ir WIllson 01) llnew tY)lt'!of Lycopociitwe(,u8 cone from the Lowel· Coal,lldumres 
(,l/e~ui!trl'blllj): in nll appendix he criticises lJr Lang's view I!- it) regard tIl Spell • 

• cerit{,Ii, lWatson, Allwt/g of N(IWIt!/, \'0]. XXHl. p. 379, 1!109.J 
:1 Scwutd [Lild ForJ (Oti) p. 3l1S. 
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Sigillaria. 

(ienel'ut, 

I::'\1 "iew of the close resemblance between Lepidodendron 
and Si.,rp"ilm'iu, another lycopodinceous plant characteristic of 
Carboniferous and Permian floras, <l compa,ratively bri ef de
scription of the latter genus t1II1St suffice, more parLicu larly us 
LCjJ~'d()delldroIL hus received rather an undue sba,re of attention. 
8i;I2"IlfJ1'iu, though abundantly represcDtL'd among the n·]jcs of 
Palaeozoic florets, especjally those ]Jrescrved in the Coal
l\ lcl\su res, is rare in ;~ pctri£ed state, and OUI' knowledge of its 
anl1tollJY is t~1.r from cumplete. In external form as in internal 
structure the diliorence between the tWl) gellert.' are not such as 
en~ble \1:" W draw in all Cases a clearly df-fined line of ;:;.epaTation. 

In the A ntediluvia", Phytoiogy. Artis' figured a fossil from 
the Carboniferous sandstones of Yorkshire which he called 
EllJIFtoT[n:tes Nll_qan's on account of a superficial J:l'st'l.lJblance 
to t he stems of existing succulent Euphorbias. Hhode' also 
compared SigillaTian stems with thos.e of recent Cncb'. The 
sJ)(:'cimen described by Artis is characterised by regular vertical 
and sl ightly eO[1Vex ribs bearing r owS of leaf-scars in spiral series, 
like tho~e on the cushions of L epidodendron. A few yea.rs earlier 
BI'ongniart3 had jnstituted the genus 8i.g£lla1'ia;~ for plants \vith 
J'.ibbN) but not jointed stems bearing"disc-Hke impressious" (lenJ
scars) disposed in quincunx; the tyve-specjes na.med by the author 
of the genus Sigillaria ticutellata is identical, as KidstOl1 ~ points 

I ArHs (25) A. PI. X.\'. :! libode l20). 
:1 Brollgnisrt (22) A. PI. xu. fig. ,1. 
4 Fo!' generic IlIUlH!1! wholly or in part 's)'nonymous with Sigillaria, see 

White (99) 1), 230. 
5 KLdston (8f;) A. 1).181). 
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B E 

F w. 19:3. A. Si!lillaria I'It!JlIflH Brongn. 
D. 8i!Jilla r ia TII!lOIIf/ Brongn. Middle Coal-Measures. 
C. Omp}/a/(/phll)io$ {lNgliclU Kidst. Barnsley. 
D. Sl!lil/arill eli'!JfU!8 Brongn. 
E. Sigillaria tl'Jlscliata Brongn. 
(At E, C, E, about!i nat. Ilize. Dr Kidstou 's Collection.) 
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out. wiLh b'uJJhm·lfites vulgClri.r; (I f Artis and with the plant after
wards figured by Brongniart flS S. paCII,?Jclenna ' , Brongniurt. in 
11-:22 figured a.nother type of stem chanlct.eri~('d by the a.bsence 
(If ribs and by prominent spirally arranged (:ushiollf': bearing' 
relatin;·ly large leaf-scars like the upper part of the ~pecimen 
shown in fig. 203; t.bjs he named 0/00I1'(ll"1'(£ lJrw·di1:, 3. well
krlDwn and wi del)' distl'ibut,ed C;_trbonifel'ous and Penllinll sp<'cies 
nuw ~}Jokcn of as Sigillaria B~'ardi (figs. IDG, A-C; 203). A 
third type 01' steIn figured by Brongniul't as SY1i'lJ{lodend1'011 
8t'rl'a tllm~ agrees with Sigillm'ia sClitell(tta in hfiving ribs. but 
differ:; i_n the snbstitution of narrow oval ridges or depressions 
fin' le<).f'-scu l',r.:; this is nOW recognised .'1S tl parti;1.11y d('cortjcfI,ted 
Sigillaria, in which tbe y<\scular bundle of ('Hch leaf is rCj)re

!-'l'Ilttd Ly a narrow ridge or depression. 'l'h(' name Sy1'tllgu
dell(/)'l.JII, ul'iginally w;;ed hy Sternberg, is conveniently applied 
t.n cenain forms of Sigillarian siems which hay£> lost their 
f'uperficjal tist'lIpg, A fourth generic nanj(_', Pfl/I/Ilm'/(f , wag 

institut,ed by Stl:rnherg~ for Sigillarian stews with ribs c(wered 
with contiguous leaf-scars of ht!xaguual forlll and prominent 
["tl'ral angles (fig. In3, A; fig. 200, 0). 

Tht! generic 01' suugeneric title RII'!Jtidulep-z's, a.lso institllted. 

by Sternbe::rg, i~ applied to ribbed Sigillal'ia,n stellls such as 
8. 8cl£lellata, S, '1'lIgosa (fig. 1 \13, B), S. '1ml1mm'Uoris (fig. 105 ), or 
S. {ae/'(qato (fig. 106, D). G()ldeIlbcl'g~ }In'I'0~('d the Il,Ulle 

Leiutienncu'ia fol' smooth Sigi\hrian stems with leaf-SCrll'.:-i lIot 
in c,mtact with one "Dother (fig. 196, C). 

The ~hl}ot system or S(aillu1ia consjsted (If a. stout stelll 
tapering upwards to a. heighL of 100 fect~ or mOl'e as an un
branched column, with hs clome-slw.ped <ljJ{.'X6 covered with 
linear grass-like leaves or, in some spccit!s, sLich as Si,qil101ia 
Bl'a.rd'i7 , S. E uqellii8, etc., th{J main trunk was uccu:-;ionaIJ\' divided 
by apparent1): equal clichotomy. The younger p()rtio~s of the 
stem or hranches were in $':ome species cl othed with Ica\'es 
.separa.ted by, .1 narrow ~ig7.ag grooye SUlTollDd ing their hcxa~ 

1 Bl'ongllial't (37) I)], CL. fl~, 1. 
:! Brongl1ial't (22) A, Pl. Xli, fig, 3, 
:1 Sternberg (:!ij) A, 

/I ZeHler {BS} A. (S. ~lc.'1(fI(lfl. 
7 UCllImlt (\.j(i) A. PI. xxxv, 

4 G(,1Jenb",rg (!)5). 

G Goldenberg {.j5). 
I> Stur (ii,) II. A. PI. XLII, 
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gonal bases, while j1J other forms ('ach leaf was seated on ;'i 

more 01' less prominent clIshion hewing the form illnstrated by 
i'/igiUaria MClllll1'triei (fig. 194) or b." the e:x a,mple represented in 

• fig. 200, H j or as in the ribbed species shown 1ll figs. ] 9:1. B , and 

FIG. 11}4. Si!lil/(lrill 3Jdlllrtdei KidFit. From a specimen from the Upper Ooa.l· 
!lIealltires of Radstock, in the 'British lIuiicum (Y. ~152). Nat. size, 

195, the lea\'cs in n .:o rj,icai sCl'ius "'ere !'lepal'atcd from one another 
by longer p ortions of the ribs. AF: in Lepid(Jdench'olt the ctl!:'hions 
:lre frequently Ch,~n\cterised b,Y irregular tranSYcrsu wrinklings 
Rne! other1 su rf<l,CC -~)I·nal1'H..' nta.t] on which in some instances at 

FlO. H15. S'i,qiUaria mammil/ar;g. (RLytidolepis form.) From n. specimen in 
tbe Manchester Museum. p, paricbnos; I, ligule-pit; t, h'af-trace-; 
c, cushion; ii, leaf-scat. 

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 t hat the leaves persisted for 
a. comparatil'ely short tjme and were cut off by an abscjss-hlyer 
leaving behind a well-marked leaf-scaI' area. The linear Jeaves, 

1 For an account of the variollB external features mnde use of in the cll1.lisi
ficatioD of Sigillarias. see Aoehne (0-1). 
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reaching in rare cases a length of one metre (e.g. 8. lep£doden
d"~f/)l 'ia) but usually much shorter, possessed a single median 
bnlldle, and the lo,ver face was characterised by t.wo stomatal 
gn)nn's and a medirw ked. I t is not uncommon to find leaf- . 
b<l~es of ,-.,'igitial'ia det;tched from the stem and pl'csen'cd as 
~cparate i Illprcssiuns. The term Si!Jilla?'ioph !Jll1un llsed by 

B 

D 

, . 
E 

FlO. 191). A-C, Sigillaria nrardi. (A nfter Gcnnar; n, C !lfter Zeiller,) 
D. Si!/illario la er,igll, ra. 
E. J.f'pldmli'udrOrL Worllieui (D Bud E after Zt:iller). 

Granu'Eury' lIlay be applied to detached leaves, though it is 
by no meaDS easy to rlistinguisb between the foliage of Sigillu1'ict 
and Lepidddel1(l/·ofl . A comparison of a. tY11ic:tl species of 
S'igillu"icc, such as 8. ""90.", (fig. 193, B) or 8. B" ''''di 
(fig. 196, A-C) w;t·h ;l typical L epidodend"on reveals okiolls 

I Gra.nd'Eury (90) A. 
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differences ill the fonn of the leaf-cushion, but in Some cases 
thf' distinction becomes purely arbitrary. 

Immediately abo\"c the centre of the upper hounch"r;- of a. 
Sigillari.'lll Jva.f-se;ar f.t ligule pit, tHO.t} oft.cn be detected, <1$ 

shown ill fig. 195, I, nnd in SOITIC.' cases, e.g. a. specimen figun·d 
by Gel'nlar i tfig. ] [16, A) as 8(r;illaric( spilll,zosn ~idcntic;'L1 wi th 
S. Bl'a1·di). som e circular geMS wiLh flo central pit. !:illlT(JUnded by 
a raised rim OC('Ul' on the surf.tco of th!.' stelll, eithL' r singly 
or in pairs, near the leaf-scars ; these. it, is suggested, may 
J'epJ'e~ent the position of adn'lltitious l'ontfi 01', as Germar 
thought, of sorne deciduous spinous processcK The leaf-scars 
are frequently he:x;.tgonal ill sho-p~', with th\:' lateral angl~s 

either rounded (fig. 200, F) or sharply pointed (fig. 200, G, il); 
each scar bears three smaller scars as in L epidodendron, a 
centra.l circular, o\'al or crescentic leaf-trace scar and 1:1I'ger 
ovaloI' slightly curved ~cars formed by the two parichnos arms 
(fig, HJ5, p), The larger size of tht: varichnus ,1lTtlS, the indi
vidual cells of ·which may often be detected as a. tine pUl1ctation, 
is a distinguishing feature of the genus, but otherwise the 
strLlcture is very similar to that in Lepidoclend"l'on. As shown 
in figs. 19.1, 200, :1', G, t.be three scarS may OCCllr nearer the 
upper than the lower tl);u_zin of the leaf- bas.e area.. 

L epidodend"on Trorthelli' (fig. 196, E), described from Korth 
America, by Lcsq ucreux 3 , by Zci llcr~ from Franc(!, and by 
Kielston' li'Oln tbe Upper and M iddlc Coal-~Jmsllrcs of England, 
may b~ quot.ed as a L epidodendron bearing a close resemblance 
to Sigillflt-ia. The shuot;.; hear cushions Lwo or three times as 
long as broad itnd without the usual med ian di\'ision, but with 
numerous irregular and discontilluous transverse wrinklings. 
Lepidodendron PeacMi Kici8t,on 6 affords another example of fL 

form agreeing both with Sij;illoria and with Lep£dodendroTi . 
• An Upper Devonian type described by White' as A"clweo

sig·illU/-i(~ p1'inweva, affords n st.riking instance of the combination 
on oue st.em of Sigillariun and Lepidudelldroid leaf-cushions. 

] Germll.r (,)3). 
:! cr. Lt!pid(l(iemlr(lll Z,'ilIeri. Znlessky (04) Pl. IV. fig. 1. 
3 Lesquereux (7!)) A. PI. 1,:\:[\' . ~ ZeilJer (!:I8) A. PI. 
!I Kidston (01) p. 4!i. 6 KidstOll (85). 7 White, D. (Oi~). 
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The dificrencc between the ori,5rinal surface of a S igiUaria. 
."ilcm and that of partially dt:cortica.ted specjmcns is st::en in 
fig~. ] Mi, C and D j in fig. C the bal'k of Sigillw'ia B~·aTdi. 

sh ow~ th(.' characteristic. wrinklings of the slIpcrficia.I tiSSll(;, 
while at " slightly lowol' le\'el the leaf-scars are replaced by 
tJw p,'l.l'ichnos casts, a, and fine longitudinal stri~"ttlon:;; l'epresent 

FlO. 197. C(trica 8}l. Prom the Ho.ra1 Garden.'i l Kew. (Much }·e£1uced.) M.S.' 

the elongated phcllodcl'lll cells laid bare by the exfoliation of 
the surface-Iayel~ . Similarly, in the rib of Sigillmia laevigata 
(fig. 196, D) the p~ricbnos arms, p: and the longi tudinal 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 oldel~ part of a Sigillarian strlll may present an appear
ance "cry different from thnt of t,he younger shoots. The 
leaf-cushions Ina,' be stretched apart as t.he result of elongation 

• and incl'f:!a .. "Ie in girth, while in ~1)Il1e ca!'<e~ the arrangement of the 
leaf-scar8 may n1l'yon the ~allle axis n~ the re~mlt of inequnlitie~ 
in growth or changing c1illlatl{_' conditions. The- contiguous 
arrangement of the leaf-scar::- amI narrow cushions chanl.cteristic 
of the Clathrarian form of st~_.m. as was nl'Rt, demonst,rn.tecl by 
\Veiss!, llnfl afterward!=; i\1nstmtcrl h~' Zeiner: and Kidst.on, Il)'uy 

be gradually l'eplnecd (on the ,,[11111.,' 1'i)JC'cimcn) by a mure clistnnt 
disposition of the leaf-scars Reparatecl by a smooth intervening 
8urfi,lce of hark. Th e f.;pccimen of 8. j-ll'w'rii reprfldllccd in part 
In fig. 20:3, and first. figured hy KidstoD, nffonL" ;111 f'xflmpie 
of three" specics" (In one piel:(, of stem, 8. 13rw·d1· Brongn. 
S, delHldaln Gnepp. and 8. 1'I,01Jtboidca Brongn.:' 

The piece of C(lrica, stem, l'epl'C'scnt,ecl in fig. l Hi , i!lustrat(~s 
tht:- rkUlgcl' of trusting to th t, disposition of INn'N' a.~ ::t specific 
cri t{;,J'i on. 

,-:-;jlllilHrly, ill 1 he ribbed (i)]'ms thl' degree of s('pant tio ll of 
the Icaf-:.:c<tl's is G.,' no Hl ('ttn::i unifurm in no singh' spE'cit_'!;~' 

SCline ;tuthors h,we adopt.ed a t wo-fold classification of Sigil
larian stems Pl'ol1oscd by the late 1'1\)f. 'Velss~ of Berlin, who 
dlyided the Sigilhtrjae iui() (A) ~ulJ-8igilla.riae, cotltI)rising 
Leiodcrm nriaL' ilnd Cancclbtae, n.nd (B) Eu-Sigillnria.c, in
cluding Fattll{o1'iae and Rllytidolepis. Ol'and'Eul'Yr. adopts t.he 
terms Rhytidulepis ,mel Le'i(ldt'I'ma1'ia fj)I' ribbed and smooth 
stems l'cspecti\'ely, t.he type to which the name Clatlil'C/1'ia, was 
applied by Brongn.iart being in some cn~es at least the young 
form of Leiodermarian stems. "'hile r('ctlgnising the artificial 
distinct.ion implied by sllch tE-J'lns as Rhyt7:dolep~'s, Leiodennm'i(l, 
and other slIb-generic t itles, we may conveniently speak of the 

. two main types of S1'gilla1"ia stems as ribbed and smooth. 
StiH older stems of Si,1illa7'l'(( are not. uncommon from which 

the leaf-scars and other superficial tisslle~ haxc been p-xfolin.ted, 
lea ving exposed n. longitndin::t.1l y fissured surface of secondary 
cortex characterised by pairs of considern.bly enlarged parichnos 

1 Weiss, C. E. (AS). 
~ Seward (9Q2). 

~ Zeiller (8\»). 
~ \YeislI, C. E. (80), 

:l Kidston (01) 1', 9". 
6 Graud'Eu ry (90) A. 



204 LYCOP()DIALES [CH. 

strands (fig. 198) which ,we sometimes partially or wbolly 
fused iuto one (S,IJlingodencll'on state of Sigillan:a). The single 
or dOt/LJe l18,tlll'C of the c jJiptic<1. j fir cIrcular parichnos areas is 
douhU es:-l due to t,he degree of exf01iatiull , which may extend
sufticiemly deep into t he cortex to reach the le \'ol of the 
pn.ridlJlos before the single strand has bifurcated (cf. Lepido
dendrun, p. 100). In the 1\ l tlseums of ::\ t anchcstcl', NewcaEitl e, 
and oth(:!l' places casts oj' lnrge Sigillaria sterns Inay be seen, 
which illustrate the ditlel'ence~ in breadth and regularity of the 
\'(:rticuJ ribs, and in the size and fihape of the parichnof' areas 
in different regions of ~ partially ch'corticated f'teD1. A cast of a. 
ribbed species in the !\lanchcf.;tcr Museum , haying a length of 
J &5 elJ). and a brend j,h of 50 Dl))., shows in the 1.1 pper portion 
stm,igbt \-ertical groo\'es and broad ribs bearing pairs of pal'icbnos 
scars 11 mnl. long; in the lower portion the ribs tend to 
become obJitem,ted and the p:Ll'ichno8 5C1B'S, 2 em. in length, 
mn")' be partially fused and arranged in much Ie!)!; regular ,-ertica l 
series_ A feature of these oleiN ribbed Sigillarian !o:t,Clns is the 
increase in thc nUlnberof the ribs (mill Lelow upwar'Cls, Kids !,on ' 
has dCRcri bed ,\ specimen in the Sunderland "j[u8eum, G feet 
(j inches long, with a circllmference at the slightly bottle-shaped 
bnse of 5 fet.!t. On the lower portion of the' sten"'! there are 
:!9 bruad ribs; about one-third the height HlaJJ), of these 
bifurcate, pr()ducing as lnaIlY as .}.O ribs in the upper part 
where the cast hA.s a circumference or 3 fe(;t . The increase 
in JJumber of thf> J'jbs is dllC in pa.rt to bjfurcfltj on, bllt also 
to the jntt..'l'calation of new ones_ As Kidstun points Qut , this 
exam ple !Shows tha.t as a stem gr('w in length ~I dditional Jca\'es 
were de\·cloped at the apex_ A similar stem, which illustrates 
n·ry clearly the inol'ease in the numbet' of ribs from below 
upwn,rds, may be seen in the Xewcastlc MuseulU. 

Gnwd'Eul'v:! has described eLn example of au old stem of a • 
ribless species' of S1'gillaria, Syriilgode71d1'on bioculata.m .. , bc,Lring 
single and, double parichnos areas of nearly circular form · and 
with a diameter of 1-2 CIll. I n a specimen figured by Ren~ult 
and Roche a (Syt1.lIgodendTon eSIlDstense) from the Culm strata 

I Kidston (tl7) p. 46. !! Gro.nd' Eury (90) A, PI. )OH, fig. 8, 
~ Henauli n.ud Roche (97). 
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in France, the parichnos scars reach a length of 3 em. As seen 
in the fragment of a ribbed Sigilla,';" represented in fig. 1 9~, 
the Large parichnos areas exhibit a distinct sarnwc pitting in 
-contrast to the fine longitudinal ~triatioD of the rib: the 
difference 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 sccrewl'Y cells I , and in the 
exposed cortex of elongated elements. Th e yertical line in t,ht:' 
middl e of fig. 198, which Occurs in the middle of the rib, has 
probably been formed by splitting of the bark. 

FlG.198. Sigillaria with large parichnos area.s. (1 nat. size.) M.S. 

Grand'Eury's description of fossil forests of Sigilln.riae in 
the rocks of the St Etienne' district affords a striking picture of 
these arborescent Pteridophytes; he speaks of the stems of sOl11e 
of the trees as s\\'oUen like a bottle at the base, characterised 
by the Syringodendron i'eatm'cs and termina.ting below in 
short repeatedly forked roots of the type kno\\'n as Stigmal'
opsis. Other specimen~ of Sigillaria stumps show a. marked 

·Jecrease in girth tow:l.rds Lbe base; tbis ta.pered form is 
regarded by Grand'Eory as the result of the development of 
aerial columnar stems from underground rhizomes. 

The nature of the root-like organs of Sigillw'ia is dealt 
with in the sequel: a brief' reference may, howeyel', be made 

I Cowa.rd (07): Renault (96) A. 2 Grand'Eury (90) A. PI. lit. 
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to the occurrence of stumps of ,'erticaJ trunks which PllSS down
wards inlio regularly forked and spreading arms. These al1nS 

lie [tlmu:;t horizontally in the. saDn or mud like the underground 

F lO. l!HJ. PH.rtinUy decorticated stem of SiyiUaria sho\\'j ng two zones of cone· 
scats. From a ells!. in the Seclgwick !loIuseuUl, Cambridge. M.S. 
(1 nnt. size.) 

rhizomes of Pltt'agmites and other recent pln.n ts growing in 
swampy situa.tions where water is abundant and whore deeper 
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penetration of the soil would expose thelll to an insufficient 
supply of oxygeu l

. I t is certain thl1.t Sigillnria 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 J'egularity of the lear-seu!' series on a Sigillarian stem 
may be interrupted by the Occurrence of oval SCHr~ with a 
central scar and surrounding gl'ooye (fig. 193, E) ; t hC'::;e (lccur 
in zones at more vI' less regu la,1" intcn'al~ on the ~t,i:'m, U."i seen 
in the partially dccorticated cast reprcbcntt'd in fig. 199. 
Zeiller hll~ pointed out, that the l'(IWS of o\'al 0)' circular !-icar~, 
which ma.rk the posit JOB of C})dllCfltL"5 i'taJketl strobjlj, may uCCIU' 

between the ](;af-!{cars in yertic.:aJ :::.e rier.;, tach td' which llIay 

include as many as 20 Scars, whilt_· in other cases it s ingle :-;crics 
of !'iuch cone-Scars may encircle thl! stem~. Th e zones arc 
usua11y of UnCVI;!Il breadth, as in S. Bl'a1'CZi, and their Occu rrence 
procinces SQIIIP ddclI'l1laliuD of r,he adjacent, ] l;'af-f.:cl1r ::i. 

By t,he cadier writerB t:Hgillm'i((' was compat'cd with ~uc

culcDt £uphorbias, Catti, and Palms ; Brongn iart~ at fint 
included nnd011bt,ed bigillari;'\I) Stl"U1S among FE:rn~, hil t after 
im"cstig:tting an agatised stt: ill froTH Autun, be referrcd Si,r;il 
lan'a to the C:Yl1lfloSpCl'ms 4 on the gt'Olllld that it had the 
power {If }ll'vducing gcconclary wood. It was thcn sUJ,posed 
that Lepidodendron possessed only primary xylem, and that 
the presence of a v:l:')cubr meri:-;tem in SifJillm'ia ncce~s itat('c1 

its separation from the Iycopouinc(.'()us genus Lepiduclendl'on 
:lnd its ill<.;]usit..1I1 ill the higher pla,nt!'i. By slow degl'cc~ it waf:; 
recognised, a~ in the paraJlel Cilse of the genu:; Gula/niles, that 
the presence Or absence of secondary va~L\uln.r tis:o;uc i~ a 
char<1d(~ r of ~m:1ll importa.nre. ,Villiamson, whose ana.tomical 
resea,rcJws played the most important part ill ridding the minds 
of palaeobotanists of the superstition thllt secondary growth in 

°t.hickJICSS is a monopoly of the l)hanerugams, spoke in 18~3 of 
the contiid as to the affinities oj' Lepidodendron, and SI:gillaria as 

yirtually oyer but leinring here and there " the ground-swell of a 

I cr. Prof. Yapp's account (08) or Feu vegetation, 
:,; Zeillel' (8S) A. PI. LUX"'. :/ Brongniart (2B) A. p. (j~ . 
..I Brongniart (39) A. ; (oW) A. p. 55. 
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stormy pa;:.;t 1
." I n 1872 the same author had written: " I f then 

I am correct in thus bringing the Lepidoclendra and Sjgillariae 
into such cluse affinity, there is an end of 1\1. Bronguiart.'s theory , 
t.hf1.t the latter werc g;pnnospcrmous exogens, because the cryptlo-. 
g;Hnje charact,('r of the fornJeJ' js disput,ed by nO one; we must 
rnther conclude as I ha .... e dUDe that tho entire seri es represents, 
Hlong wi th the Calamites, an eXl)genous g roup of Cryptogams in 
whicb t he '''Dody ZODe separated a medullary frotl} a cortical 
prll'tiOl12." 

III 1879 R.enault3 expressed the opinion that Bl"Dngl]i~l.rt by 
his in vestigation of the anatomy of S£giUaria elegans hud 
cstabli !>: hed in 11 Ulanner "presque il'rMutublt''' that S?/litl!l1'la 
must be classed as a Gymnosperm showing affinity wi t h the 
Cycads. 

In 1855 GoJdeobel'g~ descri.bed some strobili which he re
garded as t hose of Sigillaria alld recognised their close 
resemblance to n fcrtil~ plant of lsoetes. H e wtis Jed to the 
concl u!'; ion, which had litt le inHu ence on contemporary opinion, 
that Sig'iltan'u is rela.ted to Isoetes and must be classed among 
PtCl·idophytes. To these long and nn,rro\\· strobili Schimper 
ga,yc the Dame Sigl:ll(Lriost1"o{HlS~. In 1884 Zeillcl' ti supplied con
firmation of Goldenberg's vlew by the discovery of cones borne 
on pedicels with Sigillal'iR.n leaf-scars, thus d~monstrating tbe 
generic lucntit,y of' conef' and vegetative shoots, which Golden
berg hal] conl18cted Oll the evidence of association. Zeiller's 
more recent work' and the sti ll later researches of Kidston ll 

have added considerably to Ollr knowledge of the morphology 
of 8 igillarian cones, Grand'Eury's remark made so r ecently as 
1800 u t hat opini () n in rega.rd to th e Gymnospermolls nature of 

SigillaTia .. is losing ground every day, b ears striking testimony 
to the pertinacity with which old beliefs linger even in the face 
of overwhelming proof of t,heir falsity. 

I t is remarkable, in ,iew of t he abundance of vegetative 
sh{jots~ how rarely undoubted Sigillal'ian strobili have been 

1 William son (S3) . 
:1 Renault (7!»). 
r, Schimper (iO) A. p. 105. 
; ZeilJer (88) A. ~ Kidston (!J 7). 

2 Williamson (72) p, 2::!8. 
.~ Goldenberg (5;j) p. 24. 
6 Zeiller (84). 

II Grlllld'Eury (90) A. "Vol. 21. 
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found; t.his may, howcycr, be in par ~ due to a confusion with 
Lepidostrobi which so far as we know do not diBel' in important. 
respects fI'om Sigilla.riostrobi I. 

There can be no doubt that S?jiliw'ia, usually produced its 
cones 011 slender pl.'ciicels which bon.:' a few lca,ycs or bracts in 
irregula.r verticils,ol' ill short \'ertical st'ries on comparatively 
stout. stems, Ill] arnmgement reminding us of the Occurrence of 
flowel's on old !:items of Theobl'ouw and other recent nicotylcdon::;. 
As Renault~ pointed out t.he fertile shoots are axillary in Ol'igUI. 

Dr Kidston 3 is of opinion that cOrtain spcci('s of Si[Jillm·ia. 
bore cones sessile on large YegeL[l.ti ',c shoots chamcLerised by 
two opposite rows of cup-like d('vressiom; like t.h(l~t: in the 
Ulodenul'on forlll of Lepidoclelld1'on Yeltheim.inn(L11/ (fig. 157). 
H e hus de:.-cribcd t,he PlodendTon condititll1 of two SPPCil'S, 

Sigillu1'iu discophom (Konig) and S. Tuylori (Can.); the cup
like depressions Illil.y have a diameter of se"enl1 centimetres 
and a rt' distinguished from those of Both1'odenc[J'un by the 
almost ceutral positiun of the umbilicus. Th~ specirnells 
which he figures :UI S. disGophora, arC identified by him with 
the stem figured by Konig as L epidodend1'on disc:ophol'lt1n and 
by Lindley ::loci Hutton J as Ulode11dTon mi11 us. \Yc have 
already dealt with the naturE' of U lodeodron shoots) expressi ng 
the opiniQu that in spite of the often quoted specimen described 
by D'Arc} ThompsoTl n) in which a supposed cone oeeul'S in one of 
the cups, there is no satisfactory case of any undoll bted CODC 

having 1?een found attached to the large Ulodendron scars. I t 
is more pl'Obn.ble that the Ulodendl'on depressions J'cpresL'nt 
the SCo1TS of branches, either elongated axes, or possibly in 
some cases deciduous tuberous shoots which sen'eJ a~ organs 
of vegetative reproduction. A 'pccimen figured by Kidston 
as Sigillaria Taylo,·i from the Calciferous sandstone of Scotland" 
bears a row of slightly projecting "appendicular organs" 

• attn.ched to a Ulodendron a.xis; but these furnish no proof of 
their strobiloid natw·e. The main question is, are these Ulo
dendron shoots correctly identified by Kidston as Sigillarian? 

1 Kidston ('.)7). 
~ Kidston (85). 
~ Thompson (60). 

S. n. 

:! Ronuult (96) A. 
~ Lindley and Hutton (31) A. PI. \'1. 

~ Kids~oll (85) PI. \'1. fig. 10. 

14 
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The surface of the specimens shows crowded rhomboidal scars 
sunoulldcd in some cases by a very narrow border 01' 

cushion; the general appeal'flnCe is, as Kidston maintaims, like 
t hat of S1f;illal'ic£ Brct'l"di in which the leaf-sCil.rs ate contiguous· 
(e.g. fig. 203, uppe,' part). None of tbe leaf-scars exbibiL 
the three characterjstic features, the leaf-trace and parjchnos 
!;;;Ca l~, bUG only one ;;;n1all scar appears on each J<:!af-base area. 
In a morc h:,cent pape-l' Kidston figu rc:<l a small piece of a 
stem froll1 JGlmarnock, which he ident ifies as SigillcH'iu dis
GOp/' ora , showing the thre(" charackristic scars on the leaf
ba~e ar(:[I.. There is no doubt a.,<: to the Sigi llarian nat ure of' t his 
sp\"'ciml'n, bu tit is not clea.r j f t l1t' pie('c figured is pn.rt (Jf a 
FI"dend"on shoot '. 

_Prof. Zemel' :.' l'cLai ns the oldcl' llHfiJe r:lodenc[1'onminus Lind. 
'1.Ild B ntt. in place of Konig's speclfic designation and dissents 
from, Kiclston's ident ification of Ulodend'l'on minus rtnd U. nw.Jus 
of Lind ley and H ntton as one species; he is also inclined to 
refer t he!:ie Uiodelldron axes to Lepidoclend1·Q?1. In spite of the 
su p£:rDejal resem blance to S2giilU/J'ia. of t,he specimens described 
by Kidston, and which I hi.t\·e had all opportu nity () f examining, 
I venture to regard their reference to that genlls as by no 
means definitely estahlished. We must recogrUse the difficulty 
in certain cases of dra,wing any satisfactory distinction between 
Sigillan'a and Lepidodendron based on external features, and 
wbjle gjying due weight to the conclusions of so experienced a 
paJaeobotanist as my friend Dr Kidston , I \'ent ure to think We' 

are not in a. posi t ion to state with confidence that S'lgillar,'a 
possesHed Ulodcndron shoots. 

ii. L eaves. 

The lea"es of Sigilla,ia agree closely with those of Lepi-' 
dodendrolt; they are either aeicuhu' (fig. 200, D ) like Pine 
necelles or broader and flatter like the leaves of Podo· 
oarpus. Their attachmelJt to conn:mratively thjck branches 3 

I Kidston (892) p. 61 ; Pl. n. fis. 1. 
:: Zeiller (88) A. p. 483, Pls, LUlll. LXXI\' . 3 Zeillel' (06) Pl. XLiI. 
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shows that they persisted, in some cases at least, for se\'crai 
years as in .il1'(J,llCa1"ia. imbl'·icata. The lower surface of the 
lamina was characteri~ed by a prominent· keel (fi g. 142, A 

• and C) which dies out towards t Ill: apex: on either sid!:' of it 
are well-defined stomatal groO\'es (figs. 1+2, g, g: 143, A : 200, 
D , g). The upper face may be characterised by another groo'-e 
(£g. 142, B) but without stollmta.. Th l;' occurrence of till' 
stomatal gro(lY~s, the abundance of transfnsion tracheae 
(fig. 142, t) su rrounding the "llscular bundle, and the.: Pl'tC'
sence of strf:ngthcnlng hypodermal tissue suggest that the 
leaves of Sigillaria werc of it morc or less pronounced xerophi
lOll S type and had a fairly ~trong and leathery bmina. The 
mesophyll tissue consists either of short parenchymatous cells 
or of radialiy elongated palisade-like elcments and bas the loose 
or lacunar arrangement characteristic of t he aerating system 
in recent. lean':s; the slight development or absence of palisade
tissue may indicate exposure to diffuse light of no great intensity. 

In most species tlH~re is a single vein, but in others th t:' xylelll 
Jorms a double strand (fig. l.J,2, B). Sections of t he lamina near 
the apical region 'Present a morc circular forlll, owing t(! the 
gradual obliteration of the uppe r groove and lower keel and t.o 
the dying out of the stomataJ gruoves. 

The transverse section of the leaf diagrall1l11atically repre
sented in fig. 142, A, A', shows the two stomatal grooves, g. 
and a prominent keel ; the single YelO consists of a small group 
of primary tracheae, a.', some delicate parenchyma, and a brown 
patch of imperfectly preserved tissues, (t, rcsembling the secre
tory zone tissue of a Lepidodendron. The whole is surrounded 
by a sheath of rather wide and short thinnet··walled spiral or 
reticulate tracheids, which may be spoken of as transfusion 
tracheae, t, and compared with similar elements in t he leltves 
of many recent Conifers. To this tissue Rcnault applies the 

• epitbet"water-beariug" and it is very likely that this ma.y h:1\'e 
been its function. The shaded portions of the lamina, in 
fig. 142, A, represent the distribution of thicker-walled hypo
d ermal tissue. The section of a leaf 3 mm. wide shown in 
fig. 142, 0, shows an atmost identical structure; the transfusion 
tracheae are richly developed especially on the sides and lower 
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surf:tce of the. vascular strand. This leaf occurs in association 
wit.b a }I(·trified sLem (.1' ENrrillm'ia scutellata l , 

'HcnauIL~ has shown that the leaf-traces of' S1'gillcwia 
~pimllos(1 (=8. Branh) are accompalli~d 111 the outer cortical " 

A 

~ 
B 

o 
, , , , 

F 

G 

y - .... 'I 
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1'10.200. A. Sigillaria Brarlli (::=:S. clrgans Brongn. (39)]. Trallsverae 
~ection of stem. 

U. Si!lilluria Rrardi[ =8. Iipinulo/ifL, Renault. and Grand'Eury (75)1: 
ca, outer cQrtex; :C, .1;2, xylem. (After Renault and Gmlhl'Eury .) 

C. S. BruTdl, primary xylem elemen t. (A !lnd C after Brongnintt.) 
D. Leaf of Sigillaria Drul"lli: .'}. 9. stomatal grooves; cPr piece of 

epidermis of stem. (Afc.er ]\emmlt.) 
E. Sif/illaria BrllTlli. 'fatl~eD tial S'ection of leaf-bases: p, parich

nos. (After Ile:nauH-.) 
F, G, H. Sigillaria leaf-scars and cushions. (After Weiss.) 

region of the stem by a fairly large amouDt of secondary xylem; 
in sections of the free lamina which he figures the secondary 
elements aTe much less obvious and represented by n few 
trachea. only. Similarly, in the leaf-base of S. Bmrdi 

I Kidston (072). ~ Hena.ult (96) A. PI. UlVll. fig. 3. 
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(fig. 200, E) the xylem consists of both primary and secondary 
elements (a;, .~'), but in tbe lamina the h,tter is poorly if at all 
represented. In the lamina of the leaves of S. BrG,1·d·i the 

. primary xylem forms a nan'ow slightly curved band with two 
lateral groups of DaJTowcr, presumably protoxyl cm elements: 
this is surrounded by delicate parenchym<1 styl"d by Rem,ult, on 
yery slend~r evidence, phloem (" liber "). Some dark cells below 
the xylem are described as sclerous tissue, and surr-ounding the 
bundle is :1 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 n.re transfusion 
tracheae. 

There has probably been some confusion in the minds of 
authors between sclerous tissue a.nd dark secretory tissue in 
Sigillarian leaves; the crescentic band, a, shown in fig. 142, B, 
which corresponds in position with the sclerous tissue of 
Renault in S. BJ'aTdi leases, appears to be of the nature of' 
secretory tissue. 

The diagram shown in fig. 142, B, illustrates a type of leaf 
vcry like those already described, except that there are two 
xylem str;:tuds, $. The difference between the double strand nnd 
tbe single bundle seen in figs. 142, A, C mld 200 E, is com
paratively small, but it is a real distinction. This type of IcaJ 
(fig. 142, B) was originally described by Renault' under the 
generic title Sigillal"iopsis. The genus was founded on a French 
petrified specimen consisting of part of a ribbed stem possessing 
a stole of the Sigillarian type and characterised by sepamte 
primary xylem strands, like tho,o of S. Bn,,.di described by 
Brongniart in 1839. Rennult considered the presence of two 
xylem strands in the leaf a sufticient reason for the institution 
of a new genus and named the specimen Sigilla1'iopsis Decaisnei. 

• Prof. Bertrand of Lille kindly photographed tor me Renault's 
type-specimen and sent several prints with explanatory Dotes. 
The transverse section of the leaves shows very clea.rly the two 
xylem strands ; each stTa-nd consists of a triangular group of 
primary tracheae with the pl'otoxylem apex pointing towards 
the lower surface of the lamina. Below each primary strand 

I Reno.ult (7~) PIs. xu. lilt. p. 270; (96) A. p. 245. 
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of' centripetal xy lem is all arc composed of a few small tracheae 
which Rena.lIl t and Bertrand describe as seCOndf_\TY xylem; it 
is, how eyer. not clear frOIT] the photom icrographs that these 
arc of s(:condary odgin, their position and appearance reminding · 
one of the primary cen tl-i fugal xylem of a cyca.dean foliar 
bundle. Below this cen trifugal xylem is another arc of im
perfl·ctly preserved elements clescrjbed by Henault as a 
protect i\7c sheath and by Bcrtr:md as g landular tissue; the 
latLer tm,'m is probably the more correct as the tissne may well 
correspond to the Sl,cretory-zon c tissue of Lepidodendron stems. 
Fairly large groups of transfusion tracheids occur on the flanks 
01' the xylem. Prof. Bertrand POil)ts out tha.t one of his sections, 
cut uearer the i:lpCX of a leaf than that figured by Renault with 
a single xylem strand, contains a double strand and thus shows 
the lattt:r's description to be an incorrect interpretation of the 
imperiectly pre~ened tissues. 

The Sigill",.iopcis type of le,,1' was recognised by Scott' 
in English rn"terial on which he founded the species Sigil
lll'!'iopsis su/cata. 10 a section which be has recently figured~ a 
lacuna below the two xylem stmnds is described as" representing 
secretory tissue"; a band of transfusion tracheae almost enci rcle~ 

the pm)" of bundles. 
In a note published in 1907, Kidston ' demon,tratcd the 

a.':;sociation of Sigilla.riopsis leave!) with fl.n undoubted Sigil
larian stem of the Rhytidolepis type and expressed his 
conviction that Renault's geuu~ is identical with Sig£llcu·ia. 
'l'he correctness of Kidstou's conclusion h:)'5 been proyed by 
A.rber nnd Thomas' who found that the leaf~tmce8 of Sigilll,,·ia 
scuteUata bifurcate during their course through the outer region 
of the cortex and enter the leaf as two distinct strands of 
primary xylem. In the section from Dr Kidston's collection 
shown in fig. 142, B, the lamina, 4 moo. \vide, consists mainly of 
thin-walled assimilating tis.,"e composed of radially elongated 
cells ablltting a t the periphelJ on hypod ermal mechanical tissue, 
except at the edges of the stomatal grooves which are bounded 
by the small-celled epidermis. A brMd sheath of thicker-walled 

1 Scott, D. B. (04 2). 

3 Kidston (07!). 
, Scott (OS) p. 280, fig. 95. 
4 Arber and Thomas (08). 
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elements, S, surrounds numerOUR scattered transfusion trftCbcn.e, f, 
and below the two xylem strandsJ a:, ,vhich are embedded in 
delicate parenchyma there is a crescentic band of da.rk t issue a, 

. resembling the smaller strand, a, iu fig. 142 , A', and the sec~'e-
t01y zone tissue of a l .. epidodendron stem. 

iii. Fe,tile shoots of Sigillaria. 

Reference has already been made to the manner of Ol:CUI'

renee of stl'obilj on Sigillarian stems; it remains to describe the 
structul'e of tbesl..! reproductive shoots. S'ig/Ua"r'£ostl'obus, the 
Dame given to Slgillarian strobili. may be defined in general 
terms as follo\\'s : 

Cylindrical cones, rarely dichotomously branched 1 u.'"i in 
specles of LycopodilL'lrt. and Seloginella, which may rench a 
length of 30 cm. (e.g. Sigillario.t,·ohus nobilis Zeill. ') and a 
diameter 2-5 em.; peduncle long and slender, sometimes 
bearing acicular bracts or, after leafcfall, characterised by lealC 

cushions and lcaf·scars like those on vegetative :-;boots 
(fig. 201, E). The stalked cones are borne in irregular verticils 
and ilJ some species in '\ertical series, the iertilc zones being 
separated by comparatively long sterile portions of the stem 
(fig. 199). rrhe cones were deciduous and, in certain cases if 
not in all, the individual sporophylls became detached from 
the cone-axis on maturity. The slender axis bore spiral or 
"erticillate imbricate spurophylls attached ILt right angles or 
more or less obliquely. The basal rhomboida.l portion bore 
spores on its upper suditce (fig. 201, Fl, preSlllnably enclosed 
in • some,vh.t radially elongated sporangium (Eg. B) and was 
prolonged distally into a narrow lanceolate free pIJrtion, in some 
species with a ciliate border (fig. D). The sporangia probably 
produced megllspores and microsporE.'s, but such spores as have 
been recognised appear to belong to the former category. The 

f designation Trilete. is applied to isolated spores of Sigillaria or 
to those of Lepidodend,·on. 

Sigillao'iostTobns Tieghemi ZeiHer' (figs. 201, E, F). I n this 

1 Goldenbetg (55); Kidston (!J7). 
1 Zeiller (84); (88) A. 1)1. LX-lUIX. 

2 Zeill~r (88) A. PI. xc. 1, p. 598. 
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species, fl'om the Coal-field of Valenciennes, the poclicel bore 
acicular leaves or bracts attached to the upper portion of leaf
cushions IlITl1nged in vertical series (fig. E). The cones reached 
a lenglh of 16 em. and a bl'eadlh of 2'5-5 em.; t he spol'ophylls 
arc borne in alternating vel'ticils wi th 8-JO in each whorl. 
Sevenl!. tnegasporc:s (2 mm. in diall1ei,er) appear to have been 
vroduced in tetrads in each sporangium. 

.I 
E 

C D 

F 

A 

FIG. 201. Si!Jillarios t1'oblU . 
A, C. S igillllTio6trobll8 rhombibracteatll$ Kidst. (After Kidston.) 
A. Partion of strobil us. 
C. Megl.l.Hpore. 
B, D. Si'gillariostro!Jus cilia,lUlI Kidst. (After Kidston.J 
E, F. Sigillariostrolmil 'l'ie!Jltemi ZeilL (After Zeitler.) 

Sigillar;ostrob1<s ,-/wmbibmcteatus Kidston'. Fig. 20], A, C. 

Kidston described tbis species from tbe Middle Coal
Measures of England: it is similiul' in habit and in the f01'm of 
the sporophylls to S. Tiegltem·i, but rather smaller, and the more 
definitely rhomboidal sporophylls have a ciliate margin. '1'he 

1 Kidston (07) PlB. 1. 11. p. 50. 
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conE' was probably het,erosporolls, but megaspores alone hav~ so 
far been discovered. The sporophyll~ bear a close resemblance 
~o those of Lycopodiwm cernUW1H (fig. ] 26, C). In some of the 
illustrations of this t;'pe given by Krdston the naked cone-flxis 
with its num erous sporolJhyll-scal's is clearly shown, reminding 
one of the naked .xes of tbe cones of the Sih·o,· FiT (Abies 
p ectinata) or Cedar after the fall of tbe scalcs. 

Our knowledge of Sigillarian cones is too incomplete to 
admit of a detai led comparison \\·ith the strobili of L epidodendron 
or with those of recent, Pteridophytes. Thel't· can, however, be 
li ttle doubt t hat Goldenberg! was correct -in bis selection of 
Isoetes as the most nearly allied recent plant so tar as the fertile 
leayes are concerned. It would seem tha.t the sporangia were 
cornparati\'ely delicate structures which have left no clearly 
defined remains of t heir walls in the carbonised specimens; 
Kidston, indeed, speaks of the hollow bases or the spol'ophylls as 
holding the spores, but this is hardly likely to have been the 
case. Onr knowledge of the anatomy of Sigilhwiostrobus is 
practically nil. but in one svecimen of a 8£flillaria etegalls 
stem Kidston~ describes the structure of the tissues as seen in 
a tran!'lverse section of a scar of a fertile shoot; from this we 
learn that the st,ele was composed exclusively of pr.imary 
tracheids forming a solid strand without a pith. I t is probable 
that the cones of SigiUa1'1'cI, were heterosporous, but in no 
instance have undoubted microspores been discovered; the 
megaspores in each megasporangium werc fairIy numerous as in 
l soetes (fig. 133, E). I n one species, S'iJilla,.iostmblis ""!im· 
(Gennal') , from Permian rocks of Fra.nce and GerDlany, Zeiller3 

states that the whole of a single cone bore megaspores (0'8-1 
rom, in diameter) only; this is, however, not opposed to the idea 
of heterospory, as we find instances in Selayinella of' strobili 

. bearing one kind of spo!'e only (cf. p. [56). 
In a few instances, it has been possible to correlate cones 

wit h certain species of Sig~Ua1·'I.·(£ , hut in most cases t,he strobili 
occur as isolated fossils. 

I Goldenberg (55). 
~ Kidston (05) PI. lll. figs. 23, 25, 26, 27. 3 ZeHler (06) p. 160. 
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_h-. Tlte structure oj St"gtUmian stems. 

'rho first a.CCOllut of the anatomy of S1:gillar-ia, we owe to 
Brougniart' who published a de:;:;criptioD of the ill tenJai struct,m'e 
of an agatised stem, about 4 em. in diameter , from Aut,un, which 
he rci'erred t.o Sigillu'ria elegans. It has, however, been shown 
by Z(·j JJ er:?: [lJ)d by R enl'llllt that this petri£ ea fragment belongs 
to BrQugniart's specie::; S. lUena1'di, which is probably a young 
form of 8. Brw'<li. Brongniart's ."'pecimen, now presen ed in 
the Pa ris Natura) History Muse um, is a very beautiful example 
of a. silici fi ed plant: aD part of the surfact: al't! preserved the 
hexagonal coJutig uous leaf-scars, like those shown in fig. 193, A, 
and on the polished transverse section is seen a 1"t.d<Ltivelj- la.rge 
stele cOllsisting of a ring of secondary xylem surrounding 
a series of crcscE::l1tic groups of primary ::\-ylelll (fig. 200, A) 
enclosing a wide pith. occupied by concentric layers of silica. A 
p ortion of the outer cortex :i s pl'eser'led, and this is separated 
ii'om the stele by " broad space fill ed with siliceous rock. The 
main features of this t.ype may be dCf:icribcd in a tew word!5_ 
'l'he primary xylem differs ii'OlD that of such Lepidodendron 
stems as have been described in being made up of groups of 
scal"riform and occasionally ,'eticulate (fig, 200, C) tracheae, 
having a. plano-con\'ex or more or less crescentic form as seen in 
trans\'crsc section. These primary strands. in coutact with one 
allother laterally, have their narrowest clements on the outer 
edge. The leaf- t racG:5 are given oif from the middle of t he 
abaxial face of each xylem strand (fig. 202, C, It); these pass 
obliquely outwards t hrough medullary rays and then, as in 
Lepidodelldroll, turn sharply upwards before bending outwards 
agalJJ on thei r way to the leaves. Each Jeaf-trace consists of a 
group of primary tracheaE: to which a few secondary t racheae are 
added during the passage through the secondary wood. The. 
secondary xylem forms a. continuous cylinder of trachel'l e "cjth 
.calarilorm bands on both radial and tangential walls; the 
medullary rays are numerous and consist of long and narrow 

1 Brongnio.rt (39); Renanlt (96) A. 
~ Zeiller (8S) A. p. 586; Kidston (05) p. 534. 
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series, usually OD e cell broad, of parenchymatous cells with 
occasional short rays one or lllore cells in depth. 

The slightly greater breadth of the rays between each 
primary xylem strand tend:;;, to divide the !Secondal',Y wood 
into bundJ e.~ corrcsponduJg 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 
tissue of the leaf-cushions. 

'The next contribution to Olll' knowledge of the ana.tomy of 
S1:gilla,ria was made by R~Dault and Grand'Ellr)'1 who described 
the structure of Si9ill(l.7~ia sphmlusa Gcrm<.u,2, a ~pecies now 
recognised as the Leiodermarian condition of S. Bntrcli, and 
probably, therefore, not specially distinct fl'om the specimen 
de"cribed hy Brongniart in 1839 as S. elegulls. In Brongniart's 
fossil tho leaf-cushions are in contact (Clathrat"i<lTI form of S. 
Brm'di: fig, 203, upper part) whereas in the specimen now 
under consideration the leaf-sCilrs are further apart (Leioder
mari"" form of S. Brc".di, fig. 203, lower part, n.nd fig. )96, G). 
lt may be, as Scott suggests, that these two specimens are not 
specifically identical but closely allied, all opinion based on 
certain ana,tomical differenccs3 ; we nmy, however, include both 
tmdel' the comprehensi vo name S, Br·ardi. 

The primary xylem (fig. 200, B, x)J is in sOlile regions 
separated into distinct strands, in others it forms a continuous 
band equal in length to severn.! of the separa.te groups. ~lhis 

type of stele, i_n which the primary xylem consists in p;u·t of 
separate strilnds and in peut of a continuous cylinder, forms a 
transition between that represented in fig. 200, A, and the steles 
of SigiUm';{1. elegcms (fig. 202, A) HDd most species of Lepido
dend7·on. The tendency of the primary xylem straml" to become 

, united lateraily, forming broader bands, was first described by 
Solms-Laubach 4 in a French specimen of Sigilla1"ict spinulosa in 
the Williamson collection. The leaf-traces arise from the middle 
of the concave outer face of the primary xylem groups. The inner 

- cortex is composed of small parenchymatous cells as in Lepido-

1 Rena.ult and Grand'Eury (75) j Renault (96) A. 1 Germar (44) A. 
:I Scott (08) p. 219. ~ Solms.L(l.ubach (91) A. p. 253, 
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dend1'on, and iL is noteworthy that tl'llces of partially 
di~organised tissue, descl'ibe:d as large canals, in the region 
t.:.xtJ(:J'I1al to the secondury wood. ben t: u. rescmbla.nce l to t.be 
ijccretnl'Y t issue of Lepid~dencll'o;L .. 

Other interesting fea.tures arc presented by the structnre of 
the outer ca rLeX and the parichnos. The oute)' cOl'tex in tbe 
leaf-scar region is composed of parenchyma, but fo), the most 
part it consists of radially olongated groups of thin-walled 

B 

Fw. 202. A. Sigill(1ric:, l'kgall$ Brongn. (Section in Dr Kidston's Collection 
cut from the "pecimeo shown in fig. 193, D.) 

B, C. Si!JiUaria eicmgata Bl'ongn. It , leaf-tra.ce. (From specimens 
in the collection of Prof. Bertrand.) 

parenchyma enclosed in a framework of thicker-walled and 
elongated elements (fig. 200, E, e'). This type of cortex, to, 
which Erongniart applied the name Dictyo:x;yloll , would produce 
a cast in t.he case of a partially decorticated stem characterised 
by a surface formed of irregularly oval and raised areas bounded 
by nanow grooves ; the greater prominence of the form er being 
due to the mOre rapid deeay of the softer t issue, which 'wou ld 

1 Renault and Grand'Eury (75) Pl. 1. fig . 5. 
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produce depressiolls on the exposed face of the dead stem. 
Casts of this tlype flJ"e n ot uncomm on ]1] Carboniferous J'o'('ks, 
and while some may belong to the Ptt·ridospenn Lygi'lod~ll d1'(/n l 
otbers may be those of SigiHarinn Stp1l1!o'. 

The large parichnos-stl'ands, }lroc1ucu.d as in Lepiducienclroll, 
by the forking of a single !'-ltnlIld a.risillg in the middle cortical 
region, COJl!:list in part of Lis~ue containing s~cretor.r cnnals, a 
structure like tha,t recently dC:-icribed by Mi~s Coward l in the 
large parichnos stn1.nels of Syn'/iflodend1'UII :<items. 

An ex<!mpl(' of ;1 decorticated ~pccilllcn is d('.;;;cl'ibf'ci by 
Renalllt~ as Sigillaria :ryl'i IiCt. Tills stem is presu tmtbly l'efen~d 

to Sigilluria, because th e primary xylem cO ll~ists of separC).tc 
strands. I t is chm'ncte_l'jsf'(J by tJ)t: Ul)lISU;llly J.rngc dto:l'eJop
mellt of seconcla.ry wood and by the relatively small sizt! of the 
pith. 1'I1e xylem cylinder has a diameter of 4-;) cm. and the 
pith is only 4-5 mm. in breadth. 

Another example of a petrified Sigillaria stem has bee n 
described by Kidstoll"' fiS S. elegan. Bl'ongn.' (fig. 193, D), " 
species characLerised by vertical 1'0'\\'8 of sub-hexagonal and 
contiguous lE'af-scars and by the pre!5cnce of' verticils of cout'
scars. Fig. 193, D, l'eIJresen~s Kidston's sp('''Cim<:ll in sUl'fi,I,(':c

view ; one I'OW of leaf· scars is shown, but most of the superficial 
tissues have been destroyed. The crushed stele, 13 mm. in iL:; 

longest diameter, has a continuous cylinder of prjmary xylem, 
(fig. 202, A, x) characterised by a regularly crenula,te outer 
margin with the smallost elements at the edge; the prominent 
ridges sepal';,ting the sinuses are rounded, The It.:af-tl'aces arise 
frOID the bottom of each sinUSj the leaf-bundles are mcsarch, nnd 
consist exclusivel'y of primary elements. 'rhe secondal'.Y xyleru, 
X2, like that of the primary xylem, has a crenulate outer edge. 
The most interesting feature of the QutCl' cortex is afforded by 
a tangential section which, in addition to the leaf-scars, CtI ts 

I through a cone-SCal' showing a solid prirnary stele sUl:rounded 
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. sc'Utellata has been 

1 Coward (07). 
3 Kidston {(5). 

~ Renault (90) A. p. 237, Pl. "XXVIll. figs. 1-4. 
~ Brongniart (28) A. Pls. CXLVI. CLV. CLvm. 
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briefly described by Prof. Bertmnd', to whom my thanks are 
(lue for the two photographs reproduced in fig. 202, B. C. His 
specimen, from the Pas de Calais Coal-Held, shows a ribbed 
Rhytidolepis form of surface (fig. 202, B). The stele (fig. 202, 0) 
agrees closely with that of S. elegalls as described by Kidston, 
but the ridges on the fluted surface of the primary xylem are 
morl! ]Jointed. " In the 11l1media.te neighbourhood of the o,·jgin 
of a leaf-trace, the spiral elements form a rnedian band in t be 
middle of a sinus" and from this the le:lf-Lraces are given off. 
No fleconclary xylem was found in the leaf-traces at any part of 
thejr coursE'. 

Bertrand compares the stele of S. elo11ga.tu with that of the 
type of Lepidorlend1'oll represented by the Bumt island species 
named by Williamsoll L. brevifolium (fig. 180) and now usually 
referred to L. Veltlwi:m.ian1l111; the chief distinguishing features 
are thl: gl'eater prominence in the French species of the surface
ridgDs Or teeth of the primary xylem, a. feature which occurs in 
L. 11' it l'I._schianU1'11., and the detachment of the leaf- traces from 
th" bottom of each .ious (fig. 202, C, It) instead of from tbe 
side.!; of the sinus. I t is, however, not clear how far this latter 
ciistinction is It real one; in L epiclodend?'on n'ii/lschianu?n the 
leaf-traces appea.r to arise, as in 8igillm·iu., from the middle of 
each sinus. 

Other t),l)(!S of ribbed Sif,rillaria SLelllS have been briefly 
de.cribcd by Scott', Kidston", and lIlore recent ly, by Arber 
and Thomas ~. 

1'he specimen described by Scott agrees in the main with 
8 . elegans o f Kidston and with 8. elongata of Bertrand. 

Tudston's sections of S . scutellala, show a continuous primary 
xylem {Tljnder '!.yj t h a slightly and jrregularly crcnuJate Dut,er 

margin. I t would seem that one important diagnostic character 
in Sigilhrian stems is af!"rderl by the degree and form of t,he . 
crenula.tious on th e outer surface of the primary xylem. S. SCll

tellat(l has been described also by Arber and 'thomas j these 
authors were the first to demonstrate the presence of a lignle 
and Iigular pit on the leaf-base in a petrified stem, and they 

1 Bertrnud (99). 
:l Kidston (07:.!). 

:! Scott (OB) p. 227, fig. 93. 
" Arher and Thomas (07) . 
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a lso contribute the important fact that the leaf-traces in passin~ 
through the phelloderm bifurcate 'and ent.er the leaf' as two 
distinct vascular strands. rrhis double bundle bas been refc1'I'cd 
to in the description of Sigillaria leayes_ (Page 214.) 

Although our l.-nowledge of the :lna.tomy ()f S1:gilla1~i(( 

has been considerably extended since Vi-ilrinillson L drew atten
tion to our comparative ignol'nnce of the su~je('t. there al'e 
several points on whlch infllrmfLtlon i~ either lacking or ven' 
meagre. As regards the stele, it is in all types SI) [;"\1' i~
vcstigatcd, of the medullated type and constructed on the 
s..'Lrne plan as that of Lepiclodelld'l'on Trunsciticwum, L. Yell. 
heim,ianmn, and other species. Secondary xylem was developed 
at an early st.age of growth, and its relation to the prima.ry 
xylem, from which as Kidston points out in his description of 
S. elegans, it may be separated by a. few parenchymntons cle
ments, is like that ill LepidOdendron. The tendency of the 
outer face of the secondary xylem to present a. crenulate 
appearance in transrerse sections mar, as Se,:vt t thiuks~, be a 
feature of some diagnostic importance, but this is not n. con:;:;tant 
character in the genus. In origin and in theirmesal'ch structure, 
the leaf-traces closely resemble t hose of LelYidodend"on_ The 
earlier account of tho st,rllcture of the Jeaf-traces of Sigilla.1·ia, 
'which were de:'l-cribed a...'l 1Jossessing both centrifugal and centl'i
petal wood, led :Mcttenius:( to dr,\w :lttentlon to till important 
nllat(Hnicall'esemblancc between t,his genus ,lnd modern Cycads. 
1~his comparison was, howe"er, ba.sed on a. misconception ; the 
Cycadean leaf- trace, consisting solely of primary wood, is n ot 
strictly comparable with those of some species of Sigillaria" in 
which one part of the xylem is primary and another secondary. 
The occasional presence of secondary xylem in Sigillarian leaf
traces is mate.hed in some Lepidoclelld7'u\ and cannot be 
accepted as a. distinguishing featuro. 

• The origin of Lhe leaf-traces from the middle of Lhe sinuses 
on the edge of the primary xylem is Tegardt:d as a difference j in 
Lepiclodendron the leaf-traces are said to arise in some species 
from the sides of the crenulations; but, as already pointed out, 

I Williamson (72). 
:1 Mctteniua (60). 

~ Scott (OS) p. 227. 
~ e.g. L. W1lnscliianlll1l (fig. 181, B, it). 
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this is a distinction of doubtful ,·aluc. The division of t be 
primary xyleTll into separate strands in some stems of 8igaZaria 
of the ClaLhral'ian and Lcioci€l'marian forms is a cbanwtetistic 
Vet:ulia.rity; but S. spinlllosa. forms a connecting link betweell 
this typE' and thl' continuous ana.ugement of the xylem in S. elon
potu, and S. elegans. Ric1stOD 1 has shown that the discontinuous 
primary xyJeltl occurs in Lower Permian species, a fact; con
sistent with the ,'lew that the grea.ter abundance of the 
UClltl'i]lL'tially de"eiopl'cl wood, charar1,el'i~tic of the older slJecit:'s~ 
I'CIJI'Cscnts n more prilujj,i\,(:, featul'(!. This is not lnt:I'L'!Y a. 
conclusion drawn from a consideration of geological age, but it 
is 'in ha.l'I'nuny with th<: yiew exprc~s('d by Scott!.! that as plants 
ilchie\'~d greater S!.l(:ceSS in producil1g secondary centrifugal 
wDud, the retention of any considerable quantity of prilllary 
xylCiu became superfluous. As yet ·we know very little of 
the> structm'c of the lJerixylic iis~tlcs of S(qilht'ria, hilt there 
i!; no sufficient reason for supposing that thes(' lliffcl' in 
(.'ssentials from those in L epiclodelldTon. The middle and l luter 

cIJI"t,ical tissues are practically identical in the two gen~ra . The 
parichnos i~ of the saille t')l)e, except that in Sigillaria it 
reached greater dimensions in the outer part of its course. 

\'. Sig£llo.rict Brardi:1 Bronguial't. 
Fig~. 196, A-C ; 200; 203. 

] fl~~. Clafnrur/(( Bmrd,', Bl'ongninrt, Classif. yeg. foss. , PI. HI. fig. 5. 
182$. SigillariaJJrardi, BI'ongninrt, Hist. Veg, fo~.-;.l'. 430, Pl. CLnn. 

fig. -I. 
, ...... ]/ena1'Cli, illid. PI. CLTIlT. 

1S:3G. Lepidud('lld1'1)/1 OUu/(ti;, Goeppert, Fossil Farukl'. Pl. XLII. 

1839. S. elegans, Bl'cmgnill.rt, Arch. Mu.'i. Nat. Hist. Paris. \"01. I. 
p. 406, PI. XXV. 

1849. $'. IIpimd08a, Germm', Verstein. Wcttin und Lobejull, p. 59, 
Pl. XX". 

189:t S. 'i'IIltUtns, Weiss, .Abhnnd. Preuss. Geol. Anst. [:S-.F.] Heft 2, 
PI. YllI. 

1 Kidston (05) p. 547. :! Scott, D. H. (02). 
a For (lIller synonymy,:sce Kld~ton (86) A. p. 179; and Zeiller (OG) p. 160; 

Koehne (04) p. (\2. 
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The aerial shoots of this species are occasionally branched 
dichotoll1ouslyl , the apical portions bearing short crowded l ean!s~: 

the sur£1Ce of the bark is either completely covered with con
~jgllous leaf-scars without dc!iin.ite leaf-cushions orwi th projecting 
c11shions forming a Darrow sloping surface surrounding each 

Fw.203. Sit,;{/uria /Jrcmli Brongn. (: nat. size). From a puotograJlh of 11 

specimen in Dr Kidstou 's collection, from the Upper l'ransitiOIl 
Serieli of Staffordshire. Published by Kidstoll (02) Pl. LIX. fig. 1. 

leaf-scar. Other parts of the plant may possess cushions similar 
in their kite-shaped form to those of Lepidodend1'on, but withont 
~ median vertical groove, or the leaf-scars may be spil'ally disposed 
at varying distances apart on a comparatively smooth and longi
tudinally wrinkled bark. rl'he species exhibits striking instances 
of a transition between the Favularian, Clathral'iaD, and Lejoder
marian forms of stems. The leaf-scars) whicb are hexagonal in 

1 Hena.ult (96) A. 1)1. XXX\·.; Zeillcr (06) PI. XLll. 

s. U. 

!! Grand'Eury (90) A. 

1[, 
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outline,-tbe lettefal angles pointed and trans\'ersely elongated, 
the upper fl,nd lower angles l'()undcd ,- beill' three scars, the 
central len j:. t race aud two straight Or cur\'e.d lateral parichnos 
sea l's; (l. bg ula1' pit OCC UI'S immediately nbuve the centre of th0 
upper edge of the leaf~scar and occasionully circular ele\'a t ions 
with 0. central pit OCcu r singly OJ' In pairs beluw it leaf-seal' 
(fig. ] 91.;, A). Tht' linear leaves, which may persist nn shoots 
h;w illg a fi.tirly large diailletel'l , han· [l single median vein und 
tlrl! str'lllatrll [;l'(Juves on the l owol' surf11ce~ (fig. 200, D). 

Partially decurt icatec1 and youngeI' shoots are clluractel'ised 
by the occurrence of pairs of f:lIi ptical pal'i <: hnofs areas and a. 
~ llmJle ]' median loa f-trace SC;1.I'. The s lll'fact! of 010('1' stems, 
which Inay show signs of longitudinal splitting (::J!Jl'i1!gudeilch'on 
St<1Le.), bears pairs of lJCU'ichnos Scars reaching n. length of 
2-2'5 em. and fl breadth of 10-13 mm. Th~ regularity (If t he 
l\,:·n.f- !';cl'L1' arrangement is in tc l'l'upteu at iutenals by the O{.'CU l'~ 

r l' lIct: of more 0 1' l e~s regular ,erbicils of scarS mar'king the 
]IOsitlon of deciduous shoots. Uraud 'Eury 3 has figured cones 
which be believes to be those of this species, and Zeiller rcf€! J'!S 
the largt.' strobili , /'Hgitlariustrobus Major, to 8igillm'ia Bn/?·r!i· 4

• 

The ~u btel'ranean axes were characterised by spin111y dispuscd 
,."otlet-scars like those of Stigma>'ia ficoicles (figs, 204, 205 ) and 
by a cortical s llr[;lcc' wi th the features of Stijjlnm'ia n '1)l{Jsa GoJ d. ~ 

The anatomy of the st.ele and leaves has already been 
dt'scribed (p. 210). The stele of the Stlgmal'ian portion of the 
plan t, consists of a b<1Jld of ccnt.ripet,al primary xylem and a. 
cylinder of centrifugally formed secondary wood with mednlli1ry 
]'a.y~ conta.ining Yi1SCUhlr bundles passing out t o the rootlets I, . 

Sigillu'ria BTanli Occurs not uncommonly in Permian rocks ; 
jt js recordp.d from France i , Germ:·\Dyil, Peunsyh'ania 9

, and 
f' lsewhere. I t is fonnd in the Upper, Middle, and L ower 
Coal~Measures of England 10 and in Permo-Carboniferous strata 
in Africall and Brazill~, • 

1 Zeiller (06) PI. XLII. 

:; Gmnd 'Eiuy (OO) A. PI. XI. 

~ Renault (9ti) A. Pis. XXXVlI. XLl. 

~ ZeiJJer (OG) p. liO. 
n lwJUl.ult (!:IiiJ A. PI. XXXIX. 1\ Goldenberg (55) PI. XII. 

i' Zeiller (92) A.; (OG). II Potonie (9C) K. " F ontaine a.nd White (SO). 
JI) Rids~on (~41 p. 252. 11 Seward (972) A. 
12 White {O~\ p. 450, PI. '". fig. 12. 



CHAPTER XVII. 

l1XlJE[{(;1l0L"1'J) HHI ZO)IES A1'J) H,OOT~ OF I'AL.illOZOll: 

LYCOPODIACEOUS PLAXTS. 

Stigmaria. 

Stig1lul}'·ia ficoides is the name gi\'cll to cyl indrical ca~ts lilet 
wi th in Palaeozoic rocks, from the D evoniun l to the Penuiun:"', 
chal'nct8l'isE'd by a smooth 0 1' il'l'cgularly wrinkled surlilcc bearing 

Fro. 204. Bt'iU1l!(lrittjicoil/eil Brongn. M.S. (See Vol. 1. p. 73.) 

spirally disposed circular scars bounded by a raised rim and 
containing a small central pit. I t is not uncommon to find 
evidence of a partial collapse of the substance of the plaut as 

1 Potonil! (012). 2 Goeppert (6ol) A. 

15~2 
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fo1cen in fig. 204; this j~ doubtless t,he expression (If a shrinkage 
of th ... middle cortical region. which was composed of a delicate 
and lacunar system of ct-lls. There can be no reasonable doubt, 
th:1t StigIrHI.J'ill grE;>\" in wate]' OJ' in ~wampy grouud. Specimert:; 
iH'<_> (1('c;1si(lna lJ}' met \\'jth jn which the enst tenniDlf.tl2'f' in II 

blltnLiy rounded apex : such are, perhaps, ~-oung branchl's which 
!Jan· not, gr()Wll fill' [roOl t h(' base of the ner][l\ ste.m from which 
tlwy arose (cf. fig . 207 . B, C). Oth er eX ;\lllpll's occur, such a~

C:uf: ppert 1 tigun:d und Gn;~l l''y~ htt& more r('c'E'll t iy dtJl:lc rjht.'d, 

F iG. 20.;. 81i!} IIW ri(1 Jieoil/,'S. From a specimen in th~ lork ~Iuseuru, from 
Bishop Au(}kh~lld. a , bllse of rootlet. sLowing Yflsculllr bundle scar. 
M.S. 

which nrc twit:it.ed and distorted as though obstacles had been 
encountered in Lhe ground in which they grew. 

Th e circular scars murk the bases of long single and 
occasionally forked appendages (rootlet,) which spread on all 
sid"s into the ,urrounding medium (figs. 205, 208). Th" 
ocellrrence of rootlets radiating through the shale or sandstone 
affords proof thl1t the Stigmaria. are often preserved in their 
position of growth. This was recognised by Steinhauet· 3 and 
Logan', and has been morc recently emphasised by Potonie~ as 

I GoePPflrt, IDe. cit. 
~ Steinbauer (I S) A. 

2 Gresley (89) PI. n. 
~ Logan (42). ~ Potonie (933). 
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an argument in favour of t he view that the beds containing 
such sp€'c imem; are old surf.'lce~Roils. 

Stigmaria l1snall~' showti regular dichotomous branching, I he 
:u'ms spreading hori7.ontall'y or slightly downwards fl_nd always 
arising from fOllr main branches in the fOI'Ill of n cross (fig. 207). 
The most rem;trkable 5Vecilnens fonnd in England arc described 
by \\'illiamson l in hiR monograph of Stigmaria. One of tWI) 

large casts found neal' Bradford in Yorkshire, and now in t he 
!tlancheste l' MURcum, shows four large primary arms radiating 
from the bilse of an t' recL stum p .:J. feet in diameter. Each 
arm di\-idcs a short distance froUl its bas(.' int" t wo, unci the 
small er branches f:xtenu almost horizontally for scvcm! fcet2, 

An illustrat ion published by Martin in ] 8093 shows a 
characteristic feature of Stigmarian casts, namely the presence 
of .t smaller axis, usually occupying an c(.;ccnt l'ic position 
inside the la.l'ger, 'fhis represents t he cn..'St of th€" fairly broad 
parenchymatous pith which, on decay, left n space 5tl bsequently 
filled by sand 01' mud: at a later stage the surrounding wood 
amI cor tex 'wcrl,;' removed and the cavity so fl.lrmed was 
similarly fill ed. A thin layer of coal form ed hy the carhonisa
t ion of ~ome of t he tissues frequently surrounds t he medullary 
cast, and Steinhauer, whose accouut of the genus is mil ch 
fuller and mon' scien t ific than t hose of other earlier and 
many later \\Ti tel's , r ecognised the iirue nature of this internal 
cast. Artis ~ regarded it as t he rernains of a young l)lan t, which 
be described as" perforating its paren t," at IcngM1 but'5;ting it 
:lnd as~urning its place j <1. gratuitously drastic interpretation, 

In 1838 ' Lindl ey and Hutton fig ured a partially petrified 
specimen of St1'[!1'Iwrict obtained by Prestwicn from Carbo
nife rous rock of' Shropshire. This example showed a fairly 
broad cylinder of secondary wood penetrated by medullary 
ravs. Th e medullated stele consisted of a pith surrounded by 

• a. "' small amount of primary xylem and by a cylinder of 

1 Williamson (87) A. 
:! A "imiJa.r example, DOW iu the BeJ'gaknllemie of Berlin, hns been described 

by Potollie (nO) A.; see also fI. note on t1le GerIDfl.D specimen by Seward (!)1). 
~ Martin (09) A. 1'1. xu. ~ A.rtis (25) A. 
~ Lindley and Rutton (38) A, PI. CLXVI. 
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socondary scnlariform tracheae, The presen'ation of the tissues 
abutting 1m t he edge of the wood is usually \"ery imperfect, and 
the middle cortex of lacunar parenchyma has practically in eyery 
case eluded the action of min.eralising agents; the out,er cC)rte~, 
on the other hand, consists of more resistant elements and is 
fi'equ81lL]y well pres(Jl'ved, A.s in l epidodcnd'l'O?l and /fHgillm'ia 
~tlf'mf:i, mel'istclllatic actiyity pl'Odllced n. broad band of second:u'Y 
COrtex: and beyond this WeI·e attached to cusruon-like pads the 
JJumerolls ,tpj)~ndages, each supplied with <1 single vMeulal' 
bundle which arOse fJ'Om the primary xylem and passed out
wards thl'lmgh a medullary ray, Thel'e is abundant evidence 
tJlrl.t the appendages were hollow, a fact in striking accord with 
the aquatic and .emi-aquatic habitat (of. Jsoetes root, fig. 13:3, G). 

Fir;. 206, C!lperllll POpYTUii. Piece of rhizome ahowing l'ootlet-8Cll.rs. Nat. size. 
M.S. 

The piece of dried rhizome of Gype,.,,, papyn" shown in fig. , 
206 is an almost exact counterpart of Sb'gma-1'ia .ficQ?'des; the 
wrinkled and shrivelled surfilCC and the circular root-scars 
contai ning the rema.ins of a vascular bundle are striking 
features in COlULllon and, it may be added, the two plants, though 
very different in structure and in systematic positiou, illustrate 
anatomical adaptations to a similar environment. 
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Stigmcu'iCt .ficoide8 Brongniart 1, Figs. 204, 205, 207 , 208. 

1809. PI,ytoliOms 1'{')'rltcO/J'US, Martin. Petrifact. Dcl'h. Pls. XI~X"'. 
1818. Pliylolitllu8 ?'CJTUC()SU!(. Sh'\inlmllcr, 'i'rn.ns. Phil. Roc. AlnCll'icll, 

[!\.S.] Y o!. 1. p. 2G8, l'l. 1\". 

1820. rr.m'olan'(l lcolties, Stern Uel'g. Flol'rt. del' '-uTweit., p. 2:Z, 
Pl. XlI. 

1822. Stigmaria /ic(lid,'s, Brongniart, !-oIClll. )fus. d 'hist. nat. PiI.l'is, 
PI. XII. fig. 7, J1. 228. 

1825. Picoiditcs ferrl/COBI/S, Artj~, Antediluvian Phytoiogy. PI. x. 
1840. Stigmaria arwbatkra, Cordn, Flor. dol' -Vorwelt, PI. XIV, 

The first figure of Stigman'c1 is said to be by Petvcr in 1704: 
""\ olktnaun published illustration!) of this common foss.il in ] 720 
and Parkinson in 18042

, Binney, 'whose researches may be 
said to have inaugurated a ne ... \, era in the investigation of fossil 
plants, wrote in 1844: " Probably DO fossil plant has excite" 
more di~cussioll among botanists tha.n the ::itigrna·r£a. It is the 
most common of the whole number of plants found in the Conl
Measures, but there has hitherto been the greatest uncf'rta.inty 
as to its reaJ nature:1

." This uncertainty still exists, <l.t least in 
the. minds of SOme who kno,,, enough of the available da.t.a. to 
reali~e that our knowledge is imperfect. 

To pass to the questions of the affinity and natnre of 
Stignwri(~: Brongnia rt' at first compared his genus with recent 
Aroidea", but he afterwards' spoke of it as probably the root of 
Sigillaria. Other writers regarded Sti.'l7nm·ia as <'1. dicotyledonous 
plant comparable wlth Cacti and sucCltlent Euphorbias. Fol' 
many years opinion was divided as to whether StigmU1-ia 
l'epresents an independent and complete plant 01' the under· 
ground system of Sigillmia . 

Artis 6, LindJey and Hutton i, as well as Goldenberg8
, bejiel'ed 

it to be a prostra.te plant ullconnected with any orect aerial stem . 
• Goldenberg figured one of the slender rootlets terminating in 

an ov"l body described as a reproductive organ. This seed-like 
impression is either some extraneous body or an abnormal 

;l For 8. fuller synonymy, see Kidston (03) p. 757. 
2 Goldenberg (55) p. (i. :1 Binney (44) p. 165. 
4 Brongniart. (22) A. p. 228. ~ ibid. (4.9) A. p. 456. B Artis (25) A. Pl. x . 
., Lindley flnd Hutton (31) A. Pl. XXXI. 8 Goldenberg (55). 
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development at tbo "nel of a rootlet. In 1842 Logan drew 
attention to the almost cOll1p] ete monopolisation by Stigmaria,. 
uf the underclays, the rock which as a general rule (Jccurs below 
a. scum of coai. H e wrOte: " The grand distinguishing featur~ 

of the I1l1derclays is the peculiar character of t he ,'egetable 
organic re lJl;l"ins j they are a.lways of one kind (St1'ouw,'ria 
.ficoides) and n.re 80 diffused throughout every part of t ho bed. 
that. by their uniform effect alone t he clay is readily recognised 
by the eye of the minl'r J

," This filet, which has played a "err 
c(lw,piclIOliS part in the perennial discussions on the origin of 
Clkt] , led to the n.lmost general recognitiou of the undel'clays as 
~u r{;.tce-soil s of the Coal period forests. 

The lwxi step was the discovery of Stigman'a in the CO<ll
Measures of Lancashire and in the Carboniferous rocks of Cape 
Brc-t.on, ~ ova Scotia, fOl'ruing the b<.\sa.l branches of erect stems 
identified by Binncy2, Bowman 3 and Richal'd B I'O wn 4 as UIl

doubtl:'d Sigillaria~. In onl~ case B1'O\\,11 found whaL he 
considered to be convincing evidence of the contiuui t,y between 
St./gmal'ia and Lepidodendron. 

In lX42 Hawkshaw li described celtain fossil trees, the largest, 
of' which ha.d a circumference at the ba$e of 15 ft., discovered, in 
the course of exca.vations for a railway in Lancashire, In soft shale 
itu right angles to t he bedding. The surface features \Yt:!n: !lot 
suffici en tly elear t o enable him to decide with certainty between 
SitJ1'Ua'J'in and L epidodelld1'on, but while inclining to the former, 
it is interesting to note that the occurrence of numerous Lepido
strobl neaf the root led him to recogLlise tho possibility of a. 
conm,_xjon between the Stigmariun roots and Lepidodendron 
sLems. In 1846 Binney gave an acco unt of similar t rees found 
at Dukinfield neal' Manchester: he spoke of one stem as un
qUE.:stionablya S1'g£llan:a with vertical j'jbs, fUlTOWS, and scars, 
;Jbout 15 inches high a.nd 4 ft. ]0 inches in circumference. H e I 

expressed his convi ction that " Sigillwria W<.1.8 a plant of an 
aquatic nature G." Similar descriptions of rooted stems in the 
Coal·Measul'es of ]\"'OV<1. S('otia were publish ed by Brown l1l 

I Logan (42) p. 41J2. ~ Binney (44); (46). a Bowman (41). 
4 Brown (45); (4.6 ); (47 ); (49). See also Dawson (6fi). 
~ HI\wksbaw l(2). II Binney (46) p. 393. 
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1845, 1846 and 1849; in the last p"per be figured" specimen, 
which bas becomt'! famous, showing n Syringodcndroll stem 
termiJlating in brtl.llching Stignmriau (or possibly Sr.igm:l.riopsis) 
l'oots 'Lea-ring on t he lower surface a series of what be citlled 
conical tap roots I , A similar specimen discovered in Central 
France ne~lrly' fifty years hl.t,er demonstrated the accu racy of 
B"own's description. 

Despite tl1l.'se discovories the r00t-l ike nat ure of Sti,r;ma.1·in 
w.t5 not nniYerf>ally accepted. It was, howcyer, g~ncrally agr~ed 

that St·igrna1·ia formed t he roots of Sigillct1'ia; it wa~, moreover, 
11eld by some tha.t Lep£doclellrlroll stem::; also possessC!d this 
type of rootJ illl opinion based on Bro\\-n's record and on the 
OCCUITence of St"igmal'iu, 111 bells containing Lepidodelld1'on but 
no S'igillfwia stems, a~ in the volcanic beds of AlTan and else
where. and on obsen'ations of Geinitz and others2. There is 
now general agreement that Lepicloclend1'on a.nd Sig'illa'?'/(f had 
the san1e t)~pe of " root:' though the connexion of' 8tl:!]'mmia 
with the fOI'Juel' was not, so readily admitted, and indeed the 
evidence ill support of it is still "ery meagre. Goeppert and 
other a.uthor:; were unable to believe t hat t he numerous specil:!s 
of ::;'igillm~ia posses8E:d roots of so uniform ~t type, bu t Goeppcl't, 
by his recognition of sevtml val'ieties of Stigmario, supplied 
a partia l answer to this obj ection . 

llessrs Mellor and Leslie:! ha.ve described and figured Rome 
lal'ge casts of roots exposed in Perino-Carboniferous rocks in 
the bed of t he Vaal river at Yereeniging (Transntal) which 
ex hibi t certain features suggestjng compari son wi th ,,)'#gntaria. 
Some of these reach " length of 40-50 feet "nd, when 
complete, were prob"bly not less t han 100 feet long: in some 
of th em the centre of t he cast from which forked arms spread 
almost horizontally shows; a depression in the form of a cross 

• indicating a regular dichotomous branching like that of Stig
mwricl.. l'be authors incline to the belief that the roots belong 
to N oeggel'athiopsw and not to a lycopodiaceous plant, though 
Lepidodendroid stems arE! abundant in the sa.ndstone a few feet 

1 Brown (49). This figure is reprod uced by Williamson (87) A. p. lG. 
~ Williamson (87) A. p. 3. Solms.Laubach (!H) A. p. 284. 
a Mellor and Leslie (06). 
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hig her in the series. Despite the absence of any Stigmarian 
sea l';;; on t he surface of the fossil it 15 probable that these fin e 
spceimcns a re the rhizomes of some lycopodjaceou~ pl aut, 
possibly Botlu'odend7'on, which is not uncommon in the Vereeni~ 
ging beds. 

Admi tting t hat St:igma1'1:u is pnrt of Sigilla1'in, t he next 
question is, is 8tigmw·/(I., a. root in the ordinary sense. the under
grou nd system form ed on germinati on of th e spore and of equal 
age with the shoot, or did it bear a cLtferent relation to the Sigil
lnrian stems? To this qucstio.D difierent answers would still be 
g in:n. Goepp0rt l disCllS!'cci evidence in favour l)f t he view that 
aerial Sigillarian shoots were produced as \+egetative buds 
on pre~exi sting Stigm<u·jan axes, likA young moss plants on 
<1 protonema. At a later date RcnaulV cle"eloped a similitr 
view as regards Sigillan:a; but we may pass on to consider the 
1110re recent and complete obser'<l t ion ::- of Grand'EuTY:! and 
SolU1s~Laubaoh ~. 

Th e rt'oogniti oIl of two distinct types of Stigmariae in the 
Coaj·]\[ea.5 lll'es of Central Fralloe led Orand 'EUI'~'~ to insti
Lute a new genus, .St(gmariopsis. Thi s ty})(;:, which is charac
terised by a, difference jn habi t;. as well as by ot;.hel' dist;.jnguishjJJg 
featu res, is represented by such specimens as t hose figured by 
G(,ldenbcrg as SUgmcw-1a abbrevic(tu, bearing lenticular scars 
spirally disposed on a cortical su rface characterised by irregular 
longitudinal wrinklings. Stigmal'iojlsis has frequen tly been found 
in direct contin uity wi th Sigillarian stems of the Leiodermarin,n
Clnthrariau type, spreading oblique:ly downwards in the forID of 
rapidly narrowing arms clothed with slender and usually sim ple 
appendages i and from the under su rface of these arms short 
conical ou t.growths are given of I. It is probable, as Solms
Laubach believes, that Sti[pna'riopsis was represented also by 
long horizontally creeping rhizomes 6 of uniform breadth from . 
which ribless Sigillarian aerial shoots arose as bud-like out
growths. Gmnd'Eury, t he author of tbe genus. confin ed t he 
term to the shorter and more rapidly tapered organs spreading 

1 Goeppert (64) A. p. 197. Pis. 34-36. ~ Renault (81). 
~ Grand'Eury (90) A, 4 Solms-Lo.ubach (94). 
t> Grand'Em,)' (77) A, p, 171. 6 For figures see Grand'Eury (87) A.; (00) A_ 
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ii'om t be base of erect stems j the horizon tal rhizomes of nil 
Sigillarian stems he refers to Stigmu1·ia. The pith-casts of 
Sigillm'iopsis may be recognised by their long \'ertical ridges 
imd grooves, a feature readily understood by reference to tht' 
stem structure. The St'igma,1'iopsis rhizomes though rl;1,1'e in 
England bave been recognised by Dr Kiuston' in the Middle 
Coal-Measures of Yorkshire; he has fig ured a pith-cnst very 
like tha.t illustrated in Sohns-Laubach '!:; Memoir as Stigmariopsis 
anglica. 

rrhe su rface-features of a Sti,g1ll.u1'iopsis pi th-cast are clearly 
shown on a specimen froln St Etienne in the 'Vjlliam$on 
collection ~. 

The most complete account of Grnnd'Eury's views in rega,1'd 
to the anchm'ing and absorbing organ~ of Sigillm'ia is gi\'en ill 
his monograph on the Coal-field of Gard ', St Etienne, and these 
[1..1'(' clearly :stated also by Solms~L.'tubach4 who confirms the 
conclusions of the French a.uLhor as to the manner of develop
ment of the aerial shoots, Grand'Eur), believes that both 
8tigm(wia and 8ti'gmariopsis are l.'hizomes and not true roots. 
rrhe sllrface-featUl\':s of Stig71wria have ~l.Jl'eady been described. 
This type Gl'and'Eul'Y speaks of <.l~ charilcterised by the uniform 
dialllf3ter and considerable horizontal elongation of the biJur
cated axes; he thinks tbey grew both as floating rhizomes and 
OIl the grollml: they may frequently be traced for a consider
able d istanc\;" without showing auy signs of con nexioll with 
::Lerial shoots, but occasionally t hey have been seen in organic 
union with Sigillarian stems. H e believes that these rhizomes 
were produced as the result of germination under water of t he 
spores of Sigillu1'l'a or Lepidodend1'01l and de,'eloped as long and 
branched aq uatic rh.izomes capable of independent existence. 
Uuder certain conditions, as he thinks in shallower water, the 

• rhizomes produced bulb-like outgrowths which grew into erect 
stems ha\~ng the :mrface-features of S£gillm·ia. r:l~hi~ method 
of origin is practically the same as that described by Goeppert 
in 1865. T he "aseniar medullated cylinder of t hese erect 

I KidstDn (02) PI. Ll. fig. 4, 
3 Grand'Eury (90) A. 

:! British Museum, No. 870 F . 
4 8olms.La.ubach (\)4). 
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branch es. wa~ in direct continuity with that of the Stigmal'ian 
rhizomt::s. 

'rhe next stage is that -ill which the undifferentiateu bulb 
becomes swollen Ilt the base and dc\'c]opcs foul' primary rootS' 
(fig. 20i B, C) which gmw obljq uely downwards and produce 
IlllllJerous rootlets. llIcauwhile the parent rhizome gJ'adually 
decays, fi nally setting free the aerial stems which are now 
provided with spreading and forked l'Q(Jts (fig. 208) sucb as we 

FlO. 20.3, 

Fw. :.1U7. 

FlO. 207. An enrly stllge in the development of SigillnTia. 
A. Surface- features enlar~ed. (After Grand'Eury.) 

FIr;, :208. Later stase in the development. of Sigillaria; Syril1gQdelldroll witb 
Sti!Juw,.ioJlsil1. (After Gmnd'EuTY.) 

a.r(' familiar with in English spec.imcns as Stigmm'ia ficm:des, 
but which in the French specimens show th e features of Stig-
11WTiopsis. At this later ~tage conical outgrowths are formed 
from the under surface of the Stigmariopsis 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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tap~roots. Grand'Eury's conclusions a1'e briefly as folluws: 
1r..,'igiUa,ria, and we may add LepidodendTU11. had no true roots 
and in this respect a rc compara.ble with Psilotu'ln (fig. U 8): 
the organs which are described by Grand'Eury as roots art) 
correctly so named in a physiological sense, but morphologically 
they do not strictly conform, either in origi_n 01' in th[' arrange
ment of their appendages, ttl true roots. TIll' question as to 
whether they are entitled to the (It'sigrHLtiHll root is 01]1..). which 
i t; is needless anu indeed futile to discuss III detail; it would Ltc: 
(,Oll('cding too lUnch to a f'tH'mal academic !'itandlJOint to I'L.frain 

from ;1pplying ,",0 t,bem the tertn r(lo1,. fl.S that best describes 
their share in the life of t.he Sigilln.rial1 sLems. Tht' horizont,al 
Stigma.rian axeS are rhizomes i.n the ordinary :;~DSl' of the iil'r1I) 

and from these were dcvelopt·d ~igillaria,l1 shoots, cbar:1cLeri8l,d 

FlO. 20n. Sf i.lJllwriopM6 I1nd " la.p.roots:' (After U:r~mdtEur~'.) 

in t,he lower portions by large parichnos strands. From 
the base of the young bulbous shoots roots were fonned: these 
roots being, in the French specimen.." of the Stigmwiops~'s type. 

These conclusions require Some modification when applied 
to British representatives of the arborescent Lycopodiales. 
The long spreading and dichotomously bmnched root-like QI'gans 
attached to the base of Sigillarian and Lepidodendron stems 
nre true examples of :::;t?:gmaria /icoides or other species. Stig
rnaTiopsis occurs but rarely. Th.is marked difference between 
French and English specimens may be explained if we adopt 
the 9pinion of Solms-Laubach, who believes that the true 
Sti!J11Ia1ia represents both the parent rhizome and the later
formed roots of the Rhytidolepis Sigillarian species and of 
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L epido(l.emlro}l, t,ho SM'glJlctriopsis form having the cOJ'responding 
relati on to t he Leioderrnarian-Clat hrarian species. 

The opillion expressed by \Villiaillson1 in l ti92 that Grand'
Eury's hnJOthesis " appears to be identical with the vague ana 

speculative guesses that WCt'c prevalent among liS in the early 
years of the present [nineteenth] century" illustratef:: the 
strength of com 'iccion ba~cd Oil English specilllens as to the 
root-nature of StignHl1'ia , 

There is undoubtedly considerable (.;o ufusion, which can be 
cleared up on ly by fllrtb l! r research, as to the precise I'c iatiu ll 

bt.:tween Slig1lHlTia and Stignw,riopsis on the onc hand and the 
different types of Sig'illo'}liae on the other. The main contention, 
and thi ::; is t he most importan t point, of Renaul t, GraDel 'Eury 
anu Sohns-Lau bach as to the manner of formation of till:' aerial 
Slh )otf'l from rhizomes a.nd the subsequent ])roeluction of forked 
root.s and th~ ir ultimate separation from the pare-nt l'hizome 
is, as I belj..._'ve, correct. \\~i llia.mRon held thaL "'Higmm";(f must 
be regarded flS fL tru e root j he fOllnci n o c: vjde.nce tiD support 
the "iew thrtL t.he lilrge rooted st em discovered by H awsh:lw, 
BinneYj [llld ot.hers had been originally produced ft.·om aqun.tic 
rhizomes. I t must, howereJ'j be remembered that Grand 'Enr.'r"$ 
opinion is based on eyidence affol'dell by the exceptionally well 
'displayed Sigillarian forests of St Etienne, on a. sca1e such as 
English strata havE' not as yet afforded. Moreover, the <"tbSt:!DC(, 

(I f any parent-rhiwme in association wi th the rooted 8tump~ 
described by v\~ illj ;llJ1son and by others is not a serious argn
ment against their rhizome origin. 

The specimen represented in fig. 209, whi~h was examined 
in situ by Solms- Lauba.ch and Grand'Eury, shows a Sigillal'ian 
st.em in the Syringodendl'on condition bearing rows of paired 
plu-iehuos scars; from the base fork ed and rapidly (,apering 
arms ra.diate through the surrounding rock a.nd, as shown by 
other specimens, these bear numerous appendages like those of • 
the English Stigmarias. Th e sUTface-features of the arms are 
those of 8t'lgma1"z'ops~s and the centre of each, as !jeen on the 
broken face, is occupied by a pi th-cast .characterised by pal"allel 
longitudinal ridges resembling t hose on the medullary casts of 

I Wim~mson (02). 
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Calamites. It is noteworthy tha.t the petrifitld rhizome originally 
descrihed by Hen.wIt as. 8tigm,ari(t .fiexuosa. and ltfterwHI'c\:-i 
id~ntified by him as the subtCl'fftneaU system of Sigill{/n:a 
JJ1'urdi. pussesses a '°R-senlal' cylind(::1' composed of primary xylem 
strands of crescentic tranSVcrf.:.p section lining the pith; a ('ast 
of the pith, aftt:r the l'emon\! by decay of its ddicate parencb,'"
InlltQUS tissue, wuuld ~xbjbjt the surhce-felttul'es (If St(qmari-
0)),';18. Stignl(lria fle:ClWSCf no doubt represents a true 8tignawi
UPS"i8 rhizOllle. On the othel' hand, a~ \\'illiamson has ~ho\rn, 
the inner sUTf~lC(' of the WQorl of St'ignw .. ria fic01:des consist~ of 
a reticulum of xyh'lLl with meshes of mcdullmy-ray tiSStlL~; a 
cast of ~u(:h a ~UrfilC(! pr€!sents a '-ory ditferent a,ppcal'ance fl·(.llll 

that of 8tigmariops£s. 
Returning to fi g. 200: from the 10"'cr sllrtlCe of the 81£[/

'11wn'u]Jsis urms numerllUS conical outgrowths, reaching a length 
of seypm.J ('PDtilIletres, project Yertic..1.11y dO\'\TIwurcls: the~e alSl) 

possess ~tigmariopsis pit.h-casts and arc identical with the 
"ta.p- roots It of Richard Brown. The stump SL'cn in fig. 209 
shows the chartlCtc:rjstic hollow base of the erect f'tem: t.hi)'; if; 
t.he region which , it is believed, Tepresents the position of the 
Stigmarian rhizome from which tht: ,lerin.l shoot was denJoped. 
Al though IJO remains of the pa.rcnt rhizome were found. traces 
of the rootlets which probabJy belonged to it. were fouud in the 
ueighbol1rhood. The absence of the actual rhizome is, howe\'er, 
not. surprising as it would not persi8t after jts aerial Sigillarian 
bnmches had attained independence by the development l)f thei r 
OWll dichotomously branched absorbing and holdfast organs. 

The Stigmal'ian axes of Palrteozoic Lycopods are cOUJpnred 
by Miss Thomas l ·with the prop-roots of cerk"Lin receut tlowering 
plants which gn)'\~ in tropical tidal swnrnps; thej[- roots grow 
down wards from the stem at an angle of .:')Otl-60 before 
/Spreading out horizontally. This author also IDa.kes some 

• interesting suggestions in regard to the evidence afforded by 
anatomical structUl'e as to the habitat of S'igilla.l'ia and Lepi
dodend,·oll . 

I Tbomlta, E. N. (05) 1), 187. 
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A1dttomy. 

Th~ more important a llatomical tcatures of Stigmm"ia mUBt 
be d c~ Jt with briefly. \rilliamson's monograph, published in 
HHnl. i:'i considerably in acinLDcc of the \\-ork of that of any of 
I..he llumerous write rs who had pre \-iously dealt wi th the 
subject. Th E" diat,Trallllllatic transverSE: :;cction reproduced in fig. 
21 (J, H , illustr:\. t e~ t,he gpn(_~ntl arn:mg~mcnt of tht· t issues. The 
IJl l'duliated stele was nes(,l'ibed by \YillillluSOll as consisting 
l..' f1 t il'(:ly of centrifugally de"eloped secondary xylem and 
tli ... tinguished, therefore, from the stele of 11 Lepidodend1'oll or 
Si.'!iLLm·ltt b~' the a.ust:llco cd' a centripetally produced pritnary 
x.rJelll zone. The' ,';iec(JlJdnl'Y xylell1 tnwhea.e arB char[l.cteri.,,·C'd 
by scalarHunl1 pi ts on both radial and tangential wa.lls und, a~ 
~hown ill a figurt· giytlll by ~,)lrm;:~Laubilch~. the spaces between 
t,hc tmJ1sn~l'St' u,-lrs are bridged acro~s by fin e t hreads, ~'l.S in 
the tracheae uf l_Jell/·duc/end'·OII. 

One of the brgc:-;t SpCCillll'lis of H petrified Stigmaria which 
I hu,ye seen is (Illl' Il'nt to 111\.' ''.y Atr LomH.x from th e Coal
]\l easul'cs of Hali1i:tx ill which the flattened transverse section 
llWll:::.Ul'cS 18 em. x 3'5 em., the cyli nder of WOlld being 1'1 cm. x 
7 mm. ill diam et,er. 

In French exam ples of J"J'ti!}lw(ria or Stiglll{lriops'is it has 
oeen demonstrated by Henaui t J that primary xyle m strands 
vCCur vcry like those in the stelu of Some species of Sigillal'iae 
(Sf.e p. 219). If a well-preserved sect ion of an English Stigma7'ia 
i!:) examined it will be seen chat the edge of the secondary wood 
cOllsist:: of a few narrower eJements which do not exhibit Lh t: 
mdial seriation characteristic of secondary elements. 

A type of Stiginoria characterised by centripetal primary 
wood has been de~crjbed by 'Weiss ~ and referred by him to 
Both1'odend'l'on mundu 171,: the main results ofbis observa.tions a re 
stated in the account o'f Both1'odel1dron on a. subsequent page . • 
This discovery is of considerable interest not only .as rendering 
0111' knowledge of Both1'odend1'01L remarkably complete but as 
con:finm~tol''y of Renl1uJt's account of French Stigmariau iil.xes in 

1 Willio.msou (87) A. 
3 Renault. (96) A. PI. X.L. fig. 5. 

2 Solms.Laubllch (92). 
~ Weiss, F . E. (08). 
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which centripetal primary wood is well developed between the 
secondary xylem and the contre of t he stele. The StiguMrian 
axis of Bothl'Odcndcofl was origi nally t1 gnr-ecl by \Villi ft!l1son 

' <0.." Lepidodend1'ol1 nuwdl('m, 1. The chief difference betwel:n 

B 

~'~:s-: 
/te 

pr 

F lO . 210. Stigma ria. 
Ji. Trnnsv(!J'se ilectioD of vascular hUll die of rootlet IUld l>art of ou t['T 

cortex. t, tracheae. (AUer F . E. Weis9.) 
B. C, VU$ctllal' bundle of r(Jotlet ; iu C a sedes of small tmc/Lell(! ilTC 

shown e:-. ten ding from the protoxyl6lll. 
D. Bootlctf.l frolll the outer cortex of E. 
E. PInt of 11 large Stif//lIfl";a: St, stele; ~. intruded rootlet. 
E. Va$Culn.r bundle and tmcheae passing obliquely towards the 

outer cortex, c3, 

G. Quter cortex of Stifl1l1uria. 
H. Diagriuumatic flec tion (J( Sli,qmari(t : p, phelloderm; T, root. lets. 

Weiss's specimen and those described by Renault' as the 
Stigmarinll axes of Sigillm·£" Bm"di, is that in the English plant 
the centripetal wood forms a cy linder of uniform breadth 

1 Williamson (Stl) A. 

S.lI. 16 
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ins tead of a band with a erenulated inner margin as figured by 
R enault. 

An interesting agreement between the French and English 
specimens is the occurrence in the cortex of groups of reticulate 
cJelnents : in Vleiss's section these are shor t and wide and 
occtlr in t he llliddle corLex j in Renault's plant they arc mOre 
fusiform and occn r itJ the ~ocondary cortical t issue. These 
clements appear to have been arranged as an interlacing 
JletwQrk in the middle cortex and '\'cre in close connexion with 
the rootlet-bundles, COlll}JrlT'able, RS \rciss point:; out, with the 
tmDsfusion tracheids accorup:1nying Lepidodendron lc}\f-traces. 

I t is probable thnt these short and wide tracheal elements 
sen"cd 101' water-stornge and t hus afford another indication of t he 
xC1'Ophiious chan.tcter of the Carboniferous Lycopods, a feature 
V(lsslbly connected with a !:ialt-rnal'sh ha.bitat. 

Th e presence of conspicuous medullary l"ClyS gi Ve1i t he 
l:'econdn..ry xylem of St(qmm·ia the appearance of being divided 
into several more or l e8~ distinct groups (fig. 210, E, 8t). In 
tangenti:tl longitudinal section the xylem assumes the form of 
:1 broad reticulum \\"ith lenticuI.l.r mcshe:.; filled w·ith ll1cdullary
ray tissue through which !:itrand::i of xyll~11l arc cut across in a 
tra.nSV€I"8e direction as they pass outwards from the inner edge 
of the wood to supply the rootlets. In "ddition to these broader 
or primary medllllary rays, ther€: were numerous secondary 
rars composed of narrow plates of parenchymatous cells (Jne 
or scyeral elements in depth. As \V"illiamson pointed out , the 
medullary-ray tissue consists in part of radially elongated 
tracheal elen""J ents with spiral or scalarifol'm thickening bands like 
those described in th(:: saIne position in Lepidodendron .':items. 

Our knowledge of the minute structure of the tissues 
abutting on the secondary xylem is tilr from complete. 

The xylern is succeeded by a zone of delicate cells which was 
the :-icat of meristematic activity. It is note' .... orthy that in a 
section figVl'ed by Williamson ' there is .he same disparity in 
~ize between the outermost elements of the xylem HoDd the 
adjacent cells of the meristematic zone as in Lepidodendron 
.-:;terns. Beyond this r egion an imperfectly preserved lacunar 

I Williamson (87) A. Pl. 1\'. fig. 20. 
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tissue occurs like that which I have called the secreton' zone in 
Lepidodendron stems ; but lnformatlon as to the ~tJ':lcture of 
this part of Stigma1'ia is much more incomplete than in the 

,_ Case of the aerial shoots. Tho middle cortex was of the same: 
lacunar type as ill the stems, and the fact that it is novel' well 
preserved in large Stigmarian axes suggests that it may hayc 
been oven more ri chly supplied than in the aerial st.enls with an 
aerating :;ystem of spaCeK Tho outer cortex, cons i ~ting in youug 
examples or large-celled parenchyma, became at tul early stage 
of growth t he seat of cambial a.cti,·ity which resulted in the 
prod uction of "adially phlced series of secondary elements (fig. 
210, H , p). The outer and old(~ l' elements of t his secondary 
cortex arc more ta,ngE'ntially stretched th'l.ll t.he inner celis, <1 

necessary result of the position of the phcllogen on the internal 
edge of t he t issue and of t h8 increasing girth of the aris, 

In c()ll)pa.n-...tively young Sligmarian axes t he outer cortex
already possc:s;.;es a band of secondary radially disp\.,sed cells 
characterised by the greater tangential extension of the more 
external elements; usually t his tissue terminates abruptly on 
the inner edge and t he line of separation no doubt marks the 
position of the phellogen. Occasionally some delicate secondary 
elements are pl'esern~d 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 
di \']510ns. In its earlier stage of actiyity the phellog en seems to 
form a greater amount of secondary t issue on the outside, but, 
t his is 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 t he vascular system by a zone of imper
meable cork. 

Fig, 210, G, represents a piece of the external t issue of a 
specimen in which the slightly flattened xylem cylinder 
measures 1'4 x 1 ern.; the inner cortex has disappeared and 
fragments only of the middle cortex are preserved. The outer 
COl'tex, 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 t he 

16-2 
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sn rface is n. band of couspicuous cells, b, chnract,erised by dark 
('ontents snggcsting vHy imperfectly presen'ed fungal hypha!..: , 
but. the lln.ture of tho subst!l.nce filling the cells cannot be made 
(tut with certainty. I t is, howe\'er. interesting t,o find tba.t" this' 
clflrk ba.nd COD8titlltes an IlbviollS fea,ture (fig. H , b): its position is 
cODlparfLble with t.ha.t of the dark-walled c(~lls in the out ... }' 
coriex of rootlt'ts. A short. diskwce interual to this dark band 
~angellt;a.ll}' elong;ltcd <.:el}s form the Ul1tennost clement.s of the 
!Secondary cortex; these b C:COlll C gl'adnn.lly narrower towards the 
interior and pass into radial series of sma.ller cells of uniform siz(l, 
as seen on th<.: innel' edge of fig. 2] 0, G. At the inner boundary 
of this tissue, just below tht: l'egiol} ShOWD flt the bottom of the 
dmwing, was situated the phcllogen. Such t raee!S of tissue as 
occur on the inner side of the line when' splitting hus u~llally 
occurred, CQllsi::;t of t hinner e-IemE-nCR with recently iOJ"!11 c:d 
tangcntial ", ... dls ~UJd p)·obably rcpresent an Mrly st:.lge in thl~ 

development of phelloderm. 
A much older section is; shown in part in fig. :2.10, E. The 

secondary xylem cybndcr, St, is shown in the lower part (If the 
!Section; beyond t bjs is a. b~lDd of secondary tissu e which rblches 
in some pla.ces a breadth of G COl . The g rea,ter part of this 
tissne consists of phelloderm of very uniform structure ma.de up 
of radial series of cells: this is interrupted in mO::lt parts of the 
,'jec!iion by a gap cJ'owded with intruded rootlets (a l)ortiol) of 
this is enlargcd in fig. 2)0, D ). Beyond this gap tbe secondary 
tissue consists of }'adial serjes of cells characterised by the 
considerctbre tangential elongation of many of the elements, 
precisely like the I,issue figured by Williamson. In all pro
bability tbe gap represents a line of weakness due to the 
]lhellogell , and if t his is the case it is clear that in an old 
Stigmaria the phelloclenu exceeded in nmount tbe tissue formed 
external to the ph elJogen. The secondary tissue on the inne.r \ 
side of tl)e phellogen is characterised by n uruerous llTegular 
concentric lines superfically resembling rings of growth in the 
wood of a. Conifer: these are, however, Hot the result of any 
perjodic change in external conditions, but IlJ'C apparently clue 
tu crushing of' the t issue and are possibly, to some extent, the 
result of the presence of secretory strands like those in the 
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phelloderm of Lepidodend'·OIl . The surface of this older rhizome 
retains patches of primary tissue, and an occaslonal rootlet.:lS at 
1', fig. 210, E, is seen in connexion with the cortex; t he cortex 

'-has been vertically fissured fl.S the result of secondary growth 
and presents an app(.'arance like tlUlt shown in Lepidodend1'07l 
"ijT'iinschialllt1n and L. Veltheimian'Um (figs. 181, A, and ISG, A). 

The form in which a Stigmarian rootlet is usuaUy preserved 
1S shown in fig. 2)0, D; the single vascular bundle- strand with· 
its endarch protoxylem (fig. 210, E, px) is enclosed by a ring of 
inner cortlcal parenchyma. (fig. 210, F cJ); the cells in immediate 
contact w-ith the xylt"m having usually di~mppeared. Beyond 
the middle cortical space a, second cylinder of pa.renchyma 
"epresents the outer cortex (F, 0') in which a layer of c1ark
walled cells (6, fig. 210, F) may be compared witb the hypo
dermal band in the main Rtiglllal'ian axis (0, b). The!;c 
Stigmarian rootlets, usually less tha.n 1 em. in diameter, a.re the 
cummonest objects in scction."3 of the calcareolls nodules from 
English coal-seams. A good exa.mple uf their abundance is 
shown in fig. 2-10, D n,nd E; here they haq~ invaded the space 
fonn~;d by th e splitting of the secondary cortical tissues along 
the line of the phellugen and (\ few are seen here and there in Lil e 
deeper layers of the phelloderm (s , fig. ~10, E). Not infi'equently 
the close contl:\ct of these ubiqujtous rootl ets with the tissues of 
the plant which ther ha\'c jm'aded lea.ds to confusio11 between 
iuvader and invaded. Partially decayed tissues lying, probably, 
uuder water were penetrated by Stigmarian rootlets in exactly 
the same \fay as the roots of recent pla.nts 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 jnnar edge of the secondary xylem; these receive 
additions from the meristematic zone, and thus, when seen in 

• the cortex outside the stelaI' region, are found to consist in part 
of pl'imalY and in part of a fan-shaped group of secondary 
tracheae. On the other band, the monarch bundle as it 
appeal's in a free rootlet is usually composed enti rely of 
primary elements (fig. 210, A-C, F). It has been shown by 
"\\7ei5S1 that in the Stigmaria.n rhizome of what is probably 

I Weise, F. E. (02) . 
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Lepidodendron fuliginosmn, the rootlet bundle is accompanied 
by n. pn.richnos stmnd, but this ha.s not been detected in the 
ordinary 8t1:gmaria.' jico'l:des. \"\Then free from the parent axis a 
rootlet usually consists of an outer cylinder of cortex encl{Jsing' 
a bnm.d space in which remnants of lacunal' ti~sue are some .. 
ti mes seen. The relation of the external features of a well
pr<:served Stigmarian rootlet-scar to t ho interna l st rllcturc of a. 
pf'Lrified rootlet is very clearly seen on comparing such sections 
[\.s those represented in fig. 210, D, wi th t he form of the scar on 
;t S tigmarian cast. A specimen figured by H ooker! in 1848 
affords a good illustration of the structul't' of a root. let-base ns 
see u in an nousua.1ly complete cast : this correla.tion of ana
tomical and surface fea.t·ures is clearly described also by 
Williamson ' and by S ohns-Laubach". It is probable that 
f'\'i..:n during life t he rootlets wero hollow fbI' a par t at least 
of their length as itr. tho roots of I soetes (fig. 13~, G). 

An interest ing discoyery was made a few yenrs ago which 
confirm ed n. statelllent by Renault which \Villiamson \\,;1,S 

non.b1c to accept, namely that the xylem bundJe of a rootlet 
occa.sionally gi\'es off a delicate t racheal strtmd at right angles 
tv t he long axis of a rootlet, In some rootlets Weiss~ found 
obliquely running delieate stl'and ~ of xylem, surrounded by a, 
layer of pilrenchymatO Lls tissue, jn the space between the 
nl~culill' bundle a nd t,he outer cortical cylinder. It i:-; clear 
that a few spiral tn:t.eheids are occasionally given off frOID t he 
protoxylem of a rootlet bundl e : these follow an obliljue cotlrse 
to t he outer curtex, wh ere in some cases t hey ha.ve been traced 
io ta connexioll with short and spirally marked cells resembling 
kansfusioo trachea.e (fi g. 210, A). This rtrrangement may serve 
as a means of facili tating t he passage of water absorbed by t he 
superficial cells illto the xylem strand . It should be noticed 
ubat, like roots of recent water-plan ts, the rootleLs of St·igJna'ria, , 
had no root-hairs. Fig. 210, F , shows a transverse section of 
part of a rootlet in which the outer cortical cylinder, ~, is 
connected, as in the roots of Isoetes, with th e shenth slUTound-

1 Booker (48~) Pis. 1. u. The sections of Stigll!<lria figured by Hooker are 
in the British Museum (V. 8754\. 
:= Williamson (87) A. PI. Xll. ~ Solms.Laubach (!)l) A. ~ Weis!;, F. E. (02). 
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ing the ,'.seular bundle. A fe w obliquely cut tracheae are 
seen in this section truYcl'Sing the connecting band of p,tI'en
chyma t, fig. 210, A. 

• .Ii. point of biological interest in connexion with Stigmaria 
rootlets is the occasional presence of hypertrophied cells, the 
Jarge si ze llf which i~ due to the attacks of a fung us named by 
\\, (:i85 1 U1'opldyctites stignw.riae. 

In addition to Stig>nwri" ficoides, which is by far the 
commonest form, a few other species have been f~unded on 
external chat·ucters. One of these i~ represented by Stig11ta1'ia, 
steliata, Goepp.~, characterised by the prese.nc(' of radially di s
posed ridges and small tubercles surrounding each rooLl et-scar. 
Kidston refer:; tn Goeppert's species as a Lower Caruolliferous 
type. 'Ve have no ('vidence as to the meaning of the stellate 
ridges and tubercles, nor have we any reason to su ppose that 
this form differed essentially in f;t ructure from Sti!J11/,a1'ia 

ficoides. 

1 Weiss, F. E . (04). 
~ GO€ppert (41) 1'1. x. Lief. i. ii.; Williamson (~7) A. PI. XII I. fig. 78: Eich· 

",aId (60) PI. xv. ; Kidston (\U) p. 254. 



CHAPTER XVIII. 

B othrodendreae. 

BotIt1'oclendTOll . Figs. 21]-216. 

ALTHOUGH jn many respects the genus BothrodendTOll 
agrees Yery closely in habit and in its ana.tomical features wi th 
L epidodendron. there arc reasons tor referring it to a dist.inct 
family of Palaeozoic Lycopods. As the following description 
shows, the exterJl:tl features do not differ in any essential points 
from those of certain types of the genus Sigillaria., particularly 
sllch a. species as S. 1imosQ" Gold.I, whjch has recently been 
refigured and described by ~athorst' f!"Om Goldenberg's type
spl'cimcn in the Stockholm _M lIseUI1l. Th e small size of 
the l eaf-scar~ is. however, a characteristic feature of Both l'o 
delld"oll (fig. 212 , F); but a lUore importullt poin t is the 
fact that in a recently described s English example of a cone of 
BothTodel1d"on (fig. 210), the spomngia are ,'ery like t hose of 
recent Lycopods, and differ from the radially elongated spo
rangin. of Lepidost'rouus. On tue other hand, it Frellch cone 
described by Zeiller' as Lepidost" ob1<s O{"yi, which is probably 
It strobilus of Botl".odend,·olt, has the radially elongated type 
of sporangium (fig. 212, E). rrhe comparative abundance of 
Botkrodend1'o1'l in Lower Carboniterou:::; and Devonian rocks 
points to the greater antiquity of this member of the Lycopo
diales il!o) compared wit,h LepidodendTon. 

I Goldenberg (55) PI. \'1. figs. 1-4. 
:l Watson (08). 

2 Nathorst (94) A. PI. 1n'l. fig. 9. 
4 ZeHler (88) A. PI. I,U\'U. fig. !. 



CH. XVlllJ ROTHRODENDROK 

The name Bot""odend" on was instituted by Lindley and 
Hu tton 1 fol' irnpre~si on s of stems from the English Coal
Measures, characterised by t wo opposite rows of large de
p!'esslons like those ShO'iVTI in fig. 211 and, in one of the 
specimens, by <I tt consjderable number of minute dots, arranged 
in n quioclwcial mlluner." The minu te dots were recogDi~ed 

as leaf-scars and the cup-like ca\'ities WOr e described as probably 
connected with the occurrence of hwge cones. On v(,1'y slender 
evidence t.h is Palaeozoic plant, which was namccllJoth:/'odencl1'oll 
p U1I.ciaturn, was considered by these a.uthors as probably f1 

member of the Coniferales. The large stem from the Coal
Measures in the neighbourhood of 1I1ons, B81giull), show11 in 
fig. 211, affords a good ilillStratioll of Botl,,·odend,.on in " partially 
decort icated condition, exh ibi ti ng a. row of depressions similar to 
those on the Ulodendron forlll of Lepiclodel1cl1'on Veltheimia}l nUl 
(fig. 157 ), but, distingui , hed by the eccentric position of the 
scar at the bottom of each cup-shaped cavity: in the Belgian 
specimen, which is pa.rtially deconicat.ed and shows the leaf-traces 
as small dots, t.he depressions hase a diameter of n cm. I t is 
b elio.:vcd b,Y SOffit" authors that these UlodcndTon shooL!'; of' 
Bothl'uclend-ron and Lepid(Jdeucb'un owe their characteristic 
a ppearance to the pressu re of large cones, but, as I have al ready 
stated, th~re nre reasons for prcferring the \-iew that these 
cnl.ter-like hollows arc the scars of deciduous branches. OU]' 
knowledge of t he strobili borne by Bothrodendron stems is 
still meagre, but we have DQ r ellSOIl to assume the clx istencc of 
any cones large enough to produce by the pressure of their 
bases sueb depressions as those shown in fig. 2] 1. In one species 
at least the strobili were borne terminally on slender shoots 
(fig. 213). The tnodendron condi tion has so t"r been recognised 
in ODe species only, B. pUllctatu7n. 

In his ca.talogue of Palaeozoic plants, Kidston 2 included 
Botlirode11d·ro71 J)lHlctatmn as a syuonyrn of Sigillaria discopho1·(/.. 
Konig, a mista.ke which he afterwards rectilied :l : t,he generi c: 
Dame Bothrodend1'on W[LS generally ignored by au th01's in the 
belief that the specimens described by Lindley and liu tton 

I Cf. Lindley and Hutton (35) A. PIs. SO, 81. 
2 Kidston (1:16) A. p. 175. a ibid. (804) p. 65. 
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were n ot generically distinct from the fossil s originally figlll'ed 
by Rhode as Ulodend,·on. I t was Prot: Zeillel' who first 
demonstrated that the English authors were justified .in t,bcir 
choice of a new designation for stems wi tb large depressions 
in association with minnte leaf-scars. In 1859 Haughton I 
proposed a new family name Cyclostigmaceae for some U pper 
Deyonian plants from County Kilkenny. Ireland: he described 
three species of his new genus Oyclostigmo, Cyclostignt(l. 
lciltol'ke·nse O. mi111ttnm, and C. G7'~tJithS1' ; these arE' now generally 
recognised as f\. single specie!) of BothTvdend1'oll> though] as 
N athorst suggests, the Irish phnt should perh"ps 1. separated 
as a sub-genus B otli l'odend1'O)1 (Cyclostigma) by re(l~on of eNtain 
minor cliffcl' t;;,; l1ccs which distinguish it from othor species Df 
the genus, 

AnoLhcl' generic naffie, Rll ytidodendt'of/" was inf;tituted by 
Boulay in ] 876 for stems chantcterised by fI. fin ely wrinkled 
bark aDd small spirally disposed lea f-scar!.'. A. short description 
of this type, which occurs in the )liddle and Lower Coal
Measure!";, 1))i1Y Re rve to i11us.tl'ate the external features of 
the C() lIun l)n e~t British extl.lrlplc of the genus. 

a. Botli1'(xZend1'on 11('imdijoiiu'fll (Boulay. ) Figs. 2.12, A, 0, D ; 
213. 

J87<"1. L,'1c(lpor.iiu'Tll C(lrOoliN(.'eIl1n {L.'Icop&'lites (}flrllfl}Ul(/eIl8), Fcist
Ln(U1tel~ Pulneontogri1.phic:a XX':-;I11 •. , rl. xxx, figs. 1.,:2; p . 183. 

l R76. R/~ytidodel1dJ"(Jn 1)/inllti'-ol;um, Eouln.y, Terr. Hauil!. Nord 
Fnmee, p. 3!-l, PI. Tll. fig. 1. 

1RR(;. Bothroo(J1}.droll- ?}t/nllt{/oli"ttm, Zei11el', BuH. 8oc. G601. France 
(iij] XIV. p. ] iV, Pl. L'i. figs. 1, 2. 

HISS, J.cpidostI'Qbw: Olryi, ZeiBer, Flor. '-lllollciennes, p. (t02, Pl. 
LXXyn. fig. 1. 

1889, Bot/(rodendron ,ni1I!1t(folium, Kidstol), Trans. H.. Soc. Ed.in
blll'gb, Yol. XL,",'. Pt ii . 

1893. }Sigillaria (BotIIJ'()(hmdron) minllt~(oli(l, Weiss and Sterze1, 
K. PI'euSB. Geol. Laudese.nstult, Heft 2, p, 49, PI. 1. figs. 3 a.nd 4 ; 
PI. n. figs. 8 and 9. 

1904. Bothl'odendru1t minullj"oh'nm, Zalesr;ky, :Mem. Com. Geo1. Rllil8.iO, 
Pl. n. fig. 6, 

In habit a plt\Dt of B othrodend"ol1 recalls Lepidodendron 
and recent species of Lycopod;,,,,,; the slender dichotomously 

! Haughton (59). 



252 LYCOPonrALES [CR. 

A B 

c 

~,: 

G 

H 

Fm. 212, natlimdl!lldroll. 
A. BfI/hrodCTldrOIL mi'll.ll/~rolillm, yal'. 1'(Jtlllldatll Weiss. After "Weiss 

and St.erzt!J. 
B, D.1JUIICtaWIIl. After Zeiller, 
C. 13. millut~;(ili1l1n. After Weiss and Sterzel. 
D. iI . 1l1'iullt~folill11L After Zeiller. 
E, Lepic1olltl'obu80Iry/, After Zeiller. 
F . Bothrode'lldroll PllllotlllUlII, After Zeiller. 
G, H. B. kiltorkellse. G, after Nat.borst; H , after Weisil' and 

Sterzel. 
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branched twigs bearing nume rOuS leaves (fig. 212. D). ha.n! 
been mistaken fur shoots of l~ljcop()dill1n . Ilnd ti'n.gmunts of 
branches might well be identified ;)._<:: impressio1l8 of l\Iusses. 
The ll'af-scars on t he smaller shoot~ OCCur on elongated cushion 
(fig. 212 , C, D ) wi t h a t ransversely wrinkled surface : on the 
older branches t he leaf- scan; art! separated by fairly bl'gl' :l,rens 
of bark characterised by sinllo ll H Lrnn~ \'e l'se g r Ou\'es and lHUTOW 

ridges bearing nu merous s llla ll pi t:>;, a:.:. shown 0 11 il.Jl L' lllargcd 
scalt in fig. 2] 2, A. ~'he original surfa(;t:' -fL:a.tll r~s :tre shown 
on t he left of' t he drawing, ancl a. Rlight ly deeper I(.'vel in the 
cortex is represented ou t he rig ht-ha.nd siue, The absence of 
leaf-cushi ons on thu older ~h oots is probably t he resu lt.. (I f 
secondary tbjckcniug, which also al ten; t he size and shape 
of the leaf-scars. Each seal' ha~ t..hl'E'(;' pits on Its ~ lIrf~\CC, as 
in L ep idodell dron : a cen tral lenJ-Lrace ~car nnd lateral parichnos 
scats. The circular pit abo\'e the le::tf-scars, wbich ocours in 
most species, marks the position of the lig ule. The relat ion uf 
t he sbort 10::\ \'e8, :) mm. long, to t he leaf-cushi ons is shown in 
fi g. 212, D. The absC:llce of leuyes, except in impressions of 
slend er t wigs, ma.y be interpreted a~ an indication t hat they 
wHe shed at an early stagl! and did not persist many years. 
The leaf-cushions of' t he ~ma.llel' 8hoots of B oth rode'lldron 
mi nut7j"oliui}f" closdy resembl e- those figured by \Yeiss on a 
De\ronian plant, Lepidodendron L ossenil . 

Onc of the few examples so far discovereJ of a Hothro
dendron COli C is shown in fig. ~lH ; this specimen, n,t h;a~t 10 CIIl. 

long, was found by lIlr H emingway in t he Middle Coal-~l easures 
of Yorkshire and described by Dr KidstOD_ Numerous 8po1'o
phyJls are attached at righ t angles t o the axis, t he surface of 
which is protected by thejr upt w'ned distal portions; the afl'ange
ment of the parts appears to be the. same as in Lepiclost1·ob'Us. 
~\ "pecimcn figured by ZeiJler as Lepidostmbus OI1'yi, which 
Kiclston is probably correct in idell ti(ying with Both"'odend1'on 
rninutifolium, shows that each spol'ophyll carries a horizontally 
elongated sporangium (fig. 212, E). 

! \"russ, c. E. (84) PI. VI. figs. 6, 7. 
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b. B otJn'odeudr(JlI pU1Jctatarn Lindley and Hutton 1, Figs. 211 , 
212 E, F. 

This species, which is less abundant t hau 13. 1I1inut?joliuTfI, 

F lO . 213. BorhrodclUirofI1llinuti/()/ium COlle. From a specimen in Dr Kidston'S 
Collection. (Sligb1.ly reduced. KidstOD (02) Pl. LlX.) 

in British Coal.MeasuJ"cs, bas been described by several authors 
as Ulodend;oll on accou nt of the occun-ence of large depressions, 
like those shown in fig. 211 , on certain branches of the plant. 

1 Lindley and Hutton (35) A. Pis. SO, 81. For synonymy. see KidstOD (93) 
p.34.1 . 
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At t he suggestion of Dr Kidston, Prof. Zeiller! fignred nn 
English specimen of this species, presented to the Paris 
Museum by Mr Hutton, in which the leaf-scars nre preserved 
00 the bark of a stem with rl odendron scars. Th e surface of 
the bark is characterised by numerous sma.ll pits and discon
tinuous vertical lines in contrast to th~ tl'<\nS\t~ rse lines of 
E. 1I~il1Utifoli1l7lt (cf fi g. 212, A and F ). Th e leaf-sc.:'trs on t he 
sllIalier shoots may h;:I\'e a diameter of only O':~-O'5 mID., while 
on the larger branches they reach a brt'adth of 1 1ll1.1l. The 
ligule-pit may be in contact wi th the upper edge (fig. 212, F) 

of the leaf-scar or sepan1,ted from it by 11 short distanc-c. 

c. I!oth"oclendroll kiltol·1.·ellse (Ihughton). F ig. 212, G, H. 

1859. C,?rlostigwCt kilfm'k~',W), H n.ughwu, ,Tnul'll. R. Soc. Dublill. 
VoL 11. p. 418, PIs. xn-.-":\TrJ. 

C. minutum, H aughton, .J OHrn. H. Soc. Dublin, \ '01. II. p. 418, 
Pls. :xrv.-XYJI. 

C. U11:.lfltI181, H ilUgh t.on, JOlin,. H. Soc. Dublin, \ 01. II. p. 418, 
Ph;. x.\". - x\'11. 

1870. L epidud!'ndl'oll J't'ltlil'/m/a/tum, H em' (e.)' p(lrfr'), K. S\'enf:lk. 
Yet. Akael. R,wdl. Yo!. IX. PI. I X. f:ig~. 2--1. 

C!J('{ost~qllw kiltorkerue, ibid. PI. XI. fig~. l -G. 
Calamites 1'udiatu8 (C.l' parltl), ibid. -rl. Ill. fig. 2(1: PI. I X. 

fig. 2b. 
Stigmaria /icoidolJ 1ninuta, ibid. P I. IX . fig. 2 f'. 

1I1!Orriu ilnbricatl.1., ibid. PI. x. fig. -1. 
1889. B otllrodendrol1 l.-iltorlcellsc, K id::.:tOIl, Ann. i'l lag. :\'at. H j",t. 

[n.], Yo]. rr . p. G6. 
1894. Bollm.)dclldl'ol~ Hltor/..:(J}lse, Nfl.tbol'st, K. Svensk, Yet . .A.kl.ld. 

Handl. \ 01. xxn. No.4, p. 6[1, PIs. xr\'. xv . 
1902. BotlLrodendron (Cyclostigm(t) l:iltorkc1l$e, ibid. 1'01. xxxn. 

Ko. 3, p. 31 , Pis. X.-XIV. 

The specimens from the Upper Devonian rocks of Co . 
• Kilkenny on which Haughton fOlllld ed t his and two other 

species rna)' be reglu-ded as representing one specific tne. He 
described t he circular leaf-scars as arranged in alternating 
whorls. In habit the Irish species agrees with Botliroclelldroll 

. minutijolil<1n, but the leaf-scars are more elliptical (fig. 212, H ) 

] Zeiller (8u) PI. IX. figs 1-3. 
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and the ligu l e~ plt is usually absent, The leaf-scar shown in 
tig_ H is ].-2 mm_ broad and 1-4 mm_ in hl'ight, The large 
clIlk-ctioIl obtained during tht:! \'isit of a Swedish expedi tion to 
Bear I sland in ] 89,1) undel' the leadership of Dr Nathorst ht1.s 
II1[1Lcrially increased our knowledge of this ancien t type. rrhe 
Ii ItT11 of the leaf-scll rs vtu-i e::; according to the age of the branch 
anu thl'il' clj~lJosition is f<1.r fi-()ll1 constant CH:n on t he sa.me 
SlJccimen; l!i some caBes the scarS arc in fai rly regular 
whorls (fig_ 2] 2, G; an h'ish specimen) while in others t hey are 
in regu la.l' spirals. This irregularity of n.rl'tlngement, which is 
well illustra.ted by 1\ athorst's figures of Bea.r I sland and Iri sh 
~ jJecimens, finds it5> counterpart, though in a less marked [01'111, 
iII l't_'cent species of L ycopocii'lnn, e.g. L . Bela,qo. Pa.rtially 
decorticated stems may present a sn perficial resemblance to 
CaiOlnites, t he fissured bark simulat ing Lhe ribs of a Calarnitean 
c;ast. Such sterns, as N athorst haR pointed out, were tllistaken 
by H eel' fa" Calwmites '1'(uliutllS. Th e smalle r branches are 
characterised by a smooth surface, and old er shoots resemble 
Buthrodencll'on mil1utUoliwn in the pl'esellce of fine \tertic;tJ 
lines. The pl'csern1.ti oll of only one pit on the leaf-scaTS of 
many cxmnples led au thors to conclude that the species is 
pecu li a,r in this respect, but Kath orst has shown t hat in morc 
JJerfectly prc.!Served spL'ci mens each leaf-scfll' bears t hrre slmdJ 
oots. A specimen from Ireland in t he British 1\Iuseum ! illus~ 
tnLteR t he dichotomous branching and the longitudinal wrinkling 
'Jf the bark j the l eaf~ scars <-ue 2 mm. broad <lJld 2·5 mm. deep. 

NaLhoJ'sL~ has descl'ib8d some exalllpies .In which the leaf-
5C;-lJ'8 oocur on the lower instead of lll} the upper e.nd of the 
leaf~cush i ons; these and other specimens \vith obscure sllrfllcE
feattu'es he suggests may be underground axes, compamble 
in habit with Btig-nuwi(t t hough not identical as regards 
details. It is pointed out that the absence or scarcity of. 
Stigm((1'ia in the Bear I sland beds 1'enders it;. unlikel." that 
BothTOdelUkon bore typical Stigmaria brancbes. F. E. V;' eiss' 
has recently described root-beal'iug organs possessing primary 
xylem identical with that of Both1;odend7'on mundum j while 
ciosely resembling Stigmaria, ficoides in certain anatomical 

t Xo. 5252-1. !' Ko.thorst (02) PI. :">. figs. 4, 5 . ' Weiss, F . :E. (08). 
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characters, they clearly represent a distinct type. This dis
covery of n Stigmaria-like axis almost certtLinly belonging to 
B oth1'odenclron is consistent; with Nathol'st's views on some of 
the Bothrodendrol1 impressions ii'om Bear I sland. 

Information as to the cones of this species is restricted to a. 
description by Schimper l of a specimen in the Dublin MuseUln 
as Lepido8trO/.JIIB B ailY((,lIlts; this has spol'ophylls with a ~lIb

tria.ngular base bearing 8e\'el'al megaspores and termina.ting 
distally in a slender htillina 12 cm. in length. 

An clxample of a Botlil'odeltd'l'on wi th more prominent lcaf
cushions than those already mentioned is afio \'ded by a species 
from Bear I sland described by Heel' ~ as L epidodelld1'On 
Wuhia1l1on and afterwards referred by Nathorst~ to Both1'O
dCl1d1'on. The Rallle type lS recorded also h.r Schmalbausen 4 

from Lower Carboniferous or Devonian strata of Siberia. 
Certain Scotch H1)ecimens from t,h ~ Calciferrms Sandstone, which 
Kidston l; referred to B eer's kpeci E!!'i, are regarded by Nat hor:;t and, 
in part at least, by \Veisstiand Sterzel as represent ing a distinct 
specie~ which these authors desig nate B otllrodend?'on ]Cidstuni7

• 

\Vithout attempting the hopeless t ilsk of discriminating 
between the various Carboniferous and Devonian specimens 
described under the nameR Oyclostigma or Bothr'odendron, 
reference may be made to t h'c fullowing records ns illustrating 
the wide distribution of the genus. SchmalhausCI_\! records 
Oyclostigmct !.-iltorkense from Siberian rocks assigned to the 
Ursa stage (Devonian or Lower Carboniferous). The fossil 
described by Da wsonn from the Devonian (I f Gaspe as Ojlcto~ 

stigm,a dell8ifolimn probably represents a badly preserved 
example of Both1'odend1'on: \\'eisH's species Oyclustigma hercy
niU1n l\! from Lower Devonian l'ocks of the Hartz district may be 
identical with Jjothl-odend"on kilto,",,:ense. The supposed identi ty 

.of the la.tter species with DechellicL Roemmiana, Goepp., a.s de-

l Schimper (70) A. p. 71. 2 Beer (71) PI. n. fig, 11 ; PI. IX, fig. 1. 
3 Nnthol'st (94) A. p. Gi . PI. xv. figs. H , 15. 
~ Schmll.lha,uBell (77 ) p. 281. PI. I. fig. ii. 
o Kidston (89\)) PI. IV. figs. 2-4. p. 65. 
II Weiss alld SterzeJ (9B) p. 56. 7 Kidston (03} p. S23. 
IJ Schmalbll.usen (77) p. 290, Pl. I . figs . 7-12. 
y Dawson (71) A. Pl. vm. 10 Weiss. C. E. {84) PI. 'In . 

S. II. Ii 
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scrib~cl by Potonie\ appears to require confiJ'mation~, but if this 
<luthol' is correct the counexion demonstrates the continllity of 
Bothrodendroll shoot.Cj ;lJ]d Stigm::tTia~like subterranean organs. 
Thl! specimens described from South Africa, from strata which 
may be correIa.ted with the Upper or pO::isibly with the Lower 
Cnrb(mifcl'OUR series of Eumpe. as Botll1'odel1dt'on Lets{C'I.·~ in all 
probability ropresellts a spe('il's closely allied to the Irish and 
B~:H I sland type. Bothrodendron Leslei n:lmed aft~r Air Lesl]!:' 
whose diseoverics in the Cltrboniferous Sandstone of Y cl'cenig-

FIG. 214. Bothmclcndroll Lesll!i Seward. 
b, NlJ.iural size. 
(/, r. Slightly enlarged. 

ing (Transva.al) have added considerably to our knowledge 01; 
the South African Palae.ozoic types; i~ represented by jmper
feetly preserved casts character ised by more OJ' less circular 
scars displaying the same ilTegularity of anangement as 
in Bot/"'ode11d"on kilt07·kense. . The leaf-sears appear to 

l Potouie (OF) figs. 25-27. 2 Naworst (02) 1). 35. 
'I Seward (03) PI. XI. figB. 1-6, p. 87 ; Al'ber (05) p. l ,fiti, 
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have only one small pit, but this mar not be an original 
feature, Tho identification of th is plaut as Both'l'odelld1'On 
receives support. from t he discove.yy of rathel' more sati.sfactory 
specimens at \Vitteberg sent to me for examination by 
Dr Schwarzl. These fossils bear a. striking resemblance to 
B. hltm·kense. Cyclostigm,a aw;tl'ale'.! Feist. de cribed from 
the Lower Carboniferous rocks of N ew South "ales, though 
too imperfecL1y presented to refer with confi tlence to B. /,'£ltm'
ke'llse, is no doubt a. closely a llied type. 

It A q' B 

c~}i!i@_" 
c 

Fw. 215. Borhrodf'11drun /!till/dum (Will), 
A, B. From 1\ specimen (No. 26) in the Cambridge Botany School. 
C. British Museum. Wi11iam~oD Collection. (No. USb.) 
D, E. From 8 t;ection in Dr Kidston'l! CoUcction. 

Reference was made in ,"olum. I. (p. 133) to the ,o-calJed 
llaper coal of Carboniferous age ii'om Central Russia, which con
sists of masses of thin strips of cutic1e of Bothrodenclron stems. 
'rhe figures published by Zeiller" show that the plant possessed . 
(tIl epidermis consisting of polygonal cells interrupted by spirally 
disposed gaps ma.rking the position of leaves ; the gaps measure 
0'5-1'5 mm. in breadth and agree, therefore, with the size of 

1 Sewa.rd (09). 2 Feistmantcl (90) A. :! Zeil1er (80::) A. 

]7-2 
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the leaf·scars of the smaller forms of Botkrodend,·on. The 
SpcciUlcns from the Russian mines were first figw'cd by 
Trautschold and Auerbach I as Lepidodend?'on tene'rrim'tU11l.. and 
afterwards J'eferred by Zemel' to BotJl1'odend1'OJl p'llnctl1t/(_~. 

Nathorst!l, however, states that an examination of the Russian 
material leads him tCI retain. the llame originally proposed; he 
records the same type from Upper Devonian rocks of Spitz
bel'gcll. The chid' interest of these Russia.n specimens is thejr 
l11arUleJ' of presernttion, which Rena.ult has described as the 
result (If bactf'riai act,ion; he claims to ha'\c recognised the 
actu,\l bacteria associated with the cuticular rnembl·anes~ . 

..:1nato l / i '!J of 'lJeget{lti~'e shoots ~l Bothl'odendmn. 

In 1889 Williamson' described seve,·al specimens of petrified 
shoots from tho Coal-Jlieasures of Halifax which he named 
Lepidodendron 1iWndUirn: these aro no,\- known to be branches 
of n. llotlwoclendron. The discovery was made by Mr Lomax 6 

who found specimens showing the external charact.ers of Both
TodeJJd'J"on nJ]d the anatomical charactm's of Le}J'i'clodeJldton 
1nlwdt11n. In some of the smaller twigs, the stele cousists or a. 

solid core of xylem with external protoxylem; but in the 
m"jority of specimens the centre of the xylem is replaced by 
parenchymatous tissue, either ;).5 a. small axial stl'Llnd 01', as in 
the specimtm sho lVl1 in fig. 215, D, a wide pith, tbe clements of 
which are arranged in reguLar vertical series. A diagrammatic 
section of a small axis is represented in fig, 215, A: this branch, 
2 mm. in diameter} is composed of a broad outer eDttex cOll
sisting exclusively of primary tissue the outer cells of which 
are smaller and have thicker walls than the 1lI0re internal 
eleInents. The lea.f-traces, It, are accompanied by a. stl'and of 
delica.te tissue} the parichnos. The stele is almost solid; the 
tissues in contact with the xylem have not been preserved blli. 

the iun!3l' cortex is represented by a few layers of small pareu-

1 Trautscbold a.nd Auerbauh (GO) Plo II1. 

~ ZaHler (82) A.; (8u). a Na.tborst (94) A. Pis. x. Xl. 

4 Volume I. p. 134. ~ Willhunson (89) A. p. Hl7. 
~ 1 u.m indebted to hir Lomax for photographs of hi.s specimens. For former 

references to MI' Lomax's discovery, see Kidatou (05); WeislI, F. E. (08); Scott, 
D. B. (08) p. iOO. 
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<!hymatous cells, cl • 1'he larger section shown in fig. 2] 5, D, 
was cut from :l specimen from DuJesgate of which the smooth 
surface exhibits t,he ch~\'racteristic leuf-scars of Both1·odend'ron. 
The section measures 3 cm. in its longest <lia.mE.·ter and the 
stele bas a. brendth of 3 rom. The outer cortex has a smooth 
surface and is composed of rather thjck-wallcd cells succeeded 
by a zone of seconditry eJemel1ts. r:t'he middle cortex has 
dis.:'lppeared and the space is pa.rtially occupied by Stigmarian 
rootlets, 8, and crushed patches of cortical tissue. The position 
of a leaf-scar is Sl!eI1 at (1; thi~ is more clearly shown in the 
enlal'ged drawing fig. E. 

In his account of Lepidodendron. 'm:undwn, \Villiamson J de
scribed a section .in which the primary wood is surrounded 
by a considerable thickness of secondary xylem; a diagram of 
this 1s shown in fig. 215, C. An cXamin!ltioD of the section led 
me to compare the structure of the outeI' cortical cells, charac
terised by radial rows of ta.ngentially elongated elements, with 
the outer cortex of Stigmw~~i(t,. It has recently been shown by 
'Veiss~ that this and other simila.r sections present several 
points of agreement with St£gman'a, particularly with Stt"glluuia 
B1'ardi as described by Renault. At s in fig. 215, C, a vascular 
strand is seen passing through the outer cortex; this is almost 
cel'",~inly the bundle of a rootlet: in the sections described by 
\Veiss ruotlets are shown in n, similar position. The chief 
anatomical features of the Stigmaria-like organs of Both,'o
dendro.,"/; arc :-the considerable developmcnt of secondary xylem, 
the structure of the .outer cortex, which js practically identica.l 
1ivitb that of Sti.q}}t(t,1~ia /ico-ides, and the association of groups of 
short transfusion tracheids with the bundles of the rootlets. It 
is very probable that the absence of secondary xylem in tbe 
vegetative shoots of Botlwodencb'on is merely an accident and 
not a real distinction between the aerial and subterranean 
branches of the plant: a supposition rendered probable by the 
occurrence of secondary xylem in the axis of the cone described 
by Watson. As \Veiss points out) there are certain differences 
between the true St£gmaria and the corresponding organ of 
Both'l'odend'ron j the secondary xylem in Both-t'odelldron is not 

1 Williamson (89) A. 2 Weiss, F. E. (08). 
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broken up by broad medullary rays as in the common Stigmaria, 
:Ind in Botltrodendron the occurrence of a ring of primary xyJem 
js another pecultarity. 

In the vegetative shoots of l1otlu'odend,'on 7nund,u,m. the 
stele diffurs from those of Lepidodencb'ol7 in the narrower 
primal)' xylem ring and in the large size of t he metaxylem 
&.l"tlcheae; from Lepidodend1'on H m'cQurtii and L . ful(qino.suna 
the xylem is distinguished by its smoother onter face which 
consjsts of numerous narrow Ji.ylem elements. 

F lO. 216. Bot hros trobWf. f. ligule. (After Watson.) 

Gone8 of Bothrodendron (BotM·08trobu8 1). 

fL'hc long and narrow cones referred to Both7'odendron ' 
7J~inlLtl:roliu'ln from English and French Coal-"Mcasures are known 
Du ly as impressions and it is not possible to say whether they 
were hnterosporous Or homosporous; the cL'awing given by 
Zeillcr (Fig. 212, E) shows tbat the sporangia were of the same 
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form as those in Lepidostrobus, but we huye no more exact 
information ns to thei], mOI11hoi(lg,\·. A I'ecelltly pllblished 
desCl'jptiull of a petrified stl'oLi ins by nIr \Vatson affords a 
welcom6 addition to nUl' knowledge. There is li ttle doubt tha.t 
th_is COlle WUB born(' hr a species of Botltl'odendron; the {:\-i<icnca 
ior this conclusion 1:-; supplied h~' the agrc(:ment oj" t,h<: I1.na
tOllljC~ll characters of the stele ,,-ith that of the \regeLativl' ~hOLltR 

orih.r:inally described by \\"illiam!:lun a!=l Lepicioclend1'on ?lItmdwlt 
and by th~ eonstnnt, aRSociation of the cones :l.nd vegetative 
shoots. In 1880 \\rilliflmson deSCI1.bed a crushed cone containing 
both lllegn.spores aDO Ulicrosporcs which he ~J)I)ke of as" a dimi,
DutiYe organism, reminding lIS n1vn; of tht:' dwarfed f1'uits of 
ruany l.i ving Selagindlns t han of the large Lepidostrobil," 
Watson's speclmans ena.ble us to give a morE' complete account 
of tb.is type, The axi~ (Jf the strobil1ls bears short, spol'ophylls 
bent upwards in to a distal lill1b wjth a conspicuous ligule _in it 

deep pit beyond t he shortly stalked ' pomngium. The length of 
the Rtrobjlus is eE'timat,ed at 10 lllm, ; the stele is of the sallie 
type as that Dr Botli)'vdendTo71 7J1lt1ulllm, but It. djffc'!'j'; Em!)] the 
sp ecim{_'ns of t he veg('t.niYe f.;hoots ~o ii'll' found in haying some 
secundary xylcrn , As shown in the sketch reproduced in fig, 2] G 
each sporophyll is characterised by two tangentially placed 
grOu\'eR, g, on the lower f:'lce, and by numerous transfusion 
tntc hei(lR, t1' , nbo\"e the \'asculaJ' bundle, vb. immediately below 
the ligule, l. Megaspurang ia and 1l1icro~pol'<mgia occur 011 t he 
Same cone, the megasporangia b~ing on the lower sporophylls 
,mel contn.irring a single tetrael of megaspores. Fig. 219, E , shows 
a radial longitudinal section of a microsporophyll bearing a 
sporangium on the adaxial side of the ligule. l , below which is 
the si ngle vascular bundle and a group of short tracheids at t. 
The sporangia closely resemble those of species of Seiag1,;zella 

• and Lycopodium, and, as pointed out by "Vatson~, they also 
recall the sporangia of the Palaeozoic genus Spence1~ites, Both-
1'()strobus 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 t he 
megasporangia is another character in which the extinct type 

1 Willia.mHon (SO) A, p. 500, PI, xv, ii, , Watson (082) p, 12. 



264 LYCOPQDIAL.tS [CR. 

resembles recent Lycopods. I t is impossible to decide whether 
'\~atsoD'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 vegetat.ive organs by the sterilisation of 
spo),ogenous tissue, we should probably place L epiclost'l'oblls lower 
in the series than Botlwostrobus : but the greater resemblance 
between the fertile and veget:C:l,tive shoots of B oth,t'oclendron, as 
com pared with t he more pronounced difference in the case of 
Lepidodendr011, may be 1'cgardE'd as an argUlncnt in favour of 
recognising Bothrodendro1l as the morC' primitive type. 

Another posslble example of a Bothroclendron COlle has been 
described by Na.thorst fi"om Spitzbergen as Lepidostroblls 
Zeilleri 1

: this ap])ears to consist of an axis bearing spirally 
disposed sporangia. without any jnciiCt;"Ltion of sporopbylls. This 
strobilus may belong to B otlwodendron tene1·ri11tu1ll. 

Pinall·odendroll . 

The name Pillakodend1'on 2 was instituted by the l ~te Pl·of. 
\reiss for a type of stem closely resembling Both1'odendl"On but 
differing in the presence of a fin e reticulation on the outer bark 
and in the form of the leaf· scars. \Veiss's genns has been recog· 
nised by Kidston in Dumfriesshire but our knowledge of the 
plant is as yet Lased solely On a few small specimens. 

Ompitaiopldoios (a genus of 'uncertain systematic Jlositiol1). 

Fig •. 193, C, 217. 

Thi'S generic name was institu t,ed by \Vhjtc 3 fo}" certain 
specimens of large stems orig inally described by Lesquereux 
from the Coal-MeasureR of N orth America as L eJlidodend)'on 
m (unmillatwln and L. cyclostigma. The pbo~ograph reproduced 
in fi g. 193, C, for \\'hich I:tID indebted to Dr Kidston', rcpresents • 
" specimen described by him from the Upper Coal-Mcasures 
(If Sqmellle~ as Ompltaloplcloios allglicll8, 8.lld identified lI'ith 
LeJlidodend"on anglicurn of Sternberg. 

rrbe surface of the impression shown in "fig. 193, 0) is 

1 Nfi.t.I..lOrst (94) A. p. 42, P I. :m. figs. 8-10. 2 KidstOll (OS) p. 797. 
;1 White (9 ); (99) p. 218, PI s. LX\'.-U:VlII . <I KidstOD (02) PI), 358, 859. 
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characterised by clearly defined rhomboidal areas or cushions (fig. 
217, E) like those of Lepidode1l(Z,'o)), except in th" absence of a 
median keol, and !Similar to those on SOlliC forms of Sigillaria. 
B1"m'cli. A sb01't distance above t.he centre of' each cushion is 
au O\'al or subeoJ'date regjoll hounded by a rim~like mal',brin and 
containing a small O\'al scar, presumably that of a "'I'<lscular strand. 
A triangular e ie\'atioll which also shows a small pit (Fig. 217, 
E, a) occurs below the oy:\l area. The appearance of the 
surface-features v.-tries consirlerably on difi'er<.:ut l)arts of ,\ single 
specimeJl. Fig. 217, D , represents one of the llmneJ'Qll S figures 
published by I'hite in his detailed account of the American 
lnaterial. E}).,ch cushion bears a widt'ly OjJeD V-shapcd ridge, 
which is described as n. leaf-seHI'; abo,'e this is an Oyal area (:2;'5 

FIG. 217. OmphalophloioB. 
D. After White. E. Alter Kidston. 

min. x 1'75 mm.), the surface of which is b~undt!c1 by a narrow 
rim. " 1ithin 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 B<'ttisfactory conclusion as to the meaning of these sW'face
features. White considers that O"'phaiol,/,ioios is probably a 
rhizome of one of the arborescent Lycopods, but whether or 
not this 1S its true nature mllst be left for future discoveries. 
The f"ct that the rootlet bundles of some Stigmarian axes are 

• accompanied by a parichnos strand, as \Veiss has shown, may 
prepare us for the cliscovery of surface-features on Rtign"l.a')·iae 
not unlike those of Ol1lphalophloios. (Fig. 193, C.) 

A possible compltrison may be suggested also ,,~th Sigillaria 
Bm,·di as figured by Germal' (fig. 196. A) in which circular 
scars, which may be the scm's of rootlets, occur belo\\' the Jeaf~ 
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base areus. I t is not impossible that in the surface-features of 
Omphal(jphloios we baye both leaf and rootlet scars represented. 

General cOllside1'(ltions. 

The solid xylem Core charac:teristic of the stele of some 
speciE's of Palaeozoic Lycopodiales (e.g. Lepidoclend1'on esnostense 
and L.rhodwrrnwl1se) may probably, as Tansley and Chick I point 
out, be regarded as the lineal descendant of' a primitin: aria.) 
strand of water-condllcting eJementg. In the CDlln'le of evolu 
tion the centro of the tracheal column becau1c partially converted 
into parenchymatous tissue, a:-- in LeJYI:dodend1'on, v(tsCmla.1'e. 
The arrangement of the short cells in regula.r vertical series is 
reminiscent of an early stage in t,hc development of tracheae: 
instead of forming tubulal' conducting elements the central 
part of the steIn.r merlstclll acquired the short-celled form; 
~ome of the cells becam.e lignified as isodiamctric storage tracheae 
while others persisted ns thiJ1-wA.lled pnrenthyll.l:l.. 

The production of secvndary xylem and an increa.se in the 
girth of the wholcstem led to reduction it! the amount of centri
petally ck~ \~eloped conducting channels. ~()JrJe of these a.ssumed a. 
ne)" r ule and a. slu1IJe in h,uTDony with their fUllctions, A later 
stag(! is represented by a further encroachment of the central 
parenchyma. on the cylindet of centripetal xylem, as seen in 
Lepidodemb'on H u''J'cow·tii cLnd other species. The next stage 
is afforded by ribless species of Sigilla,·ia ill which the 
primary xylem is broken up into separate conducting strands . 
.As llidston ~ remjnds llS, it .is in the geologically more recent· 
species of Sigillaria, such as S. Brm'di, which persist into the 
Permian era, that this more extreme case of' reduction occurs. 
'The older gCDns Lepidodenclrol1 seems to bave I'etained to 
the last the complete cylinder of primary xylem. In the stele 
of Stigma,·iCl, the rh izoroe of Sig·ala,·ia and of Lepidode",i;,.~n" 

reduction of the centripetal xylem ba.. pa.sed beyond the stage 
represented by the broken cylinder of the ribles. Sigillaria • . 
With the exception of the examples descl"ibed by Renault' and 
by Weiss', Stigmaria is characterised by little or no centripetal 

I Tflnsley and Chick {Oil p. 36. 
, Renault ({J6} A. 

~ Kidston (05) p. 547. 
4 Weiss, F. E. (08). 
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primary xylem. It is, however, noteworthy tha.t Hena.ult's 
Stigmmia, in which centr.ipetal xylem forms a prominent 
feature, is attl'ibuted to Siyillw'in B1'a7·di. a species tn which 
the va~cul<l.l' cylinder of the aerial stem illustra.tes a later and 
not itD earli er phase in the replacemen t of centripetal by 
centrifugal wood. 

It would seem, as Lady Isabel Browne l say.<::, thilt most 
Stigmarian axes had reached a more ad\'[UlCed stage in 
specialisation thnn is shown in the stelaI' structure of the aerial 
shoots. The l'ela,tively greater a,nel probably the more precocious 
development of secondary xylem in Sti,gmari(£ tlban in Lepido
dend'1'Ol1 or S'igillm'ia. may have some significance in rela.tioD 
to the smaller amount of" old wood' " (in a phylogenetic sense) 
in their steles. 

As is pointed out in a. later chapter, recent l'esearCbe8 into 
the anatomy of extinct members of the Osmunciaceae by 
Kid,ton and Gwynne-\"aughan have brought to light a striking 
paralleli sm in evolutionary sequence between t he Lepidodendreae 
and t he ancestors of OS7nuncia and 'l'odea, the two surviving 
genera of one of the most ancient familjes of ferns. 

There can be little doubt as to a very close relationship 
between S?gillcwia" Lepidodelld1"OIl, and BothTodend'l·01I. S1"gil . 
la1-ia ~eems to have outlived Lepidodend1'on and Both1·odend'l'on. 
The two latter genera are recorded from Upper Devonian rocks 
in several localities, Both1'odendron being particularly abundant 
in the pre-Carboniferous fl oras of Bear Island and other parts of 
the world. A remarkabl e stem described by Dr White' as 
A'rchaeosigiU(wia p1-imaeva from Upper Devonian shal es of 
New York is spoken of by him as "one of t he most highly 
developed representatives of a fairly dil;tinct archaic group 
foreshadowing the later genera B otltToclendron, Sigilla,,,ia, 
.Lepidodend,-on and Lepidophloios." The type-specimen, when 
first discovered, consi~ted of an apparently unbranched stem 
reaching a length of 5 metres. Fmm the swollen basal part 

1 Browne (09) p. 25. 
2 Scott (02) U8CS t.he terms old and new wood in diEcu8sing Lbe e\·olutionary 

sequence in plnnt stales. 
~ White (07). 
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SLigmaria-like rootlets spread into the surronnding shale. At 
a higher leve) the fissured bark sbows indistinctly defined 
Ietlf-cu~hi{)ns which pass gmduall,'; upward~ into cllshions 
.. we] scars arranged in closer order On regular vertical ribs. 
The ~urf<.tce~feat.ure~ in thlR re.gion are practically those of a 
ribbed Sigill{U'2'a. Traced farther upwards the vertical fibs 
di~ ('1U t and cushion~ of the Lepidodcndroid form cover the 
sllrface of the bark. Th e leaf-scar,,;, "'jth a. supraposed ligular 
pit and two vertically elongatcd parichuos-scars, arc said to bear 
a closer J"esemblance to those of S2~r;illa?"1'a and B otJ/?'oclencl.'}'oll 
than to the It::1f-are~\s of LepidodendT6n. Xothing is known 115 

to the n.natomy of this stem, DOl' ha.ve fertile ~h ootl'" been 
discovered. In the absence of more tru~tworthy e\7idence than 
1S nvailablo conclusions of a phylogene,tic natm'e must be 
accepted at their true value, It is however legit imate to 
describe .A 1·ch{w()8ig1:ll(/.1~ia, p,-irnaev(t as one of the oldest 
examples of n. lycopodiaceous plant which shows weH-pl'esen'ed 
ext~J'Dill fea.tnres, and these are of exceptional interest, as 
indica,ting a combin:Ltion of generic characters. Th is De\'orlian 
t,ype lends su pport, to the vicw that Lep1:dodend'nm and Sigillm'ia, 
are offshoots, differing from one another in comparatively 
unimportant points, from a common ancestrnl type. 

The generally accepted statement that arborescent Palaeo
zoic Lycopodialos bore their sporangia on specially modified l e~\'es 
(spOl·ophylls}grouped in cones which were usually produced at the 
tip of ,I"nder hrllJlches, has reeently shared the fate of most rulcs. 
Pro1: Bower in hi.' 0"£8in qf a Lalld Flom mention, a Belgian 
specimen of Pillukude'l1cl'J'onm.1Isivum \Veiss from the \,vest,phnlian 
series (Middle Coal-Measures), to be described by Dr Kidston, 
which bore its sporangia " associated with the. leaves of' certa.in 
portions of the stem, without any cone~formation. The fertile 
and sterile porl,..ioDs are distinguished only by the presence 01' 

abseDfe of sporangia I." 
Lepidodend,·on and Sigillaria call hardly be claimed as the 

direct ancestors of any existing type of Lycopodiales, but while 
exhibiting points of con tact witb Lycopodill.m, Seu'9,:nella., and 
Psilotum they are perhaps more closely allied to I soetes. 

1 Bower (08) p. a05. 



XVIII) GENERAL CONSIDERATIONS 269 

Lady lsl1bel Browne', who has recently published an excellent 
sUlllmary of the eYidcnce on the relation of tbe Lepiclodendreae 
to l soetes, concludc~ her examin~ti()n of the arguments by 
expl'essing tbe opinion tbat there is a strong pl'Obabilit," of the 
correctncsg of th e view that [soetes may be deri \tcd "from the 
Lepidodendraceae in the "yidest sense of the word." This 
decision seems t o me t.o accorrl best with the filcts. 

The furth er question as to the relation of these Palaeozoic 
genera to plants higher in the scale must be reserved for 
fuller consideration in another volullu.:' . An attempt will also 
be made to consider how t~lI' anatomjcai structure Tuny be uf:ied 
as a guide to t he conditions undc]' which L fJ)),iclodendTD1i and 
~.H9illa!.,.ia as well as other mel11 bers of the Permo-Carboniferous 
floras pnssed t helr lives. The secondary xylem of Lepidodend'l'ol/. 
a.nd Sigillaria affords a. Rtriking example of water-conducting 
tissue of homogeneous structure comparable with the wood of 
Conlfers rather than with that of Angiosperms. It was pre
sumably formed, for the mORt part, under uniforlll climatic condi
tions : the >I,bsence of rjllg~ of' gro\\-th points to unlnterrupted 
supply to evergreen shoots exposed to no alternatlon of actiYity 
and arrested growth. Attention has already been called to the 
absence of any tissue corresponding to secondary phloem. Even in 
young shoots of LepidodendTun, no tissue has been found external 
to t he meristclllat ic zone agreeing in the forn! of its elements with 
the channels through which the elaborated fond is com'eyed from 
the leRves of recent plants to tbe regions of cell.building, That 
the' secretory zone> may have served thi:o:; purpose, at least in 
young stems, is not improbable. On the other hand, it is 
difficult to understand why older Lepidodendron sterns show 
no indication of additions to the secretory zone. If this tissue 
served lor the transport of pl'Oteids we should expect to find 

• provision made for its constant renewal pm'i passu with the 
secondary growth of the xylem. 'The conclusion seems to me 
inevitable that the supply of building-material was otherwise 
pl'Ovided for than in l·eccnt vascular plants> Th e physiological 
division of labou!' may have been less complete in the tissue
systems of the Palueozoic Lycopods than in the more highly 

1 Browne (09) p, 37. 
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Sl)ccialised orgaDs of :such an extinct genus as Ly,q-inodend'l'on or 
than jn J"ecCIJ L plants. Our knowlodge of the anatomical stn'}ctllre . 
of many extinct types bas already reached a .stage when we 
should take greater heed of t he modns operandi of t he complex 
machinery revealed by :-t study of pctl'ilicd stems. From t he 
known WE! proceed to interpret the unknOW1); but there is a 
d'lIlgl..'r of neglecting the possibilities of e\'Ll ln t ion during the 
count.!css ages which SC}Jara te whe fo rests of tho Coal period from 
those of the present en' . \Vc may basil)" allow pl"cconceived 
ideas to warp our judgment jJ] attempting to distribute the 
manifold activiti e~ which made lip t he life of a L epidodendron 
anlOng the structural units of the pbnt-b0dy. 



CflAPTEI~ XIX. 

Seed·bearing plants closely allied to members 
of the Lycopodia.les. 

1. Lepidoca1]10n. 

IN 1877 "~illiamson l published an account of some fossil 
seeds which he n~ fcl'l'cd to Brongruart's gelll1~ CCV"d1'oCal'
pon'l, a generic title for certain Gymnospermous seeds. Some 
of these he identified, on the authority of the author of the 
species, with Cm"dioc(opol1 anmnalllJlt Cal'l'uthcI'S3. Sen:! l'ai 
years latcr Wild and Lomax described a Dew t)1)e of strobilus 
from the Lower Coal-Measures of Lanca..~hire4. The result 
of this discoYCT'y and of the subsequent examination by Scott 
of additional material , was to esta.blish the fact that the 
seeds described by Williamson and generally accepted as 
GYUlllospermous, are iIi reality sporangia belonging to a 
Lrcop"diaceous COlle. The seeds to whicb Carruthers gave the 
name Ca1'diocarpon anomaluln are l however, distinct from those 
desCl'ibed under the same name by \\~illi<1mson and are tho~t: of 
a true Gymnosperm. For this seed-bearing strobilus Scott' 
instituted t he generic name LepidocG'rpon, which he t hus 
defiued: "Strobili, with the characters of Lel'idostrobU$, but 

• each megasporallgium WIlS inclosed, wben mature, in an in
tegument, growing up from the superior f~l.ce of the sporophyl1-
ped icel. Integument, together with th lamina of the sporo-

1 WjJ1i1Lmson (77) and (BO) A. 
a CII.ITutherij (72~). 
:; Scott (01) . 

!! Bl'onr;niart (28) A. p. 87. 
4 Wild and Lomnx {OO}. 
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."Jhyll, completely enveloping the mega.sporangiull1, or nucellus, 
Icaving only rul eiollg"tcd, slit-like micropyle ~bove. A siugle 
functional megaspore or embl'Yo-l'll.c developed in each mega
~pOrft,ngillnl , occupying almost the. whole of its cavity. :,M egaspore 
ultimately filled by Lhe prothallus or endosperm. Sporophyll, 
wgct.her \vith the integurncl1ted megasponmginrn and .its 
cnllt~llt.s, det,nched l'ntire li'Oll) the nxis of t,be strobilus, the 
whole formlng a c]o$od, seed-like, reproductive body. Seed-like 
orgl\n horizontally elongated, in the direction of the s]lorophyll
pcdjce!, to 'rhich the 1l1icropylar crevice i.~ parallel." 

Lep'icloca1,)lOlt Loma:'Ci, Scott. Fig. ::?18. 

An immature cone of L. Loman is practicaUy identical wi th 
fl, Lep-idost'i'obus; its sporangia. are Dn,ked and only acquire their 
integuments at a later stage. A mature strobilus has a diatnder 
of at jea,st 3 em. and js about 4 em. 1n length. As in typical 
Lepidostrobi, the axis bea,~ spirally disposed sporQphylls, and 
each spol'Ophyll has a long narrOw- pedicel approxin1ately at 
right angles to the cone axis with its distal end expanded luto 
a br,)I ,d and thick lamina (fig. 218, B). 

At Lhe distal end tbe pedicel bas a thin marginal "'ing 
(fig. 218, C, right-hand half) continuous with the upturned 
pt(ltective lamina. To the upper face of each sporophyll is 
attached along the whole length as far as the ligule, a single 
large sporangium: all ea.ch side of the ba.sc of the sporangium 
the sporophyll forms a supporting cushion. The relation of 
the sporangium to the ligule. l, is shown in fig. 218, B, and in 
the tangential section, C, wbjch illustrates the triangular form 
of the sporangium near its distal end. 

In ma.tul'€, cones, the spora.ngia a5surned the form of seeds, 
the change being due to the growth of an in,'esting integument 
frOlt) the upper [ .. ce of the sporophylls on each side of the 
sporangia. Fig. 218, A, ill ustrates the form of a sporangium 
as shown in tangentia.l sections ; the vascular bundle is seen 
below the base of the sporangium and the ga,ps right and left of 
it probably mark the position of parichuos strands. On ench 
side of j,bc sporangium, b, a ia,irly thick wall of tissue has grown 
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up from the spol'ophyll, forming;tIl integument which overtops 
the apical ridge of the spol'angi_um, ie;)sing a narrow micropyle. in 
tbe forlll of a long crence (1/1, fig. 218, B). At t,he proximal end 
of the sporangium the integulIlent forlllS an enclosing wall; at 
the distal end it, abuts on and is continuous with the upturned 
end of the 81'oroph),11. I t iR clearly established by Scott that the 

FlO. 218. L~pidQClITpon Loma,.,i , Scott. 
A and O. After Scott. 
B. Diagram of R single sporopbJIl: 111, micropyle j St. stele. 

tissue which invests the sporangia is not the upturned margins 
of the sporoJ.lhyU, hut a new formation fully entitled to tbe 
designation integument. It is noteworthy that the integument is 
not developed until a late stage in tbe ontogeny of tbe strobilus; 
it is not formed until after the production of tbe prothallus'. 

1 Letter from D. H. Seott (March 30, 1908). 

S.ll. J8 
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The diagrammatic sketch, fig. 218, B, shows the relation of tbe 
integument to the sporophyll and sparangium, tbe outline of 
the latter beillg indicated by a broken line. The columnar wall 
of the sporangium (fig. 218, A, b) forms a closed beak within 
the Ll1icl'opylar crevice, and in the interior of the sporangial 
cavity the slightly shrivelled membrane, a, represeuts the siugle 
megaspore; traces of the a.borted sister-cells of the megl:'L"ipore are 
occasionally met with. Scott describes a. specimen in which the 
megaspore is fill ed with tissue agreeing in appearance with the 
protbal1us in a megaspore of l soetes or Selaginella, : 110 un
doubted arch egonia 01' temale organs have been discovered, nor 
hllS ;.my spore been fOlWd containing an embryo. 

The axis of L. Lom,aa..-i has a medulla.ted stele constructed 
Oil the same plan as tht1t of some species of Lepidodend1'on and 
Lepil!ostruuus; the v",CLilar bundles supplying the sporophyll' 
pass obliquely upwards and outwards hom the stele, St, fig. 
2]8, B, and bend slightly downward just before entering the 
pedicel of a sporophyll. 

Dr Scott has also described a strobilus containing rnicro
sporangia. p<utiaUy io!J.closed by t\ rudimentary integument. It 
is, however, of considerable interest to find a partial develop
ment in the case of a male fl ower of an integumentary outgrowth. 
which it would seem could only be of real functional importa.nce 
in the female shoot. 

It is important to notice thi.tt specimens of a. second species 
of Lepidocm'pon, L . Wildi(Lnwm, are recorded from Lower 
Carboml'crous beds of Scotland, a l'act which points to a con
s iderable antiquity for this seed-bearing Lycopodiaceous type l . 

The most important qu estion to consideJ' in regard to 
Lepidoca?]Jon is-are we justified in applying to the integu
men ted sporangia the term seed? The megaspore was not 
se.t free as it is in recent Pteridophytes, such as Azolla and . 
other genera ''lith which Lepidoca'rpon may be compllred; it 
was on the other hand retained in the sporangium, as may 
sometimes happen even in I·.cent species of Selayinella (cf. 
fig. ]31, D). Moreover, the megaspore is characterised by a thin 

, Seoo; (01) 314. 
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enclosing membrane in contrast to the thick coat of a spore 
which is destined to be shed. 1'he peculiar slit-like form of 
the micropyle is a distinguishing feature, but this may be 
readily explained as a convenient iOrIn in the c.:'lSO of a radially 
elongated sporangium. The absence of an embryo, though a 
distinguishing fp.~ture of LepidocaTpon, cannot be held to be 
a serious obstaclo to the use of the term seed; in recent Cycads 
the em bryo, as Scott points all t , may Iiot begin to dovelope 
until the seed has been shed. It is possible that the s."ds of 
Lepidoca:11)oll. were not pollinated on the parent, plant. 

The Jesson which this extinct type teaches, is that certain 
LycolJodiaceous plants of the Palaeozoic era had Tcached nn 
important stage in the evolution of a :iced. The morphological 
ess€!ntials of true seeds had been acq uired; but we do not know 
the biological conditions undel' which pollillation and fertiiisa,· 
tioD were etrected. Another poi nt 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. Lea,-ing 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 arc certain features in Lepidoccu'pon shared by the seeds 
of Araucarieae 1 which may well mean something more than 
mere parallel developu1ent in two distinct phyla of the plant
kingdom 2_ 

ii. Miadesmia. 

I n 1894 Prof. Bertrand ' published an account of certain 
fragments of petrified leaves and twigs of a small herbaceous 
Lycopodiaceous plant, undet· the name Mictdef:nnia, rnembranacea, 
which he discovered in English material in association with 
Lep'iclodend1'lln Bm·cow·tii Subsequently Scott recognised 
the megasporophylls of the same plant, and microsporophylls 
have also been discovered. The most complete account of 

J Sewilrd and Ford (OG) . ~ For a contl'lll'Y opinion) see Scott (09) p. 65G. 
3 Bertrand, E. (94). 

18-2 
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a feature suggesting comparison with seed-structure. Some 
megaspores have been found filled with a prothallus. The 
longitudinal section shown in fig. 219, A, illustrates the cha.ru.c
t,eristic horizontal position of the megasporophyll, as also the 
relation of the ligule, I, to the sporophyll ,,·ith its single mscular 
bundle. and to t.he hairy integument. wbich overarches both 
sporangium amI ligule; the line 'In shows th e position of the 
megaspore-membrane, detacbed from the sporangial wall 011 tbe 
upper side but in contact with it below. The microsporophyll 
shown in 219, E, W;-15 originally referred to l1fiadesm1~a but bas 
since been recognised by Wntsonl as thflt of a Botlwostroblls. 

Miadesnn'a affords an example of a Palaeozoic plant com
parable with I soetes and Selagi11ella ; it agrees ",Iso with 
Lepidocarpon in possessing true seeds, and with ,\'atson's 
Both"'oden&l'oll cone in the shape of the sporangia, which are 
Illore like those of Seiagil1eU" than the radially elongated 
sporangia of Lepidostrobus. Atiaclesmia agroes with SelagiHella, 
e.g. B. spinosa, in its sf,ela)' St),llCtUJ'8, in the form of tbe 
sporangia, ftnd in the pre!:lence of ft, ligule. It is distinguished 
by having only onp instead of fOllr me.gaspores in a. spo.rangillJJl, 
in the possession of an integument whil:h form ed a close itlyest~ 
ment to the spore and served as a stigma. (cOlnparablf' with 
the stigrnlt-like integument of the male Bower of l'elwitsclt i«), 
and in the shedding of the megasporophylls, which ha,'e beel) 
"ptly compared with winged seeds. 

On the ground of their general anatomical features LBpido
(;arpO>land Miadesm,ia arc cleaJ'ly ent"itled to b(· included among 
extinct representatives of the Pteridophyro. These plants had, 
however, crossed what jt bas been custorna,'Y tu regard ;lS the 
boundary between Pteridophytes and PhanerogallJs: they 
possessed meg'1Spomngia with tbe attributes of seeds. It bas 
been suggested by Lester Ward 'that Pteridophytic seed-bearing 
plants shall be recognised as a distinct phylum for which he • 
pr~poses the name Pteridospermaphytn, a designation implying 
exclusion from the SpermatQpbyta as usually understood. For 
seed-bearing Lycopodiaceous genera he suggests the name 
Lepidospermae. As knowledge of the Palaeozoic seed-plants 

, W.tson (08') p. 12. ' W.rd (04). 



Xl"] LEPIDOCARPON 279 

increases revision of existing classifications and grau p names 
will become necessary, but as yet we a,rc hardly in n. position to 
draw up a t:K'1.tisfactory scheme of grouping; we know little of 
Lepl:doca'rpon as a whole aud it would be prema.ture to commit 
ourseh"es, eyen provisionally, to a classification which is bw,ed 
on such meagre eyidencc as we possess. Moreover t he value to 
be attached to the seed-habit, as 3 ba.o:.:.is of classification can 
hardly be estimated until fuller information i.CJ obtainf'd, 



CHAPTER XX. 

FJLICALE~. 

Tills division of the Pteridophyta includes both the true 
ferns (F ilicineae) and the less familial' water-ferns or Hydro
pterideae. The alrnost complete a.bsence of satisfactory evidence 
in regal'd to the geological histJory of the la.t,tel' renders tbi~ 
group of secondary importallce from a palaeobotanical stand
point" but, on the other haud, we possess a \ ... ·ealth of rnaterial 
hearulg on the past histo),y and relati,-e antiquity of the true 
ferns. 

rrbe study of extinct t,vpcs has so far rendered no sub
,tantial bell' towards bridging the \I~de gap between the 
Filicales and the lower plants. As ~fr Tansley 1 says in his 
admirab1e lectures on The E volution of the Fi~·icinea.n Vasculm' 
System, " The biggest gap in the plant kingdom at the present 
time is undoubtedly that which separates the Pteridophytes 
frolD the plants definitely below them in organisation, and 
directly we t ry to step behind the feros we tumble into this 
abyss." R escmbl!Lnces long ago recognised between certain 
ferns and the cycads, a. section of the Gym nosperms, were 
regarded by " few botanists as indications of blood-relation
ship, and the results of recent researches into the morphological 
chal'.1cters of extinct Palaeozoic types are generally beld to 
confirm t hese surmises. Prof. Chodat' of Geneva has recent ly 
challenged the validi ty of the arg uments on which th e 
affiuity of cycads and ferns has been accepted by tbe g"eat 
majority of botanists. Whether or not his criticisms stand the 

1 Tansley (OS) p. 3. Of. Braun (75) p. 267. , Ohodat (08). 
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test of unbiassed examina.tion, they must at least lead us 
to substitute a critical consideration of the facts for a mete 
repetition of conclusions which a.ppeal to QUI' imagination. 
Despi te Prof. Chodat's warning, we may still quote with con
fidence a. phrase used in another CODDCxion-f€wns «are links 
III a. chain and branches on the tree of life, with their roots in 
a. past inconceivably remote l , " 

Transitional fOl'1l1S which are regarded as pointing to a. 
common origin fol' ferns and cycads are known in :-tbunclance j 
other types have also been discovered which lead SOIne authors 
to go so far as to de:rlve the whole of the sE>ed-bearing plants 
from an ancestry the descendoUlLs of \\'bich am rcpl-esentied by 
existing ferns. ,\Vhile hesitating to allow the ferns or fern-)jke 
plants the peculiar position of unlvers..'ll ancestors, we must 
admit that there is no group of plants \\--ith a history of greater 
importance from an ovolutionary standpoint than that with 
which we are now concerned. 

There a.re, however, some difficulties to [ace in attempting 
to decipher the history of the FiJicineae as recorded in the 
earth'fo: crust. Few fossil plants ~rL' so familiru' ilS the well
preserved cUl'bouaceous impressions of' compound leaves on the 
shales of' ou r Coal-n:[easures, which were referred by older authors 
to recent genera and specios of ferns and accepted by later 
writers as undoubted examples of Palaeozoic ferns. The commou 
belief in the dominance of ferns in Palaeozoic floras is reflected 
in the novelist's description of the Carboniferous period, " when 
the forms of plants were Je,,- 'LOd oft.en of th e fern kind'." We 
now know that \relY lllany of these Carboniferous Je.!w€s be
longed to plants differing widely in morphological characters 
from the modern genera to which they exhibit so deceptive 
"resemblance. These pseudo-ferns, recently christened Fteri
dosperms or seed-bearing lern-Iike p]"nts, are dealt with in a 

°later. chapter. The discMery 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 

I Hudson (92) p. 29. 2 Hardy, lletllm of tlte Native, u. p. 153. 
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ferns, some authors went far towards concluding that however 
close might be the agreement between fossil and recent leaves 
sUSpjciOD of close relationshjp must be set aside. Like the 
ea.rlier writers who described fossils as lusus 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 menta.L balance of palneobotanists. The fb.ct is, 
we cann ot in some cases determine froth leaf-form alone whether 
OJ' not a fossiJ is a true fern ; we may, as Professor Bower l 

suggests, regard all. fern-like fO!:isils as ferns until the~' aTe 
pro\<ed to be Pteridospertns,ot' in a spirit of scientific seepti
cjsm, we may at once admit tha.t many Palaeozoic fern-like 
Jeaves must await further eridence before their true position 
Cfl.n be determined. I t is impossible. as Zeiller :!' says, in the 
present state of our knowledge to range fern-like Palaeozoic 
plants in two groups. ODe referred to Filicineae and the other 
to the Pteridosperms. 

'l'he following classific't~ion of th t> Filicalcs is based on 
t,hat adopted by Prof. Engler in thv latest edition of his 
Syllab1{S'J a,nel on the Tesnlts of Bowel"s4 e.xcell ent work fin the 
s l_Jore· beari ng mem bers of l'cccn t ferns. 

The members of the Filicales arc characterised by thl' same 
well·marked pbysiological division of Jabour in t.heir vegetative 
parts as are the I.ycopods; the plant is the asexual generation 
(sporophyte), while the sex ual generation (gametophyte) is 
!SlUall <lnci jncunspicuoll S, either an independent greeD protha.lltls 
C)1' n tissue more or le~s completely enclosed i.n the spoTe. The 
large size of the leaves, which in the youllg state are usnally 
coiled like a crozier (fig. 220, .1\.), is 11 striking characteristic of 
the ferns ; they are megapbyllous in contrast to the microphyUy 
of the Lycopods. 

1 Bower (08) . 
, EDgIer (09). 

2 Zeiller (OS) p. 8. 
I Bower (OO). 
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1. Leptosporangiate FilicaJes. 

In these homosporous and heterosporous plants the spora.ngia 
are developed £l'om single epidermal cells. 

(,,) E"filicine"e. Tbe sporangia bear spores of one kind 
only; the wall of a sporangium consi st~ of OTIC layer of cells. In 

B 

Fl(}. 220. Young frond s of (A) Alt!Jiopterili tueela and (B) C!f'JII8 reI/ollila. 
(Reduced.) 

~he great majori ty of cases the sporangia are. characterised by 
the possession of a conspicuous row of thick-walled brown 
cells, the annulus 1

, which serves as a mechanism for dehiscence 
and spore-dispersal. The fertile leaves, identical in form with 

1 For an nccount of the mechanism of spore.dispersal, sce Goebel (05) p. 587 ; 
Atkinson (94); Leclerc du Sl\blon (85) ; and Bowel' (00). 
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the sterile, or morc 0 1' loss sharply contrasted, usually bear the 
sporangia on the under surface of the lflmina in definite groups 
or sari , and not 0 11 the u])per surface 0 1' grouped in strobili as 
in the Lycopodialcs. The stem is dorsiventl'al or radial in 
strllcture, creeping 01' erect, frequ ently clothed wi th chaffy 
scales (ramenta) and less often wi th multicellular hairs. Th e 
sexual generation is represented by a. sma ll green prothall us 
wb-jeh lives foJ' a short period only and dies after nursing the 
fern-plant t hrough its earliest stages. 

(b) H;Vd'·Op te,·ideae. H eterosporous water-ferns differing 
considerably in habi t from the true ferns. Each mcgusporan
gium contains a 5ingle megaspore and several microspol'E'S are 
prod uced in each mlcrospo1'angiurn. The gametopbyte is repre
sented by t issue more or less enclosed in the spore. [G enera 
Sa {pihia, A zolta, lI1m'sl'lia, R egn elticlz"um, P i lulmLi(f . See 
Chapter xxv!.] 

((1,) EI~.fi licineae. 'The classificat ion of t he t rue ferns in 
common usc is based ainJ ost exclusively on the structure of the 
sj)orang iuITI, the form and position of t he sori , and on thE> 
presence or absence of an indusium (the t issue which jl1 some 
ferns par tially or completely covers each 50rIlS). I n recent 
years there has been considerable activi ty in the investigation 
of fern anatomy wi t h a view to elucidating the uatura.l relation
ship bet\,;reen recent farnilies or genera. The results of t hese 
resea.rches are on the whole consistent with the scheme and 
grouping adopted in t he Synopsis F7:ticmn of H ook er and Baker 
a.nd in general hrrrmony with the main conClusions arrived at 
by BO"'er from an intens.i ve study of the development of fern 
sporangia. T he following classification is based on that of 
Bower who takes as a basis (i) the relative t ime of appearance 
of the sporangia in a single sorus, (ii) the structure of the 
sporangia and t,heir ori entation relative to t he whole sorns, 
{iii) t he productiveness of sporangia (spore-output). 

Osmunda.eeae t 
Schizacaceuc 
G~eicbenia.cee.c 
Matonineaf: . 

Simpl1'ces (Bower). The sporangia are relative1y 
la rge und all the sporangia jJ) a sorus havo a 
simultaneous origin: the annulus i ~ obliquc. 
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Hymcllol,hyl!a.ccac 
CYfLthe.<lceae 
D£UlJSt..'J.edtiilme 

Pol.ypodin.ceae 
Pnl'kcria.ccM 

lJipteridinu.c 
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( 

O"l)_datQ(' (Bowel). Sporangia arise in basipetal 
suuccssion Oil (\ more or less c}ougA,ted ret:cpta.c1c 
(pol'ti{In of tile leaf IllmiuR wbid! projects tl.ti IL 
ClIf<hiou "f cohunn 011 which tbe "}oQt'llngia H1'C 

( 

bome}; an1\\I!u:; ohliqllc; indtn,illm, if present, 
io tbc fonu (If;\ cup (w H(tp of ti~!:illC .4rising h'()/'JJ 
tho hase of tbe !:jorus. 

(
~Vi.rt(le (Bower). This divisillll inclutles the Poly

pndifl.cCltC. loy fut' th(' largest fllmily of fCl'lls. 

1'11\:: ",_poraugia are chal'autcri8ed by their reh
th'el~' small si 7.e. tbe presence of 1\ f3Jelldcl' ~tt\lk, 

(

' the <~b"CIl{;C (11' regubl' orientatir)ll or sequclIcc 
in d{we\()pluent, n.ud by the Pl'cscnse of It \'crtical 
3.1)nl11u:;;. 

(The Dipteridilli\.c include s['ccie.-; with lhe characters 
" of the Mi.rta t 1 hud otIC species in whicu tIle 

,o,,{JOl'olngi8 ilCl'ela!Jc ~iu1/lltll.rie<)//.slr (Simpb,(.:'::'S). 

Osmundaceae 1• (Os1)wl1da, Tudea.) 

Spol'angia. large and rnther 8t,ollter than thus£' of other 
L eptosporangiatv ferns, borne in small groups (filmy species of 
Todea) in lineal.' .1nd frequently cunfluent sori (l"odca, bu,r'bal'l~ ; 

fig, 22J, D) 01' clustered l'Olllld the "xis of modified fertile 
pinnae with much reduced lamina (Osmullda). The annulus is 
represented by a group of thiekt:L'·walled oolls a shorL distance 
below the apex (fig. 221, C). This faUlil), stands "pad among 
the terns; in som..: l'espucts, e.g. in the more robust sporangia 
occasionaLly forming synangiu, amI ill the presence of stipular 
wings, it forms a t rnnsitional series between the Leptosporangiate 
and Eusporangiate ferns. The only European species of Usmu,ndu.., 
0, 'regalis, is almost cosmopolitan in range; othol' species Occur 
in North and Sou th America, in the Far East, the Malay 
.Peninsula, and in other regions, more especially in th 
temperate zones. Todcn is represented by (i) the South 
African and Australian species, T. bW'ba1"a, 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 Fot' a fuller s,OcDunt of recent ferns, see Engler and Prant\ (02), Christ (97), 
Rooker and Baker (liS), and Bower (00) (OS). 
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fronds; (ii) filmy species in New Zealand, New South Wales, 
Ne"T CllJedonia, and elsewhere. A plant of the sma.Il tree-fern 
'I'ocloa Wilkesiu1la (Fiji, Samoa, and other islands) in the filmy
fern house at Kcw, to which my attention was drawn by my 
fi'iend MI' A. W . H ill, has a slender stem with the characterist~c 

leaf-scars exposed; it presents a striking similarity to Some of 
the fossil species of Osmundaceae desCl'ibed in a later chapter. 

Schizaeaceae. (Sclrizaea, Aneimia. LygocZi1l1n, Afolwia.) 

Sporangia borne singly and 110t in groups (sori), readily 

~ y 

Fw . 221. A. Olm~U7l{l.o ci1111amomeu (after Faull). 
B. l°mieo IloruaTu, 11, phJoem ; s, Bclerencbymll.. 
C. Osrl!lmda Ufla,li/j (after Luerssen). 
D. 'J'odell [, t,rlmra (~ na.t. fl.ize). 

l'ecoguised by the complete transverse apical annulus usually 
one layer of cells deep, but occasionally two layers ill depth on 
the side opposite the line of dehiscence' (fig. 224, B). Schizaea 
(fig. 222) with the exception of one species in North America 

J Prantl (B1) PI. vu. fig. 104, C; .leiller (1.17) p. 215, figs. 7-10. 
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(S. pusiZla) is characteristic of Nor~h"rn India, the Malay 
region, AWstralia, New Orlledonia, S. Africa, and elsew here south 
of the Equator. Aneimia (figs. 223, 224, A, B), characterised by 
the fertile segments with reduced la.mina, is chiefly American : 
tIle monotypic genus MoiL-ria, resembling in habit the Poly-

. 
1?w.222. SchizaM t le!l(J"I~. (Slightly reduced.) A few orthe segments termiuate 

in 118.l'row fertile Jobes. 

podiaceous genus Olteilcmthes, occnrs in S. Africa and Mada
gascm', while species of vygodi1l1n arc \\idely spread tropical 
ferns, with one species' in temperate N orth Amerjca.. Tbjf 
famil y has disappe1t!'ed from Europe. 
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Gleicheniaceae [Gleichen'i", Platyzo",,, (= G. l1Licr01Jhylla»). 

Sporn..ngia form circular naked sori composed of a \'~U'iable 

Ilumb<:,l' of SpoJ"aDgja, u~l1alJy not more than ten and fr~quent}y 

FlO. 223. Allcimilt rQtlmdijolia. (From ~he Royal Gardens, Kew. -! nBt. size.) 

fewer, characterised by au obliquely horizontal and almost 
complete annulus (fig. 224, I). In some species of Gleiche"i" 

~ •. , \ d._ .. J"';rY>",t- .. QI"-O'm ents are very small and 
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the segments" ' onn (fig. 226, C . 289 
frond, am . '.' e lwear (fia. 00 ), In others (sect . distmguished b ~ __ 6, D), and in ma '. J1re

r
tellsiCL ') 

• ) the regu l,,1' dichot uJ 'pecICs the .Jl .omOlls branching 

19 
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FlO.2::!5. GI(licltwio dicurp(L. (! nat. size.) 

"Fl(1.2',W. A, B. GlPicilimiteg ROllWjiUllkii , Raciborski. 
C. Gleicli.eniu dicarpu . (Nat. size.) 
D, E. (lZeiclienia dicJwtoma. (Reduced.) 

(A, B, ufter Raciborski; C, aftet..Hooker; D, E, after Goebel.) 
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(fig. 225), frequently showing an arrested mchis bud in the 
forks' protected by modified pinnules (fig. 226, D, E). In 
Platyzmlla the lOtH'CS are simple. reaching a length of 
20-30 em., and bear sma}] rm'olute o\'a] segments. 
• Gleichenia is represented by several species in the t.ropics 

and ext/ends t.o south t,enJp('rate n.JJd Antarctic latitudes. 1'h(' 
species G. dicliotmna (= G.line(wis) is one of the mOrL' successful 
tropical ferns. while G. monilifo)'ntis (by some a.uthors rec\)gw 

nised as a. distinct gcnlls. Sll'om.atoplel'is) is peculiar tu New 
Caledonia. The monotypic genus Platyzoma is a xeropbilolH; 
Australian fern. The Gleicheniaccae arc unrepresented in 
existing north temperate floras. 

Matonineae. ( JlJutonl(I.) 

rrhe genus Afatolli(l, placed in the Cyatheaceae by Sir 
V',Tiliiam Hooker and comp<tred by other authol'S a.l80 with 
t,h(: Oleicheniaceae, is now inclnded in a special family. The 
sori are circular and consist of 5-J 1 large sporangia (fig. 2i4, 
E, G) sessile on a c:cntnd columllal' receptac:!~ which spreads 
out into an umbrella-like indusium (D, ~') with its incurved 
margin tucked in below the ring of spomngia. The illdusiuO'l 
is detached when thl' sporangia are ripe. The ::tnnulHs 
is oblique and illCQlIJpJete llnd often slightly sinuous; it 
.1grees in the ma.in Wil,h that of Gleichenia. The specit:s 
lIfatonia lJectinata is ChnJ';ldicrised by dichotomously braIlched 
fronds (figs. 227, 228) with long and slender petioles ; tho 
pjnnae bCi.lJ· linear pinllules with forked lateral veins and 
"ccasioD"] lateral anastomoses (fig. 224, F ). The only other 
livjng representative is M. sa.1·meJlto8a~ discovered by :,\11' 
Charles Hose at ~ iah, Sarawak ~: this species has long 
Jlendulous leaves apparently very different from those of 
M. pectinatu, but the branching of the frond may be regarded ru; 

a modification of a prlmitive form of dichotomy'. A small bud 
occurs in the angle between the forked linear segments and the 
rachis, ns In some species of Gleichel1ia4

• A1atonia is confined to 

I Goebel (05) p. :318. ~ Baker {SB). 
S Diels, in Engler and Prnntl {02) pp. 343. 34 ,1 . 4 Compton {09). 

19-2 
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the 1\lalay region; »1. pectinota grows in 'Ve,~tel'n Borneo :1nd in 
nu·jous localities in the 1\'lalay pcminsula, while ]If. sannentoSI(, 

Fw. 227. ;Udtol/iapl!cl~1U1ta. {l nnt. siz e.} M.S. 

has been found in one locality only ; the lutter species 
I'ec(;m,ly b(o.en transferred to a new genus Phanerosol' US, 1 
;n vi .. w of the practical identity in anatomical structure {l 
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the dose agreement as regards the sari of the two species there 
would seem to be no justification for this change of narne l , 

Loxsomaceae. 

• The New Zealand genus Loxsoma has marginal sori with a 
cup-like 111dusium sutTounding an elongated receptacle bearing 

FIG. 228. iJ/atoui{l peaillatfl. From fl l)hQto~rflpLt by Mr Tansleyof fL group 
of pla.nts in a. wood on GUllong Tuudok, Mount Opbir. 

pear-shaped sporangia provided ·with a complete oblique annulus. 
The genus is ohjef:!y int,eresting because of its isolated position; it 
agl'ees with T1'iclwmanes (Bymenophyllaceae) In thf' structure of 

• the sorllS and with species of Dicksom:a nl1d Dllvallia in habitj it 
shows some resemblance also to Gleichcniaceae and Schizaea
ceae '. A new type of fern described by Christ' frow Costa Rica 
as Lox8omops'is costa7'ice1'lsis affords a striking instance of dis
continuous distribution and emphasises the antiquity and 
generalised features of the family. 

1 Copeland (08) 1). 344. ~ Bower (00) p. 47; GWYllne.Yaughan (01) . 
~ Christ (Ot). 
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H ymenophyllaceae. (Hymenop".vUum,. Tricho1Jumet-.) 

'l'he ~}Jora.ngia, which Urt' attached to n columnar l'ecC'pt,neie 

1)1' l'l'olongn..tion of a. \'cin beyond the margin of the larnina., al'e 

c/Hlrn.cteriscd by an ohliquely trans~'erse annulus (fig. 22-1-, C). A 
cup-like indusium surrounds t,he lower portion of the receptacle 
which i~ two-liJ)pcd in 'l'riclwmU'll€s and entire in H!)meno
J'/, .~llU111 (fig. 27 0, C, D). These two filmy fertls have tt wide 
cli~trjblltiQn both in tropical and extra.-tropical regions j they 

A 

, 
E 

FlO. :!2V. A. 1'}/yrdopter;s elr!llIIIS. H. 
C. lJuval/ill conC;1I1tu. D, Dir'k~Qllirt c()nii/IJ'itr. 
E. Alsuphilo. excel~(/.. F. G. Dick~onio CI4/ci.tll . 

lA, after Dids nud Kunze; H, D, F, G, after Hooker; E, afl.f'r Uower.) 

are represented in the Bri tish Isles by H !lntenophyliu1It tun
bl'iclg~nse. H . lVilsoni, nnd l;,-wliolnanes 1·adic(tIl8. 

Cyatheaceae. (C'yathea, Hemitez.itt, Alsoplt:ila, lJicksoltia, 

Thy,·sopteris.) 

The sporangia Occur in indusiate 01' naked sori and have an 
obliquely vertical and incomplete annulus (fig. 2::, ,~):,~ , In the 
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pound, but Oyatflea sinnuta Hook, a fare Cey lon species, bears 
simple narrow Jjnear leaves. This fa.mily includes, with few 
exceptions, all the tree Jerng 1. The sori of D·icksonia arC 
enclosed in a two-valved indusium (fig. 22U , F , G) ; in the 
specieS" repre::;ented in fig. 230 the fertile segments, which 
terminate in cup-like indusia, arC characterised by the absence of 
" lamina and closely resemble those of Thy,'sopt6l'is (fig, 229,11), 

Fw.230. Dic/.:.N(J//ia BaN!rl'(l//{/ Hook. Fertile Ilnd sterilt< pitlllse. (Nat. size. 
British hlu ReuUl Herl.mIlUln.) 

In Cyathea the indusium has the form of a cup which is at first 
• closed and afterwarcls opens at the apex (fig, 229, B); in Be

mitel'ia the indusilllU is mnch reduced and in Alsophila the sori 
are naked, Thyrsopteris is characterised by the reduced fertile 
pinnnles bearing stalked sori in deep cups (fig, 229, A). The 
appearance of th is fern His "eJY remarka.ble. for the cup-shaped 

I Scott, J, (74); Hannig (!}S). 
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,ol'i hang down from t he frond. in masses, looking just. like 
masses of millet seed1," The sporangia are described by Bower2 

as large aud of raGher peculiar foI'lU. As seen in fig. 224, H , t be 
annul us is continuous; it forms a twistod loop of cells which 
vary in shape and in the thickness of the walls. 'rhe Cyatheace"" 
are for the most part tropical ferns \v-ith a. wide geographical 
range, usually in moist regions; they are, however, able to 
tlourlsb under widely different temperature conditions. In 
Tasmania, as Diels3 points out, tree ferns may occasionally be 
seen laden with snow, and on the 'west coast of N ew Zealand 
t hey overhang t he edge of a glacier ' . T he monotyp ic genus 
171Y1'sopleris is confined to Juan Fen w,ndez. The Cyatheaceae 
no longer exist in Em'ope. 

Dennstaedtiinae. (M-icrolepia, De""staedtia.) 

This sub-t rihe, instituted by Pmnti, has been revi" cd by 
Bower on the gmund that the sori presen t features i n tt:r
mediate between those of Cyatheaceac and the Polll)odia
ceo us genus DU1,allia. 'r be sporangia hayc a slig htly oblique 
a.nnulu!;. 

Polypodiaceae. 

Tills section of the Leptusporn.ng iate ferns, ll1cl uding seyeral 
Ru b-tribes, comprises the great majori ty of recent genera. The 
sporangia form naked or indusiate sari and have a vert ical in
complete annulus. In P J,agiogyria' the obliq ue annulus and 
sora l features suggest comparison with t he Cyatheaceae. A 
mom in timate acquaintance with 1)olypodiaceou5 ferns will 
undoubtedly demonstrate the existence of other generalised 
types"' 

F rom t he point of view of the identifica tion of fossil ferns 
it is important to belJ.l" in mind the very clDse resemblance 
preserrted by some Polypodiaceous species, e.g. species of ' 
Davolli" (fig. 229, 0), to Oyat heaceous ferns (of fig. 229, D ). 

I Chall~ll[1er R~port' (85) p. 827. (Narrative, PI. II.) 
'l Bower (OO) p. 68. ;) Diels (02) p. 117. 
~ Seward (92) p. 45. ~ Bowtll' (00) p. 80. 
a Prof. Bower iuforDlll me thll.t h(l is now at work on Plu!liQ!l!l1·ilJ. nnd otber 

Jiolypodiaceae. 



xx] PARKERIACEAE 29i 

Parkeriace...,. (CemtopteTis.) 

The almost spherical and scattered sporangia nre character
ised by the peculia)' form of the yertical annulus, which is 
composed of numerous cells differing in their greater breadth 

A 

FlO. :liH. 

B c- "" 

~1a,c. 1'111)';;" 

~~ 
~f 

. 
I 

c 

. . ~~. ", 
~ I~J\ I~ F I """ 

. n ('I~; ~~ if \' \0 ~:1 ,t'<' l't 
~ '·,\\}1; .r- -
" '~i iVJij ~ G { ~! 

A, A' , J)ipLl'ril1 quinqu e/ure(l,ltl (type·specimen ill the Kew 
Herbarium). 

B, C, E , O. D. I'D11jlJilll l (l. (C,! nnt. size.) 
D. Po/ypodiu1JI qlleTci/o/ium. 
F. Di1lterill Wu.lfir:1Jii. 

(D, after Luerasen .) 

• and smaller depth from those of a typical .nnuills. Exannulate 
sporangia. have been described, while others occur showing 
different stages between a rudimentary a.nd a complete ring. 
The single species of Cemtopteris, C. thalictroides, is an annual 
aquatic fern widely spread in tropical countries l . 

1 HIlY (75) j Ford l02); Goebel (91 ). 
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Dipteridinae. (Dipte,·is.) 

The genus Dipteris, form crly included in the Polypociiae1Jae, 
htts been a.ssigned to a separate fawily partly on accuunt of the 
!"jight, ohliqujty of the vert.ical annlllu~ (fig. 231 , G) anc] on other 
grouuds.!., The f(_mr ~peci es Diptel"is COIIJugClta, D. lVallicl,ii, 
D. LoM,,,,,,, (= D. bit',,·caia). and D. ~,d,,~ueJ",.cat" (fig. 2RJ) 
are chamcterisE'd by a creeping rhizome bearing fronds reaching 
a Jengr,h of 50 em.; in D. cONjugata and D. 1Vallichii the Inminft 
is divided by n. ll]ed i(l.fl Ji;.inus into two ~.\mlmetJ'ic:11 halves, while 
in other species the leaf is diss€'<:tcd inLo narrow linefl.l' sl:gments. 
The m,lin dichot()Jl)otlsiy branched ribs are clmnected by lateral 
branches and th <::sL' by tertia-r.Y \'<: iUK tbe de licate branches of 
which end freely within the square or p()lygonal nreolae (fig. 
:2:3l, _,.~/, E). The lMked sori :1re c(!InpoSl:,d of Illlniel'OllS !Spol'angia 

and fllalLlcntous hairs: while in s(que ~peci{'s tim :-;oml develop
men t conforms to that characteristic of the i\Iixt,C\c, it has bet'u 
Bhown that in one specic$;. D, LoMia.lICl (= D, biji.('1'cata?), the 
i'qwrangia develope sill)ultant.'uu:sly as in the Simplices. jJipteris 
()(;cu)'s in Cllmpany wit.h Mafonia Oil 11 t Ophir n.nJ cls('wh f.: rc in 
the Malay p(~ uin~ula; it extends tu the Philivpines. Samoa, 
't-.\~w Caledonia, China, S ew Guinett, and the sub-tropical regions 
nf Korthern lndia. 

The impossibility of drawing a bard ami fr1.st, line beLween 
the di\'isions adopted in any syst{:1)1 of classification is well 
illustrated by the ferns. In the main, the three-fold grouping 
,uggested by Bowor is probably consistent with the order of 
evolution of the true ferns. The Polypodiaccae, which are now 
the dominant group, a.re in an probabiJjty of compa.ratively 
recent origin, while the Gra.datne a,nd Simplices represent smaller 
sub-di visions with representati\'es in rernote geological epochs. 
The genem Loxsolna, MClionia aDd Dipteris affurd examples ot; 
ferns exhibiting points of contact with mOI'e than one of Bower's 
sub-dil'isions: they are generalised types which, like many relics 
of tbe past, are DOW characterised by" restricted geographical 
range. 

1 &!ward and Dn.le (01). 2 Armour (07). 
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It is note,,~ortby that ",hile certain vegeta,tive features IlHty 

in SOme ca.s<:s be cited as family-characters, such features ar~' 

not usnaJly of much valne fror~ a tnxonolnic point of vicw. 

FIG. 232. DtJlHlUht acrticala. (t Dat. size.) 

While tb6 typical tree ferns are practically all members of the 
Cyu.thea.ceae, a. few members of other families, e.g. '1'odea bW'bClT(( 

(Osmundaceae) and tbe lUonotypic Indian genus Bmin.a (Poly-
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podia.ceae), forlD erect stems severil,l feet in height; but these 
differ in appearance ftom tbe Palm-like type of the Cyatheaceous 
tree fBrns. On the other hand, the thin, almost transparent, 
leaf of Hymellophyllum tunbridge»se and other nlmy ferns is 
a. character shared by seyeral species of Todea, A splenium 1'ec

sectum, and Dwwea tricltorna,llo1,'des (Marattiaceae); the film y 
hahit is essentially" biological adaptation. 

'l'he form of frond represented by certain species of 
Gleicld!'I1iaJ characterised by a regular dichot01l1.Y of the axis and 
by the Dcc-ut'renee of arrested buds, is (In the , ... ·hole a t rustworthy 
character, though Dat'ailia aculeata (bearing splnes 00 its rachis) 
(fig. 232) and ltlatom:a sa'tmentosa hn.vc fronds with a similar 
n:ode of branching and also bear a.rrested radius-buds. A limited 
aC'Iuaintance with ferns as Cl whole often leads lIS to l'egard a 
ceJ'i;.;'tio form of leaf as characteristic of ~l. part.icular species, but 
more extended enquiry l1snaily exposes the fallncy of relying 
upon so capricious }\ teature, The form of leaf illustrated by 
'l'n"cllOlItanes 1'en~fonne is met with also in Gyntllogram,rne Teni
fOrJllis and 1S fairly closely matched by th e 1(,:1f of Scolopendriu'JJl 
m·[JiiJ)es. The fronds of lVotonia pectinatu .. (figs. :22.7,228) bear a. 
close resemblance. to those I)f Gleiche-nia Ounnill[lhami, Adia11ttttn 
pl!daturu, and Chei1'opteris palrnatopedatu1, 

The habit, leaf-form, and distribution of F erns. 

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 O,,:gin of (/ Lana Flo,'''' render superAuons 
lllOre thaD a brief reference to cer tain general considerations in 
so rar as they may facilitate a study of fossil types. 

In size Ferns ha\'e a wide range: at the one extreme we 
ha,'e the filmy fe rn 1'ric"omanC3 G-oebelitwwu 2, growing on tl'ee 

stems rn Venezuela, wjth leaves 2'5 to 3 mm. 11) diameter, and' 
at the other the tree fEn'ns with tall columnar stems rea.ching n. 
height of 40 to 50 feet and terminating in a crown of fronds 
with a spread of several feet. A G'Ommon form of stem is 
represented by the subterranean or crf'eping rhizome covered 

I Diels (02) fig, 9B, p. IS8. 2 Giesenhagen (92) p. 179, fig. 3. 
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with ralnentai scales or bair~: the remuins of old Jeaxes Illcty 

persLst as mggf!d stllmp!S, 01", as in Oleandra, Polypod1'U/n 1Jl1ig(ll'e 

and sen:: ral other species, the. leaf IlIay b~ cut off by the {\)J'_ 

mation (If an absciss-la,\-er 1 lea ring a clean-cut peg projecting 
from the stem. As it nile the branches bear no rdar.iol) tu the 
leaves and arC often gin?u off fl'OD1 the lower part of a petiole. 
but in n few C,lses, e.g. in the H!ln~el/OI'JI.'1U(!C£'lIe, it i5 not8wurthy 
that tl'llL' axillary branching i:; Lht'TUll':!, In t;hl' t,ypical tn'c
fern t,he ~u.rface ]'esembles thnt of a ('\'cadea.u trunk cli\'cred 
with per~i::;Lent leaf-bases and a t.hick ~l_}ass of roots. Among 
~piphytic fern s highly mo(unt'd \o,tems iU'(J occa~ioJlal1.)' met with, 
as in the 11alayan tip0cies Pulj]>udillm (LecwtOpteris) carnoswn 
and P. sill((Us(m~~. 

The lei1.ves of ferns arc among the mO::it protl'<tn of all plant 
organs; as Darwin wrote, "the Y;.ll'i,-\l~ilit,y of ferns pa-ss(:~ all 
bouncls 4

." The highly compound tri- or quadripinnate leavl's 
of such species as Pteris aq ailillCf., Dcnnrllia and oth9l.' genera. 
stand for the central tY'pe of fern frond : others exhibit a well
marked dichotomy. c.g. LY9udi!tlll, G-leicheniu, ]ltCti(Jl1io, etc., ft, 

hn.,b it in all proba.bility assocint,ed wit.h the older rather than 
wit.h the more modern PI'odutt8 (If fern eyolution. Before 
<tttempting to determine ~pccitically fos~il fern froncIs, it is 
important to ft'l,miliarise Ollr~eh-eR \vith the range of variabi lity 
among existing species amI morc especifl.lly in leaves of the 
same plant. A striking eXMl1pfe of hetoeromorphy is illu strated 
in fig. 233. Reinecke' has figured a plant of Aspie"i"n< multi
lineatwn in which the !;egments of' the compound froods assume 
various lorms. In l'eratopilyllulI1. aculeatul1I. val'. inennis .Mett., 
a tropical climbing lern belie<ed by Karsten' to be ideuti",,1 
with Am'ostichnm (L oruar£opsis) sorbifolium.,-an identi£catioll 
which Goebei' qllestion.;,~the frauds which stand free of the 
stem supporting the climber differ c<>llsiderably from the 
translucent a.nd much more delica.te filmy leaves pressf'd against 
tbe supporting tree. From this fern alone Fee is said to haye 
crel:lted 17 distinct species, In this, as in many other cases, 

t Biisecke (08) . ~ BoodJp (00). 
:t 'ftl.pp (02 ). ~ DEl.l;w in (03) ll. p. 3tU. ~ Reinec.ke (fIi). 
II RanteD (95); Christ (!Ili) : Hommer (03). 7 Goebel (05) p. 34.7. 
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differences in leaf. form f\.re the expression of n. physiologicnJ 
division of labour connected with an epiphytic existence. Some 
tropical species of Polypod·i,,,,, (sect. DrYlla-ria) , e.g. P. querci
/oli"m (fig. 234 and fig. 231 , D ), prodllce two distinct types of 
l eal~ the large green fronds, concerned with the assimilation o~ 
carbun and spore-production, being in sharp contrast t,() the !Small 

r:'JG. 233. PoIYl}O{li!l7n Billal'dieri Br. (:t Dat. size.) ~fiddJe Island, Ne 
Zeala.nd. From speeimcns iu the ClI.mbridge Rerbo.tiUIll. 

slightly lobed brown leaves which act as stiff brackets (fi 
234, bI) for collecting hllmus from which the roots absorb rB 

materia l. Similarly in Plat!}ce1'imn the orbicu lar mantle-Ieav 
differ widely ii·om the long pendulous or erect fro Dds fashion 

. , -- -~~ ... 1;nn' !lntiPl'S of an elk. In Hmnitelia capensis 
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the form of finely divirleclleaves iden tified by earlier collectors as 
those of a parasitic 'P1-l.chomanes (fig. 235). In a letter written 
by V\T. H . Harvey in 1837 accompnnying the specimen shown 
in fig. 235. he says, .. Apropos of H emitel'ia, be it known abroa.d 
that supposed parasitical T'richoma,nes .. .is not a parasite. but 
it part of the frond of Hemil el·ia." 'rhe delica.te reduced pinnae 
remain on the stem and furm a ciu!'t.er ~t t.he base of the 
fronds I, 

In many species the spol'ophylls ,\1\' disr,ingnished from the 

M 

FlO,2iS4. Po/ypf)diulJl qlll'rc~folillm. (Mu ch reduced: 11, Mil.Dtle-leavc.s.) 

sterile fronds by segments with little or no chlorophyllous tissue, 
as in Onoclea st1~uthioptel'is~ in which, each year, the plant pro~ 
duces a funnel.sbaped group of sterile ie;-wes followed later in 

-the season by a cluster of sporophylls; or, as in many other 
genera, the fertile leaves al'e distinguished also by longer petj oles 
and thus serve as more efficient agents of spore-dissemination. 
In Ce>'utopteris the narrow segments of the taller fertile leaves 

I A so-iking eumple of tbese so-called ApLlebiae of l1emileiia may be 
seen at tile Royal Gardens, Kew. 

e Luerssen , in llauenhon;t (89) A.. p. 483, fig. 164. 
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;\re in striking t·(.)l]tJ·a.~t, t,O the broader pinnnles of the sub
nh:l"ged fojia,gl~ le;wes. Leaf-form is in many cases ob\·jously 
t,he ex prl'::;~ion of e.DVirODmE'n t; the xCl'('IphiJoJls fern J(lf}lcsonia 1 

fn)Jl) the tl'celesf': paJ'awDs of the And es:! l~ charactt:rised by 
it·:.: lJIinllt·c leafkts with strong J't:'\'oJute mar,t;'ins [ind il thick fe~t 
I)f hrdr:5 on the lowt' ), surf;-we; in others, xerl)philuus ft.'atu1'e)': '.nke 

FlO. ~35. Jit1ltilelia cajJt!l1i;i8 R. Drown. Ka.t. size. a, Pinna of llol'Ulal1 
{From a. specimen in the British Museom. M.8.] 

the f"nn of a covering of overlapping scales (Cetomc"), 
development of water-tissue as in the fl eshy leaves of 
l:fimala~an fern Dr/pnogl08swrn Ca1"110SUm.. In the Bracken 
Boodle' has sbown how the fronds may be classed as sbad, 

1 Goebel (9}) PI. nu. "'':1 Spruce (08) 11. p. 2;s2. ~ Bood] 



xx] PTERIS 305 

sun leaves; the former are spreading and softer, while the latter 
are relatively smaller and of harder texture (fig. 236, a and 0). 
E ven in ODe leaf six feet high, growing through a dense bush 
of gorse and bramble, the lower pal't was found to have the 

FlO. 236a. PUrill tlqltilil1(t. 
);>art of \e£l.f from greenhouse. (j nat. size .) After Boodle. 

teatuI'es of a shade leaf, while the uppermost exposed pinnae 
were xeropbi_lous. 

The resemblance between some of the filmy Hymenophyll-

~n. 00 
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acea.e and thal10id Liverworts 1 is worthy of mention as one of 
the mall]" possible pitfalls to be a.oided by the palaeobotanical 
student. The long linear fl'onds of such genera as Vi ttcu-ia and 
]lfonogramme might well be identified in a fossil state as the 
leaves of a grass-like Monocotyledon, or compared with the 

FJo. 236/J, PUris aquilino. 
Leaf from tbe sa me plant h'7'OWD out of doors. (J Dat. size.) 

After Boodle. 

foliage of ]slJ8tes or P·ilula)';a. The resemblance of some rem 
leaves with reticulate venation to those of Dicotyledons has led 
astra.y experienced paJaeobotanist;s j it is Dot only the anasto
mosing venation in the lea.ves of several ferns that simulates 

, Goob~l (OO) ; B.ke,· (87). 
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dicotyledonous foliage, but the compound leaves of many dicoty
ledons, e.g. Pa ulliniu tha/iG'trffolia (Sapinciclceae) ilDd species 
of Umbelllfel'ac, may eaRily be mistaken for fronds of ferns. 

The dichotomously lobed lamina. of some Schizaea..~. e.g. 
,s. dicilOtoma and S. eleg"'" (fig. 222), bears a close resemblance 
to the leayes of Baiera Ot' Ginkgol, The original description by 
Kunze2 of th e South African Cycad 8to ll.({el'ict JJrn'adoxn as a 
Polypodiaceous fern illustrates the difficul ty. or indeed irnpossi. 
bility. of distinguishing between }l, sterile silllply pinna.te fern 
frond and the foliage of some Cycads. The deeply divided 
segments of Cycus jl/icholitzii3 simulate the dichotomously 
branched pinnae of LY90dium d1'C/tot01nurnJ and t he lea.ves of 
..Aneim:ia 1·ot'l.wd1folia ( fig. 223) and other species "\1'e almost 
identica l in fo rm with t he Jurassic species Qtuzumites B ea-nt', 
a member of the Cycadophyti1. 

There are certain facts in l'egal'd to the geugraphical dis
tribution of ferns to which attention should be directed. Mr 
Baker in hi.~ paper on fel'n clistribution writes : U With the 
precision of a.n hygrometer, an increase in the fern~vegetation 

marks the wooded humid regiol1s4 . " If in i:1 collection of fossil 
plants we find a prepondemllce of ferns we are tempted to 
assu me t he existenC!e of such conditions as are tllvOtl1'able to the 
luxuriant development of ferns at the present day_ On the 
other hand, we lUust bear in mind tho wonderful plasticity of 
many recent species and the fact that xeropbilous ferns are by 
no means unknown in present~day floras. 

Ferns are admirably adltpted to rapid dispersal OVel' com
pl1J'a.ti vely wjrie ,ueas. Bower:; estimates that in one season 
a Male Fern may produce about 5,000,000 spores; wit h 
this enormous spOl'a-output are coupled a t horoughly efficient 
mechanism for scattering the germs and an unusual facllity 
fol' wind-dispersal. \Vhen Treubo visited the devastated and 
; terilised wreck of the Islaud of K,-akatau in 1886. three years 
after t he \rolcanic outburst, he found that twelve ferns had 
already established themselves; the "pores had probably been 

1 Seward and Go wan (00). 
, Thisf>Hon-Dye.r (05). 
~ 13oM'er (OS) p. 18. 

:l Hooker (59), 
• Bilker (68) p. 305. 
s Treub (88) A. ; Ernst (08). 
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carried by the wind at least 25 to 30 tniles. It is not surprising, 
thel'efoJ'c~ to find t,hat many ferns have an almost world~wide 
distr.ibut,jon ; and, it may be added, in view of their effic1ent 
means of' dispersal , wide range by no means implies great 
antiquity. Prof: Campbell' has recently called attention to the 
significance of t he wide distributi on ofHepatiCc'l.€ in its bearing on 
their antiquity; the spores are inca.pable of retaining vitality for 
more tha.n a short period, and jt 1S argued tha.t a worJd~wid e 

distribution can ha,re been :tcqui red only after an enormous 
lapse of time. If wc apply this reasoning to the Osmulldaceae 
among ferns, it l1'1a), be legitimate to assum.e tha,t t heir short· 
lived green spores render them much less effi cient colonisers 
thml the great IDRj oJ'ity of ferns ; if thjs is granted, the wj<ie 
distribution of Osmundaceous ferns III the Mesozoic era carries 
t heir history hack to a still more rem()te past, a. conclusion 
which receives support from the record~ of the rocks. 

'The Bracken fcrn which we regard as characteristically 
Bri tish is i,l, cosmopolitan t.ype; it was found by Trenb among 
t he pioneers of tho N ew Flom of Kmkatau ; in British CentraJ 
Africrl., it greets ODC at every turn I, like a messeng~r from the 
horneland 2"; it grows on the Swiss Alps, on the mountains of 
Abyssinia, in Tasmania. and on the slopes of the Himalayas. 
The t wo gener~ .Afa.tonia (fig. 228) aDd D1pttn'is, whicb gro~v 
side by side on Mount Opbjr in the Malay Peninsula, are examples 
of restricted geographical range and carry us back to the J ul'Ussic 
period when closely allied types fl ourished abundantly in north
ern latitudes. Similarly ThYJ",soptet'is elegans, confined to Jnan 
Fernandez, exhibits a, remarkable likeness to Jura!5sic species 
from England and the Arctic regions. 

The proportion of ferns to Bowering plants in recent Boras js 
a question of some interest from a palaeobotanical point of view; 
but we must bear in mind the fact that the evolu t ion of 

. angiosperms, effected at a late stage in th e history of the earth, 
se60usly djsturbed the balance of power a mong competitors for 
earth and fl.ir . 'rhe a,bundance of ferns in a particular region is, 
howe\'el', an ltnsafe gll ide to geographical or climatic conditioDs. 
Many ferns are essentially social plants; the wide stretches of 

, Campbtll (071: ' Davy (07) p. 260. 
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moorland carpeted with Pte1''1;s aqu.'£li11a 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 we t regions of the Amazon, Bates l describes t he whole 
f~rest gh\dc i\5 forming A. (l vast fernery." In a valley in Tahiti 
Alsophilu tah·itiensis is said to form" (I, sort of forest almost to 
the exclusion of other ferns 2," In. the abundance of Glossopteris 
(figs. 334, etc.) fronds spread O\·Cr wide areas of Permo
Ca.rboniferous rocks in S. Africa, Austl'aiia, and India, we have 
a striking instance of a sl ll:rilal' sociaJ habit in an extinct fern 
or at Jea!'it fern-like plant. 

AC'/'osticAttm alli l'BU11I, with pinnate fl'Ollds several f~et long. 
is an example of a re.cent. fern covering imrnensc tracts, but this 
speclus3 is more especinlly interesting as a member of the 
Filicineae characteristic of brackish marshes and the ba.nks of 
tropic,\! rivers in cOI'upany with Mangrove plants and the 
{/ Stemless Palm " Nipa. Thi~ 8pecies exhibits the.: <l.natomical 
chart1cters of a water-plimt tu)d affords an interesting paraliel 
with some }"l:tla,eozoic ferns (species of Psa1"onius) which probably 
grew under similar conditions. 

The Anatomy of Ferns. 

The text-book accounts of fern-anatomy cODn~y a very in
adequate idea of tbe al'chitect,ural characters displayed by the 
vascular systems of recent genera. \Vbcn we .-~re concerned 
'with the study of extinct plants it is essential to be familiar not 
only with the commoner recent types. but partjcuJarly wjth 
exceptiomll or aberrant types. The vascular system of mnny 
ferns consists of strands of xylem com posed of scalariform 
tracheae associated with a Im'ger or smaller amount of paren
chyma, surrounded either wholly or in part (that is concentric 

• or bicolla teml) by phloem; be),ond this is a peri cycle, one layer 
or frequently several layers in breadth, limited extern"Uy by an 
endodermis, which can IlBually be readily recognised. The vas
cular strands are embedded in the ground-tissue of the stem 

1 Bates (63) A. p. 30. 2 Challenger Reportll (85) p. 785. 
3 'rll.nsley and Fritsch (05) p. 4.3; Thomas, E . N. (05). 
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CODRisting of thin·walled parenchyma andJ in most ferns, a. 
considerable quantity of hard and lignified mechanica.l t issue. 
The narrow protoxylem elements are usually chamcterised by a 
!"piral form of thickening, but in slow.gl'owing stems the first
fornl(,d clements (i.re frequently of the scala-riform t,ype. 

A study of the ;_t,l}n,tomy of I't:' cent fCl'OS both in the adult 
state 1lUd in successive st;l.ges of d<"\TeI0pmellt ft'om tbe embryo 
has on the whole re" eaied "R Htiriklug pal'aiJelism 1 ,. between 
,'ascular and sporangia.1 characters in leptoSptll'otllgLatc fel'ns. 
For a. ma.stedy treatment of onr koowleugc of fern anatomy 

D 

@
E 

, 

, 

Fw. 237. A. Mufrmin. peclinula (petiole}. 
B. 1ll.prctillata{stem). 
C. Glttcllen;lt dicaTpa (stem) : p, petiole; l)P, protophloem j 

position of protoxylern indicated by black dots. 
D. ltJ(llo7Iidi1l111. 
E. 1"riclwmalleB rmiforme: PP. protophloom. 

(e, E, after Boodle; D, after Bommer.) 

from a phylogenetic point of view reference should be made to 
, ~fr Tansley's recently published lectures: within the limits of 

this volume all that is possible is a brief outline of the main 
types of vascular structure illustra.ted by recent genera. 

To Prof. Jeffrey' we owe the term protostele which he applied 

1 Tansley (08) 1). 27. 2 JeftJ-ey (D8). 
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to a type of stele consisting of a central core of xylem surrounded 
by phloem, pericycle, and endode,·mis. While admitting tb»t 
steles of this type may sometimes be the result of the modifica
tion of less simple forms, we way confidently regard the 
l.2rotostele as representing the most ptimiti\:e form of vascnlar 
system. The genus Lygodimn affords an exa.mple of a proto
stelic fern; a solid column of xylem tracheae and parenchyma is 
completely encircled by a cylinder of phloem succeeded by a 
multi-]a,yered perjcycle~ and an cndodermls of it single layer of 
cell s. In this genus the sLele is charact.erised by marginal 
groups of P~'otoxylcm; it is ex-arch. An almost identicnl type is 

FIG. 2~8. Stele of 'Tricilomml('s SCa1UUII,: px, protoxylem; s, cndodenuis. 
}'rom l'ansley, after Boodle. 

represented by species of Gleich.llin, bnt here the stele i. 
mesarch, t he proto'-y1em beiug sl ightly internal (fig. 237, C). 
'P'richornanes sca,ndens (fig. 238) has an exarch protostele like 
that of LggodiulTt; but, as Boodle ' has suggested, the protostelie 
form in this case is probably the result of modification of a 

• colla.teral form of stele such as occurs in l'r~·cJJ,Omanes renifonne 
(fig. 237, E). A second type of stele has been described in 
species of IA"dsay,,' ill whieh the xylem includes a small group 
of phloem ncar the dorsal surface. This L,:"dsaya type is often 
passed through in the deve10pment of" seedling" ferns and may 

I Boodle (00). ~ Tansley a.nd Lulba.m (02). 
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be regarded as a stage in a series leading to another weH-marked 
type, the soIenostele. The solenostele1, a hollow cycl inder of 
xylem lined within and without by phloem, pericycle, and en
dodermis, occurs in several genera belonging to different families, 
e.g. Diptm's, species of Pt.,·is, species of Lindsaya, Pol:ypDdi!l))~ 

Jamesonia, Loxsoma. Gleichenia and other genera. In a smaller 
number of ferns the stele consists of what may be caBed a. 
rnedulJ~ted protostele similar to the cOlllmon fOl1ll of stele in 
L epidDdend,.on: t.his I,ype is found in species of Soh'iz"ea and in 
PlatyzD",a (fig. 239). It is important to notice that in the 

{. t. i.< 

FlO. 239. Plafyzollla micTopllylul. l.t. , lea/. trace; i.e ., illrernal endoderlllis. 
(Alter Taneley; modified from Boodle.) 

solenostele and as a rule in the medullated pmlostele when a 
leaf-trace passes out from the rhizome stele the vascular cylinder 
is interrupted by the formation of a foliar gap (Platyzu'TIla', 
fig. 239, is an exception). This fact has been emphasized 
by J effreyS who draws a distinction between the Lycopodiaceous 
type of st~le, 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 tbe cladosiphonic type (Lycopsida) and the latter as 
the phyllosiphonic (Pteropsida). 

The transition to a hollow cylinder of xylem from a protostele 

1 Gwynne.Va.ughan (Ol)j (03). 2 Boodle (OJ.) p. 735 . S JeiIrey (00); (OS). 
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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-vascular 
tissue consequent on an increase in diameter of the whole stele 
and the concentration of the true conducti_ng elements towards 
t)je periphery'. 

The occurrence of the internaJ cylinder of phloem. peri.cycle, 
and endoderrnis in a soJenostele is l'ende)'eri intelligible by a 
study of fern seedlings and by a comparative examination of 
transitional types connecting protnstelesand solanosteles through 
medullated protosteles and steles of the Li"dsa.ya type. A 

FlO. 240. CYCl tlU:U Imra!lafla. (From Tansley a.fter de Bary.) (Sclerenchymo. 
represen ted by bLo.ck bands.) 

further stage in stelaI' evolution is illustrated by what is termed 
the dictyostele, the arrangement of vascular tissue characteristic 
of Nephrodi"m Fili:c-mas, a,yathea(fig. 240), Polypodiu,m vulga"e 
and mnny other common ferns. 

If a solenostele is interrupted by leaf-gaps at intervals 
·sufficiently close to cause overlapping, a tran!)verse section at 
any part of the stele will show apparently separate curved 
bands of concentrically arranged xylem and phloem, which 011 

dissection are seen to represent parts of a continuoHs lattice ~ 

1 For a.n acoo~lDt of the probable methods by which this has been effected 
and of the factors concerned, see Tfl.Usley (OB). 
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work nr a cylinder with the walJ pierced by large meshes. Th e 
manner of evoJu tion of the W(:tyoste]e bas been ably dealt wjth 
by Gwynne-Vallghan} and othe.r authors. In a few ferns, e.g. 
Maiom:a pect1:1w,ta'2, a. tra.nsveTse section of the stem (fig. 2~7 , B) 

1"E' \'cals the presence of two or in some cases three concentric 
solenosteles with a solid protostele in the centre: this polyoylic 
txpe may be regarded as tbe expression of tbe fact that in 
response to the need for an adequ,tte water-supply to the b ,rge 
fronds, ferns have increased the conducting channels by a method 
tlthcr than by the mere increase of the diameter of a. single 8tele. 
Fig. 237, A, shows the vascular tissue of a petiole of Matonia in 
transverse sectioD. 

The two genera of OSlU undacea.e. l'ode.a, and Osmuncla, a.re 
l)(>culia,r among recent ferns in having a yuscular c~'lillder cOlil

posed of sepnntte strands of xylem \'arying considerably in 
shape and size, from U-shaped stTands with the concavit,y 
lacing the centre of the stem and with the protoxylem in the 
hollow of the U, to ovaloI' more or Jesl': circulat· ::;tl'ands with 
a. mcsarch protoxylem 01' without any protox.vlem e lements 
(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 l e\~els ill the stems. Beyond this 
ring of xylem bundles is a, continuous shea,th of phloem of 
characteristic structure. .A tmnsvel'SC sect ion of a st€:m of 
Osmu'mlu 'l'egcd£s may show 15 or morc xylem strands j in O. 
ClaytQnian" the"e may be as many as 40. In l'odea bal'bam 
(fig. 221, B) the leaf-gaps are shorter, and in consequence of the 
Jess amount of overlapping the xylem cylinder becomes an 
almost con tinuous tube. The recent researches of Kidston a.nd 
Gwynne-Vaughan" have resulted in the discovery of fossil 
Osmu.ndaceous stems with a complete xylem ring, the stele 
being of the medullated protostele type ; in another extinct. 
member of tbe Jamily the stele consists of a solid xylem core. 
The Osrnundaceous type of stele is complicated in O. cinnamomea 
(fig. 22l, A) by the occu rrenee of local internal phloem and by 

1 Gwynne.Vaugban (03). :! Sewa.rd (992); Wigglesworth (02) . 
• 1 Seward a.nd Ford (03); Jeffrey (09) ; FaulJ (01) . 
• Kidatou alld Gwynne.Vaughan (07); (08); (09). 
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an internal endoderm is, a feature which leads J effrey to wha 
I believe to be an incorrect conel lls ion that t hB vascu lar arrange 
ment found in Osmunda "eg(tlis has heen evol ved by reduct io} 
from a stele in which t he xylem w<:1 ... ., enclosed within and wi thau 
b;: phloem. N ew facts recently brought to light enahle us tt 
deri ve the ordinary Osrnundaceous type fro m t he }Jl'otost,el, 
and solenosteJe. It is wor thy uf rema.rk that t he Osmundaceat 
occupy a somewhat isolated posit ion among recent ferns : thei 
anatomy represents a special type, t heir sporangia differ il 
several respects from those of other leptosporangiate ferns and i I 
some features Osnmnda and Todea agree wit h the E uspol'angiat, 
ferns. Th e possession of such distinguishing characters as thes, 
suggests antiq uity j and the facts of palaeobotany, as also th, 
present geographical rc1.Ilge of the fami ly~ confirm t he COlTectucs 
of th is ded uction. 

13efore Jeu.ving t he stelaI' strllcture of leptosporangiate fen 
stems, a word must be added in rega.rd to a type of str uctur, 
met with i ll the Hy mcnophyllaceae. In this family T, .. iclw1nane 
renifonne (fig. 237, E) may be regarded, n.s Boodle suggest". a 
the central type: t he stele consists of a ri ng of metaxylen 
tracheae, the dOl":lal portion Imving t he form of a flat arc} 
and t he ventral ha lf t hat, of a straight band. This flattened rin! 
of' xylem encloses parenchymatous t issue containing 8cattere{ 
t racheae some of whi ch aJ'e protoxylem elements. I n T1'icho 
'manes 'rudicuns the rhizome is stouter t han in T. 1'enifonne an( 
the stele consists of a greater number of tra.cheae. 'rhe ste l, 
is cylindrical like that shown in fig. 238, but t he centre is oc 
cupied by t wo groups of pl'otoxy lem and associated parenchyma 
In H ymellopityll1,m tunbridgen"e t he stele is of the s" beol 
lateral type; t he vent ral plate of the xylem ring has disappeare! 
leaving a single strand of xylem wi t h endarcb protoxylem I.l.n( 
complet ely surrounded by phloem. T1'icholllaneS m uscoide. 
·possesses a still simpler stele consisting of n slender xylen 
strand with phloem on one side only. Reference h"" alr-ead: 
been made to the occurrence in this fam ily of the protosLeli l 

type. The Hymenophyllaceae afford a striking illustratiOl 
of the modificat ion in different directions of stelar structur' 
connected with differences in habit, and of the correlation c 
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demand and supply as shown in tbe "arring amonnt of con· 
dllcting tissue in the steles of different species. 

The Jr.af-trace in a great number of ferns is characterised by 
its C-sh:tped form 1 ~LS Seen in transverse section: this in some 
genem, e.g. M(/tonia (fig.·237, A), is complicated by the spir~1 
infolding of the free edges of the C ; in otber ferns (e.g. 
some Oyatheaceae) (fig, 278, C) the sides of the C are incllt'ved, 
while in some species t.he xylem is broken lip into a Large 
n umbel' of sep::u'ate strands. 

An elaborate tY'catment of the lea.f-traces of fel'lls was 
jJublished a few years ago by M~J. Bertrand and OornajBe 2 

in which the authors show how the \'al'iol1s systems of vascular 
t.issuc in the frondB of ferns may be derived from a common type. 
As Prof. Chodat:l justly remarks this important work has not 
received the attention it dcscl'\'(!s. the neglect being att,ributed 
to the sM'ange notation which is adoptecl 4

. 

ffhe rooCS of ferns are characterised by a uniformity of plan 
1n marked contrast to the wide range of f'tl'lIctnre met with in 
the stem and to a. leSE! extent in the leaves. The xylem may 
consist of a plate of scaJ~1.ritorIU tracheae with a Pl'otoxyJezn 
group at each cnd, or the stele may include sjx or morc alter
nating strands of xylem and phloem. 

IT, Marattiales (Eusporallgiate isosporous Filicale,). 

The Thiarattiaceae, the singlc family of ferns included in the 
Matattiales, comprise the genera Angiopteris, .An;hangiopteris, 
M,t7'aU'ia, DanaeCt, and i{a.uljuSbia, which are for the most part 
tropical in tlistl'ibution. rrhese genera are characterised by 
cuspol'aogiate sori or' synangia, the presence of stipules at the 
base of the petioles, and by the complex arrangement of the 
vascular ~issue. In view of the fact that many fossil ferns . 
show a close resemblance to the recent Marattiaceae, the sur
,"ving genel'a are briefly described. Th e prD'thaJJus is green 
.ud rel~tlvely large. 

I Gwyuue.Va,ughl\u (08). 
:! Bertran(l and CornlliUe (02). 3 Choda.t (08) p. 15. 
4 See alllO Pelourde (09) fot au account of ~be a.na.tomy of fern petioles. 
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An,qiopteris. This genus occurs in Polynesia, tropical Asia., and Mada
gascar; it is charactcri8ed by a short and thick flet;hy stem ooaring large 
bipinnate leaves which occasionally show a forking of the l'fl.chis ' , 11 

fea.ture rcmiuiscent of some Palaeozoic fem-like Crouns. One of the 
Jarge plants of .A 11{p:opteris cllecta in the Hoyal lillrdons, Rew, bears Icave!5 
12 rcpt ill length with a stalk 6 inches in diameter at the basp.. TIJ~ 

se;;siJe or shortly stl~lkcd and l'itther leathery lineal' or brMdly lauceolnt.e 
pinnules have ~ vrotninent midrib and dichotomously branched lateral 
Ycins. The ~nl'face of all old stein is covered with the thick stulllPS of 
petioles enclosed by pall's of fle::;h,> stipulel) (fig. 241, A) fLlld bear!-! 
llumCl'OUl) fles hy root.s, Wh, (;h hang free in t.he air or penetl'l:I.te the :-;oil. 
'l'be young frond~ (fig. 2'20, A) exhibit very clearly the charucteristi c 
circinate Yerniltillll . The proximal part of each primary pinna is cha
racterised by a pukillus-like i'iwelling. The sporangia, in sbort linear 

.FIG. 241. A . .:l ll,qio)ltrriJJ ('vecta. (C01lsidetably reduced.) 
B . .V(~raUi{1 Im.rin,eIL Stipule. M.S, 

elliptic::Ll sori ncar the edge of the pinuules, consist of free ~IJorallgiil. 

(fig . 242, A-D) pro\-ided with /1 peculiar type of" anuulus "2, iu the form 
of I). nannw bnnd of tbjeker-walled cf!lls, which eXlelJdJj liS ~ brond strip 
on either s ide ()f the apcx. An examination of sections thr(H~gh the 
sporangia of _h lQI:opieri.( in diftcrent plaues ll illll~tmtcs the difficulty of 
determining the precise natnre of the ItDnulu~ in <.\ petrified 8ponwgiuro 
which is seen ouly in one 0 1' two planes. Many of the spol'l.1.ngill. from the 
English ConJ-Measurcsl compared by authors with those of Lepto);p0ra.ngiate 

• felTLB, tll'C in a.ll pl'obability referable to the Mllmttiaceous type. 
The. vl.l8Cllbr system~ of the stem constitutes a highly complex di et yo· 

stelic or polycylic type which may consist of af:l many &'3 nine concentr ic 
series of strands of .'lylem surJ'\.mnded by phloem, with llll'ge sicve-tubf'..s 

I Observetl in plauts in the Botanio Gard.ells of Brussels and Leipzig. A. C.S. 
2 For em account of the spore· producing members of the Mnraitiaceae, sel! 

Bower (tI1). 
:t ZeiHer (90) p. 19. <4 Shove (GO}; Tonsley (0 '}. 
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l'l.nd a peri cycle which nbuts on the parenchymatous ground-tissue without 
allY definite cndodcrmal layer. .A pecUliftrity in the vllSCuln.T strandli is 
tbHt the nn,t.fOI'DlOO elcmcnt:i of t.he Vh100lll lie close to the edge of the 
xylem, the IDotaphlocm being therefore centrifugal in its development. 
The b'l'ound.tissue is devoid of mechanical tissue and is penetrat.ed by 
ro()t.-I, n. few of which ari.'Ie from the outer vasculn.r strande; while other:; 
force tbcir way t.o the liurface from tho Ulore intcrnu.l dictyostcles. 1.caf· 
trat:t~S, cnnsil:lting of 8e\'81'11.) I)tl'llnds. are gi\'cn off from the ()utermost 

Fl(i. 242. A-D. A Il.'IiQpt{!ri~· l'1,'I'C/(J. 

A. Apex (1r~poraugiulll !!howing "annulus." 
B. Sari. 
C. Sporangium. 
D. Section of sporangjum, showing the two lateral bflnds of thick· 

walled cells. 
E. D(/J/(uw: (I, roof of sy nangium, with pores ; b, Hporll.ngial 

ca ... ities; 11, vascular bundle; i, indusium. 
(D , after Zeiller.) 

cyli nder and a segment of the secolld dictyostele moves Ollt to fill the 
gap formed iu the outermost network, while the gap in the second cylinder 
receives compensating ~traods from the third. A faw lo.yel's below the 
surface or the petiole t here is fI, ring of thick-wa.lIed elements (8, fig. 243), 
and jn both petiole (l.od stem numerollS mncil"ge ducts and tannin-sacs 
OCCllr in tho b'TOUlld-tissnc. It bM been shown by Farmer and Hill I that 
in some of the vascular str&nds in au Angioptem stem u. few soo{mdnry 

I Farmer and Hill (02) PI. XVlf1. figs . 26, 28. 
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tracheae are added to the primary xylem by the il.ctivity of the adjacent 
parenchyma. The vascular bUlldlc8 in the lll!tiole form Illore or less reguh~1' 
concentric 8erie.~ ; they ll[l."e no elldro{\ermis and arC characterised alao by 
tJ)e lJlrge size of the sieve-tube .... (.yt, fig. 243). 

The roots of hlul'attil.LCeOUS fern~ (fig. 2~4) are cha,racteriaeci by the 

pr 

FH;. 243. ..J 11yioptcris eveclu_. Section of petiole (ccllsiderfLbly reduced) and of 
a Kingle vilscular bundle (magnified): px, protoxylem; Ht, sieve· 
tubes. 

FlO. 244. A IIgiopterig I'I'i'cta. Tral)!wersc Mction of root. with part of the 
stele lllllf:;nified: II, sieve·tubes; p. phloem; px. protol(ylem. 

larger number of xylem and phloem groups; the 8tele is polyt'u"Ch and not 
diarch, tetracb Or hexarcb as in mO!~t Lcptosporangi<\te {erus. 

Ji'rcAangiopteri8. This monotypic genus, diijoovered by !\1r Henry in 
South Eastern Yunnan, Wfl.$ described by Christ a.nd Giescnbag£m in 
1899 1. The comporati\'eJy slender rhizome hM !\ fa.irly simple Vllscu\o.r 
system 2. The ~iUlplY-i'il)nl),te leaves bear pinnules like those of .1)(lmae.a, 

I Christ and Geisenhagen (99). ! Gwynne.Vaugha.n {OS). 
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but the ~ori agree with those of Angwpte:ri8 el:cept in their greater length 
a,oct in the larger number of spora.ngia... 

Jfw·utti a. This genu~, wh ich extends Il aU round the world wlthin the 
tropics)," include!; sume species which cloi'Scly re8emble Angiopten8, wbile 
othcriS nre characterised by more finely diyided leaves with smn.llf!r 
ultimn.t.e segments. The fle!ihy sti}JUll:i8 occnsionally base an irregularly 
l'innatitid form (fig. 241, B). The 8})or:mgia arc represented by antI 
syw~J\gia \! (fig. 2-15, A; the llinck patches u.t the ends of the lateral \'einl:$) 

FIG. 245. A. ilIlI 'raHi(, jra::rilletl . A'. A single syuaDglum flhowing the two 
" ELlves and pores of the llporangio.l c(JlDpartments. 

B, B/. M. K(lU~rU'8i i . 

C. Katl~;Uj;8ia (synangium showing pores of spo rangial compart
ments), 

D, E. Marotliop1ia JJ1iJ.71s/eri. 
(0, after Hooker; D, E, alter Scb imper.) 

COUlj)08ed of two valves, which on ripening come apart nnd expose 
two rows of porus formed by the apical dehi::ICence of the sporn.ngiaJ com~ 
partmeu~ (fig. 245, A', B), I n Alarattia Kavl..fmsii the sari are attached 
to the lamiJla by 8 short stalk (fig. 245, .B, B ') ood the leaf bears a close 

] R ookor and Baker (68) p. 440. 
~ Tbe term lSynangium if! ILpplied to sporangia. more or lel)lI completely 

united with one another and producin~ IIpores in groul)s sepa.rated by walls of 
sterile cells. A synangium may be regarded as a. spore·torUlin'l organ produced 
• -...., - , _"_"; l; ~ n"; "" .... r "" ...... "(PI>r'nl1l{ ti!;Ime-or aRa group of coalch'(.-ent sporangia. 
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resemblance to those of the Urubelliferous genera Antlm:sC1t8 and Clwero· 
pI/yUtan. The \'MouIal' system is constructed on the snme pll1,n as tbat of 
Angiopteris but if.; of simpler forID. 

])(waca. Dauaea, represented by about 14 species confined to tropicml 
America, is characterised by simple or ~imply pinnate leaves with linear 
8~gLOents bearing elongated sari extending frQl1l the midrib almost to the 
IUm'gll1 of the lamina. Each sorus consists of numerous spol'nogia in two 
parallel 1'OW8 united iuto an oblong mass partially oycrarched by an 
illdu1>ium (fig. 24.2, E, 1") which grows up frOID the leaf between the :,jori. 
In the portion of a fertile seglllcllt shown in fig. 242, E, the apical pores 
<U'C seon at a; and at h, where the roof of the ~ynaugium bas heen I'cnlOved, 
the spore-bearing compartments are exposed_ The va.:Icuittl' system 1 tlgree;:.. 
in gencml plan with that characteristic of the family . 

.n(tufjlll#;ia. The fol'Ul of the leaf (Yo1. 1. p. 97, fig. 22) closely l'e
ireruLles that of the Horse Chestnut; the stem is 11 creeping dorsh'entral 
rhizome with a vascular system in tho form (If a II rcnch pCl'fol'ated 
sol t:' llostele:l." The sYllangia are circular, with a median depression; 
each sporangia.l compartment opens by an IlpicaJ pore on the sloping sides 
of the syuangial cup (fig_ 2J5, (; )3. 

Copeland hrus recently described a "Marattiaceous lelli which he makes 
tbe type of It new genus, .lJaCt'o,q(OUUln (f.Ud(le, The sari arc nearer the 
margin thall in Angiopte-ri~ and ILre said to consist of a greater Humber of 
.-iptwn.ngia.. The photograph" of a single piunt\. which accompauit!l; the 
brief description hardly afiords satisfactory C\-jdcllce in SUpp01-t of the 
creation of :\ new genus. The structure of It petiole which I bave ha.d. 
(1.11 Ol)pol'tunity of examining, through the kindness of )lr Hewitt of 
Sarawak, shows no distincti\'c feo.turef:!. 

III. Ophioglossales. (Isosporous and Eusporaugiate.) 

The t:tree genen1., OJ)Moglossum, Bot7'ychiulll,and Helm.intlto
stachys, are characterised by the division of the leaves into a. 

sterile and II fertile lobe. The fertile lobe in 01'hiogl088"", 
bears two rows of' spherical sporangia sunk in its tissue: in 
B ob'ychium and Helm:inthostachys the spores are contained in 
large sporangia with a stout wnll~. The protballus is sub
terranean and without chlorophyll. In the British species of 

• Ophioglos8n .... , O. "itlgat"'" (the adder's tongue fern), an almost 
cosmopolitan species, the sterile part of the frond is of oval 
form and has reticulate "enation. In O. "end"l"", and O. 

I Brebu(lr (02) .: Hudolph (05). ~ Tfmsley (08) p. 90 ; KUhn (90)_ 
3 Pelonrde (0$) has receutly dealt with the Buatomy of recent aud fossil 

1\lll,rnttiaceolls fen:..s. 
4 Copeland (OS) Pl. I. (09) Pl. v. ~ Bower (90). 
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])(llmcttzoll the lamina is deeply lobed. In the genus BOt1'Y

c/'iu1n, represented ill Britain by B. Luna1'ia, both sterile and 
fertile branches of the Ii·ond are pinnately divided, while in 
.lJell1d'/l tllO~tachys the sporangia are borne on spol'angiophores 

., 
e 

F J('. 211;. Ophio!11o;;:mm l'ulUfllllm . l'rnJ)sycrse -,>celio!) of petiole llnl] single 
bundle : JJ, phloem; p:r: , endatch protoxylelll. 

Fw. 247. Rot'rychiltlll vir!Jinion1B1t: e, endodermis; c, cambium; x, xylem. 
A, diagrammatio section of stem; D, portion of the stele and 
endoderm is enlarged. 

(A, after Oampbell; D , after Jeffrey.) 

given off from the margin of the fertile branch of a frond 
similar in habi t to a leaf of Hellebarlls. 

The stem of Ophiogla8!fltm ·is characterised by 0. dictyostel<, 
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 Botrychi"", the stele is a cj·linde .. of 
xylem surrounded externally by phl OEm. This genus affords 
the on ly installce among ferns of a plant in which the addition 
of seconda.ry tracheae occu rs on a scale Ia.rge enough to produce 
:l well-detined cylinder of seconda,ry xylem tntyersed by l'adial 
rows of med ullary-ray cells 1 (fig. 247 ). The unsatisfactory 
nature of t he evidence in regard to the past history of the 
Ophioglossales renders superfluous a fu ll er treatment flf the 
recent species. 

L .Jeffrey (9R). For nn uccount of the nUl~tomy of Hc.lmilllho~tllchy~. see 

.Farmer tlud Freeman (!J!J). 

21-2 



CHAPTER XXI. 

FOSSIL FEfu'~. 

Osmundaceae. 

FHO:-.t t,hf! Culm of Siiesia, t::lturl described impressions of 
steril e fronds which he named 'l'ocl('(l, L ipofrli on the gl"ollnd of 
the similarity of the fin elr divided pinllules to those of Todea 
8uperba and other filmy .'pecies of the genus. The type
specimen of Stul' (in the Geo!ogical Surv('y Mus(Jum, Vienna) 
affords no information as to sporangial characters and cunllot be 
accepted as an authentic record of a, Lower Carbonjfel'olls 
representative of thn family. Another more satisfactory but 
hardly com-iucing piece of evidence bearing on the prc~ence of 
Osmundaceae in pre-Permjan fiorfls hns been adduced by 
Reuau lt'. u'bo described petrified sporangia from the Oul m 
beds of Esnost in France as ladeopsis primaeva (fi g. 256. F ). 
The:-.e pyriform sporn.ngia are chara,cterised by the presence of 
" plate of large cells comparable with the subapical group of 
" annulus" cells in the sporangia of the recent species (fig. 221). 

Zeillel"' hM published a figure of some spomngia described 
by Renault from Autun resembling th e Osrnundaceons tYIJC in 
ha,-ing .a plate of thick-walled cell.s 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 smai1er in the 
fossil. The sporangia from Oarboniferous rocks described by 
\ Veiss as Sturiell(L~ bear some resemblance to those of recent 

I St\lr (75) A. p. 77, PI. Xl. fig. 8. 
:'\' Zeiller (tiO) p. l(). 

2 Renault (96) A. p. 21. 
., Zeitler (90) p. 48. 
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Osmundaceae, but there is no adequate reason for referring 
them to this family. 

The generic name Pteridoth eca is employed by Scott as a 
convenient designation for unassigned petrified spora,ngia. of 
Palaeozoic age with an anllulus and other characters indicating 
fBrn-affini ty. In the species P. B«tterwol·thi' the sporangia al~ 
characterised by a group of large cells suggesting comparison 
wi th the aonulus,01' what represents the annulus, in OsmuJl
daccae and Marattiaceae. Scot.t has also described a spor
angium from the Coal-Measures containing germinating spores 2 ; 

the structure is s imil ",,!' to that of recent Osnl undaceous sporangia, 
and it is inteT'esting to note that germinating spores haxc been 
observed in the recent species Todea hymenophylloides 3. 

Addit ional c\·idencc of the same kind is afforded by fer tile 
specimenf: of a quadrjpinnate fern with deeply dissected ovaJ
lanceolate pinnules described by Zeiller n:olll the Coal-Measure:;; 
of H eraclea in Asia 'Minor as ]{idstonia he1"CfCleellsis 4 ( fig. 
256, E). Carboni sed spomngia ,,·ere found at the base of 

narrow lobes of the ultimate segment!'. and, as seen in fig . 
256, E, the sporangial wall is distinguished by a plate of larger 
cell s occupying a position uke that of the " annulus" of recent 
Osmnndnceae. Zcillc l" regards th e sporangia as intermediate 
between those of Osmundaceae and Schizaeace:te. From the 
same locality Zeiller describes another frond bearing somewhat 
similar sporangia as Sphenopteris (Discopteris) R allii (fig. 
2.56, D)o : the term D£scopteris was insti tuted by StUI' fot' 
fertile fronds referred by him to the Marattiaceae ' . 

I t is by no means safe to assume that these and such Upper 
Carboniferoll s :::porangia as B ower7 compared with those of' 
Todea were borne on plan ts possessing the anatomic.:'ll character::: 
of Osmundaceae rather than those of the extinct PahlCozoic 
family Bot'Topte!"ideae. This brings us to the important fact, 

• firs t. pointed out by Renaul t, that the Botryopterideae a!"e 
essentially generalised ferns exhibiting many points of contact 
with the Osmundaceaes. It is clear that whe ther or not we 

1 Scott, D. H. (OS) p. 292. 
3 Boodle (00) p. 484. 
~ Ibid. 1'1. H. fig. 10, 
j Bower (91) PI. \'n. 

, Scott (0<) p. 18. 
" Zeiller (99) Pl. n. figs. 5, 6. 
o See p. 402. 
~ Scott, D. H. (09 ). 
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are justiBed in tracing the OsmuncIaceac as far back as the 
Lower Carboniferous period, 8011)13 of the cha.racteristics 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 Palaeozoic era 
l~ supplied by the Russian Upper PeI'mian genera. Zaless!.:ya 
and 'l'humnopteris. 

Zalesskya. 

This generic title has been instituted by Kidston and 
Uwynne-Vaughan l for two Ru~sian stems of Upper Permian 
age, one of which was named by Eichwald 2 Ohelept&1"'is gracilis, 
but the probability that the type of the genus Ohelepteris is 
generically distinct from Eic:hwaJd's species necessitated a llew 
designa,tion for the Permian fern. 

In habit the stem of Zalesskya resembl es that of an 
OS71t'ltnda or a Todea" but it differs in the possession uf a stele 
c()mpof;ed of a continuous 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 spol'angja :'l1'e unl.--nown. ~rbe stem and 
leaf-base anatomy fCIUj' justifies the inclusion of Zcdesskya in 
t,he Osm undaceae. 

Zttlesskya gracilis (EiehwaJd). Fig. 248. 

The type-speoimen is a partiaUy decorticated stem, frOnt 

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 occnsional roots: this 
was doubtless succeeded by it sclerotic outer cortex. In its 
main features Zalesskya gracilis agrees closely with Z. diploxylon 
represented in fig. 249. The stele consists of a continuous 
cyJinder of xylem exhibiting it fairly distinct differentiation 
into two zones, (i) a broader ou ter zone of narrower scaln.riform 
tracheae (xii, fig. 248) in which 20 to 25 protoxylem strands (px) 

1 Kid.ston and Gwynne. Vaughan (08} . ~ 
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OCCur just wl t bin the edge, ( ii) an inner zone of broader 
and Rborter t racheae (fig. 248, .'t'1} The protoxylem elelncnts 
(pte, fig. 248) are characterised by a slngle series of scalariform 
pits, while t he met axylem elements have Ulultiseriate pits like 

F ro . 248. Z{(leR~'k!Ja gracilis (Eich.). Transverse section of part of the tl te1e : 
ph , phloem ; x if :J;'ii , :xylem ; lJX, protox:ylem. (A.fter Kidston and 
Gwynne-Va.ughan. x 20.) 

t hose on the water-conducting elements of recent Osmundaceae. 
The tracheae show an interesting histological character in the 
absence of t he middle substance of t heir walls, a. feature recog
nised by Gwynne-Vaughan I in many recent ferns. External to 

I GWYJ1De-V8uglllln (08). 
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the xylem and separated from it by a parencbymatous sheath 
js a l'illg of phloem, ph, composed of large sieve-tubes and 
parenchymll sepm'<'lted from the inner cortex by a perjcycle 
4 to 5 layers in breadth. Tbe occurrence of a. few sclerotic 
cells beyond the broad inner c01'tex points to the formor 
existence of a thick~walled outer cortex. The leaf-traces are 

jilt 

FIG. 2(9. Zalesd'ya di1,[ozylolt. Kidston and Gwynne.Vaugban. Transverse 
section of stem. ph, phloem. (After Kidston and Gwynne.Vaughan. 
d j.) 

given off. as mesarcb strands from the edge of the xylem ; they 
begin as prominences opposite th e protoxylem and become 
gradually detacbed as xylem bundles, at firs t oblong in trans
verse section, then assuming a slightly crescentic and reni.form 
shape, wbile tbe mesarch protoxylem strand takes up an 
endarch position. As a trace passe~ further out the curvature 
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increases and the protoxylem strands undergo repeated bifurc;1,
t ion; it assumes in fact the form and general type of structure 
met with in th e leaf-traces of Todea and Osm,mula. N tlmel'Ous 

diarch roots, given ofl' f1'om tho stele at points just below the 
O?t-going leaf-traces, pass outwards in A. s inuous horizontal 
course through the cortex of the stem. 

In Zalessh'ya gracilis the xylem cyl inder was pl'ob!\bly wider 
in the li viDg plaDt than in the petrified stem. In Zalessl.·ya 
diploX!Jloll " in all probabili ty from the same Russian locality , 
t,here can be little doubt th"t the xylem was originally solid to 
the centre (fig. 249). I n tb is species also tbe phloem fonns 
a continuous band (ph, fig. 249) consisting of four to six In.rel's 
of sieve-tubes. 

Th am,nopteris. 

Th amnopteris Schlechtendalii (Eich.). Figs. 250, 312, A, 
Frontispiece. 

In 1849 Brongniart' proposed the name T/'amnopteris fol' 
a species of fern from the Upper Permian of Russia origin
ally described by Eichwald as Ano7nopteris Scltlechtendalii. A 
new name was employed by Brongniart on the ground that the 
fossil was not generically identical \ ... ·ith the species prevjously 
named by him Anomopte1·is Mou,qeotii 3• Eichwaldlsspecimen has 
been thoroughly investigated by Kidston and Gwynlle-Yaughan ' . 
The stem (Frontispiece) agrees in babit with those of Zaless"ya 
and recent Osmtmdaceae ; on the ex posed leaf-bases the action of 
the u-eather bas etcbed ont the norse-sboe form of the Ft,zscular 
strands and laid bare numerous branch ed roots boring their 
way through the petiole stumps. The centre of the stem is 
occupied by a protostele 13 tulU . in diametel' 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 band 
F rontispiece), distinguished from the sharply contrasted peri
pheral zone of normal sca.lariform e lements. a, by their th inner 

I Kidston and Gwynne-Vo.ugban (OS) p. 226. 
~ Brougniart (49 ) A.. p. 35. :1 Brongniart (28) A. Pl. LXX!<:-

~ KiastoD anti GWYDDe-Vn.ughnu (09). 



330 FILIOALES [CH. 

wans and mOre irregular sbn,pe. The protoxylem, p.'c, is repre
sented by groups of narrower elements rather deeply immersed 
In the peripheral part of the metaxylem. A many-layered 
pl?ricyclt:!J per, and traces of an endodennis, en, succeed the 
phloem, ph. which is characterised by several rows of lar~e 

contiguous sieve-tubes: beyond the endoclermis is a broad thin
walled inner COl'te:x. Th e Jeaf-tnwes arise a.s .in Z{llelf81tya~ 

but the pl'otoxyiem in Tha/ntnoptel'is is at first centra.l; as the 

a 

b 

FIG. 250. TlwmnopteriH Schlechtelld,alii (Eich.). Part of stele: a, outer xylem; 
0, inner xylem. (After KidstOD ilnd Gwynne-Vaughan. x l it) 

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 stmnd until, in the sclerotic 
outer cortex, the traces acquire the Osmundaceous structure 
(fig. 312, A, p. 453). The petiole bases have stipul"r wings as 
ill Todea and Osmu1lda. 
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The striking featme exhibi ted by these Permian plants is 
the structure of the protostele, which in 7'humnoptm-is and 
probably in Zalesskya diploxylon consists of solid xylem sur
l'Ounded by phloem: this may be regarded as the primitive 
fopn of the Osmundaceolls stele. In OsmundCt 1'egalis and in 
other recent species of the genus the xylem cylinder has the form 
of ~1. lattlce~work; in other words, the departure of each l eaf~ 

trace makes a gap in the xylorn and the overlapping of the 
foliar-gaps results in the sepa.ration of the xy lem into a number 
of distinct bundles. I n Z"tessh'Y" g"acil'is the continuity of 

FIO. 251. LOllcho]llerill vir!liuiew;ilI , (After FOlltILine. ~ uat. size. ) 

the xylem is not broken by o'-€I'lapping gaps; in this it agrees 
with Lepidodend1'on. In Tha,nmopteris the tentl'e of the stele 
was occupied by a peculiar form of xylem obviously ill-adapted 
for conduction, but probably serving for water-storage and 
compa.rable with the short and broad tracheae in Megaloxylolll . 

• There is clearly a well~marked difference in ste laI' anatomy 
between these two Permian genera Hnd l 'odea and Osntunda: 
this difference appears Jess when viewed in the light of the 
facts revealed by a study of the Jurassic species OS1nmulites 
D,"'lopi. 

I Seward (99). 
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As possible examples of Triassic Osrnundaceae reference 
may be made to some species included in Stur's genus 
Speir-oear'pIts 1. S. vit'gin't'ens'ls was originally described by 
Fontaine 2 from the Upper Triassic rocks of Virginia as 
L onchopteris virginiensis (fig. 251) and hasrecently been figured 
by Lellth"rd t" from tho Keuper of Basel. The sporangia, which 
arc scattered over the lower surface of the pinnules, are 
described as globose-elliptical and as having a rudiment"IJ 
"pical annulus ; no figures ha,e been published. In habit 
the frond agrees with Todites lfillia7JI.SOl1i, but the hLteral 
veins form <ell) anastomosing s.Ystem like that in the PaJaeoZOlt 
genus Lonchopteris (fig. 290, B). There would seem t,o be an a 
1',-,o"i probabili ty of tbis s]Jecies being a rep"esentative of tbe 
Osmuudaceae and Dot, as Stur believed, of the l\Ia.rattiaceae. 
Seeing that L01lcliopte1'is is a deslgnation of a purely provisional 
kind, jt would be cOJ)venjent to institutf' a new genC1'jc name 

for Triassic species ha\-ing the Lonchopteris venation, which 
there are good reasons {oJ' regarding as Osmundaceous ferns. 

Similarly Spei1'ocarpu'~ tenUijoli'Us (Emmons) (=Ac1'ost-ichites 
tenu~folills Font.), which resembles Todites lViUia.1nsoni (see 
p. 339) not ollly in habi t and in the distribution of the sporangia 
but also in the nmation, is probably an Osmundaceous species. 

Osm,1.lnrlites. 

Osrna,ndites Dunlopi, Kidston and Gwynne~Va.ughan", fig. 252. 

This species was found in Jurassic rocks in tbe Otago district 
of New Zealand in association with Cladophlebz's dentt'culata 5 

(fig. 257). Tbe type-specimen forms part of a stem Ii mm. in 
diameter sun'ounded by a bruad mass of crowded leaf-bases. 
Tbe stele consists of an almost continuous xylem ring (fig. 252) 
enclosing a wide pith: the phloem and inner cortex are not 
preserved but the peripbeml region of the stem is occu pied by' 
a sclerotic outer cortex, ~rbe mass of encasing leaf-bases 
resolves itself on closer inspect ion into zones of foliage-leaf 

I Krasser (09) p. 10. 
a Leuthardt (O4.) 1'1. 
~ See p. 343. 

2 Fonta.in e (S3) Pls. unIt. XXiX. 

4 KidstOD a.nd Gwynne-Vaugban (07). 
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pet.ioles and t,be petioles of scale-leaves with an aborted lamina. 
A similar association of two forms of leaf is seen in the existing 
American species Osm:ll,lld(~ ClaytonicUlaand O.cinnammnea. The 
cortex and armour of leaf-bases are penetrated by numerous 
di:tl'ch roots. The xylem cylinder, six to seven tracheae broad, 
is chaTacterised by the nn.rrower diameter of its innermost ele
tncnts nnd-an important point,..--bythe fcl.C~t that the detachment 
of a leaf-trace docs not brea.k the contiuujt,y of the xylem 
cyEndel' (fig. 252). Each leaf-trace i" "t first elliptical in 
section; it then becomes curved inwards alld gradually assumes 
the horse-shoe form as in Za,lesskya and in the recent species. 
The single endarch protoxylem becomes subdivided until in 
the petiole it is represented by 20 or more strands. 

FlO. 2£.>2. Osmllmlites DUlIl(1}>i Kidst. I1.Jld G._V. Portion of xylem showing the 
depnrtureofa leaf-trace. (After Kidston and Gwynne-Yaughnn; x 3G.) 

In the continuity of the xylem cylinder this species of 
• OSlIwndites shows a closer approach to Todea oarbara or 

T .• uperb" (fig. 221. B) than to species of OS1nwncl,,: it differs 
from Z"lesskya, iu having reached a further stage in the re
duction of' a solid protostele to Due composed of " xylem 
cyl inder enclosing a pi th. This difference is of the same kind 
.s that which distinguishes the stele of Lepiclodel1cl"on "/wdu,m
nense from L. Ha,)·cOttl·tii. In Lepidoclend'1·on. short tracheae 
.... ,..,..OQ inlhll1" nl"C'lIr nn thfl inner edg-c of the xdern cvlillder. ane 
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in _recent species of Todea the same kind of red uced tracheae are 
met with (m the inner edge of the xylem 1, In both cases the 
short tracheae are probably \~estjgcs of an axial strand of COD

ducting elemuntlS which in the course of e \'olution have been 
converted into pa.l'enchymntous cells. In Lepidodendron v(/s
cala1'e the mixl:d pa.renchyma and short, tracilctte in the centre 

Fw. 253. OiJmundit~8 ]{Qlbei Sew. U na.t. size.) 

uf the stele represent an intermediate stage in xylem reduction, 
and the arrangement in vertical 1"OWS of the medullary paren
chyma in Lepidodend,·ol1 is precisely similar to that described by 
J(idston and Gwynne-Vaughan in Thamnopte.';s. In both cases 
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the row. 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 vertica.l senes of parenchymatous elements. 

, In another Jurassic species, Osm.undites Gibb£anal, the xy lenl 
is of the OSl1mncZcl, type and consists of' about 20 strands instead 
of a continuous or almost continuous cylinder. 

OS1nund·ites Kolbc2' Seward, figs. 253-255. 

This species was found ed on a specimen obtained by 1\'11' 
Kolbe from the Pitenhage series of Cape Colonr'. The fossil 

a . 

FlO. 254. O/lWlwdites ]{unt·i. (Lear.scarll.) 

flam and fauna of this series point to its correlation with the 
" ~caJdcn or Neocomian stratll of Euz'ope:i, The type-specimen 
consi~ts of several pi eces of a stem (fig. 253) which reached 
" length of about 90 cm. On the weatbm'cd su ru.ce the 
rema.ins at petiole-bases are clearly seen and on the reyerse 
side of the smaller piece shown in t he figure nun1erons sinnou::. 
I'oots are present in association with the leaf-stalks. The 
depression c in the larger specimen may mark the position 
of it branch: at " fig. 253 (enlarged in fig. 254, a) the 
vascular str~ud of a petiole is exposed as a broad U-shaped 

• band and at b (fig. 254, b) the form of the petiole-bases 
is clearly shown'. With the stem were found imperfectly 
preserved impressions of fronds referred to Cladophlebis denti-

1 I\..idB~on (LDd Gwynne.VallQ:lulll (07). 
~ Selll'ard (07~) p. 4t12, 1'1s. xx. XXI. 
:! Seward (03) ; Kitchin (08) • 
• Cf. 'i'odc(/ ;rWiI!8itUIli (p. 286). 
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FlO. 255. ()lInwndilrs Rol!Jei Se...... Tra.nsverse section, fmm n photogrD.} 
supplied by Dr Kidstoll a.nd M~ Gwynne."\augha.u. (2~ nnt. size.) 
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culata, a common type of leaf \'i'hich was found also in association 
with the slightly older New Zealand stem, Osm'lmdites Dunlop:, 

All examination of the internal structure of the South 
African stern by Dr Kidston and Mr Gwynne-Vaughan has 
T~vealed many interesting features, which \\;lJ be fully described 
in Part IV. of their Monogra.ph on fossil Osmundaceous stems. 
I am greatly indebted to these authors fol' aUowing me to 
publish the following note contributed by Dr Kidston:-

., The section ofOsnnmclites l{ulbei Seward, shown in fig. 255, 

presents t he usual appearance cf an Osmundaceous stock. The 
pa.rts contained in this section are the stele, inner and outer 
cortex and a portion of the surrounding mantle of concrescent 
Jeaf-bases. The whole spcc.lmen has suffered much from p"esSure, 
but if restored to its original form the xylem ring must have 
been about 19 mm, in diameter, The Dumber of xylem strands 
is about fifty-six a.nd several of them are more or less joined 
as in the modern genus Tudea. The tracheae are of the typical 
Osrnundaceou!= type, that is to s<ty, the pits a.re actual perfora
t ions and se\'eral series of them OCCllr on each wall of the larger 
tracheae. 

The most interesting strllctural characteristic of Osmundites 
Kolbei is not well seen in the ngure owing to the compression 
of the xylem ring. This consists in the OCCllrrence of tracheae 
in the pith. In fact, we have here a mixed pith, composed 
of parenchyma and true tracheae, a condition which connects 
the Osnmndaceae with a parenchymatous medulla w:ith those 
possessing a solid xylem stele like Zaless/,ya and Thanowpteris 
and 80 completes the series of transitions extending from the 
older and solid-steled forms to the modern medullated members 
of the Osmundaaeae." 

Os11tu71dites s/';idegatensis, Penhallow. 

This low~r Cretaceous Canadian species, first described 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 2·4 crn. Penhallow figures a fragment of a leaf 

1 Penhallow (02) . 2 KidstOb a.nd Gwynne· Vaughan (07). 
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beari_ng a superficial resemblance to that ofOsm,unduClaytoniana, 
which may be the foliage borne by Osmundites skidegateltsis. 
'l'b e xylem cylinder is broken by the exit of leaf-traces into 50 
or Inore strands \!arying in size and shape, and it is noteworthy 
that the phloe m is also interl'upted as each leaf-trace is gi\'~n 
off. In recent species the xyl(:ll) cylinder is almost always 
interrupted, but the phloem retains its continuity. In t,he 
Canadia.n fossil all inte rnal band of phloem occurs between the 
xylem anri the pi th, and t his j oins the external phloem at each 
leaf-g:1p. This internal phloem £nds an interesting parallel in 
certain recent species1, but in these the intEl mal and external 
phloem do not meet at the foliar gaps as they do in the extinct 
type. In OS'1)u.ntdu cinltam01nea the internal phloem occurs 
only a.t the regions of branching of the stern stele; in the fossil 
it is ahntys present. 

I t is clear that Osnmndites skidegatensi.s reprl!sents the mo:st 
complex type of stem su f,u recognised ill the Osmundaceae: it 
ilJustra.Les a stHge in elabora.tiou of the vrirniLi''"t;' protostele in 
ad\'ance of that reached by any existing species. 

Th e prinlltive Osmundaceous stele was composed oJ solid 
xylem surrounded by phloem (l'h01nnopteris and Zalesskyu); 
at i1 later stage the xylem cylinder lost its inner zone of 
wide and shor t tr:lCh eae and assmned the form fleen. in 
(hmundites K olbei, in which the centre of the stele consists of 
parenchyma with some tmcheae. Another type is represented 
by O. Dowker; ill which the pith is composed wholly of paren
chyma and tbe xylem l'i.ng is continuous. Fran.! this type 
by €,.xpansion of the xylem ring and by the formation of over· 
lapping leaf-gaps, tbe form represented by Osmullda regalis wm 
reached. Osmundn Cim1a1rWlIlea, with internal phloem in tht 
regions_ of stelar brancbing, probably represents a furth er stag, 
as KidstOll and Gwynne-Vaughan belie ve, in illc),easiog com 
plexity dne to tbe introduction of pbloem from withont throug! 
gaps produced by the branchillg of the stele_ In Osmundit, 
skidegate)!s;s the leaf-gaps became wider and tbe external phloe. 
projected d(:·eper into the stele until a continuous in tern; 

1 RP!e u. 314. Also Jeffrey (Oa); ]<~ fl,ttll (01); Sewo.rd (l.ud .Pord (03). 
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phloem zone was produced. rrhis most elaborate type proved 
less successful than the simpler forms which still survive. 

Osrnundites StuT'ii. 

• Impressions of fertile lJinnae with narrow linear segments 
be;\ring exannulate sporangia df'scl'ibed by Racibol'ski from 
Lower Jurassic rocks in Poland as OsmulldCl, Stu1'ii 1 may with 
some hesitation be included in the list of Mesozoic Osrnulldaceae. 

OS1Jtundites DowA:eri. 

Under this name Ca rruthers:! described a petrified stem from 
Lower Eocene beds at Herne Bay, which in the structu re of the 
stele agrees closely with the JUTassic species 0 GiUbiana and 
conforms to the norm~'l.l Osmundaceous type. It is possible, 
as Gardner and Ettingshauscu' suggested, that the foliage of 
thi~ species may be represented by some sterile OSlllUnda-like 

fraglll ents recorded h'om the Middle Bagshot beds of Bovey 
Tracey and BMlrnemouth as Osmunda HgnitH1Il . 

Todites. 

This generic name 4. has beeD al)plied to fossil ferns exhibi t ing 
in the structure of the sp()rangia aud in the general habit of the 
fertile fronds a. close l'eserl.lblallCe to t.he recent species l 'odea 

om·b",." (fig. 221, D, p. 286). 

Todites 11'-illiaOisoni (Brotlgniart) figs. 256, B, C, G. 

1828. Pecopteris Williamllonill, Brongniart, Prodrome, p. !'Ii; Hist. n:g. 
fo8-';" p. :m-l, PI. ex. figs. 1 Illld 2. 

1'. wliitbielLsis, Brongniart, Hist. "eg. fosa. p. 321, PI. CIX. figs. 
:!-4. 

}'. telluis, ibid. p. :~~2. Pl. ex. fig::;. 3, 4. 
182$), Pel'op,.>ru reeentior, Phillips, Geol. Yorks. p. 148, PI. nn. fig. 15. 

P. ('Itrtata, ibid. PI. nIl. fig. 12. 
1833. NCIlTopteris l'ecenlJ()T, Lindley and Rutton, Foss. Flora, Vol. 1. 

PI. J,xnrI. 
Pecopteris dentat.a1 ibid. '\01. m.) PI. CLXlX. 

1836. II CI·0.~ticltiteiJ JrillimlllJonis, Goeppert, foss. Fuo. p. 285. 

J RaciLorski (\)·1) A. p. 19, PI!;. VI. XI. 
'1 Cllrrlllherl'l (70) A.; Kid;;ton and Gwynne·Vaughan (07) p. 768; see ILl so 

Seward, vo!. I. p. 212. . 
:J Ga.rdncr allll Ettin!,;shauscn (82) pp. 22, 48. PI. IV . figs. 1-B. 

"' Sewnrd (00) p. Su. 
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1841. .tI,re'IL7o)Jte'ri8 Goeppertiana, Muenster) in Ooeppert, Gattungeu foss. 
PflMlZ. Lief. 5 and 6, p. 104, PIs. VIIl.-X. 

1856. Pecopteni! Duttoniana, Zigno, Flor. fOB!;;. Oolit. Vol , 1. p. 133. 
18Gi. AcrUlfticMtes Go('ppertiai'l:lJ.~1 Schenk, Foss. Flor. Grenzsch. p . 44, 

Pl. " , fig . .5, Pl. '"II. fig. 2. 

, 
h E 

III \ 

r~ 
B' 0 ,.{_l 

11 : ~ 
Fill. 25G. A. Cladoplllcb ill de1tticulata. 

}3, R'. Toditell WiUiamso1Li (fertile). 
C. 1', WiUim)I$Olli (sterile pinnll.). 
n. D"i8c;oprcris Rallii. 
E, E'. K id,JtUmia }/eraclecnsilJ. 
F. l 'odeo}J8is primacva. 
G. T otLitf /l Willia1llJloni (sporangium). 

[D, C, from specimens (J3491; 39234) in the British l\!u!jeum (B, very 
flljghtly .educed; 0 , ~ na.t. size); 0, E, after Zeillel' ; F, a.fter Henault; 0 , 
nIter ll.a.ciborski.] 

188a. olio l£nn«eaejoliU4, Fontaine, Older Mesoz. Flora Virginia, p. 25, 
PIg. Vl.-IX. 

d. rll()'lItbifOliuit) ,ibid. Pls. vrrr. Xl. - XIV. 

1885. Todell. lVilliantsoni31 Schenkl Po.la..eont. Vol. XXX I. p. 1GB, PI. III 

fig. 3. , 
rq"A,..?l!d,,(ria virqLnienlfM, Fontuiuc, Potomac Flora., p. 70, PI. III 
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It is hopeless to attempt to arrive at satisfactory conclusi ons 
in regard to the applicability of the name Todites Willia:msoni 
to the numerous fronds from Jurassic and Rhnetic rocks, 
agreeing more or less closely with Brongniart's type-specimen. 
~pecimens from the Rhaetic may not be specifically identical 
with those from the J w"assic: the main point is that, whether 
actuf\lly identical or not, both sets of fossils clearly represent the 
same general type of Osmundaceous fern 1 and may for present 
purposes be jncJuded und er the &'1.me designa.tion. The above 
synonymy, though by no means com plete 2, serves to illustrate 
t he confusion which has ex isted in regard to this widely spread 
type of' Mesozoic tern. 

Tudites lVilliamsoni may be briefly describerl as fullows:-

Frond bil'i nnnte j long linea.r pinnne (20-30 em.) of uniform breadth 
arise Ilt all acute angle, OJ' in the lower PlH't of tl fl'ond, almost at right 
angles, from n. ~tout l'achis. Clo!'itlly set pinllllles attached by !l broad 
ba.. .. e j slightly f.'1lca.te, the side towa.rds the l'tlchis strongly courex :1Dd the 
outer Dlllrgin strn.ight f)r eOllc~wc nnd bulgorl outwards towards the base of 
each segment, lnlLrgin usuany enti re, 01' it lUlLy be sligh tly lohed. Fertile 
pinnules similar to the sterile; flpornngia of the Osmllndnceous type aud 
often 8c~~ttercd 0\'61' the "'hole lower SUfll('C of tbe lamma (fig. 2.5(:;, D, 
E', G). Venatioll of the Cladopldebis type (cf. fig . 256, A). 

It is not always easy to distinguish Toddes Williamson'i from 
Cladophlebis del1ticul{£ta,anotiler common Jurassic fern, but in t he 
latter the pinnules are usually longer and relative.ly narrower and 
the rachis is more slender (cf. fig. 256, Band 257). Schenk' and 
Raciborski4 ha\Te shown t hat the sporangia of Tod'des conform 
in t he absence of a tru e annulus to t hose of Todea (fig. 256, GJ 
and Os",unda. Nathorst' has recently figured a group of spores 
of Todites HTiUia17(soni in illustration of the use of the treat
ment of ca.l'bonjsed impressions with nitric acid and potassium 
chlorate, This species, though widely distributed in J llrassic 
rocks, is hardly distingujshable from the German Rhaetic fi·onds 
figured by Schenk from Bayreut h as Acrostichites Goeppertian·us", 

1 Sewt\J'd and Ford (03) p. 251. 
2 For fL more complefre list, see Sewatd (00) p. 87. 
s Scbenk (B5) Pl. nt. fig. 3. ~ Rac.iborski (94) A. PI. Yl. 

o Natborat (08) Plo 1. fig. 7. (I Schenk (67) A., 
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or from other fossils I'efcrred to nn unnecessarily large number of 
species by Font,a.ino 1 fmill UpP&t Trin.s.sic rocks of Virginia!!, 

I t wouJd seem from the paucity of later r ecords of 05-
mundaceae that the famiJy reached its zenith in th e .1urassic era. 
\Yhen we pass to the later rrertiary and more recent deposit~ 

FIG. 257. Cl(lrilJphleliill (1t/ltiCiliuta. (From 11 ~Jlecimen in tlle British Milseum 
from the Inferior Oolite cocks of YorkBhir~. SJigbtJy reduced.) 

evidence is afforded in regard to the geographical ntnge of 
Osmunda regalis. It bas been shown to occur in the Pliocene 
forest-hed·of Norfolk' as well as in Palaeolithic and Neolithic 
deposits'. 

A fertile frond from the ~I olteno (Rhaetic) beds of South 

I Fout4ine (83). 
~ The ~eoJ;rapbical distribution of Todites and other genera. will be dealt 

with tll Volume ro. 
:I CarrQtbers (70) A.. p . 850. 4 Reid (99). 
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Africa refened to Cladophlebi., (Todites) R oes,erti (Presl), 
represents in all probability an Osmundaccou~ fern closely allied 
to Todites Williwm,soni. The same species is described by 
ZeiJler ' from Rhaetic rocks of Tonkin and very similar types 
OJ·e figured by Leuthardt3 from Upper Triassic rocks of' Basel 
as P ecupteris Rutimcyeri B eer, and by F onLaine" from rocks of 
the same age in Virginia. 

Cladophlebis. 

Th e generic name Cladophlebis was instituted by Br'ongniart 
fot "Mesozoic fern fronds cha.racterised by ultimate ~eglllents of 
linear or more or less falcate forlll attached to t he pinnae by 
th e whole of t he basE',11," in the Palaeozoic gen us Pec{Jpt.eris, 
possessing a midrib strongly Illa.rked at, t he ba.se ami dividing 
towa.rds Lhe di ::,t.al cud of the lam.ina. into finer branches and 
giving off secondary forked and an;hed ,oeins at an acute 
angle. The. te rm is generally restricted to Mesozoic fern frond~ 

which , on accou nt of the a1sence or jmperfection of fertil e piunae, 
cannot be ~afe ly assigned to it. particular t;l,.mily. In the ca.se of 
the species described below, the (! \jdcnce iuregard t,o systematic 
posit ion , though not conclusive, is ~ufficielltly strong to justify 
its inclusion in the Osmundaceae. 

Ctndophlebis delltic"l"ta Brongniart. Figs. 256, A ; 257, 25~. 

1B28. Peoopt(~r£/l d!'nticulatct", Broognia rt,. P rodrome, p. 57 i Rist. \"~g. 

foss. p. 301 , PI. XC\'lfl. figs. 1, .2, 
P. Phdlipsi~~ Brol.lgnial-t, Hi . .,t. p. 30-1., Pl. CIS. fig. 1. 

This species is often con fused II with 1'ocll'tes lVitliamso1l.i. 
The name Pecopteris whitbieJ1S1:s has been used by clifferent 
writers for Jurassic fronds which are undoubtedly speci fically 
distinct : sl_.)ecimens so named by Brongniart should be referred 
to Todites Williamsoni, while P. wh.itbiensu, of LindJey and 

J Sewa.rd (08) PI. nil. p. 98. ~ ZeiHcr (OS) PIs. II. n·. 
~ Leuthllrdt (04) Pi. X". ~ F ontaine {S3) Pis. 1.1.~XJ\' . 

~ For synOD)'my and figures , see Seward (00) p. 134: (04) p. 134. 
o E .g. by Yokoynmn (06) who identifies specimens of Cladop1tlebis dl!nticlliata 

from Jurassic rocks of Ch inn. o.s Todile8 William8olli. 
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Hutton l is Brongniart's Cladophlebis denticulata. It is im
possibJe to determine )\·jtb accuracy the numerous examples 
descrjbed as Pecopte'ris 'lvhitbienS'l:s, .ilsp(el1i~ml. whitb-£ense, 
Oladopltlebis Albertsii (a Wealden species'), Asplenimn, or 
Cladophlebis, nebbense", etc., from Jurassic and Rhaetic strat~. 
The Cladophlebis dentieulata for111 of frond is one of the 
commonest in recent ferns ; it is represented by such species as 
Onoclea Struthopten.'s, Pte7·is a""_guta, 8adleria sp., Gleichenia 
dubio, A [sophila 11l71ula.ta, Cyatlwt dealbnta, and species of 
P olypod1:mn. It -is, therefore, not surprising to find records of 
this Mesozoic species froln many localities ftod horizons. All 
that we Can do is to point out what appeal' to be the most 
l)robnble cases of jdentity among the numerous examples of 
fronds of this type from Mesozoic l'ock!!.l~ particularly Rhaetic 
and Jura~s.ic, in different parts of the wOl'ld. The name Clado
lJhleuis dellticlllata I11fty be employed in 11 comprehensive sense 
for fronds showing the following characters:-

Leaf large, bipinnate, with long spreading pinnae horne on a com· 
parMively 1:ileuller rachis. Pinnules, ill nearly all CMOS, ."terile, rea(:hi llg a 
length of 3-4 em., acutely pointed, finely denticulate or entire, attached 
by tIle whole of the base (fig, 257), In the apical region the pillllUJe1:I 
become 8hortel' and hroa.dcr, Venation of the Clad()pltl~biiJ type (fig. 25(i,A). 
Fertile piuuules rathel' straighter than the sterile, characterised by 
linear sori p:u'allel to the latera! ~'p.ills (fig. 258). 

In endea\'ouring to distinguish specifically between fronds 
showing a general agreement in habit with 0. denticlliata, 
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 arnoun t of curvature. of the 
whole pinnule. Unless the material is abundant, it is often 
impossible to distinguish between characters of specific value 
and others which are the expression of differences ill age or of 
position 011 a large 'n'ond, to say llothing of the well-known 
vari ability which is amply illustrated by recent ferns. It is 
remarkable that very few specimens are known which throw 
any light on the nature of t he fertile pinnae. Fig. 258 repre-

1 Lindley and Hutton (34) A. Pl. Cl".x:llV. 

3 Natborst (78). 
, BeW.,a (94') A. p. 91. 
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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 Pecopt"'is 
undans l is, as Nathorst suggests, a portion of a fertile frond of 
C. denticulata. A fertil e specimen of a frond resembling in 
habit O. denticulata, which Fontaine has described from the 

FIG. 258. Fertile pinnae of Cladophlebis denticltlata, (From 1\ Yorkshire 
specimen in the Sedgwick Museum, Cambridge.) 

Jurassic rocks of' Oregon as Danaeopsis St01'rsii~, exhibits, as 
t hat author points out, a superficial resemblance to the specimen 
named by Lilldl ey and Hutton Pecopteris u1Idans. There is, 
however, no adequate reason for referring the American 
fragment to the Marattiaceae. In the absence of sporangia we 

·cannot speak confidently as to tbe systematic position of this 
common type; but there are fairly good grounds for tbe assertion 
that some at ]east of the fronds described under this name 
are those of Osmundaceae. The English specimen shown in 

1 Lindley and Button (34) A. PI. en. 
: Fontaine, in Ward (05) Pl. xv. figs . 6-9. 
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fig. 258 is very s;m;!nr to some I ndian fossils figured by Feist
mantel as ilsplenites1'lWc1'oCfL1'}Jla;I , which are probably identical 
with Pecopte11,S allst1'Ctlis Morris:!, a fern that is indistinguishable 
from Oladophlebis dellticulata. Renault :J figured a fertil e speci
men of tbe Australian fossil as Todca australis, 'which agr{jies 
n!]"y closely with that sho'wn in fig. 258, and the sporangia 
figured by the French ::Luthc)1' are of the OS11lundaCe0l18 type. 
Another example of a fertile specimen is afforded by a Rbaetic 
fern from Franconja, Asplenites ottOlds, which is probably 
identical wi th .A lethopteris HoesseTh Presl [= Olacl"ph iebis 
(Tvddes) R c,essertij, a plant closely resembling Oladophlebis 
dent£culata. Another argument in [tH'Our of including O. dellti
clI/a/o in the Osmundaceae js supplied by thf> as.soci:1.tion of 
])innft.c of ihis type with the petrified stem of fJs'llllLllclites 
j),,,dopi recorded by KidsLon and Gwynne- Yuughan. 

Schizaeaceae. 

E\'idence bearing on the eXlstence of this f~unily 11] Car
bonifcrous Aoms 1S by no means decisiye. The grucl'ic: Dame 
A,llei1ll!ites prop()sen by Dawson 4 for some Devonian Cana.dian 
1)I;'Lnts rcsen"lbling species of the recent genus Aneinu:a, and 
.dc,pted by White' for' a species from the Pots"ille beds of 
Yirginja, is misleacljng. ·The Canadian plants give no jndjca
tiou of the nature of the reproductive organs, and the fronds 
described by White are, as he shows, those of a Ptel' idosperm 
Md bore seeds. 

An ex:tmil1<ition of the suspiciously diagrammatic drawing~ 
published by Corda" of the small fertil e pinn"le. of a Car· 
boniferous fern from Bohemia, wb ich he named Sel1ftenbe7'gic 
elegam.s, leads us to conclude tha.t the sporangia are almos 
certainly those of a Schizaenceous species. The small linea 
pinnules bear two rows of sessile sporangia, singly as in reeen 
Schizaeacen.e and not in sori, char-a.cterised by 4-5 rows ( 
regular annular cells (fig. 270, A) surrou nding the apex. J 
has already been pointed out thnt the apical annulus of reoer 

I Feia~lbaDtel {7'7} PI". KXXVI. nxvn. 
'2 Monis (45) Pi. VII. ~ Henallit (83\ p. 81. PI. Xl. 
~ Dawson (61). " Wbhe (04). .... u Corda (45) A. PI. LVU. 
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Schizaeaceae, though normally one row deep, ma.y consist in 
part nt least of' two rows. Zeiller 1 examined specimens of 
Corda's species and decided in favour of a Scbizaeaceous 
affinity; he describes tne sporangia as 0·85-0·95 mm. in length, 
witb. B to 5 and occasionally only two 1'OW8 of cells in the apicaJ 
annulll.... Zeiller 's figul'es (fig. 270, A) confil1l1 the impression 
that Corda.'s dnlwing::l are m Ore beautiful than accurate. Stur~J 

on the other hand, who first poillt,ed ou t that the type-specimens 
of Se4tenbeTgi« came from tbe Badnitz beds of Bohemia and 
not from t he Coal-Measu res, convinced himself that t he 
sporangia. haye no truo annulus (fig. 270, E ). H e describes them 
as characterised by a compara.tively strong wall and by the 
presence of a band of narrow vertical cells marking the line of 
dehiscence. features which lead him to asslgn th8 plant to the 
Marattiales, n. group whl ch seems to have exercised [l dominating 
influ ence over his judgment. In a Ja tel' publication Ze ill~r 3 

replies to StUl"S criticism bu t adheres to his original opinion. 
Solms-Laubach 4, while expressing himself in f<l\-O lll' of A1 arat
tiaceOlls affini ty, recognises that Zeiller's arguments caunot be 
set asid e. 

The question must remain open until further t!vidence is 
forthcoming ,; but it would seenJ that this Carboniferous ty pe, 
not as yet recognised in Britain, posslissed sporangia ha"lng a 
distinctl resemblance to those of the Schizaeaceae, though t his 
similari ty does Dot :lmOllTI t to proof of the existence of the 
family in the Pa\a~ozoic era. 

Palaeozoic Horat\ may be described as rich in generali sed 
typeR, types foreshadowing lines of' evolution, which in the 
course of ages led to f\, sorting and a redistribution of charactel'S. 
It may be tbat Senftenbergi" is Olle of these generalised types. 

• I t is not until we a"scend tbe geological series as far as the 
older J ul'assic rocks that we meet with a type which can with 
oonfidence be c1assed wi th the Schizaea.ceae, as least so far as 
sporangial Charl\cters r\re concerned. The species Klulcia ea:ilis 

1 Zeiller (83) p. 189, PI. x. figs. 1-5. ~ Stur (85) A. p. 64. 
u ZeiJler (88) A. p. 50. ~ 801ms·Laubach (91 ) A. p. 147. 
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is selected as the best known and most widely~spread representa
tive of Jurassic Sch.izaeaceae. 

Klu!.'ia exili. (Phillips)'. Fig. 259. 

The generic name 1{lu"kia 'va." proposed by Raciborski 2 fQr a 
species originally described by Phillips' from the Inferior Oolite 
{) f the Yorkshire coast as Pecopteris exilis. Bunhury's-l discO\'ery 
(supplemented by additional evidence obtained by Raciborski) 
of well~preser\'ed sporangia. justified the substitution of a 
distinctive de!31gnatioll for the provisional term Pecopte1'is. 

~~ 
\ !Jl , , 

FIG. 259. Klukia exilis (Phillips). (Figs. 1-3, x 40; fig. 4, y. 3); fig . 5, 
nat. size.} 

The species may be defined as [ollow8:-
Frond tripinnate, of tbe Cladopltlebis type; pinnae linear, lanceolatc, 

attached to the rachis at a wide angle. Ultimate segmonts short and 
linMr, entire or, in tbe lower lJu.rt of a frond, cl'el1ll1ate, [j cum. long or 
oCCl.l.sionally longer. Spornngia. 0·5 mID. in length, Lorne singly on the lower 
surface of the lamina in a row OJ) each s ide of the mjdrib. 

A re-examin",tion' of the specimen described 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 row..; 
the annulus includes about 14 cells. Fertile specimens of this 
and similar forms are figu red by Raciborski 6 from Jurassic rocks 
of Poland, and good examples of the English species may be seen 

I For synonymy, Bee Sewa.rd (00) p. 180. z Ro.ciborski (91). 
, Phillips (29) A. ~. 148. -l Bunbtu"y (51) A. Ii Sewa.rd (94:l) A. 
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in the Leckenby collection, Cambridge, in the Brjtish Museum, 
the mllseums of Manchester, Scarborough, and other places. 

I t is possible that specimens referred to K. exili. by 
Yokoyama 1 fi'om Wealden strat.1. in Japan may afford evidence 
of the persistence of the species beyond the J llrassic era, but in 

A 

FIG. 200. RII.ffOTdill Got'pp~rti. (A. C, sterile; H, fertile; slightly reduc.ed. 
SpecimcIls from the Wealden of Sussex; British Museum; V. 2333, 
v. 2l60. V. 2166.) 

view of the close resemblance of the sterile fronds described 
from Wealden strata as Cladophlebis Bmwn'i' and C. n"'''ceri' 
to those of Kluha exilis, identity can be established only by an 
eXH.mination of fertile specimens. A Jurassic fern recently 
described by Yabe' from Korea as Cladophlebis i:oraimsis may 
be identical with K. e:L'ilis and there is little doubt us to the 
existence of the species in Jurassic Caucasian strata", 

J Yokoyama (139). ~ Sewa.rd (942) A. 3 rabe (05) PI. m . 
~ Seward (074) PIs. I. lIt. 



350 FILiCALES [CR. 

lluffordia Goepp",·ti (Dunk.). Fig. 260. 

This Wealden fern' has been doubtfully assigned to the 
Schjzaeaceae on the ground of the resem blance of the sterile 
fronds to those of SOlUe species of A !lei'lIn'a, and because of the 
<litiereDce between the sterile and fertile pinnae (Fig. 260). 
R 1IffOl'd?'Q. cannot be regard ed a.s a. well authenticated member 
of the Schizaeaceae. 

FlO. 261. A, A'. ChYI/$odilUll 1a7/zaeunllrU. 
B, B'. Lyg~(Ji/Jm . ll.aIlIfIlJ~i. 
C. j}Jftr(lttia H ookeri. 

(After Gardner n.nd Ettingshlloul'len; A, fi, ~ nat. Bize.) 

L ygodi(t'" Kuuif" ssi, Beer. Fig. 261 , B, B'. 

Fragments of forked pinnules, agreeing very closely in vena
tion and gener~Ll appearance with recent species of Lygocliu'fll) 
have been idelltifi ed by Gardner and Ettingshausen 2 from 
English Eocene beds and by Knowlton froUl the Miocene beds of 
the Yellowstone Park ' as Lygodi"'" Kau/f""" Beer (fig. 261 , B). 
Despite the absence of sporangia it is probable that these 

I Sewflrd (942) A. p. 75. . 
2 Ga.rdnet'fLDd Ettillgshausen (82) p.17 , P]r;. \-11. X.; Heer (55) A. Pl. m.l). 41. 
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fragments are correctly referred to the Scbizaeaceae. The 
sterile and fertile specimens figured by Heer l from Tertiary beds 
of Switzerland agree very closely with recent examples of 
Lygod'imn. Similar though pel'haps less convincing evidence 
of , the existence of this family in Europe is furnished by 
Saporta2, who described two Eocene species from France. 

Gleicheniaceae. 

Th e application by Goeppert' and other earlier wl'iters of 
the generic nam e Gleicllenites to examples of Palaeozoic ferns 
was not.iustified by any satisfactory evidence. One of Goeppert's 
species, Gle'ichenites mml'optel'oides, is idtmtical with lYea,1'opte1"is 
hetnophylla\ a plant now included in the Pteridosperros. 

The resemblance of sporangia and s01'i, whether preserved 
as carboni sed impressions or as petrified material, from Car
bonifel'O \ls rocks, to those of recent species of Gleicheniaceae 
is in many ca!:iCS at least the result of misinterpretation of 
deceptive appearances. ,\ViIlialTlSOn r, drew attention to the 
Gleichen.ia-like structure of some sections of spora.ngia from 
the English Coal-Measures, bu t he did not realise the case with 
which sections of Marattiaceous sporangia in different planes 
may be mistaken for those of a,nnuJatc (Jeptosporangiate) 
sporangia. In tbe regular dichotomous habit of Carboniferous 
fronds described as species of Diplothmema (StUI') and Ma:riopteTis 
(Zeiller) G we have a close cOl're!:ipondeuce with the leaves of 
Gleicheoia, bu t the common occurrence of dichotomous branching 
among ferns is sufficient reason for regarding this feature as 
an untrustworthy criterion of' relationship. I t is, however, 
interesting to find that in addition to the existence of some 
Upper Carboniferous ferns with SOli like those of recent Glei
chenias, the type of :stelaI' anatomy illustrated by Gleichenia 
d'ioo'rpa (fig. 237, C, p. 310) and other species is characteristic 

_ of the primary structure of the stem of the Pteridosperm 
H etel'''''rli"",. We find in Carboniferous types undoubted 
indic<l.tions of anatomical and other features which in succeeding 
ages became the marks of Gleicheniaceae. 

I Beer (55) A.. PI. :U II. Z Snporta (72) A.. PI. t. figs. 13, H. 
s Goeppert (36~) A. Pis.1\'. v. ~ ZeiUcr (88) A. p. 2(;1-
~ Willi,lmson (77) PI. VII. a See Ch. XXVII. 
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Salle Oarboniferous fronds with sbort and small pinnules of 
the Pecopteris type, bearing sori composed of a small number of 
spurangia, have been assjgned by Grand'Euryand other authors 
to the Gleicheniaceae: the Same form of sorus is met with 
also on fronds with Spbenopteroid segments. The former is 
illustrated by Oligoca?11ia Gutbi"'i1 and the latter by O. B",;ng
nim'ti described by Stur and by Zeillor'. Zeiller has described 
the circulm' sari of Oligocm'j)ia (fig. 270, B) as consisting of 
three to ten pyriform sporangia borne at t he ends of lateral 
veins and J>ossessjng a complete tnmsverse a.nnulus, but Stur3 

believes that the annulus· like appearance is due to the manner 
of preservation of exannula.te spora.ngia. In this opinion Stur 
is supported by SoiJns-Laubach' and by Schenk'. Despite 
an agreement between Oligoca,1'piu and Gleicheniu, as regards 
the form of tbe sari and the number of sporangia, it is Dot 
certain that the existence of::t typical Gleicheniaceous annullls 
has been proy~d t,o OCCIlI' in any Palaeozoic sporangia6, 

From Upper Triassic beds of Virginia. Fontaine has figured 
several fronds for which be instituted the genus 11Iel'tellsides7 • 

The habit, as he points out, is not dichotomous, but the sari a.re 
circu lar ~1Dd are sifid to be composed in some species of four to 
six sporangia. ~o satisfactolY evidence is brought forward in 
support of the use of a designation implying a close relationship 
with recent Olejchenjas (sect. Me1'tens1:a.). One of the species 
described by Fontaine was originally named by Bnnbury 
Pecopter£s UUli(lt.lLS 8

J the imperfect t.ype~specifUen of which is 
nuw in the Museum of the Oambridge Bota"y School. In the 
form of tbe frond, the thick rachis, and in the pinnules this 
Triassic: species resembles T odites Will£afl(soni, but the re
semblance does not extend to the S01'1. Two of Fontaine's species 
are recorded by StUI' from Austria·, but he places them in tbe 
genus O!igocarpiQ. and includes tbem in the llIarattiaceae. 

1 Goeppert (41) Pl. IV. figs. 1, 2. ' Zemer (88) A.. Pl. lLl. figts, ~5. 
:\ Stnr (85) A. p. 128. 4 Solms-Lo.uba.ch (91) A. p. 146, 
5 Schenk (88) A. p. 30. 
II Dr Scott tells me tbl\t nn examina.tion of Dr Zeiller'B 8~cimenB led him 

to ngree wi,h the laUer's descriptioJ) of tbe annulus of Olipocarpifl. (A. C. S., 
7 Fontaine (8S} j}ls. n. -lUl: . 

8 Bunbury (47) Pi. u . fig. 1; BeIli'Md (fW) A. p. 189. II Krn'\;lIet {09) p. 16. 
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Leuthardt 1 figures what appea.rs to be a Gleicheniaceous 
fern from the Upper Triassic beds of Basel as Gleichenites gracilis 
(H eer) showing sori composed of fiv e sporangia (fig. 26;; , C) 
with a horizontal annulu s. A Rhaetic species Gleiclumites 
'1nicl'oplt yll'll'!) Schenk 2 from Franconia. agrees in the form of its 
small rounded pinnules with Gleiclieni{t, but no sporangia have 
so far been fonnd. 

Al) impression of a frond from Jurassic rocks of north ern 
Italy figured by Ziguo as Gle-ichenites ele_gltns:>. closely resembles 
in habit recent species of Glei(;/umi(tj though no sporangia have 
been found, t he habit of the frond givos probability to Zigna's 
detel'mjnation. 

A J Ilrassic species from Poland. G-leiche'11ites R ostajinski1:. 
referred by Uacibor8ki 4 to Gleichenia, exhibi ts ;), close agrec
mt'nt in habit and in t he form of t he soral impressions to some 
recent. species of Gleichell·ia. 

As we pa.i:is upwa.rds to Wealden and more recent rocks i t 
becomes clea.r that the Gleicheniaceae were prominent members 
of late Mesozoic fl oras in north Europe and reached as fal' north 
as Disco I sland. In Engli ' h Wealden bed, porti ons of ,terile 
fronds h~t\'e been found which were assigned to :it new genus 
Leclteuu.lJafi, bu t it is probable that these specimens would be 
morc correctly referred to GleichenitC8. Similarly fragm ents of' 
G leicbenia- like piuDae with vcry smal' rOllnded pinnules occur in 
the "Vealden rocks of Bernissart. Belgiurn 6

• in north Germanyi, 
and elsewhere. Conclusive evidence has been obtained by 
Prof. Bommer of the e~.istence of Gleiclteiiites in ,Vealdcn beds 
ncar Brussels, where many plant remains have been found in a 
wonderful state of preserva.t ion. The specimens, "' hich I had an 
opportunjty of seeing some years ago, might easily be mistak en 
for rather oJd and brown pieces of recent plants. Some of the 
BelgiaD fragm ent" of which Prof. Bommer has kindly ,ent 

.. me drawings a.nd photographs. are characterised by an ul'range-

1 L eutllludt (04) p. 40, pI. XVIII. fig. S. 
~ Schenk (67) A. p. tiC, PI. x.xn. figs . 7, 8. 
:l Zigno (56) A. Pi. x. 
4 Rllciborski (9l) A. p. 43, PI. :UlI. figs. 15-20. 
& Sewnrd (U5) A. p. 225. 6 Sewn.r<1 (~O) I>L IV. 

S. n. 

7 Schenk (71 ). 

23 
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ment of vascular tissue identical with that in the petioles and 
rhizomes of some protoste!ic Gleicheoias. The ste le of one of 
the Belgian rhizomes appears to he identical with that of 
Gleichellia dic(O'pa (fig. 2~7 , C. p. :~1O ). 

Fw. 262. A. 
ll. 

(;JddlfftiU6' wltgip('fIuiK HeBI'. 
G . df'iica(lfla Heel'. 

C. O. NordeJlskioldi l:ieer. 
D. G. ZipJlci. (Corda. ) 

(AJter Beer; A, B, D, vel'y slightly reduced.) 

Gleichenites Zippei (Corda). Fig. '262, D. 

This species, 0!1ginally described hy Corda as Pecopte";s 
Zippei' and nfterwu,·ds figu" ed by Heer ' as Gleic/'enia Z,:ppei 

1 Corda, in l~euBB (46) p. 9.''), Pl. XLlX. ~ H eer (75). p. 44 . PIs. rV.-Vll. 
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(fig. 262, D) from Urgonian rocks of Greenland, affords a 
striking example of a Mesozoic member of the Gleicheniaceae. 
It is characterised by the dichotomous branching of' the frond 
and by the occurrence of arrested buds in the forks. 'I'he long 
anp slender pinnae, reaching a length of 9 Cll. and a. breadth of 
6-8 lIUll., bi:.:ar small cro\\ .. dcd pinnules occasioual1y ,,-.tth circular 
sori which arc described by Reer us C0l1s1Rtlng of a small Dumber 
of spomngia (cf. fig. 262, C). Several other Lower Cret,aceolls 
spccj(,s are rt:,corded by Heel' ii'om Greenland, some of which 
are probably unnecessarily ~epa.l·ated from Glel:cllelliles Z1}Jpe£. 
Examples (If thc8e are represented jn fig. 2U2, A. B, C. 

A Gleichcl.liaceOlls species described by Debe.)' and Ettings
hansell from Lower CretaceOU8 rocks of Alx-la-Chapelle as 
DidymosuJ'lls cOlllptonl/vhus l is vcry simibr in habit to some 
of Hed, Greenland species: this should probably be referred 
to the genus GLeicheliites. 

GleicheNites Ii Ultonensis, \\1 auk. Fig. 263. 

Fronl thc· Eocene beds of Bourn emollth, Gardner anel Ettings
haus8n ~ have described nnJer the name Gleicflel1ia hUl1tunellsis 
what is in all probllbility a true Gleiche!)';o (fig. 263). This 
species, origil1ally recorded by \Vanklyu 3, is characterised bya. 
slender fork ed rachis showing what -may be trnccs of arrested 
buds betwcen the arms of the branchesJ 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 
instttnces of ferns adapted for climbing and may be compared 
with the recent species Dov«llia awleata (fig. 232, p. 299 ). 

Matonineae. 

The genera Laccopteris ltnd Alatonidiwrn may be described 
as examples of Mesozoic ferns exhibiting a very close agreement 
wi th J.lf atonia. 

I Debey and ELtingsbauscn (;";$1) PI. J~ 
:! Gardner and EWngsnausen (B2), pp. -l3, i)!/, l'ls. l"f. x. 
a \Yanklyn (69). 

2:1-2 
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Laccopte'ris. rl'his genus, founded by Presl!, may be de
scribed <IS f(lllows:-

Fmnd pedate, in lu.),it l'e~cUJblilJg Matoru'a pecti~l(lta) ',ith pium1.te or 
pilllllltifid pjnHiJc; 1l1tiJUfLtC's(lgments lillC,U', pr()\-ided with II well-lJ)U,l'ked 

lUidrib giving (}ff numerous dicboton1ouf>ly branched liCcolldal',v vein:, wh;ch 
IU'(' in plo.ce~ connected by lateral nWlStohlOlief.(. Suri cirCllim\ forming a 
!single rOw 011 eacb side ~ ,f the lIlidrib (fig. 278, B) j !;Jlol'llugia 5-15 in e~ll!h 
;o;OI'\lS-. with an obliqtH' annulus and tetra.hedral spores. The pl'(!l)CllCe of 
Hil indusium j~ not CC: I'hl.iuly elSwbli:-lhcd. 

Fro. 263. QlcicircTli'I's hfllLtOfletuis W/l.nk. (llestorlltton, alter Gardner twa 
Ettinsshansen.) 

Schenk 2, who described severa) specimens of Laccopteris 
from Rhaetic rocks of Germany, compared ~he genus with 
Gleichellia but he also ,'ecognised the close resemblance to 

1 Presl , in Sternberl! (38) A.. J). 115.' ~ Scbenk ((;7) A. 
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J.lfa,lonia 1Jectinata.. Zeiller ' first established the pl'n,ctieal 
identity of the sori a.nd sporangia. of Laccopterh; and .Matom'a. 
The H haetic species, such as L . . Ai uensten:, L . elegctns, a.nd L. 
Goeppati, agree very closely with L. polypodioides ~nd need not 
be. described in det"j!. 

FlO. 2(;,1. Luccopleris elf!oans (Pres]). (From!l specimen in the British 
MllSCUW; from the Lower Keuper of Bayreuth, Germany. Nflt. size; 
part of plDDule x 3.) 

The Hhaetic species Lcwcopter1.:s elegans, represented in 
fig. 264, illustrates the characteristic hahit of the genus and 
shows a feature usually overlooked 2, namely the occurrence of 
anastomoses between the lateral veins. ~rhe form of the sorus 

I Zeiller (85). :I Seward (9.9~) p. 194. 
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of another Rhaetic 1pecies is shown in fig. 265, E. Schenk 
figures an interesting series of frond s of L. Goepperti in different 
stages of growth I; one of the younger leaves is seen in fig. 265, D. 
An examination of Rhaetic specimens of L accopten's in the 
Bergakademie of B erlin cOllvjnced me of the correctness of t~e 
published descriptions of the sori. 

FiG. :l65. A. JI(flolti,ZiW/I Wiemeri. (Slightly cnla.r~ed.) 
B. .lJumttiopNis m{trall.t(lcea. (Slightl)' cnlan:;cd.) 
C. Gl(,ichelll'lt'8.gracilis, (Slhd11.1yenla.rged.) 
D . Ln.ccopteris Gotpperti. (Slightly redllced.) 
E. L. MUf' /IBtcri . (Enhngcd.) 

(A, after Krnsser; B, C, after Leuthardt; D, E, a.ftel' Schenk.) 

Laccopteris pol11Podioides (Brongniatt). Figs. 266-268; 
278, A. 

1828. Pltlebopecris )IOlypodioides'!., Brongniart, Rist. "eg. fm..'i. p. 3;2, 
T)L LXXXITl. fig. 1. 

P. propinqua, ibid. PIs. CXXXCI. fig. 1, CXXXl lI. fig. 2. 

1 Schenk (67) A.. PI s. l':xm. nlv. 
, F or Q. more complete list, eee-Beward (00) p. 7B. 
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lB~9. J_JecDpleri~ c(.teJpitoaa. Phillips, Goal. Yorks. p. 148, PI. VTIl. flg. 10. 
P. crolt~foti((l i lnd. Pl. nrr. fig. 10. 
P. Ngctta , ibt"d. Pl. VllI. tig. 14. 

In habit this species closely resembles llfatonia and Matoni
di~lIn, the long petiol e divides disttdly into several spreading 

Fi t;, 2(;ti. J.lIt·('(lJlI!'Ti~ pO/!IIJt)/liuidell (Bnm!;!n. ). (x H. ) (BI'it. :Uus.) 

p innatifirl pinnae with lineal' ul tim~te segments (fig. 278, A). 
Circula.r sOl'i (i nuusiate?) oc(;ur in a single row on each side of 
t he midrib cuntaining 12-1-+ large spol'i1ngia (fig. 26G) cha
ra.cterised b,l' an ohliquely ver tical tl.nmzlus. The midrib of ~he 

A B c 

II 
FIO.2C7. Pinnules of L(u,:col}ll'ri~. (~ulll.rgeu.) 

A, U. From the Inferior Oolite of Yorkshlre. 
C. From the Inferior Oolit:.e of Stamford. (British Museum. ) 

pinnules gives off secondary veins at a wide angle and these 
torm a series of elongated me.shes para]]eJ to the median rib, 
as in the recent genus lVoodwa,1·dia.; fork ed and anastomosing 
branches ru:e given off fi'om these to the edge of the lamina 
(fig. 267). 
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beds of H ainau t (" Flore Berni!3sartienne "). l.'he section shows an 
armngement ~)f vascular t issue identical with that in the recent 
species: there may be two solenostelcs and in addition a solid 
axial ~trnnd. The form of the leaf~trace. in the fossil appears to 
be identical with that in Mutol1ia )Jccti1Wta (fig. 237, A, p. 31~). 

Mat01,-idiu?I1. Ooel'1'.,.li (Ettingshausen)'. Fig. 209. 

Under trus name are included specimens from Inferior 

FIG. 26n. JJ(llonidi1ll11 Goeppmi (r:lti lll-lS.). (A..,]}, ~ nat. f; i7.e; C, approxi

mately nat. size. ) 

Oolite and '''ealden strata 10 Britain and elsewhere. It is, 
however, not impo!:)sible that if more information were avai lablf'. 
we should find adequate reaSons for recognising two specific 
types. Font>,ioe', adhering rigidly to the rules of priority, 
speaks of this species as JllatonidiuII! AltAwlIsii (Dunker), but 
Ettingshausen's ~IJccific term is better known. 

1 Ettingl;hausen (52) p. Hi, ])1. v. For synonymy, see Seward {9-!~).A.; (00). 
!! ]~on taiDe, iu Wa.rd (OS) p. 230. 
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Fronds pedate nnd apparently identicnl in habit with thQ:re of Matonia 
pectinatu; ultimate segmellts !iueaJ', slightly falcate and bluntly pointed. 
Sorj circulllr o1' (H'al, numerous, conulilliJlg 1 fl to 20 ~pol'angill with u.Jl oblique 
annulus, in two rows on the lowel' surface of the piuuuler;; indu~ium (\.-; in 
lfatollt'(( . 

. rrh e English examples have so far afforded no information 
in regard to sporangia) stru ctul'e, bllt Schenk I has recognised a 
distinct annulus in G~H'man material. In his de::scl'iption of fossil 
plants from Lower Cretaceons rocks in California, Fontai_ne~ 

doubtfully identifies two very slllall fragments as M (ft ()11'icl£wn 
Althaus-ii: the evidence is, howe\'er. wholly inad~:ql1at,e . 

.Alatonidiu?II lfiesnel'i, K rasse r:'I. Fig. 265, A. 

This Ctnowanial1 (Creta,ceons) species from Mm'a.via. appeul's 
to be identical in blt,bit with tht' olucr t~'pe. The piml11\es are 
la.rger and bear f~weI' sori, 1{msser's ligures of the sterile pinnulcs 
show no latera) a.n~lstonlosing between the seconda.ry veins, bnt 
the sma.ll Hlscn\ar D(!twork below each SOl'US (fig, 205, A) is 
id(:ntjcai ",it,h that in 11!aio'lIit't pectinata. 'rhe inclusiate sori 
con ti\jn ab(Jllli six spomngia with an oblique annulus, 

The \ '€o TT wide geogra.phical distribu tion of the l\la.toni[leae 
during t he 11 esozoic era af:}·oJ'dt.-l :\ striking contrast to t.!'w 
limited range of the l\Ialayan survival!:;. 

Hymenophyllaceae. 

The fi'equent use of the generic name Hym.enuphyll1:tes n.s a 
designati on of ])a]aeozoic ferns, more partjcularly in tho older 
literature, is another instance of the undue importance which 
palaeo botanists have always been prone to attach to external 
resemblances of vegetative organs, The fragm ent of lamina 
described by Stm· for the Culm Measures of A.ustria as H yrnello
phyllu?rl, 'lv(Lldenbw~·gense.j, has uo claim to consideration as 
evidenco of Palaeozoic Bymenophyllaceae. On the otber hand, 

j Schellt..-(71j p. 19. ~' l!~ollti\ine, loco cit. PI. LX". figs. 22, 23, 
a Kr8.slIer (%) 11. 119, PIs, Xl. Xll. xn'. 
" Stur (75) A, p, 284, PL xxxm. fig. 15. 
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thel'€' are a few records of fettile fronds which, though not to ue 
acc('pterl without reserve, arc worthy of more ca.refnl exanJina
tlan. Some petrified sporangia described by Henault 1 fl"Om 
the Culm of Esnost nre referred to H!J1IlenophyUites on account 
of the position of the annulus, which appears to encircle abo_ut 
two-thirds of the circumference; it is, however, not certain that 
the a.nnlllu5 is horizontal as in the recent genus. 

'The Oulm species JtJtOdea J'(JtenMSJ5z·1IZ(I. dt!scribed by Ettings
Imusen~ a8 Hym.el1ophyllites pa.tentissi7lw and subse::Cjuently 

E 
fl, .. 270. A, E. Se'~fte1Ib~r!li{l c1t>,f)l!lliL 

B. Oli.qoca-rpill llroll!Jllturlii. 
C. Trichomfl1JCs sp. 
D. BYI!lN1ophylJu)JJ tllll/)rid.'li'JlluJ. 
F, G. SpheNOpll'ri:J (B{lnJellopliylli!f>;;) fjul1.dritJact!llitl'il. 

(A. B. F, G, after ZBiUel' i D, after Hooker ; E, after Stur.} 

relerred by Stur' to Rlwdea, is regarded by tbese authors as 
closely allied to Hyrnellophyll",,, simply Oll the ground of the 
finely divided and delicate steri le fronds; anotber 'pDcies, Rhodea 
moravica..(Ett.), which Ettingshausen referred to Trichoma"es, 
is compared with recent species of tha.t genus. In neither 
case do we know anything of sporangial characters. 

A fertile sphenopteroid frond figured by Scbimper as If,y
menopltyllu1n H'eissi' fmm the Coal-Measures of Saal'brtickell 
1 ltena.ult (~G) A. . p. 19. ~ EUillgsbtlusen (66) 1)1. VlI. fig. 4. 
a StUY (75) A.. p. 36, PI. IX. figs. 1-9. ~ S"'cbi1l.'lper (74) A. PL nvm. fig. 4.-7. 
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bears some resemblance to recent Hymenophyllaceae. but the 
figures are by no means cOlwinc,ing: an examination of the 
tn:>e-specimens in the Strassbnrg Museum led Solms-La,ubach 1 

to ex press dissent from Schimper's detel'min:ltioll. A more 
sa~isfnctory example is t.hat afforded by tihe ferti le pieces of a 
frond described by Zoiller:! from French Coa.l-Mca.·mres as 
H ymel/ophylliles I]_u(lriridoctylites (Gut bier). Some of the 
ultimate st.!gments witb a truncated tip are pl'e!:!erved ill close 
association -wi t h n group ()f oval l::ipol'angia with a complete 
kan.sYeJ'se annulus (fig. 270, F , G). The posiLlon (Jfth e sporangia 
is such as to s1!ggest t,hclr separat.ion frrlll.1 a termiJ1ai columnar 
receptacle like tha.t in TriclwnwlIes and H YlltellOpll yllU'/{I,. In 
his account of this species from the Coal-l\Ie~uJ'e!:i of the Furest 
of \YYl'e, Kidston:l st.ates t ha t Zeillt·r infurrned him t.hat he had 
noticed traces of what appeared to be a. columnar receptacl e in 
t he French specimens. 

The records of Hymcnopb."llaceae from the Mesozoic and 
Tertiary fo rmations al'e not such as need detain us. The t;"Lcts 
bearing on the geological hist.oJT of this lil.mjJ.\-, are singula.rly 
meagre. r:1~here .i s no c,ridenc(! which can be adduced in 
h,vou l' of' l'egal'ding the lIymenopbyliaceae I1S ferns of great 
antit{uit,Y, wbich played a prominent purt in the floras of 
the past. 

It is interesting to find that th~ genus A"r.·y·roptel'ls\ one 
of the Botryopterideac (a g roup of Palaeozoic F erns for which I 
propose tbe nam E! Oocnopterideac), bas a morphologica.l character 
in comruon wiLh TT'I'chonwnes, namely the production of axillary 
buds: 1.ben.· are a lso features in the stelar anatolllY sluu-ed by 
the Botl'yopterideac and Bymenophyllaceae 5• '['hese resem
blances, though by DO means an:lOunt.ing to proof of near 
relationship, point to a remote ancestry for certain features 
retained by ex isting members of the Hymenopbyllaceae. 

Cyatheaceae. 

The specimens from the Culm rocks of MoraYlu. on which 

J So!ms_I~/l.llbnl:h (OJ) A. p. 15iL ~ ZeWer (8S) p. 155; (SS) A. PI. nn. figs. I-S. 
:t tt; ,lat ... " IR4~\" :.n~. . j See I). -150. ~ Scott (oS) p. iS43. 
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StUI' founded the species Thyrsopte1'i8 scl,isto7'1Mn l are too un
perfectly preserved to warmnc the use of this generic name. 
GoeppeJ't,~ in lS:3G instituted the genera O;I}Cttheites, H emitelitesJ 

and B(d(fl1 tl'te~ for species of Carboniferolls f0rl1s belie\'ed to be 
closely allied 1,0 Tec~nt Cyathcnceaf', but, a fuller l..llowledge 
of these types has clearly demonstrated th,tt in all cases the 
,'eiel'ence t,o this f~lmiJy had no jU5r,jficn.tiuD. 

Tht.' TIpper Carboniferous spc<.:if!s iJickso7lites Pluc/."eJleti, of 
'whic:h SteJ'zel~ clescribec\ fertil e sp£:cimL'nE; in 18!'SG as possessing 
(!ircuifH SOl'l, hn.s since been shown by Gnlnd'Enl'y~ to be a 
l'tel'idosperm bearing small 8ct..'ds. In Spl,enopten.'s (lJisclJpteri::;) 
cr'l:statu (Brongn.) Zeillc.I .. 5 11[.1.5 described sori \'ery like tho~e of 
C/latllea and ..1l8uphila, uut differing ill the exnnnultlte sp<.lnmgin.: 
this species, like so many of the P1-1ia(!OlOic fern s, is probably mote 
akin to the ?Ha.ratti.:-tceae than to the C.rnthctlceac. 

\Ye base :lS yet no sati~factol'y evidence of' th~ existence of 
the C,rathcaccae in Pala~ozoic Roms. It is not nnti] W I;:! reach 
the J urassic pe:riod that tl'u!;tworthy data. al'e obtained. R,\ci
bor::.ki'i ha:-; idt'utified as Cyathe,weou:;; fertile Jura.ssic fronds 
fl'oll1 PO\i\ud, uut his figures arc inconclnsive. III 11 lsopJl iln 
pololliv(I it i:- not, clear whether the annulus]8 vertical or oblique, 
and in another supposed member Df the fa.mily, Gonatosorus 
}latI1m'sU, in which the il)Uusiullt is de~cribed as biva]\,atc, 
there is no proof of' aflinjtr to Cratheaceat? 

In attempting to decipher the l>ast history of the Cya
theilCeat' it is irnpOTtant to remember the close resemblance 
between the fertil e segments of ~omc speclc:i of Da'vallia, 
(Polypodiac""c) and thosc of Dickson;" (fig. 229, C, D, P. 294). 
Unless the sporangia are well enough preserved to show the 
position of the annulus, it is fi'equently impossibl e to feci much 
confidence in the value of the grosser featul'es, such as the 
reduced lamina of the fertile segmetJts arId the form of the 
sori. It is, however, probable that the widely-spread J urasIDe 

species Coniopteris IIymenol'hylloides is correctly referred to the 

1 StUT (75) A. p. 19. PI. x. figs. i , 2. 
'2 Goeppen (3(F) A. pp. 319, ~20, 32!). 
:1 Stetzel (S6). ~ Gnmu'EIJry (05). 
~ Zeiller tOG) PIs. 11. lH. Il .1/l.ciborsJd (94) A . Pl. IX. 
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Cyatheaceae, but even in the case of this species the evidence 
of external fm-OJ needs confirmation by an examination of 
individual sporangia. 

Ooniopteris. 

T his genus was instituted by Brongniart1 for fossil fronds 
chR.r<lcterised by plllllules more or less il1termediate between 
the Pecoplm'is and Sphenopteris type and agreeing in the form 
of the suri with the Jean::s of recent species of Dick-sollia, n 
should be noted that Stur included in this genus a. species. 
ConiojJter'is lUl1ZCllsis:! from the Upper Trias of Lunz, which hI! 
reg<ucled as a Marattiaceous fern. 

O(Jlliopte,~is hym.e/lophyllowes) Brongn. Figs. 271, 272, 275, B. 

"I82R. 8p/lell()plt~}';'1 Iqjllv'noj.JIL!JUoidc/$, Bl'ongni'l.I't1 Hist. n!g. foss. 
p. 18!J, PI. LVI'. fig. 4. 

1 8 ~9. ;r...'. stip{ftq, PbilJjp~, Ueol. York. 1" l·n, PI. x. fig. S, 
IBil.""). 'rJJ1tfllaiWp11O.,.(1 lliJ/)plc.r, .Lindley and Button, Foss. Flor. 

1-'1. n.x.\'. A. 
1'. rW'emnBII, ;Mel. PI. Cl.XX. B. 
Sp/te:/lopta;s a?'[!llta, ibid. PI. CLX.\·l1l. 

1836. lJYj1itCJlopllyllitl;:(. PlI.illiplSi, Goeppert, :Fo~s. Fi1.rn. p. 25ti. 
I S .. H). ('cmil)pterio1 J1.lJ11H,ltopliyllQides, 13rvnglliart, T aulea,u, p. 105. 

ConiopMrtx Jlfltrl'(J-,ljrtna, ibid. • 
l R5 1. .':;pJJ"lj(JpM·;,~ lIttp/J'/"ocarpa, Bnnbnry, Quart. Juurn. Geol. Soc. 

Vol. \'li. p. 129, PI. XII. rig. 1. 
IBib. Th.!Jl'iwpteri~ ~llltrra!lana, Heet·) Flor. Foss. Arct. Vol. 1\'. (2) 

p. 30, PIs. 1. 11. "\""111. 

The above list represents a small selection of the names 

applied to Jurassic ferns from different localities whicb there 
are good grounds for regarding as referable to a single type' , 

Frond tripiunute; pinna.e lil.lcl;I.l' acuminate, attached to the rachis at a 
wide angle; the pinllltics ,·a.ry considerably in sizellud shape; in lSOlUe tile 
laminf\ is dh'ided inti) a. few tn'oad and rounded lobes (fig. 2i;:', B) wbile in 
others the leaflets are dissccted into narrow linear segments. The sori tll"e 
borne at tbe cuds of "cius ; the fertile pilllJuJes have "I. mucb reduced 
lamina ItIld, in extreme cases, bear a close resemblance to those of 

1 Brongnio.rt (49) A. p. 20. ~ Krnsser ((m). 
;j For fullcr synonymy see Sewa.rd (00) p. 97. 



368 FILICALES [CR. 

'J1/1.'lJrItOptN'l~ elcgaYls (fig. 229, Al p. 294). The sari 1l1'cpartially enclosed iu 
a cup-lik~ llidusilllll llnd the- sporangia appe/lJ' to h:n-e ilJI oblique a,llnulu5. 

YCII1<tioll and ha.bit of frond of tlle Sphe;,optt'rt8 type. 

1'111..> pinna shCJwn in fig. 271 is the tYl)c-specimcn of 
Sphe)lopte1is m'fJuta Lind. and Hutt. from the Yorkshire 
Inferior Oolite and is indist-iuguisha,blc from t he English 
examples on which Brongnial't, ftnmded his tipecle~ S. hymeno
phylloides. Fig. 272 show:.; a spf'cirnen from th~ York Museum 
ilJustra.ting the dHfcreDce uetween the s;terile and fertile pinnae. 
The re:"cmbln,nce of sorne. fertile pinnc\e of Conioptcris hymcllo-

F1C. '271. GOl!iopt~rig /!ymeJ!llphylloirlcg (BrODb'll. )· Nat. size. From a !>pecimen 
in t.he Ma.nchester MuseUlr,. 

pf,ylloides to those of Thy,·sopte,,·s elegalls has led to a freqlleut 
use, without anr solid justification, of the generic name of the 
Juan F ernandez {ern for Jurassic and Wealdellplants. It is not, 
illllJossible that some of the fossils described by Beer from 
Jurassic rocks of Siberia l as species of' 1f!"Yl"sople'rill are Cya
theaceous {ems, but it is impossible to say with certainty that 
t.hey are generically identical with the recent species. In his 
monograph of the Potomac flora of Virginia' and Maryland , 
F ontaine has described as species of' Thy'rsopteris several specj-

Z Fonta.ine (89). 
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mens of fronds which afford no evidence as to the nature of the 
sari or sporangia. Some of the frunds referred hy this author 
to Thyrsopteris '1'w'inervis l , which I exa.mined in the "lashington 
MuseuUl, are in all pl'obability examples of OnychiopS'is, a genus 
included in the' Polrpndi"ccae. '['he h'aglllents described by 
L~ster V\TanF as srJl:ties of Thyrsopteris from the Lower 
Cretaceous of the Rinck Hill~ of Xorth America atrol'ci no 

FIG. "l7:! . C(miOJll~ri8 hymel/(}phyrloule':. Specimen from tbe Inferior Oolite, 
Scarborough; i ll the York M\I~ellm . [:\1. 8 .J 

satis£'\ctol'j' e\' idence of relatiunsh ip to t he recent type. Simjlarly 
Veleno\'sk)" has described a Lower Cl'etaceollS: Onychiopsis from 
Bohem ia.3 'l.S a specie~ of ThY'l'sopteris, although the fert ile 
segments bear li ttle 01' no resemblallce to those of the Cyt1t,he~ 
aceous genus. Sume fertile portions of fronds described by 
H eer 4 as Asplenium J oJ01strupi and aftenvards as Diclc80nia 

I Fon ttl.in~ (8!) p. 123, Pis. XXVI. XLlil. ctQ. ~ Ward (9!J) PI. CLX1. 

~ Velenovliky (88). ~ Reer (75 ) A. PI. I. ligl'l. 6, 7. 

S. n. 24 
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Jolmstrlt}n:1 from t he Cretaceous beds (Kome series) of Greenland 
are very similar to 001liopte1-is hymenop},ylloides. 

(.'01,iople"i8 quinqueloba (Phillips). Fig. ~73. 

This sp"cioR, originally described by Philbp,' as Sphenopte;-is 
quiffqaeloba, is \"ery similar in hahi~ to C. hymenopltylloides, 
differing chiefly in the sml.Lller size of the leaf and in thE: 
nal'rtIWl!l' t:iltim<Lt,e segments. The specin1en shown in fig. 273, B, 
illnstrates the fonn of the SOI'US and sporangia. 

Fw. fa;;. CO}li()pleris f/uillqllelolm (Phillips)_ .1, )( 2; D. considerably ell
lnrRf'd. Fl-om dr£lwings supplied by Dr 1\JlUlOISt. 

GO'llio1'le1'1:' a,.gata (Lind. ~,ncl Hutt.'). Figs. 274, 275, A. 

The sterile pinnae of thjs species hea.r pinlluJes of' <\ type 
met with ill various species of terns fruIl) difrer~nt horizons: 
the Rmallel' ones are t:!ntil'e and slightly f .. llcatc, whilt:! 0 11 the 
luwer part of a frond the ultimate segnlent.s art longer and 
have a. crcnulate margin. The fel'tile pinnae bear pinnules 
rt!duced to a midrib with a narrow horder, and termina.ting 
in a cup-like iudusiurn (fig. 27 5, A). In habit the sterile leaf 
(fig. :274) of this species is similar to the Jurassic Schizae>1CeOliS 
ft.;rn ](lukia, wilt·s. 

Protopleris. 

Presl~ instituted this genus for a Lo\ver Cretaceous t l;ee-

l Heer (82) A. PL II. fig. 2. 
8 Seward (00). 

2 Phillips (75) A. p. 215. 
"" Sternberg (SS) A. p. 169. 
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fern from Bohemia originally figured as Lepidodend1'on lmnc
tatum} and assigned to a Palaeozoic horizon ; it wns aftenntrds 

Flo . 274. Cr.ui01)teris l/'I'!Jl1f{t. (Nat. size. From a specimen in the Sedgwick 
]l'iI18e.1l1U, Cambrid~e.) 

Darned by Corda 2 P"otopteris 8te1'llbel'gi; aDd referred by 
BrongDiart' to 8igillat';a, The genus P,'otopte>is stands for 

I Sternberg (20) A. PI. 1\', 

~ Corda (45) A. PI. D. fig. 5. ~ Brongniart (28) A. PI. xu. 

24-2 



372 ~ILlCALES [CB. 

fossil fern-stems \vith the bnbit and, in the main, the structural 
feature·s of recent trN>-fcrnk. Persistent leaf-base5 and sinuous 
a.dventitious roots rOver the surf;'Lce of the stems: the ,·ascula.r· 
'ystcm is of the dictyostelic type characteristic of Cyathea 
(fig. 240, p. 3J3)""cl Alsop/Il'la. Itis by the pattern formed b)' 
the vascular tissue on the exposed SUl:[;lce of the leaf-bases th~\t 
p}'utopte)'is i." I])or.;t readily recognised; the leaf-trace has a. hol'sc
$';hoc form "ith the ends curled inwards and the side." moro 0,. 

lcs." indented (fig. 2(7). The generic name Catllopteris is 
used by ~om~ author!" in preference to Presl's genus; but 
P'ruto/,te1-is is more conveniently restl'icted to ]Hcsoz(Jic Cynthe
aCcouR ~te\Us and CCLulopteTis to Palaeozoic stems, with the 
internal stnwtUl'e of PSQ'ronius (sec Chap. XXJJJ.). Stenzel 

FlO. 27.i. A.. Conioplcrill argtlta. (Fertile pie nne ; nul . size.) 
B. C. Ilymenopllylloille~. 

A, from tbelnfcrior Oo)ile of Yorkshire (British Nllseuw); B, from Jurassic 
rock" in Turkesllw. 

applies OWllopte1'£s to Mesozoic stellls in \\ 'hich the leaf-tl'<l.ce 
consists of several separate strands aod not of a continl1ou~ band. 

Lower Cretaceous casts of tree-fern stems jn th(! Prague 
j[useulo have been described under the names A lsophilina and 
U1lcopteris; the nguJ'es of thc latter (fig. 27G) given by Feist
nta,lltcJ1 and by VeJcnmrsky~ show tbe petiole-bases ,aJrrangcd 
in vertical rows a.nd characterised by leaf-traces consisting of 
two scparnte strands in the form of two Vs lying on their sjde~. 

Tree-fern stems described under various generic names are 
not illfrequent.1yfound in European Lower Cretaceous rocks: their 
comparative abundance affords an example of stri_king changes 
in geographical distribu tion since the latter part of the Mesozoic 
epoch. 'rhe Cyatheaceae no longer exist in Europe and the 

1 Feistroll.ntel (72). ~ VelcDovsky (8S). 
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arborescent species of t he genus ha.ve I'etreated to rnOl'e southern 
regions. 

Fro. 276. OuctJjlteris .J.\"l! tt~·a.W. (After Vclenon;k.\"; i nat. size.) 

FI(l.277. Protoplnis }Jllrlctutu. (AHel:' Beer; ~(!ry slightly reduced.) 

P" otopt"'is punGtata (800mb.). Fig. 277. 

Tbe earljcst information in regard to the a.nntomy of this 
widely spread J ... ower Cretaceous fern we owe to Corda, who 
showed that the species agrees in essentials with existing 
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tree-ferns. The English example described by Carruthers' 
froIU Upper Greensand beds in Dorsetshire (now in t he British 
Musf' tlll1) shows only the external featu!'E's. The sandstone cast 

D 

Co B i~ 

<~\ 

j I 
FJ(i.27S. A. Lacc(lptnis p(J/!lPodioidell, Brongn. [FroUl El specimen (3!)Z75) in 

the British Museum; slightly reduoed,] 
D .. L. "Jll1cll1lteri. 
C. Dicksorlra (petiole stele). 
1), 011YC1liopMill Mant,e/.li (fertile segments). 
E. Ha!t$J1Wlmiu Selna.rdi Hiebt. 
F. E. Kohlmawti Richt. 
G, B. Protoplt rb lVitteo7lo, Schenk. (x, xylem; n, roots.) 

(B, alter Sohenk i E, }i', after Richter.) 

1 Carrut.hers 1M) PI. Xlll . 
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(14 em. in diameter), of which a portion is seen in fig. 277, WfI,S 

described by H cer from Disco Island ~ Greenland) as a Carboni
ferou s species l

, but afterwards correctly assigned to the Ceno~ 
man ian 8eries~. This species is recorded also from the Lower 
qret.:"lCeOllS of13ohemia by Frio and Bayer3, Among exa.mples 
of petri_ficd stems exhibiting a genera.l agreement with Pro
to}Jteri,~ pWlldc(,ta are those dc~cribctl by Stjenzel~ from Turonian 
rocks in Germany. In one of these, Rhizodendron Up}}ol1:ellse 

GOPlJ., attention is drawn to branches gi\'en off fi'Om the stem 
stele which have a solenosteJje structure in contmst to the 
dictrostt:·jc of the SIiClU; also to the mlnute structure of the 
tracheae which appeal' to have their enrIs peyjorated, a fcntul'E; 
shown by GWynIJe- Vaughan" to be chara.cteri~tjc of the xylem 
elements of many ferm.;. 

Pl'otOl'tuiB Wittealla Schenk' (fig. 278, U. H ), a W ealden 
species recorded from Germany and England, represents a clo~c1y 
allied ," possibly an idcnt,ical type. The section of the stem 
(fig. H) shows the uarruw va~cular bands, X, of a dictyostele 
similar to that of receut CyaLhcac(:uus tree-fprns and a form 
of IllOristde (fig. G, ,) reselllbling that of P. pnllctatn. 
Adventitious Toots are Seen in section at R (figs. G ami H). 

Polypodia c;eae. 

Sections of petrified sporangia from the English Co,,!
Measures (PteridotlteCf.! sp.) occasionally exhibi t a striking 
resemblance to those of recent Polypodiaccae'. but in the 
:tbst~nce of material in which it is possible to recognise the 
true uri entation of the sporangia, the exact posi tiOI1 of the 
a.nnulns is almost impossible to determine. 'Nc ha.ve ns yet 
no satisfactory evjdence of the existence of true Polypodiaceae 
in t he Pailleozoic era. It is noteworthy that apart from. the 
absence of ferns which can reasonably be included in this family, 
the anatomical features of the Botryopt,erideae (Coenopterideae) 
and of t he Cycadofilices or Pteridosperms do not foreshadow those 

I Beer (75). ~ B eer (82) PI. XLVll . 

9 Fric and Bayer (Ol) p. 7H. 
~ StenZel (86). See also Sten7.el (fJ7). II OWYDlle-VaugbllD (OS). 
6 Schenk (71) PI. xu.; Seward (94~) A. Pl. Xl. 7 Scott (08) p. 293. 
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of Poi,n)odiaccQlts ferTIs. On the other ha.nd, as we have already 
notic('d, anatomical cbara.cters of sl1ch fi.lmilies as tbe Gleicheni
accae, Hymcnophyllaceae. and Schizacaceae are met with in 
certain generalised Palaeozoic typos. These facts are perhaps 
of some importance as supplying coHate l'al evidence in favour 9f 
th e relati ycly morC recent origin of the dominant fa.mily of 
fl' 1'DS in modern fl oras. 

Th e usc of the generic name Adi!t11tites for fern-like 
fronds of Lower Carbon'iferolts ago characterised by cuneate 

FIG. 27U. A. Aliia.lIlillcil (Illtiqull,~ (Ett.). (, nnt. size.) 
B. .d . Li1lCuayoidcs (Sew.). (B' nat. I:!izc.) 

(A. aIter Kidston.j 

IJ innnles like those of srecies of Adiantu'1n, suggests an affinity 
which is in all probaoijity non -existent. It has been point.ed 
out that this generic name was applied in the first instance to 
the leaves· of the Jurassic plant Ginkgo digitata' and should, 
therefore, be discilrded. Schimper' uscd the designation 
Adil£>lti(les, and Ettingshausen', more rashly than wisely, pre
(erred Adiantum. The specimens described by Kidston4 as 

1 Goeppett (3G) A. p. 217. 
:I EttingshaUl'cn (G6). 

~ Scllimper (09) A. 11. 424. 
4-Kidston (SIfl) PI r. 
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Adiantides ant'iq"'''s (Ett.) (fig. 279, A) li'om the Carboniferous 
l imestone of Flintshire are portions of t ripinnat e fronds bearing 
cuneate segments with numerou s forked veins radiat ing from the 
contracted base of the la mina. I t is llot improbabl e, in view of 
Dr. \\l'hite's.l discovery of seeds on a very similar plant from the 
Potts \-iUe beels of North America., that t his chamc1.eristic Lower 
Carboniferous genus is a Pteridospel'lll. 

From J ul'assic rocks in various parts of t he world llumerous 
fossils have been described under the generic names A spidium, 
AspleJlilllJl., Davullia. P olyp odium, and Ptel'is. In t he great 
flla:i ol'itJY of cases sneh records lea ve much to be desired from 
the pojn t of vicw of students who appreciate th e da ngers of 
relying on external similari ty between Yeget,at-iv l.' organs, and 
on I'esenlblances founded on obscul'e impressions of sari. The 
generi c t,enn Woodw(Ll'dites ~. which sugge~ts affini ty wi t h t he 
recent genus TVooclwm'dia, has been used for Rhaetic plant::; 
be longing to t he Diptel'idinae. 

A plant describ(!d as A dia'llt'idcs Lil1dsa,yoide.9 from J ul'Msic 
rocks of Victoria: l

, characterised by marginal sori which appear 
to be protect.ed by t he folded-uver edge of tho leaflets, and by 
the resemblance of the pinnules to those of recent, species of 
LilldsnYft, may be a t rue Polypodiaceoll s fe rn: but in this case, 
as in many similar instances, nothini\ is known of the structure 
of t he sporangia. Some sterile pinnae described by Yabe from 
Jurassic rocks of Korea as Adiant£tes Rewa1'di ~ may perhaps be 
identica.\ wit h the 11 lIstl'a tian species. 

In such a species <1S P olypodill'ln o1'egollellse F ont., {,'am 
Jurassic rocks of Oregon) t he generic na.me is chosen because 
the" fru ctificati on seems near enough to tha,t of Polypodiw11}, to 
justify the placing of the plant iu that genus' ." But the fact 
that no sporangia h ~\\'e been found lS it f~\tal obj ection to t his 
identification. 

Onycll iops-is. 

This generic name was instituted by Yokoyanu.t6 for a 

I Wbite (04). ~ Schenk (G7 ) A_ PI. XTll. : Zeiller (03) p. 91 , PI. Xnl. 

:1 Seward (042) p. 11i2. PI. nll , fi g. 5. 4 rube (05 ) p. 39, P1. 1. figs . 1-8. 
D FOlltaine, ill Wnrcl (05) p. 64.. r. Yokoyama (8()), p. 26. 
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Japanese \Vealdell species, pl'e\·jousJy described by Geyler l as 
1'ItY"sopte/'is elongata, on the ground tbat, in addition to " 
,imilarity in habit of the sterile fronds, the fertile pinnae 
present a close agreement to those of the l'ecent genus 
Unychium. 

OnycMoJlsis Jlfantelli' (Broogo.). Figs. 2i~, D ; 280, A and B. 

The Japrwc.se species Onychiopsis elungata m;.lY perh"Lps be 
identicfd with thik c()m m(J lJ ' Vealden fern which, as F ontaine 
points (lUt ,. shou ld be called O. JJ8ilotoide::; if the rille of' }Jl'iuri ty 
is: to be obscl'yed irrespecti \'13 of long usage. 

182-1. H,l/lnImopteru p.~ilotoid('.~, Stoke:; Ilud Webb, Trl1.lls. Geul. Soc. 
[ii.], Y1)\. I. p. 423, PI. XI,\'!. fig. 7. 

Ifl;28. • .... 'pltel1upterilJ J/COltrU(, Bl'ongnial't., ll itit.. vcg. f(,s~. p. I / O} 
Plo XL\', fig~. :\ - 7. 

18[10. Owyddo['sis J/ctnl f"h, ;\;\tilnr::.t, Denk..,dl. Wjon Akacl, Vol. 
\XI1. p. 5, 

O"yc"iops;~ Mantelli mny be dc·fined as ["ll ows 

Frond bipitmate. ovate llmceolate, rachi,; winged j J,iHno.e approximate, 
gi\'eIJ off at fi. U acute ILlIglc; pillttulcs )I t1. rt'(I\\', acuminate, with a ilOiugle 
\'cil\; tbe l/J,rger 8cgluent8 scrmw ll.lJri grad lUlUy l'a~illg into pinuae with 
narrow ultillla.te segmcnt:s. :k'crtile scgmcuts ~e!'sile or suortly :,t.alked. 
linea l' o,'ate, sometimes tcnoiUiitiug ill I~ short oWlJ -l ike prolongation. 

The ferti le segments (fig. 278, D) bear so close " resemblance ' 
to t hose of species of O"ychiwrn, that it wou ld seem jusLifia.ble 
to regard the plant as a member of the PoiYI'0diaccae. This 
fern .is one of the most characteristic members of the '~Tea.lden 
Horns; it occurs in abundance in the Engli sh \Vecllden , in 
Portugal, Germany, Belgium, Japan, Bohemi" , South Africa, 
and else.wbere. A piece of rhizome figu red fmm tbe English 
\realden° is very similar to the creeping rhizomes of recent 
species of Polypodiaceae, The English WeaJden specimens 

] Geyler (77 ) PI. XXXI, fig. 4. 
'.: For synonymy, Bee Fun taine, iu Ward (05) p. 155; Richter (06) p. I) ; 

Sew.,d (9<1 A. p. 41; (Oa) p. 5. 
3 Seward {!I,4,J 4 . p, 62. 
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shown in fig. 280, A and E , illustrate the difference iu form 
presented by leaves of this species; the smaller pinnae repro· 
duced in fig. A are more characteristic of the species than are 
thORe of the slightly enlarged example represented in fig. 280, B. 

A 
B 

Fw. 280. 01lyl'ltiapliiij Jloul dli. (From Wealden speci.ruells ill the Briti;:b 
MU!;eum: No. 13!!1;) and No. V. 2615, A. natural !;izej B, very 
slightlyen!ll.r,qed.) 

Among British Tertiary species referred to Polypodiaceae, 
it is inteJ'esting to fi nd whl1,t may well be aD authentic record 
of a fern closely allied to the recent tropical species ilcrostic/Hull 
(Oh1',lJsocb:IL'In) {/m·etlrl~. l'his Eocene species from Bournemouth 
is described as Chrysod'l>um la.nzaea,'IJ,um 1

. Th e frOIJd j::;; simply 
pinnate and apparently coria.ceous in texture, with lanceolate or 
oblong lanceoh.te pilluul es (fig. "61, A, A', p. 350), difl'ering from 
t hose of Acrosticlwm aureunl" in being sessile. A pronunellt. 

I Gardner and EttingshlLusen (82) P1s. 1. u. 
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JUjdrib giyes oil' num erOllS anastomosing veins. No fertile 
pinnules haye been found. 

Specimens described by F orbes from the Eocene beds of the 
I sland of Mull as Unoclee< hebmiclicet l bear a strong likeness 
to the North American and J avanese recent species Onos;lea 
sensibilis. F ertile specimens referred to t he latter species a.re 
recorded by Knowlton :! ii'om Tertiary beds of Montana. 

A species describpt] by Sapor,,,' from the Eocene of 
S(:zilune us A(l'icllltlt'li/, apalophyllU.'I1t is recorded by Gardner 
:::md E tt ingshauscu from Bournemouth ; UD identi fication which 
is based On somew ha.t rneagrc e'l'idence. 

The follow ing remarks by Gardner and Ettingshausen are 
wOlth)' of repetition as calling a.ttention to cil'clIlustanccs often 
11,'erlooked in analyses of f05sil floms. They speak of fel·ns as 
relati\·ely rate in Bri t ish Eocene rocks and add,-" the Aoras 
cousist principally of deciduous dicotyledonous leaves, which ... 
fell in to the wa.ter and were tranqu11Jy sil ted over. Ferns, on 
t he other hand, would require 80rne yiolence to remove them 
from the p};lce of their growth, and their presc·rvation would 
consequently be exceptional , and they would be mutilated and 
fragm entary. This may account for their rarity. Few as the 
Br·itish ferns are in the number of species, they nerer theless 
form the 1a.J"g~t, anu ll(!st important, sed es of E ocene ferns, 
even of T ertinl)T ferns, yet described from on e group of bcds~ ." 

D ip teridinae. 

lJictyop"yllw",. 

This genus was founded by I.indley and Hutton fOI" a 
pinnat ifid leaffl"om the Jurassic I"Ock s 01 Yorkshire which they 
regarded as probably d_icotyledonous and named D. ?·ugoslIm/'. 

S everal ferns of t his genus ha.ve since been found with well
preserv~d sori which demonstrate a close similarit,y to the ,.ecent 
fern Dipte,.i.. Dict!Jophyllu11I. may be defined as follows:-

1 For~~ (51); Gardner and Ettingfthaul:len (82). 
:! Knowlton (02) 1'1. XXVI. 

!\ Saportn. (u8) A.; Gnrdner Bnd EttingkhauBen (82) PI. x. fiS. 1. 
"' GILrdneT Ilnd EttingshauHen (82) p. 21. 
~ LindJey and Hutton (34) A. Pl. en·. 
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FrDnds 181'ge Dnd l'il.lllillte, eh,'lm('t-eri;soo by the eq llul diehotolJlY of the 
main rilchi!; in to two arms which CUI'VC (Jut\\'al'd~ [l.llll t he\) bend inwt\rd i'l 
(fig. 281) ; from the :-Illrface uf e11ch arm are gin~n lltt' Illlrllcrou!S "IJl-e;lding 
pillnn.e witb a l:.\.U1illr~ morc UJ' le::!s deeply dis~t!cted illto Inbeii ,'uryillg ill 
breadt h and ill the form of the r~pex. E llCh lobe ba.'1 1\ Ul ediflll ,'ci1l , frOlll 

which brfllH.:lies a re g i\'cn off approxilliately ,lot J'i ght angle:; llllJ t he.n suLl
diviae intl) a reticulum, in the mc::!Lcs of whid.! the "ci lliets eUll blindl\" 
(fig. :?H2, A I1..nd E ). Sori com posed of flU llulatc :':pol';ulgil1. 11I'C l't'(lWue J On th'e 
IOII'CI' Hu r facc (If elle l{uo ifllt III IHLbic l.wd iu s (J(·r .... w ght/ dI8 c<'utern the 
gcnu:-: closely l'e!lcmbJes lJiptai~, Mid ill t he umllching of t il e f1'ond 
suggests tOl.llV:Lrisnn wi th Jlfn lOnia. The ri,il.omc (I(/~i2()m"I"cl'i.~ ) i:-; 
CI'Ce{Jillg .md dicb(,tolUm!!'lly lJl"'tllchc'{l. belu'illg lenf¥st.."Ar.:- witL l~ lu.r.'ilj ¥ 
~b()e f(,rm uf \';.lseular !;;trat~d, 

l~w , 281. Dicly,)phyllulU ail... (After ~Ilthorst; much reduced.i 

Dictyoph yllu,m. is represented by se'·eral typc~ to which 
various ~pccifi c pames ha \·c been assigned, the distinguishing 
features being the fonn of tbe pinna lobes, the degree of con
crescence between bile basal pnr[;ioos of the pin~ae, tlllJ similar 
features \"Iuch in SOUle ca.ses can only be safdy used as criteria 
when large specimens are aVf\,ilable for comparison, 

lJictyophyUulI! e.~ile (Brauns). Figs. 281, 282, D, E. 

11=\62, Oamptoplcris c.xili~. 13t'i1\u\s, p,~taecll)tograph. IX, p, 54. 
18(j7, lJict!!opllyllum alJutz'l(Jbum.! Scbcuk, }'oss, Floc. Gre.llz, p, 7i, 

1)18, X.IX. x..." 
1878. )), e~:ile, ~U.thOI·lit, Florn. vid Bjllf, L p, 39, Pl. y, tig, 'i, 

.D. acutilQ/Jum., £bt_'d, Pl. Xl. fig, 1. 
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Th e r~storation , after 1\-athorst 1, shown iu fig. 281 illustrates 
the habit of this striking tern , examples of which or of closely 
allied species are _recorded from Rhaetic rocklS of Germany, Scania, 
Persia, Bornholm. Tonkin, China, and elsewhere'!!, The petiole, 
n:1Lching il. length of no eIll. , forks at the apex into two equal 
arms leaving between t hem au oval space and occasionally 
crossing one anoth er. Tbe axes of these branches are twisted 
$0 that the pinna.c, \vhich lIlay be as many as 24 OIl each arm, 

FIG. 282. A. Dicfyoplt?IIl,11II ~-iI8,,(H,i. 

B. 1,'liiz.Q7I1op ter[/{ SclU"Idc", 
O. Cmll]Jlop(I"ri~ lIpimlill, 
D, E. ])ict!lQjlltyllllril (.r.de. 

(Alter Nnthorst; A, D, C, E , ! nal. sil:':e.) 

B 

and arise from the inner side l by torsion of th e axes assume an 
ex ternal .position. An interesting analogy as regards t he 
twisted l';lChis of Dictyophyllturl, e.tile and Oamptopteris is 
afforded by the lea ves of the Cycads, .JlaC1'DZWmiu Fawcettiae a nd 
AI. cm"allipes, which are also characterised by the torsion of 
the rachis. The habit, justly compared by N t\thorst with 

1 Nll.tborst (O()3). 2 Seward aod Dale (01) p. 505. 
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that of Maton;a poeti,mta, affords another iJlnstratioD of the 
common occurrence in older ferns of a dichotomous system 
of branc-rung. 'l' he pinnae, characterised by circinate veroation, 
,-each a length of 60 em. and are di1'ided into linear lobes 
inclined obliquely 0 1' at righ t angles to the pinna axis. The 
,,-hole of the under surface of tile lamina mu.r be covered with 
sporangia, 4-7 sporangia in each ~orus: the a.nnulus is 
incomplete and approximat.ely vertical (fig. 28~, D). The 
rhizome is probably repl'osGuted by tht.: chchotolllulIsly bl'a.nch ~.'d 

axis described by NiLthoJ'st frolu SC:1I1Ja as lthizomoptel'is 
'moJOI"; the Icaf~sc;),rs show H horse-shoe leaf-trace. 

Dictyophylltl1lL NClt/torsti Zeill er l
. 

This type, repreR.ented by a splendid series of specimens 
from the Rhaetic beds of Tonkin, agrees Ylny closely with 
D. e:1N1e. It difl'el's, however , in tlhe ua.s:l1 pa.rts of the piunae 
which are concrescent for a length of 5 to 8 em. instead of free ItS 

in D. e.J.ile; und, to a slight degree, in the font.l of the Illtiu1<~te 
segments. In habit and in sOl'al Chal'rlC:tcl's t.he two species arc 
practically identical. Each sorllS conta.ins 5 to 8 sporangia, 
which al'e ra.ther hwger than those of lJipteri .... 

Dict.ljophyllmn rngo!sll'IJI, Lind. und "Hutt. Fig. 283. 

l828. Pldebopt,.m·.~ PII!'llI.·p~"il Brollgniill't, Rist. n:g. fo~. 11. 3n, 
PI. esxul. fig. :3 ; PI. <.:x xxm. fig. J. 

1 RiW. PI'!llIitelJ M!rn.dwilJ, Phillips, Qeo}. Yorks. I'. 148, Pl. nn. 
fig. 9. 

18:3-1. Dicl!JQph.lllflil'~ ?"l(g081t?n, Lindley fl.tld HULton, } 'Oii.'S. Flor. II. 

PI. CI \' . 

1 8~6. Pol!Jjiudit!!8 11i!.t-uclelfoli1l8, UC)CPl'ert, F01<ls. Farn. p. 344. 
1849. Camptu}lteru PMllip:n:i, Bl'ouguiart, TaIAMu, p. lOS. 
lSSO. C'lutlm)j!t('ris '/Ckitb:'If!ll/ji~1 1\' athor:;t, BCri(ttclsc, p, 83. 

'1'hjs ~pt.>Cies, which is characterist.ic of J umssic rocks, is 
less completely knoll-n than the two types described abol-e, 
but in the form and venation of the pinnae there is little 
difference between the Rhaetic and Jurassic plants. The lea.ves 
of the Jurassic species appear to hale beeD sIDlIlier and more 

I Zeiller (OS) p. 109. ills. XUU,-UV11l. 
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like tho •• of Dipte1·i, conjugata (fig. 231); there are no indi
cation~ of th e existence of the two curved arms at the summit 
of the petiole which form so striking a. feature in D. exile and 

Fm.283. Dicf!lophyUum rU{108llm (Lind. llnd Butt.). (Brit. MUll . Nnt. s.ize. ) 
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D. Natlwl"sti.. No spot"lillgia ha\·e been found on Engljsh 
specimens, but. it is safe to assume t heir agreement with those 
of other species. A more complete list of records of D. 1'ugosurn 

is given in the first volume of the Brit ish Museu m Catalogue 
of.J urassic plnats'. 

~athol'st2 ha~ recently drawn attention to certain differences 
between Dictyo}1hyllm1t and j)~;pte)'is . Th e pinna,te division of 
the pinnae 15 Dot represented in the fronds of the recent species, 
but this method of Jobing. 'which js a. milrkf'd charact.e.rist.jc of 
Dic('jophyllu'f/l, is less prominent in Cl(ltlo'optel~£s; and in Oanq)
topteris Iml'zBl!sis Stur3, aD Austri,tl) Upper Triassic species, the 
pinnae are enti re. In lJiclyop!ty{lum the sari c\I\:e r the whole 
lower surface of the lenf: in Dipteris they &ire more ,vjdely 
selJarate.d and the sporangia have a diameter of 0'02 mm., but 
in Dict/Jophyllll'tn the diameter is 0'4-0'(j mm. Moreover in 
Dictyopltylta1n t;he sari contain 5 to 8 sporangia., wh(.'l'eas in 
Dipteris they are much more numerous. Despite these dif
l'ercnce$ it is clear, as Nathorst saTs, that Dictyuphyllu,1n, 
Clatll?'opteris, and Oumptoptel'is are ex isting types \'cry closely 
alljecl to iJipteris. Jt .is ;). matte]' of sccondaJ)' iml)ol'tance 
whet.her we include all in the Dipteridinae or follow Xatborst's 
suggestion amI refer the fossil genera to the separate t~l.mil'y 

Camptoptl!l' idinae. 

'PIUUllltUtuptCl'it:;. 

Thi, genus, founded by Goeppel"t' for a Rhaetic plant 
from Bayreuth, is by some authors ~ regarded as identical 
with Dict!Jophyllu}//, but iIi has recently been resuscitated by 
N athol'stti for spt:cimens which he names 1'. Schenki., formerly 
included by Schenk io his species T. Bl'aumiana7

• It bears 
a close resemblance, in the long linear pinnules with an entire 
or orenulate lll".rgin, to Dictyophyllum Fuchsi described by 
Zeillers from Tonkin, and it would seem hardly necessary to 
adopt a distinctive generic designation. 'The sporangia have 

1 Seward (00) p. 122. 
:l KrasBer (09) p. 111. 
~ Seward and Dale (01) p. 503. 
o 8ebenk (07) A. PI, n'nJ. 

S. ll. 

2. Nathorst (06::) . 
4 Goeppel't, (41 ). 
II :Natborst (07~J. 
8 ZeiJler (03). 

25 
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a vertical or slightly oblique a.nnulus and the rhizome is 
similar to that of Dictyophyllmn exile. The habit of the 
genus is shown in fig. 284, which repre~ents ODe of the 
German Rhaetic species. 

Fig'. 2].;·1. l'J/(l}IlIIaUlp(et·i.~ ]lJih,.~/eri. (l'l'om 1} sj)(>cimen in the 13crj:(akfldemie, 
Berlin: ;. nnt. size., 

Cl,,'." roptel·is. 

Olatll1'upteris mel)tscoicies, Brongn. Fig. 285. 

Ctat/IToptel'ilj, founded by Bl'onguiar tl for Rhaetic specimens 
from Stan ill. agrees very closely with some species of Diet yo
phyllu1n, but in vjew of the more rectangular form of the 
venation-meshes it is convenient to retain boLb na.mes. The 
type-sptcies was ol'iginHlly named Fd'icites ?1le11't'scvide,r;fi and 
afterwards transferred to Clat/u·upter;". An exam ination of 

1 13rongnin.rt t21;), ~ Brongniart (25). 
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BroDgniart's specimens has com'inced Nl1thors~ of the specific 
identity of C. ·m.6I1iscohles a.nd C. pfatyph'!Jlla. The Tonkin 
leaves desctibed by Zeiller l under the latter name should, 
t herefore, be ineluued in C. meniscoides, which may be thus 
d~fined : 

FlO,285. Clathropteris JtlwilJcl)itl€. ~ . From Uhnet.ic rocks neat Erln.nsen. [M.S.] 

The petiolate ftond is cha.racterised by an equal uichotomy of the 
mellis, liS iu Dict.l!opll,}JltUM; aileb bnlJlch bore 5--1 [1 pinnae, dj:;po.sed 
C1t iI16/(tail, 1'C.'\(;Uj IJg 11 lengt.h of 20-30 em. Iwd fused l,llsnlly 1\8 in 
n. Kat/wrlfli ZeilL Pinna~ lillcul' lallccoiate, ij lightly contr<lcted at the 

1 ZeiHer lOO). 
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lower end and gradually tavel'ed distally. The lamina, 3-14 ern. broad, 
is characteri,'ied by (,htuJ.;ely \)oiuted margiual lobes. From the midrih 
of each pinna. lateml ,-cius are gi\'en oft' a.t a wide allgle, u.nd adjacent 
vciog fll'e connected by a lrerie~ of branches which divide the lamina 
i1ltO ,t regular l'eticululU of rectangult\,r and polj'gounl mesbes (fig. 285). 
The !:;ori nrc 1'I.bundullt. and contaiu ,')-12 spol'angia like those of Diet,l/o. 
'/JA,lfllunl. 

FIG.2S6. C/athropreris 1'9yptiaca. (Nat. size.) a, li, pieces of main ribs in 
grooves. 

What is probably the rhizome of this species has been 
described by Xnthorst (Rhizomopteris c,.ltciata); it is similar 
to that' of Dictyop"yUum, but t he l eal~scars are more widely 
separated. This species occurs in Upper Triassic, Rhaetic or 
L ower J llrasslc rocks of Scania, France, Germany, Switzerland, 
Bornholm, North America, China, Tonkin, and Persia a.nd is 
represented by fragments in the Rhaetic beds of Bristol'. 

I SewlLrd (04) pp. l B, l S4. 
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Glath"opte,is egyptiae« Sew.' Fig. 286. 

The specimen on which this species was founded was dis
covered in the X nbinn Sandstone east of Edfu; the age of the 
beds is lIncereain , bue tbe presence of Glatll1'opuwis suggests a 
LQwer J umssic or Ithaetic horizon 2, Seven strong ribs radi~te 
t hrough the lamina from the summit of the petiole; at a and b 
small pieces of the projecting ribs are shown_ in the grooves. 

FIG. 287. CamptoJlteris srpimlk (After Xn.tborst. Much reduced.) 

From the main yeins slender branches are given off at right 
angles and. as seen in the en1arged drawing. these again sub
divide into a delicate reticulum with free-ending vein lets. 

Can'ptopteris. 

Ga1l11'topteris spimli." Nath. Figs. 282, C; 287. 

N athorst proposed this genetic name for Rhaetic fronds' 
1 Sewa.rd (07). 
~ The evidence of the shells is stated by hir R. B. Newton (O!i) to be ill 

favour of the Cretaceous age of the Nubian Sandstone. 
3 Nll.thorst (78) p. 33, 
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l'esembling those of Clatht'opteris a.nd D 1:ctyophyllmn, but djifer
ing in th e form of the pinnae and in habit. Th e habit of th e 
type-species. C. spira.lis, is shown in fig. 287. An examjnation 
of the specimens in tbE! Stockholm Museum convinced me of 
thl.: correctness of Nat horst's restonltionl. Each of the forked 
anTIs of the rachi~ bore al': many as 150-160 long a.nd llal'l'~W 
pinnae characterised by un anastomisi ng venation (fi g. 282, C) 
and by a spi1'al disposition due to the torsion of the axes. The 
sporangia agree in essentials wi th those of Dictyoph yllum. 

Hausmannia . 

A critical and exha.ustive acconnt of this genus hn,s been 
given by Prof. Von Richter ~ based on an exam ination of 
spcci roen~ found in the Lower CI-etaceOlis rocks of Quedlinburg 
in Germany. The Dam e was proposed by Dunker3 for leaves 
from the Wealden of Germany characterised by a deeply dissected 
dichotomously branched lamina. A ndl'a.e subsequentl:v instituted 
the genus P 1'o((whp1'S 4 for suborbicnlar leaves with dicboto w 

mOllsly branched ribs from the Lias of Steierdorf. A similar 
but smaller type of lea f was "ncrward. described by Zigno' 
from Jurassic beds of Italy as P. as(f.f1folius, and ]\,-athorst6 

figured a closely allied fO)'ill from Rhaetic rocks of Sweden. 
While some authors regarded H ausrnmmtt'a and P roto7"hipt's a~ 
ferns,othe.rs compared them with the lea\'es of Bctie1'a (Gi_nk
goales) ; Saporta sllgg-ested a dicotyledonous affinity. for 
leaves of the ProtCJrhipis t.ype, rrhe true nature of the 
fossil s was recognised by Zeiller', who called attention to the 
very close resemblance 1n habi t and in soral chm'aetel's to the 
l"ecent genus j)ipteris. A com pru·json of the diHerent species 
of Dipte1'is, including young leal'es (fig. 231 , 1" 297), with those 
of the f9ssil species reveals a very striking agreement "', There 
can be no doubt, as Richter points out, tbat the names H"It" 
mannia and P roto)·!t:ip"ik stand for one generic type. 

1 Nllthorst (06~J p. 15. 
3 Dunhr (46) A. p. 12. 
L Zigno (56) A. I X. fig. 2. 
7 Zeiner (97~) 1), 51. 

e Hichter (06), 
4 Andme (53) A. 
u Nilthorr,;t (782) 1'1. LX. fig. 2. 
8 8ewIIord and Dale (01). 
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Hausmannia may be defined as follows: 

Rhizome cl'eeping, slender, dichotomously branched: lMf-stalks slender 
(2-25 om. long), renring i\ leathery lumina (1-12 em. long Il.nd broad), 
wedge-shaped below, ncca.sionally cordate or rcnifoJ'lu, entire or morc or 

A 

'_:,: 

":' -f;--' :->1' . -.:. 
~ - .: I . -
-+-
. -
l ~ 'j 

FICI.288. Hal1s11wlmiu dicl!otQ"j(~. (Specimens froUl the la.te Dr Marcus Gunn'lI 
Collection of Upper Jurassic plants, Sutherlnndshire; very slightly 
reduced.) 
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less deeply lohed illto broad linear MCgments. The lca.f iij characterised by 
dici:lOtolllOm;ly brfLtlched main ribs which {\rise from the sltmmit of the 
rachis M two divergent nrms and radiate in a palmate manner, with 
repeated fOl'l..-ing, through the laminu-. Lateral veins 1:I.1'e gi\'en off at a 
wide angle, ll.nd, by subdi\'isiou, f~)rm a fairly regular network similar to 
that in D£ctyol"lyll1t1il, C'lath1'opterls, and Dipteriil. 

Ha.llSlILa1111i(l dichotoma, Dunker l , Fig. 288, A, B. 

This ·Wealden species, represonted in the Korth German 
flora and in beds of' approximately the ~atl]e age at Quedlin
burg, has bef . .' l1 discovered by Dr .!.\Ln,reus Gunn jn Upper 
Jurassic: rocks on the north-east coast of Scotland. The lamina. 
(12 em, or mort' in length) is di\'ided into n\'e to fiC "'en linear 
segments nnd bears a. dose ~u}Jerticial resemblanc~e to leaves 
of Ba~'e1'a, <lnd to recent specil.:s of Scll~'zaea (fig. 222, p. 28'7). 
E,\ch segment cont,ains one 0'1' twu D1ain J'ib~ (fig. 2H8, A). A 
.imilar form is described by Bartholin' and by Moeller' as 
H. Forchammeri from (T ul'3.ssic rocks of Bornholm. 

l1uusl!1al1ni'f l{uhimal11H', RichlJ. Fig. 278, F. 

In this species, instituted by Richter from mo.te!·i,d obtained 
from the Lower Cretaceous berl!!! of Strohberg4 , the compara~ 
tively slender I'h.izome be~Lrs froDd~ with petioles reaching a 
length In extreme cases tof 25 em. but lIsuaJly of about 
10 em. The lamina (1-7 em. long and 1-10 em. broad) is 
described as leathery. obcol'd,tte, and divided into two sym
metrical hah'€s by a median sinus l\'hich, though occasionally 
extending more tha.n half~way through Lhe lamina/ is usually 
shallow. The venation consists of two main branches which 
diverge from the summit of t he petiole (fig. 278, F) and sub
divide into dichotomously branched ribs; finer veins (not shown 
in the drawing) are given off from these at Tight angles and 
form more or less rectangular meshes as in other members of 
the Dipteridinae and in such recent ferns as Polypodium 
querci.jo/.i'U.>)!. (fig. 231, D, p. 297). 

'1'he imperfect lamina !'epresented in fig. 289 may belong to 

I Dunker (46) A., Pl. \'. fig. 1. 
" Moeller (02) PIs. C\'.-vt. 

~ Bartholin (92) Pls. XI. XII. 

' .. Richter (00) p. 21. 
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Hctusmannia Richte1-i or may be a distinct species; it shows 
some of the finer vei ns connecting the shorter forked ribs, 
wbjcb formed part of the reticulate ramifying system in the 
mesophyll. This specimen was obtained from the plant-beds of 
Culgower on the Sutberlandshire coast, which have been placed 
b}~ some geologists in the Kimmeridgian series. 

The smaller type represented in fig. 278, E, is referred by 
Richter to a distinct species, HalismaTlllia Sew(l,?'di', founded 
aD H. few specimens from the Lowc t' Cretaceous strata of 
Stroh berg, This species is characterised by a. stouter rhizome 

Fm , 289. Hall~IJI(Wllill sJ!. Upper JUl'flFllic . D(:l\r Helmfldll.le, ScothlUd. From 
a specimen in the Bdtish Museum , (Nat. size.) 

bearing smaller leaves consisting of a short petiole (3-4 cm. 
long) and an obovate lamina (1-2 em. long and broad). There 
are ustutlly two orpo~;ite lealiets on (,:'tch 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
mannia with the fronds of recent species of Di}Jtel'is represented 
in fig. 231. The more deeply dissected type, such as H. dicho
torna, close ly resembles D. LoObiana Or D. qU'inque/uTcata, 
while the more or less entire fossil leaves (fig. 278, E, F and 
fi g. 289) are very like the somewhat unusual forIll of Dil'te.,.is 
conjugata shown in fig. ~31 , B, p. 297. 

1 Uichter (06) 1>. 22. 
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Other species of the genus a.re recorded from Liassic rocks 
of Steierdorf' (Hungaly) and of Bornholm '. N"tborst' has 
described a small Rhaetic species from Scania: a French 
Permian plant described by Zeiller' and compared by him with 
H, dichotorna, may be a Palaeozoic example of this Dipteri!:i-
like genus. . 

Some segments of leaves from tbe Eocene beds (Middle 
Bagsbot) of Bournemoutb, and now in the British Museum, 
described by Gardner and Ettillgshausen·' as Podolomu poly
podioides, bear a. close resemblance in the venation to the 
lamina of Dipter£s co}/;jugata. 

1 Andra.e (sa) A. ::: Moeller (02) Pls. 
:I Nl\thorst (789) PI. IX. fig. 2. J ZeiJler (711). 
~ Gardner alld Ettingsho.usen (82) p. 2D , PI. lIt. fig. l). 



CHAPTER XXII. 

MarattiaJ.es (Fossil), 

THE discovery of P teridospenns has necessarily led to,lt con
siderabJ e mod ifieation of the vi ews formerly held t,hat exi~ting 
genera, of ~I.arM,tiaceac represent su rvivors of a group which 
occupied :1 dominant position in the furests of the Coal age. 
Mr Arber writes :-" The e\'lfhmce, form erly regarded us beyond 
snspicion, that the eU:-ipcl}'angiate ferns form ed a. dominant 
feature of the \'egctation of the Paln..eozoic peri od, 1m!? been 
undermin pd , more especially by the rernarkable distovery of 
t he male organs of Ly,qinode1Jdro1J by Mr Kidston, At best 
we can only now reganl t hem as fL subsidiary group in that 
epoch ill t he past history of t he veget"ble kingJOIn ' ," Dr Scott 
expresses himself in tcrm~ slightly t \l Ol'e HLvourable to the view 
that the lHaratt iaceae repre!:icnt the aristocr'-lcy among the 
Filice les. B e says :-" ,\-Ve fl o'V haxe to seek laboriously for 
evidence, which Jormerly seemed to lie open to u S on alJ hands. 
I believe, however, that such careful .investigation will result in 
the resllscltation of the Pa laeozoie ferns as i1 considera.ble, though 
not as a dominant, g ronp:!." Zeiller's frtith 3 jn t be prospect of 
Marattiaceous ferns retaining their position as pronl inent 
members of Palaeozoic tloras, though shaken, i ~ not ext in
guished: he recognises that they played a subordinate part, 

Reference bas !tlready been made to the impossibility of 
determining whether Palaeozoic fern-like frond s may be legit i
mately retained in the Filicales, or whether t hey must be 
removed into the ever widening terri tory of the P teridospel'lms. 

1 Arher (06) p. 227. : Scott (OG) I). 189. 9 Zeiller (OJ). 
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The difficulty is that the evidence of reproductive organs is 
very fetr from decisive. In the absence of the female repro
ductiyc organs, the seeds, we cannot in most cases be certain 
\"hether t.he small sporangium-like bodies on fertile pinnules 
arc true fern ~porangia or the microsporangia of a heterosporous 
pteridosperm. ' Yha,t is usnally culled an exannuIate fern 
sporangi um, s\1ch as we have in .A 7Igiopter1:s and in many 
Palaeozoic p\nnts, has no distinguishing features which can 
be lIsed as a decisive tORt. The m_icrosporophylls of the 
Mesozoic Bennettitnie!S produced their spores in sporangia! 
COIll pa l't ments grouped in synangia like t hose of recent ~1a
rattiaceae; and in t he case of G1'ossotllec(l , n. t.ype of f!'Ond 
always rcgarded as 2\farattiaceOlis un ti l Kidston 1 pro\'cd it to 
be "he micl'ospol'Ophyll of Lygi12()dend~'0]1 , we ha\:c :t stl'ih._-j ng 
inst.ance of the futility of making dogroatic assertions as to 
t,he filicincan nature of wh at look like true fern sporangia, In 
a ll probability Dr Kidston's surmise t hat t he supposed fern 
sporangia known as Dactylotheca, Rm1a1.lltia, U'1'1wtopter£s are 
Lhe micl'ospol'llngia of }:)teridospenns will be proved COlTect~. 

The question is how many uf the supposed l\farattiaceous spo
rangia must be assigned to Pteridospet'll1s? There is, however, 
no l'€'ftsonabJe dOll bt that true l\I;lra,ttiacCi;te formed a part of 
t he Upper Carboniferous fl om. All t hat can be attempted in 
the following pages is to describe briefly some of the numerous 
types of sporangia recognised on Palaeozoic fern-like foliage, 
leaving to t he future the task of deciding how many of them 
can be accepted as those of ferns. It is impossible to avoid 
overlapping and some repetition in t he sections dealing with 
true Ferns and wito Pteridosperms. The filjcinean nature of 
the stem known as Psa"oniu" (see page 415) has not as yet 
been questioned. 

The. nomenclature of supposed M.arattiaceou3 species from 
Carboniferous and Permian rocks is in a state of some confusion 
owing to a. lack of sa.tisfact..ol·Y distinguishing features between 
cel'tain types to which different generic nam es have been 
assigned. As we have ,dready seen in the case of supposed 

1 Kidston (06). 2._Kid ston (06) p. 429. 



XXII] PTYCHOCARPUS 39i 

Jeptosporangillte spora.ngia, the interp,'etation of structut'al 
features in petrified or carbonised spomogia. does not affOITI 
an example of unanimity among palaeobotanical experts. 

Pt!Jc/~oc((rpus. 

rl'bis generic narne, proposed by the late Professor ,,"'eissl,. 
is applied to a type of fructification illustrated by the plant 
which Brongoial't nnlDed Pecopter£8 lI1Jit(f" it. species common in 
thc U ppel' Coal-Measures of England '. It is adopted by Kidston 
fo], fertile spccimells frorn Radstock whic.h he describes as 
PtychocarplLs oblongtts 3 , but the precise na.ture of the fertile 
pinnules uf this species Ci.\.llnot be determined. 

PtycItOC(l)'PU8 am'ta, (Brongn. ~). Fig. 291 , A , B. (= GoniojJteri~' 

ltnita, Grand'Eurr.) 

This spt-lcil:s has t l'ipinnate fronds with linear pinnae bearing 
contiguous ))innules of the Pecopteris type (fig. 29). B), 4-5 lUm. 

long, confluent at the ba.se or for the great/or part of their lengLh. 
On the under surface of the fertile segments, which are identi
cal with the sterile, occnr circultu synangia (tig, 2911 A) consist
ing of seven sporangia embedded in a common partlnch)'lnatolls 
t issue and radially disposed ronnd fI, receptacle supplied with 
vascula.r tissue. The synangium is described ag shortly stalked 
like those of Jljol·"ttia K mdfussii (fig. 24o, B', p. 320). In shape, 
in the complete union of the sporangia, and presumably in 
t.he apical dehiscence, Ptychoc(~rpus agTees very closely with 
}(uu'f"ssia (fig. 245); but we cannot be certain that we have 
not a cullection of microsporangia simulating a fern synangium. 

A synnngium closely resembling Ptyc!toc(t,pus has been 
described by Mr Watson' from the Lower Coal-Measures of 

J Weiss, C,E, (69) p. 94, PI. Xl. fig. 2. The specimens figured by Weiss bear 
II. somewhat reJDote resemblance to thilt described by Renault (96) A, under the 
BIUDe generic IlllUle, 

2 Kid ston (91~) p. 23. :1 K.idBton (88) p. 350. 
~ Renault (96) A, p. g; Zciller (88) A. p. lij2i Grn.ud'Eury (77) A. PI. \"111. 

fig.13 . 
t> W8.t~n (OG), 
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Lancashire as Cyat/wt'rachU8 altus, but there is no cODvincing 
evidence as to the nature of the plant on which it was borne .. 

lJanaeites. 

'l'his generic name, instituted by GocPI)ert 1, has been used 
b,'- authors )yjthont. due reg;u-d to the J];).tUl'e of the evidence 
of aftinity to Danaea. The type named by Stu,· Danaeites 
sa1'epul7tfl1ms'!. (Eg. 291, E) bears small pecopteroid pinoules 
wi t h ovoid spurangia in groups of 8-] 6 in t,wo contiguous 
series OIl thE: lower b.cc of t.he lamina. 'fhc sporangia dehisce 
by an apleaJ vorc and are mOTC or less embedded jn the 
mesophyll of tbe segments. No figures have been published 
showing fLnr detailed sporangial structure, and such evidence 
as we h::\\'c is insufficient to warra,nt the conclusion that the 
rcsem blance to JJa:nuea, is more than an analogy. 

Panlpeoopteris. 

P al'apecapteris nelt7'opteraides, Gl'iwd'Eury, Fig. 290, D. 

The plant described by Grand'Eury" from the Coal-fields of 
Ga.rd and St EfJi~ Jlll fl, and made the type of a ne\v genlls, is 
characterised by p:illDUIf:s lutel'ltlcdinl.ie between those of Pecop
tel'is aml .• N:eu1'upteris4 and by the presence of two rows of united 
sporangia along the latera), ,'eins, as in ])aflaea a·nd D (Wllcites. 

Aste1·oiheca. 

Certain species of Pecopteris fronds from C<.u:bonifel'Ous strata 
aTe characterised by Gil'cl1lar 501'i 01' synallgia consisti ng of a 
small number (3-8) of exannulate sporangia attached to a 
cen tral receptacle and free only at their apicp.s. StrasburgeJ'5 
suggested a Mal'attiaceOlls affinity {or Asterot/leClI.. and Stur(l 
describes the species .rlsterotlteca St.,·nb..,·gii Goepp. (fig. 291 , 
C, D) ; .. an example of a Marattiaceous fern. 'rhe latter 
author reta.ins Corda's g~nus Hawlea i for the fertile fronds 

J Goeppert (302) A. p. 380. 
~ Stur (85) A. p. 221, Pl. tXl.; Zcillcr (88) A. p. 41. 
II Grand'Eury (gO} A. p. 2&1, Pi. VI. ti~. 26. 
4 For tm Ilccount of these genera, see Chap. Xli\'I1. 
~ S~rll.f:lburger (74). 6 Stur (8v) A. p. 183. 7 Corda (45) A. Pl. 1.Vll. 
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of the common Coal-Measures species P ecopte1"l'S Miltoni, while 
On the othe,' hand IGdston 1 includes this type in Asterotheca. 

Pecopteris (Asterotheca) Miltoni (Artis). 

1825. FilicUc;j N illol1i, Artis, .A.utedil. Phyt. PI. XlV. 
1828. P ecopteris Miftoni, Brongnim-t, Prodrome, p. ;)8. 
1828. Pecopteris abbl'eviata, Bl'Onglliart, Rist. "eg. foss. p. 3~7 , 

PI. CXY. fig::;. 1-4; Lindley l.lDd Hutton, Fos::;. Flor. Vol. HI. 

P!. 1M. 
1845 . fi(.udeo plIlclwrrima, Corda, Flor. YOl'wclt, p. 90, PI. LVII; 

fi gfo. 7, B. 
18"j7~ 1888. HmL'ipct MUtoni,Stul", Culm Flora, p. 293; Fame Cn.rhon. 

F1om, p. 108, Pis. I,LX. J.X. 
1888. PecolJlcrJ$ (. ltl!erotJleClI) abbnm'ata, Zeiller, Flor. Valenc. p. 18G, 

PI. XXl\', figs, 1-·1. 

o 

FlO. 290. 
D. L OIlClioptl'r11f rugosa. x 2. - For descnptloll 
A. Alet.llOpteri8Io1!chiHc.o. 'l( 2b.} .. 

C. Sphellopteris Hoeni1Iy/lallS'i. x 4. see Chap. x:nn. 
D. P{Ull.}l I!Copteri~ nrur(lpteroides . 
E. Pecopteris (DCl ct!lwt.heca) ]Jlulllo~a [=P. (Dactylolheca) delltat{f 

Zeiller (88)] . x 4. 
(A-C, E , after Zeitler; D, after Grand'Eury.) 

1 Kidston (n p ) p. 20: Stur (Sa) A.. Pi. L1X. 
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The ii'onds 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' apprcssed to the rachis and by 
circular sOTi cumposed of a smali number (3- 6) of sporangia. 

A. c 

D 

(~ 

~I' ~ ~ ~o/- I w 
I K 

Flo .2\J1. A, B. PtllchocfJl'PWJ ul/'it(l. . 
C, D. A~tI'1"Ot1W:(1 StertlIJI'r!Jii . 
E. ])/tlla cites iI(lrepOll illll11 f: . 

F. }/a1lJlea 1I1ilwni . 
G. flawiea 1J1l lc lterrillll/. , 
H-K. Scolecopt ~ri.~ eie_q(J 1U1. 

(A, B. Il.(ter Renault; C-G. a.fter Stnr; H. I, after Stntsbttrger ; 
X , MtcJ" Sten eJ.) 

In habit and in the lorm of the pinnlllcs this type is similnr to 
Dactylotheca plumasa. 

Hawlea. 

Stur' retains this generic name for sori in which the 

) See Chap. unl. ~ Star (85) A.. p. lOIJ. 
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sporangia are free and united only by the proximal end to 
a central receptacle (fig. 291 , F , G). He describes the indi
vidual spora.ogia as possessing a l'udimenul.ry annulus, <1 

comparatively strong wall , and tenninating in it pointed dista l 
enp. He emphasises t he greuter degree of cohesion between 
the sporangia of Asterotheco, as the distinguishing teature of 
that gen us; but this is a character difficult to recognise in SOUle 

cases, a,nd froUl the analogy of recent ferns ODe is disposed to 
att~ch little importnllce to the greater or less extent to which 
sporangia are united, at least in such cases as il stel'otheca and 
H u.'Wleu wh en the cohesion is never complete. 

Scoleco1Jteris, 

Zenk er l gUV\;l this nalne to detached fertile pinilldes from 
the Lower Permian of Saxony, which be described as Scole~ 

copteris elega'ns. He recognised the fern nature of the sari 
and suggested that the pinoules might belong to the fronds 
of one of the " Staarste inen " (P sa't'om;u{;), ,t view which subse
quent in vestigations render far fro m improbable, The sari, 
which occur in two rows on the lower surface of the small 
pecopteroid segment,s with strongly revolute margins (fi g. 291 , 
H - K ), contain 4-5 sporangia attac~ed to a stalked receptacle 
comparable wi th that of Afaruttia ]{ouljll, .. ii. These pedicellate 
synangia were fully described by S trasburger ', who decided in 
favour of a Marattiaceous alliance. Th e lower portiuns of th e 
distally tapered sporangia are concrescent, the distal ends being 
free (fi g. 291, H ). Stur includes in Scolecopteris the common 
species P ecopteris arboresce11S (fig. 376), but Kidston ' states 
that the British example of Scolecopten. is S. Jlolymorpha 
Brongn. from the Upper Coal-Measures. 

Scole('(jp t.,~s elegan' Zenk. furnishes an example of a plant, 
or plant fragment. which has been assigned to the animal 
kingdom. Geini tz' described silicified pinnules as Palaeoj"Z", 
dyadicus, the generic name being chosen because of t he re-

I Zenker (37), 1 Sttd.sburger (74). a KidstOll (912) p. 20. 
4 Gein itz (72). See 801 mB-La.ubach (83), who gives in fu ll the ell.r1y hidory 

of the geuus SCDlecoptt:.T jg, 



402 FILICALES [CH. 

semblance to l\Iill.ipedes such as the genus JUlU8. The mistake 
is not surprising to anyone who has seeD a block of siliceous 
rock from Chemnitz crowded with the small pinoules with 
their concaye surfaces tormed by the infolding of the edges. 
Stcrzel l

, who pointed out the confusion between Myriapods 
and Filices, bas published figures which illustrate the deceptive 
resemblance of the pinnules, with their curved lamina divided 
by lateral veins iuto segments, to the body of a Millipede (fig. 
291 , K). He points out that Geinitz searched in vain for the 
head and legs of Palaeoiul.u$ and •. 'pressed the hope that 
further examination would lead to f'r-esb discovel'ies: the exami
nation of sections re\~ealed the presence of sporangia and 
demonstmted the identity of Palaeojulus and Scolecopteris. 

Discoptel'£s. 

Stu,.' instituted this genus for feJ·tile li'onds from the Upper 
Carborriferous Schatzl,,,"r beds, including two species Discopteris 
kct/rw'ine'nsis and D. SC/mnlW17li. He described the small 
Sphellopteroid pinn u les as characterised by disc-shaped sori 
made up of 70-100 sporangia attached to a hemispherical 
receptac1e: the absence of a true annulus led him to l'efer the 
genus to the Marattiaceac. In his memoir on the coal-basin of 
Heraelea (Asia Uinor),Zeiller ' instituted tbe speciesSphenol't€1is 
(Discoptel-is) Rallii and tigured sporangia resembling those 
described by Sturin the possession of a rudimentary II apical 
.. 'lnDulus." He comp;tred the sporangia with those of recent 
Osmundn.ceae and Marattiaceae. In the latE:l' memoir on the 
Upper Carboniferous and Permian plants of Blanzy and Creusot, 
2 oille,., gives a very lull and carefu l description of fertile 
speeimens of Sphenopteris (Discoptel-iS) clistata, a fern origin
ally d"seribed by Brongnjart as Pecopl"'iB c,.ista.ta.'. Many of 
the Sphenopteroid pinDllles of this quadripinnate fern frond 
show the form and structure of the sori with tematka.ble 
clearness in the admirable photographs reproduced in Plates 
J.-UI. of Zeiller's Blanzy memoir. The lobed pinnules of this 

I St.erzel (78); (~O) . 

4 Zp,.iI1er (06) p. 10. 
~ Stur (Sst p. 140. ~ ZeilJer (99) p. 17 . 
6 BroDgniart (28) A. PI. cxxv. fig . 4. 
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species are of oval-triangular form, 5-15 mm. long and 
2'5-6 mm. broacP. An examiDntion of the type-specimens 
of Discopteris from Vienna enabled Zei ller to COlTect Stur's 
original description of the sori: be found that the Austrian 
a9d French specimens, though specifically distinct, undoubtedly 
belong to one genlls. The sori ill Discopteris c1istata.. are 
globular, as in the recent genera Cyathea a.nd A lsophila, and 
frequently cover the whole face of the lamina. The individual 
sporangia are 0'4--0'5 111m. long nnd 0'15-0'2 mm. in diameter; 
they are exann ulnte, but for the anllulus is substjtuted a group 
of thicker-walled ,md larger cells in the apical and dorsal region. 
The description by Stur of a hemispherical receptacle seemed 
to indicate an important difference between Lhe Austrian and 
French species; but ZeilJer found that ~hjs fea~ul'e does not 
actually exist and that it was so described as the result of' 
misint,erpretation. Zei ller succeeded in isolating spores, 40-50 I"" 
in diameter, from some of the sporangia of D. cristata and 
found that i..hey I:!x hibi ted the three-rayed pattern characteristic 
of feru-spores and which is indicative of tllt-ir formation ill 

tetrads. Th e conclusion arrived at is that the genus Discopteris, 
as represented by D. h:a1'winensis, D. cristata etc., may be 
regarded a5 a true fern and included in the Marattiaceae. As 
ZeiUer points out, the sori of DiscfYJJteris difl'er 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 D. Rallii 
and those of recent Osmundaceae holds good: the genus 
affords another example of a generalised type, in this ca~e 
probably a fern, combining featu res 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 Palaeozoie 
ferns contains sevel'al generic names applied to sporangia which 
occur singly on Sphenopteroid or Pecopteroid pinnules. The 
foll owing may serve as examples; but it should be stated tbat 
these will probably be transferred eventually to the Ptericlo-

J Henault ami Zeiller (8S) A. Pl. nlV. !I. Page 325 

26-2 
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sperms. It is, however, immaterial whether they are dealt 
wi t h here or in the chapter devoted to the seed-bearing" ferns." 

Dactylotheca. 

Zeiller' createU this genus for fertile fron,ls of Pecopte>'is 
dentata Brollgn. (= P. plU'I1W8U Arti s~).. a common British species 
in the Upper and .hliddle Coal-Measures. Stur' included P. 
clentuta in his list of species of Senjtel1bergia, the genus to 
whjch reference \vas made under the Schizaeaceae. 

Pecopter,:S \DuctylothecQ) plumosa (Artis). Figs. 290, E, 292, 
293. 

182[), Filw~'teJ plum().t1l8, Artis, Antedi]. Phyt. p. 17, Pl. snJ. 
1828 . Pecopt&ri8 plllllW8a, Brollgn i1~rt , Ui.~t. w:g. foss. p. 348, 

PI::;. CXX1. CXXH. 

P. de.ntatlL, Brongniart, ·ibid. PIs, Cx...'>:lll. c.xXJY. 
P. deli.vatulu8, Brougnil.U't, ibid. PI. cxn. fig. 6. 

JK\2. }3plumopteris c{J.1(.(iatu, Liudley find Huttoll, }~Os.-;. 1"101". Yo!. 1. 

Pl. XL\'l11.; Vol. 1J. Pl. GXXX\'Jll. 

1834, ,'>ecoplerifj serra, Lindley il-ud Hutton, ibid. Vol. n. PI. n 'H. 
1834. SI~ki~opterU adn(lscens, Lindley l\ud Hutton, 1'bid. Vol. 1. 

Pls. c. 01. 

1836. 118pidites caudatlt8, Gocppcrt, Syst. til. fo!!.s. p. 3(;3. 
18:38. ;':.'lWt!}t&ia I1I:lesiaca,lPI'esl, in Sternberg, }'lor. VOl'welt, Vcrs. 11. 

p. 122. 
1869. PecopterUi siltJsiCtGlt8, ScLimper, Truit. ptd. v~g. Y'oL r. II. 617. 

Cyatfwt:arpu8 d~ntatu8. Wei~, Flora del' jliugst. Stk. uud 
Rotb. p. B6. 

1877. Senj't€ltbergiapltmwsa, Stur) Cutru Flora, 11. V. 187 (293). 
S. deJllata., ibid. 

1886. lJw:t!/l()tlleca plu.m.osfJ., Kjdston, Cat. Palaeozoic Plants, p. 128. 
18B8. JJacty lotAeca dentat!)., ZeiUer, Flor. Valene. PIs. XX~' I.-XXVUI. 

Fo~ a full er synonymy reference should be made ta KidsiDn's 
account of this specie"', from which the above list is compiled. 
The large fronds of this species are tri- OJ' quaciripinnate. The 
pinoules vary much in ahape and size and in degree of JohingJ 
according to their position OD the frond (fig. 293). The primary 

, Z,iller (~S) p. 184 ; ISS) A. p. 30. 

• Slur 175) .l. . 

:! Artis (25) A. 
, KidstOIl 19S) p. 2(1). 
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pinnae arc subteoded by two Aphlebiae (fig. 293, A) appressed 
to the rachis, like the delicate lea.ves of the recent fern 'l'e-1'a
tophyllu", (Leuieatu1/! (sPc page 3(1 ). The sporangia (0·5-0·65) 
are oval and exaunulate and are attacbed parallel to tbe lateral 
"eins; they may occupy the whole of the space between the 
nlidrib and the edge of the pinnules. This species occurs in the 
Upper, :Middle, and Lower Coal-Measures of B[,jtain. reaching 

Fw. 292. Daclylotheca 'JlltlJlrlsa. (A.fter Kidstoll. Slightly reduced.) 

jts maximum in the Upper Coal-Measures. rrhe aphlebiae 
undoubtedly served to protect the young fronds, as shown by a 
specimen figured by KidstOD (fig. 293, B); they may also have 
served other purposes, as snggested by the above comparison 
;,'itb Temtopltyihl.1ll, in the mature hondo Lindley and Hutton 
regltrded the aphlebiae as leaves of a fern climbing up the 



406 FILl CALES [CR. 

rfl.chis ; which they na.med Schizopteris adnascens, a ~ confusion 
s,imihtJ' to that already mentioned in the description of Hel1titelia 
capensis «ee p. 30+). 

Fm. 293. Dact!I'Qlhec(l plilmosa: .A.. Uacbi3 with Aphlebiae. B , a, young pinnae 
circiulltely folded. (After Kidston. A, B, ! na.t. size.) 

R ena.ultia. 

This name was proposed by Zeiller' for Upper Carboni ferous 
fertile pinnae of the Sphenopteroid type, bearing ovoid sporangia 
either singly or in marginal gronps of 2 to 5 at the ends of the 
veins. The appearance of the apical cells occasionally suggests 
the presence of a rudimentaJ:Y annulus. Kidston has recorded 
this type of fructificat.ion in Britain'. StUI' describes fertile 
pinnules of Lhe sarue type under the generic name H apalopteris' . 

1 Zeiller (sa) p. 185. 2 Kids£on (82). 3 Stur (85). 
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Zeitle-riu. 

This genlJs was founded by Kidston L ' lor fertil e pinn,'1,€' of a 
very delicate fern, Ze.:tle,';a delicatula (Stem b.) characterised 
by filiform ultimate segments bearing all indusium-like bod}, 
spherical when imma.tuJ'e and spli t ting at maturity into four 
small valves. Kidston, in his earlier papel', compared the 
species with recent HymenophyUll.ceae. In the same genus he 
includc$;Z.avoldensis~(Stul') assigned by S t UI' to Culym,matotheca, 
H. genus described by some authors as cha.racterised by groups of 
radially elonga.ted spotangia at the tips of the pinnules; these 
supposed sporangia are now known t o be the valves of an 
indusi1lm-like organ Or cnpul e, as StUI' asserted. There can be 
little doubt that th e fertile fronds placed in C«ly",matotheoa 

and in Zeillerict were borne by Pt<!ridosperms. 

U'rnll toptel'is. 

The Upper C"rboniferous fronds of a delicate Sphenopteris 
habit, to which this name was assigned by KidstonS, were 
described by him ns Euspl1enopte1'is tl'fnelia (Brongn.)~ and 
compared with HymcoophyBaceae; subsequently Kidston ex
pressed the opinion that D1'natopte:n"s may be a Ma.rattiaceous 
fern, as Williamson ' beliel'ed ; he has since suggested that 
the sporangia are ~he microsp()rang ia of a Pteridospcl'm t . Tbe 
sterile and fertile pinnae ditf~r in · the absence of a lamina in 
the latter. The sporangia (or microspomngia) arc characterised 
by It poricidal dehiscence. 

The records from strata higher ill the geological series than 
the Permian, disregarding many of doubtful value, afford ample 
testimony to the existence of Marattiaceac in Upper Triassic 
and Rhaetic floras. 

M a1Yltf.iopsis. 

The generic name Dan«eops·is was applied by Heer' to an 
Upper Triassic fern, previously described by Pres! as Taehi-

1 Kidston (8 -l ~) . :l Kidston (87) . 
. ~ Kidston (82 ) p. 32. ~ Kidston (842) p. 5!}4. 
~ Williamson (8~) A. 6 Kidston (Oti). 
7 Beer (76) A. p. 71 . PI. :U.IV. fig . 1. 
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opteris marantaoea. A splendid specimen from the Keuper 
of Stuttgart is figured in Schimper's Atlas I showing the 
pinnate habit of the frond and the broadly linear segments, 
25 cm. x 3'5 em., bearing rows of contignolls sporangia. rrhe 
large pinnules have a strong midrib giving off curved and 
forked laten:t1 veins. Presl's species may most appropriately be 
jnciuci(.'d in tJ1 B genus j}fa,'ratt£opsis. A specimen of M. 1}ta"'(111~ 

tacea deSClibE:d by Leuthardt ~ as DUl1aeopsis llUl..'I·U71tacea from 
the Upper rrrias of Basel shows a. peculiarity in the venatJioD; 
the lateral veins often fork near their origin, a.s noticed by 
other au thol's, OU t each vein forks it second time near the edge 
I)f tho lamina and the two arms converge, forming a series of 
intmlllnrginal loops (fig. 265, BJ. 

JJfamttiops-is Muensteri (Goepp.). Fig. 245, D, E. 

This widely spread Rbaetic plaut affords the best example 
of fI rost-Permian species which way be accepted as an authentic 
record of fossil Mara.ttiaccae. Various genedc names ha.ve beeD 
us d for this species; Goeppert originally described the plant 
as Ta.elliopteris llf.uensteT1: 3 ; Schimper4 proposed the name 
Ma1'atfiopsis, and Schenk 5 substitut('d Angiupte?';is on the 
ground th;lt the fertile pipnules resemble that genus rather 
than ,;V{fratt2·(l. j/arattiops'is, if interpreted as indica.ting a 
family resemblance rathf:r than specia.l affinity to the genus 
Mm'attict, 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 t hose published by Zei ller ' in his monograph of Tonkin 
plants. 

The p}nniLte fronds :~re characterised by 0. broad rachis bearing sessile 
broadly lineal' pinnules rounded at the base, obtusely pointed at the ~\pex, 
reaching A. length of 10-20 COl. and a broadth of 12-35 mm. from a 

1 Schirnper (74) A. PI. SS; sec alBO Schenk (88) A.. p. 81. 
~ Leuthardt (04) p. 29, Pi. XlIl. figs. 1, 2. 
3 Goeppert (36~) A. Lier. 1. aud n. PI. tv . • Schimper (69) A. p. 607 . 
.Ii Schenk (8S) A. p. 260. .. 6 Zeiller (03) Pl. IX. 
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well-marked midrib are gj"en off secondary veins dicbobmously branched 
cloi!IC to their origin. The lineur synaugil\ ne..'11' the ends of the "ein~ 
contain two rows of I:'iporangiat COllipurtments a.nd open as two val\-es as 
in Jiaratt.:a. (Of. fig. 245, A, p. 320., 

This species occurs in the Rbaetic beds of Scania, FraD- . 
conia, and Tonkin. A similar type 18 figured by Fontaine from 
Jurassic beds in California as rlngiopte?-id'ium c(l.l~I()1"1l'l:clL'1nl, 

and Bartholin~ and Moeller 3 record j_lJ. AfllBnsteri from the Lias of 
Bornholm. Schenk's species from China', Angioptmis Richt
hofeni, is a closely ajE€!d specjes. and a. similar form is reoord ed 
from Jurassic and Caucasiil"lJ stmta~. The microscopical exami
nation by l\"athorst ll of a group of spores fi'orn [\ synang iuDl 

of M. J1fttensteI1: shows th"t they resemble those of recent 
Mu.rattiaceae. 

From the Upper Triassic: plant beds of Lunz, StUI' has 
included several species of ferns in the l\lal'attiaceae, and of 
t hese Kl'as.,"r' has recently published full diagnoses but un
fortuna.tely without illustrations. In addition to jl[ cf,1'attiopsis 

1nu1'aniacea (Presl) tht! list includes species referred to COlli

opteris, to Spei'I'OCal'pllS, a genus founded by Stur, to Oligoc(t1-pia, 
Asterotheca, and Bel'llOuitiia (H eer). 

As already pointed out, sOlne ,1.t lea.st of these Austrian ferns 
are more probably Osmundaccous th~n Ma.rattiaceous. 

DUl1aeopsis Ii ugltesi, Feistmantcl. 

The pinnate fronds described by Feistmantel' f"om the 
Middle Gond'nma rocks of India ann recorded fTOm Rhaetic 
strata in South Africau, China 1o, and Tonkin 11, may belong to 
a member of the Marat,tiaceae, but no fertile specimens have 
been described. The close agreement between the sterile lea.ves 
from India and Sonth Africa and the fertil e fronds of Mm'attiopsis 
marantacea suggests generic identity. 

I Fontaine, iu \Vard (00) Pi. LV. figs. ~-5. 2 Bartholin (~2) P1. IX. 

3 Moeller (02). 4 Scbenk (83) A. 
D Seward (074) PI. 11. Jigs. Hi-IS. II NlIothorst. (08). 7 Kra.sser (09) . 
8 Fciatwn.ntel (82) PIs. JV.-X. II Seward (08) p. 95. 
lU Krasser (00) PI. u . II ZeiHer (03) PI. u. 
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The Upper Triassic ferns described by Heer, Krasser', and 
Lcuth!trdt~ as Bel'ltottill·ia have been referred to the Mal'attiaceae, 
but without trustworthy evidence in favour of this affinity. 

The large leaves, 70 em. long and 7 ero. broad, described by 
Zigno:l from the Jurassic of Italy as Danaeites Hem'i, are 
probably Cycadean. The Polish J urnssic species Danaea, micro
phyllct4 is a mOre satisfactory record. 

A B 

Ftu.294. A, B. NuthorlJliu angrulijolia, Heer. (After Reer. A, nat. size.) 
C, D. Sorus of N. laliJolia, Nath. (Alter Nathol'st. (1, x 12; 

D, )( 45., 

N athol·stia. 

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 

1 Kr&8Ser (W) p. '21. 
:I Zigno (56) A. PI. nv. 

2 Lelltbl\rdt (O4.1 PIs. ux. n. 
• Raciborski (94) A.. Pl. Vl. li Beer (SO). 
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Laccopteris is so close that generic identity might well be 
assumed, but it has recently been shown by Nathorst l that 
the soral characters justify Heer's use of a distinctive name 
for the Al'ctic fern. The circular sori arra.nged in two rows 
(fig. ~94, A, B) are superficially identical with those of L(w
cop~ris, but consist of concrescent sporangia. forming a circular 
synangium (fig. 294, G, D) like those of Ka'!I~(us"ia and 
Ptyc/t.UCa7"pus. The lighter areas in fig. 294, D, represent the 
sporangia: fig. C shows the radial djsposit.loll of the numerous 
sporangial compartments rOllnd a. central receptacle. From a 
stout midrib latera.l veins arise a,t right angles, but their distal 
terminations are not preserved. I t is probable, as NathorSt 
suggests, that Bayer's~ species Drynan'a, fa,scia fi'om the Lower 
Cretaceous rocks of B()hemia should be referred to Beer's genus. 
In the absence of well-preserred sori it would be exceedingly 
difficult, or e\'en impossible, to distinguish between pinnuJes of 
Laccupter£s and N ath01·st£CL. 

A Tertiary species, Maratti" B ooke)"; (fig. 261,0, p. 350), 
descri bed by GardDer and Ettingshausen 3 from the Eocene beds 
of the Isle of Wight is referred by them to the Marattiaceae 
because of a resemblance of the sterile pinllae to those of 
M. KUll(fu8S'iij but this is insufficient evidence of relationship. 

I Na.thorst. (OS). 
~ Bllyer (09). a Gardner and Ettringshl1usen (S2) PI. xu. figs. 1-7. 



CHAPTER XXIII. 

Psaronieae. 

TUls family name, first suggested by Unger, 11'\<1)' be con
veniently adopted for the nllmel'OlIS species of petrified tl'ee
fern stems charact.eristic of the Lower Permian and Upper 
Carboniferous strata. In his monograph UlJer die Staat'steine 
published 'in 1854, StenzeP teferroo to the Psm'oruene as it 

special sub-di"ision of the Fili ce. most nearly "Ui€-d to the 
Po]ypodiaceae. Th ere is no'\." a consensus of opinion in favour 
of including Psar01th~s in the 1\Jal'attinles, 01' at least of regardjng 
th e genus as more closely allied to the MarattiacBac than to any 
other family. While admit.ting th"t t.he balm]ce of e"idence is 
in favour of this view, it is probably wiser to retain the dis
tiDctive term Psaronieac on the ground tha.t spec_ies of PsU'roniU8 
differ in several respects from any recent fernsl and because 
of our comparative ignorance in \"ega.l'd to the nature of the 
fructification. 

PsaTOIl£U8. 

l'bis generic name was proposed by Cotta in his classic 
work Die lJe'lld7·olitlten'. 'rhe stems so named, form erly included 
by Sprengel " in the genus BPldogenites, had long been familial' 
as petrified fossils. Most of the specimens described by the 
earlier writers were obtained from Lower Permian rOCks in the 
neigbbourhood of Chemnitz, Saxony. The mottled "l'pear-

1 Stenzel (54) p. 803. i Cotta {32). , Spreugcl (28). 



eM. XXIU] PSARONIUS 413 

ance pTesented by their polished surfaces is said to have 
given rise to the appellation St(ta7'steine (starling stones), a 
term expressing 11 resern blnnce, more or less .remote, to a 
starling's breast. It has been suggested that this IVOrd is a 
corruption of Stern 8teille or star stones!, a descriptive term 
suggested by the stellate arrangement of t he vascu!ar strands 
in transverse sections of the roots. Parkinsun !!, in his Qrganic 
RemU'l:ns of a .{ortner W01'ld, speaks of these stems as starry 
stones. The history of our knowledge prior to 1854 is Sum
lharised by Stenzel. At first compared with corals or the 
stems of seft-lilif!s, PS(l1"011 ii were recognised by Spl'cngel, who 
first used a lens ill the examluil"tion of the fossils, as tern stems 
most nearly allied to those of" recent Cyatheaceae. By other 
authors, c.g. Schlotheim and Sternberg, t hey were referred to 
Palm~, and by Brongniarr. considered to be the lower portions 
of Lycopodiaceous (Lepidodend1'on) stems. Corda and many 
subsequent authors selected the Ma.rattiaceae as the most 
closely allied family a.mong existing plants. 

PSa?'o?lills is represerlted by specimens obtained from the 
Lower Permian of Saxony and Upper Cal'boniferolls rock.., in 
Central Frallce, also from Bohemia, Brazil and North America . 
.As yet a fell" fragments only have been found in the Englisb 
Coal~1Ileasures. Thu genus W.l.S T"eco~nised by \ViJliamson ;) who 
described the roots and a small piece of the vascular tissue of a 
stem which he called P. Renuultt', and this type has s,ince been 
more fully described by Scott'. The roots of another species 
have been described by Butter\\'orth ~ as P. Oromptonellsis. 

It ,,"as pointed out in the t"l.ccount of Lepidodendron th:1t 
several generic names have been used for the same type of 
stem in different states of preservation; in Psa1·oni-u.s accidents 
of fossilisati on hfl.ve been responsible for a similar confusion in 
nomenclature. rrhe 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 are described as species of Caulopteris, Meg"phyton, a.nd 
less commonly as Ptychopteds (figs. 297-299). The first name 

I Stenzel (54) p. 7M:I. 
:1 Williamson (7G). 

~ Parkinson (11) .A.. 
~ Soott lOS). Ii But.terworth (00). 
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is applied to stems exhibiting spirally disposed leaf-scars like 
those of recent tree-ferns j in Mega.phyton the scars are dis
tich ously arranged, in two rows, while Ptyr:JJUpteris is applied 
to decorticated stems. These terms are used for stems belonging 
to one generic t,ype and possessing the structure of PsaroI?j us 
sterns. 

The researches of Grand'Eury' led to the discovery that 
certain Psaroniug stems bore fronds of the Pecopleris type 
SOlue of which bore sari of the ilsterotheca or Scolecopteris type. 
The same allthor~ has also contributed many interesting facts, 

FlO. 2%. P~'al'onius stem with TootS. (Much reduced. .After Grand~EuJ"]") 

obtained by an examination of the relation of Psaronjl)s stems 
to the sediments of French Coal-fields in which they occur, 
ill regard to habitat and manner of growth. The specimen 
represented in fig. 295 shows a portion of a Psaronius stem, the 
upper pert of which illustrates the Caulopteris state of preser
vation, while the lower part is ·covered by a mass of roots. I t 
is probable, as Rudolph' suggest_, that this rich development of 
roots, which gives tn an old Psaronius stem ~he appearance of an 

.. 2 Gralld'Eury (77) A; (90) A. 
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elongated cone, may have served an important mecha.nical 
purpose analogous t.o the secondary thickening in a Dicotyledon 
or a Conifer. A specimen of PsU'mni'u8 Cottai in the Hof 
Museum, Vienna, is cited in illustration of t.be enormous breadth 
of the root-system: the radii of the stem propel' and of the 
encasing cylinder of roots bear the ratio 17 to 165. The 
comparatively frequ ent 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 Palaeozoic genera. 

Pstl,rOlliU8 may be briefly defined as follows:-

Tree-fern stellls, oC('.1\sionally reaching a. height of 50 feet or more, 
closely rc!:!embling ill habit recent t ree ferl)s~ but exbibiting in the !:!trncture 
and Ilrl'lmgement of the \'fl.scular Bystem a close a.gl'ooment with recent 
Mamttiact::.'lc, LMves, iJl f;u ch cases where a cODue:~jou betweelJ f"ouds aDd 
stems is known, hu'ge and highly COllI pound and of the Pecopteris tYlX', 
borne in WOre 01' 1C8,., crowded Mpimls (PlJarOTU'u8 1J01,Ijsll'elU) , in four rows 
(P, letrallticM), or ill t,wo opposite rows (P, diJIticlti), Le.\VCS deciduous, 
lelwing 8. cle/_i.l'iy defined o\'al scar containiug the irnprflssioD of the leaf· 
tro.cc. in the foriU of au opeD U, or a closed o\'al with a fillll~ll inverted 
V-shaped band a "hol't distance below the upper end of the long 1l.xis of 
the o\'al (figs, 297, 298); in Jfegu.p/i;ylon the alterna.te scars of the two 
opposite series Ilre larger and characterised by u dif}''e''ent form of mcri
/:IteJe, The surface of the corte..\: below tbe leaf.scars occa8ionally shows 
iwPl'C.~~ious of llits iiimill.l,r to the leuticcl.iike organs on recent Tree-fern 
sterns. The centra.! region of cbe stem is occupied by a complex sy$teru of 
COl1ccllt,rical1y disposed stele:; (dictyo!;telcs), which in tran8\'e~e section 
presel1t the appearance of fl~l.t 01' curved bands varying in extent a.nd in 
d~groo ('If curvature. The "ascular ba.nds con.sist of Iylem surrounded by 
a nan'olv ~Olle of phloem; the xylem is composed either exclusively of 
t.racbet~e or of tracheae and parenchyma; the protoxylem in the oue 
iustaoce in which it has been clearly recognised is endarch', The stcles 
are embedded in J.lR,rencbymatlJus tiJ:,:suc and in some specie~ are nssocinced 
with mechanical tissue (e.g. P. infarctu8, fig. 296, A, B). The central or 
v&scutar regioll of the stem IDay be surrounded externally by a cylinder of 
mecbanical tisslle interrl1pted by outgoing leaf-trll.ccs ll.Ud advclltitious 
roo~. The leaf-traces arise <1S ~illgle bundles from an internal stelaI' 
band and pursue an obliquely radial course towards the outside, even
tuaUy anOllwIDosing with peripheral call1ine stcles, wbich in some sl>eci~ 
form with the leJl.f·tl'1l.ce.s t.he outermost zoue of tho "l.~:;'c\ltllr regioll, 
The leaf.trace.~ hose the form of loop~ which pass iuto the petioles as 



:FIG, 296. A. Psa?'onitl8 illjarc.tt/.jj (P, peripbera.lst.eles; L, lear·traces). 
B. P. infarct1L8 , longitudina.l tangentia.l section through the 

periphera.l region of the stem. 
C. P. coaullcens. 
D. P. 'IlLU3(u fonnill. 
E. P . astero'Utlltl8 (root). 

(A-C, E, o.fter Zeiller; D, a.fter Stenzel.) 
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V-fsbap«l meriateles or closed ovaJ. cylinders. As a leaf-trace pas!'ics out 
cornpensatiug strauds OCClI)J-y the foliar gap. 

The \'~culnr region is surrounded by it parenchymatous cortex., which 
in youuger pliUlts, or in the I~pical reg.ion of 11,11 older plant, forms the 
surface of the stem to which the le;_.f-stalk!oi are atto.ailed. From the 
peripheral $teles, or from the mOrc external b<ltlds of the \"Cl.scular network, 
root:; ate given off which pass in a sinuous '-crtteal conn;e through the 
cortflx, tl.ppearing on the surface hetween the Jef\.f-bmses. In older stem!ol, 
after leaf-fall, tbe tissue immedia.tely extcrn[l.l to the Yl\scular region 
produces secondary parenchyma with which the root...; become intimately 
u,ssociated by tueir outerJUost cells. As a result of the secondary cortical 
development and the gradua.l iucrease in the number of roots ill\'ading 
the cortical t.issue frow a.bu\"e, t.he stem is enclosed by j~ cyljjlder of roots 
(\tiel associl1ted parenchymatous tislSue of flcconda)'y origin. In still older 
portions {If a stem the nlO1'C external roots 8.1't! fl'L'C from the stew-cortex 
;~nd form a thick felt,cd mantle, which increases in thicknesi:I towards 
the ! 'Me of the tl'ee. 

The. ]'Ol)t~ (fig. 2H6, E ) ,11'C jlolyttrch, 5-10 groups of xylem Illternu.ting 
with stl'ands of phloem, alld similar in ~tructure to those of recent spociel!! 
of Jlarauia and .d 1J.qiopll:ris; the stele is euclo:-;ed by all inner cortex of 
compn.ct. or lacunar tissue cOl1ttLinillg secretory BncS, and this is surrounded 
by /l. cyJilJ(icl' of mechanical t,jSSIlC. III ODe or two jnst. .... JJCCS McoondRrY 
xyleUl has bCf'D obser\'ed wholly or partially enclosing the l'oot-8tele l . 

Our knowledge of the anatomy of Psa'l'oni'lls is based largely 
on t,he investigations of Stenzel considerably extended by 
Zeitler's more intensi\'e 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 Pso.roni'Us stem with its encasing cylinder of roots no signs of 
leaf-traces are met with in tbe root-region. If the roots simply 
penetrated the cortex, as in some recent species of Lycopodium 
(fig. 125, A) or as in i1llgiopteri., we should expect to find 
leaf-tnwes in the outer region (root-cylinder) of Psaronius 
stems. An explanation of the absence of leaf-traces which was 
suggested by. Stenzel, is t hat the cortical zone form ed a 
comparatively narrow band in the young leaf-covered stem j 
after leaf·fall it became the seat of active growth in its inner 
layers and so produced a constantly widening zone of secondary 
parenchyma, which pushed the superficial cortical tissue with 

I .Butterworth (00). j>eJourde (OS!!) has recently described the structure of 
the roots of several species of P~uronills. 

:I Stenzel (00). 

27 
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the leaf-bases 01' leaf-scars furth el' out until it was exfc.liated. 
Farmer and Hj])1 fiJld j t difficult to accept this explanation; but, 
as Rudolph shows, the radial anangement of the cortical cells 
between the adventitiolls roots and their elonglttioD in a radial 
direction are arguments in support of the secondary nature of 
the cortical zone. 

In sections of the ad\'cntitiouR roots of Psaron'l:us Rel)(tIIlti 

figured by lVilliamson 2, tbe spaces between the cylinddcal roots 
are partially occupied by cell-filament. whicb, at first sight, 
suggest root- hal rs j j t Ulas well be, as Rudolph suggests, that 
these felted hairs represent t.he outel'most and looser part of 
the growing sccondm'Y cortex wh_ich gradually passes into the 
covering mass of free extra-cort·i('al 1"001,5. 

As St.,t'uzcI 3 has shown, slender stem8 of ZY9(11Jic1"1.·S (= An
kYJ'(JJ'teris) are occa .. '5ionally meL wi th growing through the web 
of Psaroni us roots. 

Psaronius infw·ctus 1 T nger. Fig. 296, A, B. 

This species, which Zeiller~ has investlgated fl'om sections of 
Unger's material, illust,!';"t.tes a type in which t he vascular tissue 
is very richly developed and 10r01s crowded concentric series of 
curved plates associated. in the more peripheral series, with 
bands of mecha.nicaJ tissue, 'I'he outermost part of the vascular 
region conslsts flf (1) a ~erjes of loops or variously curved bRJlds 
Qf conducting tissue representing leaf-traces at different stages 
in their Dutward course, (ij) a st!rles of similar vascular strands 
{peripheral st,eles of Zeiller ) confined to the stem (cauline) and 
from which roots are gi ,-en off. and (iii) bands of mechanical 
tissue associated with the lear-traces And peripheral sooles. 
The peripheral steles (fig. 296, A, B, I') form anastomoses with 
the leaf-traces and contribute to their formation. 

rrhe form of some of tue vascular bands in the section 
of Psa,·oni1l. infarctus ShOWD ill fig. 296, A, illustrates the 
occasional a.nastomosing of one dictyostele with another: the 

I Farmer and Hill {02}. 2 WiliiamBon (76) PI. rn. 
3 Stenzel (B4) Pi. "I. 

.. Zelliet {90) p. 20-1. Pis. XVI. 1:"11.; Etee a180 Hlldolpb (05). 
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different degrees of looping of other bands represent stagcs 
in the giving off of leaf-traces which eventually pass out 
as V -shaped meristeles. Beyond the Jeaf-traces and scleren
chYlllatous bands the section consists of transverse sections of 
adventitious roots . 

. The surface-features of Psa1'olli'1ls il1jt.tTCtu8 are proba.bly 
represented, as Zeiller points out, by the cast desclibed by 
Lesquereux as Calilopte,.;. pelt'igem (fig, 298, A), 

FIG. 297. Peropurir< SUI'zeli : a., pinnule. (After Renault and Zeitler. 'f'r Dat. 

size.) 

The Psaronius shown in fig, 297 is one of the few examples 
ilJustrnting the connexion between fronds and stem. The leaf 
(Pecopteris Sterzeli ZeilL and Ren I ) 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 em" with leaf
traces like those in Gal/lopteris pettig""" , The fronds of 
Pecopten·s Pluc/ceneti, a Pteridospenu, bear a very close 

1 Renault and Zeiller (88) !. PIs. V.-VIIl. 

2/-2 
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resemblance to those of P. Sterzel-i, which ate as yet known 
on ly in a sterile state. 

Psa'ronius bnuiliensis Unger, a species founded by Unger 
011 a. piece of siljclfied stem acq:uired by Martins in Brazil and 
now in the Rio l\fuseum, is a good example of a tetrastichotls 
species. Solms-Laubach' has recently told the history of this 
Lype, which is represented by sections, cut from the Rio stem, 
in !Several European coliections. A well-pl'escn'ed section in 
the British Museum is figured by Arber' ill his catalogue 
of the Glossopteris flora and by other authors. Scott gi ves 
n concise description of the species in his Studies in Fossil 
BotaNY'S. Th e roots of P. bl'asilienJ'is are sta.ted by Pelourde" 
to have a lacunar cortex. 

Psa.1'{Jnius rnusaefon11.is Corda/to Fig. 296, D. 

This species from the Lo,,'er Permian of ChCUll1itz and the 
Coal-Measures of Bohemia affords an example of tbe distichou. 
type .in which the li:aves are borne in two rows. l'rhe 1'uscular 
bands, as seen in a section of the dictyosteles. occur in regular 
parallel series. The stelm' region is separated from the cylinder 
of encasi.ng roots by a sclerenchymatous sheath, broken at 
intervals where roots pass' out from the vascular region. 

Psa1'oniu8 coalet5Cf1'I'{,8fl (fig. 296, C) illustrates a somewhat 
different arrangement of vascular tissue which approaches more 
closely to the Jlolycyclic structure chtlr.'l.cteristic of sucb recent 
ferns as M aton'iu and Sacco/mila. A still closor resem blance to 
the solenostcl.ic type is seen in lJsQ,roni:u8 Renuult1' fro]]) tbe 
Lower Coal-Measures of Englund which Scott 7 describes as 
characterised by a swgle annular stele, interrupted only by 
the exit of leaf-traces. As he points out, it is notewol'thy that 
this species is distinguished by t he simplest form of stele met 
with in the genus; it is the oldest species and lllay be regarded 

I 801ms.Laubach (04). :1 Arher (05) Pi. \'n. 
3 Scott (08) fig. 113; Zeiller (90) p. 246, PI. xx'!. fig. 1. 
~ Pelourde (082). l) Stenzel (06) PI. VI.; Goeppert (64) A,; Stenzel (06). 
I ZeiUer (90) PI. UUI. "I 'Scott (08) p, 1301. 
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as the most primi tive representative of the genus PSCL1'oniu8 $0 

f..'tr disCD\·ered. 

PSaJ'on1'~IS stems 1JreSB1'l1ed (1,$ casts showing sUTface-features, 
01' in (I, decm't1'cctted state. 

i. Cauloptel"£s. 

This gelleric nam e was instituted by Lindley and Hntton I 

for tree-forn stems from the English Coal-l\Jeit!'illres showing 
circular Or oval scars arranged quincuncially. The nlscular tissue 
of the petiole is I'epresentt:'d by a U-shaped impression on the 

FIG.2H8. A. C(Hllopterili ])e.ltigera. 
B. Mef}lJpll!ltOIl 'ill;;irflle. 

(After Grand'Eury.) Much reduced. 

scar~ the ends of the U being in curved. 01' by a closed oval ring 
with a wid e-open and inverted V near its upper end. The 
surface between the leaf-scars beat's the impression of adven
titious roots. C'llIZopteTis is represented, in tbe Upper Coal
Measures of England, by C. (tl'glica' Kidst. The species 
C. pelti.gem (fig. 298, A), originally described by Brongniart as 
Sigillm·ia, illnst,rates the closed form of leaf-trace "Del, as Zeiller 
suggests, it is the cast of a Psaronius stem which possessed 
a vascular system on the same plan as that of P. i"jm·ctus. 
C. Saportae' illustrates the open U-sbaped type of petiole stele. 

I Lindley and Button (33) A.. PI. XLII. !! Kidstoll (88) Pi. XXVl. 
a Renauh and Zeiller (88) A. Pl. X1:I. v. fig. 6. 
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Cautoptmi. pettigera has Scars mellSuring 6-9 by 4--6 cm.; 
it occurs in the Commentry Coal-fi~Jd of France in nssocia
tion wi t h the fronds known as Pecopteris cyathea, a species 
which Kidston regards as identical with P. arboTescens'. 

ii. Megaph ytoll. 

The first use of this name was hy Artis 2, who gav-e it to along 
flattened cast, Me.gaphyton j'rondOSll'Tn, found jn Carboniferous 
strata in Y ol'kshi t e, characterised by two vertical rows of large 
scars and by impressions of sinuous roots. Kidston records the 
genus from the Middle and Upper Coal-~Jeasures of Britain. 
A good example of this type of cast is afforded by ilf. McLayi 
Lesq.3 from the Coal-Measure, of North America, which has 
been recognised in European Carboniferous rocks. The lenf
Scars are rounded or oval, broader than hIgh ; the yascular 
impression has the form of a closed ring (5-8 x 3-6 em.), 
more 01' 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-sbaped impression 
of an internal strand (fig. 298, B)'. 

jji . Ptychopte1·is. 

This generic name. instituted by Corda', is applied to 
decorticated stems of Psaronius, the surface of which is that 
of tbe 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 11 layer of coaly material which represents 
the carbonised cortex and adventitious roots covers the Ptycho
PI.,,; • . cast. The Ptychople,.is cast represented in fig. 299 
shows the decorticated surface of part of n long stem on which 
the leaf-scars are arranged as in MegapAyton. An example of 

I Kidstou (86) A. p. US. 2 Artis (25) A.. PI. u. 
~ Lesquereux (Ga) A. 
4 Renault and ZeiUer (88) A. PI. XL. ; Gelled'Ettey (90) A. 
o Corda. (4.5) A.,; see aleo Grand'EuJ'Y (90) A.; Renault anu Zeiller (SS) A. 

Ple. xeVUl.-xL. 
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FlO. 299. Ptlfehopterill. ! oa.t. size. From the Middle Coal-Measures of ! 
LancsQhirr, (The Ml\ncbester Museum.) 
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P tyclwpteris 1S figured by Fontaine and White l from Virginia as 
Call1opteris gl:ga,nteCf. 

Position of Psaronius. 

A com par ison of Psaron-l.us with the Marattiaceae and other 
recent ferns leads to the conclusion that, on the whole, the 
evidence is in favour of the view usually held, namely t hat 
t his genus is morO closely related to the l\1ar&ttiaceae than to 

any other recent ferlls. I t :is, however, important 11M· to over
look the differences between Psu?'Onius and recent genera of 
MarattiacC£lE', or the l'es('mhlnDc:e:::; bC'twcen the extinct, genus 
{l,nd the CratheHceae. L l habit Psat'ollius agrees closely with 
recent tree-ferns; in the Y3scuinr system and in the sequence 

Fm, goo. Dic/."sollia alltarctica {half (If SleD) in trnnsverse section): He, stele; 
s, sclerenchyma. 

of events connected with the production of leaf-traces, there are 
striking resemblances between P s(u'Dnius and t he Cyatheaceous 
fern Saccoloma adiantoides (= Did'sonia. Plurnie)·i Hook.) as 
descriPed by Mettenius'. The piece of st.em of Dicksonia 
((niarctica represented in fig. 300 exhibits a fairly close agree
ment with species of P SU1·0"':U8; e.g. P . i"ja)·ctus (fig. 296, A, B). 
Moreover, the peripheral $teles, which Zeiller has shown are 
confined to the stem and play an important par t in the pro
duction of t he roots a.nd in the anastomoses with leaf-traces, 

I Fontaine and White (80) PI. :U.XVI.; Ze.iller (90) PI. XlV. 
, )iettenius (55); 1.'a.usley (08) p. 85. 
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are not represented in any .Mal'attiaceotls fern ; on the other 
hand, they ::t1'O comparable wit.h the accessory strands met w.ith 
in stems of recent Cyathcaceol1s t ree-ferns ' (ef. fig. 240). The 
complex system of concen t ric dictyostcles is a feature more closely 
nlatcbed in Angiopteris (Maratt iaceae) t han in any Cyathe
aceous genus, t he chief difference being in t he more band-like 
form of the steles in P saronius, t hough in a stem of A. ngiopteris 
figured. by Mettenius we see a, close approach to the extinct 
type. The posit ion of t he protoxylem has unfortunately not 
been clefuly defined in Psaronius sterns, bu t in P. Rcnaulfli it 
is stated by Scott' to be end"Ych, a position which some of the 
protoxylem strands occupy in A ngiopte'ris8

• 'rhe occurrence of 
large s icye-tubes described by Scott in P. R enaultii is another 
fea.tllre shared by recent Marattiaceae. In many of the conti
ncmtai species of P saronius the phloem has not been preser ved, 
and our knowledge of this tissue is comparatively mea.gl'e. In 
the M.aratt iaceae t he roots arise mainly from the inner portions 
of t he stele, while in Psm'on:iwi they are usually form ed from 
the external yascular bands. The format jon of secondary cortical 
tissue is a pecu liarity of Psarorl.i'ls; on the other band, if 
Butterworth 4 is correct in referring to that genus the roots 
wit h secundary xylem, which he describes as P. 01'omptonellsis) 
a comparison may be made wi th .,he occurrence of secondary 
tracheae in the !::item steles of Allgiopte1·is~. 

'rhe absence of mechanical t issue in the stem of A ngiopteris 
is in contralilt with its occurrence in the fossil stems and in 
recent tree-fem s; but this is a character of secondary impor
tance and one which CltD be readily explained by t he difference 
in habi t between A lIgiopteris and Ps(tTonins. 

1'he roots of P sa,1'oni'Us, more especially as regards the stelaI' 
Rtructure, are in close agreement with those of Marattiaceae. 

The reference to Marattiaceae of th e grent majority of fertile 
fern~like fronds from Permian and Carboniferous rocks con
stituted a strong a prio1'i argum ent in favour of including 
P sct'l"onius stems in the same famiJy) especially when it was 
know-n that 1eaves with Marattiaceous synangia 'vere borne by 

, Rudolph (05). ' Scott, D. R . (08). ' Shov, (00) . 
.. Butterworth (00). 6 Farmer and Hill (02). 
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species of th:is genus. It is, however, well to remember the 
change in our views as to the dorninance of Man'l.ttiaceae in 
Palaeozoic floras consequent on the discovery of the Pterido
sperills. The association of fronds bearing ...4sterotheca. and 
Scolecopte1"is types Clffructification withPsal'flm'ltS stems recorded 
by Grund'Euryl :is a point in favour of the i\Jarattiuceous affioity 
of this extinct genus, but i t is not impossible that P saToniu8 
stems bore fronds which produced Pteridosperm organs of re
production. In this connexion the specimen represented In 
fig. 297 is of interest, as the frond s (Pecopteris StfYI'zeli) borne 
no the PSQ1'()l1itls stems ftt'e hardly distingulshable from the 
seed-bearing leaves known as Pecopter-is Pl'Uckeneti. 

The position of Psarowius may be best expressed by assigning 
it, to a separate family, the P &1. rolJ ieae, as advocathd by Stenzel, 
and by l"eg" l"ding it as one of the many instances of a generalised 
type which in the sum of its characters approaches most nearly 
to the ~l arattiaceae. 

I Grand 'Eu,ry (77) A. p. 9R. 



CHAPTER XXIV. 

Ophioglossales (Fossil). 

THE fossils hitherto clossed \\~th the Ophioglossales are not 
such as afford any satisfactory evidence in regard to the past 
hist.ory OJ' phylogeny of t be group. In the generalised class of 
Palaeozoic ferns, tbe Botl'yopterideae, we find certain characters 
suggesting comparison with recent members of the Ophioglos-

FIG. 301. Rhacoprcriil lip ., Bo.Jlycastle, Irela.nd. From a llpecimen in the 
Mancbesfer Musellm. [M.S.] 

saceae, but no trustworthy records of these eusporangiate ferns 
are furDishen by the older plant-bearing strata. 

The genus Rhacopteris (fig. 301), characteristic of the Culm 
flora, bas been compared with BotrychiU1n, but on grounds which 
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a.re wholly jnadequ~1.te. Th e species R. pan£culifera Stur1 is 
churacterised by a stout I'achis bearing two rows of Jatero.lly 
attached rhomboidal 0 1' subtriangular 8egments with a more or 
le8s deeply lobed margin and spreading veins. The rachis 
branches distally into two arms, and these are a.gain symu?e
tricn..lly subdivided into fertile axes bearing cluster~ of sma.ll 
spheric;).l hodies 1 mm . broad} whjch Stur spfmks of as ex
anD ulate sp orangia s imilar to those of Botrych£uTIl. H e includes 
t he species in the Ophioglossaceuc. As Zeiller 2 pertinently 
rema..rks, Rhacopteris di_ffer~ essentially in habit from any recent 
member of tbls family. Rh cLCopteris also includes species charac
terised by leafl ets deeply djssected into linear segments: an 
example of this forn' is represented by Rhucopte,·is flabellata 
(Tate) recorded by Kid.toll ' from roch of Calciferous Sand
stone age in Flintshire. 

The specimen described by Renault~ fI'OO1 the Ourbonjferous 
rocks of Au tu n as Oplt'l:oglossites antigun is equally ullconvincing: 
it consists of a carbonised fragment, 7 C111. x 1'5 em., rega.rded as 
par t. of a ferti Ie \amu\a charn,('.terised by a vertical series of 
tl':\llsvcrseJy elongated slits, 7 rum. wide, some of which, on 
slight magnifjcnt ion , fiTE' seen to contain fl mass of small ora.nge~ 

yello\\' granulations. The slits aTe compared with the surface
openings of the sunken -"porangia of Opkioglossum, and the 
yellow bodi es are identified a~ spores. Th e material is too 
imperfect to justify the use of the name Ophioglossites. 

lVoeggeratlli((;. 

This genus of' uDcertain position may be briefly described 
here, though it ha.s littJe claim to recognition as a J'ep l'esen
tltti~le of the Opldoglo8salcs. It is characteris tic of Lower 
CarbanifeJ"Ous rocks and is compared by Stur' with recent 
Ophioglossaceac. Noeggemthia foliosa Stemb. (fig. :;02) may 
be cited as a typical example 'of the genus. It cODsists of an 

1 Stur (75) A. Pl. '·m. :! Zeiller (00) p. 55. 
:I Kidst.on (893), PIs. I. 11. For other fig\tres of RlwcQ}Jteril see a.lso Stur 

(7.) A. 
~ Rena.ult (96) A. p. 30, PI. LXUU. 6gs. 7-9. 
6 Stur (75) A. 
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axis bearing ovatE! leaves with numerous spreading veins. The 
upper part of the axis forIlls a spike composed of fertil e leaves 
in the form of tra.nsversely o\'al bracts 2 em. broad with a serrate 

B 

c 

FIG. 302 . • "Toe.'l9aatilfajoliolla. (ASter Stut; A, reduced.) 
n, FerUle l~(; 0, Sporangiulll. 

edge bearing on the upper face sel'emi sporangia (3 x 4 mm.) in 
some of which spores have been seen (fig. 302, B, C). In 
another fonn described by Weiss' tbe bracts bear a greater 

1 Weiss, C. E. (79). 
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number of spotangia characterised by the pres~nce of an arillus
like basal ring. 

Gcinitz ' , who first described fertile specimens of N oegye:ra
tld(1 , placed the genus in the Gymnosperms, and O. Feistmantel!! 
was in f~1_v()ur of this view. C. Feistmantel 3, who described 
the small bodies in the sporangia, suggested compa,rison with 
Schizaeaceae, and Weiss 4 discussed various possibilities. asking 
but not answering the question, are the so-called sporangia 

F~(i. 303. C1!iropterill Zeilleri, Sew, [From 1\ specimen in the British Museum 
(v.3268), Nat. size.] 

rightly so named or arp they fruits? Potoni,,' places the 
genu in the Cycadofilices. An important feature is the 
occurrence of the sporangia on the upper face of the bracts 
as in Lycopodiales and Sphe1lophyU"m, but in other respects 
Noegyehlthia bears no resemblance to these two groups. Sterile 
examples of the genus are similar in habit to Rhacopte1is, but 
in the latter genus the leaves or leaflets are laterally attached 
and not obliquely inserted. Further, we may assume that in 

I Solml:l.Lllulmcb (91) A. p. lH. 2 O. Fejstm8n~J (75). 
3 C. FeistUlfUltel (79). 4 C. E. Weiss (79). ' Potonie (99) p. 167. 
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Rhacopteris the segments are leafl ets of a compound leaf, 
whereas in Noe,qge"athia they are probably single leaves. " 'e 
must leave the position of t'bis 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 NoeggeTathia flabellata, whjch some authors 
quote as a species of ]!. .... oeggeratMa, is generally recognised as 
a Psygmophyllwn and placed with some hesitation in the 
Ginkgoales. 

Chi1·optel'is. 

This genns was founded by Kurr on a lea.f characterised 
by anastomosing venation from Keuper beds near Stuttgart. 
A resemblance in form and ,enation to the leaves of 
recent species of OpMoglo8swn led authors to suggest the 
inclusion of Kun"s specimen in the Ophioglossaceae. ,-\To 
have, however, no jnstification for considedng Chi1'opteris as a 
member of this family ; it may be a fern. and that is all that 
can be said. The leaf represented in fig. 303 is the type
speci men of a South African Rhaetic !Species Oh1:ro}Jteris 
Zeitler/I. The genus is recorded also frolll Rhaetic rocks in 
Queensland. ' 

N ewberry3 describes some leaves ~rom the Lower Cretaceous 
of Montana as species of Chi,·opt61is: one of his types, 
C. spatulatcL, is almost certainly a Sagenopteris, similar to 
S. Phillipsi (figs. 327, 328) or S. Mantelli. A second species, 
C. Williwlnsii, is probably not g-enerically identical with the 
specimen represented in fig. 303. 

1 Seward (03) p. 63. 
~ Carruthers (72~) PI. xxvu. fig. 5; Seward (03) p. 62. 
~ Newberry (01) PI. XIV. 



CHAPTER XXV. 

Coenopterideae. {
I. 

II. 
Botryoptereae. 
Zygoptereae. 

THE term Botryopterideac, first used by Renault, bas 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 orj in many cases, by that 
of t he petio!ar vascu lar strand. Scott' subdivides the Botryo
pterideae into the Botryopteris and the Zygopteris sections. In 
an admirable monograph recently published by Paul Bertrand ' 
considerable changes are proposed in current nomenclature; he 
substi tutes the name Iuvel'sicatenal es for Botryopterideae, a. 
designation, which as Scott remarks, is "probably too technical 
to command general acceptance." A mOre serious criticism is 
that the name Inversicatewdes has l'eference to a character 
(the inverse curvature of the leaf-trace in relation to the axis 
of the stem) which is by no means uni versal in the group". 

In the following account, necessarily incomplete, the generic 
terminology of Bertrand is a.dopted, but this decision does not 
can'Y with it any obligation to accept the name Invers icatenales. 
We may speak of the types of Palaeozoic ferns dealt witb in 
the following pages as member of" group differing in many 
respects from any eJdsting 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. Be""nd (Ou). ~ Scott. (01)2) . 
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rjdeae as comprJ$ing N altogether extinct and generalised n 

types l
, For these generalised P~llaeowic ferns I propose to usc 

the lla,me Coenopteridene2. This t erm may be adopted in <1 

wider seDse th,w Rena.ult's name Botryopterideae. The name 

Primofilices pl'Ol'ost;d by Arber !l might be employed, hut the 
implication which it carries is an ~rgUlneDt against its 
adoIJtion. ,,-e lm\'e not yet reached a stage in the investi
gation of extinct types at which we are able to recognise 
what .1re actually prirnnry or primitive ferus. The search for 
origins will continue: as ne w discu\'eries arc 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 
is in rca.Ety provisional: to adopt such a flame as Primo
fili,ces suggests a finality which has not been, or is likely t o 
be, a.chie\·ed. Tbe t.rue ancest.raJ type-t.be lh:/onu-which 
we strive to discover eludes the pursuer Eke a. will-o'-the-wisp. 

6ieeing that thp number of true ferns of Palaeozoic age has 
been recently considerably reduced and is likely tosuifer further 
redllction, the consideration of such undoubteJ Carboniferous 
and Permian examples of the Filicales as are left Requires a 
special importnnce. In the first place it is natural to ask 
whether the Palaeozoic ferDs include any types which, if not 
themselves ancestml forms, may serve to indicate the probabJe 
lines of evolution of existing f'amili;s. It is probable that in 
the near futul'e our knowledge of the Coenopterideae will be 
considera.bly extended; as yet we possess meagre information 
ill regard to those characters on which most stress has generally 
been laid in the classification of recent ferns, na.mely the 
structure of the ~jJore-bearing organs. The sporangia of 
Diplolubis and 8ta.tu·opt.eris (figs. 309, A ; 322) <lrf! exanuulate; 
in the former genus they occur in sOl"i or syllangia consisting 
of a small number of spol'mlgia, while in the latter they are 
borne singly at the tips of ultimate ramifications of a highly 

I WillilLnlSOn (832) A, p. 478. 
~ Ko, .. 6s=Lal. (,01nlllllllill, common or gel!ere.1. ] aUl indl:bted to my fdend 

?tIr L. a. G. Greenwood, Fellow of Emmanuel College, for suppl.yinS me with 
Il name to cxprells the idetl. of t.he generalized llllture of these Pa.laeozoic ferns ... 

a Arher (06), 

s n. 28 
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compound leaf. Th e I'esemblance of the sY"langium of Diplo
labis to t hat of ]{ ".,,(russia (fig. 245 , C) is not shared in an 
equal degree by the ~porangia of Sta tt1"opte1~is , which are in 
some respects comparable with those of the Ophioglossa.ceae. 
In the Zygoptereao, or at le""t in the case of such lertile fronds 
as are known, a.nd in Bot1'yopteri8 (fig. 3] 9), the sporangia occur 
in groups, and t he ped icel of each ~porangiuU1 is supplied with 
vascular tissue as in Helmi'nthostachyli. Anoth er characteristic 
of the sporangia. of the extinct types is the possession of aU 

annulus several cells in brendth , a peculia ri ty which supplies ~ 
point of contact wi th t he OSlllunda.ceae. I n t he sporangia. of 
K-idstonia lI'e hl1l'e a similar though not an identical type (fig. 256, 
E , p. 340). S o fill", then, as tbe evidence afrorded by spomngial 
Cbar1:1cters is concel'D cd, it point~ to comparison with t he 
OpbioglossaceRe, the Osmnndaceae, and the Marattiaceae. 
When we. compare the steles of the stems we find a wide 
range of strllcture. AI( the genera agree in being lUonostelic; 
in '1'tlb1."COlll"I'S aml G1'arrunatopfe1-is the protoxylem is exarch, 
in B otr!}Opte7'iJ' it IS in ternal, whiJe the foliar stmnd of 
Sta1/,1'Opteris and t he st ele of ilnl''.'Jl'opteris C01TU!/ufa . a,re 
mesa.rch. The axillary branching of species of 11 n.lrYl'opteris 
suggests comparison with the H ymenophyllaceae. 

The lD\'estigation of the vascular syst,(:ITI of the pd ioles has 
afforded resul ts which in 'the hand):; of P. Bertrand IHl ve led to 
conclusions ill regard to inte l'- re lationships. '~7e must, however, 
Dot O\'€:l'look the dnng€:T of attributing nn excessive impof'tanc.'€ 
t o t.bjs sjngJe crite rion and of m:.g lecting th e iil.ets of st.em 

anatomy. 

1. Botryoptereae. 

G1·ammatopteris. 

R~nalllt instituted th is g enus for petrified stems Ij·oru tho 
Permo-Carboniferous beds of Autun. Gram'lnatoptp.-ris Rigutloti1, 

the type-species, is represented by a fragmen t, 12-15 mm. in 
diameter, surrounded by crowded petioles characte rised by a 
vascu lar strand in the form of 0. short aud comp,L]'ati vely broad 

1 Renault (96) A. p. 46, Pis. lLU. :n::u." Sec (l,l so 'l'aosle) (01:1) fi g. 2, p. 13. 
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plate wi th the smallest tmcheae at each end. The solid xylem 
of the stem stele (pl'otostele) has peripheral gl'oups of proto
xylem. 1\ othing is known as to the fonn of the l eavt:'~, but 
sporangia similar to those of Etapte:ris (ZygopteJ~s) were found 
in association with the stem. I t is possible, as P. Bertrand 
sliggests, that Renault's species may be ~he stem of !.t 

T'l.lvica'Ulis. 

Tll bicatllis. 

1""bic(",l;8 solenites (Sprengel)l. Fig. 304. 

This species from the Lower Permian of Saxony has been full y 
described by StenzeJ2. It is chal"acteri :.;ed by a very slender 
erect stem bea.ring numerous spirally d i ~posed le ,1ves assoc iated 
with adYell titiollS roots ; the sing le stele (protoste le) consists 
excl usi veJy of tracheae, described as intermediate between the 
scalariforll1 and reticulate type, surrounded by phloem. Leaf
traces are gt \'en off from the periphery of the stele where groups 

@~0o 
,,~ JG)fi~cs~ 
~.~('~ 
" n~e 
~~ 

FIG. 304 . 1'll uic(I,lItia 8ole:niull . (From TaD!liey , after Stenzel. ) Stem aud 
petioles: the latter nu mbered in the order of thei r a.ge. 

of smaller e lements occur j these have the form of a wide-open 
U-shaped stmnd with the base of tbe U facing the axis of the 
stem. As tbe t race passes out towards the leaves, tbe ends of 
the U become more or less incurved. The stem is said to rench 

, Cotta (32) p. 15. , Stenzel (89) Pl~ , 1. [1. 

28-2 
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a. metre in length and to bear compound {rends a metre long. 
The orienta.tion of t.he leaf-trace \v-ith its concavity turned 
outwai'ds is in .t;;triking contrast to the relation bet ween leaf
tm ce and .<1tem in recent fern.<1. 

1'"oica."lis S"t.clijJi.i, Stope. l
. 

In thiF\ species the vascul:'l.r axis, 2 min. in diameter, is 
a.1mosL cylindrical and of the protostclio j,rpe with the proto
xylem" neal' to Of' a.t the edge": the tracheae arC' scalariform 
llr reticulate. The leaf-tnl.ct:!s, when first separated from the 
edge of the stele, are o,'al and gradually assume the curvpd 
form seen in T. ~'ol(Jnitcs (fig . .304) with the cOllvex side towards 
the a.xis of the stem. The Lnllls ition from the scalariiorm to 
the reticula.te type of pitting Dn the tracb e;lJ walls referreu to 
by Miss Stopes ha.s also been uoticf'!d in some recent fems 
(e.g. B elmillthosta.chys) and in 8igillarin (fig. 200, C, p.212). 
The fact that tbe ,calarifotlll type of pitting is practically 
universal in the xylem of I'ecent ferns l wou ld seem to show 
that this character has been acquired in the course of evolution 
and l'etain c;d in preference to the reticulate form characteris.tic 
of several Palaeozoic species. The distinct ion bptween t,he two 
methods of pi tt ing is one of' li ttle phylogenetic importance. 

Botryopteris. 

Tllis genus, toltnd t:'d by Renault on a specimen h om Autun, 
is represented in the Lower Coal-Meas ures of England by 
Bolryopleris /' i,·."I« (= Racltiopter'is Iti,wut(, Will. ), JJ. ,.,.mosa 
(= R . mlnosa Will ') (fig. 30U) and B. cytindrica (fig. 305), also 
by B. anl'ig'Ua (fig. 307) from the Culm of Pettyc" r, Scotland. 

An im pol'tant oha,)'ctctcnstic of th e grows ig th e solid steJe 
of the stem which rtgrees with that of l 'ubicu'I.Ilis and Gram
"wt(Jpte1'is, except in the central or peripheral position of the 
smallest tracheae. 

I Stapes (06) , 
!! WiUjamsoll (RU) A. p. ](12. The term RachiopteTi8 was a.dopted by 

WiUin.maon £01' petnlied petioles from tbe Coal -Measures which be believed 
1.0 be tHicillea.n, .. 
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Botryopt.,i. for .... i. Renaul t l Figs. 30n, B: 319, D-G. 

The stem of this species from the Upper Carboniferous of 
St Etienne is 1'7 (·m. x 7-.5 mm. in diameter. Th e solid stele 
consists of reticulate tracheaE' with the smnJJ e.';;t eJements on 
tbe outer edge. The com pa.ratively b1'OJld cor tex of the type
specinlen is traversed by a leaf-trace in an ::tlmost vertical 
course and by vascular strands passing horizDntally to mots. 
ThE' petioles are circular in section and thei r ntscuJar stnmd 
has the fin"m of an (n in tl'o'.lnSI'erse section (fig. 319, G), the 
three projecting arms pl)inting 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 \\'hicb they are composed. The compound hands had fleshy 
lobed pillDules with dichotomously branched vei ns (fig. :WO, B); 
stomata are said to be confined to the upper surfa.ce, aD 

obserV"H,tiou which leads R~Il ault tu describe t he plant as 
a.quatic on evidence whi(;h is ha.rdly cOIl\o-incing. 

The p.yriform ;-\ud pedicella. te sporangia are borne ill grou ps 
of two to six on the ultimate divisiuus of th e frond; the 
wall is composed of two !;'Iyers of cells and 0 11 one side of the 
spor;_tnbrium i~ aD annulus sevt.:ral 0011$ in breadth (£g. 319, 
D, F). An interesting type of sporangium descri.bed by Oliver!? 
from Grand'Croix in Fnlllc(' may. as he suggests, belong to 
Bottyopten's jOl'enst','); the differences between Renault's and 
Oliver's specimens being the re~ult of t he mOTe perfect preser
vation of the tissues in the la.tter. The sporangium described 
by the English aUI/hor is circu lar in ~ectioD and measures 
0'65 x 0'53 mrn.; the wall is in part composed of ;t single. hl.,Ycr 
of cells and in part of two to three layers, f\ character rec.-'111ing 
the fI a.nnuln.te " sporangia of Botryopte1'£s, Between the spore
muss and t he wall is an interrupted ring of short tracheal 
eieme.nts similar to the xylem-mantlr- which occu rs at the 
periphery of the nucelJus of certain Palaeozoic gymnospermous 
seeds. In the ~\bsence of proof of a connexion between this 
sporangium and Bot1'yopte1~is it 1S convenient to use the 
generic name 1'1'acheothecct !=;ubsequently proposed by Oliver 3

• 

I Renault (75) ; (9Ii) A. p. 47, Plo J(XXll. 

~ Oliver (02). J Oliver (04) 1). 395 (footnote). 
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In the recent ferns Helmt'ntlwstachys and BO""~rych':'ll'11t, and, as 
Oliver notices, in the microsporangia of the Aust1'tl.lian Cycad 
Eowenia spectabilis , vascular strand~ extend almost to the 
sporogenous tissue, but the fossil sporullgium is unique in 
having a tracheal layer in immediate contact wi th the spore~. 
Th ese xylen'J elements may, as Oliver suggests, have served the 
purpose of conveying water to the ripeni.ng spores. 

B otryopteri8 "ir8uta (Will.)'. 

This English species has a slend er axis bearing numeroUS 

leaves with petioles eq ual in diameter to the stem. Th e surface 
of the vegetative organs bears large multicellular hairs. The 
leaf-traces resemble those of B.foren.i8, but the projecting tecth 
whjch terminate in protoxylem clements are Jess pl'omjnent 
than in the French species; the petioles were named by Felix 
Raohiopte1'is tTidentutu 2. As a leaf-trace passes into the. stele 
of the stem the three protoxylem strands unite ADd take up an 
internal position in th e soljd steJe. Th e stele mn,y, therefore, 
be described as endarch. The small tracheae at the edge of 
the stele supply thc xylem stmnds of acj,'entitious !'Qots. 

Sporangia sim ilar to those of B. /()l'ensis have been found in 
association with the EngLish species. 

Botryopteri8 cylind"ica (Will. ). Fig. 305. 

A plant origiMlly described by Williamson' li'OIn the Lower 
Coal-Measures of England as R achiopter':s cylindric« (fig. 305) 
and afterwards more fully dealt with by Hick', has a slcnder 
stem with a cylindric,,1 stele characterised by well-defined 
central protoxylern e lements in one or two groups. The leaf
traces are semi-lunar in section wi th the protoxylem on the 
flatter side. The stele of B otryoptlfris cylindrica (fig. 305, A) 
is more 'cylindrical in section than that of B . .-am08a (£g. 306) 
and shows more clearly the diffel'entiation into sm~\ll e r central 
and larger peripheral tracheae. In the section reproduced in 
fig. 305, B the stele is giving off a branch almost identical in 

, Scott, D. H. (08). 
a Williamson (78) A. p. 351. 

2 Felix (86) A. 
• Hick (96). 
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structure with the main vascular axis. Scott', in referring to 
the inclusion of this type ion the genus Butryoptel'is, ex presses 
the opinion that its habit must haNe been n: ry different from 

A 

F IG . a05. Dotryoptf!ris cyliltdrica (x 30). From sections iu the ClI.mbridge 
notany School. 

1 Se.ott (08). 
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that of other species, and he suggests the institution of a new 
genus. 

Bol7'yopte1'is ,.,,"'""'" (\\' i lliamson). Fig. 30G. 

Thjs species, which bears a. close l'esemblance to Bot,,.yoptel·is 
hi?'slIia, was originally described by 'Williamson from the Lower 
Coal-Measures of England as Racliiopteri.s TW11osa1 , the specific 
mnm: being chosen on aCOOll nt of the numerous and crowded 
bmnchc8 given off from the main axis. The section shown in 
fig. gOG, A, illllstl'ates " >illiamson's description of the stem as 
being" 31\\';;1)'8 surrounded [when seen in transverse .sections] 
b~' a S\\'a_rlU of similar sections of the large aod small branches, 
t.huugh of \·a.ryillg shapes: 'll1U sizes." The stele is com posed of 
a sobd and more OJ' less c~71il1drical rod of xylem tracheae of 
the reticulate type surn>llllcicd by phloem (figs. A and D ) : one 
or mol'C internal group~ of srl1uller protoxyt('lll dement~ OCcur 
iu an appl'oximately centTul position (fig. A, 1J.c). rrhe stele is 
in fact. cndarch like those (I{' Selag1:/lolla sp£/Iosa and T1,icltO
?nones 'l"e111/0 1"1I1 e, a fea,ture which , as TRnsl ey~ be lieves, probably 
entitles th(! vascu lar axi::; to be considered a. primitive form of 
protostele. In the specimens represented in fig. 30u the phloem 
llnd innel' cort ical tissues were: almost comple te ly destroyed 
beton: pctrj1:Lction. The thick-walled ou ter cortex bears at i ts 
periphery numerous rnultict:llulal' h l'lU'S. Some of th e xylem 
strands [.riven off from the stele no doubt supplled adventitious 
roots, bu t in mOliit C<;"lses the outgoi.ng branches are leaf· traces 
and the numerous sections of axes of different sizes seen in 
fig. A poi nt to a repeated subdivision of the crowded fronds. 
The S1rl1ct uI'e of a petiole is shown in fi!,"S. C and D. As seen 
in fig. C, the oval vascu lar strand has three protoxylem groups, 
pi!:, 0 1] its Batter side; a well-defined epidermal layer is shown 
at e in fig. C. 

Fig. B shows at a a section . of a leaf-axi s in the act of 
branching and the 1'011' of branch lets at b represents a further 

I Williamson (9P) A. p. 261. The two species del'cribed by Williamson 
as llachi/)p1eri, hir8U/.f1 Rnd Ji. 1'IlmOMl were first idsJJtjlied as I JQtJ'!lop l l!ri8 by 
Scott in 1898 (lJritilih .'h~l)C . UCl'ort, 13rifi toL Mtleting, P 1050). 

:t Tansley (08) r , 15. 
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stage in subdivi~on. At sp in fi g. A tbe section has cut 
through a single sporangium characterised by a group of' larger 
(" annulus ") cells un one side of the walL 

c D 
F tG. SO{j. A-D. Notl"Y(Jpteris 1"a mO$a; stem and frond axes. (A x 7: H x Hi: 

ex 26: D x 13. From sections in the Cambridge Botany School 
Collection.) pI, protoxJlem;' 8]1, sporangium; e, epide/'mis. 

T his slender fern with its numerous repeatedly branched 
leaves may perhaps have lived epiphytically on more robust 
plants. 
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Botryopteris Mltiqu((" Kidst. Fig. 307. 

This specics, recently desCl'ibcd by Kidstoll' from the Culm 
of Pettycur near Burntisland, is J'epresented by ser.tions of i\ 

sma.ll stem with I.l cylindrica,} steJe 0-40 mrn. in diameter com
posed entirely of 8calariform tracheae witbout any rccognisal1le 
Pl'otox:ylem, 'l1hc petioles are larger than the stem j the 
mcristele (fig. 307) is oval with protoxylem elements on the 
slightly mOre rounded ncbxial flLCE:. As Kidstoll suggests, this 

FlO. a07. Botryopteri3 dmiqua: Petiolar vQsculatstrll.lld. (After Ki(lfstOtl.: x 65.) 

stem may belong to a scrambling plant which reql1i red support 
to bear its relatively large [eaves. An jntel'esting ieatul"e is 
the a):lsence of projecting teeth in the leaf-trace, a character in 
marked contra.st to the OJ form assumed by the petioles of 
Hotryoptm'is ja>·ellsi. (£g. 319, -G) and lJ. ,,",:,·suta . This leads 
Kidston to suggest that the vascn lar strand of t he petiole 
tcnds "to become tnOre simple . . . as traced back in geological 
time." The greater similarity in this species between the stele 

1 Ki<lsLon (OR). 
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of the stem aDd tlIa! of the petiole is probably another mark 
of a more primitive type. 

In these three types, Gl'Wll.matoptel'is, TllUicuulis, and Botryo
ptel;is, we have mODostelic plants, for the most part of very small 
size, with leaf-traces varying in shape from the oblong band-form 
in Gnwnnatoptel'is, and t,he oval form of B otryoptel'is antiq_ua, to 
the w type represented in its most prOllOtlUCeu form by B.j(ll'Bllsis. 
In several species the stem stele is endal'ch. Our knowledge 
of the leaves is \'eI'Y meagre: in B . .fol'ensis 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 spore-C<1.psulcs of OSll'lundaccae as regards 
the structure of the a.nnulus. Th e a.buudance of hairs on the 
stems and lcft,ves of some species, the tracheal sheath in the 
sporangium described byOliverl as 'l'I'(l.cheotheca (=Bob'yopter£s?), 
and the appnrcnt absence of a large well-developed lamina, 
may perhaps be regarded as eyidence of xerolJhilous cOll(utioJ]s. 

II. Zygoptereae, 

Corda' proposed the generic name Zygopteris for petrified 
petioles from the Permian of Saxony, included by Cotta in his 
genus Tubicuul·is, which be named 'P. pr£marius. Corda's genus 
has been generally used for petioles of Palaeozoic ferns charac
terised by a vascular strand having the form of all H in 
transverse section (fig. 308, D). Since the generic Dame was 
instituted, informatiun has been obtained in regard to the 
nature of the stems which bOl'e some of the petiole of the 
Zygupte1'is type; and for other species of Zyg(lpteris, the stems 
of which are sti ll unknown. new generic names ba\'e be8ll 

proposed, P. Bertrand 3 retains Zygopte1·i.~· for one species only, 
Z. pf-imu1"ia , Fig. 30S, D, shows the cha,l'actel' of the petiolul' 
vascular strand ; the chief points are the comparatively long 
cross-pieces (antennae of p, Bertrand) incliued at an angle of 
45' to tbe plane of symmetry of t he petiole axis, and the groups 

1 Oliver (02J. ~ CordlL «(5) A.; see also Stenzel (S\i) 'P. 20 . 
~ P. Bertmnd (OU) pp. 136, 212. 
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uf prot,(lxylem elements ShO\\11 by the whlte' pa,tches in fig. D. 
]a thi~ as ill other' members of the Zygoptereae the main rachis 
of tlw lefd' gi,-es 05' fOUl' sets of branches in pail's ftiternately 

A 

A' 0 Cl 

M~: " 
E G F 
Flu. 308. A. Clttpjl!l d.,.up~i~ Mlliqua. 

B. Elapteds Scot/i, 
C, Diplolabis 1071;:1I.IIis. 
D. Zy!,o}Jteri1l1Jrimaria, 
£-G. Stauropterig oldhamia, 

'l'he wLite patches in the xylem in figfl. B-G mark the position of 
protoltyh!m elements. 

(A, after Unger; B-O, after P. Bertrand.) 

• 4 , 

from the right and left side of the primary vIl.Scular axis. Thi 
method of bra.Dching of the ,stele in the prima.ry rachis 0 

several mcm bers of the Cocnopterideae shows that the froud 
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bore pinnae laterally disposed, in some cases in oue row itml in 
others in two r Ows on each side of t,he rachis. In ,,\ typical fern 
frond, as represented by recent and most fossil species, branching 

Fw . 309. A. Dipl(l/-abit joumill. 
B. Botryopter;&iorellsis. 
C, D. CO'f'!tlltptf'r is coralloidl'll. 
E. Schiz.optuiil (Etupterill) 1,illlwta. 

(A, B, after RellD.ult; C, D, after Zeiller; E , after Rellilllit R.ud Zeiller.) 
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of Lbe rachis occurs in the plane of the frClod, that is in tbe 
plane represented by the borizontal arm of :-""Y1elll ju Zygopteris 
lwi'lllariu connecting the two antennae 01' cross-pieces. In the 
Zygoptereae the branches from the petiole vascular a.xis Lie in 
a plane at right angles to that of tbe frond ; thcr lie in tbe 
tra_nsverse and not in the horizontal plane. The two strands 
shown in fig. 308, E, 4·, have been formed by the di"ision of a 
single strand, 3, in t.he transverse plane (ie. in the plane of the 
paper). As Tansley' points out, a type of branching sllper
ficially similar to, though not identical wit.h this, js seen in 
Bomb recent species of Gleichenia .. and L .If,qori1'U1Il. 11) this 
connexioJ) it is worthy of note that a fern figured by Unger 
from Thuringja as SpJi(fl/oplm-is pet1:ulat(L Goepp ~ bears pinnae 
in two rows on the mchis which are characterised by repeated 
branchillg and by a very narrow lamina 01' by slender naked 
axes; the occnrrence of tbi!:i form of frond in rocks con
taining Clep8yd"upsis a1ltiqua (fig. 308, .t\.) suggests a possible 
cOllnexion between the petrified rachis and the impressions of 
the leaves. 

The vascular strand of the rachis of Zygopteris prirnu1-ia 
(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 Dlplolabis ~fig. a08, C). 

lJiplolabis. 

Renault:; instituted this genus for two species from the 
Culm beds and Coal-Measures of France based on I,be structure 
of the petioles, The sterns are unknown, The main rachis 
bas a stele ~irnilar to that of Zygoptel'is pn'mm"iu, but dis
tinguished by its greater similarity, in transverse section, to 
an X .rather than to tbe letter H : Lhe long transverse bar in 
ZygOpte118 is here much reduced ill size. The petiole of 
D'ploiabis fon·nsis Ren. (fig .. 308, C) has a diameter of 

1 TnDl;le~' (08) p. 22, I! Dilger and Hicbter (56) PI. \'t, fi~, 10 . 
. 1 Renaul, (9") A. p, ll. 
~ The Dip/oillbi , t:ype of stru.nd is very similar in the form of thE' metaxylem 

to the conductin~ strand of a lateral ~cin in Scuwperlririullt officmarum r~r, 

Peloarde (09) fig. B, p, 117], 
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1'5-2 em. Fronk the antennae a pail' of sma.ll bundles is 
given off alternately from the right and left side, as in 
Zygoptel'is : the members of each pair coalesce after leaving 
the an tennae and t hen separa.te to pass into the lateral 
bran<:hcs of tbe frond. The position of the pl'otoxylem and 
the formation of the latera! xylem stra..nds preyious to t heir 
separa,tiol1 are shown in fig. 308, C. On the side of the 
vascu lar strand shown in fig. C. 2, t he two lateral extensions 
of t he anteunae are converging to-wards one another previous 
to t heir separation and subsequent union. The m'oid sporangia 
occur in g roups of three to six and are coalescent below with a 
central receptacle.; they have no annulus, but the cells on the 
s ide next t he receptacle are smaller than t hose on the external 
wall (fig. 300, A). Th e synangial lorm of t he sorus suggests 
com parison '\--lth Mal'll ttiaccae. 

The species described hy, Renaul t from t he Culm of Esno,t 
is regarded by P. Bertrand as identical with t hat described by 
Sohns, from the Cu lm of Falkenberg, as Zygopteris B oemeri 1• 

Diplo/a.bis is compared by p _ Bertrand with lJetaclepsydro]Jsis, 
the generic name giren to the Lower Carboniferous petiole 
described by 'Williamson as R achiopter£s dllple,rc z_ 

1\1r Gurdon has recently described in a prelimi nary note a 
new type flf stem stele under t he IHtr~l e Z.v.,!opleris pettyc!t1'ensis 
from t he L t)wel' Carboniferous plant bed of Pettycur ~: be regards 
the petioles attached to t he stem as identical with Z!)gopteris 
R vertwri Sohns-Laubach". This species, founded by Solms
Laubach on petioles only, is placed by Bertrand 5 in the genus 
Diplulabis and regarded as identical with D. esnostenbis Ren. 
The stele fou nd by Mr Gordon Illay therefore be assign ed to t he 
genus DipiulctUl:S: it includes two regions composed exclusively 
of tracheae and js ('ylindrical in t ransycrse section. ffh e inner 
xylem zone consists of short, sqtulTe-ended. reticulately pitted 
elements and t he outer zone is composed of long and pointed 
conducting tracheae. ~rhe scalariform protoxylem elements <l.re 

I Solm ~-LlI llhach (92). ~ Williamson (74 ) A. 1'111. Ll\', LV, 

~ GOl'dOll (O\J). Mr Gordon 's more complete account of t.llia plimt. will 
shortly be published. 1 am indobted to him for furnishin g me with the 
main filets in regard to the anatomical features. 

" 8olmB.Laubach (U2) Pl. n. fi g. 13. ~ Bertrand, P. (09) p. 211. 
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situatf'd between t he two metaxylem zones. As Mr Gordon 
suy:.;: this type of stem 0ccupies a position .. in the Zygopteroid 
aHiance " corresponding to that which Thamnopteris 8chlech
telldali·£ (p. 329) occupies in the Osrnundaceollos series. rrhe 
disco\"ery of t hi s st€! m supplies another link between the twu 
ferll groups, Osmundaceae and Coclloptel'ideae. Pelourdc1 has 
described [.lll imperfect,ly pres~rvcd vascular strand fl'OlTl. a. 
Iflcality near Autull as the type of il new genns Flichein eSl1ustensis . 
. Mr Gord(ln ha:5 pointJed out tlO me that this is a par tially rott,ed 
petiule ('If JJiplv/(lbis e,I:Jl{)st ensl:s (= ZY9upteris R oemeri). 

I n thei ]' r('C8nt accou nt of fossil Osmundaccous genera, Ald
stOl) /;Uld a wyune-Ya ug han 2 speak of the ccn~raJ parenchyma of 
the' existing medulla ted stele as being derived from tracheal 
'isslie. Th ey ~dd that if the Zygoptel'Oid line of descent is at 
all close to c;he OSIll undaceous, We 11111 8(, be pl'epared for the 
existence of it Z!Jgupter'is wi t h a, solid xylem like that of 
Thcwt1wpteris: <: such a discuvery, in ii\.ct, we hopefully antici
pate." The new Pettyclll' stem amply j ll:::tifics tlus prophecy. 
It is noteworthy that ~ r Gordon 's stem affords an instance of 
the occurrence of a type of stele, similar in its cylindric!':'11 form 
and in t he absence of p:1reochyma to th:1t of Bot1"!}opteris, in a 
]llant " caring leaves characterised by t he Zyyopteris type of 
,":IscnIal" sLmllcl. 

llfetaclepsydl'opsis d"plex ( Will.) fig . 310, A'. [= Rachioptel'is 
d«plex, \rilliamson 1874. Astel'oc/duen(t (Clepsydropifis) 
duplex, Stenzcl 1888. Ctepsyd,'ups,'s, Renaul t 18U6. ] 

The \'ascuJar axjs of the majn :Ixis of the frond js charac
terised by the hour -gh ss shape of the xylem which cousis ts 
en~i.re ly of tracheae, most of which are reticulately pitted. In 
a transverse section (fig. 310, A) the two ends of tbe stele l U'e 

dissimilar ; at one end of the long axis is a small bay of tbin
walled t issue (ph loem) enclosed 'by a narrow band of xylem, and 

j Pelourde (09). 
2 Kiaston Imd Gwynne·Vllughan {OS) p. 230. a Ibid. (09) p. 6jj4. 
~ A Culm species Rl1c lli f)p !erifl aphy{la~ (U nger) i8 closely Il.llied to M l!ta. 

elej1sydrQP,i. duplex. [See Solms.Lanbaeb (96) ]>. 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 1>1tel' stage the bay is closed by the 
elongation of the edges, the enclosed group of phloem is 
vertically extended, and the protoxylem strands I11'C more 
w-idely separated. The curved band of xylem becomes de
tached as a curved arc and eli"ides int,o t.wo (fig. 310, A). In 
a single section of this species one often sees several strands of 
xylem enclosed in a COllllllOU cortex with the main vascular 
axis; these are the xylem bundles of lateral pinnae. Meta
clepsycZropsis dl/ptex shows the method of branching of the 
petjole vascula.r axis which has ,-tlready been noticed in Diplo
labis and Zygopteris. In reference to this featw'c, Williamson 
wrote in 18i2-" I know of no recent fern in which the secondary 
branches of the petiole arc thus given off in pair::s, which pa,irs 
are distichously arranged on the pri mary axis, and each of 
which secondary petioles sustains ternary ones arranged dis
tichously." By sligbtly altering the primary stele of this type 
of frond, by narrowing of the constricted portion of the hour
glass and extending tho lateral groups of xylem obliquely 
upwards, the form of stele shown jn fig. :no, A, would be 
converted into the Diplol<tbis type (fig. 308, C). 

Clel's!Jclropsis. 

Unger l instituted this genus as a su bdi\·ision of Corda's 
family Rhaciopterideae', the name ha"ing reference to the 
hour-glass form of the vasculnr axis 3

. 'l~he type-species 
C. (mtiqu(L (fig. 308, A) is spoken of as the commonest fossil 
plant in the Devonian rocks of 'l'huringia. In some sections 
the xylem bas the form seen in fig. 308, A, in which an 
invagmn,tion of thin-walled tissue occurs at each end; in 
other sections (fig. 308, A') the bays become islands in the 
xylem. Sohns-Laubach speaks of Unger's species as .&tcMo
pt"'is (Clepsyd"ol'sis) antigua. P. Bertrand', who has recently 
described Unger's plant., while recognising that C. allti,!"" and 

1 Unger and Uicbl-er (66) p. 165. 
3 K'AflJlvopa, water-clook. 

S. Il. 

, Qo,d. (45) A. p. 83. 
.. P. Bertrand (09) p. 127. 

29 
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},letaclepsyd1'opsis dvple:J; closely resemble (I~e another, dl''aws 
attention to certain differences in the structure of the xylem 
whjch he regards as sufficient to justify a generic separation. 
The leaf-traces of ClepsydTopsis are described by Bertrand as 
almost circular closed rings of xylem instead of an arc as in 
.AfetaelepsydTopsis. 

A 

~ 8Gb~ 
~\I,~{,~ ~~ C@)D 

Jvft!.:t " ~'~':" C, " u \) 11 0 
~~> ~ 
~~~~ 

1~1G. 310. A. J.1Jf!laclep8!ldropsill ti.up /c:&. 
B, C. S tUlIToptc.ri8 oldhamia. 
D. AlI A'y/"op1erir! fiCU lldell8 . 

l A, from n section in Dr Kidston's Collection (Lower Carboniferous); E, C, from 
sections in the Cambridge Botany School; D, after Stenzel.] 

Ankyropteri8. 

Stenzel adopted tbis name for a su bdi vision of Corda's genus 
Zygapteris, applying it to a species described by Renault as 
Z. B,·ongnim·ti, to a Permian species described by himself as 
Z. (A nh:yropteris) seandeM, and to Z. Laeattii Ren.; Baehio
pte1i;; Gmyi Will. and R achiopt"'is corru.gata Will. are also 
included in this genus. The characters emphasised by Stenzd 1 

1 Stenzel (89) p. 25. 



xxv] ANKY ROPTERIS 451 

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 lattH disti_nguishing fea.tnre no longer 
b.olds good, as Z. prima1'1'Q also gives off four rows of bundles 
and not two as Stenzel supposed. P. Bertrand has adopted 
Stenzers genas in a lli:ll'l"Ower sense l , 

FlO. ;.lll. lhd.yropterill Grtlyi. S tele. (FroIl) a Rectiou in Dl' Kidstou's 
Collectiun. x. IS.) 

AnkYl'opu".is sc""dens Stenzel'. Fig. 310, D. 

This Lower Permian species is very similar to or perhaps 
identical with An/"Y"opte1'is Gmyi (Williamson). 'l'he stem of 

1 Dr Scott points out to me that recent observations, which have not yet 
been published, both by Dr Kidston a.nd himself show thn.t Bertrand's 
terminology requires Ulodil:icution. Thel'e are many pointR to be cleared up 
before we can bope to obtain Il satisfactory ~lassification of the Zygoptereae. 

!I Stenzel (~O) p. 3 1, Pls. VI. Vll. 

29-2 



452 COENOPTERlDE_4 E [CR. 

..d. scandeJls was found in association witH the roots of a 
Psa1'Onius stem evidently petrified in situ as it hurrowed, 
like Tmegiptm'is, tropical aroids, and other recent plants, among 
the Ii\~ng roots of the tree-fern. The stem, 10-11 mm. 
in diametCl', bore fi:onds with an H-shaped vascular straJtd, 
small scale-leaves, and adventitious roots. The stele consists 
of a five-angled cylinder of scalarifOl1D tracheae surrounding an 
axial strand of pn,l'cnch.ym<l, containing scattered tracheae of 
smallel' diameter. This axial tissue extends as a. mUTOW strip 
into each of t.he short and obtusely trr'uncated arms (01: fig. 311). 
A striking feature is the production of a shoot in the axil of the 
foliage-leaves (fig. 3] 0, Dl, a manner of branching characteristic 
of Tl'icholnanes (see page 365). 

AlIkympteris Gmyi (Will.). Fig. 311. 

In describing this species, \Villiamson \\"fote-H That no 
classific(I,tion of these fossil ferns based solely upon tnLDsyeJ'se 
sections of the petiolar bundJes js or can be of much value. is 
clearly shown when tested amongst those living ferns the 
classification of which is chieHy based upon the sporangial 
reproductive organs t," This is a view entirely opposed to that 
which inspires P. Bertrand's recent monograph. 'Whether the 
value attached to the vas~ular structure of petioles as a basis 
of classincatioD js upheld or not, jt is noteworthy that, since 
'ViUiamson expressed his opinion. our knowledge of the anatomy 
of ferns and of the \"al ue of anatom ical evidence hIlS enormously 
increased. The slender stem' of this Lower Coal-Measures 
species agrees closely with that of .d . sca.llde>ls; it bore spirally 
disposed fmuds, scale-leaves, and roots. The stele has the form 
of an irregular five-rayed star (fig. 311) in which the relative 
length of the arms varies in different sections owing to the 
sepa.ration of the distal ends to form leaf-traces. The axial 
region is composed of parenehyma and associated naJTo\V 
tracheae, as in 11. "eandens. The xylem, with protoxylem 
elements at the ends a.nd especially at the angles of the arms, 
is completely surrounded by phloem. The cortex consists 

J Williamson (89) A. p. 158. :t Ibid. i Bee 0.180 Scott lOS). 
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internally of par~chyma which becomes thicker-walled towards 
the periphery and bears multicellular epidermal bairs. A leaf
trace is detached in the form of a triangular stra.nd and is 
formed by the tangen tiol extension of the distal end of an arm 
of the stele. The trace, on its way through the cortex, divides 
i.I!to two; the outer branch gradually changes fi·om a slightly 
curved band to an H-shaped meristeJe i the inner branch , 
which supplied an MilIary shoot, is similar to the stele of the 

o 
FIG. 312. A. Thamnopteris Schlechte. lIdalii. Leaf·trace: PI, protoxylem; 

8, island of parenchyma. (After Kidston and Gwynne· 
Va.ughun.) 

B. AllkyrQPlel"ill corTll fJuta. Single trachea with tylos()s. 
C. A. bibractc/I>lill, Part of foliar strand. (A.fter P . Bertrand.) 

stem, bu t SlIloller. Scott' has recently recorded the (,ccurrence 
of scale-lea ves (aphlebiae) in this species like those described by 
Stenzel in .11 . • ca"MIl'. 

Bertrand includes in Ankyropteris Renault's species Zy
gopteris bibractensis' and Williamson's species Rachiopteri. 
ccn'l'ugata B: the former he names A. bibractensis var. west-

I Scott (07) p. 180. :! Rena.ult (69); Williamson (74) A. p. 697. 
3 Williamson (77) PIs. v.-vn. 
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phaliellsis. The fossil described by Williamson .~s R. irregularis 
or inaequalis 1 are the seconda.ry branches of A . bibr'actensis. 

Anlcyropteris bib1'Clctellsis. val'. 'Westphal'iensis. Figs. 3121 C; 313. 

The rachis st61e of this species, which is represented by 
portions of fronds only, has the form of 11 double anchor 
(fig. 31~); I,he antennae are continued at the outer edge of 
their distal cuds Ulto a narrow band (" filament" of P. Bertrand) 
(fig. 312, C, and 3VI, «) composed of smaller tracheae and 
scparated from t he xylem of the antennae by a strip of thin
walled t issue (phloem 1). A group of protoxylem occurs at the 

FlO. 313. Ank!Jroptcl·i,.; 1)I/)ractclIllis: 8, stigmariau rootlet; a, na.rrow loop of 
x,yiem. (Cambridge Botany Scbool; x 6). 

junction of the filament and antennae. The wil Die of the xylem 
is surrounded by phloem. 

The section reproduced in fig. 313 shows the characteristic 
form -of the petiolar vascular axisl consisting of a horizontal 
hand or metaxylem with groups of muoh 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 

1 Williamson (S9) A. 'Pl. VIII. fig. 28. 
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sbown on the ouber edge, it (fig. 313), of the antennae separated 
from the aI'es of larger tracheae hy a dark line ,,·hich represents 
a crushed band of delicate tissue. The spaces enclosed by the 
incurved antennae are largely occupied by parenchymatous 
ground-tissue. The cy linder of outer cortex consists internally of 
comparatively thin-'waHed Jk·lTcnchyn.;..t succeeded c~x terDally by 
a zone of dark and thicker-walled cells characterised by a fairly 
r egular anangemcnt in radia l series, as if formed by a secondary 
meristem; there 1S, hO\\'e\'tcr, no indic[ttl0n of a meristematic 
layer. Below thf> sma.lJ-celled epidermis aTe a fen'!' layers of 
thinner-walled cells which are not flJT;1nged in radial series. 
The structure of the outer part of the cortex is similar to that 
in the petiole of recent species of Allgiopteri. (fig. 243, p. 319) 
and Ma1'Clttia. in which a more cie.l1c..'tte hypoderm is succeeded 
by a band of mochanical tissue. 

The rachis of this type of frond gives off two I'OW8 of lateral 
branches from the \'asculaJ' Hxis, the plane of symmet,:v being 
at right itngles to the primary rachis. Each pinna. bore a.t its 
base two a.phlet-iae supplied with \-asculal' stra.nds from the 
leaf-traces. 

"\fc have no certain jnformntion in rega.rd t.o the spomngi..L 
of this species, but Scott points out that "pear-shaped sporangia, 
with a very broad and extensive aJlnlllu~. are commonly found 
associa.ted 'w-i th Zy.qopteris Muracte1ist"s and Z. corruga,t(t in the 
petrifactions of the English Lower Coal-Measures I." 

A nkyropt.,.,:s con'ug{[ta (Will.). Figs. 312, B; 314-317. 

The stem of this type of Zygoptereae was described by 
\VilLiamson from the Lower Coal-l\Ieasures of Lancashire as 
Rachiopter£s C01T1.1,gatt't and included by him in the sub-group 
Anacboropteroides. The stele (fig. 314, B) is oval in transverse 
section; it consists of a cylinder of xylem tracheae enclosing a 
central region occupied by parenchymatous tissue and scattered 
narrow scalarifol'l11 tracheae. ffhe central tissue extends radially 
in the form of narrow arms \vhich reach almost to the outer 
edge of t he tracheal tissue and divide it up into 5-7 groups. 

, Scott (08) p. 322. 
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A cylinder of thin-walled tissue encloses the l:ylern and in this 
occur 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 
dia.meter of the stem as a whole is 2-5 cm. The greater part 
of the extra-stelar tissue consists of large parench.yrnatous cefis 
passing near the periphery into a band of darker and thicker
walled tissue. 

Reniform vascuh'u' strands traverse the cortex in an obliquely 
ascending course on their way to th e Icaves, also smaller bundles, 
some of which al'e given off directly from the stele, while others 
are branches of the petiole vascular stmnds. The petioles 
described by \Villiamson as Rac/tioptmis 1:nsignis2 were aftet
wards recognised by him as those of Ankyropter'£s con'ugata , 
though this conc]usjon was not pn bljshed ::. \\1jJljamson's 
species R. illsigwis must not be confused with Unger's Culm 
species A Tctopodiwn i11signe, ,,·hich 8 01ms-Laubach 4 re fers to as 
R achiClpteris insignis. r:I_'he leaf-bundle of A'1zkYl'opteris cO''rU
gata is at fi",t ren.iform in contour (fig. 314, C, P ), but as it 
becomes free from the stem it gradually assnmes the H-shaped 
form (figs. 315-:317). This petiolar strand differs li·Oln that of 
AnkY1"Opteris bibracte?ls;s (fig. 313) in the shorter and less 
strongly curved antennae i and, as '~Yi lLiamson first noticed, the 
tracheae are frequ entlr fi11ed with thin-,,·alled parenchyma 
(fig. 312, B). The exist<lIlCe of scale-leaves or aphlebiae like 
those of A nkY1·opteris sea.nelons and A. Gmyi has been recorded 
by Scott in A. e01',·ugata '. 

The section represented in fig. 314, C, shows the relatively 
small size of tbe stele S in the stem of ..1nkyropteris cOTTugata. 
rrhe main mass of the cortex consists of uniform parenchyma 
passing Dear the surface into darker and stronger tissue : two 
vascular bundles are shown in the cortex, one of which forms 
tbe conducti ng strand of a petiole, P , which has nearly li·eed 
itself frOID the stem: the other bundle, as shown by the 
examination of a series of sectjon~, eventually passes into 

J No. 245. 
, Williamson (SO) A. p. 507 . 
" Sohns· Laubach (96). 

, Scott (06). 
, • Scott, D. R . (06) p. 519 . 
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another leaf-stal!.. A root of another plant has in vaded 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 

B 

A 

D 
FIG. 314. .dnkyroptilris corMlgata, n, intruded root; P, petiole; S, stele, Su 

sieve·tubes. 
A, B. From a section in Lbe Unj .... ersity College Collection. 
C. After Williamson. 
D. From a section in the Williamson Collection (British Museum). 

of a cylinder of scalariform tracheae in which the position 0 

groups of smaller elements (protoxylem) is .hown by the whit e 
patches. The xylem is thus seen to be mesareh. The pro mi_ 
nent group of xylem on the lower right-hanu side of the section 
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consists of tracheae, cut across in an oblique d~rection, which are 
about to pass out as a separate strand. rrbe centre of the stele 
is occupied by parenchymatous tissue in which are included 
scattered tracheae, either singly or in small groups. These 
medullary trncheae are rather narrower than those of the main 
xylem cyl ind er. A characteristic teature is the radial out\vard 
extension into the xylem of the medullary parenchyma, which 
tends partially to dil"ide the tracbeal cylinder-into broad groups. 

FlO. 315. A7!"yroptl!rill corrl1ga/(t (Will.), Petiol8,r vascular strand. [From a 
section in the University CoUege (London) Collection; aifer'1'ausJey 
)( 35.) 

Fig. 3 14, A, enlarged from fig. B, D, shows the tnesarch 
position of a proto xylem group, and a few of tbe parenchyma.
tous cells of ODe of the narrow arms of the axial tissue. At 
Sv in fig. D a group of Illrge sieve-tubes is seen separated from 
the xylem by a few parenchymatolls cells, and beyond the 
sieve-tubes are some tangentially elongated cells. Both the 
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sieve-tubes, Sv, aild the fl attened cells resemble tissues in a 
corresponding position in the stelE$ of modern Osmundaceae. 

In a section of AnkY?'optel"is co't"ruyuta, in the \Villiamson 
Collection the radial arrangement of the more external meta
xylem elements suggests the addition of secondary tracheae 1

, 

This suggestion of secondary thickening, a point which requires 
much more thorough investigation, is interesting in relation to 
a new type of stem nalUed by Scott Bot,.yclrioxyloll', but not 
yet fully described. This geneTic name has been given to 

FlO. 31G. .dTlk!lropt.eris corru,lf" ta. Petio le. ~" narrow xylem loop; II, spaces 
in cOrtex. From a. section in the Cambridge Botab)' School CoUec
tioD. ( x 10. ) 

a stem stele which closely resembles thn.t of An/..;yropter'is cor
rugataexcept in the regular radial arrangement of the peripheral 
xylem elements. The name Botryclt.io:r.:ylon. was chosen by Scott 
because of the secondary xylem characteristic of the recent 
genus Bot,.ychi"", (fig. 247, p. 322). 

In the petiolar vascular strand represented in fig. 315 the 
narrow band of tracheae whlcb fOl'ms a loop external to the 
antennae is clearly seen, also the small-celled parenchyma 
between the loops and the larger metaxylem elements of the 

1 British Museum, section No. 245. CI. figures by Williamson and Bertrand: 
Willia.mson {77} Pl. v. fig. 19; Bertrand, J'. (09) PI. xu. fig. 87. 

, S,otl (07) p. 182; (08) p. S18. 
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antennae. The crushed t issue lying on the puter face of each 
of the loops prohably represents the phloem and pericycle; the 
thin-walled elements above and below the horizontal band of 
metaxylem are probably sieve-tubes. 

Fig. 316 shows a transverse section of a petiole of this 
species : the loops, fl., of small tracheae are seen bending round 
the ou ter edge of the alJ tennae. The inner and IDore delicate 
cortical tissue is partially preserved and spaces, b, have been 
fOfmed jn it as the result of con traction previous to pE' tJ·jihction. 

FIG. 317 . .d ll ~~y ropttris (;Qrrltgttlu . l<"'rom!l section in th e Ca.mbridge Bot.a.ny 
School Collection. ()( 9.) 

In t he petiole represented in fig. 217 the t .. aeheae of the 
borizontal band (lr€ considel'fl.bly crushed; the section is, how
e\'c1', of jutel'€st because of the presence of L!Jginodendl'on 
roots, t, ill the space originally occupied by the inner cortex. 

In a paper Oil the tyloses of Rachiopteris co,.,'"ua1a, Weiss ' 
draws attention to the fact that similar inclusions have not 
been found in the trach ea.e of recent ferns. The occurrence of 
thin-walled parenchymatous cells in the large tracheae of 
A nt:yropteris corr-ugata petioles and of other species is a 
striking feature. Will iamson' compared these cells with the 
tyloses in the vessels of recent flowering plants, and in a later 
paper" he suggested t hat the included cells may belong to 
saprophytic or parasitic fungi. I t is, as Weiss points out, 

1 Weiss, F. E . (06) . ~ Willia~l50 11 (77), :I Willia.mson (88) A. 
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difficult to explahl the aceun-ence of tyloses in tracheae not 
immediately in contttct n~ith li\-ing parcnchrma. It ma.y be 
tha.t the pi ts in the tracheae of A rdc.1J1·optel~is were open spaces 
as in the xylem of recent ferns described by Gwyunc-Vaughan) 
au? if so this would fllcilit,ate the invasion of the conducting 
elements by growing cells. A comparison is made by \\ieiss 
between certa.in cell-groups found by him in the tracheae of 
A nkyropte>'is and by Miss J ordan ' in the vessels of the re
cent dicotyledon Gucmnis sativa. In a more recent pape-r on 
tyloses Miss ~Ic~lcol~ expres~es the opinion tha.t pseudo
paTenchyma in the tracheae of the fossil petioles owes its Oligin 
to fungal hyphae. 

\Villjamson cOlll_p.'lred the pe-tiole bundl~s of A I1kY1'opterts 
corrupata with those of 'recent Osmundaccae, a comparison 
based on the structw'e of the leaf~trace before its separa.tion 
from the stem and its a..>sumption of the H-form. It is 
n.oteworthy, howC\'er, that this comparison has acquired a 
greater significance as the result of recent work. The stele 
of Anh:!Jl'opttris bears a fairly close resemblance to that of 
Z"lessky" described by Kidston and Gwynne- Vaughan: in 
both types the xylem is represented by two kinds of tra cheal 
tissue. In the Pennian Osmundaceous genus the ccntre of 
the stele COIlsists of short storage }racheids, while in .A nky~ 
ropteris we ma.y regard the centra.l p<.u'eu(;bymu. alld sc..'1ttel'ed 
tracheae as derivatives of the soEd xylem core of some a.ncestral 
type. Moreover, the appearance and arrangement of the phloem 
and the tangenti"lly elongated elements external to it (fig. 314) 
remjlld 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 affinity and common 
origin '3 A nkyropleris COl'l'u,guta affords striking evidence. 

The difference between the steles of .d-Ilky,·opt,,·is (rl'ayi 
and A. scanden. (figs. 310, D; 311) and that of A11kY"vptB1is 
corrugata is comparatively small. In the two former species 
the cylindrical form has become stellate owing to the radial 
extension of the xylem arms. I t may be that this more 
elaborate style of vascular cOllstruction is connected \\~th the 

I .1 n .... l"" IO!H ~ McNicol (os). , Gwvnne-Va.ughan (09). 



462 COENOPTERrDEAE [ ClI. 

climbing habit of A. scandens and possibly A. (fi·ayi. The 
mdi:ll extension of the xylem and the consequent alternation of 
the yielding parenchymatous cortex and the more rigid tracheal 
arllJ.r:; wouJd probabJy render the water-conducting elements less 
liable to _injury in a twisting axisl, In Anachttropiel-is De
caisnii 2

, described by Renault, and more especially in Ast~ro
cltlaena la.'?:a 3 Stenzel, a Lower Permian type from Saxony 
(fig. 324), the xylem of the stele is much more deeply lobed 
than in ~--111";yropterl:s Grayi or A. sca.ndens. 

FIG. 318. EIII}Jtcrili SCOllt, P. Bert. (Ftorn l'U(lsle~', after Renault.) 

Etapte";s Scotti. Figs. :308, B; 309, E; 318. 

P. Bertrand has proposed tllis name for a species of petiole 
frOln tbe La"'er Caal·]\Jeasul'es of England referred 'hy Binney' 
to Zygopteris Lacattii Ren., and included by Williamson' in 
bls comprehensive genus RUcJI1·opteris. BertTand 6 regards the 
English spocies, which is recorded also {rom Germany', as 
distinct from Renault's type' and therefore proposes a new 
name. ~'he petiole stele has t,he H-form, but its structure 
is simpler than that of the A1JkY"opte>'is petiole. 

rhe horizontal band of xylem has at each end two oval 
groups of tracheae connected with it by a single row of xylem 

I Compare figures of the vQ.SCUJIl.T cylinders of olimbing Dicotyledons given 
by Schenck (93). 

2 FOT 1\ figure of tbe siele see Tansley (08) p. 25, fig. 20. 
a Stenzel (89) PIs. m. and lV. 

_. Binney (72). Ii Williamson...(74) A. B Bertrand, P. (09). 
7 Fcli:r (86) A. 8 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 sep.U'ate to pass into two pinnae. 
Fig. 308, B, shows four stages in the gi,~ng-off of the secondary 
branches. This species, therefore, produces foul' 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 departmc 
of a pail' of small strands. At I , the projections are more 
protnlnent, and at 2 a pail' of strands has become detached: at 
a later stuge, 3, these t,wo strands unite to eli,·ide later (4) into 
two !Slightly curved bundles. 

Our knowledge of the fructificat,ion of Etaptm';s is based on 
Renault's account of sporangia, which he rega.rded as belong ing 
to ZY[Jopteris (Etapte1''I.'s) Lac(tttii. They have the form of 

A B 

D 

a 

F 

o 

F IG. SU). A-C. Sporangia of E fapter"is (?) . 
D-G. BotJ"yopterisforellsis. (AJter Renau.lt.) 

elongated slightly curved sacs (2'5 x 1'3 lUm.) borne in clusters 
(fig. 319, A-C) on slender ramifications of the fertile frond, 
which is characterised by tbe absence oi a lamina. Each 
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sporangium bas a pedicel, and three to eight sporangia are 
att..1.ched to it 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 tbe crest down each 
side (figs. B and C), thus differing f!"Om the sporangia of Botrifo
pter;. (fig. 319, D, F) in which the broad (llll1ulus is confined' to 
one side. 

It is practically certain that the fronds described by 
Grand'Eury' as Schizopteris pinnata (fig. 309, E) and Schizo
stachys frondoS-lls represent respectively the sterile and fertile 

FlO. 320. SUIUToptf'riiJ oldhamia. (Aficr Tanaley. From 8 sec-tioD in Dr Scott's 
Collection. x liD.) 

leaves of Etapte,.is. Zeiller' gives expression to this hy substi
tuting the generic name Zygopte,"is for Schizopteris, anel we may 
now sp<!ak of the leaves as Etapleris. Dr White' has referred 
to a new genus, Brittsia, some impressions of pinnate fronds 
from ' the ' Coal-Measl.tres of Missouri which, as he points out, 
bear a close resemblance to ScA·£zopten'8 pl,'nnata Grand'Eury 
(fig. 309, E). No sporangia have been found; it is, however, 
probable that Brittsia p"oblernatica represents fragments of a 

1 Grand'Eury (77) A. PI. XVII. 

• While (99) p. 97. 
~ Renault and Zeiller (88) A. . 
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leaf borne by a plant closely allied to Etapteris (Z}lgopteris). 
The broad rachis bears crowded pinnae given oft' at a wide 
angle; the small pinnules are mther deeply lobed or pin
natifid (3- 10 mm. long by ]·5-3 mm. broad). The lamina 
is traversed by irregularly iobt:!c1 a.nd occasionallyanastumosing 
veins. In the fertile pinnae the segments have no lamina. but 
bear bundles of pedicella,te sporangin. 

It SllOlIld be noticed that (be spcrangia described by 
Renaul t and by other authors as those of Zygopteris (fig. 
:319, A-C) have not beer. found in organic continuity with 
n frond showing:t well-preserycd \"ascular strand. It is, however, 
c<:=rttliJ?, that this characteristic annulate sporangiulU, borne on 
branched and slender pedicels, WilS produced (In fronds with 
a nlUch reduced lamina belongiJlg to some species of the 
Z:vgoptel'eae, i:.;tapteris and probably also Ankyl'opte)~is. 

8ta 1t1·optel·is. 

This genus \vas instituted by Binney fol' petioles from the 
Lower Coal-Measllres of Oldham (Lancashire). 

Stauroptens oldhlWtia Binney j lS chm·acr.erised by a steJe 
(figs. 808, E-G ; 310, C; 320: 321) composed of foUl" groups 
of xylem which Bertrand regards as homologous ,\'ith the 
a,ntenDne of' DilJl<J labis, .A nkyropter£''i,J and Elapteris, the hori
zontal cross-piece of t.hese genera being absent in Stau/"optel'is. 
\YilUaJ1lson spoke of thjg sperjes as "one of the 11l0St beautiful 
and also one of the most perplexing of the plants of the Coal
Measures" ; he discussed its possible affinity with both Lycopcds 
and ferus, deciding in f~l\'our of the latter group~. In transverse 
section the pet:iolar vasculm' 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 
tbe primary rachis is also occupied by that tissue, whicb is 
connected by foUl· nan-ow strips with the external phloem. The 
structlLre of the petiolm' ,'ascuJar axis is \7ery clell.l'Jy SbOWD in 
the clrawing by Mrs Tansley reproduced in fig. 320. Proto-

S.1I. 

1 Binney (72); Williamson (H) A. p. G8S. 
2: WiUia.mllon (74) A, p. 685 . 

30 
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xylem elements occur close to the surface 0t, each of the four 
arms of the xylem; the bays between the two lateral and the 
two lower xyl em groups cont.ain large sieve-tubes. Portions of 
the inll('r cortex are soen i~l place.s abutting on the small-celled 
pericyciic tissue. 

The ,.ight and left halves of the stele are not flusolutdy 
jdent.ieal (Jig. ;)20; fig. 308. E); this is dlle to the fact that 
secondary branches are given off in four rows, two alternately 
from the right and left sides. '".rho preparation for the departure 
of the lat.eral strands alters the cOllfiglU'ation of the stelar xylem 
groups. The protoxylem groups are not external but separated 
ij'om the sud~t,Ce b~' oneor two layersofmctnxylem. In fig. :308/ E, 
tlw occurrellce of two protoxylcOl strauds ill the right-hand 
grollpS of rnetaxylcm marks an eatly stage in the detachment 
of branchet'. ':rhese two Pl'otoxy]erns aJ'e the rcsilit of divlsion 
of single prot.oxylem strands like I,bose in the left-hanJ half of 
the stele. At it later stage the petiolar stele assumes the form 
shown in fig. 30~ F. ,mel two .mall bllndles are detached to supply 
"phlebine: tbis is foll owed by the st.age shown in fig. G, where 
two four-armed strands are passing out to a pail" of branches of 
the leaf axis. The separation of these two meristeles leaves 
the right-hand halI of the stele in the condition seell on the 
left-hand side of fig. E. The diagt·;tmmatic sketch represented 
in fig. 310, C) shows one piliI' of branches in organic COnnCx.lOD 
wit.h t.he rachisJ and each of these arms contains an obliquely 
cut msclIlar strand like tbose in fig. 308 O. 

The cortex consists for tlte most part of fairly thick-walled 
parenchyma (fig. 321) which in the hypodem1al region i. replaced 
by a zoue of thin-waBed lacunar tissue. A.. few stomata ha.ve 
Veen recognised in the epiderm is '. The lower left-hand bmnch 
seell in fig. 310. C, has been .haved by the cutting wheel so 
that the aHenchymatous tissue, t, is shown in surface-view: a 
portion of this ti~sue is enlarged in fig. C'. The same delicate 
chlorophyllous tissue forms,. folded and shri velled layer with 
an uneven margin on the surface of tho rachii:! and lateral 
branches. This hypha-like tissue, which was discovered by 

1 Bertrand, P. (Q9) Pl. \'11. fig, 48. 
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Scott' and fig . red by Bertrand ', doubtless represents the 
much reduced lamina of the highly compound leaH's : it may 
be compared with the green ou ter cortex of p &",:(vi(/7n shoots 
and with the. lacunar tissu e in the capsul e of th e comm on 
moss, Fnl!n1'ia hygromet1ica. 
• The rachis reproduced in fig. a21 is SUlT()lInded by an 

enormOHS number of Rcctinns, SOniC transverse. others n'l. ore or 
less verti cal, of brallchlets of varjotts sizes. Fig. 310, B, shows 
the three-I"fl.yed vasclllar axis of a bl'anch of n lower ortl t r than 

PIG, 321. SllI lIrQPf.eris Ollllwlllia: II , sections of }>inuae . (x 10. From [L 

!o:ectioll in the Cambridge BatallY School Coll.) 

those seen in fig. C, and t he single vascular strands of still finer 
ramifications of the leaf. The extraordinary abundance of axes 
of different sizes, many of \vhich are cut in the plane of 
branching, in close association with t.he rachises of ::;tll'U"opte1-is 

affords a striking demonstrati on of the extent to which the sub
division of the frond was cruTj cd in a 8111a11 space. The leaves 
must have ])I'esented the appearance of a feathery plexus of 
delicate green branchlets devoid of a lamll)[l , some of which 
bore t,erminal sporungia. It may be that the delicate fronds 
were borne on a slender rhizome which lived epiphytically in a 
moist atmosphere on the stouter stems of a supporting plant. 

I Scott (OJ:!) p . 11:;. ~ Bertrand , P. (OlJ) PI. \'11. 
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The sporangia 1 of Sta'U1'opteris oldhamia art.. exannulate and 
nearly spheric<l,j, with i1 wall of more than a single row of cells; 
the)" OCCll1' at the t ips of slender and doubtless pendulous 
btl1.nchJets. The d.iscovery by ,qco~t 2 of germinating spores 
(o[{. 32:;) in a sporangiullJ of this typ<l supplies till interesting 
piece of f\\' idctlce in favour of the fem nature of the~e repro
ductive organs. Similar germinating spores have b~en described 
by Boudle' in spo,""ngia of Todeo .. 

FlO. 322. Sporangia of Sw.uropft!.ris old/tu nu:a. St, stomiuUl: P, pllU!;ude 
ti8lme. (!Cram l'ansley, after D. H. Scott, trOlll I.l. drawing by 
Mrs D. H. Scott.) 

Stauropteris bw·ntislandica. 

This Lower Carboniferous pll1nt identified by Willjamsoll 
with the Oldham plaut from the Lower Coal-Measures is 
referred by Bertrand to a distinct species. In the structure 
of the rachis stele it agrees closely with Staut'opteris oldhamia; 
the main vascular strand gives off' four rows of branches, two 
from each side, and aphlebi"~ were present at the common 

I Scott (04); (05~). ';) Scott (062). 3 Boodle (08). 



xxv] CORYNEPTEHtS 469 

base of eacb pl'ir of pinnae. 1111's Scott', who has recently 
described the sporangia of this species, speaks of one 8pccimcn 
in which germina.ting s})ores were found. The same author 
gives an account (If some CU1;OUS spindle-shaped bodies which 
she fOliDll in "lS."lociatjon wjtb S. burni1"sicl?1d2'ca. Th e nature 
d'f thl:se orgnns is uncertain; Mrs Scott inclines to regard 
them as glands borne in pail'S Oll lateral pcdicels of tbe 
frond: she adopts for these the name Bel1son'ite,;; fu.fnfor'llt.is 
proposed oj' Dr Scut.t. If there is a reasonable p!'Obability, as 
there certail11y seems to be, in favour of connecting these organs 
with Staiu'opte1'is, -it is legitimate to question the desirability 
of adding to the long list of names included in the group 
Coenopterideae. 

A-

Fw. S:!3. Genllinatillg' spores from /J ~por(lngiul2J of SUl/lrQPteri,~. (l"rom 
Tnn!iley, after D. H. f.;eott..) 

Co,.y"epte,-;s. Fig. 309, C, D. 

This geuus was founuecl by Baily ~ on fragments of a fern 
from Carboniferous rocks in County Limerick, h cland, charac
terised by a peculiar type of fru~tific"tion wmeb be named 
C01'YIlf'pteJ'is stellata. ]\'lOI'C complete exam pJes of the same 
genus have been described bj' Zeiller ' fi'om the Coal-field of 

] Scott, H. (08) PI. ¥.XX]v. fi~s. 1, 2. 
:I Ba.il.\' (fiO) PI. XXI . KOpUWrl. 8. club or mace. ~ Zeiller (83). 
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Yalencjennes. Th e sp01':.lllgia are Jarge, ovoid"and sessile; the 
annulus (fig. 309, D) has the form of a complete vertical band 
several cells in br'eadth: five to ten sporangia are grouped 
rOllnd It l'CCeptflcie. Zeiller describes two species as Spheno
pte1'1's (C(l1',ljIIf1pteris) cm'atloide8 Gutb. and S. (CoTynepteris) 
Hssinqll1i And. ; in both the fn\uds are quacil'jpinnate and bear 
aphlebiae at the 'Lase {If th e pinnae. The former species is 
recorded by Kidston ' from the Sou th Wales Coal-field. A 
single pimmie of' C. cm'alloides is shown in fig. 309 , C. Potorue 2 

rei61'8 tlli::; frond to his genns Alfoiopte1"is: the portion of a 
pinna repl'esented in fig. ::J54 G shows the characteristic modified 
pinnuJc next the rachis. Zeiller draws attention to the occur
TeDCe of two pamllf'! lines On the rachis (Jf a spccilflen of 
Cor!fllepteris cOl'alloides \\'hich he figures;!, and suggests that 
these m;'.,' indiciite the existence of it.ll H-shaped form of 
vascular stmnrl like that of Etapter-is and A nl:rrupten·s. Tbe 
Sm.·llS of OO1"//neptf!ris is comp<:'!rable with that of the }larHttia
ceae, but tlH:' broad annuJuf:. is :1 (Jifference which .snggests 
affinity j,o E't(lpte:ris. The sonls is sim.ilar t,o t,h~t, in Diplolctbis 
(fig. 309, A), bllt in tbat genu" tho sporangia are cxannulate. 

rrhe yascular axi!1 in the stems (If different members of the 
Coenopte"idcae a~sul1lcs il , \~ariety of types. In }31_![ryopteris 
fLllt'iq-u(I, the xylem forms a solid protostele in which uo proto
xylem strands ha.ve been recognised; in other species, e.g. 
B. 1·WII10SU. the cylindrical ~t.cle is similar to that of Tricho
'manes ,,'udioa1'ls (Hymenophyllaceae) in the more 01' less central 
position of the protoxylem. In Botl·.voptel·is forensis the 
protoste le :i s sajd to be cxareh, The probability is that the 
cen eral Botryopteris type is t he endarch protostclc, a form of 
vascular :1xis which may be regarded as primitive. The leaf-traces 
of the Lower Carboniferous Botr.lfop~eris ant-iqu.a ,u'e siUlple 
ova l strands differing hilt slightly from the cylindI'iCl1l stele 
of the stem. In the Upper Carboniferous British species the 
petiolar vascular strand bas become more specialised and 
farther removed from that of the stem; in B. jurensis the 

1 }{idtitOD (94). ~ PotoDie (02) p. 492_ 3 ZeiUer (88) A PI. x. 
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distinction betwe~n leaf and stem steles is still mOl'e pronounced. 
It is perhaps legitimate to regard these types as representing 
an ascending series, the more primitive of which a.re distin
guished by the greater similarit )· between leaf and stem, 
organs diff.el'entia.ted £roll1 a. pl'in:Litiyc thallus', that is fi'om a 
vegeta.tive body. Portions of this uiLimately beca.me specialised 
as lateral members 01' lea.ves, while a portion acquired the 
character of a radially constructed supporting axis or stem. 

The yascu]ar strand cb:lracteristjc of the Zygoptel'eae is 
represented by the H-shaped forlTl as seeD in A1'IkljTopteJ'ili 

cO?"7'lI_gaia Or in a more cOTllpiex form in 11. b'ibra.ctensis. This 
style of strand Olay be regarded as a development from tbe 
simple strands of 01"(1111 nwtopteris and Tubicaulis or Bot~·yo-

1)teris wdiqu(I ukmg (lther lines than those followed by 
B. !U'·f!II,')l,S. The ext~nsi()n of the xylem in two symmetrically 
placed anTls at th e end~ of the cross-piece of the H is con'elated 
with t he habi t (If branching of T,he leaf-sYS:l.cm ,",.hich forms ODC 

of tbe striking peculi;uitit!,s of lllany uf th~ Zygoptereae. The 
solid tYIJC of sbeJe characteristic of the Botryoptereae is closely 
matched by that in the Lower Ca.rboniferous stem discovered 
by l\lr Gordon:!. By the partial transformation of th e centraJ 
xylplll region int,o parenchymatous tissue and the conc{'ntra
tion of w::tter-conducting elements iq the peripheral region the 
style of A nkyro]Jteris cur'l'llgoia was developed. The vascular 
strand of the older plant, which is of the Diplolabi" type, fifty 
he regarded as a more primitive st.yle than that of the H-fcnm 
of petiole strand "epresented by dnkY"opteris corr"yata. A 
fUTther stage in evolution is seen in the stem stele of Anky
'rupteris G'l'oyi and A. scwldens, both of which have the H-fonn 
or meristele. This step ill in creasing complexity of stem stele, 
though probably connected with the increasing specialisation of 
the lcaf-traces, as I,eld by hl,. Tans ley, nw.y also be associated 
with the development o f a climbing habit. In .dsterucldaelJa 

laxa Stenzel (fig. 32~) and .d. "amMa (Cotta)' the tendency 
tmvards a stellate expansion of the originally cylindrical form 

I TIlll!;\ey (OS). ~ See p. 447. 
:I Stenzel (89) p. 15, Pls. In. rv. 
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of stele reaches a higher degree, with the res&lt that a style is 
evolved which ugrees closely with that of the cOllducting tissue 
of some existing Dicot,y iedonous Lianes. 

Attention has already been drawn to the generalised features 
exhibi ted br the Coollop terideae both i.1.1 the auatomy of ~he 

steles and in the strllcture of th e sporangia. The conclusion 
arri\7cd at is that whiip the Coenopt,erideae fureshadow in some 

FIG . 324. AslcroclJlaellu 1(I.rn: part of stem with petiole and 8 few roots. 
From 'l· a.t'l s l e~·, arter Stenzel. 

of their characters morc than one group of more recent ferns, 
Some at least of their members a.fford convincing evidence of 
the correctness of the view-whjcb is al so that of Dr Kiuston 
and Mr Gwynne-Yaug han-ibat the OSllmndaccae and the 
Coenojltcrideae are offshoots of a common stock. 
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{ 
Marsiliaceae. 

HYDROPTERIDEAE Salviniaceae. 

rrHE unsatisfactory and meagre records in regard to the past 
histOIT of these heterosporous FiJic;l.les render superfluous more 
than a brief ren~reDce to the recent species. 

Marsiliaceae. 

This family is usually spoken of as including the two genera 
Mm'silia llnd P'llu.lm'ia, Lindman 1 has however founded a. 
third genus, Regnellidium, on a Brazilian plant which is dis
~j nguished by some well-defined chal'a.ctel~ from all species of 
MaTl~ilia. The members of the Marsiliaceae li\,c for the most 
part in swampy situations. Ma1'sil£a js represented in Europe 
by M. 'IuadriJoliata L. which occurs in Portugal, France, 
Germany and other parts of the Continent" extending also 
to Kashmir, ;>l'Ol·thern China, and JapllJl. Of the other 53 
species, 17 arc recorded from dift'erent regions in Africa, while 
others oocur in South America, Asia 2, Australia , and elsewhere. 

Pil"l,wia globuli fem L. is the only British representative 
of tbe Hydropterideae. The remaining four species of the genns 
occur in S outh America, California, New Zealand, Australia, 
and P. m1:nuta Dur. is met with in the South of Franoe, Algeria, 
and Asia 1\1inol' in subtropical or warm temperate regions. 

The Mru-siliaceae are regarded as more nearly related to the 

1 Lindma.n (04) . 2 Baker (87) A. ; Sadebl!ck, in Engler and PrQnt} (02). 
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Schizaeaceae than to any other family of hoirl.Osporous femsl. 
Their heterosporYI the production of sporangia in closed fi'ui t
like sporocarps, and the nnatomical features aSfSociated with 
existence in marsh~7 habitats. tend to obscure the resemblances 
to the true ferns. 

The genus Jl1arsiNd,:1I1n proposed by Schenk' for a piece of 
an axi.s, bearing apparently a whorl of six leafl ets, from the 
'VeilJd~n of Os(;erwuld, cannot be rega.rded as satisfactory 
evidence of the existence of t he Marsi liaceae in t.he ''''ealden 
flora of North Germany. 

The six leafl ets of _~fal'silidi1l.1n speC'ioSlt'l1t , ha,vulg a length 
of 5 eiU., are similar in iShape t,o t he. four leaBets of' recent 
species of Jifa'rsilia, but they differ in t he repeated dit:hotomy 
of the veins fyom the reticulate venation of the recent forms. 
It 1S wortby of Dote, however, tha t in Lindman 's Bmzil ia D type 
R egllelliclillm d'i)lhyllunt (fig, ;~26,A), the leaflet,s arc characterised 
by dichotomous rtnd not by anastomosing vei ns. 

R ollick s has described some 11ll]Jl'esslons of imperfect orbicula.r 
leaves with a" finely tJabellate obscurel'y l'eticulatcd (1) vcmttioll " 
from Cret,nceOlls rocks of Long Island as .Ma'rsilia A l1dersoni, 
but t hese are too fragm entary to be accorded this generic 
designa.tion , My friend ,Dr Krasser informs me that he is 
describjng some well-preserved leaves fmlll Cretaceous beds of 
GrUnbach in Low~r Austria as J.Wcu'sil'£u J.Vatllorstt'4, H e com~ 
pares these with t he recent form MO,1's'ilia elata, a yuriety of 
M. D1·umm,ondi. 

AnotJher Lower Cretaceous species MaTsil iCt perltce'nsis bas 
been figured by Frio and Baye," as a stalked frui t-like body 
from Bohemia. This "'as originally desc,.ibed by Velenovsky as 
J.lf. creta.ceQ, but undel' this name H eer" had pre viously recorded 
a slipposed sporocarp from Greenland. 'l' hese fossils have little 
claim to recognition as exampl es of' Marsiliaceous plants. 

The fi:agm en t figured by Heel" from Tertiary rocks of 

1 CA.mpbell (04) j Bower (08) p. 651. !) Schenk (71) p. 225. 
8 H ollick (94) PI. },x:u . .; Mentioned by Krasl!er (06) in a. preliminary note. 
(0 Frit: and Bfl.yer (01) p. 86, fig. 34:. 6 Heer (82) PI. XVI. 

1 Beer (55) A. Vol. llt, p, 1M, Pl, CXLV , fig. 35, 

" 
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Oeningen as PiluCttria pedunculata is too small to determine 
wi th reasonable accu "aey. Othor Stl pposed rept'ese ll t.1.ti ves of 

"'to the family mentioned in pala.eobotanjcaJ JiteratllJ"e are not of 
sufficient importance to describe. 

Salviniaceae. 

The t,vo genera of Salviniaceae, S,tlvini(t and Azolla , are 
water plants, and are usually described as annuals which su rvive 
the less favournbl e season in the form of detach ed sporocarps. 
GoebcP stfttes that all the tropical spE'cies of' Salvim'u known to 
him have an unlimited existence. 

Salvinia natu'lls, Hoffm., t he only European species, extends 
D'om thE! South of Franco to X l)1'thel'J] China. and the plains of 
India: the othC:!l' twelve species arC mostly tropica.l. Azalla, 
represented by four species, occurs in \-Testel'll <1,nd SoutherD 
North America, South America, Madagascar. Australia, 'Kew 
Zealand, and is widely sprelLd in tropica.l Asia and Africa. 

Species of Azolla frequently form a considerable proportion 
of the floating carpet of vegetation on inland wa.t,ers:! g rowing 
under conditions whj<:h might be supposed fil.'vourn.ble fiu' pre
servation in a 1'o::;5i1 state. 

The Salviniaceae, though probabl/ rather farther removed 
than the Mal'siiiaccFle from the bomosporous Filicineae, a re con
sidered by BOII'er' to be related to the Gradatae, but modified 
in consequence of their aquatic habit a.nd the assumption of 
heterospory. 

No undoubted examples of fossil species of Azolla ba\'e 
been described. SalvinifJ, on t he other ha.nd, is represented by 
several T ertiary species, for the rnost par t founded on leaves 
only, and H ollick', who published a list of fossil Salvinias, has 
described detachec1leaves as Sal1linia elli1Jtica N ewb. from wha.t 
may be Upper Cretaceous tocks h om Carbonado, Washingt,on. 

I Goebel (05). 
2 See Sewa.rd (9.1) p. 441. for II. description of the floating plants on the 

lagull&fl of Grnn Cbaco (S. Americn) by Prof. Graham Kerr. 
s Bower (013) p. 611. ~ Hollick (94). 
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Some of the Jeayes figured as Tertiary Salvit_.ias are of no value 
as ev idence of the former distribution of the genus l , 

Frolll the Coal-beds ofYen-Ba.i (Tonkin), probably of Miocene 
nge, Zeiller!? has figured some well-preserved impresslons of 
0\'a1 or orbicu lar leaves, 15 mill. long and 10-20 mm. broad, 
characterised by reticu late venation and by cordate buses, 
which he refers to B eer's Swiss species SalV1;nia f01·mosa3. 

Dr Zei ller' in the most recently published part of his series 
of valuable l'Psumes 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 discoVCTCd has 
recently been described by Fritel' from Eocene beds of the Paris 
Ba::ln as Sal'Villia Zeilleri. This species, founded on portions of 
stems bearing floating leaves, submerged root-like leaves, and 
spol'ocarps, is compared with a, recent tropical American species 
S. am'iculala, 

I t is noteworthy tha.t no authentic records of Hydropterideae 
bave been discovered 1n Pa.laeozoic rocksfl, Comparisons have 
been made in the case of the genera T,,'aq'lloi1'ia, Carr. and 
Spm'ocu1pon "~i\l. with the feprocinctiw:;l organs of Azolla7, 

but these rest on a wholly insufficient basis. 
Dawsons pl"Oposed the generic name P1'otos(I,lvinia for some 

spores of Devonian age, which he regarded on inadequate 
grounds a.s evidence of Paia,eozoic Bydropterideae. 

Zeil le.r', in discussing the possible relationships of the 
problematical type ChOl'io1loptel-is gleichenioides Cord. , suggests 
a possible alliance with the Hydropterideae. Corda founded 
the genus ChU1ionopt,eris") on some small fragments of pinnules. 
6-7 mm. long, found in the Carboniferous rocks of Radnitz in 
Bohemia. 

I E.g. Lesquereux (78) PI. LXIV. tig. 14 ; PI. v. fig. 10. Stn.ub (81) PI. xu. 
fig. 2. 

:! ZeiUer (03) PI. Ll. figs. 2, 3. 
!! Heer (55) A. Vol. Ul. p. 156, Pl. CJ:'LV. figs. 1-815 . 
• Zeitler (09'l) p. 95. 6 Fritel (08). 
6 See 0.180 Arhat (06) p. 228. ... 'l Bolms-Laubach (fH) A. p. 183. 
B Dawson (88). 9 Zeiller (88) A. p.58. IQ Oorda. (45) A. PI. LlV. 
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~rhe Jobes of tK1c pinl1ule.s are incufH>d: distally to forlll it 

capsule, containing four sporangin, which app~\rently opened on 
dehiscence into foul' valves j the spores a1'e of (lne size. The 
material IS however insufficient for accurate determination. 

There is no eyidence contrilmted by fossil records which 
indicates a hig h untiqui ty for the B:.ydt·optcridclle. It is unsafe 
to base any conclusion on the absence of undollbted Pabeozoic 
represent:Hives of this group: bu t t he almost complete absence 
of records in pre-Tertiary stratfl is a fact which n1 3,y be ;_dlowed 
some weight in regard to the pos~ible evolut ion of the hetero
sporous filical es at ;1 comparatively late period in the ear th's 
history. 

A description of the Mesozoic genus Sagellopten· ... may be 
conveniently included ill this cha.pter, tbough aoS in many other 
instances t.he i.uclu::;ion of ~t genus und er the heading of a recent 
fallliiy name does not by any means imply that the positiun of 
the extinct type is regarded as settled. 

Sagenopter is. 

':rhis generic name was applied by Presl l to small fronds 
COU1I)o.:;ed of four or rarely two palmately dispused leafl ets with 
a more or less distinct midrib and. anastomosing secondary 
veins. Schimper2 compared Sagen{Jpte,,.is with J1Ja.l'silia, but 
did not regard the rcsembl;\nc~ as e\·idence of relationship. 
Nathorst ~ expressed the opi nion that certa in fruit-like bodies 
obtained froul t il(' Rhaetic beds of' Scania are of the nature (If 
spOl'Ocarps ,mel were borne by Sagenopteris, with the leaves of 
whieh they were associated. He published a drawing of part of 
a fruit showing on its part ially Aattened surface Some raised 
oval bodies which are considered to be spores. Dr Nathorst 
kindly placed at my disposal t he drawings reproduced in 
fig. ·325 made from some of his specimens found at Bjuf in 

Scania. 
In contour and superficial features, e.g. the reining on 

the wall, these bodies bear a fairly close resemblance to t he 

1 Presl, in St.ernberg taS) A. '.I. Schimpet (69) A. 3 Natborst l7S) p. 17. 



478 II VDRQPTERIDEAE [CR. 

spOl'ocarps of recent species of Ma,rsilia. They were fou nd in 
association with the leaves of Sa,qenopte7'is 'I.wdulu,la, Nath., 
an abundant. cania type similar i.n form to the English J ul'assic 
species S. P!.:illipsi (figs. 327, 328). R eel' was indepondently 
led by an examination of some examples of the Swedish "fruits" 
t.o cOlllpal'P them wit,h the sporo('arps (If Ahn's1'Ua. A s/mdl 
spherical body is figured by Zigno' close to a leaf of his 
species S. ang(lst1./o/i(l, which may be a sporocarp. In i1 recent 
paper, Salfeld' says that he found fructitication on the lower 
(ilCC of the leaflets of S. l\Tt'{ssOnt'(Llta Brongn. from German 
Jurassic rocks, bu~ he brings Jorward no e\'idcDCC in support of 

FIG. 325. 

this statement. The ,ystem"tic position of Sugenopkris is by 
no means sett led. In a previous a.ccount of the genus I 
expressed tbe view th,'t it is p"obl1blya memuer of the true 
ferns", hut tbe resemblance of Dr Nathorst 's drawings to tbe 
Mcusilian sporocarps influences me in favour of his opinion that 
Sagenopte.,..is may belong to the Hydropterideae. The evidence, 

j'Ziguo (5.6) A. PI. xx. 2 Sa.lfcld (09) p. 17. 
~ ]0 IL footnote to :Footninc'lJ description of Jurassic plants of Oregon, Lester 

Wllrd writes:-"Seward treats S(Jfltm0l'ter~lf 8S a wrn, classing it now (JilT. Fl. 
Yorl,,}zire Coast, 11:100, p. H(1 ) in the family Polypodiaceae, although in his 
Wealden Flora, 18$!4, p. 12\), be placed it in the Scbizaellceae." [Ward (05) 
p. 83, note b.] My words arc "1 am disposed to regvu S(10~1I('Pteris as probably 
n gellus of ferns" (loc. cit. 1900, p. 161). I have never referred this plant to 
tbe Polypodiacea.e or Schizacacese or to any other family. 
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as Solms-Laubacp 1 states, is not wholly satisfactory: Schenk 
points out that the freq uent occurrence of detached Sagenopteris 
leaflets suggests that they easily fell off the petiole, whereas in 
M""silia the leafl ets do not fall olI independently. The dis
co\re lY of a new type of hfarsiliaceae in Brazil, whjch Liudman 
has described .s Regllellidium diphyllwlt' (fig. 326, A), affords 
an additional piece of evidence bearing on the comparison 

A 
Flo. 32G. A. Re!}lIcl/iflilll1l diph!/llnlll Lind. Single leaf a.nd stalked sporo

car}). (i- uat. size. After Lindman. ) 
B. Cuticle of Sn!le.II()pteri~ rllOifoUa. (After Schenk.) 

of Sagenopteris with members of this family. In Regnellidi'urn 
the leo.\'es differ from those of llfarsilia in bearing two instead 
offour leaflets, and in t he former the veins a.re repeatedly forked, 
and do not anastomose as in Mctrsiliu. In the possession 
of' onJy two leaflets Regnellidfum agrees with some forms of 
SagenopteJ'is (fig. 328). 

1 801ms.La.ubach (nlJ A. p. 182. 
! 1 am indehted to my rriena Dr Nll.tborsL for talling my attention to 

Lindman 's pllper. 
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Sagenopte1"t's PII1:llt'psi (BrongniartF. Figs. 327, 328. 

1826. Glossopteris J'Aillip8~ Brongniart, Hi$t. ycg. foss. p. 225, 
PIs. LXI. bis, 1 .. X_IIl. 

l83ft Sugenopteris Phillipsi, Pre;:;l, in Sternberg'" Flor. VOl'welt, ,'iL ,'" 
p. G9. 

B 

FIG. 327. Sa!}e1101>teris PhiWpJli. 
A.. From the type- specimen E. of Lindley aud Button (G IOitiiopterill 

Phillip8ll Gristhorpa Day, Yorkshire. Brjt-ish Museum, No. 
39221. Slightly reduced. M.S. 

B. From a specimen in the British Museum (3!1222). Na.t . size. 
Figured by Lindley and Hutton 8~ GlOslfoptcriB Phillip~i. 

The fronds of this common Jurassic species, which is 
recorded from many EUl'opean localities, from North America, 
Australia, the Antarctic regions', and elsewhere, are very variable 
as regards the form, size, and number of the leaflets. 

1 For Ii fuller /oiynonymy, see Scwa~cl (00) p, 162. II Nutborat (04~). 
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Frond Vetio\;\tc, in ~ome forrw; the petiole Uear~ four linear 01' o,,3.1-
lauceo]flte Jeaflet~ h~l\-ing tl dis.tiuct midl'ih nnd oblique tluast.oll1osing 
veins. In otbf'J's a shorter winged petiole Lea l '::; one 01' tW(J short.er and 
broader, .somewhat o\x:uneatc, leaflets without It midr'ilJ. 

It is probable that Bunblll'yl was con€!ct in his opinion that 
th~ specimen figured by Lindley and B uttOIl' as Otopte1'is 
cuneata, ChilJ";_lcten.c-ed by two leaflets (fig. 328), is not specjficaJJy 
distinct ii'om the norrnal forI]] '\yith fOlU' l{JaAets (fig. 327). 

Similarly , such specimens as that represented in Pl. xn u., 
fig. 3 of the first part of my Jurassic FI01'a, in which a short 
stalk bears only one leaflet may, pl'o\'isionally at least, he 
included in Brongniart's spec1es, ):"abe 3 describes a. form with 
two leaflets from J-urassic rocks nj' Korea as Sagenopteris 

FlO. 328, 8(/!1l'1I01Jtl!)'i~ Pldfll}Jsi. From n specimen in the Mnnchester Uni~ 
vcrsit.y ;,\lll~eum . Nat. size. 

bilobat« whicb resembles S. Phill'ipsi; "Del M.oeller· recorels 
a specimen similar to that rept'csented in fig. 328 f i 'OIlI 

Bornholm as S. cu"eata (Lind. and Butt.). 
The leaf shown ill fig. 327, A, in wbich the longest segments 

are 4'5 cm. ill length, represents the most abundant form and 
illustrates the \'ery clos(: agreement betwcun S. PltillipS'i and 
t he Rhaetic species S, 1'!toiJ'vha. Fig. 327, B, which is drawn 
from a specimen figured by Lindley and R uttan', shows a leaf 
with longer (6'5 cm.) and much ll<.l,.rrower segments. Broader 
leaflets are occasionally met with in which the lamina !'eaches 
a length of II elll." 

L al;:es with leaflets narfOwer (3 mm. broad) t han those 
] Bunbnry {5 1) A. :: L indley n..nd Hutton (35) A. PI. CLV. 

:1 Ya.ue (Oii) 1'1. tn. fig. 16. ~ Mo~ller (02) PI. \'1. fig. 10. 
~ Lindley and Hutton (33) A. PI. ],xru. fig. 2. 6 Sewll.rJ (00) p. lu9, fig. 2ll. 

t:i. IJ . 31 
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represented in fig. 327, B, are described by Zignol from J urassic 
bcds of Italy ,)S S. w>[J,>stij(;li(l "nd by Moeller' from the Jurassic 
of BQl'uholm uS S. P/I1:ll-iJJsi f. l'usilla. A coarser type (,f 
vemlwon th::tD that of S. Philli'psi is occasionally found 1n 
JlII'a,~sjc exa.mples, as in 8. fj1'andUolia F(Jnt.~ from On~gon and 
S ..• r '" t/wrsti Barth. ii'O IT} Eornholm~. 

Sagenopteris if; rl.;'co rded also fro111 sm'eral Rhaetic tioras. 
Thl' hest, known SP('Ci(,5, S. 1'hvijolio Y)'('sP, is hardly dis
tinguis h<1hlC' from .sOfll e fo r1lJs of S . Phillipsi or from the Italin,ll 
Jurassic !'.pec.:ies described by Zigna as S. Goeppert1'alltlll, though 
the leaflets are lli'iUa.lIy rather larger. rrhi!'; species was fir:5t 
described by BJ'oJ)gJ)ial't ;lS Ji'ilir;iles }lilssom'ana\ ann ::1 few 
;Hl thor~S hnve adoptled this specific n;lJl)e L('('all~e of iLs priority 
o\'(~ r Pl'esr~ de.-.:ignnt.ion. A~ Xathon;t remarks, til give Ul) 
thL' wdl-knowll nn.me 8. TbOlfoliCl fot 8. NilSSOlli(lll(l is to m~re 

pt'daTltry." The epidermi s vf S. ,"hoifolio as figul'ed by ~che llk \' 

CI)Hflists of cells with st raig h t tl.lld nl)t undulating w:1lls: 
f.;t,Ulll .. lt:1 occur OJ] tht) lower ~Ul'f;'lC~' (fig. 320, B). 

Rhat'tic l e~t\'es (If the l'Y1!C r'cvres(:!tlted by S. 7'ho~l(Jl ia hare 
a wide geographical diRtl"ibution. 

The Rpecimens described hy F eistmantel from the Dam uda 
series () f India. as Sagellopteris lu'Ogifolia arE' no doubt fronds 
of Glossopteris 101/[li(0Iin '". 

The "·calden species Sageliopteris Afuntelli (Dllnk.}U agrC€s 
closely in habit and ill the form of the ImRets with 8. Phillips; 
and S. ,·/> oifalia. It is prohable that SOlllC of the leaves 
described by Yelenovsk.y l;; from Lower Cretn,ceolls rock~ in 
Boh emia. as 1'/dnnfeldia 'l){wiacbih:s are porti ons of ::3(1genopteris 
fronds. S.ldantelli is recorded from several European localities, 
from Cali1orni1l 13, and elsewhere . 

.J Zigno (."i6) A. PL XXL ~ ~()elJer (02) PI. \"1. figs. 8, 9. 
:j Ward (OiJ) Pi. K\·. fig. 5 . 
..I Bartholin (92) PI. \'. fi g. Q. ~ Presl, in Swrnherg (B8). 
II Zigno (56) A. Pis. UI. XU!.: itnciborski (!H) A. PI. l::X. figs. 13-1B. 
t 13roDgllilLtt (25 ) PI. XLI. tig. 1-
8 }~olltt1jne, iu Ward (0,)): Salftl lJ (09) Pl. I. 9 Schenk ((;7) A. PI. XUl. 
10 Arber (05) p. 75. II Sewf\rd (94·~) A. p. 130. l~ Veienol'liky (8S) PI. U . 

13 FOlltaiue, in Ward (05) PI. LXV. Newberry's Chiroplt l'is 8patu{lItl! froUl 
Montana may he (ound(!d on lea.flets"oC SiJ.!Je ,wpteris Jljllllltili. Newberry (91). 
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Sa,qenoptel'is appears to have been widel], distribu ted during 
the Rhaetic, Juras!=;ic and 1.0 Wf' 1' Cretaceons floras. The very 
great sjmilari ty between the specimens recorded frum these thl'e~ 
fonnation~ renders the genus un Ullccl'tJlin guide in regard to 
geologi c;:!..1 age. Decisive evidence as to its posit ion tn the 
plant kingdom is at present lacking : the indusia!) of the genus 
as a possible member (.f t he R~\'r1l'opteri deae has st ill to be 
jU5tifi ~Ll. 

31 -2 
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GEKEHA OF PTERIlJOSPERMS, FER"~, AKD l'LAKTJE 
JNCEIIT.1E SEDlS. 

THE genel';)' and species described in t his CtH"1l'tt:l' are 
founded On steril e leaves or portions of leaves, and in the great 
lll 1.tjol'ity of cases the reproductive organs un: either imperfectly 
known OJ' have still to be discovered. Sornc of the genera, the 
sma.ller lHlnLber, arc DO doubt true fern::-, while most of t b C!m 
may safely be regarded as pla.nts whicb will ultimately be shown 
to belong to some other group, in rnost cases t bat. of t.he 

P tericlosperm rs. It is p()ssibJe t.bat a few of t he types may be 
mem llers of the Cycadoph ytn TaLher than of t he PLeridospcl'meae, 
but evidence as t() systematic positioh is for the most part of a 
negative kind Ot too incomplete to lead to any definite expr ession 
of opinion ilS to the cycadea.n or pteridosperm na.ture of the im
perfectly known Pa.laeozoic or M('sozoic species. Many of the 
genera are of littk· botanical interest, t hough even the most prob

lematical are of importance as criteria of geologicaJ age. Genera 

which there is good reason for including in the Pteridosperms 
are dealt wit,h in this section, in order that the Chapter in 
Yolume nl. devoted to this importan t gl'OUp may be limited 
to more completely known types. 

In most text-books it is customary to eU'Iploy family names 
for sterile fern-like fronds · which possess similar venation 
features 0 1' have in common certain vegetative characters, t he 
value of which it is impossible to estimate. In the lollowing 
account family 0 1' group names are not adopted, on the grollnd 
that such slight utility a~ t he)1 may have is more tha.n counter-
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balanced by the " is\;: d.ttending a grouping undBr one name of 
plauts ·which may agree only in 1I1iessentiai characters. The 
practice of classifying f\)ssil plants has been ca .. rricd to excess. 
Gl'ouping together genera as a matter of convenience unavoida.bly 
creat,C.!s a prejudice in tfLYOUr of actual relationship, which may 
Ol~ may not ex ist. 

T aeniopteris. 

This generi c Imine was instituted by Bl'ongniartl fo1' simple 
linear or broadly lillear Iea\-es w-ith ll. prominent lnidrib from 
which secondary ve infl , simple 01' dichotomously branched, an.' 
given off at right n.ngle:; (JJ' obliqlle ly. The frond of the typf'
species Taelliopten's t'ittuta (fig. a:32), characteristic of Jura.ssic 
floras, was ('ompal'ed by Brongniari, with the ])inl1nles of D((1I(wlt 

~lnd A?lgiopteris. Among recent fcrns the Taeniopteris forlll 
of frond and venn.tinn is represente.d by Olealld-ra 1Iel'i~fonnis. 

AsplewiulI? lIidus, and lUelny other spe(·ic8. Though usually 
applied to frond!'! which there i!-; guod rC'flson for regarding as 
sinlple lcave~, the generic designation Taeuiopte1'1's has been 
extended to include pinnate fronds , e.g. the u prer Palaeozoic 
species T. jejllllatCt Grand'Enr.v, and T. CanlOti Ren. and Zeill. 
(fig. 3'10, A). 1'be compound fronds fi·oUl (,he Lower Coal
~'.1eaRUl'eS of Missouri described by Dr"Wbite 2 as ']'. 1nissomiensis 
are characterised by decurrent and confluent Tap.niopteroid 
pinnulf's. In f1 later referencc 3 to this plant Whi te pertinently 
adds, " perhaps it belongs more properly in A letllOpteris." 

Leaves of the Taeniupte1is ty}Je are described by several 
authors as species of Oleandl"l:dt'wn, A11giopte1'iclittm, Dal1aeites , 
111 arattia, and other genera. In such species of Taeniopteroid 
leaves as have been dea.lt with ill a former Chapter, thl' 
occurrence of sori justifies the substitution of a mune denoting 
a close rela.tionship to existing Dlel)} bel'S of the i\Iaruttiaceae, 
but in the ahsence of fertile specimens the provisional designa
tion Taellioptel"is should be r~tained . It is often difficult to 
decide between :J'aeniopteris and jV·ils8onia as the more suitable 

I Brougnisrt (28) A. p. 61. 
~ White (99) p. 143. 

~ White (93). 
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name to apply to fragments of fossil leaves tof Mesozoic age. 
'l'ueniopte1~is 1S. however, distinguished from the Cycadcun genus 
by the gre~te r prominence of the rachis, also by the dichot,omous 
branchjng of the seconda.ry veins, llSUaJJy close to their or.igiJ) 
nnd ~)t varying djstanc.es bcbveen the axis of the frond and the 
edge of the lamina. Th e genus J'aeniopteris, though m~st 
abund:ult in Rhlletic alld Jurassic strata, occurs also in Upper 
Carboniferous and Lower Permian rocks. The generic name 
Nacrotaellioptel'i8 instituted by Schimperl has been llsed for 
leaves differing only in s ize from the lIsunJ type of Taeniopte,'is. 
hut there is no adequate reason fol' its retention. 

The species included in 'Paeniopteris afford no satisfactory 
€"'idence as to t,beir s),Rtema.tic posit jon. Jt is obv]ousJy unwise 
to adopt such generic titles as o lea11dridiu'1n) ilfa,?'att1'oIJs{S, etc., 
mere ly because of J'csemblance in the venation of sterile 
fragments to Oleand1'({ or 'M n.ra,ttin.ceous ferns. 

Some specimens of Taeniopte1"is fronds described by 
Mr Sellards2 from Permian rocks of Kansas, which are referred 
to later) hav e furnished unconvincing evidence of reproductive 
organs. 

Taclf'iopte1'l's lIwltt·n.m-ris, \Yeiss. Fig. :)29, A. B. 

Tbe late Dr Weiss' instituted thj~ specie., (which he rle.ig
nated 'Paeniopteris multinervia, though the specific name '1nu,lti
'I1e"'1)i& is constantly used) for a fragment of a leaf from the Lower 
Perluian of Lebach characterised by numerous forked veins 
gi\"en off at right angles from a prominent rachis (fig. 329, B). 
This type of frond i recorded from the Perm;"n of Trienbach 
(Alsaee) by Zeiller', by Renault ' and Zeiller' from the Upper 
Carboni ferous of Autun, and from other localities. The lamina. 
of the simple leaf teaches a breadth of G em. and a length 
of 40 em. (fig. 329, A); the numerous secondary veins (25-36 
per em. of lamina) are either at right angles to the rachis 
or given off at an aente angle. The mesopbyll consists of 

J Schimper (6U) A. p. 610. 2 SellardR (01) . 
.t Weiss, C. E . (69) p. 98. l:'J. VI. ng. lB. ~ ZeilJer (94) p. 160. 
'" .RtDBUlt (96) A, p. 1. d Zeiller (gO) PIs. xn. X1I1. 
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polygonal cells so' " e of which are elongated at right angles to 
t he surface of the lamina. A \-ery similar form is described 
by F ontaine a.nd ,Vhite from the Permian of Yil'ginia as 'P. 
Lesclwiunu 1, 

• I t is fu t ile to expect to be able to separate t he numerous 

A 
Fw. 329. A. '1'Of.1Ii(lpl.l' l'i;! 1!t1I /t.i1lI'TI';iJ, Weiss. (8 n Rt. size. After Z('illel .) 

B. 1', mul.ti neTl 'is. (Enlarged. After Zeillcr.) 
C. l.ei;le!l(/ DtlaJomli. (x 2. After Zeil1er.) 

Taeniopttwis leaves into well·defin ed species: all we can do is 
to group the specimens under different names, using as arti
fi cial distinctions such characters :1.S t he shape of the leaf, the 
number of veins per centimetre, and the prominence oftbe rachis. 
Another Virginian species of Permian age described by Fontaine 

1 F ontaine a.nd White (BO) PI. x.x:uv. 
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and "~hite l , T. lYewbe1'1',:ana, is said to l1ear sori , but 110 
satisf..'1.ct,ory init1r11lation is given as to the nature of these 
of·gans. Spccinwns referred with Rome hesitation to this 
species and to a similar species, 1', c01iacea, have been described 
by Sella.l'ds'2 from rnate rial Ctbtained from Pel'mlo.n beds in 
Kansas. The lamina of the simple linear fronds is charactel'i~ed 
hy t he OCCUl'ren <!e of small oval bodies ha.lf .immersed in the 
"lb,tance of t he leaf between the secondary v"ins (figs. ~30, D, E). 
One of these bodies is reprcsmHed in nil apparent,}y d {~ bisced 

con di tiun in fig. 330, D. Sellards suggosts the po.~.ibjli ty that. 
the:>i€ bodie~ flre sporangia, hut, as he poi nts out, t hey aff{Jl'd no 
indication of cellular !:ltructure nor are they in direct COUllcxion 
with r.he \'eins. 

'j'(telliopte1'is jejtlnatu, Grand'Eury:l, 

Thi s species differs from 'J1. 1Iwltinc7''1}1's in its hipiulll1te fronds; 
t lw linear or oval-linear pinnae are attach{jd by a ~ho rt stalk to 
the primary rachis and rench a le1Jgt h of 25 em.; the yews are 
les8 cl'owcit'ci, 12-1:) Pl' }, centimetre. 

T .. jejunat(1_, i ~ record ed hom the Coal -fields of the Loire and 
Comment!'r" 'in FntIJce, from thE! Lower P enniall of Thuringia :', 
and elsewhere'. 

TCLell1:o1,ter,s Ca""oti, Ren. and Zeillel' G. Fig. 330, A. 

This species, founded on portions of pinnate fronds from the 
Coal-tield of Commentr)" is eharncteri",d by rather hroader 
(25-30 mm.) pinllules, with short pedicels and H cOl'date, base, 
reacbing a length of 25-30 em. The secondary forked veins are 
more numerous thflD in 1'. j~ju1'lat(/, In '1'. MlIltine1'm:s th e 
pinnules are still broailer a nd have a stronger midrib. 

S everal species of Tc('eniopten's have beell described frolTJ 
Triasso-Rhaetic rocks in EUrope, India, Tonkin a.nd elsewhere. 

I Fontaine and White (80) Pi. xun'. fiss. 1-8. ! Sellards (01). 
3 Grana'Eury (77) A, p. J71. ~ Renault /l.uil ZeilJer (88) A. 
o Pot-onie (93) A. p. 145, Pl. It \· lI ..... fig. S. 
1/ Renllult and Zeiller (88) A.. p. 282. IJI. nn. fiS. 10. 
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I n some cases it is practically impossible to recof,'1lise clear 
specific distinctions between Rhacl;ic <-l.nd Jurassic types. 

From t.he Damuda and PaDC'het series of India (Triasso
Rbaetic) Feigtm,mtel bas described large sterile fronds as 
.J{acrotnenioptel'is Feddeni 1 which reach fl. bn:adtJh of 20 em.: 
these may he cornpfl.l'ed with the Indian species Tcteniupten:s lata 
OldlU'l.m 2, and to T. giga11tca from the Rhaetic of Franconia:! 
and Scania. A specimen of this species figured by Nathol'st~ 
from Scania has a lamina. 3.'1 em. broad. Other exall1pJe~ moe 
afforded by lif, lV iww'IIwttae F eist. r, frow rooks of the same age 
in Au~tr;:Llla and by l'oeniopter"is superb(1 Sa.p.o from L (l We l' 

Rhaetic f"Ocks lIear Autun. 
Frum the Rhactic of TI)llk in , ZcilJer records several spC!cic:.;, 

among which nm)" be mentioned 1'. Juu1'dyi Zcill.; /l,l1d 
T .• pulldota MacClclland (fig. 330, B, C). Both haye simple 
frond". Th ose of 1'. J ou,.ayi reach a length of 10-40 elD. 

and a, breadth of ] 0-70 mm.: the rachis i~ Ch3l"act,erised by 
crowded and discontinuous t,ransverse folds, and the secondary 
vC'im; (.'35-50 perclll.) am usually ;'.It right angles to the mchis. 
~rhi ::.: Tonkin f-ipecil'::;: is compared by Zeiller with the European 
Rha('tic species T. tenui'le1'vis Braunf:;. 

The polymorphism of the fronds is a !'triking feature: in om· 
c.'l.'~e descJ'ihen by Zeiller tht' Jalllill;l npp€'(1.J's to bl? di\'jdf'd int,() 
segments like tho~e characteristic ot· the leaf' of the Cycadc:an 
genus AlI.omoZ'u1Idte,lj. It is obviously difficult 'in many in
stanCeS to distinguish between deta.ch~d Tacnioptcruid pinnae 
of a cnmpound f)'ond ,me] complete simple JeH.ves. lJ] some 
componnd fern fronds, as in t he recent Polypodiaccolls genus 
Did!Jmacl,laen(lt the pinnllies al'O deciduous, and the same featnre 
llnd oubtt·dJy characterised th e fronds of l"l..1:l.ny extinct species. 
A specimen figured by Zeiller which shows several petiolE.~g of 
T. J am·a.l/i attached to n thick stem~ demonstrates the simple 
natu re of t he lea\'cs. In other cases, e.g. T. ?Jittata, specimens 
occur in which tbe slightly enlarged petiole-base has a clean-cut 
surface indicating abscission from n, rhizome (fig. 332). 

J FcistrnanteI (Bl) A. Pis. XXI. A. XXII. A. 11 OldLAJD and Morritt (68) p. 4I. 
~ Schenk (ii7) A. PI. XXYrII. fig. 12. ~ Nfl.thorst (78) Pl. U:. 

ft Feistmnntel (90) A. PI. XXVII. II SRporta (73) A.. Pls. Ul. Uti . 

.. ZaHler t02) PlB. x.-:uv. p. 60, B Zeiller (02) PI. Xl. fig . 4. 
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The fronds described by Zeiller as 1'. spatula!«l (fig. 330, B, C) 

dosely resemble Jurassic leaves from Victoria referred to 
'l'ne'niopteris Daintl'eei McCoy~. 

l
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Fw.330. A, Taeniopl.l!l'I's Cornoti, Rell. alld Zeill, (r-Ia.t. size. After Renli,ult 
and ZeilJer.) 

B. 1', spatuluta , McClell. (Nat. "ize. After Zemer.) 
C. 1' . 8jlfttulat,a. ( x 3. Afte.r ZeiUer. ) 
D. Snppol'wd sporangium of 1', cOTiocea. ( x 15. After Sella.rds,) 
E, 1'. corim.:. f'(t. ( x 2. Aft-e .. SelJards.) 

Whether specifically identical 01' nut, tbese leaves represellt 
a type distinguished from lhe other species of the genus by 
the stnall breadth of tbe linear- Ianeeolate or linear-spathulate 

j Zeiller (02) PI. XIII. Bor synonymy, see o.l!~o ArUer (05) p. 124. 
, Seward (04) nss. 18-22. 
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lamina, which utay be o-IS em. in length a.nd 3-12 ml'll. 
broad. The lamina is often characterised by transverse folds 
(fig. 330, C). 

T~Len:ioptel'is Ca1""llt!ter~i. Fjg. 33] . 

18,2. 'l'aenioplerilO D'.Iintn'ci, CluTuthers, Qllltrt. J OUl'u. L-i1!t1L SfK:. 
Vol. xxnu. PI. xxnl. fig. ti. 

1883. T. Oarrutllcrl1i, TClIison-"'oods, Proc. Linn. Sou. K. S. Wales, 
Vol. VJfl. p. ll7. 

Fw. aiH. Taellj()J)terig (JtlTruther,:i, Ten.· 'Voods. Na t. size. 

The silDple f,·cnds included under this specific nam e arc 
characterised by a strong midrib from which numerous simple 
or fork ed secondary yetDS ;'l,re gi~len off at a right angle or 
slightly inclined. The breadth of the lamina decreases 
gradually towards the petiole. The A ustralian species named 
by McCoy Taelliopteri. Dai'll tl·eei, to which Carruthers referred 
t he Queensla.nd fossils, hilS a mnch narrower and more linear 
form of frond , Rnd for this l'ea!1:ion Tenison-ViToods instituted :l. 

new specific name. T. Carruthel'si represents a form (If leaf met 
with in Rhaet,ie, or possibly Opper Triassic, rocks in S. Africa' 
and Australia. A very similar, perhaps an identical t.ype, was 
described from Argentina by Geinitz f as T. mU'reyiaca: among 

I Seward (OS) p. 98. 2 Geinitz (7tl) PI. ll. figs. 1-3. 
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lllany other examples of this form of frond n'tay b(: mentioned 
rp. £lit1llerSU1 Nath. from the Rhaetic rocks of Scania and T. 
v£1yulat{f ii'om the Rhaetic of Tonkin :!, 

A com parison of 'l'aenioptel'is Car l" uthel'si or variolls other 
"species I ' of Rhaetic fronds with the Jurassic species 1'. vittata 
illustl't1.tt;:s the slight and unimportant ditfe l'~ncl!s on whi~h 
specific scparfttion is basf'd. I t is hopeless to attempt t,o draw 
n sat- i sf;lCtOlY distinction between t he lJr11l1eJ'OUS 'r a('l1joptcrjs 
fronds from 1_l PJ)~r Triassic and JUnlssjc rocks. 

2'aeniopteris u-ittat[J , Brongniart. Fig. :i32. 

The simple leaves to which B rongnial't a,pplied this nam E' 
>l.rE' characteristic of the Inferior Oolite fl ora of Engb.nd, and 
examples of tho same. type are recorded from J-urassic rocks of 
India, Poland, the Arctic regions, Japan, Chilla, Australia and 
other countries ':, 

Leaf lineal'-lllllctJolate, reathing 11 length of more tblLll 20cm, and a 
brcndth of :3 em. The flllnilllL inCI'C1L')CS graduaHy in hn.:;~dth front tl\{' 
bll.::l{' IUld MI'f' I' . ..; t,owfl.l'dl:l the- IIVex. J\\lIllCJ'O\l!'\ secouclal'Y \'eins fl.!'£' gi\'C11 
off at l'i~ht angles from /1 hroad midrib: the lateral "eills mn,v he simple 
01' forked clo:;e to their Qri:;;;in, Ileal' tile margin, or in the illtel'mediate 
pnl'ti,lU, of tlw l<llllill;~. 

I t i!l exceedingly difficult to ust: 1'aenl·optm·t·s leaves of t his 
form as c \,.-jdence ilJ !'(:!g;-lItl to the J 'urassic or' Rhaetic age of 
plant-be.tl,l'ing strata. . The s pecies T. ten'Uinert11's Brauns, as 
tigured by Schenk' from the Rhaetic rocks of Germany and 
Persia.> and l·ecorde.d from several oth~r regions, presents a. 
(' ]O$;e agreement with T. vittatu. Oleandridimn lentriculi
f"1"me Etheridge" b·om the Hawkesbury series of Australia is 
another similar leaf. The species T. vittutct from t he Yorkshire 
coas,t, represented in fig. 332, shows a well-pre8en'ed petiole 
with 11 clean-cut base like that of the petioles of Oleandra 
neriijo1''I1'Lis and other recent ferns which ate detached from the 
rhizome by the action of an absciss-layer. 

I Natborst (78) PI. xn. 2 Zeiller (02) PI. Xl". 

3 For synonymy and dilltribution, see SewQ.rd (00) pp. 159. B04 . 
.. Schenk (67) A. PI. nv. See ll.ilJO Bartholin (92) Pl. 13._ fig_ 7. 
G Etheridge (942). 
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FIG. 332. Taclliop teris vittllta. (British Museum No. 8921i. 11 nat. si7.e.) 
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inclined towards Qlle ll11othcl' so tha.t ther form with the a.xis of the pinna 
a wide-()pen V in:)tead of lying ill one pJ1:ne (fig, 33:~, 6). From a median 
rib al'e gil'clI oft' lltUne!'ou;s {tW1.5tQnlOsing br<l.llche.~ (fig. :3:)3, B). 

This characteristic W ealden species is rec.t)rded from England, 
Oermany, France, Belgium, Austria, Hussia, Bornholm, North 
AllJ erica,. ;md JapJl.D. It js b)" no mean:.; cel't,aw that Weioh8el~u 
j)/antelli is a lr ue fern: DO sa,tisfactory e riuenct; of fructification 
has beel] acid need. 

The broad and strong rachis is compamb!e with that of 
a, Cycadean leaf and LIlt: Lhick lamina suggests a plnnt of 
xerophilous habit. I bn.ve rt:tailled tht: f:;pl.lci fi c J\,lme 11lantell-i 
on the ground of long estahllshed uS<.lge instead of following 
Fontaine in his adherence Lo st J'ict priority, 

Glossopteris. 

The name Glol}sopteris was vroposed by Brongniart in 18221 
for an imper fect lea.!~impr(lssi on which he ca.I1ed Fil-icites 
(Glos6optel'is) du{n:us, but Lhe !:i peeimen so muued has since 
been identified as part of a sporuphyll of a Lepidostl"Obus. The 
author of the genus aftl::'l'wards publish ed z a diagnosis, b~1.5ed 

on wtdl-presen'ed leaves from Permo-Carboniferous "oeks in 
Austl'alia and I lldj<l, of t.h e type-specie!; (;'lOs8opt.eris lJrowlliunu, 

I,he Indian examples b ein,q distinguished as G, BrO'1.IJllicl1w \'n..r. 
~',)(hc(l while the Australian form was named G, B1'()lL'n iona 
nu·. (wst,·ala.sica. Schj mpeJ'3 alberwards t'aised the Indian 
fossils to specific muk as G. 1'ndica though SOlne authors4 h.we 
continlled to consider the two forms as inslifficienily di:::tinci to 
be regarded as differe[Jt speci~s. 

The genus Glossopter·is 11I"Y be defined M fullows: 

Lea"e~ oimple. varying cOllfliderably ill ::;izc, libape, and veuati\11l 
dHtracte.rs, l..mt almost witbout exeeptioll chal'acteribed by repeatOOly 
am\st;lfuosiug lateral nins. The lea\'eg are of two kiud::l: (i) jilliage 
l"wvt;s; npp..1.rcntly always sterile) usually spl\thul1\te, with an obtuse apex, 
:~ well-mll.rked midrib whic.:h ma.y j>ersi!5t to tbe apex or die out in the 
upper half of tbe ll.tmina, dl8.ractc[·jscd by its slight promiucnc.'C and 
t;Offil'iU'<lti\fe)y great breadth especially in the basallmrt of the frond. I n 

1 Brongnillrt (22) A. PI. ll. fig. 4, ~ Brongnio.rt (28\!) A. PI s. J.XU. 
!I Schimper (6!JJ A. p. lj4,j. " .f Scw8.Cd (97~) A, p. B17. 
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most Vilses the Inlui llJa c:'\ttmd:! as a nn.I'J'OW mlLl'gin to Hie leaf-Im.se, l,ut in 
n. few fOJ'DJS iheJ'!:' is 1J shud. petiole (ng. 33-01). Though usuilll.}' gp;lfJwla.tc, 
the frond lIJay llC lillclll'-lanc('o!aLe, 01' on~tc; the apex il" souwtimc."S acute. 
Lca,\'cs \"llry iLl lenglh frolll :3 to ·W (·m. 11.11(1 lllay ill largm' fOl'll'l!; Iw.\'{! t1. 

hreadth of IOem. :'\unH'I'Oll~ la.teral VCill~ Cttr\'C upwards Il.nd ol1twl\rds 
to tho margin of tbl:l lllmiua nt' pnl'stl{' :\ stl'll-ight CPllh;C nlmo~t. ;\,t right. 
I1Ut"!CII t(, tbe lllidl'ib. tii 1 .'3/'ale-lrut'tJ1I 1 whicll diffel' fmn~ tile foliage·Jea\les 
ju their mudl smal1(!l' :-.izt, ;~Ild ill "be <lb~CI1(;C of,~ widrib; tbey arc doltoid, 
\.II'1J..! ur ('~ol'clate ilJ sLap!' ;~lld generally tcnllin:Ltc in au Il,'ute npex; til .... 
edge of tile luwim\ may he slightly illl'lIlTed so tilnt Lite leaf' l'!'e,,~~l1ts.t 
{'(JIl\'ex lI[lpCl' sl1l'fac(' ~l1pplied wilh allfl..<.;tolU{):$iTlg \'t:liu~, Tile ~c'lle·lea\'c>J, 

which ,'iLIT ill lengt.h frotH ah(llrt I w Gem" IW(lu,',t.I,lr Ilt:Lcd :l~ spvl'llphylh;, 
Tbc ollly c\'idcui,;(' a,.; t.n till: IJ1LtUl'(l of th~ !"r'lu;titil,;atioll '-;11 ffl.!' ol,tailLed 
itS repl'e~ellted by ~Ul}'ty ~lh)ril.ugiuul.ljJ.:e ,-,rt{an>; [ l·;!-l·::' llllll. long by 
().(:;- - ().~ WIll. }JI'(mrl ) J'rt;illJClltly 11;i:;f,ci!ltl.'d witL I.be !oIcIIJe-l{!;l\·c!:i~. 

The le1.l.\'0::8, ill SftlUl! (,;fJ,f;eS III ]ca,;t, were bor ne Ileal' together 011 It 
cdinclt'ical stew ('" l'iJizVlllC I\'hii.:ll l'l'odul'ed lmlllched l1(h-eutiti!lui'I l'oots:l. 
l:he f(J,;::,ii.; 1m,,\; kllOWIJ us l't 'rl t '(h'{(1'i'f WCI't! l'(!ul'gni:-led Ly ZeilJcl'~ and Ly 
Oidbaill" II" the steIn.,.; uf Ulo.<~r!Fl"""Ii . 

rrhe sy~telllatic pO!:iit.iou of Glossopteris lllust for the present 
be left an open question. Though usually Sl,oken of as a. fern, 
it is nOLeworthy that despite the enOrmous abundanc .... of lts 
foliage teu\'cs in t.lw Permo-Carbulliferous strata of India, 
Au::;trfl..lia. South Africa, a.nd SOllth America, no single example 
has lH~en di;:';cL)vCl'cd which shows undoubted remai.n::; of sori 
uJ' sporangia. MaJ.1Y authors han' (!escl'ibed f(:rtile l<:;n-cs of 
Ulossopteris: but it W,lS not until A..l'bcJ:s diRco\'ery of sporangia 
in closu a::.:s()cintion with the scale-leiwes Lhat. anr light was 
thrown on the Ili\ture of the reproductive orglll1s. 

f)_~he probability is tha.t Glossopteris was not a true fern but 
<t member of tha.t large :Lnd evCr-inCl\;asing class, t.,he Pt.erjdo
sperms. This opinion is based largely on D8gnti"e edclence. 
i;uch spomngia as bare been describec] llMJ ha.ve conillined 
micruspores and the pla.nt Illny haxe been heterosporous. The 
occurrence of :;eecls in association with Glm;sopteris fronds 
recorded by more than onc wri teru, though by no means 
decisive and possibly the result of chance association, is fa"our-

1 For figures 8L"e ZeilJer (913) A.; Zeiller (02), (03) j Arher (OS); Seward (9i ) A, 
:l A.rber (Ori~); Sewa.rd (07~). 3 Bunbnry {(ill Pl. XI. 

_. Zeiller (96) A, S Oldham (97); Zeiller (97:). 
d Sewf~rd (97) A. (07:!J; Alber (022J p. 20; Zeiller (90) A. p. 3,,1. 

,..;, u, 32 
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able to t,his ,-jew. Dr Whi te' has suggesteJ that the small 
ICI\\'es described by Zeiller2 as Otto/.;(f'ria bel1galensis from Lower 
Gondwana, (PeJ'mo~Carboniferous) rocks of India, :lod similar 
ii)ssils recorded by himself from Bra.zil tlS U. otmll:f, mllY l'ep,.e

:sent It sporangiferons "organs of Glossoptert's or GU'1Jganwllferis, 

"both of which [lre probably ptcl'idospennic." There is) how
('\"{~)', llO conclusive {'vidence in snppoJ"t of this suggestiun. 

The genus, whaten::l' its fJ!lsj,tion mar be, has;:1, specia1 intereSL 
lor the geologist and fol' the student of plan t distl'ibution; it i:s 
a. characteristic member of n. Permo-Carboniferous tlora. which 
tiourished ()v(:r aD enormous ,qrt:~t, incillding India, South Airica, 
-t'xtending from Cape Colony to Rhodesia and German East 
Afl'ica\-Australia, and SOlltb All'I.erica 4. This flora, known <1 ... \;; 

'he Glossopt,('ris flora., differed c(ln~idprab\'y in it.~ ('omponent 
gdH.'t·;l from that which on:!I'sprcad Eu rope: and Korch America 
and some Inore southern rcgi\)l1s in the Cppel' Carboniferouf!; 
and Permian period~ , 

':Phe discorery by Am,tlitzky" of Glossopteris, and other genera 
ehar;_tctcristic of the Glossopteri.s flora, in Lhe Upper Permian 
rockr.; in Vologda (Russi".) dl!n'\onstrat,es the '~xistence of a 
lWlthem outpost of tthe southerD botanical pl'O\'loce, and 
Zeil1er's discovery of the genus in the Rhaetic ftoraof Tonk..U1 fS 

shows that Glossopteris persisted beyond the limits of t he 
Palaeozoic epoch. D,' David White' has recently proposed to 
I'e·christen the G iossupt<':l'is Aora the Gangamopteris fl ora on the 
ground that Gallglwwpte1"is is strictly Palaeuzoic in its range, 
whel"eas Glussopte1"'is persisted into the Mosozoic eta; this is 
perhaps hard]y a sufficient reaSon for giying up so well 

established a title as the Glossopteris flora. 11. full er account 
of this southern flora must be reserved for another volume. 

1 White (08) p. ,-,a5. !! Zeiller (02). 
:l Potonie (00). 
4 Sewa.rd (0,13) : ZeHler (tl7:I); Arber (0,)) p. 17: D, White (07). 
:. A.mnlit1,ky (01) ; Zeil1cr (!JB~). ij Zeillet' (02). 
7 D. Whit6(07) p. (i]7 (footnote 2/, 



XXVII] GLuSSOPTER IS 499 . 
Glossopte:ris B1'owniana, BrongniarV. Figs. 334-36. 

The. specific nftme Bro'Wnianct is now applied to ohtuscly 
pointed leaves w])jch sometimes r each a Jength of J5 em., bu t 
a T.e usually rather shorter. In form and venation t hey closely 
resemble the leaves of the recent genus . .d ntl'opl'ywn and 
species of ACl'ost.icAwn. Th e cUlnpn.rat iveiy broad midrib tTI .. ty 

be replaced in its proximal portion by several parallel vei ns : 
ftom it are given off num erous lateral veins which form a 
reticu lum characterised by meshes al)proximately equal in size 
and elongated in a direction parallel to the general course of 
the secondary veins (fig. 334). 

'rhe drawings. originally published by Zeiller', reproduced 
m fig. 335 illust rate the venation and its range of variation: 

, For synonymy, see Atber (05) p. 48. ~ Zeiller (96) A. 
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the Il'lesl1Cs .. we usually hexagonal and n.J'ran~ed as shown in 
figs. A and B. bllt nccusiOMlly \fig. 3:,5. C) they follow a more 
steeply j nclil1c,d COIl l'SC. 

Small leaves with a morc or less distinct mjdl'ib, 2-8 em. 
in letlgLh, supply transitional stages betwceu tollage· and sC'l. I(,
lcaves. 1J) the trite s(,fllE'-\e~\,\'es spreading and occasionally 
nnastommsing Yein~ take the plaeL' ()f the midrib :tne! lateral 
"t'in.;.; of the (lrd inm:r hondo )lcCoy 1 in describing some 
AU $;tralian ~pecimen~ of Gtossopter£s in 18-n ~poke of' sca le- like 
nppt ndages (I f the rhizome which he comp.:tl'ed with the large 
l';un enta of .li cruslidu_wl_ allll other f('rn:s. It w .. tS, however, ZiJi ll er:! 

FIG. 335. UlU~;iO}}I(')'i" lJrDltlll(l)/(I, Brongn. (Aftel' Zei\lel'. x ::!.) 

wh,) nrst 1'f:cognlsed the le;1f-nn.turc of these seales and ade
qnately described t hehl ; additional fi g ures of scale-Iel\.vcs have 
been published by ]iiI' Arber " and by myself'. The import
ance of these small lel,,"es has been considerably increased by 
1'1 I' Arber's discovery of associated sporangia which , as he 
suggests, 'were probably borne on theit lower concave surface. 

The sporangia (fig. 33G) fue compared by Arber with the 
. micf'O.sporangia of recent Cycads and with the Palaeozoic 

sporangia de,cribed by Zeilleras DiscoptBl'is RuLlii (fig. 250, D); 
the latter arc distinguisl;ed by the well-defi ned group of thicker 
",ailed cells representing the annulus of tru e fern sporangia. 
We know nothing as to the contents of the Glossopteris 

, McOoy (4 7) . :l Zeiller (!16) A. 
:J Arber (OD); (O[J~J. • Seward (!i7) b. ; (D7) . 
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sporangia, whet~r they contained 11licrosporc::; 01' whether they 
are the spore.ca..psules of a homosporous plant" 

The rhizome of Glossopter'is BTowni(l,uct has been 1.1escl'ibed 
in det .. til by Zej II OJ', who first ne1l1onstnLted tha,t the fossils 
o ~j 6.-jnal1'y assigned bJ' Hoyle t to the g-ellus TTe1'teb1'01iu represent, 
the stem of this Mld , :lS we n0W know, (jf SOll)(' ot,ho)' specie$ of 
Glossopteris. lTcl·tebraria (lecnl's in a.bundance in Permo-Car
boniferous stl';1.ta in association with Glossvptel'is: the difference8 
between Austl'n,ljau , Indjan , and South (;)J"II~, thClIlgh t:'xp)'essed 

li'),;. 33(i. GlOSSflflit' rill HrOll'II'iinW, Brongn. Sporaugiu.. ( x ::10). After Arbp-I'. 

by s]lecific names, are insignificant. rrhe stems are mmally pre
sen-ed jn the form of fla.t.tened, single or bl'anch(:'u, axes sometimes 
bectring slender hranched roots and characterised by one or two, 
Or less fr-eqllen,ly ,hree, longi,"dioal gmo\'es or ridges (fig. 337) 
from which h1.teral groove!; or ridges are given off at right angles, 
dividing the surface into more 01' less l'ectanguial' areas 1 em. or 
more in length. The surface of these anms is often slightly 
convex and in some specimens the outlines of cells may be 
detected. M,. Oldham has described 50l11e interesting examples 

I Royle (33). 
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of Vertebl"al-ia from I ndia in which the longitudinal and trans
\'el'se groo\'cs arc occupi€>d by a dark brown ierruginous substanc:c 
or by the carboniscd remain. of plant-tissues (fig. !>38, C, D). 
In transverse sectioll, a Verie/Jntria cast a.ppeal's to be divided 
into a number of wedge-sha.ped segments radiatillg from a 
common ce:nt,re. Prof. Zeiller l has figHted specimens (if lTerle
brm>£a, with portions of Glossopteris fronds still attached. 

A 

FlO. :137. J-llI'le(n'ufict indictl, noyle. Nat. size. (After Feistmalltel.) 

The rhizome of Glos.opteris, as ""presented by the Verteb,mio 
casts, is aptly compared by Zei ll er~ ·with that of the recent 
Polypoclia.ceous fern 01lOclea si't'llthiopterz's. Sections of th( 
recent stem (fig. 338, E, F) , how that the form is irregular l) 
stellate owing t;o the presence uf promincut wings wbid 
anastomose laterolly at intervals as shown by the exarninatiOl 
of a serles of sectjons. Th e Jeaf-traces lIJ'e derived from t hl 

steles of adj 'l"ent wings. F ig. 338 (B and A) represellts some 

, ZeiU", 1961 A. ~ Zeillcr (n6) A.. 
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what rliagl'rt,mm. tically <\' longitudinal and trn.nsverse view of a 
lTel·tebrm·ifl: t,he radi:1ting arms l'c pre!ionkn in the tmnsverse 
section (fig. A) a.rc the' sLB rn ribs or rrings and the ~egments 
between t.hC111 arc intrusions of s dimcntary InateriaL The 
rectangular areas c·hamcteristic of the surf .. lcc of a. fTe1'telwariu 

.. tre the; intruded spgment~ of l'ock: the:-sc arc sepal'[ttco at. 
inten'als by tnl.nsvc l's~ groo\"t:~, which mi-uk the course of 

A ~-·' ''''. 
: ~ , 

. . , ' 

B 
, -

. 

C 

FlO. :~as. A. B. J",'rle/Jr(lri(J indica . (Af~pr Zeiller.) 
C. D. V . inllica.. (Nltt. si%e. After Oldhalll.) 
E, F. V'lOdea slr(trltioptl'rig. (x 2. After Zeiller.) 

va .. '3.cnlar strands gi Yen oft' at ea.ch anastomosis of the longitudinal 
wings to s\lpply th e leave" 

Mr OJdhltrll, who discovered the connex iol] bet\'veen Gloss()
pte1'is and Yel'tebtCL1·ia. indel)cndently of Dr Zeiller, does [lot 
agree with the interpretation of the structural fentures of the 
rhizome which Zeiner bnses on a compa.rison between Vertebl'uria 
and Onoclea strutitiopterl:s. Oldha.m 1 descr.ibes Vertebruria, as 

1 O!dhulU (9i'). 
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consisting of a. central axis" joined to an ollt,er.,rincl by a series 
of l'ilclial septa," th e- spaces between the septa being div ided 

FIn. 33\). ntOIJ/lIJptf'ri;: fronds ntttl..Cbed 'to rhizome. (From 11 specimen lent hy 
Dr Mohlcllgrllllff. Considerably reduced.) 

ioto chambers hy transverse partitions. His view is that the 
rhizome of Glossupteris \Va!' a ~ylindrical organ and not an 
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irregularly wing~d axis like the stem of Onoclea. Zeiller 1 hM 
replied in deta.il to Oldham's inLerpl'etn,tion nnd adhercl'{ tu hi1' 
original view, that the rhizome consisted of a solid R.xis with 
radial ,,·jugs or flanges which at intenals anastomosed trans
versely in pairs at the nodes. It may, however, be possible that 
tl;e spaces between the longitudinal a.nd transverse grooves on 
a VerLE'bl'aJ'ia axis, which have heen filled with the surrounding 
rock, were origi nally occupied in part at least by secondary wood, 
and the transverse strips of carbonaceous material 2 lying in the 
groo,,~s may represent medullary-ray tisslle and accompitnying 
leaf-traces. The longitudinal striations seen in some specimcu!-; 
of Vel'teuru1'ia on the areas between the grooves may be the 
impressions of woody tissue. It is impossible without the aid 
of more perfectly preserved ma.terial to arrive at a. sa . .tisfactoI'Y 
conception of the structural features of a complete Glossopteri~ 
rhizDme. 

In the specimen of Glossopter-is Bl'ownianu shown in 
fig. 3:19 several leaves are attached to an axis which shO\ys 
none of the surface-features of Vertelwal'ia. I am lllde:btcd 
to the kindness of Dr Mohlengl'aaff of Delft /01' tbe loan of this 
specimen which was obtained from Permo-CarboniferollS rocks 
in the Tl.'ans\·a.:'ll. An axis figured by Etheridge ~ from. an 
Australian locality bea.rs a tuft of Gl<;ssopte'l'is leil\'es, pDssibly 
G. Browniana; in place Df the rectangular areas characteristic 
of Vertebno'ia it shows transyersely elongated leaf-scars or, on 
the interna.1 cast, imbricate rod-like proj ections which Ethel'idge 
suggests represent vascular bundles. 

GlossuptlJ1"is indica, Schimper. Figs. 340, A, 341. 

It is a question of secondary importance whether Dr not 
the fi'onds which Brongniart spDke of as a variety of Glossupte1'is 
B1·owniana should be recognised as specifically distinct. The 
careful examination by Zeiller of t,he venation characters has, 
however, afforded justificl.l.tion for separa.ting G. B~·o1.Un'iana and 
G. indica. We must admit that the slight and not very constant 

I Zeitler (02). ~ Zeiller (02) PI. \. fig. 7. :j Etheridge (94). 
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differences in the !:Size and form of the meshcs"pmduced by t he 
anastull10sing of th e lateral vei ns a re cbanH:ters which cannot 

1")0, 340. A. GIW8f)j)ll'r i Ji indica, €c}Jimpel', I! nnt.. size.). 
n. Gloc81.1pUI'i6 (mflUiit~(oJi(J. Brongnin.n. (Nat,. size.) :From .Arber, 

after Feifltmantel. 

be recognised a.s ha ving more than a secondary value, though, as 
n. mat,ter of cODveujence, we employ them as aids to detel'mina-
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tion. The ru_.b.itT'al'Y separation of sterile leuves, which differ by 
smail degrees from one another in fOt'm and in the details of 
venation , by the applicatiolJ of' specific llames is a. t ha.nkless 
task necessitated by custom and convenience; it is, however, idle 
tq ignore the artificial basis of such separa t ion. Mr Al'uel' has 
recent /.I{ published, in h is valuable Glossopte1'il$ Flo1'et, nn 

analyticnl key \'I'hich serves to facilitate t he description and 
determination of different types of frann t. 

The large lea\7es of Glossopteris 'indica, J'enching a length in 
extrc' lU e cases of 40 em. and a. b rcatltb of ] 0 em .. arc <:haracterised 
by a rather gr~atcr regularity in the armngement (if the 

FIG. 1l-U. Gf!wwpleri;: iudi/'II. Sc'llilUp. ( ~: ;~, I Fl'OllI :\l'her, afr.er ZeiJ/er. 

meshes and by the greater parallelism of tho upper and lower 
side" of each mesh (fig, 341) "oJ by less difference in size 
between the vena.tion meshes tha.n in O. B1'oUl1l1:ana, the leaves 
of which are usually slllaller. The l'elati" cIJ thick epidermis 
consists of rectanguhll' cells with stomata in depressions :!. 
Th e scaJe· Jeu\' cs:i, rather la.rger t.han those of G. Bl'uwniuna, 
are more or less rhomboidal wi t h munder) angles and 1'(·nch 
a length of' 1'5-6 CI<1, and a breadth of 1 '5-2'5 Clll, The 
rhizome is practically identical with tlHtt of n. H1·01um:(f .. /la~. 

This gpecies OCCUl;S ill great abundance in the Permo· 
Carboniterous rocks of India, Australia., and in various parts of 

1 Arber (05) 1" 47. 
3 Zeitler (02) ; (03). 

:: ZaHler (96) A. p. iSGS, fig. 13. 
~ Oldha.m (97). 
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South Africa, and elsewhere. It has lJeen recognised also by 
AtnuJj tzkyl in Upper Permian beds in Russia ;tlld b." Zeiller in 
the Rhaetic series of Tonkin ' . 

Gf(lsJ'opteris wigust?!oli{_1, Brongnia'l't. Figs .. 'i40, B ; !U2. 

I t i$ convenient to retain t his designation for liueRr fronds 
wi th an a.cute or obtuse apex f\ud it. venation-reticulum 
composed of long and nfLrro W rnt:shcs (fi g. 340, B). It is by no 
means unlikely, as Arber sugge!St~J that the same plant may 
have pl'Odl1ced lea \'es o f the G. z'nd('ca type and na.rrower fronds 

which conform to G. angust~rolia. In his description of some 

Fw. 342. GlolJ~f)plrr;" ~1):,u.~/~foljll \'al'. l(li'Jl'iopter(lidl'iI. ( x 8J.) 

Indian specimens of G. i'l1dl:ca, Zeiller draws attention t·o the 
variation exhibited in regard to the extent of aD<\stomosing 
between the secondary veins: some examples with ,'cry few 
cross-connex ions agrcp more closely with TaenicptC1"is thn.n 
with Glu8soptertlJ' as usually de.6 11ed~, The \-ena.tion shown in 
fig. 342 illustratl!s an extmme ca.se of' what is almost certainly 
a Glossopteris leaf of the G. (wf1u"tifolia type. This specimen, 
which '~"'as disc::oveted by Mr Leslie in the Permo-Carboniferous 
sandstone of \~ereenigjng (Transnlal), has boon referred to a 
variety of Brongniart's species as G, a1igustifolia, vat'. ta,eniopte
?'oides 4 on account of the almost complete absence of any cross
connexloDs. The reference to Glossopteris, which my fl' iend 

1 Amalitzky (Ol). 
~ Zeillel" (02). 

II Zemel" (03) PI. X\"l. 

~ Seward and Leslie (09) p. 113. 
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Dr Zeille l' sllgge!tted. is a.mply jushficd by the fOJ'll) rd' t.he leaf 
as a whole, by the angl e nt which t.ht· hlteral yeins lea\'c the 
midrib, a feature ill contrast t,o the wider angle at which the 
lateral veins al'e usually h'iYcn off in 'l'aell'iopte1'l's (figs. :1ZD. 332), 
;ll~d by the s.i mJbrit,y to the Illdinn specimens already mentioned. 
Re\'eral ftllthol's have described k'nvt's {ll' leaftNs lIndi . .'r tJhe gellcl'ic 

Fw. B4i}. Blec/lllo.ryloTl faloru!wrellse, Eth.: Ii, s<:ale-lesr€s: x, secondnry 
xylem. (Atter Etheridge. A x:2; B x 3; C much enla.rged.) 

name .Megalopteris l from CarboniferOllS lInd Pel'lnian rocks 
which bear a. close resemblance to the South Afl'i c.-"1ll variety, 
but in some cases iLt. least Afegalopteris is kuown to be a pinnate 
and not" simple leaf. The leaf figured by Jack and Etheridge 
as l'aem.'opte1'is Sp.2 from Queensland may also be an example of 

1 Dawson (71) A. J)I, X\'l1.; l~ontu.ine and White {SO) p. 11; WhiLe (!)[i) 

p, 815; ArbeJ' (O,:?) p, 307, Pl. xx. 
= ,lack and Etheridge (92). 
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(flOS80]lter£s. Comparison Inay be made also with the Palaeozoic 
leaves described in the fil'sL instance by Lesql1ereux alld more 
recently by Renault and Zei lJer as speoies of Lesley" I (fig. 347). 

Bleclllwtcyloll talb1'agal'ellse. Etheridge. Fig. B4:J. 

U udel' this name Etheridge 2 described some sI.Jeci mens 
frOlI) the Permo-Carboniferous Coal-l\'I"easurcs of :r\ew South 
\Y"les. , .... hith he regal'cIA as n fern, CC'Illll)<.l.l'able, in th~ possession 
uf a cylinder of second.:u'), xylem, with the n'ccnt genus 
Botr!jchiwH. a,nd with Lyginodend'1'oll Hnd other member~ of 
t hI.:! Crcadofilices. rrhC! slender axis (I-a WID. in diameter) 
appe.'lJ:s to consist of a zone of nldj:)lly djspos('(i tjSSUl' 

(fig. 3,13, C, ',), which is probably of thc' nature of secondar), 
xylem. enclosing a pith and surrounded ext(lrnall~' by imperfect ly 
pl'esen 'ecl remnants of cortex. Unfortunately no anatomical 
details could be made out, hut the general appearance, if 
not due to inorganic !Structure, cert.ainly supports Etheridge's 
det,erll1inatloll. The stem bore at interval!'; clusters of linear
lanceolate leaves (reaching 12 mm. in length) in c)o.~e spira-Jf-; 
\fig. 343, A and B): the lel],l'e. are characterised by a strong 
1I1idrib and fOl'kt:!d secondary ,'e ins. Small "pyriform" bodies of 
the na.ture of sca.le-leavi:s occnr in assocjation with the fronds 
\fig. 343, B, s). 

In his description of' this interesting plant, Etheridge quotes 
an opinlon which I expressed in rega.rd to the comparison of the 
stem with those of Botrychiunz. Lyg·illodelld1·on. and other 
genera. No satisfactory evidence has been found as to the 
nat.ure of t.he fructification. Altbough the leaves of' Blechno.vylo>l 
are much smaller than those of Gtossopterili, I am now disposed 
to regard the genus as closely itllied 01' even generically roferable 
1,0 Giossopt,,·is. The crowded disposition of tbe le",ves is like 
that in Glossopteris, shown ill fig. 33D and in the figures published 
by Etheridge and by Oldhani; the association of scale-leaves 
and foliage-leaves is another feature in common. The a.bsence 

1 Lesfluereux (i9) A. Pl. uv,; Renault and ZeiJIel' (88) A. PL :urn. Sec 
J).517. 

: Et.beridgc (99). 



XXVll] BLECHNOX Y LON .5Il 

of a reticulum of .anastomosing veins can no longer be considered 
a fatal oq,jection to the suggestion that t.he Aust1111i~n typt 
may be a species of Glossopteris. If tIle view that Bleclwo:tyl(J1J 
is not a distinct genus is COI'I'('ct, t he OCcnrrf!Dce of second~u'Y 

FlO. 344. GlOiiS(1pll!ris 'rei/jew . (~at. size. From Ar~e]· . after Feistmantel.) 

:xylem is fa" ollrable to the opinion already expressed that 
Glossopteris is mOre likely LO be a Pteridosperm than a. true fern. 
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The ciat,;l, oj, present available render it ad1;>isable to retain 
J\lr Etheridge's naml\ : th e comparison with GlOSSOpt61'·is lacks 
('( Infirmation. 

(,'loltsopteri ... 1'etl/el'a , F eist. Fig, 344. 

Tn iiLlrne GlofSsoptcris le.tves the anastomosing secondary 
\'eins form ;1, COilr~{' l' ret iculuw, a,"J in the exantplc l'cprE.'Sellt£.'il 
in fig. :-iJ.l-_ Th E' l1a111(' U, ?'(;U/r31'((, W::\.S given by F~istmantel ' 

to ludian frllod s of this type: simjl:u funllS have been described 
ilS G. c(J/(sjlicua and G. Tutei. The type illustrated by U.1'8tije1'a, 
i ~ recorded n1::.0 fr0ll) Penno-Carboniferous rocks in Zllluhl.nd~, 

~atal , the Transviud , Cape Colony, and t he Argentine. 

Gangamopteris. 

III IK .. H McCoy ::! described a luaf-fl'ag mcl1t from Permo
Ct1.rbonifel'ulis r0cks in Nt· w South \rales as C'!Jcloz;ten's 
lwgW:>'t1/u[?"a. Th e typ, '-:o;pce; jmen uf tbi~ species, 'which is now 
in the Sedgwick Museunl , ();-1.mbl'idge, has bf't:11 re-de~cribed 

by Mr Arbcr~. Subs~queDtly;' lIl ceo.)' i_Dstit.uced the geueric 
na}Df' Uungurnopteris fur leaves, like tha,t prevj(I!.lSJr rdern:d 
by him tv Cyclopten's, from the Bacchus Marsh Sa.ndstone of 
_X l' \\' ~outh ,,-'alm:i, Lu t he did no t publish a diagnosis uf t,he 
g-t:llUS until st'Yera l YU<lfS laLel'u, F eistruanteJ', wh o has 

dtscrlbl:'d HLaDY spt:ci e!::; of Gangamopte-ris fl'O Ill the Lower 
(:ondwana stra.ta of llldi:.\, slightly mcditied the origl1Jal 
dingnosis. The genus is represented by sterile fronds only. 
We know not hing of the stern, and such evidence as is available 
ill regard to the form of the fertite leaves is of a ci rcumstantial 
kind. 1t is, however, highly probable that Ga,lIga,1I<opteri6' is 
not a true fern but a. Ptcl'idosperru. 

Le.a.\'e~ ::,iUllJle, scs8i1e, vUJ'j,jng il1 l1bape j obonl.tc 01' tlpatbulate, broa.dly 
Janceo},tte 0 1' mre1.r HUBal'; the /llJCX ;8 usually bltwt (fig. 345) but 
oC(;Usionally gl'a.duaily. tapered, in general {!'Pll&'l.l'[lm:e IJ, Gang:aluopteris 
leM is l:>imilllJ' t.o tlwt of (ilu~opte1'ill 1'n(lica, t.he chief distinctioll being the 

] Feistwn.otel (80) FIR, XX,'Ul, A .. XLI. A, ~ Seward (07). 
:t :\lcCoy (47). 4 AJ·ber (!12~). $ McCoy (60) p. 107 (fOf'tDotfl). 
#I McCoy (75), ' Fcisclll&ntel (79). 
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absence of i'l. midrib . • Oangilmopteri:=; lcan~s nrc on the whole larger thau 
thor;e of GloBSopter£s; many of theln rCiwb a leTt.f.rth of 20 ('m. and SOlllC of 
tbe large Indian fronds arc nearly .. 10 em. long. The Yell[l.tion of Om/gam
opteri8 showa a, greater uniformit.y in the size Ilud ·sbape of the meshcN 
than tha.t of Glnssopterts. Tbe middle of the ia,minn. especially in th~ 
lower part, is occupied by ,~ few vertkal veins from which hrallcbes cmVB 

tlp"\'t\lii~ and (lutwnnls t.llwards the edge of the lI~Tllinll. Tbe soeondary 
veins 1~re C0I111tlCteJ by fl'eqUeJlt anastomosci'i and ug:1'1!t: \ "CI'y clo:;cly with 
thosf! of (:;lllxlfUllleris. The i;.l.lUi1Ut hCL:()U1~6 llarrOWer t.owards the Luse) 
which js ejtbCJ' cunCfl.te (~r jn some Cllsei3 ~ljghtly Illldculute (fig. 345). 

As J ha.ve elsewhere pointed out), the presence Or nb::seuce 
of a midrib .is Dot in iL::;elf a char,.tcter of real taxonom ic 
importance. III t he rC(;e nt fern Scolopendri'um l,ltlga?'e t he 
fi'ond has iJ.. promiD811t midrib, wbile jn 8. ni[/rij.i(J8 the /'e is 110 
medjan rib. ~h Arber has exprcssed t he opinion that L'it is 
extremely doubtful whc tht:· r the g<.'DlIS [;ollt/(wwpte1·is should 
not b€' merged jn Gl!IS8(Jptcl"'is'j." Tlw reteut.i{)u (If t.he two l)a.meS 
is, however, conn.'mient, ,mel it would tend to confusion were 
we to curry t o jts logical conciusiull thE.: vicw that the recognised 
clistinctinn between the two gel)era may not b(.! ft mark (Jf 
generic ditI'el·enCf:.', 

CialJgo1ilopten's js ctmfined to Palaeozoic stra.ta, a t:'lct which 
leads '''hi te:1 to speak of the Uangamopteris rather than of Lhe 
Glossopteris Flora. ] t occu rs in South America, South Africa, 
Austmlia, and India, extending I1S iar lIor tb as K ashmir; it hits 
beerJ discovered by Amalitzky in Pcrulian rocks of RU::i::;ia". 
The Russian rocks ]11 which Glossopteris and Gangwnupteris 

were iound are no doubt vf Pennian age, )D Australia, S outh 
Africa) Brazil and Argentina, and in the I ndian Con.l~fie l ds. 

Gangamwpteris is a characteristic. genus of Lower Gondwana 
rocks, Th ese stratn are llsually spoken of as Permo-Carbon
iferouf: in order to avoid the danger of atteuLp ting on in~ufficien t 
(h"Lta a. precise correi;ttion with Europeo.n formations. 

Feistman tel speaks of Gangam.opteris as most. abundan t in 
the Talchir-Ral'harMri beds, though it is represented also in 
the overly ing Damuda series. In Australia. the genus occu rs in 
rocks which correspond in position and in t heir plant fossjJs 

I Seward and Woodw&.rd (05) p. 2. 
:1 Arber (022) p. U. II White, O. (07). 

.s. JI. 

~ Arber (OS) . 

33 
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with the Talchir-Ki.lrharbari beds of India ; ~imilarly. in South 
Africa and South A rneric'a the Gangamopte"is beds are homo
t",i,,1 with those of India and Australia. The leaf described 
by Carruthers' f,·om Brazil as Noe.?gerathiu obovata (the t.ype
specimen is "ill the Bri tish MnscUln) is no doubt lSpecifically 
ideutical withr:ung(L1l1.optel'is c,ljcloptel'o·ides Fei~t.!) In a pape)' 
by i\lr Hayden on uangamoptol'is beds iu the Yihi Yalley, 
l\.ft.Shmir, oyidence is addu('~d in support of the conclusion that, 
the rocks ate (; not younger t,han Upper Carbl,nifcrous and may 
belong to the base of th"t snbdi,·ision or "'·en to the ~liddJe 
Carboniferous:!." It would ,sE'l'rJi that (lan,qamoptB)'~:S was a 
yery witlol.Y spread genus during t he Iitttcr }Jilrt of the Carbon
iferous pel'iud ill the vast Suutllcl'n Continent to which the 
name Gondwana Land is Ohell applied, and tha.t it fl()urished in 
the Soutl11.::J1l Fl ora dnring at least pa.rt, of th(' 1)E' 1'1ll ]~U1 period: 
wiLh uLher members of the Glossopt.eris Flor!.). it migrated to Lhe 
Xr)rth whurc it h:LS been presetTed to P~rtUjall ]"o<.:ks of XorthtJrn 
Russia. 11ho UIOssopLcri.'i Flora JlJl1Sit }In,yC htld its birth in the 
SOLlthern hemi.sphere. The couclu~it)n seems inevlta.ble that 
the kavt~s of Gtos8opterib' and Gm1gc£'1I70p{en's in the shales and 
sandstones of Indjal SOllth Africa, SQ'uth AtflE:rica., and Austmliu. 
81'(' relics of the Yegl't::ltion of a continent of which these regions 
.:1.J' t,! the clisjuncta 1Hembrft, Darwin wrote to his friend Hooker 
in 1881, "I have sometimes spocul~ted wheth~r there did not 
exist somewhere during long ages an extremely isolated conti
nent, porhaps near the South Pole'." It is probabl e that 
(ta,ngu1)topteris is one of the genera. which flourished ou this 
continent. 

Ga11yamopt.,·is cyclopt.,·uides, Feistmantel '. Fig. 345. 

18,6. Feistmantel, Record!. Geo!. Sm'\', India, Vol. rx., Pt iii. p. n. 

T he specimen represenlied in fig. 345 illustrates the cbnracters 
of this commonest representative of the genus, 

J Carruthcl'f) (69':) p. 9. PI. n, tig. 1. 
:I Huyden (01); Seward r01~). 
" Da.rwin (87) A. Vol. TIL p. !48. 
b For RYllonymy, see Acher (Oa) 1). 10,1. 
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}~IG. 345. G(UI!JaJltOpt t Ti B CYCUJ1,te. roidea, Feist. (,Na.t. size. From Aroor. a.fter 
Feistma.ntel. ) 

33- :! 
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GU11gamopte1'2's J.·ashmi1·cnsz·s, SewnI'd. 

190.), Seward: ~Iem . Geol. SnTy.ll1dia., \01. n. Mem. ii. 

This t'yVe a.grees closely with G, cycLopte1'oides in size and 
in tbe form of' the leaf, but it is distinguished b,' the flntter 
{;WIn of 1,h(;! arch formed by the (aLeral veins, by "'heir fP·en.t~r 
inclination to the margin of the lamina, and by the more 
acut(·}), pointed a.pex of the lamjna. This species, though noti 
yery ~harply distinguished frOlL1 G. c]!clupte1"oides, is im}Jol'tant 
as comjng Ii'Dm beds which h.:we been asslgncd nn ot,)WI' tha.n 
l'"lacobot'\lljcal ",ideDce to :111 Upper or possibly" 3Jiddle 
Carboniferous horizon I, ,,'l' have no definite int(JI'rnat..ion in t>ega,'d to thQ nature of 
thlJ n"J)l'odlldiye organs of GaH_qll1nupteris, but sHeh E'\;ideucE: ns 
then:: is SIlPPOI·t::; the view expressed by Dr \Vbi te:! and :--ha1'l~ cl 

by SOB l e other }luiJho]'s that Ganga'tnopte1'is and Glossopteris 
:-hC)\lld be (lssign{'d t.o t.he Pterido::;pt'rtl1s. Des-pit.e the n.bnn
d,UlCl' of Gallg(f'I}Lopteris lell.vcs, no (ertile specilllen has OCt'D 
discovered. ,]~b.is negatin.!. c \'icicnce may prove to be as correct 
as that which led StUl's to exclude .1YeurolJteris, Alethopteris and 
Oclontopteris frarn the ferns. The only ev-idence of a. positive 
kind i5 I.hat furnished by Dr Da,·id White ill his recent 1,cport 
un Lbc Palneozoic Flol'a of South Brazil. 'Phi s fl.uLhor cle~crjbt!s 
SMnc small Aphlebia-like lea,\'es nnu(!r two tIew generic names 
1h'uer'iu4 and Derbyella fl

, The differences between the two sets 
of specimcllf:, so far a~ cn,n be d~termined from the repl'oduc
tions of im]!erfect impressions, are slight, and it is by DO means 
clear thuL ,l distinction of genetic rank ex-ists. Tll ese soale
leaves are on the average about 2 em. in length; the lamina is 
oval or' rounded and has more 01' less prominen t lobes. In 
Derbyella tbere are indic:.t.tions of anastomosing veins. The 
~'Pecimens referred to .A.1·beria 1n2"nasicQ, are, as ~hite pojnts 
ont, very similar to the fossil described by Feistmantel from 
Lower Gondwana rocks of India as probably a portion of an 
inflorescence of .1Yoeggm'uthiopsis li• Feistmantel's specimen is 

1 Seward and Smith Woodward (05); (07~). 
~ White ~(8) pr. 473, 483. ~ Stllr (8!l) p. &38. 
i White (08) p. 537, 1)1. 1'lI1. figs. 8-10. ~ Ibid. p. 54-3, Pl. n, figs. ] - 3. 
/J Feistmuntel (80) 1)1. xnn. fig. 5. 
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represented in fig. 346: the curled lobes may have originally 
borne seeds. In the Brazilian t:'xamples t he abrupt ly tmncated 
lobes It bear c\-idence of separa t ion fl"Om reproductive bodies." 
An important. point is the association of these scale-len.vC'.s with 
Gctngarnopte1'l's fronds and with gymnospermous seeds of the 
Srt,'/ltw'ops'is type, On the leaves as:;;igned to Detbyella a:un'ta 

circular depressions occur at the base of the lobes which are 
de<cl'ibed as probably dlle to sporangia. 

Dr \Vhi te's disco"cl'Y gives us increased confid ence in 
expressing t-he view that GW1pamopte1'is bore its reproductive 
organ:.: no specialised leaves ycry differ('nt from the steri le 
fronds: it alRo strengthens the suspicion that t he genulo> is a 
member of t he cla~s of sced-bea.ring fern-IiI:\? plant!:i. 

FIG. iH6. A.,-berill "p. 1=}":()((111t!rarhio)l~ill of Feistmulltel). (Kat. size. After 
Fehlmante1.) 

Lesleya. 

r:rhis gcneric designation was instituted by Lesquereux 1 for 
simple oval-linear leavcs from the Coal-Measures of Penn 
sylvan.ia. The le:,wes so D;,bU)cd an." proba.bly generically 
identical with the specirnen doubtfully assigned by Brongniurt2 

to the Coal-M easures, and made by him the type of the genus 
Cannopltyllites on the ground of a resemblance to the l e"v~s of 
th e recent fl owering plant C<mna. Fig. 3+7 illustrates the 
form of a Lesleya leaf froUl t he Coal-basin of Gard, named by 

I Lm~q l1 el"e liX (~oJ A. p. 142 i PI. XXii. I! Bronglliart l28) A. p. 129. 
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Grand'Eury L. simpl£oinervisl, a Lype in whjqh the veins are 
fre'luently unbranched and not repeatedly forked as in most 
examples of the genus (fig. 329, C). The features of the gen us 
are. the oval -linear or lanceolate shape of the presumably simple 
frond, its entire or, in one species at It:'ast (L. Delafondi, Zei!!.), 
finely dent.:'Lte margin, the stout rachis givlllg off at a very 
acute angle numerous dichotomously branched secondary veins. 

FIG. 347. LeilllJa Rimplicillervix. Grand'Emy. (neduced: after Gra.ud'Eul')'.) 

In L. Dela/ondi (fig. 329, C), described by Zeiller' from the 
Lower Permian of Autnn, the frond may reach a length of 
more than 20 em. and a breadth of 8 em. Sil\1ilar species are 
represented by L. ensis' from the coal-field of Commentry, 
and L. gmndis' 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 

I Grand'Eury (00) A. PI. VIIl. fig. 5. 2 Zeiller (90) p. 160, PI. J(UI. fig. 2. 
3 Henault and Zeiller (88) A. Pl. x:utl. fig. 6, 4 Lesquerellx, loe. cit. 
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of the secondary. vejns slIggest comparison with G.Jos8upteri~'> 

but in Lesleya. there are no cros8-cof!nexions between t,he veins. 
Nothing is knO\nl as to the fructification, a. fa.ct which nn.tHT'uJly 
c\'okes the opinion that the genus is a Pteridospel'n1 1 and not a 
true fern. Some yea.rs befc)l'e the discovery of Ptcridospenus, 
Gtand'Enry 2 suggested that Lesleya might be It Gymnosperm ; 
his opinion being b~lsed on the woody nature of the rachi;.; and 
on the simple venation of Lesleya simplicinervis. 

N europteridium. 

In tb€il' monogrnph of fossil pl:wts from the Bunter Suries 
of the Yosgos, Scbimper and illollgeot' described some pinnate 
lea\'os of fems aR species of the genus Ne'U'l'opteris. In 18G9 
Schimpcl'4 placed the:;;e in a ne\\' sub-genus lle!''''optet''j,'diurn, iu 
order to dra.w attention to the filet that their fronds appear 
to be simply pinna.te ;met not bipinnate or tripinnate as in 
]{em·opteris. The type-species of ]{eu1'opte-ridiu'f)/ is N. ,Ql'al1di
folia Sch. and Moug. from the Bunter S<lndstones of the Vosges. 
The genus includes Triassic European species ;.\,nd the widely 
distributed Permo-Carboniferous species ii'orn BraziJ 6 originally 
described by Carruthers as Odontopteris Pla>1tiww. It is 
prob;\'ble that ~ol11e Carboniferous plants, particularly species 
from the lower members of the formation, referred to the genus 
Ca.1'diopteris. are not generically disli1nct from the Indian a.nd 
southern hemisphere type NetwoptBl·idi"", v«lidu", (= Odon
topteris Planti(t)w,). 

Frond!; pinnate, liDc(tr; fl. broad I'Mhia l1€iu .. pinuul~ ll'hich may be 
cithcl' semicircular or urnadly lin&l..t with ltD entire 01' lobed mars-ill. The 
longel' pinnules may exceed (j cm. in length. The pinnules agree with 
those of Xeuropteri~ jn being :l.tt.a.ched hy the D)rn:jjl).u POl'gOll of the lllmjn<l 
and not by the whole basc, wbich is more or less aUl'icuill.te. In some 
Ct\.SC8 the l'epeatedly forked ~reins diverge frOID the centre of the pinnule 
base j in others there is a midrib which persists for ~~ short di1:itancc only, 
and in tiOllle f5pec ies the more persistent. medifm vein givcs the segments n. 
closer resemblance to those of NeltrOpltris. Fructifica.tion unknowu, with 
the exception of obscure indicationa of sporangia (1) on the fertile lea.ves of 
I\. Tri8 • .'~sic species. 

1 Wbite (052 ) p. 381. '! Grand'Eury (90) A. p. 305. 
a Schimper and Mougeot (44) A. ~ Sohimper (69) A. p.447. 
Ii Carruthers (6IF). 
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FlO. 348. NeUTopteridi«'m va lichwl, Feist. Na.t. size. From the li arharb{ui 
Coal. field, India. From Ar~r. (LUel' Feistmantel. 
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NeU1'OjJte1~idiml! vo lidu'I1'1. (F t!ist mantel '). Fig. 348. 

1869 . Odontopte'l'tS I'hmtiana, Cnl'J'lIthcl''', (: en1. Mag. \ 01. \'1. p. 9, 
Pl. n. ti~. 2. 3. 

1878. .._\~('I/)·optel"ifl rulidlt, Fei ~tlnantcl, Mem. Geol. RlU'" Indin, Fn!!s. 
Flor. Gondwaufl Sy~t., Yol. 1Il. p. 10, l'l. fl. - n. 

1R80. N e.ltropteridinm nr.lidum, Feil$tJnrtntel, ibid. 2, p. Sq, 

The specin).en represented in fig. 3+S iliustrateR the main 
features of Ne'u1'optB1~id?'wl1 VCl lidll7n. This species i::; referred to 
by Dr 'Vhite 2 M ]1."1", PlomticuiluJI, on the ground of priori ty, and 
with a \'iew to p~rpctuate t he nam e of the English engineer 
Natha.niel Plan t who disc()vcred the species in H Brazilian Coal
field in the P" Ol'illCe of Rio (ll-ande do SuI. Feistrnnntel 's specific 
name i:-. however rcta..iued as being much better known. An 
examin:ttion of 1\1r Plant's specimen in thE" British :1\1 uscum 
led JUe:J to speak of the Brazilian spcci(:·s as identical wi th 
N. val£duH/ df!!:)cribcd b.y Feist,manteJ from J ... ower Gondwana 
rocks of India. Zeill er 4 had previously dra.wn attention to the 
resemblance between t he two gets of specimens. Th e frond (If 
N. 'Valid'll1n may exc('cd 50 em. in length. The lower pinntlles 
may be entire and semicircular in form while the upper and 
larger segments, which may reach a length of 5 or (j Cill., f1 n~ 

characterised by broad lobe, (fig. 348). 
Thi~ type is re}Jresentcd ill t he fI~lra. of t he '1'alohir

Karharba ri series (Lowl:!J' Gondwana) of India\ in Pel'01o
Carboniferous rocks of Brazil and Al'gentine t

;, and in the 
sand::itones of \"cJ'f'e nig ing on the borders of Lhe Transvaa l 
and C~tpe Colony. It i~ a characteristic member of the Glossop
t eris Flora and occtl r:-; in :1::isociation with Glossopteris and 
Ga11ga'»lOpteris . 

. Ne1l1·opte'l'idiu, )) L intel'm.ediu1)1. (Schimpel'). Fig. 349. 

'fbis species has been figurer! by Schimper and Mougeot7 

from the Bunter of the Yosges and more fully described hy 

J Sea Arher (05) p. 116; Seward (OB) p. 85. 
~ White (08) p. 483. s Seward (03) p. 83. .. Zeillcr (95) p. (i1G. 
r; FeistDllLlltel (79). /I Kurtz t94). 
7 Schimper Rnil MOl1genL (44) A. PL XXX\"lll. 



524 PTERIDOSPERMS, ETC. [CH. 

j ~ foihown in fig. 350 0n a slightly red uced scaJ.~, was originally 
figured by Schimper from an unusually good example in the 
Strassburg Musellnl. Schimpcr's drawing hardly does justjce 
jiO the original specimen. 

A frond hearing rather narrower pinnules, alt,ernately 
placed 011 the mchis, which F"i tsch hl1.s described as Ca:rdiopte1f.s 
Hochstetter1'~' Yar./l'anconica from the Cu lm of Thuringia, bears 
a close rescmhhwce to lleuroplei-idimn validurn butl differs ill 
thr entire margin of the pinuul es. An Upper Carboniferous 

FIG. 350. C(ml inpleril;frourl(MO (Uoellp.). a Ilat. size. After SchilUper.) 

species fi'om Russia described hy Grigoriew 1 as l!leu')'opteris, cf 
cordata Y3r. den8'inCll7'a, 1"(; prcsents a.nother form of sjmjhr habjt. 

Schuster!! has recently proposed a new generic name 
Ulvopte,.is for a fragm ent of a pinna from the Coal-Measures 
of Dudweiler in Germany bearing large pinnuJes, which he 
compares witb those of Ca,·diopteri. and species of Rhacopteri8. 
The specimen appears to be indistinguishable fi'OIn some of 

J Grigoriew (98) Pl. rv. !! Schuster (DB} p. 184 . 
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those already rekl'red to as cOnfOI"llling to ..:Yeuropteridimlt, and 
it is difficult to l'E'cogruse any reason for the creation of a new 
generic name. 

\\'e cannot hope to arriye at any sl);tisf.:l,ctiOry decision in 
regard to the pn'c.ise affinity between New'opteridiunI lwlidll'ln 
a~d species referred to CW'd1'Oj1tm'is and other gtmera so long as 
portions of sterile fl'onds are the only tests at 0 111' disp(Jsal. It 
is difficult to detenniJ1P whether ;). :o;p('cimen cunsisting of an 
axis bea,ring pinnuJ e~ represents [\ largn _pinna of a bipiTmate 
frund or jf it is ;'l complete pinnate len.J Thero is, however, 
no adequat.e reason [(,f :o:u pfJu:;jng that the presu mably 

pinnate fronds from the ti-ondwana Land rocks nrC generically 
distinct from the Lower Carboniferous EU1'opean species 
Cal'diopt.el'is jronc/()sa. Granting tIl(' pl'ob;J.hility tbat both 
genera are .r)terjd()Sp~rrn 8 and closely allied to one anoLhe r, tlJC 
two generic names may be retau1ed on the gl'ounu of long usage 
and in default of sa.Lisfilctory c\'idenr:e confirmatory of generic 
identity. CW'dioptel'1:8 wou ld thus stand for ,t type of frond 
charactt'l'istic uf t he LO\\'e r' 01lI'bl)uit~,t'o[lS stnltH of Europe. 
while ]'~eU1'opteridillo~ is retail1cd for the SOll thern species 
N. valicl1wl , and for others fl'Onj the Tt'ia~ of the Yusges. 

Aphlebia .• 

This name was proposed by PI'CSP for large lea.f-lik l! 
impressions having a pinnate or pil1natifid forl11 and characterised 
by a confused irregula.r type of venation, 01' by a fine su perficial 
striation or wrinkling which simulates \·eius. GutLier had 
previously described similar fossils as Fucoides, anel oth(' I' 
authors have de8cribcd Aphlebia.e as species of RI'(fCOpltylttllll., 
Scltizopteris, und other genera:!, The term Aphlebia is retained , 
not as denoting n distinct gen us but (i) as a descriptive !'larue 
for detached leafy structures simi lar tu 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 f(", highly 
modified pinnules wbich frequently occur at the base of the 

1 PreBl, in Sternberg (as) A, 
2 F'or synon)'my, see Zeiller (88) A. p, $01. 
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primal~Y pinnae of Pecopteroid and Sphehopteroid froncIs 
(e.g. Dactytothec" l'lmnosa, fig. 203) l 

Modified pinnllles, similar io their reduced and deeply 
dissected lamina. to those I'cpl'esented in fig. 293: are frequently 
found itL the base of the prilllan' pinnae of PahwQzoic species of 
Spli enol'te)'is ilJJd other genera of:Pterjdospf' l'm ~ or f(!rns,jne]udj~g 
ilh.:mbcrs of the Coenoptel'ideac. "Potoni l~:! gives a, list of various 
types of Apblebjae in his pa.per on t hese organs. A striking 
case has recently been described by Zeiller in <1 French Upper 
Carboniferous ~P()cj{~S, , ..... jl/leIW}ltel'is jJl(lt!t.et i:~ . I t would seeUl 
t,lwt the lwgel' cXiJmpk,s of Aphlobi;le (tre llJCJ1'O lrcqucntly 
3.sgociatt.:'d wit,h the cl.,mpound leaves of Pttrido~penns t han 
wit.h th{J::ic of F erns 4

• 

As eX<1111ples of the larger typus (If Aphl ebiac refere11ce ruay 
be made to A)'h lelJia crispa (Gutb. )ii, which reaches a length of 
nearly 60 CIll. and has t he form of it mote 0 1' less triangula r 
piJwo'1 te leaf di\Ticit'd into dt;!(;l11Tcnt d0cply lobed segmcnt.s, to 
a sUJliia r :species represented by ..d. Oennari \=Schizopten's 
locftlcCl Germ. )£; which sim_ulatcs t he leaves of endive ~Oichori u1Jt 

elldivia L.), and to some hlrge fornl !i figured by Grand 'Eul'j' i as 
spl.·c ics of Schizopteris. 

Aphl ebia" such '" t hat figured by Kidston ' as 1{/lucop/l yltulI1 
crispll1n, with narrow UiLlllla.tc segmen ts, mig h t easilr be 
mist,aken for t he jmpreSSl(Jns of fLD alga. 

The te rlll A.phlebia may be npplied also to the CycloJlte roid 
l'innules on the petioles (.) f some species of lVeu1'opte1~is, Odonto
pteris and A,·c/w eopte>is. Goebel ' has refe rred to the appJjcation 
by Potollie "nd other authors of the term Aphlebioid to t he 
IJicwules which sen 'e as bud-protecting organs in recent fronds 
of Gleich""ia (fig. 226, p. 2flO); he expl'esses the opinion that it 
is superfluous and misleading to mak e use of a special desig
nation for structures which are undoubtedly modified pinoule • . 
In the case of fOBSitS it is, however, convenient to employ 
the te rm Aphlebi<t as a descriptive name for modified pinnules 

I Pa.ge 406. ~ Potonil: lOa) p. 102. 3 Zeitler (06) Pls. VI. VII. 

4 ATher (06) . :. Rena.ult and Zciller (88) A.; Zeiller (88) A. 1)1. 1..1. 

6 llenault Iwn ZeilJer (88) A. PI . . u~v. 7 Gra-nd)Eury (90) A. Pl. XJX. 

s KiU!iton (91 ) PL XXX\'. ~ GoebeJ (05) p. 318. 
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or stipuIar str~tures whioh cannot be connected with definite 
species of fronds. It is clear that some Aphlebiod leaflets, such 
as thosE' of DactJJlotheca, served as }ll'otectj"c organs for the 

FIG. 351. Scale-leaf of Gmmcru lII(wicuta . (Slightly reduced. M.S.) 

un expanded pinnae', and in all probability the large Aphebiae 
served the same purpose as the fleshy stipules of .d "giopte>-i. 
and 1lJamtl/ia which cover tbe uncoiled fronds. 'I'he pinnatifid 

I See p. 40G, fig . 293; Potonle (OH) U.180 figures a young frond of DU.Clylo
Ih~C (1 pllWIOSll partially covered by Aphlebiae. 
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scalo-Ica\"cs of considerable f,ize (fig. 351) whil"lh occur in t he 
lca.f-/;lXils Or as ochrea-like s tipules on the fronds of G-u,nne,.a 
(n tropical and subtropical Dicotyledonous genus) bear" very 
dose J'csenlblance to some Palaeozoic Aphlebiae, e.g. Aphlebia, 
cl'ispu (Uutb.). The recent and fossil scnle-Jean:s nWJ be 
l"(:g~u'ded a!5 simila r in function t\.S in form; rooreover t he delicate 
coiled fronds of Palaeozoic P teridos iJenns OJ' ferns, like those of 
sOll1e recent fl owering plants, mill' huy£' becu kf'pt Inoist, by a 
s(!cl'ctiun of mucilage. 'rhe pinnn.tifid stijmles of J{m'ottt'a 
ira,linea. (fig. 241, H, p. !n 7) res~!l1bJe certajn fossl1 Aphlcbil.le, 
aBel the wrinkl ed surf~l,ce of thC! recent sLipules pres":llLs an 

a.ppearance similar to that which in salUe fossil fonus h ,lS been 
C'lT f\J)f'Ollbly descrjbed as n:!ining. lL is not improbable tha.t 
mantle-Ie,wes of such rwcl?'ut ferns as Pulypod'itltlt lJllerclf(Jlt"w1t 
(fig. 234, M, p. 30:3) 0'11'0 COlll j JiU'ilOle wi th somt) lvssi J A ph !ebiae 
which may han; servcJ .-lS humu::_;-collectors for Palaeozoic 
epiphytes. 

r:I.~h e filiform appendages on Lhu petioles uf the recent fern 
He1lLiteii" capellsis (fig. 235, p. 304) have often boon compared 
with the I1jJhlebioid lenAets of fossil fronds. 

P otonie who has djscnssed the nature of Aphlebja,e regards 
thern as n;stigeR of a. once contilltlOus lamina, whjch formed a. 
winged border to the bm.Dched axe~ of InOre primi t iye forms of 
fronds. I t i!3 ]!nssib lc t ha.t' t he pinnules between t he pinnae ou 
tbe rachis of .d. 1·cluwopteris and t he Cyclopteroid leat:l.ets of 
}leu-ropten:s a nd Odontoptet'is may hllve the morph ologica l 
!;ignificancc. attributed to t hem by Potonic. In some cases 
it is probable that the Aphlebia", whether vestiges or not, 
served t.ho purpose of pl'otecLing either the whole frond or 
individual pinnae. AphJebiae, though especially characteristic 
of Palaeozoic l(:uves, are occasional1y met with in tl1e form of 
mod'ified pinnules at the base of th e prim~y pinnae on 
Mesozoic ferns, e.g. in Coniopte1'is hym.enolJhylloiaesl. 

In some fern fronds the· lowest pinnHlc 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 pipn ules. The J um.sic species 

I Sewa.rd (00) PI. nt, fig. 1. 
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Oladophlebis 10bOfolin (Phil1.) is a case in pOill". In th is 
fern, which some authors speak of~ wi t hou t sufti eient l'~ason, 

as Dicl.'son'ia l ob~folia'!. , the lowest pinnule is large n,nd tlifferent 
in shape: t"'om th e (,t hers. 

Fw.352. A. SphelllJ]J /r r i;: oo lllsil(J/'m . Pinnuie. (Enlarged. After Zeiller.) 
B, O. S. j)bl/l~iloba. (k nat. size. After Zeiller.) 
D, P el'op /eri'; (lrliorcscc'IIfI. (Slightly enlarged. After Zdller.) 
E. SplW IW)Jlcrili Ju rell ta (= ] )ilJio1mclllo fUl'r(lwm) . (Slightly 1m. 

larged. After Zeiller.) 

Sphenopteris. 

Sphenopten's is onc of the many generic namE:!S which ," e 
owe to Bl'ongniart 3• I t is the generic designation used for u. 
great number of Palaeozoic and later fronds, most of which are 
those of t rue ferns while some Palaeozoic species are undou hted 
Pteridosperm.s. The genus, which is purely provisional, includes 

l Ibid. p. 145. 

s. 1I 

:! Rll.ci borski (9·1) A. PI. Xl. 3 Broll gn inrt (22) A. 
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members of widely diffe r'ent families possessillJ pinnules of'the 
8ame general type, such as is represented in some recent species 
(If Dttvallia, A~1}tenillru, ::lOd other ferlJs. 

'Tho frond~ (If Sl'loenopleris m(l,Y be bil'llHHtte, tripinnate. 01' quad l'i
l,inuate; the ra.chi:-:; mil," be d ichotomously \JI'!.I.IH.:.hed or the bmnching may 
be of tile pinnute type cha.racteristic of most n:W(lnt ferns, The pilillules 
are ~Illa!l; th ~!.v V<l['Y cUliliidcmbly ill shape erCll ill ,~ lii nglc frond, but the 
t:hi(' f eharu,ctcri::;tics ate: the; lobed lamilla, l.:olltrad~d and ofteu wedge
'ihl\p(;ll at the hase (fig. 3,-)2 ), t he uicbotODWus iy brn.nched >eills l'iwiatiog 
ir(IJJ) t)JC hase 0.1' gin:1] of}' frow iL mediflll rib nt an acute angle. Thl' 
bmina liMy be diddecl int.o n fen· bluntly ,·oullded lote.'.; ( fig. a.'1:1, e) 01· 
dL'eply diS$~cted into !iul)<.tl· or l.ameR.t() scgll1cuts (fig. 35:t, A, 13, E ). 

Examples c,f SpheDopterojd lenves h al'(! already been 
uescribed undet the genera OfJilt·optrJl"·s, OnycMoj)sis, R ujf01·d·ia, 
etC. Among the numerouS CX:ulJpJes of Sphenopteris species 
from the Carbl)UiferCtus rocks mention may be made of Spheno
pteris obillsi/oba Brogn. ' (fig. 352, A-C), which occurs in the 
Middle and Lower Coal-Measures of Bri tain:? Thi~ type is 
cba.racterjsed by the alm ost orbicuhl1', oval Or t riangular piDDules 
whith may l'each a lengt,h of 15 mIll.: they are ()C~\.siona,lly 

enti re , but more usually divided jnto 3 to .5 J'OuDded lobes. Th o 
f(lI·kcd veins radiate from the base of the pinnul e. 'The rachis 
may be cJichotomously branched. FrucLificatlon unknown. 

The ' pecies S. /i,,·ccttJ, BrongnS , characteri.tic of t he Middle 
and Lower Coal-Measures of Bri tai n (fig. 3.52, E), is referred 
to under Stur'::; genus DiplotJnem,a~ in wbich it is included 
by soffle authors solely because of the dichotVJtlOUS habit of 
branching of the pjullae. 

The pinna represented in fig. ;153 jllustmtcs a similar type 
of pinnule. 'I'his species, whjch is very common in the Calcilerous 
Sandstone of Scotland, was described by Lindley and Hu tton 

"" Sphenopteris offini.'. 
The fronds of /S'phellopteris affin is wet'e discovered by 

Mr Peach ' in a fertile condition, but he reg"rdcd the reproductive 
organs as t hose of a plant parasitic 011 the Spllel'()pteris fronds. 

I For synonymJ. Be(; Kidston (Bti) p. CS. 2 KidstOD (Ui) p. '29B. 
:1 ZeWer (88) A. p. 147, Pls. IJ'. v. ; Kidston (80) p. SO. " Set' p. ;:;35. 
Ii Lind!ey aud Button Wl ) A. 1'1. K I.1". I, Peach {7S). 
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Kidston 1 substit uted St,UT'S genus CulY'In'nwtotheca for Spheno
pter-is on th e ground that the sporangia figured by Peach 
HildeI' th e name Sto1Jhylopteris Pe(l,clii'i bear a close resemhlallce 

FUJ.3[1.). SpJU'J/opll'I'i"'{/fillis, Lind.Il.IJd HuH. FrOJlllheCalci{~Oll!l. Smlllstone 
of Burdiehouse (Scolland). (Sedgwick Museum, Cambr idge.) M.S. 

LO the Ol'gans which Stur described as valves of au lndusimu in 

his species Cctlymmatotheca Stallgeri'.!. An exami nation of Stur's 

J Kidstou (87) p. 145. ~ 'fhi~ specie!:! wilJ be descrihed in Vol. Ill. 

.34·-2 
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Sjlt'cjmens by Miss Beuson 1 and by Prof Oliver and Dr Scott 
h:Ui confirmed Stur's interpretatiou uf the appendages at the 
tips of the fertile lJinnn,e as val vcs of nn indusial 01' cupulaI' 
strllctUl'C. Th e superficially similar bodies on the fertil(, pinnae 
of 8, uJiinis ~l.re hO\\'l;ver t rue ~por;J.Jlgia, and cannot Jcgitill1atcly 
be included in the genus Ga/Y'III1i1atotiteca us described by btur, 
FIJI' Lhis f't!l.lson ,Miss Be.!1son institutes a ncw g~nus 'l'elangl:am, 
thl' LJ'pe.species (!f which, T, Scotti from the L ower 00:\1-
j\!L'llSUJ'CS of Lanc'nshin', j:; h;)sed on pet-rified materia.l. The 
SC(Jtch species 8phe/J(Jp~eri, .. ' (I,ftin'is (= Cal!JlIl1uututlieca a.f1i1l-i8 of 
rudston) is a..lso transferred to 'Pelcl1lginm: the :.-poJ'angia are 
considered by Miss Henson to be micl'Ospomngia, 'l~bis with other 
sl'l..!-Cll.!S is no dvubt cOl'l'ec\"ly included in t.he P teridospenYls, 
A cvmplete frond of Sphenopfen:s aiHm's, showlng a l'cgul:1r 
dichotomy of the ll1ain axes, is rept'esentcd by an admirable 
drawing in Hugh Miller's 'Testimony (1' the R ocl.:s'!., 

,~omc of the Paj,'l.€ozoic species of Splumopten:L<;' pmbably 
represent tbc fronds of t "lle ferns, but others a.re kno"wn t,o have 
been bOI'De by Pterjdosperms, S, H oem:JI/lha,1/si (fig, 2HO, C, 
1'. 3A9) is t,he foliage of Lyq':nudend,·un, ,md Scott' speoks of 
threE' species, S, dissectrt, B. eleg(tnfJ', :md S. L1:n!.--i1· as the leaves 
vI' li ctcl'ang£lIl11, Gl'tmd'Ellry" ha.s- I'ccordcd the occurrellce in 
Frel1ch Coal·!! e<tsures of seeds -in ftssociation with other 
Sphcnopt,eroid fronds. 

Mariopteris, Diplotmema, Palmatopteris. 

'rbe discovery of sporangia on tbe Ii·ouds of se,·eral Pa
laeozoic species of Sphenopteris and Pecopte,·is has led to the 
institutjon of new generic names, whlcb jndicate an advance in 
knowledge beyond the stage implied by the use of t hose 
pl'ovi~iona.l designations based sole1 y on the form and \'enation 

vf the pinnules. Other names bave been created by authors in 
pl~ce 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 t he absence 

I BensOlJ (04), 
, Scott (05') p. 144. 

z MiUer (57!. Frontispiece, 
~ Gl'll, lld 'Eury (0,";2). 
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of fertile spech-Q,ens. As examples of designation::; based pri
marily 011 the branch-sy:-;tem of compound leaves, the gene ra 
M01'-iopter'i&', DiplotmeJlHt, and Pcdmatoptel'i& 111:\.)" b~ briefly 
considered (fig. 3j4 A-C). Dr Kids~()ll' is of opillioll that the 
creation of HeW genera for purely vt'geta,tive characters of fronds 
i~ of no real advantage, and be prefers to retain the older 
provisional names for species known only in tlhe sterile condition. 
On the other hand, if Wt' are ~uffici_t.!ntly familial' with specimens 
large enough to enable tiS t,Q recognise a well-defined morphCl
logiC!al character, it way ~eIT€ a USL'fui [HlrpOSe Lo employ a 
generic designatj('JJ] for f0~1tll,.es which may htlY £;> a phylogenetjc 
\-a1ue. A comparat;\'e examination of Palaeozoic, Mesozoic, nnd 
recent compound fronds, including both Ptcrirlosperms and truC' 
f(;'rns, brings to light certain distinguishing feature's character
istic of the otder t~~pes which r as Potoni(o maintA._i ns \ point to 
the deriv[ttion of the pinnate h,lbit from <L primitivE' dichoto
mous .';yst.em of branching. For a mOre complefle discussion of 
this llues+.J ion reference should be made to P otonie's suggestive 
papers.. Among recent ferns llIaiol1iu and Di]_)teris, two 
sunoj vals from the past, aHol'd instances of fronds wi til (I, 

branching system of the dichotomous type. 
Similn.rly, :in Gleicll en~'a, Lygodi'tl,'I1L, and more rarely in 

8pecies of Polyp"diaceae (e.g. DavaUia (lculeala , fig. 232) 
dichotomy is i1 strjkjng fe~lt,lU'e of Jih e fronds. III the great, 
majority of recent fl!rns the fronds have a.ssumed a pinnatf> 
habit. Among Pa.iaeo7.0ic fern-like fronds dichotomous bl'anch
iug of the ma;ill rachis and of the pinnae is much more common. 
Potonie draws attention to several other featurcs which 
distinguish Palaeozoic fi'Oods from the majority of later 
species; tbe frequent occurrence of pinllules borne directly on 
the maiD 1'achis (fig. 354, D), and of modified pinnnies 01' 
Aphlebiae on t.he rachis and petiole, are characters to which he 
attributes an e\Tolutiona.ry significance. r:J.'he main point is that 
a comparative examinat ion of leaf-form affords eyicience in 
favour of the view that the modern type of frond, w1th its 
naked rachis bearing two rows of pinnae, ha.c; been derived £rOIll 

fi less sl)8ciajised type in which the distinction between the 

1 KidstOll (012) p. 191. 
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P}ll-tS of the leaf is mll oh less f'yjdent. 'l'he pr;mitj,'e leaf was 
probably a rucho&omolls!.r branched axis provided with .:l 

continuous lamina which eventunJly beeulTle broken up into 
:o-epara.te l(lbes 0 1' pinnulc8. 

AR the dichotomy of the frond becH.me les!':i regular, a pinnate 
habit was acqui red, a~ is cleal'ly seen in many Palaeozoic t:'l)ea 
which constitu te connecting links betweeo forked and pinnate 
h onds (Jig. 35J, D ). The Aphl ehiae may be remnants of the 
once-continuous lam,ina on the IJctiolc, Rud the uormal pinnules 
bOJ'n e on the 1,:.tc iIi !-S ll1ilY ue regarded as the attributes of [l'Ouds 

in which the di\-jsion of phy~iological labou t' had not reached 
the stage which characterises the leu\'(lS of recent ferns. 

ilfarioptel ·is. 

This name, which is due to Ze·il!er1
, i8 applied by him to 

Palaeozoic ii·onus characteris€!o by fL double bi fill'cation of th\~ 
rachis of the primary pinnue. llfm'iopteris nwrivata (= Peco
pteris """1C([t([ Schloth .) m.y be taken as the type of the geml' . 
This species is commOTl in th€: Lo\ver and :Middle Coal-Measures 
of B,.itain and r31'e in the Upper Coal-M easures'. It is 
described b,\' Kidston ~ cL" OIJe of the most polymorph ic and 
widely distributed COClJ-1\J easllrc specj e~ . The piulluies as 
~een in fig. :1G4, B, are of {,he Sphenrjpteroid ty pe, X 0 fertile 
specimens are known , but it 1rs ~ignificant that Grand'Enry ~ 
has recorded the as~ociation (If .Mo'riopte'l' is '1n;lwicaia and seed~, 

Tb(' mai n rachjs gi\-es off ;titernate naked branches, each of 
which bifurcates at jis apex into two short naked axes, and these 
are "gain forked, the ultimate branches having the form of 
bipinnate pinMe provided with Iluge Sphenopteroid pinoul.s 
(fig. 354, B). Zeiller includes ill Jlfa" iopte,is some species 
which Stur' referred to bis genus Diplotn .. ma. Possibly some 
of the Palaeozoic fJ'onds w.th a ?igzag mebis may have been 
climbers like L ygodiwm. 

I Zeiller {70S), ~ Kidston (OP) p. 195. 
3 F or syn onymy. see Kidston (Q.a) p. 771-
~ Grl!.od'Eury (08). D Stur (75) A. 1). 120. 
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lJiplotmema. 

This gtmeric Dame i:; €'1l1pit:'y.::-r1 by ZeiBer' a.nd other authfJrH 
ill a mOre restricted Sense than tbat in which it was origi llally 

c 

G 
FlU. il54. A. PltlmatoptCTj~. 

E 

~ 1 , 

B. .I.11({rioplerill. (.<1., B, after Potonic.) 
C. Dipltltlllellllf Zcillai, Stur. (After Zeiller.) 
C/, D, Z~illeri. Pinnulc. ( x 3. After Zeiller.) 
D. .Vr.llroplcris macrophyllfl. (British Musenm .J 
D' . N. flUlcrapllyUa. . PillJlUle. {Slightly enlarged. After KidstOll.) 
E. ."l. heuT(lp hyilu. Pilltlu\e. (S Iigbtlyenlarged. After Zeiller.) 
F. JY. Scheuch::eri. (Slightly redm:ed. After KidRton.) 
G. AlloiQPtcrili ESilill9hii . {Enlarged. ACtffi' Potouic.J 

used by StUI'. The Upper Carbonife1'Ous species Sphe".opt"~8 
furcata.Brongn. (fig. 352, E) may serve as the type. Tbis species 
occurs in the Middle and Lower Coa1-Measures of Britain ~. 

1 ZeilJer (79~J i (88) A. p. 142. ~, Kidston (94) p. 240. 



53G PTE'RIDO~PEB.M.S > ETC. 

Th e 1l) :1 in rachis gi\'es off branches fig ill Afqn'opter£s, but in 
j)iplotmema each naked lateral branch is larked at its apex 
into t,,-o opposite pinnae bearing deeply dissec.ted Sphenoptcroid 
pinnules. Zeiller l and Stur have recorded fertile specimens 
of DiJ,lut1lWl1UL, but in no case have <-lctual sporangia been 

B 

A 

_}~I(1. 35.). A. CeplNllotJiera '1liralJiiiil l N.!t.t-b. }'ertile l)innae. (Partially reo 
stored. After Nathors!,,) 

B. C. mirabilill. Sterile pinnule. 1\1Lt. si ... e. (After Nathorst.) 

discovered_ In the species )Jil'iotmema Zeilleri Stllr (fig. :lH. 
C. C') two Aphlebiae occur at the base of each secondary axis'. 
It has been pointed out by Potoni e that in DiplotmemaflwcatU1)" 
the equal dichotomy of the lateral branches is not characteristic 

1 ZeilJer (8S) A. p. 147. ~ Ibid. PI. xn. 
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of t.he fi'ond as-a whole. In the caRe of branches higher on the 
l'achi :-; the dichotomy becomes unequal and the forked axis i~ 

gradually replaced by a simple pinna (tig. 354, A). For tbi. type 
(If frond, PotoDle proposed the generic name PalllICLtopte1'is in 
place of Diplotm.ema, which he discards. The long com para
tivcly slender rachis of P. fl!'l'ca,ta suggests ctlh lparison with 
the liunc species 01' Lygocl£!lllL I. 

Cephalotheca . 

Thls genus waR proposed by N.tthol'Sl':!: fol' some peculiar 
bipinnate ferti le froncls from the Upper De\"oninn rocks of 
Bear I sland. The pinnae bear slendel' forked ultimate :o<eg
ments represented hy " few detacbed fragments (fig. ~55, B), 
a:-;sociated 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-li ke cluster of sporangia i, 
borne on the lower surface and close to tho base of a fertile 
pinna: the exannulate sporangia. arE' compa.red with those of 
Scolecopte1'l·s. Kathorst compares Cephalotheca with a Belgia.n 
,peeies of Upper Devoni"n age described by Crepin' "' 
RIHlcophyton COnd?'IlSUrWI/, and by Gilkinet~ as Spllenopten's 
condTlI.;;:orum. A similar fossil is ni5>o de~cribed by Baily 5 as 
Fil£cites /'ineatus from the Kitorkan Grits of Ireland. 

The positiou of Cephalotheca cannot be definitelydetennined 
from the available data., but it is more probable that it waR 
a. seed-bc'l1'ing Pteridosperm and not a true fern. ZeiUer ll 

has recently expressed the same opinion. 

Thinnfeldia. 

'rhe genus Thinl~feldia. fCHlnded by Ettingshausen in 1852 1 

on smne Hungarian Liassic specimens, though frequently in
cluded in the Filicales, cannot be said to occupy that position 
by virtne of any well-authenticated filicinean features. It. is by 

1 Potonie: (92). ~ Nn.thorst (02) p. 15. 
:I Crepin (75). Pre\'iousl.r described by Crepin (74) 8.8 P,ilophy fOil , 

~ Gilkir.et (75). ~ Nathorat (02) . 
(I Zeiller (09:1) p. 20. ? EttingshlLusen (52). 
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no means impr0ba.ble that many of the s.pecies \_'eferred to this 
genus arc clost'ly allied to Pillneozoic Ptel'idosperms. 

Thil11!feld-i" may be briefly definet] u" follows: 

Fl' tl lld .~ simple and pinlll~tifid, pil1lH\tC or bipillllaw: rachis bron.d and 
(lct:a.1:Iioll l'Llly dich(ltolllollsly b rauci.I(.-d. l'i ll n\l!c~ oftCl l fleshy or corin.cenUl's; 
bmr\dl.r linear, c(lti l'c o r lolled, pl'o~-ided witll fl Illidrib frClIll which sil1l pM 
(If' f()!'kc(i N(!ctJt1darr "(lim; lUX! gi ven off at aIL acute ltllgic : Qr the lamina.e 
may lw ..,hMt n.m! hro.td \I·ithl"lut 8. midrib and tra.rel'l:~ed hy serel';l.l 
... liglltly di\'cl",;cnt am) forh.J l'eills. 

)'\0 s<LtisJactorJ' evidellce of repl'oducti\'e orgalJ'J has so fill' hCCli 
adduced. 

~rhe genus lS chiefly chara.cteri !'>t ic of Upper Triassic, Rhaetic, 
anI} Jurassic fiora1o:, though it Wll~ in a1\ pl'obabilit,y represented 
in Permian floras. Several R}JE'cies, many of which are value
Jess, Hre recorded also from Cretaceolls anr) 'Tertiary frmmltjons. 
Sea.rch should be Illade fo1' fertile t:;p€cimens Or for' e ddence 
as to the association of seeds with 11/i '''11I~(eld1'a fronds. 

Some Permi,:m fo~sils from KanSAS \\'hi('h Sellards 1 haf'; 
Inade t,he type of fL ncw genll ~, Glell()ptm'is, appear to he 
indistjngnisbl1blc generically from leaves of Lower 1\.1 esozoic 
age univet'l'ia lly recogn ised <l!'i trpiC:t1 eXalnplcs of Tltirmfeldia. 

l'''i/l.1~feldi'' odo"tol'te1"oide. (Morri,),. Figs. ~5(i-:J5l>. 

This i~ a very variable. species aR regard !" i.I) e shape and size 
of the ultinlate segments and thei l> vena.tion. It is a type of 
extended geographical range charact,eristic of Rbaetic 0 ,. Uppe,. 
Triassic rocks in Austmlia, South Africa, ludia, South Amerj cH, 
n.nd various E uropean loca,jities. 

Froud ilipillnntc; th~ broao t itchi H may 1.lC dichotomously brauched. 
Piunui(!s wi th !l. thi ck lamina wbich nmy be nllllo"t escmi-circulfl.r in forlo, 
deltoid, brl)[ldly OVId 01' brQadly lineal', and often (;onfluell t. l\t the bUl:Ic. 
Short and bl'oad pinnulc!; <Jcellr on slime froud:-i directly att.L\cbcd to the 
lucti n ruehi!; l)ctwccll the pillllM. The longPl' a nd lw.l' l'Owel' pinnnlel:J 
(fig. 356, C), I'CI:IClllbliug thoKO of tbe Paiil.emmic gcuU8 AtetlwpteriIJ, bose a. 
well-defined midrib, wh ile the -sO:II\lle1' segmcnta 1l.1'C clHlro.ctcrised by 
8e.\'cml slightly divergent vein!:! which f':pring directly {rom tbe rachis 
(fig. 356, A). Epjdel'lul~ [ oetls polygonal 0\', above t he veilll~, rectangul.ar 
in shape i litomata, which are slightly f.lu nk, ocom Oil both the UIJper and 
lower epidermil:i. Fertile I$pecim~ns unknown. 

1 Sellards (00). Z l"or synonym), . see Bewaro tOR) p. 52. 
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The portiOl" of a lobed piunule shown in fig. 356, B, 
illustrd.teR. a form of' segruent interm{ld_latt; between the linear 
type with a. midrib and a row of short,er pi_nnules wHhout 
ft median vein. Fig. =-l;;G, D, reprcSentR another instance of' 
\'ariation in the arrangement of the \'C,ins in segments of 
different sizes. V I1.riolls specific and generic names have beell 
assigned to ThiDDfcldil1 fronds of Rhactic age on the ground 01 
the OCCllrrence ()f pinnulcs longer and n;_tl'l'(Jwer tImll those 

J1 
E 

Fl(1. 350, ~4.- D. :r}tilU~"ddi(( odollroJl(IT(),de~ (Morris). 
E. Ptilo::lHllire,;, (E. after Natborst.) 

usually associa.t~d with T. odOl1topte)'vides; but in yie w of the 
range of variation wet with in a single leaf it. is ad\'isable to 
extend rather than to restrict the boundary of what we are 
pleased to regard as a specific type. 

'rhe name 1'hin1ljeld:ia tcmcifolill. has been applied by 
Morris to fossils from Austri\lia which may be identified with 
T. odontopteroides, and the same desiguation is employed by 
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Szajnocba and hy Sohns-Laubach 1 fol' Rhaeticf'3pecimens from 
South Amel'ica. Simil:ll' fronds arc described by Gei l1itz~ as 
Tltinllfeld£(f ten1l£nm"vis ii'om Al'geJltinc Rbaetjc strata. 
Odolltol'teris 1IL"cropityill( Curran, T. lalcata Tan.' "'ood., Gle", 
c/te'llia, lineata. Ten,-",\\7 ood~, and OCtnUopteJ"is Zttberi Szaj. 
afford other examples of what a.rc probahly closely allied forms~. 

FlO. 357. Thiuufeldifl odonUlpteroi<leM p1orris}. i nat. size. 

Some eXCGl)tional ly Ja.rge examples of T. Odo1itopte1'oides are 
figured by Feistmantel' from the Hawkesbury.eries of ]\'ew 
South Wales in which the bipinnate froud has a breadth 01 

I SalmA.Laubach a.nd Stcinmallll (99) Pl. XlV. fig. 2; Szajnoclm (88). 
II Geillitz (76) Pl. 1. S Sewa.rd {OS} p. ti5 . 4 Feistlllantel (gO) A. PI. xnv 
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25-30 cm . A ~pecimcl1 lj'oll1 Lh(' llolteno beds of South AJrica, 
probably of Rhaetic age. l'cpre,onted in fig. ~57. illustrates a 
smaller leaf with pinnltles of the linear type, ROlla: of which 
are partially divided into shorter pinnu]rs with forked 'i"eins. 
'{he examplo represented in fig. 3,,8, from C~'phcrg"L (S. Africa), 
shows two equal branchc:i (I f a rachis wit,h ~mall contiguous 
Regments. 

Fm.358. l'hiulIfeltlia odontopte.roiflell. :From n flpecimen in the Britis.h Museum 
(v. 24HO). I! nat, size. 

Some specimens figured by Zeiller' from the Rhaetic strata 
of Tonkin as Pecopteris (Be,."ouillia 1) 8p. may be portions of 
Thin,!feldia fronds, and the large leaves which he refers to 
Ctenoptm';s San'eni d iffer but slightly fi'om the Australian 
specimens described by Feistmantel as T. ociontoptero£des. 

1 Zeiller (OB). 
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T/; im~(eld£(, ?'ltombm'dal?"s, E ttingsha us€lJ. Figs. 359, 360, O. 

U nde,' this name E ttingshausen described the type-specimen 
of' the genus from Lower Lias strata at Steierdot·f in HUDgnry. 
H e assigned th<.: plant t,G t he C(lniferrtc on the gl'ound (I f a 
resemblance of the pinnules t,o the phylloclades of Phyllocladus. 
Tllimlfeldia 1'fl.Omboida/is bears a dn::.e resemblance to T. Od011-
toptel'uides, bu t the pinnules are usual/.r longel' :wd nalT{)wel', 

as shown in the English specim en frolll t,h l' L ()wer Lias of 

Flo. 3;jfL Tltillllfddi(l ,./iollllJoiduUll. Ettings. Sl i glttl~· reduced, From 
El1glish Ljl&ssj~ Spllcimen in th e British MIlHcum. [1\1.S.] 

Dorsetshlre represented in fig. ;)59. The darker margin of the 
piRI1ules shown in fi g. :}GO, C, gives the itnpre~sion of a revolute 
(aminal but a microscopica.l exa.mination )Joints to a thicker 
cuticle at t.he edge of the segments. 

rrbe spe~ies is !'(,corded frum J umssic rocks of France. Ger
ma.ny , It.:'1iy, India. AIl~tralia, and eJsewhen31

• 

Pa1aeobotanica.\ litt:l'f1turc cont:),lns nlll1icrous rceords of 

) For I"efcrenccs, see Scwnrd (04) p. 31. 
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J UI'a5sic, Cret:.ceous and somc Tertiary species referred to 
Thimifeld'ia, but many of these are proba.bly not generically 
identical with 1~ odonto]Jteroides 0 1' T.1"!wudJO£dahs. Mr Berry! 
in a paper on The Amel'ica11 species referred to Thin11feld'ia 
concludes that the genus is "0. rather indefinlt,e one ... and 
badly in need of revision." H e regards the Middle and Upper 
Cl'etaceOufS American spo('ies a!-i Coni /ers related to Phylloclod as 
and probably forming a link between t.he Pouocarpea and 
Taxeae: for these 101'nl8 he: proposes the g'cueric nam l;: P,.,'oto
phyliocladuB. The opinion has been expressed elsewhere :! that 
this" .}Jroblematical ~" genlls 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 Tl-1Smaruan Conifer 
Phylloclachls. , Ye are not in a position to assign a single 
species of Thinn/eldin to the FiliC'al cs or the Gymnosperms. 

A leafl et Ji-om Jurassic rocks of Poland fignreu by Raci
bOJ'ski4 shows whnt this autb()l' I"eg~lrds as the impression of a. 
circular s()rus: nu spomngia ha,vl.:! been found. A specimen 
in the British Museum\ wh]('h is said to come from Rlmetic 
beds in Queensland, shows a row of cOlltJiguous polygonal 
prominences on each side of t,he flJiririh which n:sernblE> the 
sori of a fel'll; but until sporangia arc discO\·ered we cannot 
determine the precise nature of thif: apparently fertile frond. 

A species described by Fonlaine" I'r"m the Potomac bl,ds 
( \VealdeD~JUl'ass i c) of North America. as l"l1;m~feldl:(t 't'a'?"?:clbitis 
affords a good example of a plant which Call1lot be identified 
with any degree of confidence either as a fern or n. seed-bearing 
type. M.r Bcrry draws a.ttention to thl2 form er ,tpplication of 
this name by VeJeuovsk.}; to a distiuct Lower L'l'et..'lceous 
Bohemian species and proposes for Fontaine's plant the name 
T . Fonta'inei:: be maintains that no one has doubted the fcrn
nature of the Potomac plant. 'Po v010iabilis may ind(~ed be a 
fern, but the evidence is nol such as to preclude legitimate 
doubts as to the cormctuess of this sllggestioll. Sohns-Laubach', 

1 Berry (03). :! Seward (04) p. 31. ~ Hollick and J etU·e_y (Oll) p. 2·1. 
~ RaciiJorski (94) A. Pl. x.x. I1gs. 1, 2; Zeiller ( OO'~) p, 98. 
~ v. 5\150. ~ Fontlline (89) Ills. 
7 Sollllls.LllUhu.ch (91) A. p. HI. 
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in referring to Schenk's view that Thirl11feldi" and its allies 
mfl'y represent (1. gron}) jntermediate: 1)ctween Ferns and GymDo
~perl1l!-; / admits that, jt is a, possible suppositi on: be js, huwevel') 
incliner! 1.0 consider Lomatopter-i8 and O!)cu,dopter/s, "genera 
('specially comparable with Tlrinufeldia ." a.s mol'c pl'oba.bly 
te rns. 

At t,his poin t \ve may cODyeni ently consider a serif's of 
gl:!ncl'rt. which occupy an e')l1 ally nncerta.in position ilIlel bear 
H YI:.'ry close rl~~emblance to TI11'M!feldia. 

FIG. 300, A. LOI)I(ltoPI('Tilljllrf''n8ilO. H DM. size, Aft-er Kun. ) 
n. L. Schimperi. lk nat. size. AftCl' So.lfeld.) 

c 

B 

C. l'hiltllfeldi a. rllOllt/loicia/'is, Eu. (Slightly enlarged. British 
Museum . No. 52672.) 

Lomatopteris. 

rrhe generic name LQiltatopteris was proposed by Schimper 1 

for some bipinnate frolld. originally described by Kun' fl'om 
Jurassic rocks of WUrtemberg as Odol1topte,';s (1) JUI'eMis 
(fig. 360, A). I have elsewhere expressed the opinion" tha.t 
this German species may bll identical with Thimifeldia ""om
bO'ida/is Ett. Kurr's type-specimen, a portion of which is 
reproduced in fig. 360, A, consists of a frond or large pinna 

I Scbimpcr (69) A. p. 472. 
a Seward (04) p. 30. 

= Kurt (45) P.L ll. fig. 1. 
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characterised ~, a prominent :lnd broad rachis gi\-ing oft' 
alternate linear pinnae bearing bluntly l"ol1ndcd, contiguous 
and basally concrescent pinnules having a thick or l'evolute 
border and a central rib. Th E' Jar.C'raJ vt:,.lns are visjbJe iD the 
ultimate segments of KUIT's fossil, Saporiu1 has described 
Eeveral species, whiuh he refer ::, Lo Schimpcr's genus, from 
French J nrassic strata : it is, however. difticult to recognise 
Some of the exa.mples represented in his illustrations as speci
neaJly distin ct forms. This ;;)uthor not ices the resemhlance of 
Lonwtoptel'is to 'J'hi1l'1ifCldiu, not only in habit bu t in the 
structure of the epidermal cells:!. In Lumatopf.eris and in 
Thi1mj'elclia the cells have straight and not sinuous walls 
and Lhe slightly sunken Rtomata arc snrroundod by a ring 
of epidermal cells. S"lfeld' b.,., ,·ccently described portions 
of fronds from Jurassic rocks of South- \Yest Germany, which 
he identifies as LomutopteJ'is jU1'ens"is. H e disagrees wiLh my 
view that LOlrwtolJtel'is does not dift'~r sufficiently from Thi11.1l
feld·ia t o be accorded gen(;ric autonomy, chictly on the ground 
t hat the folded-on.!l' edge of the pinnuJes is '-1 dj~liingl1jshing 

feature of LomCltoptel'ili. There :is, however, DO ditJc l'ence, in 
appearance at least, oE:tween the leafl ets of some species of 
Thin'YIjeldiCL, e.g. '1'. rhomboidalis frOID Liassic rocks of England \ 
and those referred to L Ollwtopteris. In" later paper, Salfcld' 
describes some PorcJandia.1I ii·(Lgments. fi"OU] Xorth Germany as 
Lomatopteris Schimperi, identifYing them with a Wealden foss il 
of somewh"t doubtful "ffinitv, which Schenk " makes the type 
of his species. The Portltl.~dian specimens are. described as 
tripinnate. with thick decurrent obtuse I)' t,cl'minated pinnulcs 
with a revolute edge. The general form of the ii'ond is very 
similar to that of L. j",·ensis. Salfeld publishes a photograph 
of a 1a.rge specimen which he describes as fertile u.nd a drawing 
of a pi ece of a pinna: the laLler is reproduced in fig. 300, B. 
H e speaks of sori occurring in two rows, probably attached to 
lateral veins) in the groove between the midrib and the revolute 
edge of the lamina. The sporangia are described as " nieht 

1 Saporto. (73) A. 2 Schenk (67) A. 3 SRlfeld (07) p. 192 . 
• Seward (04) p. 34, fig. 2, PI. IV. :; S!Llfeld (OH) . 
6 Scbenk (7U) PI. XXVI. fig. 7. 

s. n . 35 
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naher bekannt l
. " An examination of the . figures reveals 

nothing as to the nature of the " ~.QJ.j." The specimens are 
considered by Salfeld to afford decisive evidence against the 
view that Lomatopt"'~s and l'llim~feldia are generically identical. 
J\othing has so far been l'ubliHhed which const.itutcs a valid 
argument in favour of retain_iug Sehilllper's generic name. 

Cycadopteris. 

ZiguCi ~ founded the g~ n lls Cycadoptel' is on Italiflll Jurassic 
impressions regarded hy Sl: himpel' a~ indistinguisha.ble 1i'0111 
LomatlJp teris. As S ollJ)s·Laub'lcbs points lint, the t>npposed 
:-;ol'i of UycadCJjlte6s dt:!scribed by ZigIiu are not cundncing. 
There appear to be no f.;at isfactor." rertsons for !";c parnting 
C!Jcoc/optel'is fr01l1 L01)Jo lopten's, nor df) the h Ollcis fl e~c:tibed 

under these WI.U1 f'S ex hibit :\,IlY inJ[I(,rtaDt diffcn.:m:es from 
'J'/l i11 njeLdin. 

Ptilozamites. 

?\"athol'st 4 fo unded this genus on a remal'k;),ble series of 
!Speci men!' from the Rhaetic Coal ~bed :5 of F:icania and assigned 
it to the C.\·cadophyta. The species Pti.l(Jza.miles H eef';' may be 
takell as a rc:pre:-5entn..ti\' 1;! type. 1.'he Iea\'cs are linear a.nd 
~iJ))pJy pinna.te. III the (~xampl (:' shown on a lJ1Uch reduced 
f\calc in fig. 36] the froud is .53 em. long ,trld 20

] em. broad. 
Til!.! upper tdge of each pinnnJe is straight, ot slightly concave; 
the lower edge is mUDded ; the \'e ins are slig htly divergent 
and dichotomously branchcd (fig. 206, E, p. 5:>9). In some of 
Kathorst's specinlens the broad ra.chis is forked as in many 
Thinnfeldias. 

As a compat;son of fi g. 356, A and E, shows, the pinnu!es 
of some specimens of l'himifeldia oclryntopteroides are identical 
with those of j'!'ilozamites. In the latter genlls the mehis is 
either unbranched or occa~ionally forked, white in Thimifeldia 
the branching may he of th e dichotomous or pinnate type. In 
Ptilozamites the segments appear to be always withollt 11 mid-

I S. l r. ld (09) p. 34. _ 
lJ Solms-Laubach «(11 ) A. p. 114. 

, Z;goo (56) A. 
4 Na.tllOl'6t (78)0 
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rib, while a modian vein freq uently occurs _in those of 'l'hinn 
f eldia. There can be litt le doubt as to the ,·ery close alliance 
between the Rhaetic species referred to these two genera. The 

FlO. 861. P(j{oz.alllilF.8 F/uri, Nath. H nat. size. After Niltborp.t.} 

35-2 
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name Ptilozamites should perhaps be retaine':: for such long 
and narrO\v fronds as that shown in fig. 36]: no species 
included in l.'/tin'l'lfeld1,'a is known in which the rachis reached 
so g reat a length without branching. 1'he habit of Ptilo.za~ 
')H.ites l[eeri predisposes one in fi:wolll' of Nn.thorst's opinion 
that the fronds aJ'e 'ycadean: we have no information in l'egn,n:l 
to the nature of the reproductive organs. 

Ctenopteris. 

Tills name was iustituted by Saporta\ at BroDgniart's 
suggestion, for Liassic species characterised by piunules Hke 
those of Thimifeldia, but distinguished by the bipinnate habit 
of the frond. Saporta. comp;\r~s the genus with the Palaeozoic 
lCl1ves known as Odontopter£s, and with I talian Jurassic pJa.nts 
refened by Zigno t,o his genus JJic},opteris. 

The name Gtenozami!es is applied by Kathorst' to the type 
of frond which Sa.porta, Zeiller, a.nd other authors refer t() 

Ctenoptel'is. Kathorst instituted Ctenozamites for fb8sils agree
ing in tbe form and yenation of the pinnuh:s wjtb bis genus 
Ptiliz(OIl't'tes but differing in being bipinnate and not pinnate. 

Fronds of Ctenopteris are charact,ezi'i t ic of the Jura.ssic and 
Rhaetic series j they are known only in tht:! sterile condition. 
As ZeiUer" says, Ctenopteris may be a member of the Cycado
filices, an extinct group founded on Palaeozoic plants com
bining Cycadea.n and Filicinean characters, and sorue of which 
are now known to be Pteridospel'ms. I t is probable th,lt the 
genus is not a true fern: it is mom likely to be a member . 
of the Cycn.dophyta or of some generalised extinct group. 

I:Jtenopteri.s cycadea (Brongniart). Fig. 3G2. 

1828. AUcitcl! cycadoo., Brongniflrt, Hiai.. Veg. fo&). p. 38i, PI. CXXl_X. 

18~2. Odont(lpterig cycadea, .Berget') Veretein. Cuburg Geg. p, 23, 
PI. III. 

1873. Cttmopteris ('!!t:adlfa, Saporul, P:d. Fm1l9. Vol. 1. p . . 3Mj. 
Pis. XL. XLI. 

I Saporta. (73) A. p. 352. 2 Ka.thorfJt (78) p. 122. :J ZoiHel' (03) p. 52. 
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}'rond bipinnt.tc, broad ro.chig giving off brallches at an acute angle; 
pinnules broadJy linear, '>lightly flllcatc, with .'Severa} slightly divergcllt 
forked veins. 

A frond very similar to the Lower Lin.s specimen from 
p orsetshire represented in fig. 362 was described by Leckenby 
as Ctenis Leckenbyi (Bean MS.) from the Iuferior Oolite of 
YorkshiTe'. Leckenby recognised the possihility of a Cycadean 

FlfJ. 3(.\2. CleIJOj)leri" ryc(lfil'lI, 13l'ODgll. i~ Dilt. sJze.) From 9. Sl1ecitben in 
lJH~ B)'jtign Museum. [ll.S.] 

affinity. but regarded the LipinLHtte habit ItS aD objection. The 
branched fronds of the Austmlian Cycad Bow.nia supply an 
answer to th is ol~iectjoll. Seyeral good exam ples of Ctenopte1~is 
cycadea nre figured by Schwk' from Rhaetic rocks of Persia. 
Zeiller's Tonkin Rhaetic species, C. San·an.i', affoTds a striking 
illustration of the difficulty of drawing a clear liue of separation 
between OtenoptlJ11S and some species of Thi"~feldia. 

1 Leckenby (64) A. PJ. x. ti8' ] : Seward (04) p. 3n, 
1 Scb(lDk (87). 3 ZeiUer (03) Pls. ,·t.-"Vtll. 
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Ctenopte,.is is in all probability very clo;ely related to 
Thimnjeld,ia and Ptilozantite8. 

Dichopteris, 

This genu5 was proposed by Zigno 1 for some large specimens 
from the Jurassic plant-beds of Northern I taly. 

The bipi nnate lea\'es are characterised by the great bl'e.-'l..dth of the 
l'ncilis whicb is dichotomously branched in the distal region (fig. 363) ; the 
lineal' pi1m8o l'ellch (( cmu;iderable length. Pim:.ulc8 relatireJy smaU, 
oblong :Illd !'lightly collt)'acted at the bll.'$e; the decw'rent and cDllilllent. 
ItLlUina forlll!>; a. narrow wiug to the ma.in a.xis. Veins slightly di\'ergent 
ILlId forked, as ill Ptilozamitel:i. 

Dicltopteris vifJianicct, Zig-no. Fig. 363. 

A specimen of this species jn t,ho Padun Mll scum has a. 
total Jength of 83 em. I t has been clsew]lerc suggesteiP t.hilt 
a fragmen t figured by Zigno as a fertjle example of this type is 
probably JA,,'t of It II'ond of the Osnlllndaceolls fern Todites. 
Since this opinion was expressed I h;t\'e had an opportnnity 
of exarnioi ng the uctual specimell at Padua: the cil'cuJlll' 
patchts described by Zigno as sori appc:tl' to be u.Tegularities in 
the matrix and not an oriC-fnal feature. 

Brongn i,,,·t' insti tn ted the gOD US Pachypteris lor some 
imperfectly preserved English Jurassic fossils from Whitby, 
which he described as P. lanceolatn. Specimens have since 
been described' frotTI tbe I nferior Oolite rocks of tbe Yorkshire 
coast. Brongniart described the pinnures as being without 
veins or as possessing only a midrib, It is a lmost certain that 
the apparent absence of vems in most specimens:; is due to the 
fleshy nature of the segments and that the species P.lanceolata 
shou ld be t ransferred to Dichopteris, 

KrA.SSer' has described a species fro m Cretaceous rocks of the 
island of Lesina, off the Dalmatian coast, as Pachypteri8 dal-

I Zigno (56) A, PIs, XII . XIII, 

a Brongniart (28) A. p. 49, 
o Sapor" (78) A. p. 86B. 

, Seward (001 p. 170, 
4 Seward (00) p, 171. 
II Kr8.sBet" (95). 
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mat'ica which i.f velY similar in ha.bit to the E nglish specimens 
and to Zigno's Dichopteris vis'i(l'1l:ica. One of Krasser's specimens 
is practically identical with Dicho).'te>·is lunceolata (Brongn.), 

1"m.3G3. Diclwpteris l'iiliallica, Zigno. (~ nat. size. Alter Zigno.) 
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while in others the small pinnules are replaced"in some of the 
pinnae hy a continuolls lamina with a. few distal serra.tions. 
The latter form a link between the Dichopt"'is and TltimJjeldi" 
type of segment. K r<tSser gi\'es a full resume of opinions 
expressed by other authors in regard to the position of Pachy
pteris (= Dic/IOJJteris) and decides in favour of n Cycadean 
alliance. 

A French Jllrassic plant which Saporta' LUnde the type of a 
new genus SciB1'opteris, and described as S. P011ulii, appears 
to be indistinguishable from Dichopteris. 

Diclwpte1"'l's, though conveniently l'eta,ined i-l.S a dh;tinct 
ge1111S, agrees so closely. in the broad and forked rachis and in 
the fleshy pinnl1ies, with '11h im~reldia that it would seem reason
able 1.0 rt?gal'd the' t'\.vo genera as members of the sa,me group. 

Se\'eraJ [authors ha\'e drawn attenLioD to the striking 
resemblance in form and "cnation between the fl'Onds of the 
Palaeozoic genus Odont(jpte1't.5' a nd those of Ctenopte71S and 
Thz'nnJeldia. In Odoll.topteris, as in ]\Tett1'Optel'is, another Palae
ozoic genus, the rachis occasionn,lly bifurcates as in ThinnJeldia 
and lJl:chopler£s, a.nd the ul_tirnate segments of ~ome species of 
OdonJopteris (fig. 366, A) are practically identical with tbose of 
Thinnfeldia and Ptt'lozumites. 

Oduntopteris is probably a Pteridosperm. There is no 
adequate ren.~on for supp()sing that this group of plants which 
p!a.~·ed a prominent part in the Permo-Carboniferous fl oras was 
no longer in {'xistencl:! dUl'ing the Mesozoic t:l'a. 

Odontopteris. 

Brongniarti> institutEld the genus Odolltopten',<; for compound 
fi:omls from the Coal-Measures characterised by pinnules at
tached by the whole breadth of the base and traversed by 
nUUl CI'OU8 fork ed veins. (Jdontopte1'1's is very rare in British 
Carboniferous rocks and" appears to be restricted to the Uiddle 
and Upper Coal·Measures'-" 

1 Saporta (73) A. PI. Xl,\'1I. 

, Kidaton (012) p. 190. 
!! Bronglliart (28) A, p. GO, 
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Fronds large, 'oipiuDfLte or tripiullftte, the main rachis, which may be 
dichotomously hranched, l,eru'S long Jin('.ar pinnae with brondJy linear 01' 

deltoid l'innulcs. I~CUtc 01' bluut, attll('hL'Ci by the whole of tbe ba.sc; the 
lower nlnrgin of toe ialnina., which is wmally entire nnd rarely lobed (c.g. 

FIG. 3M. A. Alethopteri. lOlichiticfI (Schlotb .). ~ nat. size. 
B. Mario]Jteri. mllricata (Sohloth.). x:!. 
C. OdcmlopleriH cf. alpillll (Prefll). t DAt. aize. 
D. O. cf. alpitltl. Portion of pinna enlarged. 

lA-D. From photographs by Dr Kidijton.) 
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Odontopter£s DIi1nwula1formi<8)J, is often decurrent on tb{a::tis of the pinna. 
The l,aSf\.1 piunnlc of each pinna. it:! frequently ::Lttn.cbed by a. contracted 
OM€,and the lamiua mayditfer iu {orlll froUl that of the normal segments. 

FIG. SOii. Odll7l(,JpleriIJ miTIOr, Brongn. (Rather )es~ thaD i nat. sil':e. Atte 
Zeillel'. ) [The piull[J)es are omittea in tile right-haDd brs.ncb.} 

1 Potonie (93) A.. PI.:t.V. 
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Pinnules often o~ur Oll the main rachis, and in ~()1ne species the petiole 
bears modified pinnules which arc lal'gcr thfln the ultimate segments of 
the pinnae and iu some ca"es Cyciopteroid in shape. The piunulcs a.rc 
traversed by 1H1I1ICI"OU)o! dichotomously branched veins; if n· midrib is 
present it dies out in the basal part of the ll\milla. In some species 
(genus Mi.ron.enra) pinnuJe.'3 of the Neuroptcl'oid type, cha.racteri sed by a 
" .. ell-defined midrib, occw' ill association with typical Odolltopteroid 
pinnules on tbe f:l(i.mc pinna. 

The .pecics represented in fig. 364, C, D, from the· :\I iddle 
Coa1-Measures of Barnsley, YOl'k~hire, illustrates the form and 
venation of the Odontoptel'7.'s type of pinnule. Another species, 
O. Reichiana Gatb." is also recorded by Kidston from the Lower 
Coal~Measures of L:mcashil'c. Svme unu!'lually good specimens 
of the type~species of t.he genus (Jdulltopteris UU:flO1', Brongn., 
have been figured by Zeiller 2 from th e Coal-Measures of Blanzy 
(fig. 365) which show thc diehotomy of the main axis and tho 
occurrence of Aphlebiae on the pet.iole. The late Dr \Y{'iss' 
djviderl Odontupteris into two Rectio[ls, X enopte1'is and JlIi.'t'o-

1Jew'((, the pinnules of the former having th~ fOl'Il.l shown in 
fig. 364, D ; wbil e in species of the latter sub~gellus sume of 
the pinnulcs are identical in form and vpnation wit,h those of 
Neu"opte>'is except that they are attached by the whole breadth 
of the base. Zeiller' employ!,; j1fi3:olleuro as a generic designa
tion. In an America.n species U. TV01;theni Lesq.~ the pinnulcs 
bear numerous hairs like those on ::;ome sp('cies of J.YeIlYOpter£s 
(fig. 373, p. 570). The large size of the fronrls of Odontopteris sug
gested to Weiss 6 that they wel'e borne on the stems of' tree-ferns, 
but Grnnd'Eury's' examination of spt!cimens in the Coal-bt:lds 
of central France led him to picl;ure the plant as bearing a tuft 
of leaves on a short subterranean stem. Renault and Zeillers, 
on the other hanel, obtained evidence in the COlnmentry Coal
field of fronds borne on elongat,ed stems which grew on the 
ground and were supported by stronger plants. StUI'll W,\..I;) the 
first to suggest that Odo!ltopteris should be excluded u'om the 

1 Kidston (89) p. 409. 
, Zeiller (06) P Is. xn.-xxll.; (00::1) p. 100, fig. 73. 3 \Veiga, C. E. (70). 
4 Zeiller (06) p. 90. 6 Lesquereux (80) A. p. un ; Weiss (70). 
~ Weiss (69) p. 37. 1 Grand'Eury (71) A, PI. A. 
8 Renault a.nd Zeillcr (88) A. p. 219. w Stur (84). 
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feros. Grand'Eury's l supposed fertile pinuules' of Odontopler-is 
do not Rfford any satisfactory e\ridence of the sporangial nature 
of the small s\vellings \,,·hich he figures at the ends of the veins. 
This a uthor pointed out several years ago that the petioles of 
some species of Odontoptens possess the ana.tomical features of 
Af!/elmylon. " type of lenf-stalk whi ch is now kn own to belong 
tu pt,eridosperms. In a recent paper Gr::md'Eury~ records the 
association of Otlontopte)'is fronds with small seeds (Odontoptm'o
C{l'liJUs), a disco\'el')' which leaves li ttle OT no dfJHbt ns to t he 
P tHidospermlc nature of t he genus. The fronds of Odontopteris 
are vel''y sil1lila r in habit tiD those of Neu1·opteris. another 
P tel'idospel'rnic genus. 

The similarity between some Odontopter£s and Thi11nfeldia 
leave!';, to \yhich attention bas rurcady been called, is well i11us
tmted by O. gel1 flina Gt'fLnd 'EuI'y :l, a pinnule of which is repre~ 

seutecl in fig. 3HG, A. Odontopteris is ;,J., f;tirly wid espread genus 
il] Upper Carboniferous and Lower Pcm]ian rocks, and is recorded 
also from 'l'r~tssic stmta: it is I'eprcsl'uted in the Coal-fields of 
~ orth All1erica and in several parts of Eut'ope 4

• 

In some fronds inclu ded jn Odontopte1'is the pinnae are 
c haracterised by a broad irregularly lilbed lamin::L which n.lso 
forms 3. winged border to the rachi s. Examples of this form are 
affOl·ded by Udontopteris Brown; Sew.' fj'OIl1 the Burghersdorp 
Seric~ (Triassic /) of Cape Colony, and U. F,'scheri described by 
Bl'ongn.i<1I'tG frolll the Permian of Russia. The Itu:ssian species 
would perhaps be more <:1.ppropriately placed in the genus 
Callipteris, as \reis!,i suggests: t he absence of vcml-\tion in 
(J_ lirowm' T(')]d L'l';; generic. identification uns:-ltisf;-lctJory. 

1 Grand'Eury (77) A. PL :xm. 2 GraDd'Eury (08). 
~ Renault a.nd Zeiller (88) A. PI. 

• " Wcil-'!'I. C. E. (G!l); GooJlP~l't (f,-1 1 A.; Potonic (03) A, (O~ ): Lesq uereux 
(SO) A., p. 124; White (99) p. 125. 

Ii Sewfl,rd (08) p. 97, PI. \'111. 

II 13rongnia.rt, in Murchison , ~ern euH. n.nd Kc:yserling (45) 1)1. A . 

i WeiHS, C. E. (70) p. 871. 
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Callipteris. 

Brongnial't 1 institut,ed this genus for certain species of 
supposed ferns previously referred to the genera P ecopten's, 
Alethopteris, a,nd lYeu1·opteris. CuUipteris is a characteristic 
Permian plant which is altl10st certa.inly a. Pteridospenn. 

A B 

FlO. 366. A. Odoflto]1tcris gellll illa (Grnnd'Eury). ( )( 2i. Aftor B pnault and 
Zeiller.) 

B. Calli1JtcI'idilll1L Oiga8 (Gutb.). ( x 2~. After Zeiller.) 
C. CaLlipteriil Pellat; (Zeill.) . ( x 1 ~. After Zeitler.) 
D. C. lyJ"UIIJo/ia (Goepp.). ( x 11. After Zeiller.) 

Zeiller has pointed out that such descriptions of fertile specimens 
as have been written are unsatisfactory. A few years ago, how
ever, Grand'Eury 2 recorded the occurrence of seeds in association 
with C"llipteri; fronds in the Autun district, and in some CMes 
they were found att!\Ched to the pinnae and rachis. The seeds 
.tre ovoid or spherical (5-10 lUlU. broad) and smaller than 

l Brongniart (4.0) A. p. 24. 2 GI1lIld'Eury (06). 
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th ose of lYeu1'optel'is. T he drawings of fertile '.segments pub
Iish~d by Vl eiss 1 afford no indication of reproductive organs. 
Paton i.' figures some pinnules of Callipt.,~s conferta in which 
the thick lamina is covered with sinuous grooves probably 
made by SOme iDsect In.rvae: as he suggests, similar markings 
mil)' hure been mlsta,ken for the remains of sori. The occur': 
n~ D(;e of C'a.ll'1.pteris ii·onds recorded by Vl ebel' and Sterzel:! 
in association with .Medullosa stems in the Lower Permian 
of ~<lxony is in accorda.nce with Gra,nd'Eury's conciu!'iioD . 

Frond:,,; rene:Ling 1 metro in length, bipiulll1.tC IW tripinnMc, Ill[l.in 
I'i~t.:his frequently ex-oibiting a. conJiJilll.l.tioll of diclwtollloUS i.ud piuua.te 
ImUicLillg. l'iuuae line,.!" wmltlly Cl'tl\\'dcd, decut"I'Cllt on th(· I·,'l.cbis; the 
piIlIluJe.-;: Oil the lo wer ~idc (If the pilllllW nrc c(llltinucu VI) tv tht: mellis. 
Pjul)!lJcs of tlw Pecpptcl"vid t.'"l'c, entire OJ' slightly loood, nJ' of ibe 
BphC'IlI'l'tcroi rl type fwd mOl'C 01' 11..'.':' ''' llce]'l)' di",,.;el'ied (fig. ;~bH c. lJ\ tlJC 
Ia.ulilla of a.djllccnt pillllUlcs eOllcn~,",cent i OIl the lower pi11lJILc t,be 
lU.llllllU may be cOlitinll()IIS <t .. 'i in Ull AletbojltCl'i:-; pinlLule. A llIidl'i), 
ILia.\" (;)."ielld alrl.lost it' tIll' bhUlt!y rounded <Lj)('x of the l11t.iwutc segmellts, 
gi\·ing- off ohlique, simple, W' forkcd wins, the !pwest of which nri::>c directly 
fl'OIII the rachis; ill the ::-:'l,henopteroid forms the Ifl,tel'o,,\ \"(!in!-j nre given 
off ;Lt I\. mOl'e <"\,cute Ilugle. 

A strjking teaiu !'c of the genus is the 1)(;currencC:! of pinnules 
on the ma.in mellis, as in Odontopteri ... ·. Zeilk:r has wisely 
extended the i.tpplication of CoU'lJter'is to fronds possessi ng this 
character irrespt'ctin' of the entire 01' lobed form of the 
ul timate segments. He found among the l1UlfierOU!; exa mples 
of the gellus obtnincd from Autun· and Lodeve 6 transitional 
forms cOllnecting such species as C. co~terta (fig. 367) and 
C. Pellati ZeiH. (fig. 306, C) in which Uw Pecopteroid pinnules 
are slightly lobed, with C. ly"at~folia (Ooepp.) (fig. 366, D), 
C.flabellife",," (Weiss), "od C. Be"yeron'i Zei". characterised by 
deeply lobed Sphenopteroid segments. 

Callipteris confe,·t" (Sternberg)'. ~'jg. 36;. 

1723. Scheuchw;,r, Hcrb. DiJin'. Pl. n., fig. 3. 
1826. Neuropten"A i:on/erta, St..c.rJloorg, Flor. Vorwelt p. n. 
18-19. CaUipler£s conjf'!l'ta, Brnngll.i&'l't, Tableau, p. 24. 

1 Weiss (69) Pls. VI. VIt o :! Potoni6 (ld3) A.. Pl. 1. fig8. 1, 2. 
~ Weber and Sterzel (96) p. 9'9. " <I ZeiUer (90) p. S4 . & Zeillel: (9Sa). 
tI For figures of tbill and other llpeciell, see Potouie (07} . 
., FQr"BID.onymy. see ZeiUer (90) p. 87 and J'otonie (07) p. 2. 
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This polyDtol'phic species (fig. 367) is one of the most 
characteristic Permian plants. The oval-linear pinnules, attn(.;.hed 
by the whole base, OCcur on both pinnae and rachis; this 
feature, the thick texture of the lamina, and the linear, obliquely 
set, pinnae render the fronds easily rccognis..'l.ble. The fronds 
bore seeds. . 

FHi. 867. Callipteris co"1"'(/. From the PermiaD of Aschbacb, Rhenisb 
Prussia (Briti!>h Museum, No. 39052). 

In a recent account of some Permian plants from Germany, 
Schuster' refers a portion of a frond to Colliptl!1is conferta 
(Sternberg) val'. polyrn017'ha Sterzel, which is characterised by 
unusually large and polymorphic pinnules. In size and shape 
the pinnules recall those of Net"'ol'tericliuln vnUdum Feist. 

I Schuster (08) PI. VIll . fig. 7. 
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Ca.llipteridium. 

The nalOe Calhplel·id'ia1//" created by 'Veiss l as a sub-genus 
~f Oelontuptm,s, is applied by Zeiller and other authors to " 
few Upper Cal'bonjferolls ftnd Permian species characterised by 
the occurrence of simply pinnate pinnae on the main rachis 
between the bipinna,te prilUary pinnae. Single pinnules are 
borne directly on the rachis of the primary pinnae between the 
pinnate branches. The form a.nd veoation of a typical piouule 
ore shown in fig. 366, B. Callipteridillrn pl.,·idiurn, originally 
recorded by Schlotheim as Filicites ptf!'l,dius', bas been fully 
described by Renault and ZeiUer from unusually large specimens 
found in the Com mentr), Coal-lield'. This species illustrates 
the peculiar morphological features of the genus. The main 
ntchis of the tripinnate fronds, several llJe tres long, shows a 
combination of dichotomous and pinnate branchingj from the 
zigzag and forked axis are given off bipinnate pinnaE' and, 
between these) shorter pinnate branches. The pinnules close ly 
resemble those of Callipteris califerta but reach a greater length; 
Lhe pinnnles borne on the rachises of the lateral branches diffe .. 
from the others in their broader base and more trianguht,r lamina. 

1\0 fer tile specimens have been found. It is probable that 
CallipteridiU'ln was nnt a true fern, and that White ' is correct 
in incl uding it among the Pteridospenns. 

Archaeopteris. 

In 1852 Forbes' published a brier description of some 
supposed fern fronds , found by the Geological Sun-eyors of 
I reland in Upper Devonian rocks of Kilkenny, under the name 
Gyclopteris hiben,icu. The Irish specimens were more fnlly 
described by Baily' in 1858. Fronds of the same type were 
referred by other authors to OyclopteriB, Adiantites or Noeg
gerathia., until Schimpcr 7 proposed the generic name Palaeo
pteris aD the ground that the fronds described by Forbes and 

1 Wei8.R, C. E . (70). ~ Schlo~heilb (20) A. p. 406. 
S RenA.ult and Zeitler (SS) A. PI. xu:. ' White (OS:!) p. 388. 
II 'l"orbes (58) p. 43. I; Daily (59) p. 75. 1 Scbimper (69) A. p. 478. 
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Bni>y are distiQguished by the nature of thei,' fertil e pinnae 
from the sterile leaves included ill Bl'ongniart's provisional 
genus Cyclopteris. The earlier use of Palaeopte1'is by Geinitz 

FlO. 868, 4rc.haeopw·il hibtrllica. (From a specimen in the Science and Art 
Museum, Dublin. Rather leas than i nat. size.) 

s, n. 36 
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for an entirely different plant led Dawson I to institute the 
genus LJ,·chaeopleris. The genus LJ"chaeopteris may be defined 
as follows: 

Fronds bipilllHl.te, reaching a cousiucmhle length (00 COl.) ; the stout 
rRcbis bears long linelll' pinullej s.terile pilllllljCS obo\'ate 01' ('(lIlenl.e with 
lW cntil'e, lohed. fimbriate, Or lacinittte laminll. trll\'crsed by dj\'<lrgCllt 
dichqtull1o\lsly bl'nndled Yeil1~. The fertile pinnae usually occur on the 
low~r part of tlle rachis; pinnule!i with a much reduced lamina bear 
Ullmorous fll~iftll'lD or o\'nl exalluulR.t.e spora.ngia (fig. 36D, A, E, H), ~e.'iSile 
(Ir shOl·tly l:it.'tlkcd, singly, 01' in groUIlS of two OJ' t!l"ee. The base (if the 
l,ctiole i~ cbaracterised by a pair of partially adtHl.te f:)tiputcs (tig. 3(i9, C, D), 
find :single pinnulcEi 01' scales (lCClU" in ~OlUe ~peC)ie8 on the rae;his between 
the pjnllae ;1.l)d on the petiole. 

A rcitaeul,teris hiben,,'cn (Forbes). Figs. 368, 360, A- C. 

The specimen Irom Kilkenny represented in fig. 368 has 
a length of o\·er 80 crn. The flpper pinnae bear numerou!=; 
imbricate obo\rate pinnules (fig. 3G!:', A, E) wit.h an entire 01' 

\'cry l)lightly fiU1bri<1te margin, while on the shorter lower 
pinnae the ultimate segments arc reduced to a. slender aXlS 

bearing numerous fusiform sporangia, 2-3 mID. in length, 
]\' idstol]:1 has pointed out that spDrangia occasionally occu r 
on the edge of ordinary pinnules, and he first "eeognised the 
st ipulaT' nature of the sca.le·like appendages which Baily noticed 
on the swollen petiole b·l.SO (5 em. broad) of the I rish species 
(fig. 3GO, C). Restorations of A relweopt.tis hilien.ica have been 
figured by Baily" and by Carruthers" but the description of 
tbe fertile pinn',e by the latter altthor requires modification in 
the light of Kidston's description of the Duhli" specimens. 

A1'c/'a-eopte1"is is recorded from U:ppel' Devollian rocks of the 
Soutb of I1'eland, Belgium, Germany, Southern RUS51a, Bear 
I sland, and E llesmere Land in the Arctic regions, Canada, 
Pennsylmnia, and el801\"h .. ro. Many of the speci mens described 
under different nau'\e:s bear a close resemblance, which in some 
cases prob~bly amounts to specific ident ity, to A. hibernica. 

I Dawson (71) A. 1'. 48; (82), 
:! Kids\oll (9l2) p. 30, JI[' 11~.; (OGI p, "'3'i, 
a Ba.ily (75) PI. unl1. " GlLrrutheni (722) PI. ll , 
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A. Jacksoni originally described by Dawson l and more recently 
by Smith and 'Vhite 2 from 'Devonian rocks of Maine, the 
Canadian type A. gaspiensis Daws., ~nd some Spt·cjes ngured 
by Lesquerem;: 3 from Pennsylvania, are examples of forms 
which present a striking similarity in ha.bit to the I rish species. 
'The Belgian D e\'onio.n fossils named by Cl'C;pin -l Palueopten's 
hiberrtt"ca var. 1l1i1lOl' are rega.I-ded by him as probably identical 
with Goepper t's species C'ycloplc1'Lr; It()e11le1~ian(l, from t he neigh
bourhood of Aachen. Heel' recorded ... 4..'rdlCteopieris Roemerianu 
from TIpper Devon ian beds in Bear Island, ::u..Id Nathol'st", who 
has l,ublishcd a more cl)lnplete account of the Arctic forms, 
draws attention to the resemblance of some of' them to 
A . l,ibenl1·ca. A specie;;; deRcribc.d by Schmalhausen 6 from 
the Upper Devonlan of SOl1thern Russi;'l as A. archetypus 
(fig. 369, D) appears to differ froUl A. ftib,,.,,ica in the slightly 
less reduced lamina of the ft_·rtilc segments. This ~pecies has 
been IlI UI"\) adequately illustrated Ly Nathorst7 froJU material 
collected in Ellesmen ' Land: he is llll<t.ble to confirm Schmal
hansen's statement thclt the pinnae arc spirally disposed. 

The species A./i"lnbriata (fig. 369, 0) described by X",thorst 
from Bear Island is characterised hy the 1110re deeply dissected 
lamina of the sterile pinnules. In.A. fiss-ilis Schmal. from 
Russia, and EllcslU t: re L '1.nd the lamina (fig. 369, E, F) is cut 
up into filitorm segments: a fe rtil~ pinnule of this ~pecies 

is represented in fig. 369, E. 
Some sterile impressions figured by Krassm·s u·om Palaeozoic 

strata (Lower Carboniferous or Upper Devonian 1) in the 
province of Nanshan in China as lYoeggeruthia acuminifissa 
a re considered by Zeille1" ' to be portions of an Arciweoptllris 
or Bhacopteris fTond. rr'he resemblance. to the former gcn us 
is however by no means close enough to warrant a reference 
to .t.11·chaeopte1·is. The sterile specimens described by Stur·H 

from the Culm of Altendorf as species of .d "ciweopleJ"'s are 

I Dawson (71) A. ~ Smith ILnd White (05) p. 39. 
:£ Lcsquel'cu.J: (SO) A. 4 Crepin (74.) . 
., Natborst (02) I) Schwalhauseu (94). j ;\QthorBt (04). 
II KraHHer (00) PI. I. figs. i:!-7. 8 Zeiller (Oi'l~) p. :!.7. 
j (l StUI' (70) A. Pis. VilE. :01. XVI. 

36-2 
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]Jrobably not generically identical with the Irish and Arctic 
species. The dichotomous branching of the racbis in A. Tscher
ma"ki and .d. Daw80ni is a feature unknown in Archaeopteris. 

D 

B 

~c 

~ 

G 

Pro. 369. A. Arclta~{)pte. n'8 hlberllica, Fertile pinna, Dnblin Geolo.>gica.l 
Suney Museum. (Heduced. After Kidston.) 

B. A. hiut! rn'ica. Pinuule. (Slightly enlarged. After Carruthers.} 
O. A. hibcTni(! a, Base of petiole. (Dublin Museum. After KidstOD.) 
D. .A. MchlltYPIIII. Bilge of petiole: Ellesmere Land. (Alter 

NathoTst. -i nat. size.) 
E. A. {lils ili.$, Sporangia. (Slightly enla.rged. After Schmlll· 

lULusen.) 
F . .d. {Msilif. SterjJe pinoule. EUesmere La.ud. (Slightly en· 

la.rged. After Na.thorst.) 
G. A.ji.mbriata. Bea.r Island. (Atter Na.tborst. t nat. size.) 
H. J:rchaeopuri' 'p. Ellesmere Land. (Arter Natboret. • nat. 

size.) 

In the absence of fertile pinnae the separation of .il rchaeoptel'i8 
{,.nn, RIIn_r.(}nf""'~I:S: 1R hv nn mARnA f'o.A..'W. 
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.A't'chaeopte1-is was regarded by Carruthers as a fern closely 
allied to recent species of Hymenophyl1aceae, but this conclu
sion was based upon an intel1)retation of the fertile segments 
which Kidston 1 has shown to be incorrect. The latter author 
regarded the presence {"If stipules and the structure of the 
~xannulate sporangia as evidence of' a Man\ttinceous alliance. 
In a later reference to 11. 'rc/taeopteTis) Kidston expresses the 
opinion that the genus is not u. true fern but a. member of the 
Cycadofilices or Pteridospenns, a "iew shared by Grand'Eul'J' 
and doubtless by many other paloeobotanists. The sporangia 
of k"chaeopteris appeal' to be of the same tl1,e as those of 
Dactylotlwca (Eg. 290, E, p. 399). Sc1llnalballsen gave expression 
to his di&'lgreemcnt with Nathorst and other authors who 
referred i:lrchaeopte1'is to the Marattiaccae by proposing the 
distinctive group-name Al'chaeopterideae. 

There can be little doubt that the reproductive organs of 
Arcltacopterz"s so fill' disco\'ercd a.re microsporaogia, and tha.t the 
lll"nt bore seeds. The sporangia. ,re hU'gcr than those of any 
known fern and, as Kidston points out, they ~l'e similar to those 
of CI'ossotheca, which he has shown to be micl'osporangia of the 
Pteridospel'lU Lyginodend1'o1L The presence of stipllles in 
.A1'chacopte'ris hibe1'nica, A. jimb"I:ato, Li. m'chetypus (Hg, 36!1, 
D) and probably throughout the genus docs 110t materially 
affect the question of taxonomic p"osition, Stipules are a 
characteristic feature of Marattluceat und, in a reduced form , 
of Osmundaceac, but similar appendages are borne at the base 
of the petiole of the Cycad Ceratozamia, The occurrence of 
Aphlebiae on the rachis of ilrc/ureopte"is is a feature sbared by 
the fronds of' New'opte,-is and other Pteridospenus. 

N europteris, 

'l'he frollds for which Brongniart' created this genus, 
though suspected by Sturin 1883 as wrongly classed among 
the ferns, have only recently been sbown to be the leaves of 
Pteridosperms. AB yet only one case is recorded in which 

1 KidstOll (88~). ~ Grand'Euty (OS), ~ Bronguiart (22) /t, 
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'ew'optel'is pinnae occur in organic connexio\l with seedsl, 
ut it is almost certnin that the genus as a wbole must be 

FIG. 870. Nturoptuilf (rond with Oycloptt ri. leaflets. English Coal-Measures. 
(From a block given to me by Mr Carruthers. A.C.S.) 
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placed in this· generalised group. Renault l pointed out that 
the petioles ofNeuropteris frond::; from Autun had the ann,tomical 
features of Afyelox.'Ilon (petiole of Me<{allosct). Since Kid.ton·s 
important discovery of seed-bearing pinnae of N. iteterol'hylla, 
Gmnd 'E ury 2 has recorued the association of l\"TeuJ'Optcris fronds 
\vi th seeds ill French Coal -fie lds. By some of thu older authors 
~Ye'l.t'ropte1is was compared with Osmundcl. because of It similnrity 
in venation. In the frequ ent dichotou'IY of the frond and 
in the Occurrence of pinnules on the rachis. NeIt1'optc1-is closely 
resembles Udontopte1is:!: there can be litt le doubt as to t he 
close relationship of the Ptel'idosperms possessing these two 
types of foliage. New·optel'is may be defined as follows: 

Frond~ r c,lcbilJg n co)).-;idernule :oizc, proh~hly in some enses J1. JeHgtlJ of 
10 metres4; bi- or tti-pinnate; the r(l.Chis mny be dichototlHlusly bl'1l11ched 
(figs. 354, D ; 3iO) : hoth l'u.(;bi~ and v~tiole bc.'l.1' Single pintlUlcR, those on 
the latter frcqu6f1t1,\' diffel' f,'(JrJ] the 1l0nlltll IcaBet..'i ill their' larger Cyclo· 
l'teroid 1l1minac (tig. 3iO). Pinuu]ciI ~ntirc, rarely sJightly lobed. broadly 
li near, attil.cbed by a, :-<mall 1'0ltioll of tbe \l!\Sf'., which is. llslmlly mure 
Or less cordate. In N. Orun,qcl'/: B l·OllgO. the pim,ules are attached by 
a. s bol·t pedicel'\ The midrib alwa.y.,; dit.'8 out befOJ'e reachillg tbe blunt 01' 
pointed apex of the lamina and gi"es off Itt I).n acute n.ngle numerous 
Beconda.ry veius cbfl.racterised by their /lrched course and l'ep~Jl.ted forking. 

Potonie describes t he secondary veins of the piunules of 
J.Veuropteris pseudog'igantec(sG a.'i oCC8.sional lr anastomusjtl g, n 
feature which may be l'egarded as a step towtJ J'ds t.he reticula.te 
venation of the closely allied genus Linopte"is. 

Renaul t ' described some petrified pinoule. of Nell1"Opte?-is 
in which the rnesophyll shows a differentiation into 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 (Ner·iu", oleander). 

The rachises of N ellropteris fronds are described by Grand'
Eury under the generic name Au{cwopten'sB, 

1 Re.nIloUJt (76). :! G:raud'Enry (OS). 3 White f99} p. 128. 
, Grand'Eury (77) A. p. 122. ~ ZeiUcr (90) Pi. u. fig. 6. 
II Potonie (99) p. 11S. r Renault (82) A. Vol. In. ; ZeiUer (90) p. 13~. 
8 Grand'Ellry (77) A. p. )05. 
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Neu1"opten's lteteropTtylla, Bl'ongniart 1• Figs. 31>4, E ; 371. 

This species 1S characteristic of the Lower CQal-M~asul'es 
of Britain ; it occurs also ill the Middle Coal-lIleasures and is 
:1 common. ty-pe ill Upper Ca,rbouifel'ous rocks in various parts 
of tbe world. The fronds are large and tripinnate, the mchis, 

FIO.371. Nellt'o]Jtl!fiil hClPI·Qphylla. From 1\ Bpcci lUon iu tha Manchester 
Museum. ~ WIt.. lIize. M.S. 

is often dichotomously bmnched aod Cyclopteroid pinoule. 
may OCcur on the petiole. The pinnules, 5-20 mm. in length 
.od 3-8 mm. broad, have a rounued "pex (fig. 354, E, p. 535). 

As sholvn in iig. 371 which represents a primary pinna, the 

1 13rODQ'njart (22) A.Jll. u. fiu. tt. For STllOD.Ynl.y. see Kjdstou (OS) p. 773; 
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Fimal1 pinnules' on the lower branches are gradually replaced in 
the tlppe}' portion of the specimen by fal cate segments. 

It'te tl .. rople)-is ntD.m·opltyllu. Brongniart '. Figs. ~;)4 , D, D' ; 372. 

The rachis of the large fronds of this speciEs illustrates the 
dichotomous habit of mfmy N europterjs fronds, also the occur
rence on the petiole of large Cyclopteroid pinnules (cf: fig. 870). 
The smaU piece of a pillna r~pl'oduced in fig. 372 shows the 
s lender attachment of the segments, the blunt apex, and the 

Fw. 37Z. Xeuroplai,y 1!IOC7f)pJ!!lJ/(), Br!mgn. 
l~rom 0. photograpb by Mr Hcru illsvmy. 

N et1 l'opte l'oid venati on. Single pinunles of this species may be 
distinguished from tbose of 1'1'. Schenchze;'i by the blunter a.pex, 
the absence of the pair of small Cycloptel'oid piDDules 0 11 tbe 
same branch and by the absence of hairs. N. 1Ilac1'ophylla is 
characteristic of the U pper Coal-Measures of Britain. 

] For synonym)', see Kid!;ton (88) p. 354. 
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Neuropte1'is Sclletlchze1"'i, Hoffmann. Figs. 354, 'F; 373. 

Fragments of t his well· kn own Coal-Measure species wer(" 
figured by Scheucbzer in his H erba1'1:ulII DilttviwIlUII1 1 as Lit}IO~i

mundo, miJl01',ll.ud by Lhywd (Lui(ljus~) ;1.5 Phyll1:tes 11M"ne1't'llis RS 

early as ] 7GO. Nela'optel'is 8cheuchze,.i, so named by H offm ann 
in 1826, is n. type which many authors have described under 
different names. Lcsguereux 3 figtucd it n .. ''i N. hi1'Stlta from the 
Coal-fields of' Pennsyinw ia, and under the same name it is 
recorded by F ontaine and "Vhi te~ from Permian rocks of 
Virginia. 'rhe O\'al patches on t he surface of n, pinnule de
scribed by these authors a)'; sor; arC' certainly n ot of that natuTC. 

The same species is de~crjbed by Bunburrs from Nova Scotia 

FlO. 373. jY" lLroptrri~ Sc}u'ur/,<./!ri. From a speoim~n (Y. '2009) itl the British 
~U!lt'llm. 1 nat. f\ize. 

as N. cOl'data Brougn. vai·. angustifolia . For a full synonymy 
of t he species reference should be made to Jjsts published by 
fudstol)', White', and ZeiJJer '. 

The large tripinnate tronds are chanlctcrised by the long 
linear- 0 1' oval-Ianceolate pinnul es (fig. 373)" with a pointed 
apex and numerous bristl e~like hairs on t he lamina ; two much 
smalier Cyclopteroid segments occur at the bllse of the pinnae 
w)lich are terminated by the linear leaBets (fig. 354, F , p. 535). 

NlfU1'opteris Scheuchzeri is chamcteristie of the Upper and 
Middle Coal-M ellSllres of Britain and is recorded from . e ,'eral 

I Scbeuchzer (1723) A. p. 129, Pl. x. tig. 3, 
, Lbywd (1760) A. PI. v. fig. lUO. 
s Lesquereux (79) A. Plo VlIl. ~ Fonta.ine and White (SO) p. 47. 
t. Bunbury (47) PI. Ul. " Ridston (94) p. 357; (OS) p. 006. 
7 White (!.t91 p , 132. 8 Zeiller (88) A. p. 251. • See Vol. I. p. 45. 
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localities ill l\'orth America and the Continent. Zalessky' haR 
recently recorded the species from t he CoaJ-~l_ easuJ'es of Donetz. 
rrhe frequent occurrence of detached pinnules points to a. 

caducous habi t. Even single lcaflct~ can, however, bo identified 
by their large size, the poin ted apex, and hairy lamina.. The 

-hairs <"Lrc preserved as fine oblique lines simulating veins; 
they were so described by Hoemel'~ who took them for cross
connexions between th e secondary veins tlnd referred the pin
Dules to Gutbier's genus Dictyopter'is. 

Another example of J.Vem'opte1·is \vith hairy pinnules is 
described from the CUllltm'ntry Cml-field by Renaul t and 
Zej]ler as }l. JW1']'idcl 3. Th e o'7,a.J-Ij 1)e;u~ bluntJy rounded, 
pinnules are characterised by n medi;-lD ba.nd of hairs On each 
surface and a narrower strip at the edge of the la.mina.. 

Cyclopteris. 

This gencJ'ic name was crea.lied by B)'ongnial't in ] 828-l for 
specimens whi ch he believed to be compl ete single leaves of 
orbicular oj' reniforll shape simiia.r liD those of T?i.alio71lcwes 
1·en~fonne. The lamina is tnlxcrsed by llI11ue l'OUS dichotomously 
branched veins which slJread from the centre of the hasc. 

I t was sllspected by Linuley and R utton ~ that certain 
Cyclopteri, lea,·cs belongc,] to i , h~ frond of a specios of 
Nem·opte1i.s, and SOllie years later Lestl uerenx G concluded thn,t 
BrongniaJ,t's genus was founded 0 11 orbicular leafl ets of }..~elt?'o-

1,teris. In 1869 R.oehl 1 figured a ~pecimell of' lVearopt81is 
hem;ng Cyclopteroid pinn111 es on it,s rachis. It is now univer
sally admitted that Cyclnpt.,·is is not, a dist inct genus and that 
the specimens so na med were borne as modified pillntlles Oll the 
main rachis of' NeU1'opteris a.nd Odo11 topteris. I t 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 tbe Upper Coal-Measures 

1 Zalt!88.Ky (07J PI. XX-ll', fig. 5. :! Zeiller (SS) A. p. 251. 
:I Renault and Zeiller (88) A. p. 251 , PI. XXlLn. 4 Brongniart (28) A. p. 51. 
& Lindley and Hutton (SA) A, p. 28. 
6 Lesquereu:J. (GG) A. 7 Roehl (69). 



572 PTEIUDOSPERMS, ETC. [CII. 

,,[ Yorkshire and described in 1888' alfords a st~iking example 
of the large size attained by what was probably a frond of 
N e1tropw1·is. The piece of main rachis reached a length of 
over 120 em. and bore five pairs of Cyclopteris pinnulesJ some 
of ''''bich were 7 em. long and ;; em. broad. The complete 
frond must have reached a length of at. least 4. metres. Fig. 370' 
sholVs some typical Cyclopteroid leaBets on the petiole of a 
N eUl'opte1'is frond. 

Linopteris. 

The Upper Palaeozoic fronds included in this genus are 
more familiar as species of ])£ctyopten:s. Potonic!l has, however, 
pointed out that the creation of this narne by Lamol1roux in 
180n for" gen us of Brown Algae which is still "ctained, makes 
it advisable to fall back upon the designation Linopteris. 
Gutbier S proposed the genus Dictyopteris in ]835: LinopteTis 
was first used by }'I'e~l 4 in 1838. The fi'onds so na.med are 
identica.l wi th specios of :..¥em·opteris except in the anastomosis 
of the 8econcl::i.ry veins; Lt'nopteris bea.rs to N ew'optm·is the 
same r In.tion as LOllchopten's bears to .A letlwpte}'1:s, As in 
~New'(Jpteris, Cyclopteroid piDnulcs OCCllr ou the perjoles of L1'no
pteris, but the vei ns furm [l fine reticulum, Gr-and'Eury!'i reconls 
the ass(icin.tion of Linopt('ris Bl'ongniurti with seeds belongjng 
t.o the genus Hexagonoca1"'pofl, a fact whi_cb points to the 
Pteridosperm nature of the foliage. 

Some fertile pinnules of L1:nopter£s Sc/tutzei (Roemer) are 
described by Zeiller ' from Autun as bearing on the under 
surfilce of the lamina two rows of long and pointed sporangia, 
proba.bly united in groups. The presumption is that these are 
mlcrosporangia . 

. Fig. 374 is a reproduction of a careful drawing,orig inal1y 
published by Zeiller ', of a pinnule of the type-specimen of 
Guthier's species Linopte1·is 'neuropteroides. This species differs 
from Linopte1';s obligua, instituted by Bunbury ' fOl' specimens 

I Seward (88) . :: Potonic (99) p. 153 (note). I Gutbier (aS). 
" Prest, in Sternberg (38) A. 6 Grand'Eury (04). 
I) Zeillel' (00) Pl. XJ. fig. 9. 
o Zeiller (99) p, 46. 8 Bunbury (47) A. p. 4.27. 
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obtained by Lyell ' from the Coal-Measures of Nova Scotia, in 
the smaller size of the meshes. Lillopter-is obl1:gua occurs in the 
Upper and Middle Coal-Measures of Britain; it is recorded by 
Zeiner from Asia Minor, by Lesquereux 2 from Pennsylvania, 
and by other authors from several European loca.lities. The 
pinnuJes fl'ct1u ently occur det,ached from tho frood and like 
t hose of some species of lleu1"opteris were caducous. L-illoptm'is 
is rare in British strata.. 

FIG.374. L'H!QPteriB-neIlTopttroities, Gntb. (Pinnuleoftype·specimcn. Enlarged. 
After Zeillcr.) 

Alethopteris. 

The name Alethopteris, instituted by Sternberg3, is applied 
to compound fronds often reaching a considerable size, exhibiting 
the following features : • 

The linen,r pinnuJes Arc attllched by the whole breadth of the base, 
with the lowcr edge of the lAmina decurrent. and nsuruly (;outillU(\U~ with 
that of the uext pi111)ule (figs. 290, A, p. 3HO: 3i!'1). The ultimate SCgmClltlJ. 
are clltire, with an acute or rounded apex and often churactel'jsed by Il fa.i1·ly 
thick lamina COll\,ex on the uppet· surface. From 1\ prowincnt midrib, 
continued to thc a.pex uf the pinnule, HumerOllS simple and forked secondary 
veius a,l'e given off at n wide angle, the decurrent poniOlI of the iamiu[L. 
being supplied by ,'cins direct from the lUis of the pinnu. In the llpper 
part of a frond or primary pinna the pinnule.':! rnay be replaced hy u. 
continuoUii, lobed, 01' cnth'(': simple la.mina. The main rachis occasionally 
exhibits dichotomous bl'lLtlching, Lut the fronds are for the most part 
constructed on the pinnu.te plan. Single Cycloptcroid pinnulel:l 4 occur 00 

the petiole of some apccics of the genus. 

I Lyell {-is) A. VQl. II. p. 202, 

• Sternberg (26) A. 

2: Lesquereux (80) A.. p. 146. 
" Graud'Eury (04) . 
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In certain species of AletAopte1"l,$ the pinur .. lIes appear to 
have been deciduous as in Didymochlaena among recent fernsl . 
A piece of cuticle hom the uppcr surface of a pinnule of 
Aletlwpteris Gm'"d';"i (Brongn.) figured by Zeiller' shows very 
clearly the polygonal form and straight walls of most of the 
epidermal cells, those n.bove the veins being almost rectangular; 
Th e position of the sunken stomata is l'Cvealed by small circular 
spaces sUITounded by A circle of cell s. 

The absence of fertile specimens (If this common genus of 
Upper Carboniferous plallts lod Stm'" to exclude it from tho 
ferns. Although. no seeds have so far been found in organic 
connexioll wit.h an Alethoptt'l'is frond , it is certain that sorne 
species, p1'Dbablr a11, represent the fo1i;lge of Pterjdosperms. 
Renault lVas the first to describe petrified specimens of Aletll.O
pte)'is frauds exhibiting the anl1tomical struct ure of ]I[yelo:r1Jlon 
(l("lf-a.xjs of .Meciull.oSlL). The calcareous nodules from Engllsh 
Coal-seams contain numerous fmgments of the Myeloxylon 
type of rachis bea.ring ... O\..i ethopter,)id pitmules. 

The constant association of the fronds of Alethopte1'is 
l(mch~'tic(l and Trigonoca.rpon seeds noticed by All' Hemingway 
in the Coal-Measures of Yorkshire led him to regard the species 
as seed-bearing: it has since been recognised as tbe foliage of 
the Ptel'idosperm J)fednUosa angl£ca ~. 

Grand'Eury ' has rec,,"ded the association in French Coal
fields of species of A lethopte"is with Trigo)locu)'pon and p (tehy
testa seeds. 

Alethoptel'is lO>1C),itiea, (Scb Jotheim)". l<lgs. 364, A: 290, A. 

This species, described by Schlotheim in 18 20 as Filicites 
lonchitie,,, and previously figured by Scheuchzer', is abundant 
in the Middle and Lower CoaJ-MeasUl'es of Britain'. It is 
characterised by large tripinnate fronds, probably quadripinnate 
in the lower part, bearing' primary pinnae of a mOre or leas 

J Grand'Eury (90) A. 2 Zei.ller {90} Pl. IX. tig. fI, A. U S~l1r (83). 
4 Scott {07} p. 206; Scott alld Maslen (06) p. 112. 
~ GrandlEury (04). 
II For synonymy, aee K.idston (03) p. 772: Zeiller (88) A. 
7 Scbeucbzer (1723) A. Pl. I. fig. 4. 8 Xidst.on (94) p. 24.5. 
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trianguJar forr'i divlded into pinnate brancbes replaced in the 
apical region by linea l' segment.~ The pinnules, 8-30 mm.long 
and 3-5 broad, are linear- 0 1' oval -Ianceolate -with an obtuse 
apex; the upper margin of the laminft is slightly contracted at 
the base, while the lower edge is oecurrent. 

FIG. 375. AlethQptl'ris St' riU (D rongn.) . .From II. s])ec iUlen in tile York Museum. 
~ na.t. size. 

AI,t/tOpteris Sedi'i (Brongniartl', Fig,3i5, 

This species, figured by Parkinson in ] 81] , closely re
sembles A. lonchitica, but is distinguished by the more crowded 
and relatively longer pionnJes which are joined to one another 
by a narrow connecting lamina (Fig. 375). The seconelroy 
veins in A. Bel'lii are ra.ther fin er and mot'e DumeJ'OUs. Grand'
Eury' records the association of tbe seed Pachylesl" with fronds 
of this species in tbe Coal·Measures of St Etienne. 

I For synonymy , HCf! Kidston (M) p. 596; (OS) p. 806; White (99) p. 117. 
, Grand'Eury (04). 
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A. Berlii is very abundant in the Upper Coal-Measures but 
rare in the Middle Ooal-Measures of Britain'. 

Lonch opteris. 

This name was proposed by Brongniart 2 for sterile fronds 
f)'om Upper Carboniferous rocks wh.ich are practically identical 
with species of Alethopteris, but differ in the reticulate venation 
of the pinnules. It has been pointed out in n. previous chapter' 
that Lonchopteris is usually used for Palaeozoic species, the 
\VealdcD lea \7es, which were placed in this genus by Brongniart, 
being transferred to W mchselia. 

There can be little doubt as to the close relationship of 
Lonchopteris with Alethopteris: both may be referred to the 
Ptel'idosperms. L onchopteri.s,·ugosa Brongn.' (fig. 290, B, p. 399) 
a.od L. Bricei Brongn., both British species, are fairly common 
in Upper Oarboniferous strata. In L. 7'1'gosa, a Middle Ooal 
Measures species, the anastomosing secondary veins form poly
gonal meshes (fig. 290. B. p. 399) smaller than those of L. B7~cm. 

Pecopteris. 

Reference has alrcady been made to this genus in the 
cha.pter on Marratiales, so far as regards certain species of 
fertile fronds the sporangia of which resemble those of recent 
M_arattiaceae. It is, ho"l"twel', by no means safe to assume that 
such Pecopteris fronds were borne on stems having the anatomi
cal chara.cters of ferns. The sporangia in some at least of the 
species may JUlve 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. 'fbis species will be 
referred to in Volume 111. The substitution of such generic 
names as Ptychocarp7ls, A.terotheca, H "wlea, Dactylotheca 
and others for the putely. provisional designation Pecopteris
indicates a step towards a conclusion as to natural affinity. 
The probability is that Pecopteris, as applied to Palaeozoi" 

I KidlltOD (94) p. 245. :J lirongnia.rt (28) A. p. 59. 
, Page 494. <4 Kidston 0-(94 ) p. 596. ~ Gra.n.d 'Eury (OS). 
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species, in many cases stands for th e compound ii'oDds of 
t rue ferns, but the possibility of the inclusion of those of 
Pteridosperms in the same category is by no means excluded. 
The designa.tion Pecopteris may convenient.ly be. retained for 
sterile bipinnate, tripinnate, or quadripinnate ii'onds bearing 
plnnuJes hadng the following characteristics: 

Ln.mjna. short, attacbed to tbe rachis by the whole oCtile base Itnd at 1\ 

wide 1l11gic, with tbe ci.lgcs pa.ra.llel 0 1' slightly converging towards the 
usllally blunt apex: arljat:cnt piunules may ht! l:ontiuuoui:\ lJasa\ly tly a 
narrow il'l.wina. A well-wl1rkcd lOidrib extend:; to the ll.~X .wel g ives off 
simple or forked latcl'I1i n~ink alruor:;t Ilt right llugJcs (tig. a.)2, D, p. 5:W). 

Hydatbudes like thol~e on the letLfiets of Polypodillm l'utyare llnd other 
recent fCl'lISl arC occasiCll1!llly !oIcen at the ends of the lateral H'ins of 
Pecopteris JlinlluJes, 

In addition to the examples of Palaeozoic fronds with 
the Pecopteris form of pinnule J'eferred to in chapter XX1!., the 
species Pecopter£s Q7'bo1'escen8 mny be briefly described. 

Pecopte,'is arboreseens (Schlotheim)'. Figs. 352, D: 370. 

The species named by Schlotheim Fil'icites a'rbol'escens in 
1804 is characteristic of the Upper Coal-Measures and is 
recorded also from Permian strata~. 

Fl'Olld~ la.rge j the rachis, which may ren.cQ. a. bl'eadth of 3 Clll.4, gin~~ oft· 
long o\'oid-la.uceolate piullae in t wo a1terll!~tc rows (fig. 37G) ; pinDules 
smnll, ] '[}- 4 mm. long fiud 1-2 mm. broad, contiguous, with l'Oullded 
apex, ll.ttached appl'oximl~tely at right itngles; the uppcr surface of the 
lamina is slightly convex l~lld may be bairy"'. The fertile pilJl1ule:l, 
idcntica.\ in sha.pe witb the tlowl'i.le, 00&,1' g\'oups (If ovold exanuutu.oo 
sporalJgia (sy uangia). Tbe midrib extends to the apex. of the pinl1u\e a.nd 
giVe8 off simple "eio$ at u. wide lmgle (fig. 3[l2, D). 

Our knowledge of the reproductive orgaIls is very meagre. 
Grand'Eury described the synangia as consisting of 3-5 
sporangia borne on a central receptacle ; sporangia ha\Te been 
described also by Stur', Renaul t and Zeiller', and Potoni.', 

1 Potoni6 (g2~); (93) p. ii4.. 2 For synonymy, see Kidst.on (88) p. 366. 
3 Zelier (00) p. 45; Potouie (93) A. p. 57 . 
• Germo.r (44) Pis. %Xxv. XXXVI. (> Kidston (8S) p. 36ti. 
e Stur (Sa). i Renault and Zeiller (S8) A. p. 1~6. 
6 Potonie (93) A. p. 48. 

S. n. 3'; 
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but no fertile British specimens are recOl~\ed. Stur places this 
sp ecies in the gen Il S Scolecapteris, aud Potonie regards the 
sporangia found by him 01] Permia.n {i'ouds, which may be 
identical with Pecopteris arbo7'escens, as conforming to those of 
the Astel'otheca type. I t is imposslbl e to decide on the evi
dence s \'ailablc whether this species is a Pteridosperm or a 
feru , but there is a. natural inclinat ion ill uoubtful cases to give 
preference to the firs t of t he~e two choices. 

Fw. ii7G. PC(lOl}tet ill (I'rVOrelce n5 (Schlotb. ). From the Upper Coal·MeasUles or 
Radatock. .From a photo~rfLph by Dr Kidston. Reduced. 

The numerous Ii·onds from Carbonjferous and Permian rocks 
described ... species of P~c(lpte .. i8 e"hibit " considerable range 
of variation in the form of the pinnules. In many species the 
pinnules are of t he type represented in fig. 352, D ; in others 
the lamina of the ultimate segments i8 8lightly contracted at 
the base and t he secondary veins are given off at a more acute 



"xXVII] PECOPTERIS 579 . 
angle, as in P ecoptel'is 'poLymorphu, Brongn.1 In Pecopte'1~is 
'lmita, Brongn., arready described as Ptyc/WCCl1'}JU8 'ltnita~ , the 
pionu)es Hre joined togetber except ill the apical region. Some 
fronds included in Pecopte1'is possess pinnules in which Peco-

. pteroicl and Sphenopteroid features are combined; P. Ste1'zeli , 
Zeil1.3 and P. Pluckeneti, Schlot. arc examples of fronds in 
which the pinllules arc lobed as in Sphenopteris, but the base 
of the lamina is onl)' slightly contnwted and the venation is not 
that of typical Sphenoptoris sp,·cies. 

~ehe ~pccies to which Potorue has ILpplied th!) generic name 
.A.lloiopteris~ a.lso illustr~ttes the impossibility of drawing a 
sharp linc between Pecopteris and Sphenopteris. The fronds 
alrea.dy described III chapter xxv. under the designation 
Oo?'ynepteris heal' pinnulcs with it contra.cted base j in some 
species the lamina is lobed, but in others (fig. 354, 0) it is 
entire with a midrib nearer one edge than the other. The 
species which p()ton.:i~ assign:;; to A fl oioptcris, like many other 
Sphenopteroid and Pecoptervid fronds, are characterised by 
the OCCllnence of at) abnormal }Jim1UIe (aphlebia) Cl.t the base 
of each pinn'" (fig. 3.54. G. p. 53.5). Young fronds of Pecopte?'is 
are occn.sioDillly luet. wit,h showing very clearly the circinate 
vel'natioD of the pinnae as in the leaves of Cycas and A'I1gioptel"is 
represent,ed ill fig. 220, V. ~83. The ge~us Spi1'opteris W~lS created 
by Sch.imp~l' ~ for coiled unexpanded fronds of fossil ferns; it is 
however superfluolls to apply a distinctive term to specimens 
of th is kind. 

The designat.ioll Pecopteris is 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 included in Brongniart's later 
genus Cladophlebis. The pinnules of Cladophlebis, as Brongniart 
pointed out, arc intermediate between PeC01)te7"is and Neu7"o
pteris; they are usually attached by the whole breadth of 

1 Zeiner (002) p. 88. 2 Page 397. 
~ Renault nnd Zeiller (88) A. p. 178, P1B. V.-\,nI, Allte, p. 419. 
~ Potonie (02), ' Schimper (69) A. p. 688. 

37-2 
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the base, as in Pecoptel' l~s, but the more acutet! origin. more 
arched form, and more frequ ent dichotomy of the laterol veins 
are features shared by Neu'ropteris. As a rule, Mesozoic sterile 
fTond s with straight Or folded, entire or dentate pinoules are 
of the Cladophlebis type; this gen us is especially characteristic 
of Rhaetic and Jurassic flora". Examples of Cladopldebis ' 
pinnules are shown in figs. 256,257 (pp. 340, 342). It is to 
be regretted that !lut hors do not make more use 01" the generic 

• Dame CladlJphlebiE; in describing sterile fTonds, illstead of 
following the misleading and unscientific pra.ctice of employing 
such genera as Pt"'is, Asplellites, and others on wholly insuffi
cient grounds. 
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lJ. eri8tata 4D2, 403 
D. kanoi1!~nsis 402, 403 
D. RaUii 340, 500 
D. Sc/llmuumi 402 
DryllWgW66Wlt CamQSlill~ a04 
DrYliuria jIlIlCi(l, 411 
Dunker, W. 390 

Eicbwald, E . d' 326, 329 
Efldogenitcs 412 
Engler, A. 282 
EquisetaJcs 10, 15 
EtapteriG 435, 465 
E . .scotti 444, 4G2, 463 
Etheridge, R. 505, 510 
Ettingshausen. C. von 25, 364, 376, 

537, 542 
Eufilicineae 283--3]6 
Euphorbia 196, 231 
E'ujlliorl itell 'Vul!lari' 196, 198 
Eu-SigiLlariae 203 
EUlill/Ie.)loptCrill tendla 407 

Fanner, J. B. and 'f. G. Bill 318, 
418 

Favulari(l 198, 203 
Fee, A. L. A. 301 
Feistma.ntel, C. 84, 126, 136, 137, 

346, 372, 409, 430, 489, 51S, 540, 
541 

Feistmantel, 0, 430 
Felix, J. 438 
Ferns, fossil , 824-472 
- recent, 280-323 

Ficoidu VerMlCOllllS 231 
Fili(!a.les 280-472 
Filieite. 41'bo-re.ce718 577 
F. cycad-ea 54.8 
].'. d l,biull 181, 496 
1i'. lineatm 537 
F. l.oncltiticw, 574 
F. n~'ti8coide. 386 
Jr'. MiZroni 399 
F. NiU.onianQ, 482 
F . plul'Ilo,ulI 404 
F. 1IU1'ic!im 560 
Fitting, H. 72, 73 
Fle7llingiU' 181 

F. Pedroanm 177 
PHebe, P. 73, 90, 91 
Flicheia e.7108tMllli. 448 
Fontaine. W. M. 942, 343. 845, 852, 

362, 363, 86B, 378, 543 
Fontaine, W. M. and 1. C. White 

424 , 487, 570 
Frie, A. aod E. Bayer 875, 474 
Fritel, P. H. 476 
Fritsch, K. von 524 
Forbes, E. 3BO, 5{)0 
Ji'ucoid(!. 525 

G(J, II!}(lIItopttri, 512-517 
G. cyclopteroidc8 514-516 
G. kas}/mir!rf.lJiN 516, 517 
Gansamovteris flom 181, ti13 
Gardiner, Stanley 43 
Gardner, J. S. 82 
Gardner, J. S. a.nd O. VOn Ettings. 

hausen 339, 350, 380, 394 
Geinitz, E. B. 26, 79, 130, 174, 233, 

402, 491, 540. 561 
Gel'Ular, E. F. 69, 201, 265 
Geyler, E . T. 378 
Gill-inet, A. 2B, 537 
Ginkgo 307 
G. diailata 376 
Gleicheuia B3, 311, 312, 351, 446, 526, 

53a 
G. circiuai,(J, 289 
G. (iltnningna7lti 300 
G. dicarJlu 290, 310, 351, 354 
G. dic/lOlomu 290, 291 
G. d1tbia 344 
G. hanto1lt:1lltis 855 
G. lhuari. 291 
G. litleatu 540 
G. fflQllil((ormi8 291 
Gleicheniaoea..e 28S-2tH, 351-355 
Gleichenite' 351 
G, elegall. 35a 
G. fJTacilis asa 
G. hanlOlltnsi. 356 
G. lO1Jgiptnni. 354 
G. 1nicrophya'I' 353 
G. neuropteroides 551 
G. Nordenskioldii 364 
G, Rostojill,kii 290, 353 
G. Zippei 354, 365 
Gltnopterill 538 
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Glo8lopt~ri8 a09. 496-512 
G. ongWitijolia, 507, 508, 509 
G. angllatifolia var. tat!1liopteroides 50B 
G. lJro1Jmia1la 496-507 
O. cOlispicua 512 
Glossopteris flora 181, 513, 514 
G. iudica. 505--508, 512 
G. l01,.q~folia 482 
G. PllifiipBi 480 
G. rel~rer(l 511, 512 
C. Tald 512 
Goeool, K. SOl. 526 
Goeppert, H. R. 124, 228, 233, 235, 

351, S66, 385, 398 
Goldenberg, F. 76, 77, 79, 86, 87, 126, 

198, 208, 217. 231 
GomphostrobltlJ 25, 26 
Gonat0801'US NathorBti 3GG 
G07liopteril! tUt'ita 397 
Gordon, W. T. 177. 447, 448, 471 
Gradatae 285, 298 
Grammo.topteri. 434-436, 443, 471 
G. Rigolloti 434 
Grand'Eury, C. 137. 200, 204, 205, 

226, 234-238, 352, 3GB, SUEI, 414, 
426, 464, 532, 534, 555- 557, 565, 
567, 572, 575, 576 

Greeley, W. S. 228 
Grigoriew, N. 524 
Gunn, Marcu8 361, 392 
Gunnera 528 
G. 11lanicata 52,7 
Gutbier, A. VOD 525, 572 
Gwynne-VBu ghan, D. T.1l3,314,327, 

375, 461 
Gymnogralllne reniformi, 300 

JIalilltJrite. Du:kianrlll 27 
Halle, T. G. 76-80, 83, 87 
Halon,ta 128, 185-139, 14B, 150, 153, 

154 
H. regular1's 141, 153 
H. tort1WIla, 136 
Hapalopteri. 406 
Harcourt, C. G. V. V. 160 
Harvey, W. H. 303 
Blirvey-GibsoD, R. J. 51, 54, 55 
Haughton, S. 251. 255 
H ammannia 390-394 
H. dichotoma 391, 892 
H. Forcho.mmt!ri 392 

I 
H. Kohlman)!i, 374, 392 
H . Richteri 393 " 
H . Seu;ardi , 374, 393 
H9.wkshaw. J. 232, 238 
Ha wka 398, 400, 401, 576 
11. 1JJilto~i 399, 400 
J-l. pulcllerrima 3f)!), 4.00 
Hayden, n. H. 514 
BeeT, O. 11, 25, 84, 2.57, 351, 354, 

355, St8, 369, 375, 407, 410, 411, 
·:174 

Hege.imaier, F. 43 
J-Iel.m.inlhoidachys 322, 434, 436, 438 
Hemingway, W. 79, 253, 571. 574 
Hemitelio Ca1)I:tIsi~ 302, S04, 528 
Hemitelites 366 
Henry, A. 319 
Hepatica!! 308 
IIeterangiltm 77, 351, 532 
He.'Cogo7JOca,rpDJI 572 
Hick , T . 157-159, 438 
Hill, A. W. 42, 164. 286 
HilJ, T. G. 61 , 65 
Hofmeister, W. 56, 63 
BoBick, A. 25, 474, 475 
Hooker, Sir Josepb 4.0, 130, 246,309 
Hooker, Sir J. and E. W. Binney 185 
Hooker, Sir William 291 
Hose, C. 291 
Flostiflella 28 
Hovelacque, M. 111 
Hutton, W. 255 
Hydropterideo.e 280, 284, 473-4.83 
Bymenophyllacene 294., 301, 363-365, 

434, 46ii 
Hymeuop},yllites 363 
H. patentusima 364 
H. PhilliJjli 367 
Jj. 'lliadridaetylitea 365 
Rymerwphyllum dilotatllffl 289 
H . tunbricigellllt 294, 300, 315 
B . waldenburgellse a63 
H. WeiBli 364 
H. Wilsoni 294 

-HY1lunopteris psiiotoide, 378 

lm'ersical;ena.les 432 
Iaoetaceae S3, 58-66 
1,oetes 30-83, 46, 58-68, 72, 88-91, 
" lOa, 175, 184, 191, 208, 217, 246, 

269, 274, 277, 278 
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l6oete' Borya'~ 60 

1. 13ruunii 68 '. 
I. Choffati 66 
1. echinollpora 58, 59 
I . hystri$ 33, 60. 61, 65, 66 
I. laclI~tri8 33, 58, 59, 61, 62, 66 
I. Sc helluri 68 
I. seta cea 68 
Isoeates 67, 68 
I. ClwJfaU 67 
1. crocijllMni, 67 
liloPlo}lllin 68 
I. fllloolJhylia GS 

Jack , R. L. and R. Etneridge 509 
Jahn, J. J. 28 
Ja,TlU'IID1Jin 304, 312 
Jeffrey, E. C. 113, 810, 312, 315 
Jorda.n, R. 461 
JU1!C'Il8 58 

Karsten, G. 30J 
ji alllJus~ia 321, 434 
Ken', T. 16{ 
Ki<lstou, R. See note, page 60!) 
KidstOD, R. and J. Bennie J91 
Kidston, R. a·nil D. T. Gwynne. 

Vaughan 267. 314, 32G, 329, 334, 
338, 346, 377, 461. 472 

Killsto,tia h"'Tdcl,,emIi8 325, 340 
J(lukia 348 
K. erilis 347-349, 370 
Knorr, G. W. 124 
Knorria 124-127. 174 
K. iJJlbriclda 255 
K. mirabilis 125 
Knowlton. F . H. 350, 3S0 
Kolbe, - 335 
Konig, C. 209 
Krallaer, F. IBl, 361. 409, 410, 474, 

550, 552, 563 
Ruba.rt, B. 195 
Kunze, - 307 
Kutt, J. O. 41:11, 544 

Laf:col'terU 355-361, 411 
L. DunkerI' 361 
L. ek!J4?1' 557 
L. Gocpperti 557, 358 
L. Mtldflfteri 374 
L. pofypodioidt.& 3.58-361, 874 

L. Woodw(lr(ii 560 
Lomi'U'lr;a bulblMtI 71 
LfLmourou:r:. J. 572 
Lang, W. H. 47, 40. 194, 195 
L4uoi,iera lyc0l'0dioidu 40, 75 
Leckfll] by, J. 549 
Leckellb!lo 35"!J 
Leiodarmaria. 198 
Lc.iodermA.ricae 203 
Leitgeb, R . 55 
L"pidocarpo71 58, 92, 271-279 
L. Loma,1;i 272-275 
J~. Wildiflllltlll 27-l 
Lrpidodtmdro'l 7-10, 27, 28, 34, 40-

.i3, 55. G0-63, 71- 77. 90-192, 196', 
199-201, 207-211, 217-225, 230-
24{), 267-270, 312, 331 

L. aelileatllm 142, 155, 156 
L. a'n.gliclI1It 264 
L. aUl't'rale 178-181 
L. brcuijol!:utll 175, 176, 222 
L . cyc/(}Sti(flM 204 
L. dic}rothmum 178 
L. di,coplwrulIl 209 
L. t!:snolWlse 99, US, 139. 140, 266 
L. ju ligilloRllm 21, 139, 141-162, 169, 

17f.i, 177, 191. 246, 262 
L. 9(1RpianulI~ 27 
L. llar('nUr ti1' US, 139, 141, 143,160-

163, 170-178, 182. 189, IHl, 262, 
266, 275. 333 

L . Jlickii 101, 156, 161 
L. 107lgi/otium 97 
L . LOllilt.ni 253 
L. macTophy/,/uln 171, 176 
L. 1l1ammi/.lltturn 266 
L. 'Ill/aub'm 241, 260-263 
L . 'Mth1lJ1! 180 
L. oix>txLtum 13~, 142, 154, 15$ 
L. ot.tonis 224 
L. Pe.achii 201 
L. P e.droallum 177, 178 
L. pU?lctattlm 371 
L. rlwduTlwe1lBe 140, 266 , 933 
L .• aalfddt:llSe 141 
L. lelagittoide, 110 
L . Spefl<J"i 192 
L. Sternbergii 97, 98, 110 
L . tellm-imum 260 
L. va.sctd.a,re 109-123, 139, 145, 148, 

152, 16B, 166, 169, 189. 266, 334 
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L. Vdtheimi 172 
L . Velthcim'iallum 94, 99, 101, 125-

129, 134, 141, 171- 178, 187, lAB, 
209, 222, 223, 24.5, 249, 255 

L. veut!1ligt!71se 105 
L. volkmmllLianum 105 
L . Williamsoni 141, 142 
L. Wort/ami 200, 201 
L. Jl'ii k'iauum 257 
L. Tfiltlilchitmwn 142, 152, 161-171, 

187, 222. 223, 245 
LI'pidophloios 104-109, 138, 139, 142, 

153, 154, 157, 170, 171 
L. Dt!ssorti 106 
L . fllligiw)81f1J 141 
L. larici1!us 137 
L. IJCotiCll8 106. 135, 136, 185 
Lepidophyllum 181 
Lepidospermae 278 
Lep'idostrobllil 9, 39, 46, 60. 175, 

181-192, 209, 248, 263, 272, 274, 
496 

L . Baily(ullts 257 
L. Brow1!.ii 1S9-Un 
L. fimbriatllll 46 
L . foliaccuB 192, 193 
L . ills-igniB 192, 193 
L. oldha1lli.tlS 188 
L. Olryi 24R-253 
L. ornatus 181, 187, 188 
L. varilibilis 187, 188 
L. Veltheimiumlli 175 
L. Wiill.8chia1UIB 171 
L. ZeUle'ri 264 
L eptophliJeu1n rhombicum 180 
Leptosporangin.te Filico.les 283-310, 

324-394 
Le'leya 510, 517-519 
L. Delafondi 487, 518 
L. e1L8is 518 
L. gralldi, 518 
L . lIimplicinervi.8 518, 519 
Leslie, ~. N. 106, 178, 258, 508 
Lesquereu~, L. 77, 201,419.510. 517, 

563, 570, 571, 573 
Leutha.rdt, F. 332, 343, 353, 408, 410 
Lhywd, E . 570 
L ignier, O. 15, 23 
Lindley. J. 67, 82, 84 
Lindley, J . and W. Hutton, 128, 

130, 135, 160, 209, 210, 221, 239, 

249, 405, 421, 451,'481, 494, 5S0, 
571 I' 

Lindman, O. A.
17
M. 473 

LillcUaya 311-313, 377 
Li11Opteri6 567, 572, 575 
L. Brol1!Jfliarti 572 
L. neltropteroidi!1J 572, 573 
L. obliqua 572, 573 
L. 8ehutzei 572 
Litllo6munda minor 570 
Logan, W. E . 228, 232 
Lontatopllloioll macrolepidotU8 182 
Lom.atophloyos Wii.IIBchiunull 16l\ 
Lomat{Jpt~rilJ 544-546 
L. jllTe1!ilili 544, 545 
L . Be/limperi 546 
Lomax, J. 4, 240, 260 
L oma.x, J. and F. E. WeisB no 
LOllchopteris 494, ii7G 
L. Brieei iJ76 
L . ManteW 494 
L. rU!Jo~a 576 
L. vi/'giniellllilf 331, 332 
Loxiiollla 293, 298, 312 
LOISomllceae 293 
LoxBomopsi8 costarieellilis 293 
Lycopodiaceae 33-4U 
Lycopodialcs 7, 10, 14, 30-279 
Lycopodite~ 28. 74--84 
L. earbonaceuN 251 
LyeopocliopsilJ nl'rbyi 178 
Lyeopodittll ciliatlllJ 79 
L. elo11gatus 79, R7 
L. falcatus 39, 76, 83, 84 
L. Gutbit!1'i 79 
L. IUllctulatus 81-83 
L. 11lacrop1lyllulf 79, 80, 85, 1 'n 
L. Milleri 28 
L. Reidii 78, 79 
L. 8canicuIJ 83 
L. 6quam.attU 76 
L . Stockii 78 
L . If1Li.sei 85 
L, terurrimus 84 
L. Yanuxemi 78 
L . f)ictoriae 84 
L. ZeiUtri 80 
Lycopodium 17, 24, 30-51, 66, 60, 

63-66, 74-78, 82, 88, 96, 194, 195, 
..215, 251, 253, 263, 417 

L. aloptcuroi<k. 32, 82 
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L. alpinum 32, 4, 
L. annotillull'I 32 "III 
L. arboreum 76 
L. ca,uarinoide, 35, 39 
L. cemumn 31, 37, 39, 4.1-49, 93, 

185, 194:, 217 
L. clavatuln 32, 4.0, 41, 4.6 
L. complttnatull'l 87 
L. CTwmtwu 32 
L. DalhOluianwn 35. 38, 42 
L . defl, u1ll 40 
L. diclwtOIlUIll~ 34, 35, 41, 44, 4li, 

106 
L. ei.cmgntuln 87 
L. erythra ellm 36 
L. ,(fLlcatum 83 
L. inrlllru.tu"L 32, 43, 4.j 
L. nUlUlIlIIlarifolillm 35. 38 
L. ObSCIO'IWt tiS, 39, 93 
L. Pllle.fIIl/aria 39, 44 , 45, 78 
L. pri1llaeVtun 86 
L. Tujl!8cfm s 34- 36 
L. SlWTI.Irt.4 41. 42 
L. iJelagill oi<fai tl3 
L. S elago 4, 32, 34, 44, 87, 133, 

256 
L. gerratu.u, 42 
L. 8IJUI,J.N'08Um 36, 38, 3!) 
L. /,etragol/ullt 35, 39, 76 
L. vert.icili4t!(1/t 39 
L . vo/l/bile 35, 3U 
Lycopsida 312 
Lyco8trobll8 88-91 
L. Scotti 88-91 
L1JOiliofielldl'Oll 140, ~21, 270, 4&0, 

510, 532, 565 
Ly!}od.iul/I, 42, 287, 311, 446, 533, 

534, 537 
L. dichoto"lIItn 337 
L. Ka!/~"u88i 350 
Lyon, F . M. 57, 58 

McCoy, Sir F . 180, 491, 500, 512 
McNiool, Mary 461 
Maerogwulu/& aUdae 321 
MacrotaeniopuMK 486 
!!. }~tddelli 489 
M. JVianamat tae 489 
Macro.eumia corallipts 382 
d{. Fawcettia~ 382 

Ma.laquiu, M. 103 

MaTattin. 320, 40S. 409, 417, 455. 
485. 527 

M. fr~inl!a 317, 820, 528 
M. Hookeri 350, 411 
M. Kaulfll$lIii 320, 397, 401 , 411 
MaraUi.s.ceae 816-821, 351, 852, 895, 

411, 434., 447. 565, 576 
MB.rattia.ies 316-321, 395-411 
MarattiopRilJ 407- 409 
Maratt;ioplf'i. f)wrantacea 3iiS. 40B, 409 
M. Mlw18teri 320, 408, 409 
Marion , A. F. 25, 26 
Mariopterig 351, 533-536 
M. muricnta 534., 553 
Jl/Mlfitia 473, 477-479 
M. Alld(JrKolti 474 
111. cretacea 474 
M. Drllllllllolldi 474 
Marllilio etfllo 474. 
M. N(~thQr81i 474 
M. pet'IICt!lIsis 474 
M. quaclrijoliata 47 8 
MfU1!ilio.ceaB 473-475 
Marsil'idhu1t 474 
M. Kpecioll1lm. 474 
!llartin , W. 229 
MnrtiUB, K. F. P. von 4'.W 
Maslen, .A. J. 187, 189. 190 
Matrmiu 291, 292, 298, 308. 316, 881, 

420, 533 
M. p ectinatu 289-293, 300, 310, 314, 

356.- 357, 362, 363, 383 
1J[. sru"mentosa 291 , 310 
MatonitUII11t 63, 310, 355, 350. 361-

363 
M. Altlww:ii 362, 363 
JI. Goeppl"rti 862 
M. Witt.nui 358, 363 
Matonineae 291- 293, 355-363 
Medu.llosa 55B, 567 
M. anglica 574 
Megalopteri8 509 
Mttgalo:r:ylon 331 
Megaphyton 413-415, 422 
M. frOfuWrUTlt 422 
M. illBigru 421 
M. MeLayi 422 
Mellor. E. T. and T . N. Lealie 238 
lUeTtemidt.. 852 
Mt8011rolnu 195 
Metac lep.ydropri, 4(7~50 
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M. duplez 448-450 
Met1;eniu8, G. 223, 424, 425 
Miad€smia, 92, 275-279 
M. mt:mbrrmacea 275, 276 
Mierocaclu'Y8 tetrrtgona 76 
Jl1icrodictyoll 360 
Miller, R. 27, 28, 532 
l1fixQlll:ura 555 
Mixtae 285 
Mohl, H. von 63 
Mohlengrsll.ff, G. A. F. 505 
11Iohria 287 
Moller, B. 302. 481 
MOllo_qramllll!. 306 
Morris. J. 185, 191, 539 
Miinster, G. GrAf ZII, 24, 67-69 
MtUJc'iteil jalcafu8 83 
Myeloxyum 556, 574 

Niigeti , K. W. von 55 
Naiooaooae 82 
Noiadea acumillata 81 
N. lanceolo ttl- 81 
N. l}t!:tiolata 81 
Na,i(ulita 82, 83 
N . umceolatlt 81 
Naiadites acuminarUB 81 
Natnor.st. 4 . O. See note, page llOf! 
Nathorst'ifl 361, 410, 411 
N. angHstijoli(l 410 
N. lillifolia 4.10 
Nephrodium fi.li;t:-mas 3la 
NerilH'Il oleander 567 . 
i\'tmrQpteridifllll 519-523, fi25 
."-_ gnmdifulillm. 519, 522 
N. -intennedim)" 521-523 
N. PlantianuJIl 521 
N. tmlidum 519--523, 52;\ 559 
N. Volt2ii 523 
NellropteriJ 398, 516, 526, 528, 552, 

553, 556, 557, 505-572, 57!), 680 
N. cordata va.r. angustifolia 570 
N. cordata var. dlm,ineura 524 
N. conferta 559 
N. Goepp~rtia7(a 34.0 
N . Grangeri 567 
N. heterQphylla 351, 535, 568 
N. hir/IUta 570 
N . Ium'i{ia. 571 
N. lIUlcrQphylla 535, 569 
N. Jncudogigantea 667 

N. 1'euntior 339 ,, ' 
N. Sclieui!1lu'ril ... 35, 569--571 
N. lJaz.ida 520 
Newberry, J. S. 431 
Nii8.o7Iia 485 
Niptl, 30\;1 
Noeogerat1i ia 428-431, 560 
N. Qcu.1Itini/i8Ba 563 
N. flabella/a , 431 
N. !oZiosa 429 
N. obm:a,ta 514 
Noeggerathio}Jllv, 233, 5Hi 
Northampton. Mn.rquis of 190 

OdontopteriR 510, 520, 528, 552-558, 
560, 567, 571 

O. cf. (llpina 555 
O. BrOlV71i 55G 
O. cycadea 548 
O. F'ischeri 556 
O. Qt!1llll11f1 .556, 557 
O. jure1l8i.8 544 
O. tr/(lCToph?llla, 540 
O. mi110r 554., 555 
O. ollmulldaejormis 554 
O. P/(IT1tiall(1 519, 521 
O. R eir hiana 555 
O. Tf'(Jrtlte,d 555 
Oldhn.m, R. D. 497 , 501, 503,505, 51() 
Oldham, T . and J. Morris 84 
Olealldra 301 
O. neri( formjjj 4-85, 492 
Oleandridiu1'I" 485, 48(; 
O. lentricuNforme 492 
Olio()cQrpill 409 
O. Rroll!Jltiarti 352, aGo! 
O. Gutbitri 352 
OlivCI, F. W. 437, 443, 532 
OmplUllophlMoll 26<1--266 
O. atluliCIIB 197, 264 
Oncopteriil 372, 373 
O. Nettvalli 373 
Onocll!tl }/ein'aillica 380 
O. se1Isibil'iil 380 
O. 8trt,t.kiopteri.a 803, 844, 502, 503 
On'llchiopBiB S69, 377-380 
O. eiongnta 378 
O. Mantelli 374., 378, 379 
O. psilotoick. 878 

... Ophioglossaoen.e 321-323, 434 
Opbioglossales 427-481 
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Ophi()9lauu,,~ 12, 3bt, 428 
O. pailllatum 822 
O. pl!ndulll7lt 321 
O. tJtdgatftll~ 321, 322 
Oll'/lumda 267, 341, 567 
O. cimwl/101nca 286, 333, 339 
O. Claytonia1la 314, 315, 333. 838 
O. liynitum. 339 
O. regatis 2S5, 286, 331, 338, 342 
O. Sturii 339 
Osmundaceae 28.5, 2B6. 30B, In4, 315, 

324-346. 403, 409, 434, ·143, H8, 
461, 472 

Olll1lwulius D()wl.:eri 33B, 33(/ 
O. Dunlopi 331- 334, 337, 34G 
O. G·jbbia·lIlJ, 335, 339 
O. KollJei 334-337 
O. skidcgtttclillig 337, 338 
O. Sturii 339 
Otopteril'J ClI.lI.eata 481 
Olozamites Bea'l'i 307 
Ottokaria IJtllgule1lllis 498 
O. ova!ij/ 41)8 

Paehyphloewl tttrllgO?!UII 171 
PflcJJupJ·e,riA 5bO, 552 
P. iWlmatica 550 
P. uL1Iceolata 550 
Pachyt«ta 574, 575 
Palaeojulull tlyadicUll 401, 402 
Palaeoptail 560, 561 
P. hibernica. vat. minor 563 
Palmaloplaill 533, 535, iJ37 
P. furcat(, 537 
Parapccopteri. 398 
P. 1wllrupleroi(11!8 39B, 399 
Pa.rkeriaceae 297 
Pa.rkinson, J. 181, 231, 413 , 575 
PauUinia thalictrifolia a07 
Pea.ch, O. W. 530 
Ptcopttris, 298, 398, 494, 532, 541, 

557, 576-680 
P. abbreviata 3~9 
P. arborellcens 422, 529, 577, 578 
P. bullat'" 352 
P. caelpito.a 359 
P. armiJolia 359 
P. eri,tata 402 
P. cUTtata 339 
P. cyatlua 422 

P. dentata 339, 404 
P. denticulata. 343 
P. exililt 348 
P. liuttonialla 340 
P. liaata 359 
P. Mil.toni 899 
P. Phillipllii 343 
P. Pll1ckelll!(i 419, 426, 576, 579 
P. pllllllosa 899, 404 
P . polymorplw 579 
P. recenttoT 339 
P. retiwlala. -ttl.! 
P. Rutimellui. 343 
P. Berm 40.[ 
P. Surzeli oilY, 420, 579 
P. tmuill 339 
P. !l1IdjjJl~ 345 
P. Urlil« 397. 57!} 
P. 10hitbieluis 339, 343, B44 
P. Jrillial1Ulrmi,s aS9 
P. Z ippci 354 
Pelourde, F. 448 
Penhallow, D. P. 28, 78, 387 
Petller, - 231 
Phmlerosoru. 2lJ2 
Phillips, J. 07, 348 
P)JPltWopUria PhillJp,# 383 
P. polypodioides 358 
P. prophUJua 358 
P. Wootlll;o,.di 360 
Phraglltitell 206 
Pllylllfc1Ult cwvigcm 40 
Phyllites nervulosi& 88B 
Phyllocladll-ll 542. 543 
PhylloglQllll'lH1t 30, 31, 3a 
P. DrU71&/IlQlltli 33 
PllytolitllUlf call,ctllalu/J 120 
P. punuatu8 129 
P. \jerrucosU8 231 
Piceo, t%celsa 94 
Pilularia 67, 473 
P. globu.lifera 473 
P. mi,tUta 473 
P. pedluu:ulata 475 
Pinakodelldron 26i 
P. mU.IIivum 268 
Pinu.194 
P. atten1lata 134 
P. dama 134. 
P. excdBa 174, 182 
P. longifoUa. 95, 98 
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Piagio9YTia 297 
PJant, N. 177 
PlatyzoJlltl 291 
P. 'fniC'rophylla 812 
Plwrom,da H6--73, 91, 141 
P. oculbw 69 
P. StcN1bergii 68-70 
Podocarpll8 210 
P. dacr-ydioidcs 75 
Podolonw polypodioidc8 394 
PoecWtoBtacl!ys 91 
P. HanOi !II 
PolY1)odiace.ae 296, 375-380 
PolypodiUl1t 344 
P. Bi.llttrdieri 802 
P. canW811m SOl 
P. lIemcieifoliu8 383 
P . orcoonen8c 377 
P. fjuer c(folilHlt 297, 298, 302, aDa, 

392, 528 
P. 'vulgare 301, 313, 577 
Potonie, H. See p. 609 
Pranti, K. 296 
Presi, C. B. 127. 356, 390, 4.07 , 477, 

525, 572 
Prestwick. J. 229 
Primofiliees -1 33 
Protophyllocladut 543 
Protopteri8 370-374, 390 
P. pUlictata 373-375 
P. Sierllbugii 371 
P. WiUiJaJla. 374, 375 
Proto,.hipis aaarifoliull 390 
Protosalvinia 476 
Psaronieae 412-426 
Psaronius B09, 372, 396, 412-426, 452 
P . o8teroIitlll1s 416 
P. J\>·..{'<f'i.l,burM JfJl) 
P. coale.ce'18 416, 420 
P. OoUa-j 415 
P . Crompto'llt:'wi. 413 , 425 
P. infarcttu 415-421, 424 
P. fllui'a(formi8 416, 420 
P. Reftuulti 413, 418, 420, 425 
P. S te'/"zeli 419 , 420 
P.eudobomia 11 
P. ursi1ta 8 
:,.ilophyum 26-29 
D. Dechiarwm 27 
P. ftliformu 24 
P. pri'n.cep. 26-29 

P. rObltll tiu8 27, ";i'" 

PBiJoillooa6 12--lC> 
Psilotales 17- 29 
Psilotiphylltnn- 26 
PsilotiteIJ 24, 25 
P . jilijorm'is 24 
P . lithranthracis 25 
P. UI~ilaterali8 25 
Psilotum 12-24, 26, 29. 237 
P. complanatltllt 18 
P. triquetrum 17, 18, 20 
Psyumophyllurn 431 
rteridosJlerwa.phyto. 278 
Pteridosperms 282. 395, 396, 403,4.07. 

426, 4B4-5BO 
Pteridotheca 325, 375 
P. Butle'f'lcorthi 325 
PtcriB 312, 580 
P . lIqUili llO 305--309 
P. a-rgrltft 344 
Pteropsidn. 1HZ 
Ptilozamites 539, 546, 547, 550 
P. H eeri 546-548 
PtychoCarJlU8 397, 4.11, 576, 578 
P. oblollguil 3(:17 
P. unita 397, 400, 578 
Ptychopterilf 413, 414, 422--424 

Rachiopteris antiqua 449 
R. carruf/{tta 450, 455, 460 
R. cyl.i1lllrica 438 
R. dupk:r 447, 448 
R. hirsllta 4aU, 438, 442 
R. inaequ(llilt 453, 454 
R. i.nsiglli. 456 
R . in'egularilt 453, 454 
R. ramOSl1 4B6, 440 
.il. Iriden/II/II 438 
Raciborski, M. 339, 3il, 348, 853, 

543 
negllellidium, 478, 479 
R. diphyllum 474, 479 
Reinecke, F. 801 
Reinsoh, P. F . 192 
Renault., B. See note, p. 609 
Renault, B. and C. Grand'Eury 219 
RBD8UU, B. 8J.)d A. Roche, 204 
Renault, B. and R. Zeitler 510, 555, 

560, 571, 577 
.... RenauUia 894, 406 
Renier, A. 188 
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RhacOPhylhm~ 
R. Cri8pUIII 5~~ ~ 
Rllaciopuridtue 44~ 
Rhacophytor~ CMtdru,oTllm 537 
Rhacopteri8 42(1, 430, 431, 525,565, 56! 
R. fiabellata 42R 
R. paniculijerQ, 428 
Rhizodl!lIdron oppolielll~e 375 
Rhi;:omopteriM 381 
R. crllciata 3S8 
R . major asa 
R. Sc henk; 382 
Rhodea 27 , 129, 196, 251 
R. moravica 364 
R . pate1lti8~inl-ll 3G4 
Rhlltidodendrol1 251 
R. fIIi'fwtiJolilfllt 251 
Rhytidolep is 198, 203, 222, 2Z7 
Richter, P. B. 390, 392, 393 
Bodway, J. 93 
Roehl, von 571 
Roemer, F. 571 
RotldlLria cU1JcijoUa 1 
Hoyle, J . 1'. 501 
Rudolph , K. 414 , 417 , 418 
RlljJoTdia 350 
R. Goepptrti 349. S50 

Saccowma 420 
S . adianwide. 424 
Sadleria, 344 
SaUeld, H . 545, 546 
Sagenaria BucJwji 6\:.1 
S . Ve ltheimialla, 171 
SageMpteriB 431, 477-483 
S. angu.tifolia 478, 482 
S. bilobata 481 
S. CU1Jeata. 481 
S . grandi/alia 482 
S . 1011!]ifolia 482 
S. AJalltelli. 481, 482 
S . NatilOrllti 482 
S. Niusoniuna. 478 
S. PhillipBi 481, 47S-482 
S. PhiZlipsi f . plUilla 482 
S . ,.Jwifolia 479-482 
Salvinia 475 
S • .tf.lleni 25 
S . aurieulata 476 
S. elliptied 4.75 
S . jcrrnwra 476 
S. '&lIt {lII~ 475 

S. retie"lata 25 
S. Zeilleri 476 
Salvin iaceae 475-477 
Samarop8l11 517 

Saporta, Ie Marquis de, 66-68, 351, 
3GO, 3BO, 545, MG, 548, 552 

Schenk, A. 341, 352, 556, 558, 361, 
363, 474, 482, 492, 5-14, 545, 54~J 

Soheuchzer, J. 'r. :)70, 574 
Sohimper, W. P. 25, lOu, 257, 364. 

376, 477, 486, 496, 523, 54.4, 546, 
560, 579 

Schimper, W. P. and A. Mougeot 90, 
519 

ScMzaea 312 
S . dichotomo, 307 
S. eugatl' 287, 307 
S. pmilla 287 
Schiz(l,eaee,~e 286. 287, S46-351 
Sc11isoneura 523 
SchizopleriB 525 
S, udnascens 404 
S . pin lla ta 445, 4G4 
S. lm:tuca 52G 
SChiZO.tfU;hys /ron1l0B1I8 464 
Schlot,beim, E. F . von 413, 560, 574, 

577 
Schma.lhausen , J. 257, 503 
Schuster, J. 559 
Schwarz, E. H. L. 259 
Scleroptcris 552, 578 
S . Pomdii 552 
Scolee~pte7'u 401, 402 , 426 
S. elt ga11il 400, 401 
S. polymorpha 401 
Scolopendrium fl igripe8 300, 513 
S. vulgare 513 
Seou, D. H. See note, p. 609 
Scott, Mra D. H. 192, 469 
StZagillcUa 17, 30-33, 39, 49-58, 74-

77 , 85, 87, 88. 184, 215. 217, 263, 
274-278 

S. aplill 57 
S . a.,.abica 80 
S. Btrthoudi 84 
S. eaulellet'fIS 85 
S . erythro-pUl 58 
S. grandi. 50-53, 75, 84 
S. illatqualifolia 54 
S. latvi!]o,ta 54 
S. lepidophyUa 33 
S. M«.rtellsi'i 51, 53 
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S . revoluta 80 
S. ntptstris 52, 56, 57 
S. spinosa 31, 33, 50, 52, 58, 55. 

278, 440 
S, ttpinuw.a, 23 
S. Willd~nowii 52, 53 
S~ln.gineJ l 8.cen.e 32, 33 
Sell(lgi1lelliteB 74-77, 8.5--88 
S. elol1gatu8 80, 87, 88 
S. prima,et)u8 80, 86-88 
S. BuiBsei 79, 85-88 
SeUards, E . H. 48(;, 488. 538 
Seliflenbergia 347, 404 
S . elegu71s 34.6, 364 
S. }Jlumosa 404 
Shattock. S. G. 131 
Sigillaria 39, 43, 44, 55, 61. uti, 69-

7.'i, H2, !J8. 99, 105, 109, 110, 128, 
140, 170, 196-226, 230, 281. 234, 
238--240, 248, 266-209, 4~1 

S. Brardi 17~. 180, 191:1. 200-203 
207, 210, 212, 213, 21!', 224-226: 
::!41, 2(il, 2G5-267 

S. delllldata, 203 
S. discopharu 139, 209, 249 
S. elegal/8 160, 197, 217-224 
S. elollgatu 221, 222, 224 
S. EUfl t!lIii 198 
S. llltviyota 198, 200, 202 
S, lepidodendrifolia 200 
S. lllcMu.rtriei 199 
S. mammillaris 198, 199 
S. Mwurdi 224 
8 . 1IIinutifoNa 251 
S. 111utam 224-
S. oculinG, 69-73 
S . pa,cliyderllu, IUS 
S. rimo.a 248 
S. rhomboidea 203 
S . r"YOMO 197, 198, 200 
S .• c lLtellata 196, 198, 212, 221, 222 
S. lJpinuw.a 201, 212, 219, 224 
S . Stertlbergii 69 
S. 1'a!ltori 209 
S. teuella.ta 197 
S . lI(.!ilcularis 110 
S. Vanll:&en~i 78 
S. xylilla 221 
Sigillariophyllll11t 200 
Sigillarioplfi, 213, 214 
S. Deco,i"u.i 213 
S. wlaata. 214 

SigiliarioBlrohus 2001:l15-217 : .. :i~:: 22; 6 / 
S. majOT 217, 226 
S . nollili. 215 
S. rhombibracteat,u, 216 
S. l'ti!J}~mi 215, 216 
Simplioos 284, 298 
SlDith, G. O. a.nd D. \Vhite 28, 563 
Soll!lIiUa !lIurrayalla 67 
SoUas, Igern&. B. J. 82, 83 
Solma-Laubach, H. Gra.f zu. See 

note, p. 609 
BpeirocurpltIl 409 
S. UIIII~'-oli'UIl 3:12 
8. 1llT!JillielMilJ 332 
Spellcerit('s 4.7, 49 , 192-195, 26a 
.<i. illi;'igni.s H)2-195 
8. 1)1t:'lIIbraIUiccwl 195 
Splll'lwlepidi1UJI all 
Sphenophylllllllll I-IG 
S}JiI'.:1/ophyll{)ilt(lc h!l1J 7, I) 
S . Dmcsoni 1, 2, 6) 14 
S . .{ertililJ 4, 5, 12 
S. Roemeri 1-3, 14 
S'plll!.UopltyllulI! 1- 7, 10- ]7, 21. 4aO 
.'-t'. cUlle{(oliurn 2 
S. fertile 4 
S. l1wj'll 8 2, 3, 14 
S . myriophNll!tm 2 
8. plllrijoliatllflt 2, 4 
S. trir.nomatMmN, 8, 4 
8phwopteris 529-578 
S. aJfilliB 530-532 
S. arguta 3G7, 3GB 
S. t:atldatu 404. 
S. C(lIIdrll80rUm 587 
S. cor(llioide' 470 
S_ cristata 402, 366 
S. (/iIlBt:cta 532 
S. elcga-ns 532 
S. JilTcata 529, 530, 535 
S. HOtlli1lg11ulllti 532 
S. hynU!1I.ophyllo'ities 367, 368 
S. Linkii 5.32 

• S. ManteZU 878 
S. 1J1atheti 52(; 
S. 7lt'phrooarl lU 567 
S. obtlllilob(/ 529, 530 
S. petiolala 446 
}S. qllingueloba 370 
S. Rallii 825, 402 
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S1)irorbil 102---104 
Sprcngel, A. 412 
Btan!Jeria paradoxa 807 
St(tpliylopt~rj, Pe4chii 531 
Stal£ropteri. 433, 434, 465-46~ 
S, Imrllti!11alldica 468, 46!J 
S . oldhamia 444, 450, 465-4G8 
S te..ffeIiBia 8ilenaca 404 
Steinhauer, R. 126--128, 228. 229 
Stenzel, C. 6. 375, 417, 418, 435, 

450-453 
Sternberg, C. von lOti, 110 , 124, 12.G, 

198. 413, 573 
!:;terzel, J. T. 366, 402, 412, US 
Stiehler, A. W. 4U4 
St;glllMia 66, 141, 153, 158,2:16-247, 

256, 261, 2(i5 
S. Ullabatllra 231 
S . .li.coiill.8 158, 15H, 174, 22G-232, 

236-239, 24{), 247, 256. 261 
S . fiaoicies mifmta 255 
S. jlexllOl;o 239 
S. ·ilmeqwLlis 174 
S. radiculosa 151-160 
S. rim08U 226 
S. ,lellata 247 
S tigmariopsill 205, 208, 233--239 
S . anglica 235 
Stokes and Webb, 494 
Stopes, Marie C. 436 
Strasburger, E. S98 
Strol1uttopteri.$ 2lJI 
Stor, D. See note, p. G09 
S turiella 324 
Sub.SigiJJariae 203 
Sudworth, G. B. 134 
Sykes, M. Gladys 23, 4.7 
SyringodendroTt 198, 204, 205, 221, 

226, 233, 238 
S. U uo8tffl.e 204 
S. Iltria t'Ultt 19B 
Bzajnocha, L. 540 

Taefliopterilf 485-494., 508, 509 
T. Beyrichii 494. 
T . Caruoti 4B5, 488, 490 
T. Ctlrruther1li 491 
'1'. corillcea 488, 490 
T. Dailltreei, 490, 491 

T . gig((,/U~a 4.89 
T . i1ll1/lula, 492 
T. jej'lllwta 485, 488 
T. JOIu-dyi 489 
T. lata 489 
T_ Lucuriana 487 
T. major 494 . 
T. 1narlUltacea 407, 408 
1'. marl!!lictcil 491 
1'. miillfOurjeljRi~ 485 
T. multil!e/'lJi~ 486-488 
1'. NeWin!rrialltt 488 
T . spatltl.at(l 489, 490 
T. 8ul'erba 489 
'1'. telt\l,ilH~MJiII 4.89, 4.9'2. 
T. 1JirOIl/n,ta 492 
']'. vittata 48(), 489, 492-494 
l'a/alla yraveol.eIUl 40, 75 
'i'a.nsley, A.. G. 16, 280, inO, 440,446 
Tdallyilltn 532 
T. Scotti 532 
l 'eratophyllnm at:IIUlttllm 301, 405 
1'hamllocladw 27 
ThaIll1lOptlJri~a26, 329-331,334,337,338 
T. Schle(;hUlld(llil~ 329, 330, 448, 453 
Tha,umat()pti:ril 385 
J'. Brallllia'll{l B85 
1'. j]['lIell.stl'ri 386 
T. Schutki 385 
Theobroma, 209 
Thi1m.r~ltlifl 537-552, 556 
T. ,ftllcata 54.0 
T. FOI! tainei 543 
T. la1lcifolia 539 
T . odonlopteroidts 538, 541-543, 546 
1'. rhomhoidalis 54.2-545 
1'. ttnuillervis 54.0 
1'. vuriabili. 482, 543 
Thoday , D. 6 
Thomas, A.. P. W. 12, 13, 17, 19,23 
Thomas, Ethel N. 239 
Thompson, D'Arcy W. 131, 209 
Thyrllopterill 295, 296, 369 
T. eleyalls 289, 294, 808, 3SS 
1', e/onglda 378 

T. .u "rroyana 367 
T. mrinerviil 369 
T. Ifchi8torllltl. 366 
1'nlesipt.e:ri.t 4., 12-2-5 
7'. tam~nJfiR 17 
l'odea 267, 337, 341, 468 
T. uUlItrlllill 346 
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T. barbara 285, 286, 299, 314, 333, 339 
1'. hym~Jlopllylloidel: 325 
T. Li'poldi 829 
T. ItUperbll 333 
T . TVWwria,nu 28G 
Todeopsis llTimaeva 324, 34.0 
1'odites 339-343, 550 
T. [{oclIscrti 346 
T. H'illill1ll8Qlli 332, 331)-348, 352 
Tracheotheca 437 , 4!l3 
Trautschold, B. lind J .. {utlrOa.ch Z60 
Treub. 1J. 307, 308 
TridwllwJlcs 2!)3, 294, 303, 365, 452 
1', GodH'lianuln 300 
1', r(1dicaw~ 294, 315, 470 
T. TeldjoTmc SOD. 310, 311, 315.-140, 571 
T. 8ca71dcns 311 
J.'ri!IOflOCarpon 574 
Trilete« 192, 215 
Triploil]Joritcs 190 
l 'uuica u.lill 434-43G, 443, 471 
T. primario"8 443 
1', IIQlcnitelt 435 
T. Sutcliffi 436 
Tylophora ralliclll()jjU. 157 
1'ympu'1iophOT(/ TlLCIWlOb'a 367 
T. simplex 367 

UlodemlrOI/. 95, 128-J35, 137, 13B, 185, 
209, 210, 251, 254, 255 

U. minUR 2()tJ 
Unger, F. ISO, 412, 446, 449 
Urfratupteri8 396, 407 
Urophlyctites stigmariae 247 

Variolaria ficoide8 231 
VeJcDQvskf. J. 869, iJ7!J) 482, ]jl8 
Veronic{t 75 
Vertt bmria. 497, 501-505 
V. indica 502, 503 
Vittaria 300 
Volkmann, G. A. 124, 231 

Walehia'2.') 
Wanklyn, A. 3S5 
Ward, L. F. 278, 369 
Watson, D. M. S. 131, 156, 161, 195, 

261, 268, 278, 397 
Weber, O. and J. T. Stetzel 558 

IT'eicJ • 
IV. erratica 495 7-
W. Mftntelli 49~fJ6 
W. rcticulata, 494 
Weiss, C. E. 73, 107, 203, 253, 257 , 

264, 324, 429, 430, 486, 555-560 
Weiss, F. E. 98, 101, 102, ).38, 139, 

151 , 154, 157, 182, 24U-242, 245- ... 
247, 261, 461 

Wclwil.$chia 278 
WD.ite, n. 27, 29, 201, 264, 265, 34(J, 

377, 464, 485 , 498, 513, 516, 560 
Wickes, W. H. 82 
Widdrill.qlonites 31) 

Wild. G. tiond J. Lomax 271 
Willia~nl!on , W. C. See note, p. 609 
Williamson, W. C. and D. H. Scott 6 
Withsm, H. 160 
11' oodwa-rd ill, 359 
Woudwarditel! 377 
WUnsch, E. A. Hi3 

Sellophyton radiwlosu1n 158 
Xuwpterill 555 

Yabe, H. 377. 481 
Yokoyama, M. 349, 377 
YOUllg, G. and J. Bird, 83 

ZalesBky, M. 571 
Zalellllkya 326-330, 832, 337, 338,461 
Z. diploxyLon 321}-331 
Z. graciU$ 826-381 
Zeiller, R. See note, p. 609 
Zeilltria 407 
Z. avolden8iIJ 407 
Z. deJicatula 407 
Zenkel:, .1 . C. 401 
Zigno, A. de 353, 390, 410, 478, 482, 

54(>-550 
Zygoptereae 443-465 
ZygopttTi8 418, 449 
Z. bibTactenri' 45B, ':1.55 
Z. lJr01lgniarti 450 
Z . Laeattii 463 
·Z. ptuyeurtmil 447 
Z. p rim.ario. 443, 444, 44.6, 451 
Z. ROf!nl.l!'ri 447. 448 
Z .• camiw, 450 
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