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PREFACE

REGRET that pressure of other work bas prevented the

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decade would have given an out-of-date character to much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

The original intention was to complete the whole work in
two volumes. Soon after the second volume was begun, it
becarne evident that the remaining divisions of the plant-
kingdom could not be included within the compass of n single
volume. I decided, therefore, to take the consequences of
having, embarked on too ambitious o plan of treatment, and
to preserve uniformity of proportion by reserving the seed-
bearing plants for a third volume. The third volume will
include the Pteridosperms, other than those briefly described
in the final chapter of the present volume, and other classes of
Gymnosperms. 1 propose also to devote such space as is
available within the limits of a text-book to the neglected
subject of the geographical distribution of plants at different
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stages in the history of the earth. It s my intention to
compicte Volume IIT with as little delay as possible. As I
have written clsewhere, the past history of the Flowering
plants needs special treatment, and anything more than a mere
compilation can be adeynately attempted only after consider-
uble research and with the assistance of botanists possessing
a special knowledge of difforent families of Angiosperms.  The
need of o eritical exmnination of available data in regard to
the geological history of this dominant group will not be lost
sight of.

T am well aware that while certain genera have received
an undne share of attention in the present volume, others
have been jgnored or treated with scant consideration. For
this inconsistency I have po cxcuse to offer, beyond the state-
ment that the subject is a large one, and selection is necessary
even though the work consists of three volumes.

The publication in 1909 of a collection of excellens photo-
graphs of Palaeozoic Plants, with brief descriptive notes, by
Mr Newell Arber,as one of a series of popular “ Nature Books,”
bears striking t=iimony to the remarkable spread of interest
in the study 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 bave been previously published. I would,
however, supplement the statement of fact with an expression
of thanks to corporate bodies and to individuals who hage
allowed me to make use of blocks, drawings, or photographs.

I wish to thank my colleague, Mr A. G. Tansley, for placing
ab my disposal several blocks originally published in the pages
of the New Plytolugist. To Professor Bertrand of Lille and to
his son Dr Paul Bertrand I am indebted for several prints und
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descriptive notes of specimens in their possession. My friends
Dr Nathorst of Stockholm and Dr Zeiller of Paris have gener-
ously responded to my requests for information on various
points. T wish especially to thank Dr Kidston for several
excellent prints of specimensein his collection and for the loan
of sections. 1 have profited by more than one exaroination of
his splendid collection at Stirling. Professor Weiss has gener-
cusly allowed me to horrow sections from the Manchester
University collections, more especially several which have been
reproduced in the chapter devouud to the genus Lepidodendron.
To Professor ¥. W. Oliver my thanks are due for the loan
of sections from the collection under his churge at University
College. 1 have pleasure ulso in vhanking Dr Scott, not only
for lending me sections of a Lepidodendron and for allowing
me to uxe some drawings of Miadesmia originally made by
Mrs Scoti for reproduction in his invaluable book, Studies in
Fuossil Botany, but for kindly undertaking the laborious task
of reading the proofs of this volume. It would be unfair to
express my gratitude to D Scott for many belpful suggestions
and criticisms, without explicitly stating that thanks to a
friend for reading proofs must not be interpreted as an attempt
to claim his support for all statements or views expressed.
The General Editor of the Series, Mr A. E. Shipley, hus also
kindly, read the proofs. 1 am under obligations also for assis-
tance of various kinds to Prof. Thomas of Auckland, New
Zgaland, to Mr Boodle of Kew, to Mr D. M. S. Watson of
Manchester, to Mr T. G. Hill of University College, and to
Mr Gordon of Exntoanuel College, Cambridge. 1 am indebted
to the kind offices of Miss M. C. Knowles for the photograph
of the specimen of drchagopteris hibernice 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 roade from the actual specimens are dis-
tinguished by the addition of the initials M. 8§ T am grateful
to her also for some improvements in the letter-press. For the
drawings made from sections and for some of the outline
sketehes T am responsible. I have availed mysell freely of
the facilities afforded by Professor McKenny Hughes jn the
Sedgwick Muscum of Geology for the examination of speci-
mens under the charge of Mr Newell Arber, the University
Demonstrator in Palaeobotany. It is a pleasure to add that,
as on former occasions, I am indebted to the vigilance of the
Readers of the University Press for the detection of several

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

A C SEWARD.

Poraxy Scroon, CAMBRIDGE.
Harch 12, 1010,



TABLE OF CONTENTS

CHAPTER XII

SPENOPHYLLALES (continued from Volume ). Pp. 1—16.

PAGH
Sphenophyllum . . . . . . . . . 17
Cheirostrobus . . . . . . Tz
Sphenophyllales a.ud Psxlota.oeae . . . . . 12-16

CHAPTER XIIT
PSILOTALES. Pp. 17—29.
Pailotum and Tmesipteris i 17-24
Foasils described by authors as bemvy ulo~e]y l”]\:d m Pm/n(um 24-26
Psilophyton. .. ... ... 26-29
CHAPTER XIV
LYCOPODIALES. Pp. 30—91.

Recent Lycopodiales (General) . . . . . . 30-33
Lycopodiaceae (Recent) . . . . . . . . 3349
Selaginellaceae (Recent) . . . . . . . . 49-58
Lsoetaceae (Recent) . . . . . . . . . 58-66
Fossil Lycopodiales . . . . . . . . 66-91
Isoetaceae (Fossil) . . . . . . . . . 66-68
Pleuromeia . . . . . 63-73
Herbaceous fossil :,peclcs ol' chopodmles . . . . 73-81
Lycopodites . . L 76-84
Selaginellites . . . . . . . . . . 85-88
Lycostrobus . . . . . . . .. . 83-91
Poccilitostachys . . . . P . . . 91

b3



CONTENTS

CHAPTER XV

ARBORESCENT LYCOPODIALES. Pp. 92—193,

o

Lepxdodandron

Cleneral

Leaves and Lu(u\bh\mm
Lepidophloios

iv.  The anatomy of L«/:ul/»d('nrlron z’aacu/urv

v.  Lepidodendron stems as represented by casts and
jmpressious of partially decorticated specimens
« Hnorrie 124-126; b, Bergeria 126, 127 ; ¢. ds-

pidiaria 127, 128,

v, lepidodendroid axes known as  [Todendron snd

Halonia

. L[(;d(lldrl)/l ]75 135 b Halonia, 135-139.
tii.  Anatomical characters of \e"emti\'e chidodeudron

qlmats

dumnense, 140; 3. L. saalfeldense 141;

7'uh'ghmwm 141-160; 5. L. Horcourtdd 160~

163; 6. L. Winschianum 163-171;

macrophylluin 171 ; 8. L. Veltheimianum 171-
1775 0. L. Pedvomwiom 177, 178, 10. L. qus-

trale 178181,
viii.  Fertile shoots of Lepxdodendreu.e

A, Lepidostrobus 181-191. 1. chzdn.-rzrubu:arm-
bilis 187, 188; in L. oldhamius 188-190;

il L. Brownti, ete. 190, 191,
B.  Spencerites 192-195.

CHAPTER XVI

SIGILLARIA. Pp. 196220

i. General 196-210;
shoots 215-218

L:pulodwndrou esnostense 1'3() HO 2 L.

it. Leaves 210-2135; iii. Fertile
iv. The structure of Sigillarien
stems 218-224; v. Sigillaria Brordy 224-2326.

PAGE
93-18)
93-97
97-105
105-109
109-123

123-128

128-129

139-181

181-195



CONTENTS

CHAPTER XVII
STIGMARIA. Pp. 227247,

CHAPTER XVIII

BOTHRODENDREAE. Pp. 243270,

Bothrodendron 248-26
punctatum 254,

a. B. minut
;e B kiltorke
of Buthrodendron

olium 251-253; b. 0.
Anatomy

of vegetative sh ; Cones of

Bothredendre, 264 PAGE
Pinakodendron . . . . . . . . . 264
Gmphalophloios . . . . . . . . . 264-266
General considerations . . . . . . . . 266-270

CHAPTER XIX

SEED-BEARING PLANTS CLOSELY ALLIED TO
MEMBERS OF THE LYCOPODIALES. Pp. 271—279.

o Lepidocarpon 271-275; . Miodesmio 275-27

CHAPTER XX

FILICALES. Pp. 280323

Leptosporangiate Filicales . . . . . . 283316
Eufilicineae 284-316. Osmundaceae 283, 286; Schi-
zapacens 286-291 ; Matonineae 291293 ; Loxsomaceae
293 ; Hymenophyllaceae 294 ; Cyathesceae 204-296 ;
Dennstacdtiinae 296 ; Polypodiaceae 296 ; Parkeria-
ceae 207 ; Dipteridinae 298,
The habit, leaf-form, and distribution of ferns
300-209; The anatomy of ferns 309-316.
II. Marattiales . . . . . . . . . 316-321
IIL Ophioglossales . . . . . . . . 321-323



X1 CONTENTS

CHAPTER XXI

FOSSIL FERNS. Pp. 324—394.F

-346 ; Schizae: A6-351; Gleichenia-
1; Matonineae 327-363; Hymenophyllaceae
Polypodiaceae 37—

Osmundaceas 3:
ceae 351~
363365, Cyatheaceae -
450 ; Dipteridinae 3830-394.

CHAPTER XXIIY

MARATTIALES (FOSSIL). Pp. 395-—411.
Prychocargus 397 ; Danacites 398 ; Parapecopteris 398 ; Astero-

theca 398-400; Hawlea 400 ; Seolecopteris 401, 402; Disco-

pterts 402404; Dactylotheca 404-406; Renawltic 406

Zeilleria 407; Urnatopteris 407 ; Marattiopsis 407-409 ;

Danaeopsis 409, Nathorstia 410, 411,

CHAPTER XXIIX
PSARONIEAE. Pp. 412—426.

CHAPTER XXIV

OPHIOGLOSSALES (FOSSIL). Pp. 427—i31

CHAPTER XXV

COENOPTERIDEAE. Yp. 432—472.

1. Botryoptereae 434—443;
1L Zygoptercae 443-470.

CHAPTER XXVI

HYDROPTERIDEAE AND SAGENOPTERIS.
Pp. 473-—483.
Marsilincene 473475; Salviniaceac 475-477; Sagenopteris
477-483.



CONTENTS

CHAPTER XXVII

GENERA OF PTERIDOSPERMS, FERNS, AND
PLANTAE INCERTAE SEDIS. Pp. 484—530.

Taeniopteris 485-494; Weichselia 494-496; Glossopteris 496-
512; Gangamopteris N2-517; Lesleya 517-519; Ne
preridium 519-523; Cardiopteris 523-520; Aphlebia :
529 Sphenopte i Mariopterds, Diplotmema,
Palmatopterss Cephalotheca 537 ; Thinnfeldia
537-544; L pleris 544-546 ; Cycadapteris 536 Ptilo-
zamites 54654, opteris HAB-550; Dickopterds 0—
552 Odontopteri: 563 Callipteris 557-559; Calli-
pteridium 56 Neuropteris 565—

yelopteris 571,

, 573 ; Alethopteris
573-576; Lonchopteris 576 Pecopteri

6-580.

INDEX . . . . . . . Pp Goo-62



LIST OF ILLUSTRATIONS

Several of the illustrations are printed from blocks for which 1 am
indebted to learned societies or to individuals, The sources from
whicl clichids were obtained are mentioned within square brackets,

TroxmisriecE.  Thamanopteris Sehlechtendalii (Eich.). TFrom a photograph
given to me by Dr Kidston and Mr Gwyune-Vaughan. (Page 329.)

FlG. PAGE
N2 Sphenophyllostachys . . 2
N (Sphoneplyllostaclys Romeri . . . . | 3

L Sphenophyllom trishomatosvm
S, majus

134, 115, Sphenophyllostachys fertilis . . . 4,5
[Council of the Royal Society of Londnn]
MG, Sphenophyllostachys Dawsoni . . [}
[Mr A. G. Tansley, Editor of the New Ph\-u»]omst]

117, (Cheirostrobus pettycurensis . . . . . 8
| Preudobornia yrsina

118, Pwilotum triguetrum . . . . . . . 18
Poilavom, triguoewm, (@patoms) . . . .Y ag
Tmesipteris tannensis . 3 P . . . . . 22
Lycapodiuwm (seven species) . . . . . . . 3
Lycopwdium squarrosum ‘ . . . . . . 36
Lycopodivm cernuum . . . . . . . . 37
Lycapodium obscurwm . . . . . . . 38
Lycopodim (avatomy of \lelu) . . . . . . 41
Lycopodiwm (apatomy of cones) . . . . . 45

127-120.  Lycopodium cernuum (cone) . . 41-49

[Council of the Royal bocxety of Edmburgh 1
130, Selaginella grandis . . . b0



LIST OF ILLUSTRATIONS Xv

FIG. PAOE
131, Selaginella {anatomy) . . . . . . . . 52
132, {[soetes echinospora . . . . . . . . 59
U. lacustris
133, Iscetes lacustrix (anatomy) . . . . . . . 62
134, Pleuromein Sternbergi . S . . . . . 0
135, Selaginellites and Lycopodites . . . . . . 80
136, Lycopodites lanceolatus . . . Bl
[Couneil of the Geulurmal Society of meun ]
137, Lycopodites faleatus . . . . . . . . ®
K Selaginellites primacvus . . . . . . . 86
139, Lyrostrobus Seotti . . . . . . . . &3
140, Picen cacolsa . . . . . . . . . M
141, Lepidodendron Sternbergic . . . . . . . 4%
142, Sigillaria (leaves) . . E . . . . . . aR
143, Lepidodendron (leaves) . . . . . . . . 49
144, Lepidodendron Velthehmimnum . . . . . .o
142, Lepidodendron leaf-cushion . . . . in2
146. Le]\ulndcndmn and bepnlu]-h_lmm Jeaf- cn»dnnm . . . 104
147.  Lepidophloios leaf-cushion . . . . 108
148185 Lepidodendron vasculare . . . . . . 112122
Knarria miralalis . = . . . 125
37, Lepidodendron Veltheimianum \Ulmlxmr[ran) . 129
158.  Diagrammatic section illustrating the branch- theorv nf the
Ulodendroid scar 132

[Council of the Manchester Llwnry aud Plulusnphma) ’wnmety]
159, Pinus clausa . . .
160, Lepidupddoios scoticus
161, Haloniu tortuosa . 3 g
162-167.  Lepidodendron /'ultﬂmmum . 143
[Counel of the Cambridge Plulcusnl»hxc.«nl qnclf‘l\ ]
168, Lepidodendron vusculare and L. fuliginosum . .
169, Lepidodendron fuliginosum . . .
170-172. L. fuliginasun. .
173, Lepgadodendron ohovatum
174176, * Lepidadendron aculeatum
[Oxford University Press: Anma.ln (\(' Bnmu\ 3

177y Stigmaria radiculose . F . . . . . LA
178, Stigmarian rootlet . . . . . 158
179, Lepidodendron Harcourtii and L. ftd‘ll]m,oaum T -
180.  Lepidodendron Wiinsclianum . . . . . 163
181,182, L. Wiinschignum . . . . . . . 165, 166
183, 184. L. Winsclianum . . . 168, 169
[Editor of the I\ew Phymlogm ]
185, 7 pidodendron Velthei . . .13
186, L. Velthesmignum and L. macrop/:yllum . . . . 176



xvi LIST OF ILLUSTRATIONS

Flu. PAGE
V87, Lepidodendron australe . . 178
[Dr H. Woodward, Editor ul’ LhL (yeologxcal M.mx/lne]

188, 189, Lepidostrobus . . . 183, 164
190, Lepidodendron and chzdmlrub: . . . . . . 186
191, Lepidostrobus .. R 1.
192, Spencerites insignis . ' A U

[Oxford Um\emty F'xcs.s Anuuls of Bnmn\ 1
193, Sigillaria clegans, S. rugosa, S. tesselluta, Omphalopddoios

anglicus . T 1 14
194, Sigillaria A/r.![urmez ¥ . . . . . . . 199
195, Sn/dlurm mamnillaris . 199
196. illaria Brardi, S. lacmqatu and Lﬂ,mxivdendrmx Ilmzlmu 200
197, Carica sp, . L L. 202
198, 199. ,\nqzllmm . v . B . B . . 205, 206
200, Sigillaria Brardi .
201, Sigillariostrobus

Mq Uaria elegans and S. UZOIV(/LL[(I

Sigillaria Brardi

s, Stigmaria ficoldes

Cyperus popyrus .
208, Stages in the d(\\elnpment of qu{lar:u .
Stigmariopsis .

Stigmaria

Bothrodendron punctatem S
Bothrodendron minutifolivm, B. punctatwm, B. kiltorkense

and Lepidostrobus Olryi . . . . . . . 262
23, Bothrodeadrouw minautifolivm . . . . . . . 254
214, Bothrodendron Leslei . . . . 258
[Trustees of the Bntnh MuaeumJ
Lathrodendron mundunt . . . . . . . . 268
Dothrostrobus . . 263
[Council of the \Xunthmtex Ll(emry mld Ph:lumpluu\l Raciety. ]
217, Omphalophloios . . . T e
218, b;nzlmurpou Lomaxi . . . . . . . 273
219.  Miudesmia and Ifoz/zruabna’xmz P2 7
220. d?u/mplcn« evecta and Cycas revoluta . . . 283
221, Osmunda cinnamomea, 0. regalis, and Todea. barlmru . . 286
Schizaea elegans . . . . . . . . . 287
Adneimia rotundifolia . . . 288
Aneimia flexvosa, d. ph _/llmdn Hemwm;phyllum Matonio,
pectinata, Thyrsopteris uéeganc, Gleichenta . . . 289
Gleichenia dicarpa . . L2850
Glsichenites Rostafiniskii, Gleicheni dicarpu., G dm/m!oma . 290
Matonia peclumta . . . 292

[Council uf Lhe Ro‘yal Socletyj



LIST OF JLLUSTRATIONS xvii

FiG. FAGE
228, Matonia pectinata . 283
229, Thyrsopteris elegans, (z/a,!/urz f/llnn{(ﬂﬂl /)ulxuuuz cmmru/m

D. culcita, Davalliu concinna, Alsophila excelsa ¥ Looand
230. Dicksonia Bertervana . . . .28

[Trustees of the Brmah Muauun ]
231, Dipteris quinguefureata, D. u)/guqatu D. Wallichii, aud Poly-

podium guercifolium . . . . 207
Davallia aculeata . . . . . . . . L 209

3. Polypodium Billardiert . . . . . . . . 302
4. Lolypodium quwrmfulumz . . . . . . .303
235, Hemitelia capensis . . . . B L 304
236 o, 236 & Pteris aquiliva . . . B0%, 306

[Council of the Linnean .Sn( mt\ of Lnndnn]
237, Matonia pectinata, Matonidium, Glzichenia dicarpa, and

Trichomanes reniforme (anatomy) 2 ‘ . . . 310

238, Trichomanes scundens . . . . 311
[Editor of the \(‘\v Pb\tuloﬂht]

239, Platyzomu microphyllo. . . . . 312
[Editor of the \'c\\ Ph',tulugmt 1

240.  Cyathen Irayana . R ¥
[Editor of Lhe \c\\ thtnlugnt]

Angiopteris evecta and Murattio frarinea k . . -

2 Angiopteris evecta and Dinaeo . . . . . . 318

243, 244, Anglopteris evecta . 219

245, Marattia fravinea, M. h'uulfusau /\!l'l]fua‘am und h'amztmpsu
Minsteri .

246.  Ophioglossum vulgumm

247, Batrychinm virginianum .

248, Zalesskya gracilis

249, Zalesskya diploxylon .

250.  Thamnopteris Schlechtendaliy |

251, Lonchopteris virginiensis .

252, Osmundites Dunlopi

253,204, Osmundites Kolbel . . R & E
. [Editor of the Genloglcnl )[ zgum

255. 0. Kolbed . 336
256. Cladophlebis dmlwulata, T odue« Wzllunr.mna, Dmopwm

Rallii, Kidstoria heracleensis, and Todzopew pnmevu . 340
287, 258.  Cladophlebis denticulata . . . 342, 340
259.  Klukia exilis | . 348

[Council of the Cu.mbnd"e Phxlomphxcal S«)uet\ ]

260, Huﬁ'ordz(t (‘oepp(,rlz . . . . .39
281, Chry m, Lygodt Ao fu.m‘, J/amm'a

Hoolx-rz . - . . . . . . 300
262, Gleichenites lrmgzpmnu, U. delicatuda, G. Nordenskiold: and
. G. Zippei . . . . . . . . . . 364



XV
¥IG.
263.

264.

[«

279,
280.
281,
282,

283,

284,
285,
286.
287.
288.
289,
250,

291,

LIST OF ILLUSTRATIONS
PAGE
Gledcfanites hantonensis . . 356
[Couneil of the Palaeonmﬂ-raphmnl ‘ﬂomcv.\ ]
Laccopteris elegana . s . .37
{Couneil of the Ko\al .‘\ouet\ ]
Matonidium Wiesnert, Hamtlgnpnm marantacea, Gleichenites

gracdis, Laccopteris Goeppertl, and L. Miinstere E . 358
Luccopteris polypodicides P 35¢
[Trustees of the Blltwh \1menm ]

Laceopteris . L. 3
[de,oeu r»f the Br'\ti.uh Muneum,]
? Luccopteris polypodioides . )
[Trustees of the British \le%\lﬂ\]
Matonidium Goepperti . . .362
[Editor of the Emydr\lm.edlu Bnmnmul]
Newflenbergia elegans, Oligocarpia Brongniartit, Tre
spo Hymenoplyllum lun[u'lrI‘ se, Sphenopteris (Hymeno-
,,/u///,'m> quadridactylites ... . . . . 364
Contopteris humenoplylloides . 368
mmml of the Manchester Literary nud P lnlxwul»knuﬂ .\m,lely]
o hymenophylloides . . . . 369
& unl/)/)[( ras quingueloba . : @ 3 . ‘ ¢ . 370
Coniopteris arguta . B . . L8N
Coniapte

m/ulu und( /::/mvnnplu/l/mr{us " . . .32

Oneopter . . 373
Protopleris punctata . . . . . ¢ ; .3
Laccopteris polypodivides, L. Minstert, [icksonia, Onyckiopsis
Mantellt, Hawsmannia Sewardy, H. Kohlmanni, and Proto-
pteris Witteana N
Adiantides antiguus and AI /Lndw:/mt[ﬂ . : P . 376
Onychivpsis Hantelli ‘ : a . 3 A . . 379
Dictyophyilum exile 381
Dictyophyllum Nilssoni, H/zz‘amoplum \rlmnl:, Cum};zopm’w
spiralis, and . exide . . . . 382
Dictyoplyllum rugoswn . . . . .38
[Trustees of the Bntnh \hnoulu] ¢
Thewriatopteris Minstert . . . . . . . 398
Clathropteris meniscoides . . . . . . Ly SRT
Clathropteris egyptiaca . .o3n8
[Editor of the Cenlogu.al \!ngﬂune ] '
Camptopteris spiralis . . . 389
Hausmannia dickotoma . . . . . . . .A9
Hausmanneia a‘p. . . . . . . . 393
Alethopt 1 hitica, Lonchopteris ruqma‘ Sph i
Hoeni : plervides, and Peco
pleris (Dactr/lol/mca) plumow ; 399

Ptychocarpus wnita, Asterotheca Stembe-rgn, Damaeues sare-



LIST OF ILLUSTRATIONS Xix
FIG. PAGE
pontanus, Hawlea J[x(wm, H. puldzernma, S‘m«’pao;rlm‘w
elegans . " . . .00
202, Dactylotheca plumom 405
293.  D. plumosa . . . 406
294.  Nathorstia auqush}u/m und latifolia . 410
205, Psaronius % Y . g " . 414
296.  Psaronius m/urczuv P. '.wl::acnm_. P, musaeformis, and L.
asterolithus 416
297, Pecopteris Sterzeli . 4149
298 Caulopteris pe luquu and Veqap/x_/ton ms‘ync 121
299, Ltycho 'u//.l'u . . 423
300, Dicksonia antarctic 424
301, Rhacopteris sp. 427
302, Nueggerathia f 429
303, Chiropteris Zedlleri . 430
[Annals of the -Smn.h \fnwn \[uw,um]
304, Tubicaulis yolenites . . 435
[Editor of the \u\\ l’h_‘, v.ol(mst,]
300, Botryopteris cylindrica 339
306, Botryopteris ranosa 441
307.  Botryopteris antiqua 442
308.  Clepsydropsis antiqua, rmpterw ﬂvom sz/o[ubzs fon,/wm
Zygopteris primaria, Stauropterts oldhamin 444
309, Diplolabis forensis, Botryopteris forensis, Corynepteris u,ral.
loides, Sr./uzupc«ru pinnata $45
310, Metaclepsydropsis d vplcz. btauroptm.r oldhamm Anl _/70]7[2'15
scandens . . 450
311, dunkyropteris Gluya . . 451
312, Thamunopteris Schlec /ztmdalu, A nl 7 upm-z.s cm—rugam oA
bibractensis . i . . 453
313, Andyropteris ln’/)ra(-lcm‘ia 454
314.  Ankyropteris corrugata 457
315, dnkyropterss corrugata 458
[Editor of the \u\' Phyulq\m«]
316, 1% dakyropteris corrugata . . . L. 159, 460
318, Etapteris Scotti . 462
. [Editor uf the I\e\v Ph_y wlogm]

319, Etapteris, Botryopteris forensis 463
320.  Stauropteris oldhamia 464
[Editor of the \ew Phywloglsr,]

Stauropteris oldhamia 467

Stauropteris oldhamia 468
[Editor of the \ew Phywloglst]

323, Stauropteris 469

[Edimr of the New Phywlogist,]



338,
339,
2410,

34,

343
394,

340,

346,
T
348,

349.
350.
351,
352,

353,
304,

LIST OF ILLUSTRATIONS

PAGE

Asterocllacna lava . . . . 472
[Editor nf the \c“ Ph‘ tol(mxt.]

Sporocarp-like bodies (! Sugenopterds) . . . . 478

Legnoiliinm diphyllnm, Sagenoptoris heifolic . . . 479

Sagenopteris Phillipsi . L. 480
[Trustees of thp Bnt)\h \lub(,um 1

Sugenapteris Phillipsi . . .48l

[Council of the Manchester Llumn nud Ph\lusnph:uxl
Society. ]

Tueniopterss multinervis, Lesleya Delafondi .. . . 487

'I'ﬂr}:l'n/rf(n'a Carnotiy T. spatulata, T. corinceq . . .49

Taeniopteris Carruthersi . . . . 491

[ Annals of the South M‘Juau \lu\(um]

Taeniopteris vittata . . . . 493

Weichselia Mantelli, W. erratica. . . . . . . 495

Glossopteris Browniana . . 199

[Council of the (i(‘n]n"\(n] '3()('101\ of Lnnd(-n]

5,336, Glossopteris Browniana . ST 500, 501
[Trustees of the Bnush Mn~cum 1

Vertelraria indica | : . . . L0023

Vertebraria indica, Onoclea xtrut/«mp/erm . 503

Glossopteris fronds attached to rhizome. . . . . D04

341, Glossopterss indica, G. angustifolia . . . . 506, 507
[Trustees of the British Museum.]

Glossopteris angustifolia var. taeniopteroides . . . 508
[Council of the Geolomul] bocleu ]

Blechnoxylon talbragarense . . . . . . 509

811

Glossopteris retifera

[Trustees of the Bnush \luoeun] 1
Gangamopteris cyclopteroldes . . . . B
[Trustees of the British Museum]

Arberia sp. i i 517
Leslya simplicinereis . . . . . . . . 518
Newuropteridium validum . . . . 520

[Trustees of the Bnhsh Muueum ]
Neuropteridium intermedium . .
Cardiopteris frondosa

Gunnera manricata .

Sphenopteris nbumloba, P u'plens arboresLe/lA’, Sp/eerwpteru

Surcata . 529
Sphenopteris aﬁimc . . 531
Palmatopteris, Mariopteris, szlo!mema é:dlmx, Aeuroplem

macropkylla, N. heterophylia, N. 7, dlloiopteris

Essinglot . . . . . . . . . B35

. . . . . . 536

Cephalotheca mira Inlu



LIST OF ILLUSTRATIONS

Thinnfeldiv odontopteroides, Ptilozamites
[Council of the Geological Society. ]
Thinnfeldia odontopterordes .
[Council of the Geological %cch\ ]
Thinnfeldia odontopteroides P
[Annals of the SoutB :Unc)m Mrucum ]

Thinnfeldia rhomboidalis
Lomatopteris jurensis, L. ,\c}nmpert ’Ihmn/uhha r/mmbmda[u-
Prilozamites Heeri . . .
Cteropteris cycadea
Dichopteris visianica
Alethopteris lonchitica, A][fl)lO]Yl(‘l'l\ muricata, (/don(nptuu of.

alpina .
Qdontopteris minor .
Udontopterts genuind, Cal/:pl«ru[mm quas Cllllt}){ﬂl’l.\x Pellfm,

C. lyratifolia
Cullipteri confertu .
Archasopteris hibernica
Are, /zaﬂu}){m‘l-! hibernica, A. arfhen/pu.y, 4 ﬁ.«szlu, l ﬂmbruuzz
Neuropterss with Cyclopteris leaflets

[From n block received from Mr (‘J.rruthem]

Newropteris heteraphylla .
Neuropteris macroplylla
Neuropteris Schewclzeri
Linopterés neuropteroides
Alethopteris Serlii
Pecopteris arborescens

xx1

AGE
539

557
559
561
564
566

508
69




Page

ERRATA IN VOL 1

16, hwe 4. For © The North American Tulip tree” read The Tulip
tree of North America and China.
66, line 2 from the bottom. For * Browera” read Berowra.
127, line 3 and 4 from bottorn. For dechyla and Palaeackyla read
dchlya and Palacachlya. :
145, lines 4 and b, For “ Upper Greensand ” read Lower Eocene.
162, line 3 from bottom. For * Corallina barbata” resd Cymopolia
harbata,
170, line 20, For “sporangiaphore ” read sporangiophore.
185, line 2. The genera Udotea and Halimeds, members of the
Siphoneae, are jpcorrectly included under the Corallinaceae.
191, line 11 from bottom. Omwit Chondrus crispus, which is one of
the Florideae and not a Brown Alga.
202, line 13, For * Halmeda " read Halimeds.
250, line 1. For “three” read the.
381, line 10.  For ¥ Calumopytus” read Calaropitys.



CHAPTER XIIU

SPHENOPHYLLALES (concluded),
Sphenophyllun.

THE account of the Sphenophyllales given in the first
volume* of this work must be cxtended and somewhat moditied
in the light of recent work on the fertile shoots of Spheno-
phyllum.

Sphenoplyllostachys Dawsoni (Will.) was described as con-
sisting of an axis bearing superposed whorls of bracts connute as
the base in the form of a shallow funovel-shaped collar giving
off from the upper surface and close to the axis of the cone two
concentric series ol sporangiophores, Oeccasionally there are
three series, as represented io fig. 712 In another type of
strobilus, Sphenophyliostachys IRomers® each  sporangiophore
terminates in two peudulous sporangia (fig. 113, A ; see also Hg.
107, G, vol.1.). It has already been pointed out that the common
nccurrence of detached strobill necessitates their deseription
under distinet specific names; it js only by a rare accident
that we can assign fossil cones to their vegetative shoots. There
are, however, reasons for believing that Sp/renopl:yllostachys
Duwsond 35 the strobilus of the plant originally described by
Stgrnberg* from impressions of {oliage-shoots as Rotularia cunei-
Jolia.  Another difficulty presented hy petrified material is that
of determining, with certainty, whether two imperfect speeimens,
differing from ope another in features which do not appear to

1 The full titles of books and papers referred to in footnotes distingnished
by the addition of A after the dalc are givon in the Bibliograpby ot the end of
Volume 1.

* Chap. x1. ® ibid. p. 405.

* Bleraberg (28) A. p. 38, P1. xxv1, figs. 44, 44,

8. LI,
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be of sufficient importance to warrant specific separation, are
forms of one species or partions of specifically distinct cones.
Tt has been pointed out by Scott! that the strobilus known as
Sphenophyllustochys Duwsoni probably includes two distinct
species, one being the cone of Sphenophyllum cuneifolivm
Sternb., and she other the cone of 8 wyriophyllum Crép®.
The stem of S. myriophylluwn agrees anatomically with the type
known as Sphenophyllum plurifoliatum Will, and Scott®.

Fia. 112, Sketch of o radial longitudinal section of Qp]l(ﬂnp/n/”(lﬂ{(lc/lyi
There are usually two coucentric sentes of sporangia an the sporophyils
not three ne shown in the figure. The upper figore (after Zeiller) shous
the linear bracts in sarface-view,

In addition to the two types of cone already nentioned,
Sphenoplyllostachys Dawsoni and S Edmers, others have
been deseribed by Kidston from carbonised irapressions. One
of these is the fertile branch of Sphenaphyllum majus®, The
basal portions of the bracts of each whorl forin a narrow collar
round the axis of the cone; the free portion of each braet
consists of a Jamina divided into two equal bifid lobes bearing

! Beott (03) p. 4.
« Zeiller (88) A. PL. L. figs. 8—4.

3 Vol. 1., p. 397.
4 Kidston (01) p. 128, fig. 25 (02) p. 861, fig. 13.
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on its upper surface one group, or possihly two groups, of four
sessile sporangia between the narrow coberent bases of the
laminae and the sinus between the terminal lobes (fig. 113, C).
Another characteristic feature is the greater length of the
internodes ; this renders the cone less compact and less sharply
differentiated from the vegetdtive shoots than those of other
species, A specimen in Dr Kidston’s collection illustrates the

C

Fro. T3, A Sphenophyllostachys Rémeri. (Solms-Lanbaob.)
B. Sphenophyllum trichomatosum Stox.

N C. Sphenophyliwm majus. Bronn. (s—C. After Kidston.)
peculiar character of the fertile portion of this species; it con-
sists of an axis bearing a succession of lax sporophylls succeeded
above and below by whorls 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
’ ! Bawer (08) p. 404, fig. 221

—2
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alternation of foliage leaves and sporophylls in Tmesipleris
and in Lycopodivim Selago.

Another form of cone, also from the Middle Coal Measures,
is veforred by Kidston to Sphenophyliunm trichomatosum Stur!
(fig. 113, B): this is characterised by the more borizontal
position of the bracts, which “db not appear to be so much or
so suddenly bent upwards in their distal portion as in some
other species of  Sphenopliyllum,” and by sessile sporangia
borne singly on the upper face of each bract.

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

Fia, 114, Sphenaphyllostachys jertilis (Scott). (After Scott.) Diagram of a
nade in longitudinal section, showing one sparophyll and the base of the
opposite one. vl ventral labe of sporophyll ; 7.5, onc of the segments into
which it divides: ».s. stump of apother segment; 4.1 dorsal lobe;
d.e., d.&'. segments of dorsal lobe.

petrified specimen on which the species was founded was

discovered by Mr Juines Lomax in the Lower Coal Measures of

Lancashire; it represents a portion of a cone 6 cm. long #od

approximately 12mm. broad. The axis contains a single

vascular cylinder agreeing in essentials with the type of stem

structure known as Sphenophyllum plurifoliatum. The nodal

regions, which exhibit the slight swelling characteristic of the

genus, bear several (probably twelve) appendages connate at
» Kidston (81) p. 59, PL. 1. (01) p. 125, fig. 22.
# Seott (03).
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the base and forming a narrow flange encircling the axis
Each bract, the buse of which forms part of the narrow collar
surrounding the axis, consists of two lobes, ventral and dorsal,
divided palmately into several (sometimes four) scgments or
sporangiophores (fig. 113). 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 conc is thus accupied by crowded peltate
laruinae, each with its pair of sporangia. A single vascular
bundle supplies each sporangiophore and bifurcates in the

Fra. 115. Sphenophyllostachys fertilis (Scott). (After Scott) Diagras of u
single sporophyll as it would appear in a transverse section of the cone:
showing one lobe (dorsal or ventral). «z, part of axis to which the
sporophylls are atiached.

distal lamina into two branches which extend to the brses 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
orflanges encircling the spore-wall in the direction of the major-
axis.  Spherophyllostachys fertibis differs from all previously
recorded types in the absence of sterile bracts. The appendages
of the cone-axis are all fertile, a striking confrast to the
differentiation into protective and sporangia-bearing bracts which
constitutes a constant feature in the cones of Sphenophyllum
and Calamites. It is possible, as Scott suggests, that the
absence of sterile segments is the result of modification of the
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more wsnal type of strobilus; instead of the dorsal and ventral
lobes of the bracts sharing between them the duties of protec-
tion and spore-production, the whole of each hract is constructed
on the plan of the maximum spoere-output, the laminar termina-
tions of the sporangiophores serving the purpose of protection,
The cone may be described as nrore specialised than the normal
type of strobilus for reproductive purposes’.

1t has been stated, on evidence which is unsatisfactory, that
Sphenophyllum possesses two kinds of spores.  While regarding
the genns as homosporous oun the evidence before us, it is

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

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

! See also Browne, Lady Isabel (09) p. 4.
* Williamson and Scott (84) A. p. 911. 3 Thoday {06).
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It is clear that the types of strobilus designated Spheno-
phyllostachys (figs. 112—114) present a divergence of characters
tuw great to be comprised under one genus; but in the absence
of fuller information, we cannot do otherwise than follow the
only logical custom of grouping them together as examples of
strobili borne by plants whish, in the present state of our
knowledge, are mast conveniently referred to the genus Sphena-
phyllum.

Cheirostrobus.

This generic name was applied by Dr Scott! to a caleified
cone obtained by Mr James Bennic in 1883 from the Lower
Carboniferous plant-beds of Pettycur near Burntisland on the
Firth of Forth. Cheirostrobus is distinguished from Spheno-
phyllostachys by its greater breadth (35 cm.); externally it
agrees more closcly with the fertile shoots of Lepidodendron
thun with those of Sphenophyllum. A single vascular cylinder
having the form of a fluted Doric column (fig. 117, B, z)
occupies the axis of the cone: it consists for the most part of
reticulate tracheae which tend to assume a short or isodisinetric
form in the central region; the smaller protoxylem fracheids
with the spiral form of pitting constitute the sharp and
prominent ridges at the periphery of the xylem-cylinder. In
the cuter part of the eylinder the metaxylem* consists exclu-
sively of tracheae, but towards the centre of the axis these are
associated with numerous parenchymatous cells.

The xylem is therefore centripetal in origin as in Spheno-
phyllurm apd in pearly all recent and fossil members of the
Lycopadiales. In the type-specimen of Cheirostrobus the
vascular eylinder of the cone consists entirely of primary xylem,
bat secondary sylem has been found in a more recently dis-
covered specimen®. Secondary xylem occurs also in the
peduncle of the cone. No appreciable remains of phloem have

1 Scott (97) A ; wee also Scott (00) p. 106.
© The term metaxylom mey be conveniently applied to the primary xylem
ather than protoxylem; tbe latier is maually but by no means inveriably
characterised by spiral thickening bands.
o Seott (05) p. 21 {footuote).
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' been found. The cortex consists of slightly elongated rather
thick-walled tissue containing secretory sacs. Crowded super-
posed whorls of bracts (or sporophylls), usually twelve in each
whorl, are borne on the axis and each sporophyll receives a
single vascular bundle from one of the vertical ridges of the
xylem column (fig. 117, A, {t).. The members of each whorl
are connate at the base: from this narrow collar each sporophyll

Fra. 117. A, B, Cheirostrobus pettycurensis Scott.  (After Scott.)
C. D. Psendobornia ursina Nath. (After Nathorst.)

A. Disgrammatic radial longitndinal section of part of the cone-axis and two
sporophylls. U, Lundle passing out to sporophyl; f. fertile segment of
sporophyll showing two sporangia; s, sterile {lower) segment.

B. Part of transverse section. =, stele; I, I, bundles on theil way to
aporophylls : a, tips of sterile segments of lower sporaphylls.

€. Palmately branched leaf (4 natural size).

D. Node of stem showing leaf-bases,

branches into an upper or dorsal and a lower or ventral limb
(fig. 117, A, fand 5). Each limb divides palmately at a short
distance from its origin into three slender segments, which
extend in a horizontal direction and terminate in large laminar
expansions (fig. 117, B, s) to afford a protective covering to the
surface of the cone. The upper set of three segments, consti-
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tuting sporangiophores (fig. 117, A, B, /) or fertile divisions
of the sporophyll, expand distally inta comparatively bulky
laminae ; each of these bears oo its adaxial face four diagonally
placed outgrowths which form the short pedicels of very long
and narrow sporangia. The three lower segments—the sterile
divisions of the sporophylls—(fig. 117. A. B, s) are similar to
the upper st except in their greater length and in the kite-
shaped form of their distal laminae which are provided with
laveral lobes. The single vascular strand which supplies each
spurophyll is represented at It in fig. 117, B: at &' the strand
has divided into four, the three upper bundles in the figure
supply the sterile segments and the single lower bundle
ultimately divides into three which supply the fertile segments,
A pair of blunt processes (fig. A, s) extend downwards over the
ends of the underlying fertile lamina and two slender prolonga-
tions extend upwards through several internodes.

An economical arrangernent of the long and narrow sporangia
and of the sporophyll-segments betwcen the axis and vhe
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
narrow fortn: the length of a sporangium may reach
1 centimetre. In the structure of the wall the sporangia of
Cheirostrobus agree closely with those of Calamostachys® and
Sphenophyllostachys. The spores are of ounc size only. The
vascular cylinder of the peduncle, originally described by
Williamson® as the peduncle of a large Lepidostrobus (the cone
of Lepidodendron), is characterigsed by the presence of a short
radially disposed zone of secondary tracheids, a feature, as
Seqtt points out, which may extend into the axis of the come.
It is noteworthy that the protoxylem elements are not always
external, but oceasionally accur internal to one or two of the
outermost metaxylem tracheae: the usunl exarch® structure of

! Vol 1. p. 854, fig. 95, C.

* Williamson (72) Pl xurv. p. 297, figs. 29, 30

® 'Exarch’ denotes that the protoxglem is on the outside of the primacy
xylews ; ‘endarch’ thet it is on the inper edge or in a central position ; * mesarch’
that it is internal, cither pear the inner or the onter edge of the metarylem.
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the contral eylinder is not therefore absolutely constant, but
may be replaced by a mesarch arrangement.

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

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

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

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

In 1902 Professor Nathorst! instituted the generic name
Pseudvbornia for plants of which imperfect examples had
previously been referred by Heer? to Calundtes under the name
C. radiatus. Heer's plants were obtained from Upper Devonian
rocks of Bear Island in the Arctic seas and additional specimens
were brought from the ssme locality by the Swedisb Polar
Expe(lit,ion of 1898, Pseudobornia possesses jointed stems
(tig. 117, D) bearing wherled and shortly stalked leaves, often
four in number, at cach vode. The leaves are palmately
branched with fine serrated edges (fig. 117, C).  Certain
specimens, which are no doubt correctly described by Nathorst
as cones, are characterised by a thick axis bearing wharled
leaves with sporangia on their lower surfaces, but the material
is oot sufficiently well preserved to render possible a recognision
of structural details. It has been suggested by Scott that
Pseudobornic may possibly be referable to the Sphenophyllales
and that the stem of Cheirostrobus “wmay have had something
in common with” Nathorst's genus®  The beds in which the
stems occur are of Upper Devonian age, while Cheirostrobus
was found in Lower Carboniferous rocks: this difference in
age is not, however, a serious objection to the validity of the
cowparison. We cannot do more than express the view that
Pseudobornia, so far as can be ascertained without an exami-
nation of petrified material or of more perfect impressions of
strobili, exhibits vegetative [catures not inconsistent with the
morphological characters of the fertile shoots known as
Cherrostrobus.

. The institution of a specin] group-name for the reception of
Sphenophyllun. is justified by the 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

1 Nathorst (02) p. 24. ¢ Heer (71) p. 82, Pls. 1—v1.
(02) p )P
. 3 Beott (07) p. 155.
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its peduncle. The suggestion that the Devonian fossils known
as Pseudobornia may represent the foliage shoots of a plant
closely related to Cheirostrobus has still to be proved correct.
Although we may find justification in the highly complex and
peculiar structure of Chedrostrobus for the recognition of the
genus as a type of still another group of Pteridophytes, 16 would
be unwise to take this step without additional knowledge.

The updoubted similarity between Chelrostrobus and
Sphenoplyllum coupled with striking points of difference favours
the inclusion of the two genera in distinct families placed, for
the present at least, in the group Sphenophyllales.

Grounp SPHENOPHYLLALES.

Sphenophylleae: genus Sphenophyliumn.
Cheirostrobeae: genus Cheirostrobus.

It has rccently been proposed to include the family
Psilotaceae, comprising the two recent genera Psilotum and
Tmesipteris, as another subdivision of the Sphenophyllales.
This proposal had been made by Professor Thomas! primarily
on the ground that the sporophylls of Tmesipteris and Psilotum
appear to afford the closest parallel among existing plants to
the peculiar form of sporophyll characteristic of the Sphena-
phyllales.  The morphological interpretation of the sporophylls
of both Sphenophyllum and Cherrostrobus has been the source
of cousiderable discussion®.  If we regard each sporophyll as 2
leaf with two lobes, one fersile and one sterile, except in the
case of Sphenophyllostachys sertilis in which both are fertile, an
obvious comparison may be made with the fern Ophioglossum ;
but the difference between a single fern frond, consisting of a
comparatively large sterile lamina bearing a fertile branch
composed of a long nxis with two rows of sporangia embedded
in its tissues, and the whorled sperophylls of Sphenophyllum is
considerable.

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

) Thomas, A. P. W. (02) p. 350.  Bower (04) p. 227; (08) p. 424. <
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in the Sphenophyllales. The shoots of T'mesipteris bear simple
foliage leaves spirally disposed op a slender axis, and in
nssociation with these occur sporophylls consisting of a short
axts bearing a pair of small lobes and & bilocular synangium?
(fig. 120, B). The synangium is seated on a very short stalk
given off’ from its sporaphyll at *the base of the pair of laminae:
the synangium with its short stalk may be spoken of as the
sporangiophore. In most cases the synangium appears to be
sessile on the sporophyll, but occasionally the much reduced stalk
is prolonged and forms an obvious feature. Dr Scott* suggested
that the Tmesipteris synangium with its axis may correspond
te the ventral lobe (or sporangiophore) of Sphenophytlvm. 1n the
latter genus the wharled sporaphylls consist in most species of
a dorsal and a ventral lobe, the latter serving as a sporangio-

phore bearing one or wore sporangia; u Tmesipteris the
sporaphylls are spirally disposed and each covsists of a hilobed
sterile portion bearing a septate sporangium or bilacular
synangium on a very short ventral lohe. Professor Bower?, in
his account of the development and structure of the sporophylls
of T'mesipteris, drew attention to the comparatively frequent
ocenrrence of abnormal sporophylls and spoke of the plant as
unstable. More recently Professor Thomas® of Auckland has
carefully examined living plants, with the result that variations
of different kinds are proved to be exceedingly common. Hc
finds that sporophylls eecur which exhibit repeated dichotomy
of the axis (fig. 120, D, F) and thus each may bear four instead
of two leaf-lobes and three synangia, one at the first fork and
one at each of the forks of the second order®

Other abnormalities occur in which the synanginm is raised
on a distinet stalk instead of being more or less sessile at
thes point from which the leaf-lobes diverge. A third form of
departure from the normal is that in which there is no synangiurn
on the bilobed sporophyll, 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-

i Bee p. 19. “ Seott (00) p. 499.

* Bower (94) p. 545. ¢ Thomas {02). See also Sykes (08).
* * Bykes (08).
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lobe, as Scott suggested. Professor Thomas draws attention to
the rescmblance between Tmesipteris sporophylls and the foliage-
leaves of Sphenophyllum, which are either simple with dicho-
tomously branched veins or the lamina is deeply divided into
two or more segments. Lo some types of Sphenophyllostachys
the bracts ere simple (8. Dawsor®), but in others (Sphenophyllum
majus, fig. 113, C) they are forked like the foliage-leaves
and bear a cluse resemblance to the abormal sporophylls of
Tmesipteris.  Moreover, in Sphenophyllostachys Rémer: (fig.
113, A) each ventral lobe of a sporophyll bears two sporangia,
a condition almost identical with that represented by the
occasional occurrence of a sypangium on a comparatively
long stalk in Tmesipteris. Sirilarly the more eclaborate
sporophylls of Cheirostrobus wmay be compared with the branched
sporophylls of Tmestpteris (fg. 120).  This agreement between
the sporaphylls of the Palacozoiec and recent grnera acquires
additional importance from the very close resemblance hetween
the exarch stele of Sphenophyllum and that of the genus
Psilotwm, which conforms to the Palacozoic type not only in
the centripetal character of the primary xylem and in its exarch
structure, but also in the occasional occurrence of secondary
sylern!, and in the steflate form of its sransverse section.  The
occasional mesarch structure of the stele of Cheirustrobus finds
aparallel in the mesarch xylem groups in the stem of T'mesipterts.
Iuis thus on the strength of these resemblances that Thomas
and Bower would remove the Psilotaceae from the group
Lycopodiales and unite them with Sphenophyllum and Chero-
strobus in the Sphenophyllales.  While admitting the validity
of the comparison briefly referred to ahove, I prefer to retain
the Psilotaceae as a division of the Pteridopbyvta including only
Pglotvin and Tmestpterts. ¢
In his recent book on The Origin of Land Flora, Prof. Bower
raises objection to the use of the term ventral lobe in speaking of
the sporangium-bearing stalk or sporangiophore borne on the
sporophyll of Sphenophyl/lum. He points out that the use of
this term implies the derivation of the sporangiophore by
metamorphosis of part of a vegetative leaf,an opinion untenable

) Boodle (04) ; see postea p. 21.
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in the absence of proof. The designation sporangiophore is no
doubt preferable to that of ventral lobe ay it carries with it
no admission of particular morphological value; as a further
concession to & non-committal attitude we may provisionally at
least regard a sporangiophore as an organ sus generts “and not
the result of modification of any ather part.”

The view put forward by Prof. Lignier® that the Spheno-
pbyllales are descendants of primitive ferns is not convincing,
and his comparison of Sphenophyllum with Archaeopleris lacks
force in view of our ignorance as to the nature of the reproductive
organs of the latter genus. That the Sphenophyllales are
connected with the Equisetales and with the Psilotales by
important morphological features is clear; but the comparison
between the sporophylls of the extinet genera with those of the
existing genus Tmesipteris, though helpful and possibly based
on true homology, cannot be considered as settling the morpho-
logical value of tbe sporangiophores of Sphenophyllwm and
Cheirostrobus.

I do not. propose to discuss ab length the different views in
regard to the morphalogical natnre of the sporangiophore of
Sphenophyllum.  The comparison, which we owe in the first
instance to Scott, with the synangium of the Psilotales with its
short stalk, though not accepted by Lignier as a comparison
based on true homology, is one which appeals to wany botanists
and is probably the best so far suggested. The further 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 at a decision Jikely
to be accepted as final. Discussions of this kind tend to assume
an exaggerated importance and froquently carry with them the
implication that every appendage of the nature of a sporangio-
phore can be labelled either shoot or leafl We treat uvhe
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
the result of gradual differentiation of parts of one originally

. 1 Bower (08) p. 426. 2 Lignier (03) ; (08).
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honingeneous whole. There is much that is attractive in the
view recently propounded by Mr Tansley that a leaf is not an
appendicular organ differing ab 7nitio from the axis on which it
i boroe, but that it is in phylogenetic origin a * branch-system
of a primitive undifferentiated sporangium-bearing thallust.”
Admitting the probability that this view is correct, our faith
in the importance of discussions on the morphological nature of
sporangiophores is shaken, and we realise the possibility that
our zeal for formality and classification may lead to results
incunsistent with an evolutionary standpoint®.

1 Tansley (08) p. 26. who refers to similar views beld by Fotopit and by

Hallier.
# On the morphology of Sporapgiophores, soe slso Benson (08%) and

Seott, D. H. {09) p.




CHAPTER XIIL
PSILOTALES.

THE two recent genera Psilotwm ond T'mesipteris are nsually
spoken of as members of the family Psilotaceac which is
included as one of the subdivisions of the Lycopodiales. Tt is
In'uhnbh-, as Scott! first suggested, that these two plants are
more nearly allied than are any other existing types to the
Palaeozoic genus Sphenophyllum.

We may give expression to the undenbted vesemblances
between Tmesipteris and Psilotym and the Sphenophyllales by
including the recent genera as members of that group, originally
founded on the extinet genus Sphenophyllum; this is the
course adopted by Thomas® and by Bower®: or we may
ewphasise the fact that these two recent genera differ iu
certain important respects from Lycopodium and Selaginello by
removing them to a separate group, the Psilotales. The latter
course is preferred on the ground that the inclusion of FPsilotum
and T'mesipterts in a group founded on an extinct and necessarily
imperfectly known type, is bused on insufficient evidence and
carries with it an assumption of closer relationship than has
been satisfactorily established.

The genus Tmesipteris (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. triguetrumn

? Scott (00). 2 Thomas (02). * Bower (08) p. 398,

* Dangeard (91) and Bertrand, C. E.(81) recognise other apecies of T'mesipteris,
bat it is doubtful how far such differences as exist are worthy of specific
recognition.

5001
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Sw, (fig. 118) and P. complanatum Sw., flourishes in moist
tropical regions of both hemispheres, growing either on soil
rich in organic substances or as an epiphyte. Both geners
s saprophytic.

arc considered to be mwore or les

Faa. 118, Prilofwm triquetrim (4 natural size).
A. Synangiom.
B. Sporophyll after removal of the syuanginm. (.5)

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

! Bakor (87) A. p. 50.
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is similar to that of the more abundant and better-known
species, but the pendulous shoots are characterised by their
broader and flatter form. In both species the function of
carbon-assimilation 1s performed by the outer cortex of the
green branches, as the small size of the widely-separated
foliage leaves renders them practically useless as assimilating
(lrg'ﬂns.

The sporephylls consist of a short axis terminating in two
small divergent forks and bearing on its adaxial surface a
trilocular or in rare cases a bilocular synangium (fig. 118, A
and B). The walls of the loculi are composed of several layers
of cells and dehiscence takes place aiong three lines radiating
from the centre of the symangium. Professor Thomas' has
recorded “fairly numerous instances in Psilotum of a second
dichotomy of one branch of the first fork, or, less frequently, of
both branches"”: instead of one synangium subtended by the
two slender leafle’s of the forked sporophyll-axis, there may be
two synangia and three leaf-lobes or three synangia and four
leaf-lobes.  The occurrence of both these abnormalites in
Psilotum and Tmesipteris shows a decided tendency in the
Psilotales to a repeated dichotomy of the sporophylls.

A single stele® with a fluted surface occupies the axis of an
acrial shoot (fig. 119, A): the axial region is occupied by a
core of elongated 1iechanical elements (s), which may occasion-
ally extend to the periphery of the xylem and break the
contipuity of the band of scalariform tracheae (fig. 119, A, o).
The tracheae form the arms of an irregularly stellate stele and
each arm is terminated by protoxylem elements (fig. 119, B, pa).
The rays of the xylem cylinder, which may be as many as six
or eight in the upper part of the aerjal shoots, become reduced
in nitmber as the rhizome is approached, assuming a diarch
structure near the junction. In the rhizome the xylem forms
an appraximately triangular group of tracheae without any
core of mechanical elements. Three to four layers of paren-

! Thowas (02) p. 349,

* Another form of sbnormality in the sporopbylls of Psilotum has recently
been desorived by Miss Sykes. Sykes (08%).

¥ Bertrand, C. E. (81); Ford (04).
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chyaa surcecded »xternally by an ill-defined phloem (fig. 119, A,
pysurround the xylem and a fairly distinet endodermis (fig. 119,
A and B, e)encloses the whole. To Mr Boodle! is due the

Fio. 119. A. Diagram of transverse section of aerial shoot of Psilotwm

triguetrum. a—c, covtex ; p, phloem ; ¢, endodermis; s, stereome;
x, xylem; @, gap in xylem.

B. Evlarged view of one of the angles of the sxylem shown in A.
pr, protosylem.

C. Tart of transverse section of am approximately triangular
rhizome stele showing a portion of the roetaxylem x' 5 pz. proto-
xylem elements ; z%, secondary xylem.

1 Boodla (04).
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interesting discovery that in some parts of the rhizome the
parenchymatous zone surrounding the scalariform  tracheae
may become the seat of meristematic activity which results
in the production of secondary tracheae often characterised
by a sinuous longitudinal course. There is no definite
cambium, but the radially dispbsed tracheae and the adjacent
parcmchyma.taus elements clearly demonstrate the secondary
nature of the tissue immediately external to the group of
primary xylem. Fig. 119, G, drawn from a scetion kindly
supplied by Mr Boodle, shows the secondary xylem elements ot
a* associated with radially disposed thin-walled cells abutting
on the primary xylem, o, It is probable that this added tissue
may be a remnant of a more extensive secondary thickening
characteristic of the ancestors of the recent species. In their
manner of ocourrence and sinuous course these secondary
tracheids bear a resemblance to the secondary xylera of
Lepidodendron Juliginosum?., The stele of the aerial shoot bears
a fairly clos resemblance to the vascular axis of Chedrostrabus,
and its three-rayed form in the lower portions of the green
branches recalls that of the Sphenophyllum stele, except that
the axtal xylem elements of the FPalucozoic genus are usually
represented in Psilotum by mechanical tissue, The cortex
consists of three regions (fig. 119, A). an outer zone of chloro-
phyllons tissue (a) rich in intercellulur spaces succeeded by a
band of mechanical tissue (b) which gradually passes into an
inner region of larger and thinner-walled cells (c).

The genus I'mesipteris® agrees with Psilotum in general habit
and in its epiphytic and probably in some degree saprophytic
wode of life. Tts brown rootless vhizome, which grows among
the roots of tree-ferns or rarely in the ground, gives off
pendulous or erect shoots reaching a length of two feet and
bearing lanceolate raucronate leaves 2—3 cru. long (fig. 120, A)
attached by decurrent leaf-bases. The sporophylls, replacing
the upper leaves or occurring in more or less well-defined zones
allernating with the foliage leaves, consist of a short axis
terminating in a pair of lanceolate lohes and bearing on its

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

Fi6. 120. Dmesipteris. A. TFoliage Jeaves,
B. Sporophyll and bilocular synangiam.
C. Diagram of trensverse section of stele. pa, protoxylem.
D, F.  Abnormal sporopbylls. (From drawings made by Prof.
Thomns and generously placed at my disposal. A.C.8.)
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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distinetly favour the view that a sporophyll is best interpreted
as o stalked leaf with two sterile laminae and an almost sessile,
or in some cases a more obviously stalked, synangium; the
whole sporophyll is characterised by the possession of a ventral
and a dorsal lobe. The drawings reproduced in fig. 120, D
and F, illustrate some of the frequent varintions described by
Thomas in plants which he observed in the New Zealand
forests. The sporophyll shown in fig. 120, D and F, has
branched twice and bears three synangia.

The aerial branches of Tmesipteris possess a centrnl
cylinder of separate xylem groups in which she protoxylem
accupies an internal position (fig. 120, C and E. pz) enclasing
an axial parenchymatous region. The cells of a few layers of the
inner cortex immediately outside the endodermis are rendered
conspicuous by a dark brown deposit. The cortex as a whole
is composed of uniform parenchymatous tissue, In the lower
part of the aerial shoots und in the rhizowe the xylem forms
a solid strand without protoxylem elements and couforms more
clearly to that of Pslotum.

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 o leaf-trace does not break
the continmity of the xylem of the stele, while the exit of a
sporophyll-trace ix marked by an obvious gap. Evidence
is adduced in support of the conclusion that this difference,
which at first sight appears to be ope of morphological import-
ance, is in reality merely a question of degree and “is due to
the earlier preparation for the formation of ‘sporophyll’ thun
lea$traces.” Miss Sykes gives her adherence to the view that
the “sporophylls” of Tmesipteris are branches and not leaves, but
despite the arguments advanced this interpretation seems to
me less probable than that which recognises the sporophyll as
a foliar organ. Prof. Lignier® has pointed out that if Mliss
Sykes’s conclusion as to the axial nature of the sporophyll in
Dmesipteris is accepted, it diminishes the force of the com-

I Sykes (08). * ibid. (08). ¢ Lignier (09).
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parison between the: sporophylls -of that genus andy Spheno-
phyllum as those ¢k“rﬁ};\latwr can hardly ‘be regard other
than foliar organs. N\ 5

Joth members  of --hh_o Psilotales may, as™
suggested, be regarded as deseendants of a_copmfion parent in
which the aerial stems possesséd w fluted or stellate cylinder of
mesarch xylem.  There can be no doubt as to the significance
of the marphological resemblances between the Psilotales and
the genera Sphenophyllum and Cheirostrobus, but the position
of Tmesipteris and Psilotum in the plant-kingdom may probably
be best expressed by adopting the group-name Psilotales rather
than by transferring the recent genera to the Sphenophyllales.
One of the most striking differences betweeu the Psilotales and
the genns Lycopodium is in the form of the sporophylls and
sporangia: in Lycopodium a single sporophyl] bears a unilocular
sporaugium, bub in the Psilotales the sporophyll may be
described as a bilobed structure homologous with o foliage-
leaf, bearing a sporangiophore which consists of a short stalk
terminating in a biloenlar or trilocular synanguim; the short
stalk receives a special branch from the vascular bundle of the
stertle portion of the sporophyll®.

Fosstls described by authors as being closely
allied to Psilotum.

A search through palacobotanical literature reveals the
existenice of a very small pumber of specimens which have been
identified s represeutatives of the Psilotales, An inspection of
the material ar published drawings leads one to the conclusion
that practically wo information of a satisfactory kind is
available in regard to the past history of the two soutkern
genera Psilotum und Tmesipteris, which are regarded by some
botanists as relics of an ancient branch® of pteridophytes.

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

' Bower (04): (08). % Bertrand (81) p. 254.
2 Munster (12) p. 108, Pl xaur. fig. 11; P). xv. fig. 20. .
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Schirmper! spoke of the specimens as ton doubtful for deter-
mination, an opinion with which every botanist would cordially
agree.  Goldenberg’s species  Psilotites lithanthracis® from
the Saarbriicken coal-field is founded on impressions of axes:
some of these are dichotomously branched and bear small oval
jections, which may be rudifnentary leaves or possibly Jeaf-
ars. More recently Kidston? deseribed specimens of branched
axes {rom the Lanarkshire coal-ficld bearing a row of lateral
shorn-like projections under the title Psilotites wunilateralis;

but these fragments, as Dr Kidston himself admits, are of no
botanical value.

In a paper on fossil Salvinias, Hollick® mentions Salvinie
reticulata, originally described by Heer and by Ettingshausen
and S. Alleni Lesq.® a Tertiary species, and calls attention to
thelr very close resemblance in form, nervation, and apex to the
leaves of the genus T'mesipterss: he refers both species to thay
genus.  The drawings veproduced by Hollick represent leaves
with a midrib and npumerous anastomosing lateral veins,
whereas in Tmesipteris the lamina of the leaf has a midrib
without lateral branches. An enlarged drawing of the outlines
of the epidermal cells would correspond closcly with the small
reticulations in the fossil leaves and it mayv be that there has
been some confusion between veins and cell-outlines. In any
case there would seem to be no reason for the use of the recent
generic name".

Among other fossils assigned to the Psilotales wc have
Marion’s genus Gomphostrobus from the Permian of France and
Germany?, Marion placed this plant in the Coniferales on the
strength of its resemblance to Walchin and draucaria, bub
Potonié® is inclined to recognise in the leaves and monospermic
sporophylls characters suggestive of Lycopodiaceous affinity.

! Sclhimper {70) A. p. 75. 2 Goldenberg (35) p. 13, Pl 11. fig 7.

* Kidston (863, * Bollick (94) p. 255, figs, 12, 13.

* Lesquereux (78) Pl. v. fig. 11.

¢ Bince this was written 1 have had an opportunity of secing a leaf labelled
Imesipteris from the Tertiary plant-beds of Florissaut in a collection recently
acquired by the British Museum : the specimen bears po resemblance to a lenf
of the recent genus.

7 Marion (80). 8 Potonié (93) A. p. 147, Pla, sxvT1., xxvu1., xI510.
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The latter zuthor in 18914, in ignorance of Marion's proposal to
adopt the name Gomphostrobus, instituted a genos Psiloti-
phylinm for the sporophylls of a species originally deseribed by
(teinitz® ns Sigillariostrobus bifidus, but he subsequently adopted
Marion's designation and with some hesitation included the
French and German specimen$ in the Psilotales. As stated
elsewhere®, Potonié’s arguments in favour of his view hardly
carry conviction, and it is probably more in accordance with
truth to deal with Gomplostrobus in the chapter devoted to
the Coniferales.

Psilophyton.

The generic title Psilophyton, instituted by the late Sir
William Dawson®, has become familiar to geologists as that of
a  Pre-Carboniferous plant characteristic of Devonian and
Silurian rocks in Capada, the United Stutes of America, and
Europe. From the botanist's point of view the name stands
for miscellaneous remains of plants of different types and in
many cases upworthy of record. The genus was founded on
ions of branched axes from the Devonian strata of New

impres
Branswick resembling the rachis and portions of lateral pinuae
of ferns or the forked slender twigs of a Lycopod. The type-
species Psilopliyton princeps Daws. as represented on somewhat
slender evidence in Dawson'’s restoration, which accompanies the
original description of the genus and has since been copied by
severa) authors, is characierised by the possession of a horizontal

rhizome bearing nunerons 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 exlubit a fern-like vernation. The planf is
spoken of by Dawson as apparently a generalised type®, re-
sembling in habic and in its rudimentary leaves the recent
genus Psiloturme and presenting points of contact with ferns.

* Potanic (91}: (93) A. p. 197,

= Geloitz (78) p. 700, PL. 1. figs, 5—7.

# Soward and Gowan (00) p. 187 ; Seward and Ford (06) p. 874.
¢ Dawson (59) A. p. 478, fig. 1. ¢ ibid. (71) A. p. B8.
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Specimens were found in an imperfectly petrified state showing
a central cylinder of scalaviforie tracheae surrounded by a broad
cortical zone of parenchyma and fibrous tissue.

Among other species described by the author of the genus
we need only mention Psilaphyton robustius, characterised Ly
vegetative shoots and “ spore-cases " siinilar to those of the type-
species ; but, as Solms-Laubach' has pointed ont, the petritied
sections referred by Dawson to P. robustius are of an entirely
different anavomical type frore that of P. prince

British fossils from the Old Red Sandstone frow the porth
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 Carruthers®
in the genus Psilophyton as P. Dechianum, the specific designa-
tion being chosen on the ground that the Scotch specimens are
specifically identical with fossils described by Goeppert® as
Haliserites Declianus.

Various opinions have been expressed in regard to the
nature of the Devonian species Haliserites Dechianus Goepyp.
with which Carruthers® identified Miller's Old Red Sandstone
plant : reference may be made to a paper by White® containing
figures of dichotomously branched impressions described as
species of Thamnocladus which he includes among the algae.

In describing some Belgian impressions of Devonian age as
Lepidodendron gaspinnum Daws. Crépin? states that Carruthers
has come to regard the specimens named by him Psilophyton
Declianum as branches of a Lepidodendron; he also quotes
Carruthers as having expressed the opinion that the name
Psilophyton had been employed by Dawson for two kinds of
fossils, some being twigs of Lepidodendron while othem, identi-
fied, by Dawson as the reproductive hranches of species
of Psilophyton, represent the spore-cases of ferns comparable
with Stur's genus Rhodea®. One of the examples figured by
Carruthers® as P. Dechionum frowa Thurso (preserved in the
British Museum, no. 52636), mensuring 34 cm. in length and

? Solms-Laubach (93) A. 2 Dawson (71) A. Cf. PL xu. figs. 131, 134, etec.

* Carruthers (73). + Goeppert (52) A. & Carruthers (73).

¢ White (02), 7 Grépin (75). & Stur (75) A. p. 83
# Carruthers (78).
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& mm. broad, bears a close resemblance to a fern rhizome
covered with ramental scales such as that of a species of
Davallia. Other Belgian specimens described by Gilkinet! as
Lepidodendron burnotense, like Crépin's species, are no doubt
generieally identical with some of the Seotch and Canadian
fossils placed in the genus PFsilophyton, though Penhallow?®
considers that the species Lycopodites Milleri is more correctly
referred to Lycopodites than to Psilophyton.

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

An examination of material in the Montreal Museum and of
Hugh Miller's specimens in the Edinburgh collection leads me
tw share the opinjon of Count Solms-Laubach that the name
Psilophyton has been applied to plants which should not be
included under one gencric title. As Kidstan® pointed out,
the Canadian species Psilophylon robustius is not gencrically
distinet from British and Belgian specimens referved to Lepido-
dendron; it may possibly be identical with the Bohemian plants
on which Stur founded his genus Hosfinella®. The Devonian
plants described by Stur have since been examined by Jahn®
whe regards them as vascular plants, and not as algae to which
Stur referred thein; he mentions two species of Psdlophyton
hut gives no figures.

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

' Gilkinet (75) figs. 2—5. 2 Penhallow (92) p. 5.

* Smith od White (05) p. 58, Pis. v. vi. =+ Kidston (36% p. 232,

¢ Stur (81) Pls. 11 1v, € Jahn (03) p. 77.
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Dawson as Pstlophyton princeps; while the stem identified as
P. robustius is most probably that of o Gymnosperm. It is
doubtful whether a useful purpose is served by retaining the
genus Psilophyton. It was in the first instance instituted on
the assuraption, which cannot be upheld, that the abuudant
waterial in the New Brunswick beds bore a sufficiently close
resemblance to the vhizome and aerial branches of Psilotum,
Psilophyton has served as a name for miscellaneous plant
fragments, many of which are indeterminable.  Dr White
concludes his account of the genus with the following words!:

“The examination of such so-called Psilophyton material as
I have seen shows the existence in America of two or more
groups, represented by several fairly well-marked species which
possess stratigraphical value, 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 carly 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 Solms-
Laubach, for the revision of the material referre
authors to Psilophyton, together with a thorough re
and re-publication of the types.”

Until a thorough re-examination has been wade of the

1 by various
xamination

Canadian material, with a view to determine whether there
t substantial reasons for the retention of Dawson’s genus
it is undesirable to continue to make use af this name for Pre-
Carboniferous fossils which are too incorplete to be assigned
with certainty to a definite group of plants. Dr White draws
attention to the siwilarity of some of the Perry basin specimens
to Nashorst's geous Cephalothern* from Devonian rocks of Bear
Island in the Arctic regions, a comparison which might be
extended to other genmera and which serves to illustrate the
possibility that many of the specimens labelled Psilophyton may
eventually be recognised as examples of well defined generic
tvpes belonging to more than one group of plants.

ex

! Smith and White (05) p. 65.
2 Nathorst (02) p. 15, PL. 1. figs. 18—85.



CHAPTER XIV.

LYCOPODIALES.

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

A. HOMOSFPOREAE.
Lycopodiaceae: genera Plylloglossum, Lycopodium.

B. HETEROSFOREAE. ¢
Selaginellaceae: genus Selaginello.
Isoetaceae: genus Isoetes.
The existing plants included in the Lycopodiales are in
oearly all cases perennial herbaceous pteridopbytes, exhibiting

! Fora general account of recent Liycopodiales see Pritzel (02) ; Campbell (03);
Bower (08},
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in their life-histories a well marked alternation of generations.
The sporophyte (asexual generation) is characterised by the
relatively small size of the leaves except in the genus [soetes
(fig. 132) and in the Australian and New Zealand genus
Phylloglossum. The stems are usually erect or trailing, pen-
dulous in epiphytic species oresmall and tuberous in [soetes
and Phylloglossum. The repeated forking of the shoots
(monopodial and dichotomous branching) is a prominent feature
of the group. The vascular tissue of the stem usually assumes
the form of a single axial strand (stele) (fig. 123), but the
shoots of some species of Seluginella often contain two or more
distinct steles (fig. 131). The group as a whole is characterised
by the centripetal developwent of the xylew composed almost
entircly of scalariform tracheids: ~econdary xylem and phloem
of 0. peculiar ty pe oceur in Isoetes, and the production of secondary
xyvlem elements in a very slight degree has been noticed in one
species of Selaginella (S. spinosa)’. The roots are constructed on
4 simple plan, having in wost cases only one strand of spiral

protoxylem elements (monarch structure). Lo Lycopodium, in
which stem and root anatowy are more nearly of the same type
than in the majority of plants, several protoxylem strands may be
present.  The sporangia are axillary or, more frequently, borne
on the upper surface of sporophylls. which are either identical
with or more or less distinct from the foliage leaves; in the
latzer case the sporophylls often ocenr in the form of a well
defined strobilus (cone) at the tips of branches.

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

! Bruchmann (97},
? Treab (84—90) ; see ulso Lang (99) and Bruchmann (98).
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the male cells are provided with two cilia except in Jsoetes
which has multiciliate antherozoids like those of the ferns.

The e g Lycopods, though widely distributed, never
grow in sufficiently dense masses to the exclusion of other
plants to form a conspicuous feature in the vegetation of a

country. The incoospicuous rdle which they play arong the
plant-associations of the present era affords a striking contrast
to the abundance of the arborescent species in the Palaeozoic
forests of the northern hemisphere.

Lycopodiaceae. Lycopedium, represented by nearly 100
species, forms a constituent of most floras: epiphytic species
predominate in tropical regions, while others flourish oo the
mountains and moorlands of Britain and in other extra-tropical
countr For the most part Lyropodeum exhibits o preference
for a moist climate and appears to be well adapted to habitats
where the amount of sunlight is relatively small and the

conditions of life unfavourable for dense vegetation. Mountains
and islands constzotly recur as situations from which species
have been recorded.  Some species ave essentially swamp-
pMants, eg. Lycopodivm  inundatum, a British species, and
L. cruentun from the mavshes of Sierra Nevada. A variety
of the American species. L. alupecuroides (var. aguaticum)
affords an instunce of a submerged form, which has been
collected frour an altitude of 12—14,000 ft. ou the Andes and
Himalayas. It is noteworthy that a considerable variety of
halntats is represented within the limits of the genus and that
many species are sufficiently hardy to esist in cireumstance-
which would be intolerable to the majority of flowering plants .

The British species frequently spoken of as Club Masses,

include Lycopodiwue Selago, L. annotinium, L. clavatum, L. al-
piwam, and L. doundetum. ¢

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

' Sec Buker (87) A.
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Selaginella lepidoplyllu, a tropical Awmerican type, popularly
koown as the Resurrection plant, and often erroneously spoken
of as the Rose of Jericho?!, possesses the power of ralling up its
shoots during periods of drought and furnishes an example of o
adapted ta conditions in marked contrast to those which

.\‘}\‘,‘(
are most favourable to the nmju‘rit_v of species,

The only British species is Selaginella spinosa named
by Linnacus Lycopodium seluginoides and veeasionally referred
to as Seluginella spinulosa A Br. (not to he confonnded with &
Javan species S, spinulusa Syrig*).

Isoetaceae. Jsvetes (fig. 132). of which My Baker in his
Handbuol: of the Fern-Allies enumerates 49 species, is n
type apart, differing in habit as in certain other characters from
the other members of the Lyeopodiales.  Some botanis
prefer to include the genus among the Filicales, but the balance
,including resemblance

of evidene

hetween [svetes and extinet
Lycopodiaceous plants, would seem to favour its retention as an
aberrant genus of the group Lycopodiales. Some species are
permanently submerged, others oceur in situations intermit-
tently covered with water, and a few grow in damp soil.
Isoetes lacustri

15 found 1n mountain tarns and lakes of Britain
and elsewhere in Central and Norvthern Europe and North
America,  Tsoetes hystrizd, w land-form occurs In Guernsey,
North-East France, Spain and dsia Minor.

Lycopodiaceae.

The monetypic genus Phylloglossum, represented by 2.
Drummondit of Auvstralia and New Zealand, though interesting
from the point of view of its probable claim to be considered
thegnost primitive type of existing Lycopodiaceons plants, need
not be dealt with in detail. A complete individual, which
does not exceed 4 or 5 cm. in length, consists of a very small
tubercle or protocarm bearing a rosette of slender subulate
leaves and prolonged distally as a simple naked axis which over-
tops the foliage leaves and terminates in a cornpact cluster of

! The Rose of Jerichu is dnustatica Hierochunting L. & Cruciferous plant,
* Baker (87) A. p. 34 3 Vines (88). ¥ Seott uad Hill (00).

5. 1L 3
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small scale-like sporophylls, each subtending a single sporan-
ginm®,

Lucopodiwm. Tt would be out of place in a volume devoted
mainly 1o fossil plants to attempt a comprehensive account of
the general morphology of recent species, and indeed our
knowludge of the anatomical ¢haracters of the genus is still
For purposes of comparison with extinet

somewhat meagre.
types, it s essentia) that some of the more important morpho-
logical features of existing species should be briefly considered.
The additions made to our knowledge of the gameophyte®
of Enrapean and tropical species during the last two decades

have revealed a striking diversity in habit,

In several species, grouped round the widely distributed
type Lycopodivm Selago Linn., the comparatively short, erect or
subereet, shoots form fairly compact tufts; the ordinary foliage-
leaves funetion as sporophylls, and the sporangia are not localised
on special portions of shoots.  From this type, we pass to others
in which the fertile leaves tend to be confined to the tips of
hranches, but hardly differ in form from the sterile. A further
specialisation is exhibited by species with well-defined

degree ol
cones composed of leaves (or bracts), the primary function of
which is to bear sporangia and to afford a protective covering

1o the strobilus®,

Lycopudium rufescens Hook,  An Aodian species with stout
dichotomously  branched erect stems bears on the younger
shoots erowded leaves with their thick and broadly triangular
laminae pointing upwards, but on the older and thick shoots
the laminae are strongly reflexed (fig. 121, A). The lower part
of the specimen reprcsemed in Bg. 121, A, shows tangen-
tially elongated scars and persistent leaf-bases or cushions
left on the stem after the removal of the free portions of. the
feathery leaves, a surface-feature which also characterises the
Palacozoic genus Lepidodendron.  The reflexed leaves and
persistent leaf-cushions ave clearly seen in the piece of old stem
of Lycopodium dichotonum Jacq., a tropical American species

' For Phylloglossum, see Bertrand (82); Bower (91), (08) ; Campbell (05).

© Treub (84—90) ; Brachmann (98); Lang (99).
* Sykes (08%).



Fro. 121 Lycopodium.
A.  Lycopoduum rufescens, B. L. dichotomum.
C. L. tetragonum. D. L. nummularifolivm.
E. L. Dalhousianum. F. L. casuarinoides.
G. L. volubile.

‘rom specimens in the Cambridge Herbarium and Botanic Garden.

M.8.)
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reproduced in fig. 121, B. Such species as L. erythraeum
Spring, and others with stiff lanceolate leaves exhibit a snriking
resemblanee to the more slender shoots of some recent conifers,
more especially dravearar eacelse, A, Baluwsue, Cryplomeriu.
Dacryding and other genera,

Fua. 122, Lycopodium squarrosum, The branches of the larger shoot terminate
in cones. (From a plant in the Cawbridge Botanic Garden. Reduced.)

In Lycopodium tetragonune Hook,, (fig. 121, C), a species
from the Alpine region of the Andes, the long, pendulous and
repeatedly forked branches bear four rows of fleshy ovate leaves
and simulate the vegetative characters of certain conifers.
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Ti6. 123, Lycopodium cernuum.
(From a specimen in the Cumbridge Herbarium. } nat. size.}
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L. squarrosum Forst. (fig. 122) a tropical species from India,
Polynesia, and other regions, is characterised by its stout stems
hing a diameter of 25 cm,, bearing long pendulous branches
with large terminal cones composed of sporophylls differing but
slightly from the foliage lea
photograph sc

T

The plant represcoted in the
as a good Ulustration of the practical identity
in hubit between Palaeozoic and récent genera.

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

Fio. 124, Lyeapodium obscurin,

distinet midrib reaching a length of 2—3 em. (fig. 121, E).
Anather type is illustrated by L. nummalarifolivm Blume, also
a Malayan species. in which the leaves are shorter, broadly
oblong or suborbicular, and the branches terminate in narrow
and often very long strobill (sometimes reaching a length of
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30 cm.) with small bracts in striking contrast to the foliage
leaves (fig. 121, D). A similar form of long and slender
strobilus oceurs in L. Phieomario Linn, a common tropical
Lycopod: the frequent forking of the strobili noticed in this
and other species is a character not unknown among fossil cones
(Lepidostrobn). . ’

L. cernuwmn Linn. (fig. 123), another widely spread sropical
type, offers an even closer resemblance than L. squarrosum to
the fossil Lepidodendra.  The stiff ercet stem, reaching in son
s a length of several feet, bears numerons repeatedly forked

CHS
branches, with crowded linear leaves, terminating in short
evlindrical cones with broadly ovate sporophylls, A similar
habit characterises the North American species L. obscuram
Linn. (fig. 124) bearing cones several centimetres in length.

L. casuarinoides Spring (fig. 121, T) an eastern tropical
. is worthy of notice as exhibiting a pecubiar form of leaf

.\]“'(‘
consisting of a very small lamina, 3 mm. in length, borne on the
top of a long decurrent base, which forms a narrow type of leaf-
cushion, bearing some resemblance to the long and rib-like
cushions of certain species of Nigellarin, and recalling the habit
ender fossil twigs referred to the Coniferae under such
names as Widdwingtonites, Cyparissidium, Sphenolepidium.

L. volubile Forst. (fig. 121, G) a New Zealand specie
habit and Jeaf-form bears a close resemblance to the Jurassic
Lycopodites fuleatus Lind. and Hurt. (fig. 137): it is also a
representative of a few species of Lycopodiwm which agree
with the majority of species of Selaginella in having two

kinds of sterile leaves, comparatively long falcate leaves forming
two lateral rows and smaller appressed leaves on the upper
surface of the branches,

o These examples suffice to illustrate the gene
presented by the vegetative shoots of recent species of which
mall scale-

al appearance

the folinge leaves vary considerably—from the
leaves of Lycopodinm tetragonum, to the very slender linear
subulate leaves of such a species as L. verticillutum Linn. or the
long and broader lamina of L. Dallousicnum (fig. 121, E). Itis
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 twigs of conifers.  As Dr Bommer! has poiuted out in his
interesting paper on “ Les causes d'erreur dans 'étude des
empreintes vegetales " sowme dicotyledonous plants may also
simulate the habit of Lycopods: he cites Phyllachne clavigera
Haok (Candolleacene), Tofalla graveclens Wedd (Compositae)
and Lavoisiera [ycopodivides Gard, (Melastomaceae).  Another
point illustrated by fig. 121 is the close agreement in habit and
in the form of the leaves and leaf-cushions between the recent
plants and the Palacozoic Lepidodendreae,

In his masterly essay “On the vegetation of the Carboni-
ferous Perod, as compared with that of the present day” Sir
Joseph Hooker called attention to the variation in the shape
and arrangerient of the leaves in the same species of Lycopo-
dium. The three woodeuts which he publishes of Lycopodium
densnm, a New Zealand species, afford striking examples of the
diversity in habit and leaf-form and justifv his warning “that
if the species of Lepidodendron were as prone to vary in the
are those of Lycopodium, onr available means for

5

foliage as
distingnishing them are wholly insufficient®”

As we have already noticed, there is a considerable
both as regards habitat and
lations

diversity amoug recent spec
habit; in the anatomy of the stem also Con'e\‘punding vi
veeur within the limits of a well-defined generic type of stele.
In species with crceping stems. such as L. clavatum®, the

issue characteristic
ts of more or less
h surrounded by

stele exhibits an arrangement of v
of the plagiotropic forms.  The xylem eons

horizontal plates of scalariform tracheae, e
small-celled parenchyma, alternating with bands or groups of
somewhat ill-defined phloem. The protoxylem and proto-
phloem elements occupy an external position (exarch), pointing
to a centripetal development of the me -m. This centri-
petal or root-like character of the primary xylemw is an lportant
feature in recent as in fossil Lycopods. The close agreement
between the roots and stems of recent species in the disposition
of the vascular elements also denotes a simpler type of anatomy

! Bommer (08 P1. 1%, figs. 140, 141,
* Hooker (48) p. 423, figs. 12—14.
3 Jones (05).
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than accurs in the majority of vascular plants in which stem
and root have more pronounced structural peculiarities. A
perievele, 2—6 cells in breadsh, encloses the xylem and phloem

Fie. 125. A, Lycopodium dichotomum. Transverse section of stem: le, leaf-
cushion ; If, leaf-trace ; R, roots.
B. L. cernunm, portion of cortex of fig. H, enlarged.
C. L. sawrwrus.  Cortex: lt, leaf-trace; a, thin-walled tissue;
b, thick-walled tissue; /&, lacuna.

s Stele: a, xylem; p. phloem.

Portion of fig. D, enlarged : px, protoxylem; p, phloem.

Transverse section of leaf of Lycopodinne.

Vascolar bundle of leaf: pr, protosylem.

L. cernuum: b, branch of stele; c—c”, cortex; s, space in
cortex ; 1t, lenf-truce.

I. 8tele of fig. H, enlarged (phloem omitled).

memE

bands and this is succeeded by an endodermis, 2—3 cells broad,
with vaguely defined limits. To L. clavatum, as in L. alpinum,
another British species, the broad cortex is differentiated wnto
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three fairly distinet regions; abutting on the endodermis is a
zone several Jayers broad of thick-walled cells constituting an
inner cortex maodified for protection and support; the central
region consists of Jarger and thinner-walled cells adapted for
ation: beyvond this is an outer cortical

Wil - and a

firmer and thicker elements, The prominent leaf-bases
-cushions (fig. 123, A, lej give to the surface of a transverse
section a characteristic appearance which presents the closest
agreement with that of the vounger shoots of Lepidodendron.
From the peripheral protoxylem groups small strands of xylem
are given off, which follow a steeply ascending course through
the cortex to the single-veined leaves. The leaf-traces, in several
species ab Jeast, are characterised by a mesarch structure
(fig. 125, I, (), the spiral protoxylem clements oceupying an
approximately central position.  The mesophyll of the leaves
rid to the extent of differentiation into a palisade

varies in re

g
and spongy parenehyma in all cases there is a single vascular
bundle accasionally accompanied by a secretory duet,

In crect stems of Lycopodiuwn, as represented by L. cernuum
(figs. 123,125, H. ), L. Dalhousianum, L. squarvosum (fig. 122)
and many others, the stele presents a characteristic appearance
due to the xylew plates being broken up into detached groups
or short uniseriate bands with the inte

spaces occupied by
phloeny islands, This type of structure bears a superficial
resemhlanee to that in the single stele of certain species of the
fern Lygodinm?®, but it is distinguishec

by the islands of phloem
scattered through the stele. In other species the xylem tends
to assume the form of a Maltese cross (e.g. L. serratum Thbg.)
or it may be disposed as V-shaped and sinuous bands termin-
ating in broad truncate ends composed of protoxylem elements.
This form of the xylem and the discribution of the phlpem
groups are shown in fig. 125, D, E, drawn from a section of a
plant of Lycopodiuwm saururas Lam.* collecied by Mr AW, Hill
at an alvitude of 15,000 fect ou the Audes of Peru. The
position of the protoxylem is shown fig. 125, I, pr.

* Boodle (01) P1. x1x.
= This species is figured under the name- Lycopodium crassuni by Hooker
end Greville (31) Pl. 224. See also Bronguiart (87) Pl 1. fig. 1.
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While several species possess a cortex of three distinet zones
(fig. 125, H. ¢, ¢, ¢”), in others the extra-stelar tissue is much
more homogeneous, consisting of thin-walled parenchyma or in
some cases of thick-walled elements; as a general rule, however,
there is a tendency towards a more compact arrangement in the
inner and outer portions of thescortex as contrasted with the
larger and more loosely connected cells of the middle region.
In certain types the middle cortex contains fairly large spaces,
as in the swamp-speeies L. nundatum, which with L. alopecn~
ruides exhibits another feature of some interest first deseribed by
Hegelmaier!. If atransverse section of the stem of L. tnundatim
be examined the leaf-traces are seen to be accompanied by a
circular canal containing mueilage which extends into the lamina

of the leaf.  In a specimen of L. cernuum?® obtained at a height
of 2500 fr. by Professor Stanley Gardiner in the Fiji Islands,
the leaf-traces (fig. 125, B 1)) were found to be accompanied for
part of their comrse by a well-marked secretory space (fig. 125,
B.s). There is little doubt that the presence of these mueilage
canals is directly connected with a certain type of habitat® and

attention is called to them in view of a resemblance which they
offer to a characteristic strand of tissue, known as the parichnos,
which is associated with the leaf-traces of Lepidodendreas and
Sigillarieae.  In the section shown in fig. 125, H, the xylem
of the stele fornis more continuous bands than 1s often the case
in L. cernuuin which has already been deseribed as having its
xylem in small detached groups.  The presence of the smaller
branch-stele (fig. 125, H, b) affords an example of nmunpudini
branching.  The outer cortex of L. saururus (fig. 123, C)
exhibits a somewhat unusual feature in the distribution of the
thicker-walled tissue () which encloses a pateh of more delicate
parenchyma (a) with large lacunae (lc) in the region of the

T Hegehmader (72). Seealso Hill, T.G.(06) p. 2645 this suthor draws attention
to the fact that in some species of Lycopodiam the mucilage canals sre confined
to the sporophylls.

# Professor Yapp has dru\\n my attention to the very close anatomical

b between n of Lycopodium zalakense obtained by him
from Gunong Inms in the Malay Peninsole and L. cernuum a8 represented
in fig. 125, H and L.

s Joues (05).
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leaf-bases, and presents the appearance of an ivregular reticulum.
This arrangement of the mechanical tissue in the outer cortex
i« comparable with that in stems of some species of Sigillaria.

In certain species of Lycopodium the roots', which arise
endogenonsly from  the axial vascular cylinder, instead of
passing throngh the cortex of the stem by the shortest route,
bend downwards and bore their way in a more or less vertical
dircetion before cmerging at or near the base of the aerial
shuot,  The transverse section of L. dichotomum represented in
fig. 125, A, shows several roats (R) in the cortex; they consist
of a xylem strand of circular or erescentric form accompanied by

phloem and enclosed by several layers of root-cortex. The roots
structure as

of Lycopodiun do not always present so simple
those of L. dichotonnen ;. the sylem way have an irregulaly
stellate form with us many as ten protoxylem groups.
Reproductive Shoots®.  In Lycopodium Selago the foliage
leaves serve also as sporophylls and, as Professor Bower? has
pointed out, the branches exhibit to some extent a zonal
alternation of sterile and fertile leaves; in other species, in
which folinge leaves and sporophylls are practically identical,
the sporangia occur sporadically on the ordinary leaves. In
sporophylls

species with well-defined terminal cones the Jow
may bear arvested sporangia and thus form transitional stages

between sterile and fertile leaves, a feature which oceurs also
in the male and femuale flowers of many recent ‘Arancarieae®.
The sporangia® (fig. 126. D, F) are usually reniform and
compressed in a direction parallel to the surface of the coue-
seales: they are dv\'elupu(l from the upper surface and close to
the base of the fertile leaf to which they are attached by a
short and thick stalk (eg. L. inundatum) or by a longer and
mare slender pedicel (L. Phlegmaria, fig. 126, E).  On watarity
the sporangia open as two valves in the plane of compression

' Strasburger (73) p. 109; Brongniart (37) PL 8; (89) A. P). 82: Brongniart
fignres stems of L. Plilegmaria and other species ghowing reots in the corex.
See also Goldenberg (55); Bruchmann {74); Saxelby (08).

# Since this wag written a comparative account of the sporophylls of
Lycopudinm has been published by Miss Sykes. [Sykes (089).]

7 Bower (94) p. 514; (08}, 1 Seward and Ford (06).

¥ Goebel (05) p. 575.
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and the line of dehiscence is determined in some species at
least by the occurrence of smaller cells in the wall  In

Lycopodium cernuum, lopgitudinal section of strobilus; a, band
of Jignified cells.

L. cernuum,  Cell from sporanginm wall,

1. cernuum.  Sporopbyll and sporangium; It, vascular bundle.

L. clavatum. Part of radial longitudinal section of strobilus:
2. sterile tissue.

L. Phlegmaria. Sporophyll and stalked sporangium.

L. clavatum, Transverse section of strobilus; p, sterile pad.

transverse sections of cones in which the sporangia are strongly
saddle-shaped, the sporophylls may appear to bear two sporangis.
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‘tion of a cone of L. clavatum shown
i fig. 126, ¥, The sporangia ¢ and b are cut through in an
approximately median plane showing the irregular outlire of

This is well shown in the se

the sterile pad (p) of tissue in the sporogenous cavity. Those
at ¢ and d have been traversed at a lower level and the two
Iobes of the saddle-shaped sporangia are cut below the attachment
to the sporophyll. The distal lami

> of the sporophylls, cut,
at different levels, are seen at the periphery of the cone,

In Jongitudinal radial section of some cones the sporangia
appear to oceupy an axillary position, but in others (eg.
L. cluvatum) they are attached to the horizontal portion of the
sporophyll almost midway between the axis of the cone and the
upturned distal end of the sporophyll (fig. 126, D). The wall
o a sporanginm frequently consists of 2-—3 cell-layers and in
some cases (e.g. L. dechotonaun), it may reach a thickness of seven
layers, resembling in this respect the more bulky sporangia
of ncertain type of Lepidodendroid cone.  The sporogenons
tissne is separated from the stalk of the sporangium by a mass

of parenchymatous tissne which may project as a prominent
pad (fig. 126, D, F. p) inte the interior of the sporogenous
cavity.  This basal tissne (the subarchesporial pad of Bower!)

has been observed in L. clovatum vo send up irregular processes
of sterile cells among the developing spores, suggesting a
comparison with the trabeculae which form a characteristic
feature of the sporangia of Jsoetes and with similar sterile
in Lepidostrobus (cone of Lepidu-

strands noticed by Bower®
dendrow).

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

sparophyll i supplied by a single vascular bundie

t Bower (94). 2 fbid. (04) Pl xLvian
3 Kidston (83) Pl. xxx1. figs, 2—4.
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(fig. 126, A) to afford protection to the lower sporangin, their
¢fficiency being increased by the lignified and thicker walls
(A, o) of the cells in the lower portion of the laminar expansion.
The cells of the sporangial wall are provided with strengthening
bands which in surface-view (fig,

26, B) present the appearance
of prominent pegs. Since the* appearance of Miss Sykes's
paper on the sporangium-hearing organs of the Lycopodiacene,
Dr Lang' has published a more complete account of the
structure of the strobilus of Lycopudium cernuum in which he

Fie. 127, Radial longitudinal section of the cone of Lycopodium cernunm.
(After Lang.)

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

! Lang {08). ¥ See page 192, and Watson (09).
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(fig.127); each sporophyl],which is supplied with a single vascular
bundle, bas a large mucilage-cavity (m) in its lower region.
“The mucilaginous change™ in the sub-sporangial portion of
a sporophyll “extends to the surface involving the epidermis, so
thut this portion of the sporophyll-base may be described as

consisting of a mass of mucilage bounded helow by a structureless
menibrane!,”  Dehiscence of the sporangia occurs at the middie
of the distal face (fig. 127, 7). As seen in the radial section
(fig. 127, ma) the outer margin of the base of the sporophyll
bears a short outgrowth.  The leaf-bases of each whorl hang
down between the sporangia of the alternating whorl below, and

Fie. 128, Transverse section of the cone of Lycopadium cernuwm, in its plane
AA of fig. 127, (After Lang.)

the base of each sporephyll is coherent with the margins of the
two sporophylls of the next lower whorl between which it lies,
the sporangia being thus closely packed and lying in =
pocket. “open only on the outer surface of she cone”  Tig. 128
reproscnts a trapsverse section through a cone in the plane AA
of fig. 127 ; this traverses she sporangia and their subtending
bracts (b)) of one whorl and the dependent bases of the
sporophylls of the next higher whorl in the region of the
mucilage-sacs (m), which are bounded at the periphery by the
! Lang (08) p. 857.
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ourer tissue of the sporophylls (@). A transverse section in the
plane BB of fig. 127 is shown in fig. 129: the pedicels and a
part of each vascular strand are seen at b radiating from the
axis of the cone: one sporophvll (sp. @) is cut through in the

Fig. 129. Transverse section of the cone of Lycopodium cernuwm in the plane
BB of fig. 127. (After Lang.)]

'gion of the pad of tracheal tissue that characterises the short
sporangial stalks, The upper portions of the sporangia of the
next lower whorl, which project upwards against the mucilagi-
nous bases of the sporophylls above (cf. fig. 127, BB) are shown
at ¢ and external to them, at a, the section has cut throngh
the outer persistent portions of these sporophyll bases.

As Lang points out, this highly complex structure is an
expression of the complete protection afforded to the sporangia
of a plant met with in exposed situations in the tropics; it

is alto of importance from a morphological standpoint as ex-
hibiting an agreement with the extinct type of Lycopod cone
represented by Spencerates.

Selaginellaceae,

Selaginella differs frorm Jycopedivim in the production of
two kinds of spores, megaspores and microspores, and, o the

8. IL 4
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great majority of species, in the dimorphic charucter of the
folinge leaves, which are usually arranged in four rows, the
laminae of the upper rows being very much smaller than thow of
the lower (fig. 130, I—3). The smaller leaves are shown mare
clearly i fig. 130, Le. Tt is obvious from an examination of a
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Fio. 180. Selaginella grandis. (1—8, nat. size.)

Selaginella shoot, such as is shown in fig. 130, thas in fossil

specimens it wonld often be almost impossible to recognise the

existence of two kinds of leaves. Some species, e.g. Selaginella

spinosa!, the sule Brivish representative of the genus, are

homophyllous and agree in this respect with most species of

Lycopodiuwm.  Another feature characteristic of Selaginella, as
* Bruchmann {87).
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contrasted with Lycopodium, is the presence of a ligule in both
foliage leaves and sporophylls.  This is a colourless thin lamina
attached by a comparatively stout foot to the base of a pit
on the upper surface and close to the lower edge of the leaf
(B, 130, 4, 1; fig. 131, LT 0.

In an erect species, such ax"S. grandis Moore! (fig. 130 and
fig. 131, G) from Borneo, the main shoots, which may attain a
height of 2—3 feet, bear swmall and {nconspicuous leaves of
one kind, but the lateral and repeatedly forked shoots are
rophyllous.  The passage from the homophyllous to the

he
heterophyllous arrangement s shown in the transition from the
crect fo the dorsiventral habit of the lateral shoots (fig. 130, 2).

Iy or dichotomonsly branched shoots produce
s at the forks; these grow downwards to the

The monopodi
long naked ax
ground where they develop nummerous dichotomously forked
branches.  For certain reasons these naked aerial axes were
named rhizophores and have always been styled shoots, the term
root being restricted to repeatedly forked branches which the
rhizophores produce in the soil. Tt has, however, been shown Ly
Professor Harvey-Gibson® that there is po sufficient reasou for
drawing any morphological distinction between rhizophores and

roots, the term root being applicable to both.

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

! Gard. Ghron. (82). ¢ Harvey-Gibson (02). 3 ibid. (4) {97) (02).
4—2
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131,

S. laevigata var. Lyallii

LYCOPODIALES (8:8

Selaginella Willdenowii, Transverse section of siem: o, outer
cortex; p. phloem; t, trabeculae.

S. spinosa, stem: pz, protoxylem.
ction of stele: ¢, ridge of »ylom

cylinder; e, endodermis.

S.r dlings with cotyledons (c) protruding beyond the

7 v
sporophylls (4).

Transverse section of Selaginella leaf-base: I, lignle; U, leaf-
trace.

Portion of G. enlarged.

§. grandis. Longitudinal section of strobilus: bb, sporopbyil-
trace: 4, ligule.

(3. B, C, E, F, after Harvey-Gibson; D, after Miss Lyon )
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surrounded by parenchymatous elements, is enclosed by phloem
with external protophloem elements. The characterissic features
of the stele arc shown in the diagrammatic drawing of a sectiou
of unother species—8. Willdenouii—represented in fig. 181, A.

A pericyele composed of one or two layers of chlorophyil-
conlaining cells encircles the whole stele which is suspendedl
in a lacuna by trabeculae (fig. 131, A, B. ¢) cormecting the
pericyele with the inper «dge of the broad cortex. The
trabeculae consist in part of endodermal cells characterised by
cuticular bands.  The cortex is usually ditferentiated into three
fairly distinet regions.  Mechanical tissue of thick-nalled fibres
ronstitutes the outer region (¢); the middle cortex consist- of
thinner-walled parenchyma, the elements of which becanie
smaller and rather more compactly arranged io the inner zone.
The middle cortex is frequently charncterised by the prosence
of spaces and by the hyphal or trabecular structure of the
tissue, a feature which, asx Bower’ pointed out, is common to
many recent and fossil members of the Lycopediales. In some
cases, e.g. S. erythropus, from tropical America, the cortex
of the creeping stem consists cntircly of thick-walled cells.
Selaginella grandis (fig. 130) has “a short decumhent sten
rooted at close intervals®’ from which thiclk erect aerial shoofs
rise to a height of onc foot or wore. Lu the apical region
these erect axes give off repeatedlv forked foliage shoots
on which the spiral phyllotaxis of the homophyllous axis
is gradually replaced by four rows of two kinds of leaves
(fig. 130, 2). The anatomy of this species agrees with that
of 8. Martensii. The trailing or semi-erect and homophyllous
shoots of Selaginella spinosa® present a distinet type of vascular
anatomy. The upper part of the ascending stem has an axial
styand of xylem with seven peripheral groups of spiral proto-
sylem tracheae (fig. 131, B); in the trailing portion of the
shoot the protoxylem elements occur as one central group in
the solid rod of metaxylern through which the leaf-traces pass
on their way to the axial protoxylem. This type is important

' Bower (93). ® Harvey-Gibson (94) p. 152,
3 ibid. (94) p. 194; Seott (36) p. 9.
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as affording an exception, in the endarch structure of the
xylem, to the usual exarch plan of the stelar tissues.  This
species is the only one in which any indication of the produc-
tion of secondary xylem elements has so far been recorded.
Bruchmann! has shown that, in the small tuberous swelling
which oceurs at the base of the young shoot (hypocotyl), a
meristematic zone is formed round the axial vascular strand and
by its activity a few secondary tracheids are added to the
primary xylem.  With this exception Seluginella appears to
have lost the power of secondary thickening, the possession
of which constitutes so striking a feature of the Palaeozoic
Lycopods.  Another type is represented by S, 7naequolifolia,
an Indian species. the shoots of which may have either a
single stele or as many as five, each in its separate lacupa.
The homophylleus 8. laevigata var. Lyallid Spr., a Madagascan
species, affords a further illustration of the variation in plan of
the vageular tissues within the genus.  There is a considerable
difference in structure between the erect und creeping shoots ;
in the former there may be as manoy nx 12—13 steles, which
gradually coalesce before the vertical axis joins the ereeping
rhizome to form one central and four peripheral steles.  In the
vhizome there is usually a distinet axial stele without proto-
xvlem, surrounded by an ill-defined lacuna and enclosed by a

cylindrical stele (solenostele)? usually two tracheae in width
with four protoxylem strands on its outer edge.  The continuity

of the tubular stele is broken and, in transv section, 1t

assumes the form of a horseshoe close tu the base of an urect
shoot to which a crescentric vascular strand is given off.
Hurvev-Gibson® has figured a section of the rhizowe of this
type in which the axial vascular strand is represcotcd by a
slight ridge of trachese (fig. 131, C, t) projecting towards the

! Bruchmann (97).

# The term solenostele, first used by Van Tieghem and revived by Gwyone-
Viushan, may be applied to a stem in which the vascular tissue has the form of
o holiow extinder with phloem and endodermis ou each side of the xylem. As
ench leaf-trace is given off the continuity of the vascular tube is interrupted.
See Gwynne-Vaughan (01) p. 78.

3 EHarvey-Gibson (94) PL. xn, fig. 93.
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centre of the axis of the tubular stele. The cylindrical stele
consists of xylem with external and internal phloem (p):
cuticularised endodermal cells oceur at e and e

Reference has already been made to the descending naked
branches given off’ from the points of ramification of the foliage
shoots of Selaginella. It has been shown by Harvey-Gibson!
that these branches, originally designated rhizophores by
Nigeli and Leitgeb, as well as the dichotomously branched
roots which they produce below the level of the ground,
possess a single vascular strand of monarch type. It is in-
teresting to find that in some species the aerial portion of the
rhizophore has a xylem strand with a cenural protoxylewm,

an instance of endarch structure like that in certain portions
of the shoot-system of S spinose. The root-anatomy of
Selaginella and the dichotomous habit of branching afford
points of agreement with the subterranean organs of Lepido-
dendron and Sigillaria,

Leaves. The leaves of Selaginella® usually consist of a
reticulum of loosely arranged cells, but in some cases part of
the mesophyll assumes the palisade form.  The single vascular
bundle consists of a few small annular or spiral trachene and at
the apex of the lamina thr protoxylem elements are accompanied
by several short reticulated pitted eclements, Both foliage
leaves 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, (. and fig. 131, E—G.[)
or assume a fan-shaped form with a lobed or papillate margin.
The base, composed of large cells, is suok in the tissue of the
leaf close to its insertion on the stem (fig. 131, E, /) and
enclosed by & well-marked parenchymatous sheath. The
sheath is separated from the vascular bundle of the leaf by one
or more layers of cells, and in some species these become trans-
formed into short tracheids. The lignle is regarded by Harvey-
Gibson® as a specialised ramentom which serves the temporary
function of kevping 1n0ist the grawing-point and young leaves.

Cones. The terminal portions of the branches of Selnginella
usually bear smaller Jeaves of uniform size which function as

! Harvey-Gibson (02). 5 ibid. (97). 8 ibid. (96).
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sporophylls, but fu this genus the fertile shoots do not generally
form such distinct cones as in many species of Lycopodinm.
In S grandis (figs. 130, 3; 131, G) the long and narrow strobili
consist of a slender axis bearing imbricate sporophylls in four
rows: cach sporophyll subtends a sporangium situated between
the ligule and the axis of the shoot. The sporangium may be
developed from the axis of the cone or, as in Lycopodium, from
the cells of the sporophyll’.  In some species the lower sporo-
phylls bear only megasporangia, each normally containing four
megaspores, the microsporangia being confined to the upper
part of the cone. This distribution of the two kinds of

sporangia
is, however, by no means constant®: in some cases, eg. S.
rupestris, cones may bear megasporangia only, and in the cone
of S. grandss, of which a small piece is represented in fig. 131, G,

all the sporangia were found to contain microspores.

The occurrence of twe kinds of spores in Seluginella
constitutes a feature of special importance from the point of
view of the relationship between the Phanerogams, in which
heterospory is a constant character, and the heterosporous
Pteridophytes.  Onc of the most striking distinctions between
the Phanerogams and the rest of the vegetable kingdom lies in
the production of seeds. Recent work has, however, shown that
seed-production can no longer be regarded as a distinguishing
feature of the Gymnosperms and Angiosperms. Palaeozoic
plants which combined filicinean and cycadean features re-
sembled vhe existing Phanerogams in the possession of highly
specialised seeds. Thig discovery adds point to the comparison
of the true seed with structures concerned with reproduction in
seedless plants, which in the course of evelution gave rise to the
more efhcient arrangenent for the pursing, protection, and
ultimate dispersal of the ewmbryo, In the megaspores of
Selaginelle we have, as Hofmeister was the first to recognise
in 1851, a structure howologous with the ewmbryo-sac of the
Phancrogam. The embryo-sac consists of a large cell produced
in a mass of parenchyroatous tissue known as the nucellus
which is almost completely enclosed by one or more integu-
ments.  Fertilisation of the egg-cell within the embryo-sac

! Bower (08) p. 315, ¢ Hieronymue (02).
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takes place s o rule while the female reproductive organ is
still attached to the parent-plant and separation does not occur
until the ovule has become the seed.

In a few cases, notably in certain plants charncteristic of
Mangrove swamps, continuity between the seed and its parent
is retained until after germination. The megasporangivm of
Nelaginella dehisces’ along a line marked out by the occurrence
of smaller cells over the crest of the wall. It has been customary
to describe the megaspores as being fertilised after ejection
from the sporangia, This earlier separation from the parent
and the absence of any protective covering external to the
spore-wall constitute two distinguishing features between sceds
and megaspores. 1In Selaginelle apus, a Californian species,
Miss Lyon has shown that fertilisation of the cgg-cell usually
takes place while the megaspore is still in the strobilus.  On
examining withered decayed strobili of this species which
had been partially covered with the soil for some months after
fertilisation of the megaspores, several young plants were
found with cotyledons and roots projecting through the erevic
of the megasporangia®.  From this, adds Miss Lyon, “it secms
safe to assume that an ewbryo may have two periods of
growth separated by one of quiesccnce quite comparable to
those of seed plants with marked xerophilous features.”

In another Western American species S. rupestris described
by the same writer the cotyledons of young plants were found
protruding from the imbrieate sporophylls of a withered cone
(fig. 131, D). This species is interesting alo from the
occasional occurrence of one instead of four megasporangia 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 occurvence of a
single embryo-sac (megaspore) in each ovule is the rule. The
cones of Selaginella rupestris retain connexion with the plant
through the winter and fertilisation occurs in the following
spring.  After the embryo has been formed she megasporangium
" becomes sunken in a shallow pit formed by the cushion-like
outgrowth of the sporophyll around the pedicel” Tt is

) Goebel (05) p. 581. % Lyon {01) p. 195,

s
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suggested that this outgrowth may be comparable with the
integument which grows up from the sporophyvll m the fossil
genus  Lepddocarpont and  shmost completely  encloses  the
sporangium.  In the drawings given by Miss Lyon no features
le which afford a paralle) to the integument

are recogn

of Lepiducarpon. T have, however, endeavoured to show. by a
brief reference to this author's interesting sccount of the two
Culifornian species, that the physiological and worphological
resemblances between the megasporangia of Seluginella and the
integumented ovules of the sced-bearing plants are sufficiently

close to ¢nable us to recognise possible lines of advance towards
the development of the true seed.

Professor Campbell* records an additional example of a
Selugrnella—probably 8. Bigelowii—{rom the dry region of
Southern California in which the spores become completely
dried up after the embryo bas attained some size, remaining in
that state until the more favonrable conditions succeeding the
dry season induce rencwed activity.

Isoetaceae,

The genus fsoefes is peculiar among Pteridophytes both in
babit and o anatomical features. In its short and relatively
thick tuberous stem, terminating in a crowded rosette of
subulate leaves like those of Juncus and bearing numerous
adventitious roots, Isoefes presents an appearavce similar to
that of many monocotyledonous plants. The habit of the
genus is well represented by such species as Isoetes lacustris
and /. echinuspore® (fig. 132) both of which grow in freshwater
lakes in Britain and in other north European countries.
The lagter species bears leaves reaching & length of 18 cm.
The resemblance in habit between this isolated member of |
the Pteridophytes and certain Flowering plants, although in
itself of no morpholagical significance, is consistent with the
view expressed by Camphbell that Jsoetes may be directly related
to the Monocotyledons®,

Y See p. 271. 2 Campbell {05) p. 522.
© Motelay avd Vendryds (52). « Campbell (05) p. 561.
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There is as a rule little or no differcnce between the foliage
leaves and sporophylls; in 1. locustris the latter are rather

Fic. 132. Isoetes echinospora (After Motelay and Vendryés).
A.  Stem of I. lacustris.
B. Base of sporophyll: ¢ ligule; #py, sporangiom partially
covered by velum.



60 LYCOPODIALES [ca.

larger and in the terrestrial species I. hystriz® the sterile leaves
are represented by the expanded basal portions only, which
persist like the leaf-bases of Zepidodendron ns dark brown
seales to form a protective investment to the older part of the
sten.  The innermost leaves are usnally sterile; next to thes
are sporophylls bearing megasporangia, and on the outside are
the older sporophylls with microsporangia.  The long and
slender portion of the leaf becomes suddenly expanded close
to its attachment to the stem into a broad base of crescentic
section which bears a fairly conspicuous ligu]«' (figs. 132, B, I,
133, B, /) inserted by a foot or glossopodium in a pit near the
upper part of the concave inner face. The lignle is usually
larger than that of Selaginelia, though of the same type. The
free awl-like lamina contains four large canals bridged across at
intervals by transverse diaphragms, and in the axial region a
single vascular bundle of collateral structure. Other vascular
clenuents, o the form of numerous short tracheids occur below
the base of the transversely elongated ligule.

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

* Scott nnd Hill (00). ? Motelay snd Vendryés (82) Pls. xv1, xv11.



xIv] ISOETES 61

pit, but in I hystriz this protective membrane is separated
from the base of the leal by a narrow opening, the resemblance
of which to the micropyle of un ovule suggested to one of the
older botapists the employment of the same term'. Mr T. G.
Hill* has called attention to the presence of mueilage canals in
the base of the sporophylls of I. hystriz, which he compares with
the strands of tissue known as the parichnos accompanying the
leaf-traces of Lepidodendron and Sigillaric in the outer cortex
of the stem. The transverse section shown in fig. 133, H and 1,
shows two of these mucilage canals in an carly stage of
development; a

aud of  parenchymatous  elements  dis-
tinguished by their partially disorganised condition and more
deeply stained membranes (fig. 133, I) runs through the

spandrels of the sporophyll tissue close to the upper surface.
There is a close resemblance between the structure of these
partially formed mucilage-canals and the tissue which has been
called the secretory zone in Lepidedendron stems. Fig. 133, H,
also shows a large microsporangium with prominent trabeculae
(1) lymg below the velum. A longitudinal section (fig. 133, )
through a sporophyll-base presents an appearance comparable
with that of an Araucarian cone-scale with i

integumented
ovule and micropyle. The megaspores are characterised by
ridges, spines, and other surface-ornamentation®. Though usually
unbranched, the perennial stem of Isoetes (fig. 132) has in rare '
5 been found to exhibit dichotomous branching, a feature, as
Solms-Laubach® polnts out, copsistent with a Lycopodinceous
affinity. The apex is situated at the base of a funnel-shaped
depression. The stem is always grooved ; in some species two
and in others three deep furrows extend from the buse up the sides
of the short and thick axis tewards the leaves: from the sides of
thesesfurrows numerous slender roots are given off in acropetal
succession. A stele of peculiar structure occupies the centre of
the stem ; cylindrical in the upper part (fig. 133, A), it assumes
# uarrow elliptical or, in species in which there are vhree furrows,
a sriangular form in the lower portion of the tuberous sten.
The stem of /. lacustris represented in ig. 132, A, from which

i Braun (63). ? Hill, T, G. (04) (06).
* For figures, sec Motelay and Vendryds {82); Bennie and Kidston (88)
Pl vi. 4 Solms-Luubach (02).



Isoetes lacustris,
A.  Transverse section of stem: cr, cortex: z, 2° xylem; ¢, cambiom ;
@, thin-walled tissue; lf, leaf-traces; b, dend tissue.

B.C, D. Portions of A eniurged.

E. Longitudingl redial scotion of sporophyll-base: v, velum; I,
ligule ; bk, vascuwiar bundle; w, megaspores; ¢, sterile tisgme.

F. Longitudinal section through the base of a root.

G.  Transverse section of root.

H. Transverse seotion of sporophyll, showing sporengimm with

trabeculae, t; leaf-trace, (i), and two groups of secratory cells.
I. A group of secretory cells enlarged.
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the laminae of the leaves have been removed from the summit
affords an example of a species with two furows. The
drawing shows the widely gaping sides of the broad furrow
with circular root-scars and a few simple and dichotomously
branched roots. A short thick columm of parenchymatous
tissue projects from a slightly eccentric position on the base of
the stem.

The primary vi

ar eylinder? consists of numerous spiral,
annular or reticolate tracheids (fig. 133, A, 2), which are cither
1sodiametric or longer in a horizontal than in a vertical
direction, associated with parenchyma. Lower in the stem
erushed and disorganised xylem elements are scattered through
a still Jiving trabeenlar network of parenchymatous tissue.
From the axial cylinder mumerons leaf-tr: (fig. 133, A, lt)
radiate outwards, at first in a horizontal direction and then
gradually ascending towards the leaves. The vascular eylinder
is of the type known as canline: that is, some of the xylen is
distinet in origin from that which consists solely of the lower
ends of leaf-traces.  As in Lycopudium the development of the
metaxylem is centripetal.

Yon Mohl:, and a few

ears later Hofmeister?, were the first
botanists to give w satisfactory account of the anmatomy of
Isoetes, but it is only recently* that fresh light has been thrown
upon the structural features of the genus the interest of which
is ephanced by the many points of resemblance between the
recent type and the Palaeozoic Lepidodendreae. A striking
anatomical feature is the power of the stem to produce secondary
vascular and non-vascular tissue; the genus is also charae-
terised by the early appearance of secondary meristematic
activity which renders it practically impossible to draw any
distimet line between primary and secondary growth. A
cylinder of thin-walled tissue (fg. 133, A, a) surrounds
the primary central cylinder and in this a cambial zone, ¢ i
recognised even close to the stem-apex ; this zone of dividing
cells is separated from the xylem by a few layers of reciangular
cells to which the term prismatic zone has been applied.

 See von Mol (40); Farmer (90). Von Mohl (40).
* Hotmeister (G2). 3 Farmer (90) ; Scott and Hill (00).
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The early appearance of the cambial activity on the edge of the
vaseular eylinder is shown in fig. 133, C. which represents part
of a transv section of a voung stem. A lcaf-trace, ¢, 1s In
connexion with the primary sylem, «', which consists of short
tracheids, often represented only by their spiral or reticulately
thickened bands of lignified wall, and scattered parenchyma.
Sowe of the radially elongated cells on the sides of the leaf-
trace are seen to be in continuity on the outer edge of the
stele, at s, with Hattened elements, some of which are sieve-
tubes,  The position of @ second leaf-trace is shown at Uf',
External to the sicve-tubes the tissue consists of radially
arrapged series of rectangular cells, some of which have already
assumed the funetion of a cambium (¢). The tissue produced

by the cambium on its inner edge consists of a varying amount
of secondary xylern composed of very short spiral tracheids;
a few of these may be lignified (fig. 133, A, a*) while others
remain thin,

Phloem clements, recognisable by the presence of a thickened
reticulum enclosing small sieve-areas (fig 133, B, s) are fairly
abundant, and for the rest this intracambial region is composed
of thin-walled parepchyma. TIn Jongitudinal section these
tissues present an appearance almost identical with that
observed in a transverse section. Fig. 133, B represents a

longitudinal scetion, through the intracambial zone and the
edge of the stele, of a younger stem than that shown in
fig. 1 Most of the radially disposed cells internal to the
meristematic region are parenchymatous without any distinetive
attered sieve-tubes (s) are recognised by their
clliptical sieve-areas and an oceasional tracheid can be detected.
The cambium cuts off externally a succession of segments
which constitute additional cortical tissue (fig. 133, &, ¢r)
of homogeneous structure, composed of parenchymatous cells
containing starch and rich in intcrcellular spaces.  As the ster
grows in thickness the secondary cortex veaches a cousiderable
Lreadth and the superficial Jayers arc from time to time
exfoliated as strips of dead and crushed tissue (fig. 133, A, b).
The diagrammatic sketch reproduced in fig. 183, A, serves to
illustrate the arrangement and relative size of the tissue-regions

s

features; a few
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in no Tsoctes stern.  In the centre oceur nuwmerous spirally or
reticulate tracheae scattered in parenchymatous tissue which
has been considerably stretched and torn in the peripheral
region of the stele; the radiating lines mark the position of the
leaf-traces (1) in the more horizontal part of their course, The
zone between the cambivm (¢) and the edge of the centrul
cvlinder consists of radially disposed secondary tissue of shuort,
and for the most part unlignified, elements including sieve-
tubes and parenchyma; the secondary xylem elements consist.
largely of thin-walled rectangular cells with delicate spiral
bands, but discontinuous yows of lignified tracheae (+2) occur
in certain regions of the intracambial zone. The vest of the
stem consists: of secondary cortex (cr) with patches of dead
tissue (b) still adhering to the nregularly furrowed surface.
The structure of the cambium and its products is shownp in
the detailed drawing reproduced in fig. 133, D.  Many of the
elements cut off on the inner side of the cambium exhibit the
characters of tracheids: most of these are unlignificd, but others
have thicker and lignified walls (67).

1. hystrie appears to be exceptional in retaining its leaf-
bases, which form a complete proteetive investment and prevent
the exfoliation of dead cortex.  Each leaf-trace consists of a few
spiral tracheids accompanied by narrow phloem elements directly
continuous with the secondary phloem of the intracambial zone.
Dr Scott and Mr Hill have pointed out that a normal cambium
12 accasionally present in the stem of I hystriz during the early
stages of growth; this gives rise to xylem internally. The
few phleem elements observed external to the cambium may be

regarded as primary phloem, a tissue not usually represented in

an Isoetes stem’. The occasional occurrence of this normal

cambium, may, as Scott and Hill suggest, be a survival from a

, former condition in which the secondary thickening followed

a less peculiar course. The lower leaf-traces become more or

less obliterated as the result of the constant increase in thickness

of the broad zone of secondary tissues through which they pass.

The adventitious roots are developed acropetally and

! Miss Stokey {09), in 8 paper which appeared tinco this acconnt was written,
eriticises the conclugions of Seott and Hill (00).

8. IL 7
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arranged in parallel series on each side of the median line of the
two ar three firrows. The three arms of the triangular stele of
1. hystriz and the two narrow ends of the long axis of the stele
of J. lucustrts, which in transverse section has the form of a
flattened ellipse, are buit up of successive root-bases. A root
sses one vasenlar bundle, &, with a

ol Tsuetes (B 133, G) poss
single strond of protoxylen po, thus agreeing in its monarch
strnetire with the voot-hundle in Selaginella and many species
of Lycopodiwm.  The cortical region of the root consists of a few
layers of onter cortex sneeceded by a Jarge space, formed by
the breaking down of the inner cortieal tissue, inta which the
vasenlar bundle projects (ig. 133, F). The peenliarity of the
roats in having a hollow cortex and an eeeentrie vasealar bundle
wis noticed by Von Mohl. In the monarch bundles, as in the
fistidar cortex and dichotomaous branching, the roots of Tsoetes
present astriking reseinblanee to the slender rootlets of the
Midieozoie Stignarrin (see Page 246). - The longitudinal section
throngh the base of a roor of Tsoetes lucustris shown in fig. 133, F,
affords a further illustration of certain features common to the

fossih and reeent typ

FOSSIL LYCOPODIALES.

Isoetaceae

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

' Voo Mcbl (40).
* Saporta (94) p. 184, Pls. xxuv. xxv. xxvm.
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Isoetites.

The gencric name Tsoetites was first used by Miinster! in the
description of a specimen, from the Jurassic llthugm}uhu slates
of Solenhofen in Ba
The specific name w
tuberous appearance of the lower part of the fmperfeetly pre-

ra, which he named Tsoetites crocifornds.

as chosen to express a resemblance of the
served and indeterminable fossil 1o a Crocus corn.

Impressions of Isoetes-like Jeaves from the Inferior Ovlite
of Yorkshire figured by Phillips® and afterwards by Lindle
Solenttes Murrayana weve compared by the latver author \\Hll
Tsoe nerally
wd to Heer's gymnospermons genus Coebunowshia.  An
nination of the structure of the epidernal cells of these

s

and  Pdularia. bur these Jenves

¢ oW L

Jurassic impressions convinced e that they resemble recent
coniferons needles more elosely than the leaves of any Prervido-
phyte.  The
authors as a probable mewher of the Gink

swus Ceebancwshia? is recognised by several

Lsvetites Choffuti.  Saporta,

The late Marquis of Saporta founded this species on two
sets of impressions from the Urgonian (Lower Cretaceous) of
Portugal which, though not found in actual organic connexion,
way possibly be portions of the same plant. Small relatively
broad tuberous bodies reaching a breadth of 1 cm. are compared
with the short and broad stem of Isoetes, 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
oceur scattered circular scars representing the position of roots
which were detached before fossilisation. Other impressions
are identified as the basal portions of sporophylls bearing
sporangia : these suggest the expanded base of the fertile leaves
of Isoetes with vertically clongated 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 contsining carbonised remains of spores.

! Miinster (42) p. 107, PL. 1v. fig. 4. ¢ Phiilips (29) & Pl x. fig. 12,

* Lindley and Hutton A (34) PL oxx1.  # Nathorst {06); Seward (00) p. 278,

5
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While recognusing a general resemblance to the sporophylls
of Tsoetes, certain differences are obvious: there is no ligule in
the fossil leaves nor are there any dissinet traces of vascular
strands such as oceur in the leaves of recent species. The
form of the sporangium, more elongated than in the majority
of recent forms, is compared by Saporta with that in a south
European species Tsoetes setacea Spr.

Such evidence as we have lends support to the inclusion of
these Portuguese fossils in the genus Isoetites, but apart from
the fiact vhat we have no proof of any connexion hetween the
stems and supposed sporophylls, the resemblance of the latter
tu those of fsoetes is, perhaps, hardly sufficient to satisfy all
reasonable scepticisin,

The generic name Jsoetopsis was used by Saporta as mare
appropriate than [svetes for some Eocene fossils from Aix-en-
Province which are too deubtful to rank as trustworthy evidence
of the existence of the recent genus. The species, Tsoetopsis
subaphylle’ 15 founded on impressions of small scales, 4 mm.
long, beariug civeular bodics which arc compared with sporangia
ur spul'('.\,

Other records of fossils referred to Isoetes need not be
deseribed as they have no claim to be regarded as contributions
towards the past history of the genus.  Heer's Miocene species
Isoetites Scheuzeri and I. Braunii Unger?® from Switzerland are
isfactory waterial and are of no importance,

Lused on unsatis

Pleuromeida.

The generic name Plewrometa, was suggested by Corda® for
a fussil from the Bunter Sandstone, the original description of
which was based by Miinstex* on a specimen discovered in a
split stone from the tower of Magdeburg Cathedral,

The majority of the specimens have been obtained from the '
neighbourhood of Bernburg, but a few examples are recorded
from Commern and other German Jocalities: all are now included
under the name Pleuromeia Sternbergt. Germar, who published

| Suporta (88) p. 28, Pl. 11. pp. 16—20.  Heer (76) A.
> Corda, in Gormar {52). 3 Munster (42) A.
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one of the earlier accounts of the species, states that Corda
dissented from Minster's choice of the name Sigillaria aund
proposed the new generie title Plexromeic. One of the best
descriptions of the genus we owe to Solms-Lanbach! whose
paper contains references to earlier writers.  Illustrations have
been published by Miinster, Germar® Bischof®, Solms-Laubach
and Potonié*,

Plewromeia Sternbergl.  (Minster,)
Fig. 134

1842, Sigillaria Sterrbergii, Minster.
1854, Sagenaria Bischofii, Goepperts,
1885, Sigillaric oeuling, Blanckenhor.
1904, Plewromeio oculing, Totonié.

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

Fig. 134, A, represents a sketch. made some years ago, of a
specimen in the Breslau Museum which contains several examples
of this species, among others those described by Germar in
52. The cylindrical cast (38 ecm. long by 12 em. in circum-
ference), which has been slightly squeezed towards the upper
end, bears spirally arranged impexrfectly preserved leaf-scars and
the lower end shows the truncated base of one of the short
Stimaria-like arms characteristic of the plant.  As shown
clearly in a specimen originally figured by Bischof and more
recently by Potonié’, the stem-base is divided by a double
dichotomy into four short and broad lobes with blunt apices and
hent upwards like the arms of a grappling iron (fig. 134, D).

! Solms.Lanbach (99). 2 Germar (52). “ Bischol (63).
% Potonié (01) p. 754; (04) Lief ii.  * Goeppert, in Ramer (54) P). xv. fig. 7.
¢ Spieker (58). 7 Potonié (foc. cit.).
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The surface of this basal region is characterised by numerons
circular scars (fig. 134, D; 4 scars enlarged) in she form of

Fra. 134. Dleuromeia Sternbergi.
A.  Cast of stem in the Breslau Museum (} nat. size). (A.C.S.)
B. “Sigillaria oculina " Blanckenhorn, (After Weiss).
C, D. Leaf-scars and base of stem: a, vascular tissue. (After Solms.-
Laubach.)

slightly projecting areas with a depression in the ceatre of
each. These are undoubtedly the scars of rootlets, remains of
which are occasionally seen radiating through the surrounding



xIv] PLEUROMEIA 71

rock.  As seen ip fig. 134, D, «, the fractiwed surface of a
basul area way reveal the existence of an axial vascular eylinder
giving off slender branches to the rootlets.

The bulbous enlargement at the base of the Brown sca-
weed Laminaria bulbosa Lam.' simulates the swollen base of
Pleuromeia; but a confusion between these two plants is hardly
likely to occur.  Above the Stigmaria-like base the gradually
tapered axis, in the less decorticated specimer
disposed transversely elongated arcas consisting of two trj-
angular scars between which is the point of ex
The form of the leaf-scars is best scen on the face of a mould
figured by Solms-Laubach (fig. 134, C): in this case the two
triangular areas appear as slight projections separated by a
narrow groove marking the position of the vascular bundle of
the leaf. The curved lines above and below the leaf-scar
probably mark the boundary of the leaf-base. The twa
triangular  scars are compared by Solms-Laubach and by
Potonié with the parichnos-scars of Sigillaria and Lepido-
dendron (cf. fig. 146, C.), but the large size of the Pleuromeia
scars constitutes an obvieus difference though possibly not a
distinetion of importance,

The accurrence of a vertical canal filled with carbonaceons
material in some of the stems throws light on the internal
stricture: the canal, which is described by Solms-Laubach as
having a stellate outline in transverse section recalls the narrow
central eylinder of a Lepidodendron stem, and this comparison
rengthened by the presence of obliquely ascending grooves
which represent leaf-traces passing through the cortex. In
specimens which have lost more of the cortical tissues the
surface is characterised by spirally disposed, discontinuous
vergical grooves representing portions of leaf-traces precisely as
they appear in similar casts of Lepidodendron. There is no
direct evidence of the existence of secondary wood in the stem,
but, as Potonié has pointed out, the greater transverse elongation
of the leaf-scars in the lower part of a cast (fig. 134, A) points
1o the production of some secondary tissue either in the
vasenlar cylinder or cortex, or possibly in both regions.

! Barber (89) Pls. v, v1.

5, bears spirally

s of a leaf-trace,

1s s
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In <ome specimens of Pleuromeio the upper portion is
clothed with erowded and imbricate sporophylls which reach a
length of 2°5 enu, 2 inaximumn breadth of 2:7 em., and a thickness
of 1 mm. Each sporophyll has a thin wing-like border, and
on the lower face are several parallel lines. Solms-Laubach
describes the sporangium or ovule as attached to the lower
surface of the sporophyll and this opinion has been confirmed by
Fitting? who has also brought forward satisfactory evidence in
favour of the sporangial nature of the reproductive orgaps.
Fitting found numerons spores in the Bunter Sandstone near
Halle: these are flattened circular bodies 0'53—07 mm. in dia-
meter with a granulated surface and the three converging lines
characteristic of spores produced in tetrads. The comparison
made by this author between the sporophylls of Pleuromeia,
which bore the sporangia on the lower surface instead of on the
upper as in other lycopodiaceous plants, and the pollen-saes of
Conifers, is worthy of note in reference to the possible relation-
ship between Conifers and Lycopods.

A comparison of the Tsoefes stem represented in fig. 132, 4,
with the base of a Pleuromeia shows a striking similarity, but,
as Fitting points out, the Stigmaria-like arms of the fossil con-
tainced a vascular cylinder whereas the blunt lobes of Isoetes
consist exclusively of cortical tissue, the roots being given off
from the grooves between the Jobes of the taberous stew.

The position of Pleuromeia must foc the present be left an
open question ; it is, however, clear that the plant bears a close
resemiblance in the form of its base to the Stigmarian branches
of Lepidodendron and Sigillaria. The vegetative shoot appears
to be constructed on a plan similar to that of these two
Palaecozoic genera, but the strobilus is of a different type. Tt
would seem probable that Pleuromeia may be closely ullied to
Isoetes and to the arborescent Lycopods of Palaeozoic floras.
It is not inprobably a lok in a cbain of types which includes
Sigellaria on the one hand and Jsoetes on the other.

It is not improbable that a specimen from the Lower
Bunter of Comumern which Blanckenhorn made the type of a
oew species, Sigillaria oculina (fig. 134, B) 1s specifically

) Fiuing (07).
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identical with Pleuromeie Sternbergi. An examination of a
cast of the type-specimen in the Berlin Bergakademie led me
to regard the fossil with some hesitation as a true Sigilluric,
but & wore extended knowledge of Plewromeia lends support to
the view adopted by Potonié? that Blanckenhorn's plant is not
generically distinet from Pleuromein Sternbergi. The resem-
blance between Sigdloris oculing and some of the Palaeozoic
species of Sigelloria emphasised by Weiss? has given rise to the
belief that the genus Sigillaria persisted into the Triassic era: it
is, however, highly probable that the Bunter specimien has no
claim to the generic name underwhich it has hithertobeen known.

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

to e

de

ness of the Triassic desert.
Plenromeia is recorded by Fliche as a rare fossil in the
Middle Trias of France in the neighbourheod of Lunéviller,

Herbaceous fossil species of Lycopodiales.

The history of our knowledge of fossil representatives of the
Lycopodiales, as also of the Equisctales, affords a striking
illustration of the danger of attempting to found a classification
on such differences as are expressed by the terms herbaceous
and arborescent in the sense in which they are usually
employed, As we have seen®, the presence of secondary woud in
stems of the Palaeozoic plant now known as Calamites led so
compstent a botenist as Adolphe Brongniart to recognise a
. distinct geueric type Calamodendron, which be placed in the
Gymuoosperms, reserving the designation Culamaties for species
0 which no indication of secondary thickening had been found.
Similarly, the genus Sigilaria was regarded as a Gymno-
spermy because it was believed to be distinguished from

t Potonié (04) Lief ii. 2 Weiss, C. E. (36].
3 Fliche (09). < Vol 1, p. 860.
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Lepidodendron by the power of forming secondary vascular
tissucs: the latter genus, ariginallv thought to be always
herbaceous, was classed with the Pieridophytes. At the fime
when this unnatural separation was muade between stems with
secondary wood and those in which no secondary wood was
known to oxist, botanists were not aware of the occurrence of
any recent Pteridophyte which shared with the higher plants
the power of secondary growth in thickness provided by means
of & meristematic zope. It is true that the presence or absence
of a camblum does not in practice always coincide with the
division into herbaceous and arborescent plants: no one would
spenk of a Date-Palm as a herbaceous plant, despite the absence
uf secondary wood,

The 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 & complete
inability of the so-called herbaceous types to make secondary
additions to their conducting tissues, The specimens on which
the species of Lycopodites and Selaginellites, (genera which
may be designated herbaceous,) are founded are preseryed as
unpressions and net as petrileations; we can, therefore, base
definitions only on habit and on such features as are showo
by fertile Jeaves and sporangia. We are fully justified in
concluding from evidence adduced by CGoldenberg more than
fifty years ago and {rom similar evidence brought to light by
more recent researches, that. there existed in the Palaeozoic era
lycnpodiaceons species in close agreement in their herbaceous
habit with the lycopods of present-day floras. It has been
suggested’ thav the direct ancestors of the genera. Lycopodium
and Selaginella are represented by the species of Lycopodites
and Selaginellites rather than by Lepidodendron and Sigillaria,
the arborescent habit of which has been rendered familiar by
the numerous attempes to furnish pictorial reproductions of a
Palaeozoic forest. Until we are able to subject the species
classed as herbaceous to wnicroscopical exawmination we cannot
make any positive statement as to the correctness of this view,

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

Palacobotanical literature abounds in records of species of
Lycopodites, Lycopodinm, Selaginelln and Selaginites, which
have been so named in the belief that their vegetative shoots
bear a greater resemblance to those of recent lycopodinccous
plants than to the foliage shoots of Lepidodendron. Many
of these records ave valueless: Lepidodendra, twigs of Both-
rodendron’ species of conifers, fern rhizomes, and A phlebiae®
have masqueraded as herbaceous lycopods. 1t is obvious that
an attempt to identify fossils presenting a general agreement in
habit and leaf-form with recent species of lycopeds must be
attended with considerable risk of error. Recent Conifers
include several species the smaller branches of which simulate
the leafy shoats of certain species of Lyeopodivm and
Selaginelly, and it is not surprising to find that this similarity
has been responsible for many false determinations.  Among
Mosses and the larger foliose Liverworts there arc species which
in the condition of imperfectly preserved jmpressions, might
casily be mistaken for lvcopodiaceous shuots: an equally
close resemblance is apparent in the case of some flowering
plants, such as New Zealand species of Veronica, Tafullu
graveolens (a Cowmposite), Lawoisiera lycopodiudes Gurd® (a
species of Melastomaceae), all of which have the habit of
Cupressineac among the conifers as well as of certaiu lycopodi-
aceous plants. It may be impossible to decide whether fossil
impressjons of branches, which are presumably lycopodiaceous.
bear two kinds of leaves* like the great majority of recent
species of Selaginelln. Nelaginelle gromdis, if seen from the
under surface, would appear to have two rows of leaves only
and maght be confused with a small twig of such a conifer ag
JDacrydium Kirkii, a New Zealand species,

The New Zealand conifers Dacrydium cupressinum Soland.,
and Podocarpus dacrydioides Rich. closely simulate species of
Selaginellites and Lycopodites: in the British Museurn a

1 Feistmantel (73} 4. p. 163, PL. xxx. pp. 1 and 2.

¥ Germar (49) Pl xxsT: Gewitz (65) A. PL r. pp. 5, 6.
2 Bommer {03) p. 29, Pl 1x, figs. 138—141.

4 Solms-Laubach (¥1) A, p. 137,
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specimen of the latter species bears a label describing it as
Lycopodinm arborewm (Sir Joseph Hooker and Dr Solander;
176%),  The twigs of the Tasmanian covifer Microcachyrs
tetrogong Hook. f ave very similar in habit to shoots of the
recent Lycopudium tetragonum (fig. 121, C).

In the deseription of examples of Lycopodites and Selaginel-
lites T have confined myself to such as appear to be above
suspicion either becanse of the presence of spore-bearing organs
or,in a few cases, because the specimens of sterile shoots are
sufficiently large to show the form of branching in addition to
the texture of the leaves. The two generic names Lycopodifes
and Selaginellites are employed for fossil species which there
arc substantial grounds for regarding as representatives of
Lycopodiuwm and Selaginella. The designation Selaginellites is
adopted only for species which afford evidence of heterospory :
the name Lycopodites, on the other hand, is used in a comprehen-
sive sense to include all forms—whether homophyllous or hetero-
phylous—which are not known to be heterosporous. This
restricted use of the generic name Selaginellites 1s advocated
by Zeiller', who instituted the genns, and by Halle® in his
recent paper on herbaceous lycopods.

Lycopodites.

The generie term Lycopodites was used by Brongniart in
1822% in deseribing some Tertiary examples of slender axes
clothed with small scale-like leaves which he named Lycopodites
squamatus.  These are fragments of coniferous shoots. In the
Prodrome dune histoire des végétous  fossiles® Brongulart
included several Palaeozoic and Jurassic species in Lycopodites
and instituted a new genus Selaginiles, expressing a doubt as to
the wisdom of attempting to draw a generic distinction between
the two sets of species. In a later work® he recognised only one
undonbted species, Lycopodites falcatus. The first satisfacvory
account of fossils referred to Lycopodifes is by Goldenberg®

' Zeiller (06) p. 140. * Halle (07).

* Broumgniart (22) A. p. 304, PL. vy, fig. 1. Broogniart (23) A, p. 83,
& Brongmart (48) A. p. 40, ¢ Goldenberg (55) p. 9.
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who gave the following definition of the genus:—* Bronches
with leaves spirally disposed or in whorls. Sporangia in she
axil of toliage leaves or borne in termival strobili.”

It was suggested by Lesquereux! that Goldenberg's defini-
tion, which was intended to apply tw  herbaccous species,
shonld be extended so as to include forms with wondy stems
bur which do not in all respects agree with Lepidodendron.
Kidston® subsequently adopted Lesquerenx's modification of
Goldenberg's definition. We cannot draw any well-defined line
between Impressions of herbacecus forms and those of small
arborescent species. We use the nawe Lycopodites for such
plants as appear to agrec in habit with recent species of
Layeopodiwm and Selaginelly and which, so far as we know, were
not heterosporous: it is highly probable that ~owe of the
species so named had the power of producing sccondary wood,
a power possessed by some recent Pteridophytes which never
attain the dimensions of arborescent plants.

It has been shown by Halle?, who has re-examined severil
of Goldenberg’s specimens which have been ucquired by the
Stockholm Palaeobotanical Museuw, that sowe of his species
of Lycopodites are heterosporous and thevefore referable to
Zeiller's genus Selaginellites.

Io 1869 Renault described two species of supposed Palaeo-
zoic Lycopods as Lycopodium punctatum and L. Renaultii®, the
latter name having been suggested by Brongniart to whom
specimens were submitted. These species were afterwards
recognised by their author as wrongly pamed and were
transferred to the genus Heterangiun’, a determination which
is probably correct: it is at least certain that the nse of the
nmwe Lycopodium cannai be upheld.

We bhave unfortunately to rely on specimens without
petrified tissues for our infurmativn in regurd to the history of
Lycopodites and Selaginellites. Among the older fassils referred
to Lycopodites are specimens from Lower Carboniferons rocks
at Shap in Westmoreland which Kidston originally described

! Lesqueroux {84) A. p. 777. 3 Kidston (86%) p. 361.

3 Halle (07). + Benault (69) p. 178, Pls. xu—x1v,

> Renault (96) A. p. 240.
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‘qillaria Vanuaen® founded ou German material.  In a later
paper Kidston transferred the British specimens of vegetative
shoots to anew genus Archaeosigillaria®,

as Lycapodites Vanurem:', identifying them with Goeppert’s

Lyropodites Stoclii Kidston®,

The plant =0 named was discavered in Lower Carboniferons
‘nted by

strata of Tiskdale, Diunfries. Scotland ; it is repres
served shoots bearing a terminal strobilus and

imperfeetly pr
uly deseribed by Kidston as apparently possessing two
The lar
ate lamina with an acuminate apex, while the
¢s, which are less distinet, are transversely

Wils origine

or leaves have

leaves horne i whor

kinds of foling
an ovade e
staller 1
elongated, and simnlate sporangia in appearance.  Dr Kidston's
fignre of this species has  recently  been  rveproduced by

Profussor Bower” who speaks of the supposed smaller leaves as
sporangia, 4 view with which the author of the species agrees.
It would appear that this identification is, however, based
solely on external resemblance and has not been confirmed by
the diseovery of any spores.  Assuming the sporangial nature
of these structures, this Palaeozoic type represents, as Bower
points ont, a condition similar to that in some recent species of
Lycopodium in which sporangia are not confined to a terminal
strobilus but oceur also in association with ordinary foliage
leaves.  The strobilus consists of erowded sporophylls which are
too imperfect to afford any definite evidence as to their
homusporous or heterosporous nature.  As Solms-Laubach®
points out, this type recalls Lycopodium Phleymarie among
veecnt species.

Lycopodites Reidry Pevhallow.

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

! Eidston-(86%). 2 Goeppert (32) A.
¢ Kidston (01) p. 36. ¢ Kidston (84) PL. v; (01) p. 37.
# Bower (08) p. 298, fig. 147. 5 Solms-Laubach (91) A. p. 186.

* Poohullow (92) Fi. 1. fig, 2, p. 8.
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Reid from: the Qld Red Sandstone of Caithness, consisting of an
axi= bearing narrow lanceolate leaves some of which bear

sporangia at the base.

Lycopodites Gutlierd Goeppert®.

1894, 1.
The speeies, figured by Geinitz as Lycopodites Gutbierd,
probably o true re-

yeopedites elongutus Kidston® (not Goldenberg).

from the Coal-Measures of Saxony
presentative of the gemns. The Saxen specimens are hetero-
phyllous: the larger lanceolate and slightly faleate  leaves
arranged in two rows, are 4—35 min. long while the smaller
leaves are one half or one third this size: some of the
in Jong and narrow

dichotomously branched shoots termin

e

s Nelaginellites

strobili not unlike those of Zeiller's s
Suisse’,  Kidston” has included under this specific name sowme
fragwents collected by Hemingway from the Upper Coal-
Measures of Radstock, Somersetshive, but as only one for of

leaf is seen the reasons for adopting Goeppert's designation are

perhaps hardly adequate,

Lycopodites ciliatus Kidston",

Under this name Kidston describes a small specimen,
obtained by Hemingway from the Middle Coal-Measures aof
shire, consisting of a slender forked axis

Barnsley in Yor!
bearing oval-acuminate leaves approximately 5 wmm. long with
a finely ciliate margin. Associated with the leaves were found
spores which Kidston regards as megaspores,

Lycopodites macrophyllus Goldenberg?,

This species, originally described by Goldenberg from the
Coal-Measures of Saarbricken has been re-examined by Halled
who is unable to confirm Goldenberg’s statement as to hetero-

! Goeppert {52) p. 440. * Kidston (44) A. p. 254.
% Geinitz{55) A. p. 32, Pl 1. ig. L., + Page 88.
“ Kidston (01) p. 36, fig. 2, B. ¢ Ridston (01) p. 87, fig. 2, A.

7 Goldenberg (55) PL 1. fig. 5. ¢ Halle (07) Pt. 1. fig. 5.
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phylly.  The shoous closely resemble Selaginellites primaevus!
(Gold).

Lycopodites Zeilleri Halle®  Fig. 135, C.

Halle has founded this species on specimens, from the Coal-
Mensures of Zwickan in Sasony, characterised by dimorphic

P i

A

Selaginellites and Lycopodites.  {After Halle,)
ginellites primaceus (Gold.).  x 10,

Megaspore of Selaginellites elongatus (Gold.). x50,
C. Lycopodites Zeilleri Halle.  (Nat. size.
D, Selaginellites elongatus (Gold.).

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

I Page 89. ¢ Halle (07).
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Lycopodites lanceolatus (Brodie), Fig. 13¢.
1845 Netadita lanceolata, Brodie!,
Naladea acuminare, Buckman®,

1800 Naladea lenceolute, Buckman®,

Najadea petiolata, Duckman?,
1900 Nwsadites acuminatus, Wickes?,

1901 Naiadite laneeddata, Sollas

(Aigures showing habit of the

plant’.
1904 Lycopodites lancoolates, Seward? (Hgure showing habit of the
plant).

Fro, 186, Lycopodites lanceolatus (Brodie). (After Miss Sollas. = 40.)
«, Sporangium wall ; b, leaf.
¢, remsins of tubular elewents in stem.

! Brodie (45) p. 93 * Buckmen in Murchison (45) p. i
' Buckman (50) p. 415, fig. 2. ¢ Buckman (50) p. 415, fig. 4.
* Wickes (00) p. 422. ® Sollas {01).

7 Seward (04) p. 14, PL 1. figs. 2, 3.

EATH
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Specimens referred to this species were originally ‘recorded
by Brodie from Rhactic rocks in the Severn valley, the name
Nuiadito being chosen as the result of Lindley's comparison of
the sma)l and delicate leaves with those of recent species of the
Monocotvledonous family  Nafudnceas.  The specivs may be
deseribed as follows:

Plant slender and moss-like 1o habit.  The axis, which is
delicate and thread-like, bears numerous hnear acamipate oy
narrow ovate leaves reaching a length of approximately 5 mm.
Under a low magnifying power the thin lamina of the leaves
is scen to have a superficial layer of polygonal or rectangular
cells avpanged in paralle] series (fig. 136 2). There Is no trace of
midrib or stomata, The sporangia are more or less spherical
and short-stalked, situated at the base of the foliage leaves and
containing numerous tetrads of spares.  The spores have a
dlanieter of 003 mm,

Buckman founded additional species on differences in the
shape of the leaves but, as Miss NSollas has pointed out, such
differences as he noticed way be detected on the same axis.
Tt was stated in an earlier chapter! that Starkic Gardner, on
insufticient evidence, proposed to place Brodie’s plant among
the Mosses, The discovery by Mr Wickes of new material as
Pylle hill near Bristol afforded an opportunity for a re-examina-
tion of the species: this was successfully undertaken by Miss
Sollas who was able to dissolve out spores from the matrix by
dilute hydrochlorie acid, and to recognise the remains of internal
structure in the slender axes by exposing successive surfaces
with the aid of a hone. Iv was found that sporangia oceurred
at the base of some of the leaves containing numerous tetrads
of spores, the individual spores having a diameter of 0:08 mm.,
apparently twice as large as those of any recent species of
Lycopodivm.  Fig. 136 shows a sporangium, a, at the base of
a leat, b Indicatiung of tubular elements weve recognised in
the stem and it ix noteworthy that although the outlines of
cpidermal cells on the leaves are well preserved no stomata werc
found.  The leaves of the recent American species Lycopo-
dium alopecuroides Linn. var. aguadicum Spring? which lives

b Yol, 1. p. 240. ¢ Sollas (01} p. 311.
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under water, possess stomata. It is probable that in Lycopodites
lanceolatus the leaves had a very thin lamina and may have
been similar in structure to those of recent Mosses: the plant
possibly lived in very humid situations or grew submerged.
Miss Sollas’s investigations afford a satisfactory demonstration
of the lycopodiaceous nature of this small Rhactic species: as
T have elsewhere suggested!, the generie name Lycopodites shonld
e substituted for that of Nadudita. Examples of this species
may be seen in the British Museum.

The Rhaetic species from Seanin, Lycopodites scanicus Nuth*
(du lite), vecently re-deseribed by Haulle and ariginally referred
by Nathorst o Gleichenic affords another example of the
occurrence of a small herbaceous lyeopod of Rhaetie age.

The. 137, Lycopodite.
shire. (Nat.

faleatus L. and H.  From the Inferior Qolite of York-
ize. M.S.4

o Lycopodites fulcatus Lind, aud Hust. Tig. 137.

1831 Lycopodites foleatus, Lindley and Hutton®
1838 Muscites faflcatus, Sternberg?,
1870 Lycapodivm falewtum, Schimper:.

In 1822 Young and Bird" figured a specimen from the

T Seward (04) p. 14. ¢ Halle (07) p. 14, PL ur. figs. 6—12.
* Lipdley and Hutton (311 &. I'L rxi. + Sternberg (38) A. p. 38.
© Schimper (70) a. p. 9. ¢ Young and Bird (22) A, PL. 1. 6g. 7.

6
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mall

Inferior Oolite rocks of the Yorkshire coast bearing
round crowded leaves,” which was afterwards deseribed by
Lindley from additional material obtained  from  Cloughton
near Scarborough as Lycopodites fulcatus,  The example re-
presented in fig. 137 shows the dichotomously branched shoots
bearing two rows of broadly faleate le A carcful exaina-
tion of the type-specimen® revealed traces of what appeared to be
smaller Jeaves, but there is no satistactory proof of heterophylly.
No sporangia or spores have been found.  This British species
has been recorded from Lower Jurassic or Rhactic rocks of
Barnhalm® and a similar though probably not identical type,
Lycopodites Victoriae®, has been recognised in Jurassic strata
of Australin (South Gippsland, Victoria). An Indiav plant
deseribed by Oldham and Morris* from the Jurassic Hora of the
Rajmahal hills as druucorites (¢) gracilis and subsequently
transferred by Feistmantel to Schimper’s genus Cheirolepis®
may be identical with the Yorkshire species. The Jurassic
fragments described by Heer from Siberia as Lycopodites
tenerrimus® may be lycopodiaceous, but they are of no botanical

3¢

interest,

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

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

t No. 80314, Brit. Mus. 2 Moller (02 Pl v1. fig, 21,
* Seward (04%) p. 161, PL vun figs. 2—4. The drawing is reproduced
twice natural size.

+ Oldbuwm and Morris (63) Pls. xxsim. xxxv.

> Feistmantel (77) p. 7. ¢ Heer (76) PL xv. figs. 1—8,

7 Nathorst (90} &. PL 1. fig. 8. Suporta (84) Pls. xxri—xxvr. Koowlion
{9=) p. 186,

® Lesquercux {78) Pl v, fig. 12, See also Knowlton loc. cit.
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Selaginellites.

This generic name has been instituted by Zeiller! for
specimens from the coal basis of Blanzy (France). Tt applicd
Zeiller

o heterosporous species with the habit of Seluginella:
preferred the designation Selaginellites to Seluginella on the
ground that the type species differs from recent forms in having
more than four megaspores in cach megasporangiom. It is,
however, convenient to extend the term to all heterosporous

fossil species brrespective of the spore-output.

Selaginellites Suissei Zeiller.

This species was described in Zeiller's preliminary note® as
Lycopodites Suisser, but he afterwards transferred it to the genus
Selaginellites.  In habit the plant bears a close resemblance to
Lycopodites macrophylius of Goldenberg; the shoots, T—3 mu.
thick, are branched in a wore or less dichotomous fashion and
bear tetrastichous leaves. The larger leaves reach a length of
4—6 mnw. and a breadth of 2—3 wm ; the smaller leaves are
described as almost invisible, clo:
lanceolate and 1—2 mm. long with a breadth of 0'5—0-75 wm.
Long and narrow strobili (15 em. by 8—10 mm.) terminate the
fertile branches; these bear crowded sporophylls with a trian-
gular lamina and finely denticulate margin. Oval sporangia
were found on the lower sporophylls containing 16—24 spherical
megaspores 0°6—065 mm. in diameter. The outer membranc
of the spore is characterised by fine anastomosing ridges and
thin plates radiating from the apex and forming an equarorial
collarette.  The microspores have a diameter of 40—(0u and
the same type of outer membrane as in the megaspores. The

X species  Selaginella caulescens, as
nble those of the Palaeozoic

7,

1y applied to the axis, oval-

megaspores of the recent
figured by Bennie and Kidston?,
type in the presence of an equatorial flange. It is interesting
to find that, in spite of the occurrence of 16—24 megaspores
in a single sporangium the size of the fossil spores exceeds
that of the recent species.

! Zeiller {06) p. 141, Pls, xxxix. xir. = Zeiller (00) p. 1077.
* Bennie and Kidston (88) PL. v1. fig. 22.
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Nelaginellites primaevus (Gold.). 'Fig. 135. A, fig. 135,

prvmmeras, Goldenberg!.

1595 Lywepodit:
1870 I,_)/:'u///:-/
10T Nelayinellites primaerus, Halled,

e primaeca, Schim)
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Fre. 188, Selaninellites primaevus (Gold.). (After Goldenberg.)

In habic this species, first recorded by Goldenberg from the
Coul-Measures of Saarbriicken, is similar to S. Suisser Zeill.
# Schimper (70) A. PL rvm. fig. 2.

? Goidenberg (55) PL 1. fig. 8.
3 Halle (07).
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The drawing reproduced in fig. 135 is a copy of that of the type-
specinen : another specimen, named by Goldenberg, is fignred
hy Halle in his recently published paper. The leaves appear
to be distichous: no smaller leaves have been detected, though
Halle is inclined to regard the plant as heteropbyllous. The
sporophylls, borne in slender terminal strobili, are smaller than
the foliage leaves and spirally disposed  (fig. 188: smaller
specitnen). Halle sneeeeded in demonstrating that some of
the sporangia contained a single tetrad of spores, cach spore
having a diameter of 0-4—0
but it is elear that the species was heterosporons and that if,

mum.  Nomierospores were found,

agrees with recent species in having only four spores in the

megasporangium,

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

1805 Lycopodites clongatus, Goldenberg?.

1870 Lycopodinm clongatum, Schimpel

The shaots of this species resemble the recent Lycopodivm
complunatun: they differ from those of Seluginellites primaecvus
in their long and narrow branches which bear two forms of leaf.
The longer leaves, arranged in opposite pairs, are slightly faleate;
the smaller leaves are appressed to the axisand have a triangular
cordate lamina.  Another peculiarity of this species is the
acenrrence of sporangia in the axil of the foliage leaves, a feature
characteristic of the recent Lycopodium Selago. In recent
species of Selaginella the sporophylls are always in strobili.  No
microspores have been found nor the walls of megasporangia,
but tetrads of megaspores were isolated by Halle: the spores have
three radiating ridges (fig. 135, B) connected by an equatorial
ridg:e. Halle estimates the number of spores (045 mm. in
diameter) in a sporangium at 20 to 80. To size as in number
the spores exceed those of recent species and agree more nearly
with the megaspores of S. Suisser.

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

1 Goldenberg (36) Pl 1. fig. 2. 3 Bchimper (70) A. p. 10.
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dimensions those of recent forms and on the other hand were
smaller than those of the Palacozoie arborescent species.

Therve can be little doubt that some of the Mesozole and
Tertiary species included under Lycopodites agree more closely
with the recent genus Seluginella than with Lycopodium, but
gainst

this does not constitute an argnment of any importance :
the restricted use of the designation Selaginellites which we
have adopted. From a botanical point of view the various
vecords of Lycopodites and Selaginellites have but a minor im-
portanee: they are not suficiently numerous to throw any light

on questions of distribution in former periods, nor is the preser-

vition of the material such as to enable us to compare the fos:
with recent types either as regards their anatomy or, except in

a few cases, their sporangia and spores, The Palacozoic species

arc interesting as revealing less reduction in the number of spores
produced in the megusporangin. Among existing Pteridophytes
the genus Zsoetes agrees more closely than Selaginella. as regards
the number of megaspores in each sporangium, with such fossils
as Seluginellites Suissei and S. elongatus.

It would seem that in most Palneozoic species heterospory
had not reached the same stage of development as in the recent
genus Selaginello in which the megaspores da not exceed four
in cach sporangium.  In Selaginellites primaevus. however. the
heteraspory appears to be preeisely of the same e as in

uxisting species,

Lycostrobus.

The generic name Lycostrabus has recently been instituted
by Nathorst! for cortain specimens of a lycopodinceous strobilus,
frow the Rhaetic strata of Scania, which he formerly referred to
the genns Androstrobus®,

Lycostrobus Scotti Nathorst.  Tig 139,

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

* Nathorst (08). * Natworst (02 p. 5, Pl 1. fig. L.
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{ Palaeozoic Lepidostrobi, the cones of Lepidodendron. The
iwedish fossil from Upper Rhaetic strata of Helsingborg (Seaniu)
-as originally designated dndrostrobus Scottd, the genciic name
eing adopted in view of the close resemblance of the form of
he strobilus to the male tHower of a Cyead. A maore complete
xamination has shown that the bodies, which were thought to

F16. 159, Lycostrobus Scotti, Nath. (After Nathorst : { nat. size.)

» pollen-sacs—though Nathorst recognised certain differences
stween them and the pollen-sacs of lycopods—are the
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 sinall scales; the
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sporophyll region of the axis reached a length of at least 12 em.
The spirally disposed sporophylls terminate in a rhombic distal
end which anuy represent the original termination or rhey
wmay have been prolonged upwards as free laminae. Each
sporophyll bers onits upper face a single large sporanginm
containing cither megaspores or microspores: the megaspores.
55—0-G0 nim. in diamcter, are finely granulate and bear small
warty thorns or more slender pointed appendages.  The miero-
Javelle, were found to

spores, after treatment. with can de .
awre 36—44p while orhers which had been treated with
Nathorst deseribes the

ammeonia reached 54 in diameter,

ospores as oceurring in spherical groups or balls, which
it is snggested may be compared with the groups of spores
separated by strands of sterile tissue (trabeculae) in the large
sporangin of Tsoetes (cf. fig. 133, H). If this comparison is sound
it would point to a more complete septation of the sporangium
in Lycostrobus than in any recent species of Tsoetes.  The size
of the strobilus wonld seem 1o indicate the persistence into
e bur the
is inter-

the Rhaetic era of an arborescent lycopediaceous
appesrance and manner of preservation of the
preted by Nathorst as evidence of a herbaceous rather than

a woady structure,  He is disposed to regard [svetes as the

most nearly allied existing genus,

The comparison made by Nathorst with Zsoetes 1s based on
a resemblance between the spores of the two genera and on the
evidence, which is not decisive, of the existence of sterile
strands  of tissue in the sporangia of Lycostrobus. This
similarity is however hardly of sufficient importance to justify
the inclusion of the Rhaetic strobilus in the Isoetaceae. In
size and in the arrangement and form of the sporophylls the
cone presents a much closer resemblance to Lepidodendron than
to Isoetes. Tt is probably advisable to regard this Rhaetic
type sinply as a lycopodiaceous genus which we are unable,
without, additional information, to assign to a particular posision.

The opinion expressed by Professor Fliche! that the plant
described by Schimper and Mougeot as Caulopteris tessellata,
a supposed tree-fern stem, from Triassic rocks of Lorraine, is

1 Fliche (03).
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more probably a large lycopodinceous stem. either a Lepido-
dendron or a new genus, is worthy of note in reference to
Nathorst's account of Lycostrobus.

In habit the fossil strobilus may be compared with the
rriassic genus Pleuronieiu, but the position of the sporangin on
the sporophylls constitutes a well-marked  difference.  The
most hmportant result of Nathorst's skillful treatment of this
interesting fossil by chemical microscopic methods is the
demonstration of the existence of a large heterosporous typeof
Iyeopodiaceous cone in a Rhactic flora.

Poecilitostachys.

Under this generic name M. Fhiched has briefly deseribed a
fertile lycopodiaceous shoot from the Triassic rocks of Epinal in
Fravce : the type species Poecilitostachys Hungi consists of a
eylindrical axis, 10 cm. x 5 mm., deprived of leaves and termi-
naving in a rounded receptacle bearing a capitulum of bracts or
fertile leaves. Detached megasporangia containing small globular
woeiation with the capitulum are compared

bodies found in
with the megasporangia of fsvetes.

! Fliche (94}



CHAPTER XV,
Arborescent Lycopodiales.

Axoxa the best known plants in the Palacozoie floras are
the genera Lepidodendron and Sigillaria, types which are often
spoken of as Giant Club-Mosses or as ancestors of existing
species of Lycopodiune and Selaginelle.  Of these genera, but
move  partienlarly  of - Lepidodendron, we possess abundant
reeords in a condition which have made it possible to vbtain
fairly complete information not only in regard to habit and
external features but as to the anatomical characters of both
vegetative and reproductive shoots, The strueture of Lepidaden-
dron differs too widely from that of recent Club-Mosses (species
of Lycopodium) to justify the statement that this prominent
member of the Palacozoic vegetation may be regarded as a direct
ancestor of any living plant.  There is at least no donbt that
Lepidodendron and Sigillaria must be included in the Pterido-
phyta. The description by Dr Scott? of the genus Lepidocarpon,
founded on petrified specimens of strobili, demonstrated the
existence of a type of lycapodiaceous plant in the Carboniferous
period  distinguished from all living representatives of the
group by the po: on of integumented megaspores, which, may
fairly be styled sceds. Lepidocarpon and another seed-bearing
plant Miadesmia are described under a separate heading as
lyeopodiaceous types charactertsed by an important morpho-
logical feature, which among recent plants constitutes a
differentiating character between the Pteridophytes and the
Phuanerogams.

! Scott (01).



CH. x¥] LEPIDODENDRON 93 e

Lepidodendron.

1. General,

The genus  Lepidodendron  included  species  comparable
in size with existing forest trees. A tapered trunk rose vertically
to a height of 100 feet or upwards from a dichotomously
branched subterranean axis of which the spreading branches,
clothed with numerous rootlets, grew in a horizontal direction
1)1‘0b;1b]y in a swampy soil or possibly under water. A
description by Mr Rodway! of Lycopods on the border of a
savannah in Guiana forming a wminiature forest of Pine-like
Lycopodiums might, with the omission of the qualifying
adjective, be applied with egual force to a grove of Lepidodendra,
The equal dichotomy of many of the branches gave to the tree a
habit in striking contrast to that of our modern forest trees, but,
on the other hand, in close agreement with that of such recent
species of Lycopodium as L. cernuum (fig. 123), L. obscurum
(fig. 124) and other types. Linear or oval cones terminated
some of the more slender branches (fig. 188) agreeing in size and
form with the cones of the Spruce Fir and other conifers or with
the male flowers of species of Araucaria, ey A. wnbricuta.
Needle-like leaves, varying considerably in length in different
species, covered the surface of young shoots in crowded spirals
and their decurrent bases or leaf-cushions formed an encasing
cylinder continuous with the outer cortex. The fact that leaves
arc usually found aftached only to branches of comparatively
small diameter would seem to show that Lepidodendron, though
an evergreen, did not retain its foliage even for so long a periad
as do some recent conifers,

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

! Rodway (97) A. p. 153,
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prominent peg-like projections, which. at first cantiguous and
regular in contour, afterwards become less regularand separated
by grooves (fig. 140) and at a later stage lose their outline as the
bark is stretehed to the tearing point (fig. 140,C).  The leafless
branches of Lepidodendron were covered with spirally disposed
oval enshions less peg-like and larger than the decurrent leaf-
of Picea, which show in the upper third of their length a
clean-cut triangular area and swell out below into two prominent
checks separated by a edian groove and tapering with
decreasing thickness to a pointed base, which in some forms
(eg. Lepidodendrvon Veltheimianum, fig. 185, C, D). is prolonged
as o corved nidge to the summit of a Jower leaf-cushinu.

has

A B C

Fie. 190, Picea cxcelsa. Shoots of different ages showing changes in the appear-
ance of the leaf-cashions: a leaf attached to & cushion in fig. A.
(Slightly enlarged.)

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

terised by spiral or vertical series of scars; these in older shoots

were replaced by depressions having a diameter of several inches
and comparable in appearance, as also perhaps in manner of
formation, with the scars left on the stem of o Kauri Pine
(dgathis australis)* on the abscission of lateral branches by a
natural process. These shoots, known as  Ulodendron, arc
deseribed In o subsequent section.  (Page 128)

A fully-grown Lepidodendron must have been an impressive
tree, probably of sombre colour, relieved by the encireling felt of
green needles on the young pendulous twigs. The leaves of
some species were similar to those of a fir while in others they
resembled the filiform needles of the Himalayan Pine (Piras
langifolia). The occasional presence of delicate hyphae in the
vissues of Lepidodendron demonstrates suseeptibility to fungal

pests.

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

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

In order to appreciate the meaning of eertain external

1 A good example of an 0ld Lepidodendroun stem (L. aculvatum) g figured by

Znlessky (04) PL 1. fig. 3.
¢ Sewnrd and Ford (06) Pl xxuw fig. C.
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featnres characteristic of Lepidodendron stems it is essential to
have some knowledge of the internal structure.

A dual system of terminology has been unavoidably adopted
for species of Lepidodendron: the majority of specific names have
bieen assigned to fossils known only in the form of casts or im-

pressions, while petrified fragments, which unfortunately seldom
show 1he surfuee-features, have received another set of names.
A glance at the older palacobotanical literature reveals the
existenee of several generie designations, which fuller information
has shown tu have heen applied to lepidedendroid  shoots
deprived of some of their superficial tissnes before fossilisation
and differing considerably in appearance from the more complete
branches of the same s
possible to correlate the two sets of specimens, c or im-
JI% nents,
We may reasonably expect that future discoveries will enable
+together as definite specific types specimens at.

e It has in some instances been

ssions, showing external features, and petrified fr

us Lo pic
present labelled with different names.
A well-preserved leaf-cushion of a Lepidodendron—the most

obvious distinguishing feature of the genus—is rhomboidal or
fusiforn and vertically elongated (fig. 146, C, E; fig. 185, C. D):
in exceptional enses it may reach a length of 8 cm. and a breadth
of 2 em. The enshionas a whole represents a prominent. portion
of the stem or branch comparable with the elevation on the twig
of o Spruee Firand the leaf-base of a Lyeopodium (of. fig. 121, A
lower portion) which appears in a transverse seetion of a branch
as a rounded prominence (cf. Lycopodium, fig. 125, A and H),
Disregarding  differences in denail, a typical Lepidodendron
leaf-cushion is  characterised by a clearly defined  smooth
arca often situated in the middle region (fig. 146, C, &)
This 1s the leaf-scar or place of attachment of the base of
the Jeaf which was cut off’ by an abseiss-layer while the branch |

was comparatively young, as in recent forest trees and in some
specivs of Ferns.  Ou the leaf-scar are three smaller scars or
cicatricules, the central one is cirenlar or more or less wriangular
in ontline, the two lateral scars being usually oval or circular.
The central pit marks the position of the single vascular bundle

1 See ischer (04).
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which constituted the conducting tissue counecting the leaf
with the wmin vascular system of the stem.  The two lateral
sears (figs. 143, A, p; 146, C.s; 147, p)represent vhe exposed ends
of two strands of tissue, the forked branches of a strand which
from the middle cortex of the stem into the lea

tthis 1s
known as the parichnos, a name proposed by Professor Bertrand
in 1891

The slu-ci.uwn shown in fig. 141 shows the lincar leaves
attached to their respective cushions,

pas

Fre. 141, Lepidodendron Sterubergii.  From o specimen in the Britjsh
Museam (No. v. 1233) from the Coal-Mensures of Shropshire.

(Nat. size.)
The lamina has a well-defined mwedian keel on the lower
surface and on either side a groove in which sections of petrificd
leaves have demonstrated the oceurrence of stomata (cf. fig. 142).

i, Leaves and Leaf-cushions.

All Lepidodendron leaves, so far as we know, possessed o
single median vein only. In some species, as for example jn
Lepidodend rou longifolinn, Brongn,, they have the form of long

T Bertrand, C. E. (91) p. 84 : derived from wapd, by the side of, and ryves, trace
or foot-print.

811 7
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and slender acicular needles very similar to those of Pinus
longifolivm: in L. Sternbergii (fig. 141) they are much broader
and shorter.  In external form as in internal structure it 1s often
unpassible o distinguish between the leaves of Lepidodendron
and Nigilluria.  The distinguishing features enumerated by the
late M. Renanlt cannot be employed, with any great degree of
cunfidence, as diagnostic characters.  In transverse section the
lamina of a Lepidodendron leaf presents the same appear
har o the Sigillarian Teaves represented in fig. 142 Near the

Nee ds

A, Section in the Manchester University Museum (Q. 631).
B, €. Sections in Dr Kidston's Collection.

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

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

broad sheath of wider and shorter

Fio. 143. A, Stomata in surfac pidodendron?). a, parenchyma ;
¢, transfusion tracheae; r, xylem. (Manchester University
Collection R. 723).
B. C. Lepidodendron esnostense Ren,  (After lienault.}

ducting strand (figs. 142,¢; 143, B, (', ¢). As Renanltshowsin the
case of Lepidodendron esnostense’, the small leaves of which are
1'5—2 mm. broad at the base and several centimetres long, the
stomatal grooves and keel die out towards the apex when the
lamina assumes a more nearly civcular forin (fig. 143, Cy.

The area, of the cushion excluding vhe leaf-scar is spoken of
by some writers as the feld. Below the leaf-scar the kite-
shaped cushion tapers to a gradually narrowing busal position:
w Lepidodendron Velthetmianum, o species characteristic of

! Repault (96) A. Pls. xxxru. xxxav. p. 178. For s good section of apother
Lepidedendron leaf, see Bcott (08) p. 160, figs. &4, 63,




100 LY COPODIALES [cn.

Lenver Carboniferous strata, it is scen to be continuous, as a
ridge with sloping sides, with a lower cushion (g, 183).

“scar the cushion frequently shows a pair of oval
served

Below a le
arcas on which a fine pitting may be detected in well-pre
imnpressions, these oval scars, as seen in fig. 185, D, are practically

contimons ab the upper end with the parichnos scars on the

lead=scar aren: this is explained by the fact that these infra-foliar

sears also owe their existence to patehes of lacunar, acrenchy-
matons tissie in close connexion with the parichnos®.

Shortly betore entering the base o the Jeaf-lamina the
parichnos divides into two arms which diverge in the onter
cortical region right and Jeft of the vascular bundle, and passing
obliguely upwards they come close to the surface of the leaf-
enshion jnst below the leaf-sear. The diagram—fig. 144, B—
scen jin a diagrammatic

shows a leaf-trace,/t,in the leal-cushion,:
drawing of a vertical radia) section of a stem, the dorted lines,
po poshow the two parichnos arms which are represented as
mpinging on the surface of the leaf-cushion at p', and then
bending upwards to pass into the leaf-base right and left of the
vasenlar bundle or leaf-trace.  TFor convenience the anus of the
parichnos are represented in one plane though actually in

different vertical planes

Fig. 144, A, shows the difference between a view of the
original surface of a Lepidodendron, asat o, where a leaf-cushion
with a leaf-scar is seen, and a view of an impression representing
the onter cortex, b, a short distance below the surface. The
surface b, in fig. 144, A, corresponds to the face d—e in the dia-
grammatic Jungitudinal section fig. 144, B: the ontline of each
ible and in the centre is seen the leat-trace,

cushion 1s clearly
Nt wath its parichnos.

The surface-features, a (fig. 144, A), bave been impressed on
the rock, ¢, (fig. 144, B) in which the specimen was entorybed
and by the removal of the cast of the stem, that is the thickness b
to ¢ in fig. 144, B, the form of the leaf-cushion isrevealed. The
presence of the two infra-foliar parichnos scars at p’ (fig. 44, A)
is explained by the diagrawm, fig. 144, B, p'.

The relation of the parichoos to the oval scars below a

' Weisw, F. K. (07).
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Lupirludem]ron leaf-cushion has been worked out in detail by
Weiss who shows that, at least i soine species, the two arms
do not bend downwards : -am, fig. 144, B,
but pursue a straight gradually ending course as seen in
fig. 143, A, Just below the leaf-sear region of the cushion cach

shown in the dia

arm comes into association with a group of lacunar, acrenchy-
matons tissue, such as oceurs in the roots of certain Mangroove

Fw. 14l Lepidodendron Veltheimianum Sternb,
A, Leaf-cushion and leaf-scar seen in surface-view at @ ; on the rest
of the specimen a slightly lower surface is exposed. (After
Stur.)
B. Diagrammatic longitudinal section to explain the differences
between its two surfaces « and » shown in fig. A,

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

It. leaf-trace ; 1, 7/, parichnos.

plants, and it is this aerenchyma which is exposed on the two
aval depressions below the leaf-sear. The structure of this
aerenchyma is shown in fig. 145, B it consists in this species
(L. Hickii Wats.) of stellate cells which wounld constitute an
cfficient aerating system. Probably, as Weiss suggests, these
patches of acrenchyma were originally covered by an epiderinis
provided with stomata, and it is owing to the destruction of this
superticial layer that the two oval scars often form a prominent
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feature on Lepidodendron leaf-bases!.  The diagram reproduced
in fig. 144, B, may be taken as practically correct, as the patches
ribed by Weiss do not differ essentially from

of werenchyma de.
the parichnos tissue,

The parichnos sears are shown on the leaf-scar and cushion
in fig. 146, ¢, In the lower leaf-cushion shown in fig. 146, E,
wrly seen, but the

the infra-fuliar parichnos sears, p, are
scar is not sufficiently good to show them

preservation of the leaf

Fis. 145, A, Inagrammatic surface-view and longitndinal section of a
Lepidodendron leaf-cushion.
B. Acrenchyma below the leaf-scar. (After F. E. Weiss.)
on that part of the fossil.  In the upper cushion (fig. 146, £) the
position of the parichnos arms is shown on the leaf-scar, but the
infra-foliar parichnos scars are hidden by two small spiral
shells.  The genus Spirorbis, to which these shells are referred,
appears to have persisted from the Silurian epoch to the present
day. The comparatively frequent oceurrence of Spirorbis shells
on the leaves and other parts of Palaeozoic plapts, bas recently

' For a fuller account of the parichnos, see Hill, T. G. (06) and other papera
\uoted by F. E, Weiss (07,
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been dealt with in a paper by Barrais' who discusses in detal
the habitats of these small animals from the point 1# view of the
conditions under which the plants were preserved. Ina note by
Malaquin appended to Barrois” paper the Delief is expressed
that Spirorbis lived on pieces of Palacozole plants which lay
under water.

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

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

Insome Lepidodendron stems a second triangular depre:
way veeur above the ligular pit, the meaning of which is not
clear: this has been called the triangulum by Potonié®.  Stur?
suggested that it may represent the position occupied by a
sporangium in Lepidodendron cones.

1t is important to remember that as a branch increases in
girth the leaf-cushions are capable of only a certain amount of
growth: when the limit is reached they are stretched farther
apart and thus the narrow groove which separates them is con-
verted in older stems into a comparatively broad avd flat
channel, thus altering the surface characters.

s5i01

! Barrois (04). See also Etheridge (80): Geikie (03) p. 1049.
¢ Biuney (48). 4 Darwin (03) vol. n. pp. 217, 220,
4 Solma-Laubach (92) PL. 1. figs. 2, 4. * Williamson (98) p. 10

¥ Potonié {05) Lief, iii., p. 41. 7 Star (75) A. Heft 11, p. 277.
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Lepidophloios nnd Lepidodendron leaf-cushion:
VB.D.F, G, H, L Lepidophloios. (Fig. & should be reversed.)

. Lepidodendron aculeatum.

B. ¥rom a specimen in the Sedgwick Museum, Cambridge (leaf-
cushion 3 em. broad).

. TFrom o specimen in the Sedgwick Museum, Cambridge (leaf-
cushion 4 cm. long.

. From a section jn the Cambridge Botany School Collection.
From n specimen in the Bunbury Collection, Cambridge Botany
Sehool. showing Spirerbis shells (leaf-cushion 2 em. long).

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

G. H, 1. From sections in the Cambridge Botany School Collection,

s



xv] LEPIDOPHLOIOS 105 *

Another feature worthy of notice in reference to the lenf-
cushions of Lepidodendron is the veeurrence in rare instances of
alternate zones of larger and smaller cushions.  This variation
in the s

- of the leaf-cushions is by no means uncommon in the
closely allied germs Sigillarin; in Lepidodendron it has been
described by Potonié? in L. volkmanmianum and more recently
by Mr Leslie and myself* in a South African species L.
vereenigense.

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

The appearance presented hy a Lepidodendron stem which
bas heen deprived of its superficial tissues may be dealt with

S10n1S.

more intelligibly after we have become familiar with the ana-
tomical characters.

i, Lepidophloios.

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

The generic name Lepidophloios was first used by Sternberg®
for a Carboniferous species which he had previously described
as Lepidodendron laricinum. In 1845 Corda® institnted the
name Lomatophloios for specimens possessing the same external

! Potonié (05) fig. 4. 2 Seward and Leslie (04) Pl. x. figs. 1 and 2.
" Sternberg (26) A. PL x1. fige. 2—4; (02) p. 23.
* Corda (45) A, Pls. 1.—nv.
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characters as those for which Sternberg had chosen the name
Lepidophluios.  The leaf-cushions of Lepidophloios differ from
those of the true Lepidodendron in their relatively greater lateral
extension (cf. fig. 146, A and C),in their imbricate arrungement
and in bearing the leaf, or leaf-scar, at the summit. In some
species referred v Lepidophloios the cushions are however
vertically elongated and in this respect similar to those of
Lepidodendron: an example of this type is afforded by Lepido-
phloios Dessorti o French species described by Zeiiler'.  In
vounger branches the cushions may be diy
the leaf-sear at the top: but in the majority of specimens
the eushions are deflexed n figs. 146, D; 160, A.  The shoot
of Lycopadium dichotomum shown in fig. 121, B, with the leaves
in the reversed position bears a close resemblance to a branch

ed upwards having

of Lepidophlotos.

The photograph of Lepidophloios scoticus Kidst.? reproduced
in fig. 160, A, illustrates the dichotomous branching of the
stem and the form of the cushions with the leaf-sears pointing
In the fertile branch of the same <pec
fig. 160, B, the leaf-scars face npwards.

cs shown in

downs are

In most species the cushions are stmply convex without a
mean keel, but in seme cases a median nidge divides the
cushion into two checks as in the genus Lepidudendron.  The
leaf-sear hears three small sears, the larger median scar marking
the position of the leaf-trace, while the lateral sears are formed
by the two arms of the parichnos: in some exawples of deflexed

enshions, though not in all, a ligular pit occurs on the cushion a
short distance above the leaf-scar.

The drawing reproduced in fig. 146, A, showing the leaf-sear
on the upper edge of the cushion should have been reversed
with the leal-scars pointing dawnwards,  This figure represents
part of the surface of a specimen consisting of the outer cortex
of a stem with leaf-cushions 3 em. broad. The thickness of
this specimen is 4 ¢, a section through the line ab is repre-
sented in fig. 146, D (reproduced in the correct position, with
the leaf-scars, s¢, pointing downwards): internal to the cushions
is a band of secondary cortex (the shaded strip on the outer

! Zeiller (92) A. 2 Kidston (93) p. 561, Pls. v. and 1.
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edge of the section) which was formed un the outside of the
phellogen.  The phellogen is a cylinder of actively dividing
cells in the outer part of the cortex of the m. often
spoken of as the cork-cambium or cortical weristem. which
produces a considerable amount of secondary cortical tissue on
s inner face and a wmuch smaller amount towards the stem
surface. This delicate cylinder frequently forms a natural line
of separation between the outer shell of bark and the rest of
the stemn.  In the specimen before us, the thin-walled cells of
the phellogen were ruptured before petrification and the onter
shell of bark was thus separated as a hollow cylinder from the

rest. of the stem: this eylinder was then flatstencd, the two inner
surfaces coming into contact.  Fig. 146, D, represents o section
of one half of the thickness of the futtened shell.

This separation of the outer cortex, and its pre

'lp,nt from the rest of the stem, is of frequent uceurr
sil lycopodinceous stems.  The flattened onter cortic
of a Lepidophloivs, specifically identical with that shown in
fig. 146, A and D, was ¢ sly deseribed by Dr C.E. Wows
in 1881 as a large lepidodendroid conel.

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

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

composed.

In the longitudinal section diagrammatically reproduced in
fig. 146, D, cut along the line «b of fig. 146, A, the parenchymatous
tissue of the stout cushions has been partially destroved, ns it
@; at s is seen the section of a Stigmarian rootlet which has

! Seward (90).
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found its way into the interior of a cushion.  Each leaf-trace is
accompanicd by a parichnos strand as in the true Lepidodendron;
ar the base of the leaf-cushion the parichnos branches inta
two arms which diverge slightly right and left of the leal-trace,
finally entering the base of the leaf lamina as two lateral strands
(fig. 147, p3, At one point in fig, 146, 1) the seetion has shaved a
lesf=traee vepresented by a black pateh resting on the parichnos

Fro M7, Lepidopidoivs Teal-cushion iu tangential section.  (From a section in
the Williamson Collection, British Museumn, No. 1873.)

Just above the line ef, but it passes through one of the parichnos
amus p’ which debouches on o the leaf-sear sc at p. Had®
the scetion been cut along the line ed of fig. 146, A the leaf-
trace would have been seen in a position similar to that oecupied
by the parichuos p”in fig. 146, D.

Fig. 147, A, affords a good example of a tungential section
thraugh a Lepidophloios leaf-cushion, 1 e broad, Jike that repre-
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sented I fig. 1446, A, showing the vascular bundle it the
two parichuos strands, p, composed of large thim-walled eells
(cf. Zsoetes, fig. 133, H, Ih, and the lignlar pit near the upper
edge of the section enclosing the shruoken renains of the ligule
ifig. 147, B, 0).

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

Fig. 146, T, represents o scetion similar to that shown in
figs. 147, A and B, but in this case the leaf-trace, i, and the
parichnos strands, p, lic in a cavity formed by the destruction

of some of the leaf-cushion tissue. It is worthy of notice that
the parichnos cells have resisted de dly than
the adjacent tissue of the cushion,

The diagrammatic sketches reproduced in fig. 146, H and L,

Cnore sucee

were made from a transverse section similar to one originally
figured by Williamson': fig. 146, H, corresponding in position to
the line gl in fig. 146, A, passes through the higular pit, [, and
across the parichnos in the act of branching; the leaf-trace
passes outwards beyond the Y-shaped parichnos strand.  In the
other scction, fig. 146, I, the parichnos is shewn in a horizontal
plane and the leaf-trace, i, appe
section. In both sections and in fig. 146, G the shaded band at
the base represcnts the secondary cortical tissue external to the

in obligue transverse

phellogen.

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

iv. The dnatowy of Lepidodendron vasculare Binnegy®.
Figs. 148—155, 168, A.

In the earlier literature dealing with the anatomy of Lepido-
dendron and Sigcllarie the presence or absence of secondary
vascular tissue was made the criterion of generic distinetion and
the disbinguishing feature between the classes Pteridophytes and

Y Wallismson (93) PL v, figs. 30—32. * Binney (62).
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Gymnaspenins, Lepidodendron being relegated to the former clags
becanse it was supposed to have no power of forming secondary
wood, while Sigillaria, characterised by a considerable develop-
ment of such tissue, was classed by Brongniar and afterwards
a Gymnospernt, Binney! in 1865 recognised that

by Renault a
the two types of stem pass inte one another, but it was
who provided complete demonstration of the fallacy

Willimison®
of the Brongniartian view,

These two undoubted Preridophytes agree very closely in
anatomical structure and both are now recognised as arborescent
genera of Lycopodiaceons plants. In a paper published by
a speeimen is deseribed from the

Lomax and Weiss in 190
Coal-Measures of Hudderstield, in which a decorticated stem
with the anatomical characters of Binney's Nigilari vascularis
gives off i branch having the anatomical structure which iv has
been customary to associate with the species Lepidudendron
selaginoides, so-called by Sternberg and founded by him on

impressions showing well-preserved external characters,

In 1862 Binney* deseribed petritied specimens of vegetative
shaots from the Lower Coal-Measures of Lancashire under the
names  Sigillaria  vaseularis auld  Lepidodendron  vaseulure.
These were afterwards recognised as different states of the
same species, A few years after the publication of Binney's
paper Carruthers® identified Binney's species  Lepidodendron
vasculare with Sternberg's L. seluginvides. The evidence on
which this identifiecntion rests has not been stated. but many
writers have retained this specific designation for the well-detined
type of anatomical structure firss deseribed by Binney as
L. vasculare.  The use of the specific name selaginoides is, how-
ever, open to objection.  The species Lepidodendron seluginoides,
as pointed out by Kidston®, is probably identical with the plant
which Brongniart had named L. Sterubergii before the institution
of Sternberg’s species, and we are not in possession of convincing
evidence as to the connection of L. Sternbergid (= L. selogi-
ssing the anatomy of Binney’s type.

noides) with specimens pos:

! Binney (65); see also Binney (72). * Willixmson (72).
# Weiss, F. E. and Lomax (03). ¥ Bloney (62).
# Carruthers (69) p. 179, ¢ Kidstorn (86} A. p. 151.
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Binney's designation is therefore retained for the anatomicnl type
deseribed in the following pages'.

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

Fia. 145, Lepidodendron vasculare Binuey.
A.  Transverse section. {Based on a section 23 ¢ in diameter, in
the Cambridge Botany School Collection.)
B. Longitudinal section. (Drasn from a section in Dr Kidston's
Collection.)

The small shoot, represented somewhat diagrummatically
in fig. 148, 3, illustrates the apatomical features of a typical
example of the species: the shoot has a diameter of 25 cm. and
-its central cylinder (z—sc) is 25 mm. in width,

) Seward (06) p. 372. 2 Hovelacque (92).
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Noticeable features arve (1) the small size of the central
evlinder (or stele) in proportion to the diameter of the branch,
(i) the produetion at a comparatively early stage of growth of a
which pradually assumes the form
of a complete evlinder of unequal breadth, surrounding  the
primary sylem, @, (i1) the formation of a secondary cortical
tissiee by ameristematic exlinder (phellogen, pl) situated close

zone of sceondary wood,

to the leaf-cushion region of the outer cortex. On the outer
cige the stele consists of narrow tracheae some of which show in
longitndinal seetion the spiral form of thickening characteristic
of wost protoxylem elements: towards the centre of the stele the

Fra, 144, Lepidodendron vasculare, a, immatuave tracheme; mi, meristem;

mr, medull; z, xylem.

A, Longitudinal section through the edge of the secondary wood.

L. Short tracheae in the centre of the stele. (From n specimen
from the Haulifax Hard bed in Dy Kidstou's Collection.)

diameter of the tracheae gradually inereases and parenchymatous
cells become assoeiated with the elongated sealariform elements.
In the central region the stele is composed of parenchymatous
tissue arranged in vertical series of short cells, interspersed with
short tracheac distinguished by the greater thicknessof theirwalls
and by their scalariform and reticulate thickening bands. Sowe
of these short tracheae are shown in vertical section in fig. 149, B:
the fine and broken lines connecting adjacent thickening bands

probably represent the remains of the original wall. These
delicate bands, which huve been figured in various species
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of lepidodendroid plants', are worthy of notice in connexion
with the recent work of Mr Gwynne-Vaughan® who has shown
that in many recent ferns the sealariform bands in the xylem
elements are not conneeted by a thin pit-closing membrane, bt
are separated from ope avother by open spaces. In the Lepido-
dendron tracheae we seem to have a stage in which the inter-
vening membrane is in process of absorption,  Iv is, however,
possible that the threads may be the resnlt of contricetion and
splitting of the membrane during dryving or decay.

The stele of Lepidodendron raserdure, before the addition of
any secondary xylew, may be deseribed as a protosiele, a term
originally proposed by Professor Jefirey®, inwhich the central part
of the conduering strand of xylem clements has been converted
into rows of parenchyma and short tracheids, the latter being
better adapted to storage than to conduction. It is prabable

that this type of stelar anatomy, which distinguishes L. vasculare
from other species, represents i comparatively primitive arrange-
ment forming a transition between the stele of L. esnostense,
which consists of a solid rod of tracheids, and the stele of
L. Harcourti (8g. 179, A) and other species in which the xylem
forms a cylinder enclosing a large parenchymatouns pith,
Parenchymatous cells oceur in contact with the outer edge
of the xylem-cylinder some of which are distinguished by an
wregulay reticulate pitting.  The tangential scetion repre-
sented in g 148, B, illustrates the appearance of a shoot of

L. vusculare in which no secondary xylem is present: the centra)
strand of tissue consists of the parenchyma abutting on the
xylem with several Jeai-traces (Ut) passing upwards in an almost
vertical course from the outer edge of the stele.

The secondary xylem (fig. 148, A, &%) consists of radially
arranged scalariform tracheae with associated rows of paren-
chymatous cells which form medullary rays (fig. 140, mr).
Leaf-traces pass through the mululhr\ rays in the secondary

xylem eylinder in a direction at right angles to the primary xylem
stele from which they are given off, but at the outer edge of the
! Solms-Laubach (92) Pl m. fig. 6; Seward and Hill (00) Pl. rv. fig. 6.

910 of the latter paper for other references.
wynne-Vanghan (08). @ deffrey (98).  See also Tansley (08) p. 37.

See

500 8
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sceondary xylem they bend suddenly upwards and for a time
follow a steep and almost vertieal course.

In well-preserved  longitudinal  seetions  the  outermost
secondary xvlem tracheae are seen 1o be succeeded by a few
murow and vertieally elongated clements (fig. 149, A, o).
which represent young unlignified tracheae: these are followel

ste-

by shorter parenchymatous cells (n0) forming part of a mers
watic zone from which the seeondary xvlem receives additions.

Retirning to fign 148, &1 the zone of secondary wood,
composed of seadarifor tracheids and wedullary rays, is suc-
ceeded by afew layers of parenchymatous cells and beyond this
is a broader zone, se, to which the term sceretory zone has
heen applied!; this is made up of small parenchymatous cells

varying in size and of larger spaces which appear to have been
formed by the disorganisation of thin-walled elements.  The
whale zone presents a characteristic appearance due to the
ind a certain amount

tion of small cells, large ¢
of dark-coloured niaterial suggestive of tissue disorganisation
and scereted products.  The anatomical characters of the
secretory zone are shown in the photograph, fig. 168, A, sc.
Several leaf-traces are seen in transverse seetion in the seeretory
zone (black dots in fig. 148, A, sc: fig. 154, C, {t): each trace
consists of a strand of narrow tracheae accompanied by a few
As a trace

" space

encireling layers of small parenchymatous cells
continnes its steeply ascending course through the secretory zone,
it hecomes associated with a strand of that tissue and assumes the
form of a collateral vascular bundle, the outer part of which does
not consist of typical phloem but of shorter clements derived
from the seerctory zone.  Beyond the secretury zone we find a
wore hotnogeneous tissue compused of parenchymatous elements
slightly extended tangentially (figs. 148, A, ¢'; fig. 168, 4, ¢):
this is spoken of as the inner cortical region. In the great,
majority of sections of L. vasculare as of other species of the
genus, the broader middle cortex (fig. 148, ¢*) is vccupied by
mineral matter, introduced subsequent to decay of the tissue;
or it is represented by patches of delicate tissue composed of
lovsely arranged parenchymatous cells varving considerably in
! Seward (99) p. 144,
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siz and shape, some being small, oval or polygonal clements
while others have the form of sinuous hypha-like tubes.

In this middle cortical region may be seen leaf-traces passing
outwards 1n an almost horizontal course (fig. 148, A, It): after
leaving the inner cortex the leaf-traces bend somewhat abrpily
Is to follow a more direct path throngh the middle and
cortex.  The ring of tissue, s, seen in the middle cortex
of fig. 148, A, belongs to a Stigmarian reotlet,

The outer cortex (Hg. 148, A and B, ¢®) consists of homo-
geneous parenchyma which s stronger and more resistant o

outwi

ont

decay than the looser middle cortex.  The leaf-trices, as shown
in fig. 148, B, pass through this region in a rather steeply
aseending direetion: cach is seen to be enclosed by a space
iginally occupied by a strand of middle cortical tissue which
accompanies Jepidodendroid leaf-traces on their under side and
has already been deseribed as the parichnos, (pp. 97, 100—103
figs. 146G, 147).

The surface of the stem shown in se

or

stion in fig, 148, A, is
composed of broad leaf-cushions. A single lo;
purichnos passes into cach cushion, but in the neighbourhood
of the base of a cushion the parichnos bifurcatves (cf. fig. 146,
H, I} and the arms diverge slightly to the right and left finally
passing bevond the cushion into the lamina of the leaf, their
position being shown, as already explained, by the two small

af-trace with it

lateral scars on the leaf-scar arca,

The dingrammatic sketeh of a radial longitudinal section
through a leaf-cushion represented in fig. 150 illustrates the
relation of the leaf-trace to the Jeat-cushion. The trace consists
of xylem, a, above and a strand of the sccretory zone, st, below;
the parichnos tissue was originally present on the under side of
the leaf-trace at «.  The external surface, be, marks the Jinit
of the leaf-scar through the middle of which passes the vascular
strand 2, )

The lower gap ¢ has been formed by the tearing of thin-
walled cells of the phellogen, the meristematic tissuc from
which a considerable amount of secondary cortical tissue or
phelloderm has been produced at pd. On the outside of the
cushion, ¢, the cells are somewhat erushed and distinguished

A2
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by their darker colour from the bulk of the parenchymatous
tissue d.

This section also illustrates another characteristic fearure of
Lepidudendron, namely the presence of a ligule and a ligular
ented by a earhonised pateh of tissue and

pit: the former isrepres
the Jatter extends from the surface of the eushion at b, just
above the leafsear, almost o the level of the leaf-trace, (6 A
comparison of this scetion with figs. 146 and 147 will make

clear the relation of the several parts of the cushion and leaf-scar.

The gaps gg. seen in figs 145, A and B, mark the position of

Fra, 150, Lepidodendron vasewlare.  Leaf-cushions in longitudinal section,
(From u specimen in Dy Kidston's Collection.)

the delicate meristematie zone or phellogen which arises close
to the bases of the leaf-cushions: the phellogen hag already pro-
duced a few rows of radially disposed elements, represented by
<hart yadial lines in the drawing, which constitute secondary
cortical tissue,

In older shoots the amount of the secondary cortical
tissue developed on the inner side of the phellogen is consider-
able (ef. figs. 152, 153).

“
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The structure of the cortex of a shoot in which secondary
growth, both in the stele and in the outer cortex, has pro-
gressed further than in the specimen shown in fig. 148 ix
represented in fig. 151

The section (Rg. 151 A) measures T x 38 cur in diameter:
the primary xylen is surrounded by a fairly hroad cylinder
of secondary wood (fig. 151, E. & and 2%).  The almast smooth
surface of the primary wood (fig. 151, E, ) is suceceded by the
secondary xylem, 22, characterised at jts inner cdge by the
tapered ends of the radial rows of sealariform tracheids between

Fio. 13}, Lepidodendron rasculgre. An older stem than that shown 1 fig. 145,
(From a section in the Manchester Museum. No, 851.)

which oceur several delicate parenchymatous cells (hg 151, E o
The oceurrence of such isodiametric clements, often exhibiting
a delicate spiral thickening band, is a characteristic feuture of
the boundary between primary and secondary wood in lepida-
dendroid stemis.  The secondary wood is penetrated by numerous
s and i somc of them are seen strands of parrow
e—the leaf-traces—which are in
organic contipnity with the exarch protoxylem of the primary
wood. The leaf-traces are oval and mesarch. The space, ¢
(fig. 151, A) originally occupied by the delicate middle cortex,
is sncceeded by a shell of outer cortex composed chiefly of

medullary
spirally  thickened trache
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seeondary tissue (phelloderm, pd) passing wwards the inner
boundary of this region into the primary outer cortex g (fig. 151,
A and C). The radially disposed elements which make np the
bulk of the phelloderm are associated with concentric rows of
seerctory strands, represented by tangentially arranged dots in
fig 151, A
primary cortex are still preserved, as at ¢, fig. A, One of thes
15 shown on o larger seale in fig. B: at m the phelloderm is
interrupted by a gap beyond which the cells have thinner walls
is probably the position

on the outer edge of the phelloderm a few patches of

and show signs of recent division ; th
of the phellogen. The tissue b, fig. 151, B, consists of secondary
cortex suceceded beyond d by the parenchymatons tissue of the
leaf-cushion, in which the remains of a ligule, 7, are seen in the
lignlar pit.  This section corresponds in position to a line
drawn across fig. 150 at the level of 5. In this specimen we
have two kiuds of secondary cortical tissue: that forwed external
to the phellogen, from m to d in fig. 151, B, is less in amount.
than that produced internal to the phellogen. We cannot make
any satisfactory statement as to the nature of vhis mdary
tissue, whether or not any of it agreed in compesition with the
cork which is usually formed external to the phellogen in recent
plants.  As the stem of a Lepidodendron grow in girth the leaf-
cushions became separated by intervening depressions composed
of the secondary cortex formed cxtirnal to thi phellogen, but at
a later stage the cushions were thrown ofi, leaving the outer
edge of the phelloderm as the superficial tissue.  This exposed
tissine became fissured as growth and consequent stretching
continned, producing the appearance seen on the surface of
the still older stem represented in fig. 153,

The fvner edge of the phelloderm seen at e in fig. 151. C,
passes suddenly into the inner primary region of the outer cortex
(fig. 151. A and (', g) which comprises two types of parenchy-
mutous tissue, patches of isodiametric cdlls, g, g, alternating
wirth radially arranged areas consisting of tangentially elongated
clements (fig. G, 72 fig. D) which extend as wedges into the
phelloderm.

The longitudinal section represented in fig. 152, B, shows an
equal bifurcation of a stem in which no secondary xylem is
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present; in the lower part of the section the xylern and the
outgoing leaf-traces are seen in radial section and at the upper
end of cach arm the leaf-traces alone, /. arve exposed, as in

fig. 148, B. It is interesting to notice the large amount of

Sections of dichotomously branched shoot.

Fio, 152, Tepidodendron vasculare.
9 cm.) in the Cambridge Botany Schaol

A. From a section (107
Collection,
B. From o section {8 cm. long) in the Cambridge Collection.

phelloderm which has been produced in the fork of the branch,
ut pd, where greater strength is required.

The section represented diagramuatically in fig. 152, A, has
lost the outermost parv of the cortex together with the leaf-
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cushions: iv consists largely of secondary cortex composed of
radially disposed phelloderm cells and  tangentially placed
sceretory strands (represented by the discontinuous black lines
in the drawing): the dotted region in the central part of the
axis s composed of primary cortical parenchya. and the rwo
spaces surrounding the steles contain portions of the lacuuay
middle cortex. Each stele posseses a narrow creseentic zone

Fia. 158, Lepidodendron vasculare
(From a specimen (16 x 73 em.) in the Manchester Museum.)

of secondary xylen; the amwount is greater in the case of the
right-hand stele, of which a sall piece is shown on a larger
scale i the striking contrast in size bebween the outer and more
wternal secondary tracheae is no doubt the expression of sowne
unfavourable condition of growth. The position of the secretory

zone beyond the secondary xylem is shown at s, fig. 152, A,
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An exawple of a large and partially decorticated stem 1y
afforded by the specimen (16 x 7°3 cm.) shown in fig. 153.  The
irregularly ribbed surface is formed of rather thick-walled
phelloderm. in which oceur tangentially arranged rows  of
seeretory strands.  The tapered form of the secondary cortes

as it abuts internally on the primary cortex is shown very elenly
in the drawing (ef fig. 1517 Cy. The stele m this much older
stem consi

s wafuly of secondnry woud,

Fre. 134, Lepidodendron vasculare.  Sboot (28 em. dism.) with two steles,
(From a specimen from Halifax in the Williamson Collection,
British Musenm, Xo. 340.)

An interesting example of a small shoot, the largest
_diamet‘er of which is 28 cm,, is shown in fig. 154, A+ the section
was cut a short distance above the bifurcation of the stele into
two approximately equal branches. The outer part of the
cortex consists of phelloderm, pd, with the usual rows of
secretory tracts, and primary outer cortex g: the raiddle cortex
is represented by patches of parenchyma with a few leaf-traces,
To one of the steles, s (fig. 154, A). a crescent-shaped band of
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'35

secondary xylem has been added @ the other stele, s, possesses
oo fully developed secondary elements.

Fig. 154. Band C, illustrates the anatomical features immedi-
ately exterual to the primary xvlem of the smaller stele, s, The
comparatively broad band of radially disposed parenchyma, m,
is conneeted with the outermost elements of the xylem by a
few rather dark and small ernshed parenchymatous cells.  The
% the mernstematic zone,

band v, which we may speak of
clearly consists of cells in a state of division ; it is in this region
that the seeondary xylem is produced.  Bevond the leaf-trace,
(hg. 154.C dty, oceurs a portion of the seeretors zone, some of the

Lepidodendron  vaseulare.  Quter cdge of secondary wylem: m,
meristematic zone; mr, medwllary ray. (Drawn from the section
shown in fig. 168, A).

staaller cells of which show sigus of disorganisation : but most of
this tissuc has been destroyed (fig. 154, B, sc).  The outer edge of
the sceretory zone is shown in fig. 154. ) abutting on the cells
of the inner cortex, ¢, The leaf-trace shown in the inner cortex
i fig. 154, B illustrates the more aval or tangcutially extended
forin of the xylera in this region. i contrast to the more circular
outline which it exhibits on the inoer side of the w:cretory
Zone.
The transverse sectlon, part of which is reproduced In

fig. 168, A, illustrates a characteristic feature, nawmely the
Jjuxtapesition of the outermost trachcae of the secondary xylem
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and nuuch smaller eells of the meristematic zone,  This is seen
in fig. 155, which shows a swall picce of fig. 168, A, on a larger
scale. I plants with a nornid cambium the segments eat off
from the inigial layer fit on to the clements of the xylem or
phloem to which they are to form udditions. but in Lepido-
dendron it seems to be a general rule to find each of the most
external lignified elements abutting on a group of two or three
much smaller cells. It is difficult to believe that the meristem

shown in fig. 153, m, could produce secondary xylem elements

equal in size to those already formed: in all probability had
growth continued there would have been a marked difference
between the size of the secondary tracheids, as in fig. 152, A, a2
where there was no doubt some canse which interfoved with
normal cambial activity. This disparity in size between the
secondary xylem elements and the adjacent parenchymatous
tissue of the meristematic zone is by no means exceptional and
mway be deseribed as the general rule. 1o s at least certain
thatiin Lepidodendron rosculore, as in obher species, the secondary
xylong was suerecded by a broad band of parenchymatous
tissue, from which new wacheae and meduilary-ray elements
were producid, and not by o narrow cambinm such as occurs
in recen: plants

v, Lepidodendron stems us represented by casts and.
impressions of partially decorticated specimens.

The differentiation of the outer cortex of a Lepidodendron
into comparatively thin-walled and wore resistant tissue has
been the cause of unequal decay and the consequent formation
of shrinkage cavities. In addition tv 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 outer cortex of stems and
branches. As already pointed out, this meristematic cylinder
or phellogen constitutes a natural line of separation, as in the
case of the cambium layer between the wood and the external
tissues in a fresh Sycamore twig. The resuft of the separation
of an outer shell of bark from the rest of the stem and the
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results of uneqnal decay in the more superficial tissues, have
necessarily led to the preservation of the same specific type
under a variety of forms,

Our knowledge of the anatomy of Lepidodendron stems
enables us to recognise in fossils of very different appearance
specimens in varions conditions of preservavion of one and
the same type. Such names as Kporeia, Bergerio and Aspi-
divrin are examples of generie titles Instituted before any
adeguate knowledge of Lepidodendron anatomy was available,

s of deci

as well as different degr

Differences in «
tion have eontributed o no small measure to the institution of

generie and specific names which more recently acquired know-
ledge has shown to be superfluous,

o Knorrin

The designation Knorria, after o certain Go W, Koo of
Niirnberg, was proposed by Sternberg in 1826' for casts of
Palacozoie stems of a type figured more than a century earlier
by Volkmanm®  Goeppert, in his earlier works, published draw-
iigs of fussil stems which he referved to Sternberg’s genus: one
ies he at first called Dédyuophyllum Schollini.  He atter-

deseribed sowe specimens  which  showed  that  the
featnres charaeteristic of Knorrie may occur on partially de-
corticated stems with leaf-cushions of the true Lepidodendron
type. His o specimens, preserved in the Breslan Museum,
demonstrate the accurney of his drawings and conclusions.
s hitn Balfour?. drew attention to the different

Goeppert, and afte
appearances presented by branches of 4 raucario indiicata when
preserved with the surface intact and after parvial decortication,
ible sources of error in the deternination of

as illustrating poss
foss

| stews.

Although it is now a well-established tact that fossils bear-
g the name Knorra are imperfect lepidodendroid stetns, the
use of the term may be conveniently retained for deseriptive
purposes. The specimen from the Commentry coal-field of

' Sternbierg (20) A. “ Goeppert (52) A. p. 196. Seealso Kidston (01) p. 50.
S ibid. (32) A, p. 44, Pls. xxx, xxxn Lief. i and ii. * Baliour (72) A.
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France, shown in fig. 156, affords some excuse for the institu-
tion of several generic numes for different states of preservation
or decartication of one species,  The corti

cal level exposed at e
is characterised by spivally disposed peg-like ridges with trun-
cated apices: it is this form of cast which is usually designired
Knorria.  The ridges vary in size and shape in different types

Fra. 156, 4 dichotomously bruuched Lepidodendenid stem (Kmorrée miradiilis
Len. and Zeill.). (After Renault and Zeiller.) (} nat. size.) The
original specimen is in the Nucoral History Museam, Paris,

a—p, surface feptnres exposed as the result of different degrees of
decortication. (See vol. 1. p. 102, fig. 234).

*of stem ; they may be narrow as shown at e, fig. 156, or short
and broad with rounded distal cnds. In some cases they are
furked at the apex, as in the partially decorticated specimen
of Lepidodendron Veltheimianum represented in fig. 185, A.

The Anoru state represents the impression or cast of the
outer cortical regiun too deep below the leaf-cushion region to
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retain any indications of the cushion-form: the ridges are the
casts of the spaces produced in the cortex by the decay of the
sheath of delicate cells surrounding each leaf-trace and hy the
decay of the thin-walled cells of the parichnos.  The occasional
forked apex of a ridge is the expression of the fact that the cast
was made at the region where the parichnos divides into two arms
(ef o 1001 In coertain specimens it is possible to connect the
Knorria casts with associated lepidodendroid stems which may
be determined specifically: but when we have no evidence as to

surface-fentnyes the fossils may be designated casts of lepido-
dendroid stews in the Knorria condition.  Such casts are illus-
trated by mmmerous drawings in palaeobatanical literature?,

b Derperia.

This 1 another name first used by Sternberg in his classic
work, e Flora der Vorwelt, for casts of Jepidodendroid plants
such as Steinhaner® had previously figured as Phytolithus
cuncellatus,  Brongniart® recognised that the application of the
generie title Lepidodendron should be extended to include

red by Sternberg to Ber‘qprz'u. and a few years
lised that this name does not stand

specimens ref
later Goldenberg? re
for well-defined generie characters.  The correctness of these
however, first satisfactorily demonstrated by Car-

VIews was

ruthers® and by Feistmantel®.

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

' Good examples are given hr Schmalbhausen (77) L ur.

* Steinhaner (15) A. I'L 1v. fig. 5  Brongnian (49) A. p. 42,

* Goldenberg (55). “ Carrathers {73%) p. G.

¢ Feistmantel (75) A.
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spirally arranged grooves represent the obliquely aseending
vaseular bundles passing through the cortex to the leaves.

Fig. 185, B. shows the Bergeria state of Lepidodend i
Velthermnianum, which differs from the Kuorria condition in the
fact that decortication had not extended belaw the level at
which the form of the leaf-cushions could be recognised. 1t is
clear that no sharp line can be drawn in all cases between the
different degrees of decortication as expressed by the terms
Kuorria and Bergeria.

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

¢ Aspidiaria.

In one of the carliess English buoks on fossil plants, the
Auntediluvian Phytology by Artis?, a specimen from the Car-
boniferous sandstone of Yorkshire is figured as dphyllum
cristatum, and a similar fossil is described as A, asperum.
These are impressions of Lepidodendron stems in which the
characteristic leaf-cushions arve replaced by smooth and slightly
convex areas with a marrow central ridge. To this type of
specimen Presl gave the name Aspidicria® under the impres-
sion, shared by subsequent writers, that the supposed external

features were entitled to generie recognition.
1t is to Sturt that we owe the first satisfactory interpretation
of fossils included under the name Aspidiaric: he showed that

on the removal of the projecting convex arcas from some of hix
specimens a typical Lepidodendron leaf-cushion was exposed
(fig. 144, A, @). The Aspidiaria condition (fig. 144, A, b) repre-
sents the inper face of the detached shell of outer bark of a
Lepidodendron stem, while in the Bergeria casts we have a
view of the external face of a stem deprived of its superficial

[STESTES
In o Lepidodendron steiw embedded in sedinent the more
delicate portions of the leat-cushions would tend to shrink away

! Potoni¢ (05) Lief. iii, 42—4d. ® Artis (25) A. Pls. xvr. xxuu.
@ Sternberg (38) A, * Stur (75) A, Heft 11, p. 229,
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from the internal and more resistant tissues of the onter cortex,
thus producing spaces between each cushion; further decay
wonld canse rupture of the leaf-traces and the superficial 1issues
of the stem. The

wonld thus be separated from the
tendeney of Lepidodendron stemys ta split along the line of
phellogen i the outer cortex s seen in fig. 148, A, g, The
dipasition of sediment on the exposed inner face of this cortieal
shell would result in the production of a specimen of the
Aspidinria type: the reticulum enclosing the spivally disposed
ion of the firer tissue

conves areas s formed by the imypres

hetween the leaf-cushions,

i Lepidodendroid axes Fagwn as Ulodendron wnd Halonia,

a. Ulodesdron,

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

according to some author

The large specimen from the Belgian coal-measures. repre-
sented in fig. 211, affords a good example of the Ulodendron
form of shoot. of the genns Bothrodendron, which is described on
page 249, The specimen shown in tig. 157 shows the Uloden-
dron shoot of Lepidodendron Veltheimivnum.

Casts of large Ulodendron scars are occasionally wet with
as separate fossils bearing a resemblance to an oval shell.

In Steinhauer's paper on Fossil Religuiae® a drawing is given

t Lindley und Hutton (31} A, Pls. v. and v1.

4 Kidston (85). In this important paper Dr Kidston gives a full account of

the history of our knowledge of Ulodendron,
# Steinhaver (18) A. p. 286, PL vu. fig. 1.
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of a Uledendron stem under the name Phitolithus parmetus
and a siwilar stem specifically identical with that shown in
fig. 157 was figured by Rhode’, one of the carliest writers on

Fio. 157, Lepidodendron Veltheimianum. Ulodendron condition. (From a
photograph by Dr Kidston of a specimen from tho Caleiferous
Sepdstone series, Midlothian ; % nat. size.) [Kidston (02) F1. 1vu1.)

fossil plants, under the comprehensive designation “ Schuppen-

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

! Rliode (20) P). e,
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in offering suggestions as to the meaning of these large cup-
like depressions, and there is still ditference of opinion as to
their significance.  Lindley and Hutton! deseribed them as the
sears of branches or masses of inflorescence.  Sir Joseph
Hooker® speaks of a specimen of Ulodendron, shown to him by
Mr Dawes, om which a ]ul'gu organ, suppu:\'w‘l to be a cone, was
‘nserted moone of the depressions, but he was unable to arrive
woany conelnsion as to the real nature of the fossil.  While
as formed by the

nost authors have seen in the scars pressure-are
ile cones against the surface of a growing branch,

wessure of ses

sthers, as for example Geinitz®, have deseribed the depressions

w branch-sears.  Carrutherst regarded the sears as those of
wventitivus roots and - Williamson referred to them as the
seirs of reproduetive shoots. The depressions vary considerably
in size,  The Belgian example shown in fig. 211 p es
O e in diameter. A specimen of Bothrodendron in the Man-
chester Musenm from the Lancashire Coal-Measures, to which

Williamson® has referred, bears two vows of scus 11—12 cm.
3 em. long. The

in diameter on a stem 112 em, in girth and
on oppuosite faces of the
ive scars In the same row

sears oceur in two alternate series

axis, the distance between the success
being 20 em. The surface-features of this large stem are not
preserved.

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

leaves.

* Lindley and Hutton (51) A. “ Hooker (48). p. 427. ¥ Getnite (35) A,
+ Carruthers (70). “ Williamson (72).

a
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Tt is obvious that 1n these cups we have the sears of some
lateral organ, but the evidence afforded by specimens of which
the depressions contain the remains of such organs is by no
weans conclusive. A Uladendron has been figured by 1¥Arer
Thompson'. in which the lower part of o lateral organ ix
attached by a narrow base to one of the scars, but the pre-
servation is not sufficiently good to enable us to decide whether
the organ is a cone or a vegetative shoot.  Kidston* has
deseribed other examples shawing portions of organs in con-
nexion with the scars, but an examination of the specimens in
his collection failed to convinee me that his interpretation of
them as strobili is correct.

The phenomenon known as eladoptosis, as shown on a stem
of the Conifer Agathis® and certain Dicotyledonous trees such
as Custillon, suggests a possible explanation of the Ulodendron
scars,  This comparison was made by Shattock® in 1888, but he
did not accept the mblance as a real one.  An objection
may be urged ta the cladoptosis hypothesis that in Ulodendron
the  branch, whether vegetative or reproductive, was not
attached to the whole of the depressed arca. On the other
hand, a lateral branch originally attached by a narrow base
may have continued to inerease in diameter until its base

became slightly sunk in the bark of the stem, thus preducing a
cup-like depression which, on the fall of the branch, would
retain traces of the original surface-features of the stem.

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

! Thompson, D'Arcy (80). = Kidston (83).
¥ Seward and Ford (06) Pi. xxm1. fig. C. 4 Shattock (85).
* Watson (08).
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specimen the continuation of the ring is seen as a prominent

cone fitting into the cap-like depression in the obverse half: the

P
2L s

L7700 2 T

LT

T

Disgrammatic section through the base of & branch to illustrate the
Branch theory of the Ulodendroid sear.  (After Watson.)

| cast shows that numerous small vascular strands were
dven oft from this ring of tissue, and these strands have the
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same arrangement and size as the dots which are found on
typical Uladendron scars, He imterprets the ring surrounding
the wmbilicus as the remains of the primary wood and the
small strands as leaf-traces supplying the branch.

In the diagrammatie section shown in fig. 158 the outer
cortex of the main stem s represented by oe 1 vhis consists of
secondary tissue.  The corresponding tissne in the brauch is
seen at oc2. The stele of the stem is shown at Tr St and
that of the branch at Br. St.: /. 1t, mark the position of 1he
leaf-traces.  If we assume the branch to be detached along
the line LS, the depression would show numerous spirally
arranged dots representing the points of exit of Jeaf-traces and
the vasenlar axis would be exposed in the umbilicus.  This
explanation appears to me to be in harmony with the surface-
features of Ulodendron scars on both Bothrodendron and
Lepidodendron stems.  The  occasional  ocewrence of  leaf-
cushions en o portion of a Ulodendron sear is a diffienlty on the

cladoptosis hypothesis.  Assuming that trae leaf-cushions veeur,

their presence may, as Watson suggests, be dne to the folding
back of a piece of the outer cortex of the branch which has
bLeen * erushed down on to the area of the scar.”

Since this account was written a note has been published
by M. Renier? in which he deseribes a specimen of Bothro-
dendron from Livge, one face of which shows a projecting Ulo-
dendroid sear with an excentric wubilicus.  Ow the aihier face
is a dichotomonsly branched shoot with surface-features corres-
ponding to those on the scar: the evidence that the sear
represents the base of the branch is deseribed as indisputable.

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

1 \Watson (08) p. 10, ? Benier (08). 4 Stur (75) A. Heft 1.
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looked by Kidston who holds that the scars were produced by
sexsile cones,is that in Lepidodendron Veltheimianum strobili were
borne at the tips of slender branches: the same difficulty is
presented by Bothradendron (Fig. 213). Tt is unlikely that two
tepes of strobili were produced on the same plant, particularly

s the cone of L. Veltheimianum was heterosporous.

Thee cones of certain species of Piwws remain attached to
the tree for many vears and their hases become embedded in
the stenn: this is particularly well shown in the drawing of a

Fua, 159, Piuus clausa. ), nat. size.

cone of Pivns elvuse (g, 159), for which I am indebted to
Mr Sudworth, Deudrologist in the United States Forest Service.
Mr Sudworth has drawn my attention to P. attenuata and P.
muricata in illustration of the same phenomenon!. The
example shown in fig. 159 cannot, however, be watched by any
known specimen of Ulodendron: in the case of the depressions
on the stem of a Pine the cone-base fits the circular scar,
but in the fossil stems it is practically certain that this was
not the case.

t Garden and Forcst, vol. v.. pp. 160—162, fig. 24 (April 6, 1902),
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There can be little doubt that certain Palacozoic Lycopads
shed their branches by a method similar to that employed by
the Rauri Pine of New Zealand and by some species of Dicoty-
ledons,  The evidence adduced in the case of Bothrodendron
punctatum is a strong argument in favour of extending the
sume explanation to other Ulodendron shaoots,

B

A

Fre. 0. A, Lepidopkloios scoticus Kidst. From a specimen from the Calei-
ferous Sandstone, Midlothian, in Dr Kidston’s Collection ; rather
less than } vat, size.

B. L. scoticus cone. From a specimen from the Caleiferons Sand-
srone of Midlothizn j» Dr Kidston's Collection ; slightly reduced.

b.  Hulonia.

The branched axis with Lepidophioios leaf-cushions, re-
presented in fig. 160, A, iNustrates a special form of shool
described by Lindley and Hutton! under the gencric name
Halonia. The original specimens referred to shis genus are

! Lindley and Hutton (33) A.
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decorticated axes showing remains of Lepidodendroid leaf-
vushions.  The spirally disposed circular sears in the specimen
of Haloniu ( Lepidophlotus scoticus’) shown in fig. 160 constitute
the characteristic featnre of the genus: they may have the
form, as in fig. 160, A, of circular dises with a central umbilicus
marking the position of a vascular strand, or, as in the sand-
stone cast of Halondn tortuose shown in fig. 161%, they mayx

Fra. 161, Halonia tortuose L, and H,  From a specimen in Dr Kidston's Col-
lection. from the Lower Coal-measures of Ayrshire (No. 1361); § nat. si

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

In 1583 Williamson® deseribed a specimen, now in the Leeds ©
Museur, which convinced hiw that Helonie is merely a special
torw of Lepidodendron concerned with the production of fertile
shoots or strobili. Feistmantel? also recognised that Hulviia

! Kidston (48) PL 1. fig. 6. * ibid. (02) Pl v, Bg 2.
¢ Williamson (83%) A. PL 84. ¢ Feistmantel {(75)A, p. 193, Pls. xxxrv.—x{xvir,
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regularis is identical in the form of the cushions with the rvpe
known as Lepidoplloios laricinus. Tt is worthy of note thut
under the name Haloniu, Feistmantel? figured a piece of de-

+ corticated axis characterised by two rows instead of the usual
spiral series of large cup-shaped scurs. Recent researches have,
towever, tended to break down the distinction between Ulo-
dendron and Halonia founded respectively on the biseriate
and spiral arrangement of the scars or tubercles,

The interpretation of Halonial branches as cone-bearing
members of Lepidodendroid plants has passed into a generally
accepted statement of fact, but, so far as I know, only one
specimen has been figured in which strobili are seen attached
to an Halonia axis. This specimen, described by Grand'Eu
from the coal-field of Gard, is hardly sufficiently well-pre
to comstitute a demonstration of the correctness of the gene:
received view, which, as is not unusual, has been repeated by
one writer after another without due regard being paid to the
nature of the cvidence on which the statement is based. It
may, indeed, be correct o describe Halonial branches as conc-

bearing, but there are certain considerations which make e
pause before unhesitatingly accepting this explanation. The
vascular strand which passes from the central cylinder of the
shoot to the tuberele or sear is composed of a solid rod of
xylem distinguished from the main stele by the absence of
pith.  In such petrified peduncles as have been discovered the
stele is of the medullated type. The common oceurrence of
strobili terminating slender branches of lepidodendroid plants,
though not a fatal objection to their attachment to Halonial
shoots, shows that in many cases the cones were borne at the tip
of leafy shaots. It may be that some of the Halonial scars are
in origin like those of the Ulodendron axes of Bothrodendron
Jand mark the position of deciduous vegetative branches.

The first account of the anatomy of Halowia we owe to
Dawes®: this was followed by a fuller description by Binney+.
The history of our knowledge of this type of branch has been
given by Carruthers®, who expressed the opinion that Halonia

! Feistmantel loc. ¢it. Pl. xLvIL # Grand' Eory (90 A.
¥ Dawes (18). ¢ Binney (72); see also Seward (99). & Carruthers (73%).
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o werely a tevtile condition of Lepidopllvivs and possibly of
ather lepidodendroid plants.  He was also inclined to regard
the Halonial tubereles as younger stages of the larger scars
characteristic of the genus Ulodendron. Williamson's contribu- s
tions to our knowledge of Halowis are of primary importance ;
he supplicd further proof of the Lepidodendroid nature of these
branches and advaneed our knowledge of their anatomy.  In
an carly paper! he expressed the view that the differences on
which Halonw and Ulodendron are separated are such as result
from a difference inoage and are not of generic importance.
In the last memair, of which he was sole anthor, published by

the Roval Socierys, Williamson brought forward further evi-
dence in snpport of this well-founded opinion.

That the fossils known as Halonia are branches of a
lepidadendraid plant is at Jeast certain, and it is probable that
the latera) branches which they bore were fertile, though satis-
factory proof” of this is lacking.  We know also that Halonia
s are characterised by the Lepidophloios form of leaf-
no sufficient reason to assume that

braune
eushion s there is, hawey

such branches were never attached to stems with the cushions
of the Lepidodendron form.  The further question, namely
whether Williamson was correct in his contention as to the
absence of any essential distinetion between Ulodendron and
Hulowia, does not admit of an unchallenged answer. Tn 1003
Weiss? deseribed the anatomy of a specimen of a biseriate
Hulonia branch of Lepidoplioios. The form of the leaf-cushions
Is unfortunatc Iy not very well preserved, but Weiss figures
other specimens with two rows of tubercles on which the leaf-
cushions are sufficiencly distinct to justify a comparison with
those of Lepidophleios.  He believes with Williamson that. it is
the presence of tubercles in place of scars which distinguishes
Halonia from Ulodendron. aud that the arrangement of the,
tubercles or scars is a matter of little importance. He ex-
presses the opinion justified by the evidence available that the
absence or presence of tubercles is merely due to aceidents of
preservation or, one may add, to difference in age. Kidston*
dissents from Weiss's deseription of his specimen as a biseriate
' Wiliamson (72). ¥ ibid. (93). > Weiss, F. E. (03). ¢ Kidston (04).
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Hulonia , he regards it as o Ulodendron branch of Sipillaria
discophora (Konig). Until specinwens with more clearly pre-
served external features are forthcoming it is impossible to
settle the point in dispute. but on the facts before us there
would seem to be a prima fucle case in favour of Weiss's

contention.
The designation Helonia may be retained as a deseriptive
e Ly spirally dis-

term for Lepidodendroid shoots characte
posed scars or tnbereles and bearing leaf-cushions of the Lepi-
dophloios type. In the case of specimens showing prominent
tubereles, the superficial tissues are usually absent and, as in
the fossil represented in fige 161, the name Halonda does not.
necessarily huply the presence of leaf-cushions of a particular

3

i dduatamical characters of Vegetative Lepidodendron shouts
(Lepidodendron and Lepidophlaios).

The type already deseribed under the name Lepidodendron
rasculare differs from those dealt with in the following pages
chiefly in the anatony of the stele.  The simplest and probably
most primitive type of Lepidodendron stem is that in which
the xylem forms a solid rod; the type of stele most frequently
represented is that of L. Harcourtii, L. fuliginosim, and other
species in which the diameter of the stele is greater and a
evlinder of primary xylem encleses a comparatively large

parenchymatous pith.

1. Lepidodendron esnostense, Renault!.

This species was founded by Renanlt on perrificd specimens
from the Culm beds of Esnost in France. The surface of a
young twig bears promincnt leal-cushions of elongated rhom-
shoidal form shuilar to those of Lepidodendron obovatum
(fig. 173) and other species. In oldvr branches the primary
enrzex Is replaced by a copsiderable thickness of radially dis-
posed secondary cortical tissue which, as shown in tangential
section, consists of a reticulum of clongated pointed clements

* Renault ($6) A. p. 175, Ple. xxx5m. xxxTv,
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with comparatively thick walls enclosing meshes filled with
large-celled parenchymia, It is worthy of note that if such a
branch were exposed to decay, the earlier destruction of the
more delicate tissue in the meshes of the secondary cortex
would produce a series of oval depressions, corresponding to
the parenchymutons areas, separated by a projecting reticulmm
of the more resistant elements: a cast of this partially decayed
surface would be indistinguishable from that of some types
of Swgillaric or of a Lyginodendron.  The inner regions of
the cortex of the type-specimens have not been preserved.
nted,
+or solid eylinder of sealariform

The xylem, which is the only part of the stele repre

has the form of a protost
tracheids with peripheral groups of narrower protoxylem cle-
ments which murk the points of exit of the leaf-traces: i a
branch 1—2 em. wide the xylem column has a diameter of
3 mm.  The small leaves (fig. 143, B, C), similar to those of a
Séyilloriu, are sub-rhomboidal in section pear the base and
approshmately eireular near the apex’. The mesophyll consists
of palisade cells having the appearance of typieal chlorophyll-
tissue, The heterosporous strobili attributed to this species bore

mie

ssporangin on the upper and wmegasporangia on the lower
the megaspores, of which a considerable nnmber

sporophyl
aceur in each megasporangium, are identical in size with those
of another Culm forn, Lepidudendron rhodumuense.  Some of
these have retained traces of prothallus tissne, and in one spore
Renanlt fignres what he regards as an archegonium: the
drawing 1s by no means convineing.

2. Lepidodendron rhodumnense, Renanlt®,

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

1 For description of the leal-anatowy, sed pp. 88, 49.
* Rensult (79 p. 249, Pl x.
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a

8. Lepddodendron suulfeldense. Solms-Laubach?,

This  Devonian species was founded on a
3 x 25 e, broad av the base, which shaws the stumps of four

peciien

branches recalling the dichotomously branched arms of Stig-
maria and Plewromera.  If these ave in reality the remains of
Stigmaria-like  horizontal - branches the  species affords an
interesting example of a Lepidodendron axis with o subter-
vanean rhizome of the type which has been found in several

Sigillarian stems. In the upper end of the axis the stele

cousists of a solid strand of xylew which is not sufficiently
well preserved to show the position of the protoxylem gronps.,
A tmnsverse section tuken near the base reveals atype of
stele differing from that at the upper end in being composed
of vadially disposed tracheids and in irs resemblance to the
stele of Stigmaria.

4. Lepidudendron utiginosung, Williamson. Figs, 162172,
170, E.

(871 Lapidodendeon Hareonstii, Binney, Paeant Soc, 5, 1 v,
hig. 6.

1872, Hulowin regularis, Bimey, Palwont. Soc., 1. 89, Pl xv,

1881, Lepidodendrowe Hearcoures, Willinuson, Phil. Trans, Roy. Sec,
Vol 172, ], Pl xLrx-1on.

1887, Lepidodendron fuliginosuin, Williamson, Proc. oy, Soc., Vol.

XLIL . 6.

1;}(‘,1. Lepidodendron. Williwmsoni, Solms-Laubach, Fossil  Botany,
), 226.

1893, Lepidophivios fuliginosus, 13 dstor, Trans. Roy. soc, Ediuburgly,
Vol xxxviil p. 348,

The vame Lepidodendron fuliginoswm was proposed by
Williamson in 18587 for petrified sterus previously included by
him in Withaw's species L. Horeoutid, but subsequently
recognised as a distinet type characterised by © the greater uni-
formity in the composition of the entire cortex ™ and by other
features some of which do not constitute distinctive characters.
The speeies agrees with L. Harcourtic and with L. Veltheimi-
anwm in having a medullated stele; it is distinguished not

b Solms. Lenbach (96) p. 15, PL x, figs. 7—11.
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only by the more frequent preservation of the middle cortex, a
‘nce in minute structure, but chiefly by
ry tissue added o the

fact duce to a diffe;
the peenliar strueture of the second:
stele s this is in part compesed of radial series of parenchy-
matims eclls and of a varying amount of tracheal tissue the
clements of which are narrower than in other species and are
characterised also by their sinuous vertical course. As is pointed
out in the s 1, the anatawieal features of L. fuliginosum, as
at present understond, are not confined to one type of Lepido-
dendron stem. Specimens have been deseribed  with  Jeaf-

cushions of the form characteristic of L. aculeatum., L. ohoratun.
and Lepidophlodos combined with the anatomical features
Williamson's species: it is possible  that  the two
L. vbovatiom and L. aculeatum are not really distinet!, but it is
certain that shoots with both vhe Lepidodendron and  Lepi-
dophluios cushions nay have the same type of anatomical

structure.

A more detailed knowledge of the structural features of
Lepidodendyon shoots may cnable ns to define anatomical
species with more exactness than is possible at present.  There
cun, however, be little doubt that well-marked anatomical
ociated with more than one specific form of
hions.

features may be as
shoot as defined by the form of the leaf-c

Solms-Laubach proposed the nane Lepidodendron Willism.-
sont for the anatomical type L. fuliginosum of Williamson, but
the latter name has been gencrally adopted,

In the following account special attention is directed to the
nature and arigin of the secondary stelar tissue and to the
seeretory zone, as difference of opinion exists as o the interpre-
tation of these features. Among the best examples of shoats
of Lepidodendron fuliginosum without secondary tissue or in
which it is feebly developed are those originally described by,
Binney.  The stele includes a large parenchymatous pith, the
cells of which frequently show signs of recent division, a feature
observed also in the pith of the large stem of L. Wiinschianum,
represented in figs, 181, 182, The primary xylem cylinder has
an irregularly creoulate outer edge like that of L. Wilischiznum

* They are regurded s jdentical by Fischer (04).
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and L. Horcourtii and the protoxylem eloments ocenpy an
exarch position.  Isodiametric veticnlately-pitted clements aye
met with both on the inner and outer cdge of the xylem.

Fia. 162, Tepidodendron fuliginosum,  Vart of the stele in transverse scetion.
(Binney Colleetion, Sedgwick Museum, Cambridse.)

Fro. 163. [epidodendron fuli . Longitudinal section.
(Binpey Collection, Cambridge. )
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Figs. 162 and 163 illustrate the structuve of the outer portion
of the sylem and adjacent tissues in a section of a shoot

S5 em. x 25 e in diameter, which is in the act of brarching,
as shown by the veenrrence of two steles of equal size.
A figure of the complete section will be found in Binney's

meworr!, and additional iNustrations were published in 18992

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

Yie. 1. Lepidodendron juliginosum. Leaf-trace.
(Biuney Collection, Cambridge.)
raws of polygonal cells with dark contents and assoclated with ,
isodinmetric tracheae: these pass into clearer parenchymatous
tissue, @, characterised by the arrangewent of the cells in
vertical series, to which the term meristematic zone has been
applied. The secrctory zone, s, abutting on the meristematic
zone, consists of more or less disorganised parenchymatous cells
' Bigney (72) Il aur. fig. L. 2 Seward (49).
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and broader and more elongared spaves © it is interrupted hore
and there by an outgoing leaf-trace

as at 1 and 712 fig. 162,
The seeretory zone s sncceeded by a homogencous inner cortex
like that described in L. vasculure

part of this region is seen
at the upper edge of fig. 162, The broad widdle cortex, which
is separated from the inper cortex by a sharply defined
boundary, is composed of rvather small lacunar p:

tous

renchyma-
1e consisting of sinuous tubular clements interspersed
among isodiametric cells of various sizes (fig. 166, p). In

the middle cortical region the leaf-traces pursue an almost

Vi 165, Lepidodendrin juliginosum.  Leaf-trace: r, sylem:
(inney Collection, Cambridge.)

seeretory zone.

horizontal course; one is shown in fig. 164, in oblique long)-
tudinal seetion, in a reversed position: the

ylem, . should be
on the Inner side of the seeretory tissue, s, The clear space
hetween the two parts of the vasenlar bundle was originally
. occupied by a few layers of parenchymatous cells, as scen in the
transverse sections, figs. 165 and 166. In some specimens the
leaf-traces pass through the middle cortex iu a much more
vertical course, as shown by the section represented in fig. 165.
This section illustrates the structure of a typical leaf-trace with
unusual clearness: it shows the tangentially elongated group of
xylern, the strand of tissue which occupies the position of phloem,

s

10
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s (to which the term secretory zone is applied), the compact
parenchynn between the two parts of the bundle, and surround-
ing the whole a narrow sheath sharply contrasted by the
ansller and wore uniform size of the cells from the middle
" which are seen in the photograph,  The

cortex, a fow cells
widdle cortex shows a well-defined junetion with the more
conrpuet onter cortieal region, which consists of primary
pirenchyma passing externally into a zone of phelloderm com-
posed - of thick-walled and more elongaied cells. A noticeable
feature in many Lr'llir?-uL-ntlrnn shoots 18 the oceurrence of
cirele of serands of seerctory eclls often surrounding fajrly large

Fie 166, Tapidodendron fuliginoswn.  Leaf-trace : p. parichinos,
(Binuey Collection, Cambridge.)
duets jnst internal to the edge of phelloderm : similar strands
form irregularly concentric circles, as was polnted out in the
case of Lo euseulare, in the phelloderm itself,

Fig. 166 shows a leaf-trace in the outer cortex accompaniud
by its crescent-shaped parichnos, p, derived from the middle
¢ aud the lamina
1on of the shoot.

cortex and by ieans of which the onter cort
of the leaves are connected with the toper re
lacunar muiddle cortex nnd parichnos doubtless constitute any
e which after leaf-fall is exposed directly

aerating tissine-sys

to the aiv at the ends of the parichnos arms on the leaf-scars,
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Some of the sections in the Binoey Collection (Sedgwick
Museumn, Cambridge) show early stages in the production of
secondary xylem: in the section represented in fig, 167 the
secretory zone is suceceded on its inner face by a zone of radially
tematice condition

clongated cells, m. which are clearly in a me

The same section shows also the more radially extended form

of the xvlem of a leaf-rrace with its interuad provoxylem ps. in

Fra. 167, Lepidudendron fuligivosam.
(Binney Collection, Cambridge. )

contrast to the tangentially elongated form which is assiumed
during its pussage through the cortex (cf figs. 165, 166).

e Some sections of Lepidudendron fuligingsun in the Map-
chester University Collection are of special interest from the
point of view of the method of sccondary thickening. In

B, the meristematic zone

the section reproduced in fig.
is seen to consist in part of radially elongated clements, m,
with parallel cross-walls evidently of recent origin.  The same
tissue is shown also in fig. 168, (, a. D, &, and in fig. 169, A, «
10—
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This band of meristen, which we may speak of as the cambium,
aceurs in the outer region of the meristematic zone immediately

mternal to the seerctory zone, sc.

The vesult of the activity of this cambium band is the
production of secondary parenchyma and tracheal tissue. In
fig. 170, F. drawn from a portion of the section represented in

Fu 168 A, Lepidodendron vasculare.  (Botany School, Cambridge.)
Lepidodendron fuliginosum, (From a specimen from Shore,
Lanecashire, in the Cambridge Botany School Collection).
C.o i fuligimosum,  (** Biserinte Halonia” of Weiss No. 237,
Manchester University Museum.)
Do Ll fuliginesiem.  (Manchester Umv. Museum.)

fig. 168, B, a4 projecting arm of primary xjylem Js seen ab z;
this is followed by 2—3 layers of parenchymatous cells, sume of
which have dark contents, and beyond this is seen a group of
seeondary elements, ¢, cut across somewhat obliquely, which
are evidentdy praduets of the cambial cells on the inner margin
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of the secretory zone, se. - The longitudinal seetion (fig. 169, 1)
shows the cambial cells, «. next the secretory zone, se, passing
internally into crushed and imperfectly preserved clongated
elements which are presumably miniature tracheac, and these
are succeeded by older and more completely ligmticd xvlem

Fia. 164, Lepidodendron fuliginosum.
4, B. (Manchester Uy
B, C. (Manchester.
D. (Manchester. No.

¥ Collection.  No. Q. (H5A.)
7)

clements, 2. In larger shoots the amount of secondary uissue
is considerably greater; it may consist almost entirely of short-
celled parenchyma (fig. 168, C, from » to sc), or it may include
a large proportion of radially disposed and vertically elongated
tracheae (fig. 168, D, #% and fig, 170, 4, 2*), or it may consist of
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parenchyaul eontaiuing scattered  graups of tracheae (fig.

wide—between the primary xylem, o, and the inner cortex.
The primary xylem s succeeded by short. parenchymatous cells
folliwed by a zone of radially elongated  clements passing:
riforis tracheae, some of

fonally into rows of narrow se
which, owing to their sinuons longitndinal conrse (fig. 171, O,
169, AL At dts outer
, consisting of parenchyma aond

are seen in obligue seetion

this seeondary i
v, passes into the cambial band (fig. 169, B, «).

Fre. 170, Lepidodendron fuliginosum.  (From sections in the Manchester
Museum. )

The radial longitudinal section represented 1o fig. 163, C, is
taken from the fossil deseribed by Weiss as a biseriate Haloniv ;
it agrees sufticiently closely in structure with others referred to
Lepidodendron fuliginosum 1o be classed as an example of this

anatomical type. A complete transverse section of the stem
measures 9 x G:3 cm.; the breadth of the tissues besween the
edge of the primary xylem and the outer edge of the secretory
zone is 25 mm.  The wmiddle cortical region, characterised by
the sooty appearance, which led Williamson tu chuose the
speeific name fuliginosum, is traversed by the leaf-traces and is
sharply differentiated from both the inuer and outer cortex.

? As Miss Stokey (09) points ont the production of parenchymas interpal
10 the cambinm of L. fuliginosum is a feature shared by Lxoetes, See also Scott.
and Hill (00), p. 424,
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The Jongitudinal section (fig. 168, () shows the outer edge of
butting on a band of dark and small-

the primary xylem,
celled parenchyma which passes into the broad zone of secondary
tisswe, e, the nner region of which consists of fairly thick-
walled elements in radial series passing externally into 1he
thin-walled cells of the cambial region. «, on the inner edge of
the seeretory zone, se. This seetion shows also the interraption

Fre. 175 Lepidodendron  fuliginosum.  (From sections in the Manchester
Museun. )

of the secretory zone by an out-going leaf-trace, If, the lower part
of which, se, is continued downwards into the secretory zone. The
exit of a leaf-trace produces a gap in the secretory zone of the
stera, but not in the xylem. If we applied the tera phloem to the
secretory zone—a course adopted by Prof. F. K. Weiss and some
other authors, but which T do nut propose to tollow—we should
speak of a phloem foliar-gap as a characteristic feature of a
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Lepidodendron shoot,  This applies to other species of the

wowell as to L. fuliginosun,

grenus

Fig. 171, A, shows more clearly the broad zone of secondary
parenchyrmn with the thinner-walled eambial region. a; the latter
i represented ona larger seale in fign 171, B The section
shown in fige 168, D, and in fig. 170, A, affords an example of a
stem in which the secondary tissue consists Jargely of narrow

sealariform tracheae, the primary stele has a diamcter of
Pene: the seeondary xylem, «#, forms a fairly broad zone of
prarenchyma and tracheal elements throngh which leaf-traces
press vertieally, a fact of some interest in comparison with the

Lepidadendran fuliginosun.  From w secticn (4 « i
Willismson Collection, British Museum (No.
Williamson, Pkil. Trans. R. Sor. 1881, DL

horizontal conrse which they pursue through the medullary rays
i the normal secondary wood of L. vasculare and L. Wiinschi-
anum. The secondary tracheac pass gradually into thin-walled
cambial cells (a, fig. 168, D2 170, A) with parallel tangential
walls,  TFig. 171, C, shows the sinuous course of the secondary
tracheae as seen in longitudinal section, and a few small
groups of parenchymatous cells, iz, which ruay be of the nature
of medullary rays, coclosed between the winding scalariform

tracheae.
The secvetore zone of Lepididendron  fuliginosum agrees
essentially with that of other species: it usually presents the
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appearance shown in fig. 168, B. sc: fig. 169, B and C: fig.
170, B (longitndinal section): fig. 171, D, se.  The compara-
15e this flssne, as seen

tively large clear spaces which characte
i fig. 168, B, appear to owe their origin 1o groups of small
cells which gradually break down and give rise 10 spaces eon-
taining vemnants of the disorganised elements, as i fig. 171, D,
and fig. 169, B, b The sceretory tissne seen in fig. 170, B,
consists of large and smull parenchymatous cclls withont any of
hown in fig. 169, O

Fig. 172 represents a diagrammatic sketeh of @ transverse

the broad sacs or spaces such as wre

seetion (4 x 34 cm. i diameter) of @ voung shoot from the
Lower Coal-Measures of Laneashive figured by Williamson! in
1881 as Lepidodendron Harcowrtii. Tt shows the features
chavacteristic of L. fuliginosum and is of fmportance as afford-
ing an example of a shoot giving off a branch from the stele 1o
sapply a lateral axis of the type characteristic of Halunia, The

exit of the branch-stele forms a gap in the main stele: a

ramnlar gap as distinguished from a folinr gap.  The ontgoing
vasenlar strand is at first erescentic, but becomes gradually
converted into a solid stele. The primary xylem of the main
stele (hlack in the figure) consists of a ring six tracheac in
breadth ; this is succeeded by a few layers of dark parenchy-
matous cells and o band of radially elongated clements, a, which
abuts on the secretory zone.  The middle Tacunar cortex, ¢
with Stigmaria vootlets, s, is fuirly well preserved. To the outer
cortex oeeur several leaf-traces, I, accompanicd by spaces origi-
nally oecupied by the parichnos strand, p. - A band of secondary
curtex, consisting chietly of phelloderm, is seen ar pd. The
some of which show the parichnos, p,

prominent leaf-cushions
appear 1o be of the Lepidophloios tyje.

sterna) characters of Lepidoden-

It rewains to consider the
droid shaots possessing the anatomical features represcnted
by the comprehensive species Lepidodendron fuliginasem.

Certain sections exhibiting this type of structure were
described by Binney in 1872 as Hulonia regularis® on evidence
supplied by Mr Dawes, who stated that they were cut from a
U Williameon (31) A, PL n. p. 285, (Will. Coll. Xo. 379.) 2 Binney (72).
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specimen bearing Halonia tubercles.  The section represented
in fig. 172 is no doubt from an Halonia axiz. In 1890 Cash
and Lomax? stated that they had in their possession a stem of
the L. suliginosume type with the external features of Lepi-
dophlvivs; rln\ identification has been confirmed by Kidston®
and Weiss® It is, however, equally clear that certain ~1r('(2(~
with the elongated leaf-cushions of Lepidodendron must be
inclnded among  examples  of shoots with  the anatomical
characters of L. puliginosgm.

1 175, Lepidodendron obovatum. (From a specimen lent by Dy D. H. Seott.)

1r Seorrt published i 1906 a short acconnt of the stretire
of wspecimen from the Lower Coal-Measures of Lancashire, the
external features of which were identified by Kidston with
those of Lepidudendron obovitum Sternb.  Dr Scott generously
allowed me to have drawings made from his specimen: these

ave reproduced in fig. 173, The form of the leaf-cushion is by ,

no means perfect; theve is a well-marked wedian ridge, and
the small eircular scar near the upper end of some of the
cushioos may represent the ligular eavity. At the base of the
leaf-cushions o corfical meristem has produced a zone of

! Cash and Lomax (90). 2 Kidston (93) p. 547.
® Weiss, F. E. (03) p. 218, 4 Seott, D, H. (06%).



xv] TEPIDODENDROX 155

Fon, 174, Lopidoden
(Cambridge Botany §

chool.)

sceondary eortex; at ¢ a second meristem is seen in the ouger
cortex : the dark dots in the cortex mark the positions of leaf-
trace bundles.  The inner cortex, d, i« a more compacet tissne

N

Uy

e

¥is. 175.  Lepidodendron aculeatun.
{Cambridge Botany Bchool.)
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swrounding the hoperfeetly prescrved secrctors zone.  From
the medullated stele a lateral branch, b, is being given off: its
crescentie forin becoming changed to eircular as it passes nearer
to the surface.

A type of Lepidodendron, L. Hickv, founded on anatomical

with one species.  Watson thinks it probable
L. oboratum inclndes at least two widely different speci
merely emphasizes the importance of corvelating surueture aud
external churacters as far as available duta permit

x’ z ¢ a

Fic. 176, Lepidodendron aculcatum.
(Cambridge Botany Sehool.)

The spechnen, of which part of the surface 3s shown in
fig. 174 35 in all probability L. ceuleatum Sternb.  This was
deseribed by me in detail in The Annals of Botany (1906) as
another example of the co-existence of the Lepidodendron fuli-
girusum type of anatomy with a true Lepidodendron. The
locality of the specimen is not known. The leaficushions
are 1'3con. Jong with tapered upper and lower ends: a ligular
cavity may be recognised on some parts of the fossil, also faint
indications of leaf-trace scars. The tubercles (fig. 174, A—C, 1)
probably represent leaf: traces which the shrinkage of the super-
ficial tissues has rendered visible in the lower part of their
course. The circular scar, s (fig. B), on the partially decorticated
surface is apparently a wound. The stele is suffciently

' Watson (07) p. 18.
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well preserved to justify its reference to L. fuliginosum.  The
irregularly crenulated edge of the primary xylem, « (fig. 175), is
snceeeded by a broad band of parenchyma (the meristematic
zone), m, and beyond this are remnants of the secretory zone, s.
The structure of the leaf-traces corresponds with that of other
speciruens of the trpe, but the much steeper course of these
vasconlar strands, 2, I (fig. 176), is a feature in which this
example differs from most of those referred w L. fudiginosuan.
Snch evidence s 1s available would seem to point to the

Fro. 1770 Ntigmarie radiculosa (Bick). (From sections in the Manchester
University Collection.)

absence of trustworthy criteria enabling ns to separate, on

anatomical grounds, Lepidophloios and Lepidodendron’.

Stignurio cadicalosu (Hick).

We have na proof of the nature of the subtertanean vrgans of
Lepidodendron fuliginosum, though it is not improbable that the
specimens described below way be correctly assigned by Weiss
Lo that species.  Prof. Weiss? has made an interesting contribu-
tion to our knowledge of a fype first deseribed by Hick® under
the name Tylophora radiculosa, a designation which he after-

' Seward (06) p. 375, * Weiss, F. E. f12). - Hick (98).
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wards altered to Xenophyton radiculosum' and for which we may
now substitute Stigmaria radiculosa (Hick).  Prof. Williamsou
expressed the opinion that Xenophyton exhibited considerable
affinity with Stegueria ficoides and Weiss's further study of the
species leads him to regard Hick's plant as probably the Stig-
marian organ of Lepidodendron fuliginosum. The diagrammaric

transverse section represented in fig. 177, A (45 cnu. in diameter),
sting in part of

shows an outer cortex of parenchyma. ¢, cons

Fie. 17s, Rootlet of Stigmaria. (From a section in the Manchester Colleetion.)

radial rows of secondary tissue and of a band of compact paven-
chyma bounded by the wavy linc ¢; at s¢is a series of secreory |
in a corresponding position in Lepudu-

v like those
dendron raliginosum and other species of the genus. The greater
part of the organ is occupied by a lacunar and hyphal middle
cortex identical in structinre with that shown in ﬁg. 178, B, drawn
frow a rootlet. At . fig. 177, A, the middle cortex has been

strands cxact

! Hick (989,
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invaded by a narrow tongue of outer cortical tissue,  The stele
is characterised by o large pith filled with parenchyma; in Stig-
maria ficordes' the general absence of pith-tissue has led to the
inference that the stele was hollow. The xy nted by
a ring of bundles separated by broad medullary rays: each bundle
contains a few small, apparently primar;

o, elements on its inner
edge but ismainly composed of radial rows of secondary trachear
o, fig, 177, B. On the vuter face of the sceondary xylem oceur a
few smaller and thivner walled eells, ¢, having the appearance

of weristematic tissue: {rom these additional tracheac were
added tu the xyvlem.  This meristematic zone ocenrs, as in the
stems of Lepidodendron. juounediately internal to the seeretory
tissue, scioat L fig. 177, B, is seen the inner cortical tissue.
In surface-view a specinien figured by Hick?* shows a number

of circular scars agreeing in shape and wrangement with the
rootlet sears of Stigmaria ficvides, At b in fig. 177, A, the basal
portion of & rootlet is shown in organic connexion with the outer
cortex. The rootlet bundles are given off from the stele as in
other examples of Stignwaria; each bundle consists of a triangular
strand of xylem with an endarch protoxylem at the narrow end
accompanied by a portion of the secretory tissne as in the
leaf-traces. As in Stigmaria picuides the rootlets are attached
to the outer cortex above a cushion of small cells, It is inter-
esting to find that rootles-bundles, as seen in tangential section
of the main axis, are associated with a parichnos strand, but
this is on the xylem ~ide of the vascular swand, whereas in the
case of leaf-traces the parichuos is on the other side of the
Lopdle.

Fig- 178, A, represents a transverse section of a rootlet

(6 mm. in dinmeter) associated with Stegmaria radiculosa and
probably belonging to this species.  The xylem strand « is com-
posed of a group of tracheac with a single protoxylem strand,
pa. av the poinved end and with small metaxylew elenents at
the broad end next the space originally oceupicd by the so-
called phloens. A parenchymatous sheath, ¢, surronuds the
bundle, and bevond this js the broad middle cortex a snwll
pottion of which ix shown o« larger seale in fig. 178, By as Weisy

' See p. 240, ¢ Hick (93) PL avy. fig. 1.
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points out, sow of the ontermost cells of the lacunar cortex
() are clearly in a e of meristenatic activity,

The preservation of the widdle cortex and the small guan-
tity of secondary xylem ave characters which this Stigmeria
shares with Lepidodendron juliginosum, and although decisive
till to seek, we may express the opinion that

evidence is
Weis
and Lepidodendron fuliginosum is probably correct.

surmise of a connexion between Stigmariy rudicinlosu

5. Lepidodendron Harconrtii,  Fig 179, A—D.

1n 1831 My Witham’ published an anatomical des ription of
a fragment of a Lepidodendron which he named Lepidodendron
Huarcourtii after Mr C. G, V. Vernon Harconrt from whom the
speeimen was originally obtained, The fossil was found in rocks
belonging to the Calciferous series in Northumberland.  Witham
veproduced  the account of this species in his classic work
on Fossil Vegetables®, and Lindley and Hutton?®, who examined
Mr Hareourt’s material, published a description of it in their
Fossil Flora in which they expressed the view that Lepidoden-
dron is intermediate between Conifers and Lycopods.  Adolphe
Brongniart* included in his memoir on Sigillaria elegans an
account of Witham's species based on material presented to the
Paris Musemn by Mr Hutton and Robert Brown. Dr Kidston®
has shown that the actual transverse section figured by Witham
is now in the York Museum; a piece of stem in the samc
Museum, which is not the specimen from which Witham's
section was cut, supplied the transverse section figured by
Brongniart.  The fignres given by Lindley and Hutton do not
appear to have been made from the York specimens. In 1887
William=on" published a note in which he pointed vut that soine

of the specimens deseribed by bim as L. Harcowrewr should be .

wransferred to a distinet species, which he named L. fuliginosumn,
Subsequently in 1893 he gave a fuller acconnt of Witham's
i it"has, however, been shown by Dr Kidston and by

sped)

L Witham (31) A. “ Witham (88} A. Lls. xu1. xnn.
# Lindley and Hutton (33) A. I'ls. 98, 99. 3 Brungniart (39) A.
» Kidston (03) p. 822, “ Williamson {87),
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Mr Watson® that certain specimens identified by Williamson as
L. Harcourtis differ sufficiently from that type to be placed in
another species, for which Watson proposes the name L. Hichii.

A paper on L. Harcourtdi published by Bertrand- in 1891
extends our knowledge of this type in regard to several ana-
tomical details, It was recognised by Williamson that the
absence of secondary wood in shoots possessing the anatormical
characters of L. Harcourti is a feature to which no great
importance should be attached. It is possible that the large
stems from the Isle of Arran described by Williamson® as
Lepidodendron Wiinsthiunum, in which the secondary wood 1s
well developed, may he specifically identical with the smaller
specimens from Northumberland and clsewhere which are recog-
nised as examples of Witham's type.

The diagrammatic sketeh shown in fig. 179, A, was madc from
a section figured by Williamson in 1893 % it has a diameter of
9x 85 cm. The stele is of the medullated type like that of
L. Wiinschionum, and the outer edge of the primary xylem is
characterised by sharp and prominent projecting ridges similar
to thuse of L. yuliginuswm but rather more promincot.  Paren-

chymatous cells succeed the xylem, as in other species, but in
this case there is no indication of meristematic activity; beyond
this region occur oceasional patches of a partially destroyed
secretory zone. Remains of a lacunar tissue are seen in the
middle cortical region; also numerous leaf-traces, If, consisting
of a tangentially elongated xylem strand accompanied by a
strand of secrctory zone tissue enclosed in a sheath of delicate
parenchyma. In the inner part of the outer cortex, ¢, the leaf-
traces lie in a space originally occupied by the parichnos: iu
the outer portion of the same region a band of secondary

cortex, pd, has been formed; immediately internal to this
oceur numerons patches of seeretory tissue, represented by small
*dots in the drawing close to pd; one is shown on a larger scale

in fig. B.

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

' Kidston (03] p. 822 ; Watson (07). % Bertrand, C. E. (91).

# Willinmsaon (80) A. ¥ Williamson (95) PL. 1. fig. 3.

RO 11
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Fig. 179, C, @, shows the characteristic form of the primary
xvlew edge, beyond which are seen oval or circular Jeaf-traces
with a mesarch protoxylem, I, px. It is possible that this
specimen may not be specifically identical with Witham's species, |
but it represents a very similar if not identical type; it may on
the other hand be referable to L. fuliginosum. The iroportance
of the specimen, apart {rom its precise specific position, 1s that

Fio. 170, A—~D. Lepidodendron Harcourtii, Withum,
E. Lepidudendron fuliginesum, Shore, Lancashire.
A, B. From n specimen in the Williamson Collection, British
Museum (No. 350), from Airdrie, Scotland.
€, D. Trom sections in the Collection of Dr Eadsion, [rom Shore.
Lancashire.

it serves ta illustrate the general appearance of the xylem
surface met with in both species, L. Hurcourtix and L. fuligino-
suin, A tangential longitudinal section, taken through the
line @b in fig. C, is represented in fig. 179, D.  The xylem of
the leaf-traces {t, consisting chiefly of scalariform tracheae,
alternates with patches of crushed and delicate parenchymawhich



xv] LEPIDODENDRON 163

immediately ebut on the primary xylem; at p, p, the scction
passes through some of the projecting arms of the xylem
cylinder; at m is seen a patch of meristematic zone tissue.
This section together with the similar section of Lepidoden-
dron vasculare deseribed on a previous page demonstrates that
she projecting ridges of the primary xylem form apparently
vertical bands: they are not characterised Ly a lattice-work
arrangement as described by Bertrand and by other authors
wha have aceepted his conclusions.  If a reticulum of inter-
secting ridges were present on the face of the xylent eylindurits
existence would be revealed by such a section as that ropre-
sented in fig. 179, D.

Fia. 180, Lepidodendron Wiinschionuwm. From Arran, (4 nat. size.)
(Sedgwick Museum, Cambridge.)

6. Lepidodendron Wiznsehicnwn (Williwoson). Figs. 180—1864,

Reference was made in Volume I to the oceurrence of large
stems of a Lepidodendron in volcanic beds of Calciferous sand-
stone age in the island of Arran'. These were discovered and
briefly described by My Wiinsch in 1867 and afterwards named
by Carruthers Lomatophloyos Wiinschianus®, Mr Carruthers

' Volume 1. p. 80.  For other references to these stems, see Seward and Rill
(00) p. 918.
? Wiineeh (7). + Carruthers (69% p. 8.
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visited the lecality and published an account of the peculiar
method of preservation of the plant remains’. It is, however, to
Williamson® that we owe the more complete deseription of these
Arran stems,  Portions of large stems from the Arran heds are
preserved in the British Museum, the Sedgwick Museu, Cam-
bridge. and in the Manchester Muscum. The section of one
of these is shown in fig. 180; an outer shell of bark encloses u
mass of voleanic ash jn which are embedded several woody
cylinders originally deseribed as “internal piths®” and by Curu-
thers as yonng stems produced from spores which had germinated
in the hollow trunk of a large tree.  The true interpretation was
supplied by Williamson who showed that i stem of the dimensious
of that represented by the outer cortex, e, fig. 180, must have
>d a single stele of the size of those seen in the interior

pross
of the hollow trunk. The additional woody cylinders, or steles,
were derived from other stems, and carried, probably by water,
into the partially decayed trunk.  In addition to large Lepidu-
dendron stems Wilhamson deseribed smaller shoots as well
as an Halonial branch and made brief reference to sone
cones described by Binney? in 1871 from the same locality.
The following account of Lepidedendron Wiinschianum is
based on an exceptionally fine specimen discovered by Mr T.
Kerr of Edinburgh in Caleiferous sandstone voleanic ashes at
Dalmeny in Linlithgowshire. The material from this Jocality
described by Mr Hill and myselt® was generously placed in my
hands by Dr Kidston of Stirling. TFig. 181, A, shows a
transverse section, 33 em, in diameter, consisting of a shell of
auter cortical vissue enclasing a core of light-coloured voleanic
ash; on the decay of the more delicate middle cortex the cylin-
drical stele dropped to one side of the hollow trunk.  The stele,
fig. 182, has a diameter of (5 cox: the centre is accupied by

concentric layers of silica, s, surrounded externally by the

remains of a parcnchymatous pith, p, made up of isodiametric
and sinuous hypha-like elements like those in the muddle cortex
of Lepidodendron shuots.  On the joner edge of the primury

1 Carrathers (69). = Williameon (s0) A, ; {93); (95).

¢ Wiinsch loe. cit. + Binney (71) p. b,
4 Seward and Hill (00).
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sylem, &, occur several isodiametric tracheac with fine scalartform
and reticulate thickening bands like these in the central region

Fie. 181, Lepidodendron Wisnachianum.  Calcilerous Sandstone, Dalmeny.
(A, Sedgwick Muscam, Cambridge. L—F, Botany Seliool, Cambridge.)
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of the stele of Lepidodendron vasculare: it is prabable that these
ciements are vestiges of conducting tissue which in ancestral
forms formed a solid and not a medullated siole,

The primary xylem ix limited externally by an umquall\
fluted surface with exarch protoxylem elements; it i, however,

Fro. 182, Lepidodendron WWinschianum, ‘The stele of the stem shown in
fig. 181, A. (Cambridge Botany School.)

noteworthy that there Is not always a very clearly defined
difference between the small protoxylem and the large centri-
petally developed tracheae, Tmmediately beyond the primary
xylemn occur numerons thin-walled parenchymatous cells with
spiral and reticulate pitting; beyond these is she broad zone of
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secondary xylem, 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 scen to vary considerably
in size, some being made up of a single row of cells while others
arc longer and broader; through the latter Icaf-traces pass
horizontally.  Portions of iwedullary rays are seen at mr in
fig. 181, C and E.

The leaf-traces given off from projecting ridges on the outer
edge of the primary xylem pass upwards for a short distance
and then beud outwards through a broad medullary ray: on
reaching the limit of the secondary xylem they again bend
sharply upwards, appearing in transverse scetion at ¢ fig. 181, B.
Each leaf-trace consists at first of long tracheae accompaniced by
numerous thin-walled spiral and reticulate parenchymatous cells
dertved frow the tissue in contact with the outer edge of the
primary wood.  Tig. 181, B, shows a leaf-trace near the edge of
the sceondary xylem : it consists of a group of primary

racheae,
with narrower protoxylem clements, pr, near the outer margin,
almost completely enclosed by radially disposed series of smaller
and wore delicate tracheae.  These sccondary elements of the
leaf-trace are apparently added during its passage through
the medullary ray, but additions are also made to this tissue
tematic zone, m, fig. 181, B and E. In contact
with the outermost tracheae of normal size at the edge of the

by the me

secondary xylem there ave some smaller lignified elements, as
at g, fig. 181, E. and at T, fig 183; this juxtaposition of large
and small trachcae has been referved to in the description of
L. vasculare.

Prof. Williamson?, in bis account of the Arran specimens of
this species, expressed the opinion that the trees probably
perished “in consequenca of the mephitic vapours which filled
the atmosphere”; it may be that in the striking difference in the
dinmeter 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

* Willinmaon (96) p. 175.
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of delicate parenchymatous cells (m, figs. B and E, 181; C, figs.
183, 184) forming the meristematic zone’. The longitudinal
seetion represented in fig. 184 shows some recently formed narrow
tracheae, I, and beyoud shese the meristematic zone compased of °
thin-walled short cclls, C, arranged in horizontal rows. It is this
small-celled tissue to which the name phleem has been applied
by some authors?, a term which seems to me to be misleading

Tha. 183, Lepidodendron Winschignum. From the specimen shown in fig, 181
8. secretory zone; C, meristern; T, immature tracheae.

and inappropriate. In passing through this zone of dividing cells

the leaf-traces become surrounded by an arc of meristem from

which elements arc added to the radially placed rows of secondary

tracheae. Beyond the meristematic region portions of the

! The term meristematic zone is used because some of the cells in this

region are in a state of active division, though the inner portion may consist
of permanent tissue,

* Seott (00) p. 181 (08) p. 142,
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secretory zone ave preserved, consisting of large sacs or spaces
and small dark cells as seen in figs, 181, B, &, s¢, F; 183, 184.
This tissue has the same structure as in L. pasculare and in
L. fuliginosum: it is a striking fact that there arc no indications
of any additions to the secretory zone even in stemns with such
a large amount of secondary xylem as in the Dalmeny specimen
(fig. 182,2%).  If the secretory zone were of the nature of phloem
we should expect to see signs of additions made to it in the

Fro. 184,  Lepidodendron Wiinsclianum. Longitudinal section of the specimen
represented in transverse section in fig. 183,
course of growsh. In this connexion it is worth mentioning
that in the recont fern Botrychiuie (Ophioglossaceae) secondary
cylem is formed in the stem, bub apparently no additions are
made to the phloem. The structure of the secretory zone tissue
as seen in the longitudinal section fig. 184, S, is also a serious
diffculty in the way of accepting the designation phloem as
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emploved by Seott and Weiss.  Between the secretory zone and
the suter cortical region, no tissues have been preserved.  The
shell of bark consists chicfly of radial rows of elongated cells
with rather thick walls characterised by the occurrence of small
intercellnlar spaces and by tangentially placed bands of secretory
cells and sacs (fig. 181, D, 5). Imwmediately internal to the
secondary cortex or phelloderm oceur groups of secretory tissue
as shown in the seetion of L. Harcourti (fig. 179, B).

The large tree shown in tansverse section in fig. 181, A,
has lost its leaf-cushions; the bark, as seen in the lower
part of the photograph, presents o fissured appearance like
that with which we are familiar on an old Oak or Elm stem.
A radial longitudinal section through the phelloderm revealed
ence of a crushed leaf-trace passing outwards in an

the e

approximately horizontal course accompanied by a strand of

parenchymatous tissue’ baviog the characteristic structure of a
parichnos, It is probable that the surface of this partially
decorticated stem: diffcred in appearance from that of an old
Sigilloria (ef. fig. 198) 1 the much smaller and less conspicuous
parichnos strands.

In naddition to the large stems of L. Wiinschianum fromy
Arran and Dalmeny numerous examples of smaller axes from
the former loeality are represented in the Williamson collection
(British Museww)., Sowe of the twigs are characterised by o
solid stele (protostele) giving off numerous leaf-traces accor-
panied by short spirally thickened tracheids like those which
oceur at the outer edge of the primary xylem in the larger stem:
these extend into the leaf where vhey are arranged round the
vascular bundle like the transfusion tracheids® in many recent
conifers.  The surface of these smaller shaots bears large leaf-
cnshions which are seen in Jongitudinal section to have the forra

characteristic of Lepidoplloios. It is worthy of note that a

section of a bifurcating axis of this species from the Caleiferous
Sandstone of Craigleith (British Museum Collection?),although its
diameter 1s 19 x 14 em., shows no signs of secondary wood. This
late appearance of secondary xylem and obher anatomical features

' Seward und Hill (00) PL 1. fig. 14. % Worsdell (93): Bernard (04).
# No. 52, 625.
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suggest the possibility of the specific identity of L. Wiinschianum
and L. Harcowrtin.

In 1871 Binney? deseribed a specimen of a heterosporous cone,
Lepidostrobus Wiinsclaanus, from Arran exhibiting the ordinary
features of lepidodendroid strobili: this was probably borne by
Lepidodendron Wiinschionwm.

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

The diagrmmatic sketeh reproduced in fig. 186, C. was
made from the transverse section of a small twig, slightly
than 2 cm. in its longest diameter, originally figured by
Williamson®in 1872. Earlier in the same year Carruthers® pub-

les:

lished a short account of the same form based on specimens
colleeted by Mr Butterworth from the Coal-Measures of
Lancashire near Oldham, but both authors refrained from insti-
tuting a new specific name.  In a later publication Williamson
spoke of the type as Lepidodendron macrophyllum®. William-
son’s species has nothing to do with Lycopudites macroplyllus of
Goldenberg®. iking feature of this rare form is
the large size of the leaf-cushious, which ave of the Lepidophlvios
type, in praportion to the diameter of the shoot. The stele

The most strikis

consists of a ring of xylem, all of which is primary in the sections
so far described, enclosing a parenchymatous pith: a Stigmarian
rootlet is shown at s.

8. Lepidodendron Veltheimiunum Sternb. (General account).
TFigs. 157, 185, 186, A, 13

1820, “Schuppenpfinnze,” Rhode, Beit. zur PAanzenkunde der Vor-
welt, PL i fig. 1.

1825, Lepidodendron Velthelmtanwm, Steruberg, Flora der Varwelt,
Pl i fig. 5.

1836, Lluchyphlocus tetragonus, Goeppert, Diefossilen Farukriiuter,
L xum. fig. 5. .

1852, Sagenaria Velthebmiana, Goeppert, Foss. Flora des Ubergangs-
gebirges, Pls. xviI—xxIv.

! Seward and Hill (00) p. 922. 2 Binpey (71) p. 56, PL a1 figs. 2a—2¢.
3 Williamson (72) p. 298, pl. x1v. fig. 35, + Carrothers (72),
* Williameou (73} p. 80, ¢ Goldenberg (35) p. 12,
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1875, Lepidod ndeon Teltheimianiwm, Seur, Calur Flora, p. 269, Pls.
XNTL
Lepidodeudron Velthetmianwm, Kidston, Catalogue of Palaeozoic
plants, British Museum, p. 160. .
1601, Lepidadendron Veltheimianum, Potonid, Stlur und Colm Flora,
P 116, figs. 72—76.
1904, Lepidodendron  Veltheindanum, Zalessky, Mém. Com. Geal
Russie, PL 1v. figs. 4, 5.
1006, Lepidodendron Velthedni, Potonié, Konigl Preuss. geol. Landes-
anstalt, Lief. 1.

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

Lepidodendron Veltheiminmon s represented by easts of
xtems, the largest of which hitherto described reaches a length
of metres with a maximum diameter of 63 eni; this
specimen, figured by Stur?, consists of a tapered main axis
giving off smaller lateral shoots, some of which exhibit dicho-
tomous branching. Fig. 183, C and 1), represent the external
rved cast and impression respectively.

features of a well-pres
Oblique rows of prominent cushions wind round the surface of
the stem and branches: each cushian is prolonged upwards and
downwards in the form of a narrow ridge with sloping sides
which connects adjacent cushions by an ogec curve. At
the upper limit of the broader kite-shaped portion of the
cushion the ligular pit forms a v.'onspicuous feature ; jmime-
diately below this is the leaf-sear with its three small scars,—
the lateral parichnos strands and the central leaf-trace. The
two oval arcas shown in fig. 185, D, just below the lower edge
of the leaf-scars, represent the parichnos arms which impinge
on the surtace of the cushions on their way to the leaves, as
explained oo a previous page. It is possible that these areas
were visihle on the living stem as strands of loose parenchyma
comparable with the lenticel-like pits on the stipules of
Aagiopterts® and the leaf-bases of Cyatheaceous ferns, or it

* See also Kidston (94), (86) A. p. 1602 Potonié (05) Lief. rtr. 50,
2 Stur (76) 4. 11. p. 330, fig. 34. * Hannig (98).
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muy be that their prominence in the specimen before us is the
result of the decay of a thin layer of superficial cortex which hid
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them on the living tree. Fig. 185, B, llinstrates the appearance of
a stem in a partially decorticated condition (Bergeria state).
A further degree of decortication is seen in fig. 183, A, which
represents the Knorria condition.
Fig. 157 shows a Ulodendron ax
Jower part the specimen illustrates the partial obliteration of
the surface features as the result of the splitting of the
outer bark cousequent on growth in thickness of the tree.
s, shown in an early stage in

s of this species; in the

By an’ extension of the er
fig. 157, the leaf-cushions would be entirely destroyed and the
surface of the bark wonld be characterised by longitudinal
fissures simulating the vertical grooves and ridges of a Sigil-
larian stem.  The large stumps of trees shown in the frontis-
picee to Volume I.are probably, as Kidston' suggests, trunks
of L. Veltheindianum in which the leaf-cushions have been

replaced by irregular longitudinal fissures. In old stems of

ens constitute a characteristic

Sigilluria the enlarged parichnos z
feature (p. 203), but iv does not follow that the absence of large
ars is a distinguishing featwre of all Zepidodendra.

parichnos

In this species, as in others, the form of the leaf-cushion
exhibits a considerable range of variation dependent on the
thickness of the shoot; the contignous cushions of young
branches become stretched apart as the result of increasing
girth of the whole organ, and casts of still older branches may
exhibit very different surface-features”.  The leaves as scen
on Impressions of slender branches are comparatively short,
reaching a length of 1—2 cm. It is important to notice that
leafy tw species may bear terminal cones® resembling
in forw those of Picea excelsa and obher recent conifers, though
difering essentially in their morphological features.

The fossil stumps of trees represented in the frontispiece to
Volume 1. bear horizontally spreading and  dichotomously
branched root-like organs having the characters of Stigmaria
Jficddes. Geinitz has suggested that Shigmuriu inaegualis
Gopp. may be the underground portion of Lepidodendron Velthei-

e,

! Young and Kidston (8%) A = Potonic (01%) fig. 72, p. 117.
3 Stur (75) n. A PL s fig. 9. * See Chap. xvit,
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It is unfortunately seldom possible to conncet petrified
Lepidudendron cones with particular species of the genus based
on purely vegetative charvacters, but it is practically certain

- that we are justified in recognising ccrtain strobili described
by Williamnson' from the Calciferous Sandstone series of Burns-
island on the Firth of Forth as those of Lepidodendron Velt-
heimianwn,  Willlamson believed that the cone which he
described belonged to the plant with shoots characterised by the
anatomical features of his species Lepidodendron brevifolinm
(=L. Veltheimianum),a conclusion which is confirmed by Kidston®,
The cone of L. Veltheimianwm, which reached a diameter of
at least 1 cm. and a length of 4 em., agrees in essentials with
other species of Lepidostrobus; the axis has a single medullated
stele of the same general type as that of the vegetative shoots
of Lepidodendron fuliginosum and L. Hurcourtst. The sporo-

ibed by Williamson as spirally disposed, and

phylls are des
Scott notices that in some specimens they are arranged in
alternate whorls ; as in recent Lycopods both forms of phyllo-
taxis may occur in the same species. The heterosporous nature

of this strobilus, to which Scott first applied the name Lepi-
dostrobus Velthevmianus, 1s clearly demonstrated by the two
tongitudinal scetions contributed by Mr Carruthers and figured
by Williamson in 18932,

Each sporophyll, attached almost at right angles to the
is, bears a radially elongated sporangium seated on the

wedian line of its upper face; its margins are laterally ex-

cone-

panded as a thin lamina; from the middle of the lower face a
narrow keel extends downwards between two sporangia belong-
ing to n lower series.  From the base of a sporangium a mass of
sterile tissue penetrates into the spore-producing region as in
the large sporangia of Isoetes (cf. fig. 191, H, a, and fig. 133, H).
The distal and free portion of the sporophylls is bent upwards
® as a protecting bract. Some of the sporangia in the upper
part of the cone prodnced numerous microspores, while 8—16

T Williamson (72) Pl xviv. p. 204 : (98) (93%).

¢ Kidston (01) p. 60. See also Seott (00) p. 170, 6gs. 67, 68,

2 Williamson (93), Pl v figs. 51, §2. See also figs. 67— given by
Scott (06).
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megaspores oceur I the lower sporangia. The megaspores,
having a mean diameter of 08 numn. “quite 40 times the size of the
microspores’,” are charactensed by tubular capitate appendages,
and by a conspicuous three-lobed projection (fig. 191, 32 which,
as Scott, suggests, may represent the outer spore-wall which
has split as the result of germination. Tt Js not im-
probable, as shown in fg. 181, T. that this cap was present

¥10, 186, A, B, Lepidodendran Veltheimianum. (Botany School, Cambridge.)
C. Lepidodendron macrophyilum. (British Museum. No. 377,
z, Primary xylem ; 7% secondary xylem; s, Stigmarian rootlet,

before germination.  The me gaspores represented in fig. 191, 1,

illustrate their characteristic form as seem 10 a section ,

of o megasporangium, Sm: the open beak-like portion of the
larger spore 1s probably the apical region which has split along
the three-rayed lines. These lines form a characteristic featuve of
Y Scott (00) p. 173,
2 Scott [{08) p, 187] suggests that the projection may heve formed a passage
for the admission of the microspores, or of the spermatozoids shich they produced.
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both recent and extinct spores and denote their origin in
tetrads. The spore shown in fig. 191, EY, illustrates the exteral
features, The apical region of the prothallus of a megaspore

" of Lepidodendron Veltheimianum deseribed by My Gordon®
consists of smaller cells than those occupying the greater part
of the spore-cavity, a differentiation which he compares with
that of the prothallns of Seluginellu.

There can be little doubt that the petrified shouots deseribed
by Williamson® from the Caleiferous Sandstone beds of Burne-
wsland us Lepidodendron brevifolivm are identical with specimens
possessing the external features of L. Veltheimiawsm., In 1872
Dawson expressed the apinion that Williamson's species should
be referred to L. Velthelmianuwn, and cvidence subsequently
obtained confirms this view. The stele of this species is of
the medullated type, differing from that of L. fultginosune and
L. Hurcourtii in the absence of prominent ridges on the external
surface of the primary xvlew, and from L. vasculare in the
possession of a parenchymatous pith. In younger twigs the
cortex consists of fairly homogencous tissue, but in older
branches there is a greater distinction between a delicate
middle cortex and a stronger outer cortex. Fig. 186, A,
represents a stem in which the vascular cylinder is composed

of a primary xylem ring, « 1'5 mm. broad, succeeded by
a zoue of secondary wood 1'2 cm. in breadth. The junction
between the primary and secondary xylem is shown on a larger
scale in fig. 186, B. The tissues abutting on the secondary
xylem have wot been preserved; the outer cortex, which
consists chicfly of secondary clements, is divided superficially
into unequal ridges corresponding to the leaf-cushions which
have Dbeen more or less obhiterated as the result of growth

in thickpess of the stew.

Y. Lepidedendron Pedroanuwm (Carruthers).

1n 1869 My Carruthers deseribed some specimens of vege-
tative stems and isolated sporangia, collected by Mr Plant in
Brazil, as Flemingites Pedroanus®. From a more recent account

? Bennie and Kidston (88) PL vi. figs. 20, a—x. ¥ Gordon (08).
* Willinmson (72}, + Carruthers (69%).

s 12
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published by Zeiller? it is clear that Carruthers’ species is a
true Lepidodendron; an examination of the type-specimmens in
the British Museum confirms vhis determination.  The con-
tiguous leaf-cushions have rounded angles similar jo form
to those of Lepidodendron Veltheimianun aud L. dichotomum,
but it is not unlikely that the Brazilian plant ix specifically
distinet from Buropean species. A figure of one of the specimens
on which Carruthers founded the species is given by Arber? in
his Glossopteris Flora. The Brazilian plant is chiefly interesting
as affording proof of the existence of Lepidodendron in the
<outhiern hemisphere; the species has also been recognised
in South Africa from material collected by Mr Leslie at

Vereenig
As Zeiller' has suggested, 1t is not improbable that the
fossils described by Renault® from Brazil as Lycopud opss
Derbyi may be the petrified stems of Lepidudendron Pedro-
arum.  The structure of the central cylinder of Bepault's
spectes is of the type represented by L. Harcourtit: the
xvlem forms a continuons ring and duex not consist of separate

strands of tracheac as Renault believed,

10, Lepidodendron australe (M’ Coy). Figs, 187. A—C.
Speciniens deseribed under this name are interesting rather
on account of their extended geographical range and gealogical
antiquity than on botanical grounds. The drawings reproduced
in fig. 187 illustrate the characteristic appearance of this Lower
Carboniferous and Upper Devonian type, as represented by a
specimen recently described® from the Lower Karroo (Dwyka)
series, which is prohably of Carboniferous age, ncar Orange
River Station, South Africa. The surface is divided into poly-
gomal or rhombojdal arcas (figs. A and B) 8—Y um. long and
7—8 mm. broad, arranged in regular series and representing
leaf-scars, comparable with those of Nigilleria Brardi and other
species, or possibly partially decorticated leaf-cushions. A short

' Zeiller (95).  See also White (08) p. 447.

¥ Arber (05) Pl 1. fig. 2. % Seward and Leslic (U8).
4 Zeiller (U8). * Renault (99).

¥ Seward (07%).
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distance below the apex of each area there is a more or less
circular prominence or depression (fig. 187, B) and on a few of
, the areas there ave indications of a groove (fig. A, g) extending
from the raiscd scar to the pointed base, as at g, .
In examining the graphitic layer on the surface of the
South African specimen shown in fig. 187, A, use was made of
a method recently deseribed by Professor Nathorst'. A fow

Tis. 187, Lepidpdendron australe.  Figo A, pat. size,

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

19 _a
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tial decortication to have occurred prior to
vased

assuming a pe
fossilisation, it may represent a gap in the cortical tissue
by the decay of delicate tissue which surrounded the vascular
bundle of each leaf in its course through the cortex of the
stem.  If the hmpression were that of the actual surface of a
Lepidodendron or a Sigillaria, we shonld expect to find traces
of the parichnos ‘nppuum(r on the leaf-sear as two small sears,
one on cach side of the leaf-bundle. In specimens from Verce-
niging deseribed in 1897 as Sigillaria Brardi, which bear a
superficial resemblance to that shown in fig. A, the parichnos is
clearly shown.  On the other hand, an impression of a partially
decorticated Lepidodendroid stem need not necessarily show the
parichnos as a distinet feature: owing fo its close associntion
with the leaf-trace m the vuter cortex, before its separation in
the form of two diverging arms, it would not appear as a
distinet gap apart from that representing the leaf-bundle.
The absence of the parichnos may be regarded as a point in
favour of the view that the impression is that of a partially
decorticated stem.  Similarly, the absence of any demarcation
between a leaf-cushion and a true Jea s
the stems of Lepidodendra and wany Sigillarine is also favour~

able to the same interpretation.

Tn 1872 My Ciornthers® deseribed some fossils from Queens-

lund. sotue of which appear to be identical with that shown in
fig, 187
species founded on Upper Devonian specimens from Thuringia.
The Queensland plant is probably identical with Dawson's
Canadian species, Leptophloeum rhombicum®.  In 1874 M'Coy?
instituted the nawne Lepidodendron australe for some Lower
Carbopiferous spechuens from Victoria, Australia: these arve
in all probability identical with the Queensland fossils referred
by Carruthers to Unger’s species, but as the identity of the
German and Australian plants is very donbtfil® it is better to
adopt M'Coy’s specific designation.

under the name Lepidodendron nothwn. Ungers, o

' Seward (97%) A. p. 826, Pl xxi. 2 Carrathers (729).
3 Unger and Richter (56).
4 Dawson (71) A. PL v See alto Smith and White (05).

& M'Coy (7T4). See also Feistmantel (90) A. ¢ Kidston (56) A, p. 2381,
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Krasser? has described a similar, but probably not specifieally
identical, type from China: from Devonian rocks of Spitzbergen
Nathorst? has figured, under the name Bergeria, an example of
this form of stem. and Szajnocha® has described other specimens
from Lower Carboniferous strata in the Argentine.

Lepidodendron australe has been recorded from several
Australian localitiest from strata below those containing the
genus Glossopteris and other members of the Glossopteris, or, as
it has recently been re-christencd, the Gn.ug:un(»ptvrisa Flora.

viii.  Fertile shoots of Lepidodendron,

A, Lepidostrobus.

The gen name Lepidostrobus was Hrst used by Brong-
niart® for the cones of Lepidodendron, the type-species of the
genus being Lepidostrobus vrnatus, the designation given by
the author of the genus to a Lepidostrobus previonsly figired
by Parkinson” in his Organic Remains of « Former World.
The generic name Flemingites proposed by Carruthers® in 15863,
nnder a misapprehension as to the nature of spores which he

identified as sporangia, was applied to specimens of true Lepido-
strobi,  Brongniart also institnted the generic name Lepido-
phyllum for detached leaves of Lepidodendron, both vegetative
and fertile; the specimen figured by him in 1822 as Filicites
((+lossopteris) dubius®, and which was afterwards made the type-
species of the genus, was recognised as being a portion of the
lanceolate limb of a large single-veined sporophyll belonging to
a species of Lepidostrobus.

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

It js not uncomwmon to find Lepidudendron preserved in the
form of a shell of outer cortex. which has become separated
along the phellogen from the rest of the stem; as the result of

! Krasser (00) Pl 1. fig. 1. ¥ Nathorst (94) A. I'l. u. fig. &.

7 Szajnocha (Y1) p. 203, 4 See Etheridge {90): David and Pittman {93),
5 White {08), @ Brongniart (28) A. p. 87,

7 Parkinson (11} A. PL rx. fig. 1, p. 428, & Carruthers {G9%).

Y Bropgnigrt (22) A. P n. fig. 4.
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compression the cylinder of bark way assuroe the appearance of
a flattened stem covered with leaf-cushions. A specimen pre-
served in this way was deseribed by B Weiss as a cone of Lomato-
phlutos macrolepidotus Gold. and is guoted by Solms-Laubach and
other authors' as an example of an nnusnally Jarge Lepidostrobus.
An examinagion of the fype-specimen in the Bergakademic of
s had mistaken the partially
lls, and Stigmarian rvotlers,
for sporangia®

Berlin convineed me that Weis
destroyed leaf-cushions for sporophy
which had invaded the empty spe

Tn external appenmnce sote species of Lepidostrobus bear a,
superficial resemblance w0 the cone of a Spruce Fir (Picen
excelsa), but the surface of a lycopodiaceons strobilns is usually
covered by the overlapping and upturned laminae which
terminate the more or less horizontal sporangium-bearing
partion of the sporophyll.

Fig. 188 affards a good example of a long and narrow
Lepidostrobus.  This specimen from the Middle Chal-Measares
of Lancashire has a Jength of 23cm.; like other Lemdostrobi
it is borne at the tip of a slender shoot. The fossil is suffi-
ciently  well preserved to show the characteristic radially
clongated form of the large sporangia and the long and up-
turned distal portions of the sporophylls.

We wmay briefly describe Lepidostrobus as follows:—Cylin-
drical strobili consisting of an axis containing a single cylindrical
stele which agrees generally with that of the vegetative
shoots of L. Harcourtrd and other species. The amount of
parenchyroatons pith varies in different forms; in some the
priniary xylem is almost solid.  The widdle cortical region,
which has usually been destroyed before fossilisation, possesses
the loose lacunar structare characteristic of this region in the
vegetative branches. The shicker walled outer cortex is con-
tinued at the periphery into crowded, usually spirally disposed
sporophylls, each of which consists of a more or less horizontal
pedicel, which may be characterised by o keel-like median
vidge on its lower surface, while to the central region of the
upper face is attached a large radially elongated sporanginm.
Oue of the chief differences between u Lepidodendron cone
2 Sewnrd (90 ; Dotopic (3521,

' Bawer (0%) p. 3
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and those of the recent genus Lycopudium is the greater radia)
elongation of the sporangia in the former. Some species of
Lepridostrobus may have heen homosporous ;

some are known v

Fio. 183 Lepidostrobus.  Middle Coal-Measures, Bardsley, Lancashive, From
 specimen in the Manchester Musenm. (3 oat. size.)

be heterosporous.  In the latter the megasporangia borne on
the lower sporophylls usually contain several megaspores as in
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Isoetes (cf. fig. 133, E). Beyond the distal end of the sporangium
the sporophyll becowes broader in a horizontal plane and is
bent upwards as a lanceolate limb; it may also be prolonged a
short distance downwards as a bluntly triangular expansion.
Fig. 189 is ap accurate representation of a fransverse
section, 6 mm. in diameter, of what is no doubt the apical
portion of u Lepidostrobus from the Coal-Measures of Shore,
Lancashire. The section cuts across the upturned frec laminae
above the level of the apex of the conc-axis. Bach laniina

Fis. 189, Lepidostrobus. Section through the apical region of a cone above
the axis. (Manchester University Collection.)

contains a small vascular bundle coposed of a few tracheae and
some thin-walled cellx surrounded by delicate mesophyll tissuc.
Immediately in front of the distal end of a sporangium n
small ligule s borme on the upper face of the sporophyll
(fig. 191, A, B, I) accupying the same position as in Selagivella
tcf. fig. 131, T). Strands of vascular tissue pass in a steeply
ascending course from the xylem to the pedicels of sporo-
phylls, finally curving upwards and ending in the upper limb.
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Each vaseular bundle consists of a strand of xylem, apparently
of mesarch structure, accompanied by a few layers of paren-
chyma on its outer face and by a group of cambiform elements,
+ the whole being enclosed in a sheath of parenchywma continuous
with the inner cortex of the cone axis. The vasenlar bundle is
accompanied by a parichnos in the outer cortex and in the
sporophyll.

There can be little doubt that the Palacozoic Lepidodendra,
like Lycopodium cernuum (fig. 123) and other recent Lycopods,
usually bore their cones at the tips of slender shoots. The
fertile shoot of Lepidophloios scoticus shown in fig. 160, B, affords
one of several instances supporting this statement; similar
examples are figured by Brongniart', Morris®, and by more recent
writers.  The apparently sessile cone figured by Williamson®
from a specimen in the Manchester Museum is certainly nnt

n situ, but is accidentally associated with the stem.

The general absence of secondary wood in the steles of
Lepidostrobi is, as Dr Kidston* points out, consistent with the
view that the cones were shed on maturity and that fertilisation
‘e of

probably took place on the ground, or perhaps on the su
the water where the slender hairs of the megaspores (fig. 191,
F, I) may have served to cateh the microspores.

Reference has already been made to the belief on the part
of some palacobotanists that the large scars of Ulodendron
represent attachiment-surfaces of sessile cones, and reasons have

been given against the acceptance of this view.

There is considerable range in the size of Lepidustrobi.  An
incomplete specimen, 33 cm. long and 6 o, broad, which
tay have been 50 cm. in length, is described by Renauls and
Zeiller® from the Commentry Coal-field.  The larger conex
afford a striking demonstration of the enormous spore-output

, af some species of Lepidodendron.

Among the earliest accounts of the anatoruy of Lepido-

strobus are those by Hooker®and Binney™ Oncof the specimens

! Brongniart (37) PL xxv. * Morris (40) PL xxxvnr. fig. 10.
# Williamson (93) PL. v1. fig. 26, A, 4 Kidston (01) p.
° Repault and Zeiller (88) A. Pl a.xt. fig. 4. ¢ Hooker (48%).

© Binwey (71).
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described by the former author (fig. 190) affords an interesting
example of an unusual manner of fossilisution ; a hollow stem or
Lepidodendron is filled with sedimentory material containing
several pieces of Lepidostrobi in an approximately vertical

posttion,

Tie. 190, Lepidodendron stem with Lepidnstrobi,  (Afier Flooker.)
A.  Side-view showing leaf-cushions on the left-hiand side nnd t

Kuorria condition on the right.
B. View of tranrveree section ; », sections of Lepidostrobi.

The fact shat Lepidostrobi usually oceur as isolated spe
wens renders it impossible in most cases to refer them
particular species of Lepidodendron. Neither external featur
nor anatomical chavacters afford satisfactory criteria by whi
o correlate vegetative and fertile shoots; in some measure t]
is due to the impertection of our kunowledge as regards t
range of structure within the limits of species: it ls also d
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to lack of inforination as to the cxtent to which the transition
from sterile to fertile portions of a shoot is accompanied by
anatomical differences.  Prof. Williamson wrote: “I have for
»many years endeavoured to discover some specific characters by
which different Lepidostrobi can be distinguished and identified,
but thus far my efforts have been unsuccessful’” In a few
cases, such as those mentioned in the description of Lepidoden-
dron Veltheindiomune and L. Winschignam, it has been possible
to correlate cones and vegetative shoots.

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

i Lepidostrobus variabilis (Lindley and Hutton).

1811, “Strobilus,” Parkinson, Organic Rewnains, Vol 1. p. 428,
PL 1x. fig. 1.

1628, Lepi-lostrobus ornatus, Brongniart, Prodrome, p. 87.

1831, L. variabilis, Lindley and Hutton, Foss. Flora, Pls. x. x1.

1831. L. ornatus, Lindley and Hutton, Foss. Flora, PL xxvi.

1837, L. ornutus var. didymus, Iind. PL. cLxi

1850, Arancarites Cordai, Unger, Genera et Spec. Plaut. foss, p. 382,

1875, Lepidostrobus variabilis, Feistmantel, Palaeontographica, Vol
Lxnr PL oxery,

1886, L. #ariabilis, Kidston, Cat. Palaeozoic Plants, p. 197,

1890. L. ornatus, Zeiller, Flor. Valenciennes, p. 497, Pl rxxvi
figs. 3, 6.

—— L. variabilis, Zeiler, Flor. Valenciennes, p. 499, PL 1Lxxvi
figs. 3, 4.

Under this specific pame are included strobili from Upper
Carboniferons rocks which, in spite of minor ditferences, may be
sconsidered as one type. The cylindrical cones vary considerably
in size, some veaching a length of 50 em. or more.  The sporo-
pbylls are attached by a pedicel, 4—81um. long, at right angles
to the axis, while the distal portion forms an oval lanceolate
limb 10—20 mm. in length. The sporangia are 4—8 mm. long.

' Willismson (98) p. 26, ¢ Maslen (99).
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The branched example fignred by Lindley and Hubton' as
a variety (L. ornatus var. didymus) illustrates a phenomenon
not uncommon in both Palaeozoic and recent Iycopodiaccous
strobili.

. Lepidostrobus oldhamivs Williamson®  Fig. 191, A—D.

Williamson® instituted this term  for strobili previously
deseribed by Binney®, without adeguate evidence, as the cones

Fuo 190, Lepidostrobus.

A—D. L. oldhamius.

B, C. D. From sections in the Binney Collection, Cambridge.

E. Megaspore. (After Ridston.)

F. Megaspore (Cosl-Messures, Halifax). (After Williamson.)

G. Megaspore of Lepidostrobus foliaceus. (After Mrs Scott.)

H. Tangential section of sporangium. (After Bower.)

I. Part of sporangium wall, Sm, of the cone of Lepidudendron
Veltheimianum losing two pores. (Cambridge Botany
School.)

' Lindley and Hutton (37) A. PL. 163,
* For a detailed account of this type, see Maslen (49).
# Williameson {93) p. 28, 4 Binneyx (71).
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of Lepidodendron Hurcourtid.  In shape and in the main
monphologicu. features this type resembles L. variabilis, which
s however known only in the form of casts and impressions.
‘A cone of L. oldhamivs, 2—3 cm. in diameter,
medullated stele consisting of a ring of primary xvlem (fig.
191, D, «) with exarch protoxylem and no secondary clements.
Maslen found several short tracheae at the periphery of the
xylem and states that these led him to compare the cone with the
vegetative shoots of Lepidodendron vasculare, but the common
oceurrence of such elements in different types of shoot renders
them of little or no specific value. The inner cortex is like
that of vegetative shoots of Lepidodendron and the middle
cortes, which was no doubt of the type described in Lepido-
strobus Browndd, is represented by a gap in the sections, beyond
which is the stronger outer cortex (fig. 191, D) passing into the
horizontal pedicels of the sporophylls.  The section of the
reproduced in fig. 191, D), was figured by Binney® as Lepido-
dendron vasculare. The leaf-traces, several of which are seen

Jossesses o

S

in the middle cortical v

gion in fig. D, U, consist of a strand

of scalariform tracheae, with a mesarch protoxylem, suceeeded
by a few parcnchymatous cells: beyond these there is usually
a small gap which was originally occupied by a strand of thin-
walled cells. It is important to note that in one sporaphyll-
wace figared by Maslen® there is a strand of thin-walled

elongated elements abutting on the xylem, which he deseribes
as phloem.  This tissue is cuta.ml_) more like true phloem than
any which has hitherto been described in the leaf-traces of
vegetative shoots. The state of preservation is nos, however,
sufficiently good to enable us to recognise undoubted phloen

featnres.
In such cones as I have examined no tissue has been seen
. which shows the histological features characteristic of the
secretory zone of vegetutive shoots: the “phloem” (Maslen)
occupies the position in the sporophyll bundle which in the
vascular bundles of folinge leaves is occupied by a dark-celled
and partially disorganised fissuc in continuity with the scere-
tory zone of the main stele. It may be that in the strobili
¥ Bippey (71) PL vy figs. 2, 4. ¥ Maslen (99) Pl xxxvy. fig. 11.
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thix tissue veeurred in & modified form, but cven assuming that

the section figured by Maslen shows true phloewn, an assump-

tion based on slender cvidence, this is not sufficient justification |
fur the application of the term phloem o a tissue uceupying

a1 corresponding position in vegetative shoots and distinguished

Ly well-marked histological features.

The sporophyll-traces, as seen in the outer
101, D, wre partially surrounded by a large cre
which was originally occupied by the parichnos. The sporangia
wro adiached along the middle line of the sporophyil and, as in
Legidostrobus Brownit, » cushion of parenchyma pro oto
the lower part of the spurangial cav ity (hg. 1910 A, e G )

The dingrammatic sketeh of part of a section in the Binney
Callection reproduced in fig. 191, B, shows the position of the
ligule, £ No megaspores have been discovered in any speci-
mens of this type: the microspores, which occur both singly
and in tetrads, have a length of 0:02—003 mm.

The drawing shown in fig. 191, A, based on a section i the
Binney Collection, illustrates the geneval arrangemunt of the
parts of a typical Lepidostrobus. T have made nse of this
sketeh instead of that given by Maslen, as his figure conveys
the iden that the sporophylls are superposed, wh ;, whether
they are vertieillate or spiral, a radial longitudinal section

rtex in fig.

enbic space, p,

wonld 1ot cut sueeessive sporangia in the same plane.

il Lepidostrobus Brownii (Brongn.).

In 1843 a specimen of a portion of a petrificd cone was
purchased by the British Museum, assisted by the Marquis of
Northampton and Robert Brown, for £30 from a French
dealer.  This fossil, froww an unknown Jocality, was briefly
deseribed by Brown in 1851" and named by him Zréplosporites. *
but in a note added to his paper he expressed the dpinion that
the generic designation Lepidostrobus would be more appro-
priate. Brongniart afterwards named the cone Triplosporites
Brownid®, and Schimper® described 16 in his Troue as Lepido-

! Brown, B. (31).

“ Brongniart {&).
# Schimper (70} A. p. .

67, PLonsu. figs. 13—
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strobus Brownil. The type-specimen 1s preserved in the British
Museum and the Paris Museun possesses a piece of the same
fossil.

" The central axis of the cone has a stele of the type
characteristic of Lepidodendron fuliginoswm and L. Harcowrtii.
and the xylem is surrounded by o thin-walled tissue deseribed
by Bower! as possibly phloem: but in the absence of Jongi-
tudinal sections it is impossible to say how far the tissue
external to the xylem agrees with that in Lepidodendron stems,
The sporophylls consist of a horizontal portion, to the upper
face of which the radially clongated 5p0r;mg1':1 are attached, one
to each sporophyll: beyond the distal end of the sporangium
the sparophyll bends sharply upwards as a fairly stout lamina.
The wall of the sporangium is composed of several layers of

cells, as shown in a drawing published by Bower®; in the
interior eceur groups of microspores, and from a ridge of tissue
which extends along the whole length of the sporanginm
irregular trabeculae of sterile tissue project into the sporangial
cavity, as in Tsoetes (fig. 191, H: cf. fig. 133, H).

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

Spores of Puluevzoic Lycopodiales.

The caleareous nodules from the Coal seams of Yorkshire
and Lancashire are rich in isolated spores, many of which are
undoubtedly those of Lepidostrobi.  Examples of spores were
figured by Mo in 1840, and their occurrence in coal has
Deen described by several anuthors, one of the earliest accounts
being by Balfour”. The drawings of Palacozoic and recent
spores published by Kidston and Bennie” demonstrate a striking
similarity between the megaspores of existing and extinet
Lycopods, the chief difference being the larger size of the fossils.

! Bower (93). = Bower (94) PL. xuvix, fig. 93. ¥ Zeiller (09).

+ Zalessky has recently {08} described a large species of cone, Lepidostrobms
Livrtrandi, 5 cm. in diameter.

* Morris (40). & Balfour (57). © Kidaton and Bennie (88).
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The gencral generic name  Triletes, originally used by
Reinsch?, is a convepient term by which to designate Pteri-
dophytic spores which cannot be referred 1o definite types,

It is usual to find more than four megaspores in each mega-*
1,

sporanginm in Palacozoic and not infrequently, as we have
in Mesozoie lycopodiaceous strobili, but in some Palacozoic cones,
e, Bothrostrobus (fig. 216) and Lepidostrobus foliacens®, a single
tetrad only appears to have reached waturity.

The ocenrrence of long simple or branched and sometimes
capitate hairs is u common feature of Carboniferous megaspores
(fig. 191, E, ¥, I). It is possible that th appendages served
to catch the microspores, thus facilitating fertilisation. A
peculiar form of megaspore has been described by Mrs Scott,
and assigned by her to Lepidustrobus folinceus, the mega-
sporangium of which apparently contained only four spores.  As
shown in fig. 191, G, a large bladder-like appendage characterised
by radiating veins is attached to the thick spore-coat: it is
ted that this excrescence may be compared with the
! appuratis of the recent water-fern dzolla.  The

1

(llllht[ \ulmmmr‘f which it 1s customary to J,ppl\ to the
appendages of dzolla megaspores would seem to be inappro-
priate if Campbell* is correet in stating that spoves of Azullu
are incapable of tloating.

B, Spencertes.
Spencerifes (esinas (Wilhamson),  Tig. 192,

1878, Lepidostrobus sp., Williamson, Phil. Trans. R. Soc.. (. 240
PL xxun.

1880 Lepidostrobus {nsignis, Williawnson, [hil. Travs. R. Soc, p. 502,
PL xv. figs. 8—IZ

1889, Lepidodeadron Spencers, Williamson, Phil. Traps. R. Sou.,
P 199, PL v figs 2, PL v fig. 19,

1897, Spencerites insignis, Seatt, Phil. Trans. p. 83, Pls. Xxu—xv.

1—22;

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

' Reinsch ($1) 4. 4 Muslen (99) p. 8745 Scost, K. (06) p. 1I7.
= Seott, R. (0. Y Cumipbeil (05) p. 414,
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is that originally described by Williamson', from the Lower
Coal-Measures of Yorkshire, as a tvpe of Lepidostrobus, L. iu-
stgnis, but afterwards® more fully investigated and assigned to
.a new genus by Scott® It should be pointed out that in a
later publication Williamson spoke of the lyeopodiaceons axis,

Fic. 192.  Spencerites insignis (Williamson),  (After Miss Berridge.)

which he suspected might belong to his L. insignis, as possibly
worthy of recognition as a distinet generic type.
Of the two species included by Scott in his genus Spencertes
only one, S. énsignis. need be considered.  Since the publica-
1 Williamson (78) A. p. 340, Pl xxmr. See nlso the drawings in Willinmson's

iater papers quoted in the synonymy.
* Willistoson (93%). Scott. D. H. (9n).

e v 17
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tion of Scott’s paper our knowledge of this type has been
extended by Miss Berridge! and by Prof. Lang=

The axis of the strobilus has a stele characterised by o
pith of clongated elements, most of which have thin walls;,
ses abour twenty protoxylem strands

the xylem cylinder posse
forming more or less prominent exarch ridges. The cortex
exhibjts a differentiation comparable with that in the shoots of
Lepidodendron.  'The sporophylls are arranged in alternating
verticils, each whorl consisting of ten members: the narrow
horizantal pedicel of @ sporophyll, containing a single vaseular
bundle, as shown in fig. 192, is expanded distally into a
prominent upper lobe bearing a cushion of small and delicave
cells, o which the sporangiunm is attached.and prolonged abliguely
upwards as a free leaf-like lamina.  The lower blunt prolonga-
tion of the sporophylls appears to form a thick dorsal Jobe, but,

as Lang has pointed out, it is highly probable that the present
form of vhe dorsal lobe is of seeondary origin, and is “dne to the
disappearance of a mucilage cavity from a large sporophyll
base®”  As Miss Berridge remarks, the vasenlar bandle of the
sporophyll does not give off a branch to the ventral lobe and
structure of

sporanginm. - In attachment. in shape, and in the
the wall the sporangia differ markedly from those of Lepidostrobi.
The spores, which also constitute a characteristic featuwre of
the genus, have a maximmn diameter of 074 wmm. ; they are
bed as oblate spheraids with a broad hollow wing running
round the cquator (fig. 192) comparable with the air-sacs of the
pollen of Pinus. Scowy points out that the spores of Spencerites
are intermediate in size between the microspores of Lepiduden-
dron and the megaspores of Lycopudinm: it is diffieult therefore
Lo decide to which category they should be referred. Spencerites
is clearly distinct from Lepidostrobus; the absence of a ligule,
the manner of attachment of the sporangia, and the form and
size of the spores, are characteristic features,

A comparison of Spencerttes with the strobili of Lycopodinn.
cermen (figs. 123, 126—129) has receutly been made by Lang,
who draws attention to the striking agreement as regards general
plan and even detailed structnral features between the Palaeozoic

) Berridge {05). * Lung (08). “ Lang (08) p. 364
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and the recent type of strobilus. Tt is interesting to find, as
Lang points out, that in the original account of the fossil cone
by Williamson, the view is expressed that the sporangivphores
were confluent.  An examination of the section figured by
Williamson' led Lang to confinn this opinion. It would be
out of place to enter here into a detailed comparison of
Spencerites in

gnis and the cone of Lycopodium, but the resem-
Dblances are considered by Lang to be sufficiently close to snggest
that the striking shmilarity may be indicative of relationship®.

It is wortl

» of notice that the radial scetion of Spencerites

ig. 192) presents a fairly close resemblance to a corresponding
section through a cone-scale of A gathis (Kauri Piney.  Tn each
case the megasporanginm is attached by a parrow pedicel to
the sporophyll and the latter has a similar form in the two
plants, though the extent of the resemblance is somewhat

lessened by Lang’s more complete account of the Palacozoie
type. If the Spencerites sporangia possessed an integument
she similarity with the dgathis ovule would of course be much
closer: recent palacobotanical investigations have shown thag
ovules and sporangia are not separated by impassable barriers,

[Since this Chapter we

set up intype a paper has appeared
by Dr Bruno Kubart ou a new species of Spencerites spore,
o the Ostran-Karwiner Coal-basin (Austria),
The spores are larger than those of o

Sonendranacens,

{ugignis and in sowe the
cells of a prothallus are preserved. Kubart figures a section of
which
he regards as an antheridial mother-cell, surrounded by six wall-
Rubart (90).]

a spore containing a group of seven cells, a central cell

1 Williamson (78) A. DL xxn. fig.

¢ Lang (08) p. 36 Since this was written a paper has been published by
My Watsou on a new type of Lycopodinceous cone from the Lower Coal-Measiures
(Mesostrobus): in an wppendix he eriticises Dr Lang’s views in regurd to Spen-
ceritrs. | Watson, Annals of Botany, Vol. xxt. p. 879, 1409,]

% Seward and Ford (06) p. 395

13—z



CHAPTER XV
Sigillaria.

1 General,

Ix view of the close resemblance hetween Lepidodendron
and Sigillarie, another lycopodiaceous plant characteristic of
Carboniferous and Permian floras, a comparatively brief de-
serption of the latter genus must suffice, more particularly as
Lepidodendron has received rather an undue share of attention.
Nigdlluria, though abundantly represented among the relies of
Palacozoie flarus, especially those preserved in the Coal-
Mensures, is rare in u petrified state, and our knowledge of its
anatomy is far from complete. In external form as in internal
structure the difference between the two genera are not such as
vnable nsto draw ip all cases a clearly detined line of separation.

In the Antediluvian Phytolegy, Artis' figured a fossil from
the Carboniferous sandstones of Yorkshire which he called
Luphorbites vulgurds on acconnt of a superficial resemblance
to the stems of existing suc-ulent Euphorbias. Rhode® also
compared Sigitlaian stems with those of vecent Cucti, The
specimen deseribed by Arsix is characterised by regular vertical
and slightly eonvex ribs Leaving rows of leaf-scars in spiral ser
like those on the cushions of Lepidodendron. A few years earlier
Brongniart’ had instituted the genus Sigitlaria® for plants with
1ibled bt not joinfed stems bearing ™ dise-like impressions” {leaf-
scirs) disposged in quineunx; the type-species named by the author
ol the genus Siyilluria scutellate is 1dentical, as Kidston® points

3,

1 Artis (25) A, PL xv. * Rbode (20).

% Brongniart (22) A. Pl. xu. fig. 4.

% For peneric names wholly ur in part synonymous with Sigillaria, see
White (99) p. 230.

© Kidston (86) A. p. 1806,
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SIGILLARIA

A Sigddlaria elegans Brongn,

L. Sigillaria rugosa Brongn.  Middle Coal-Measurcs,
€. Omphalaphlaios anglicus Kidst. Barnsley.

D. Sigillaria elegans Brongn,

E. Sigilluria tessellata Brongn.

(A, B, C, E, about § nat, size. Dr Kidston's Collection.)
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ot wivh Zuphorbites vulgaris of Artis and with the plant afrer-
wards figured by Brongniart as S, pachyderma’.  Brongniart. in
1822 figured another type of stem characterised by the absence

of ribs and by prominent spirally arranged cushions bearing

relatively large leaf-scars like the upper part of the specimen
shown in fig. 203; this he named Clathraria Brardii, a well-
kuown and widely distributed Carboniferaus and Pernian species
now spoken of as Sigillaric Bravd( (figs. 196, A—C; 203). A
third type of stem figured by Brongniart as Syringodendron
straatum® agrees with Sigillaria scutellota in having ribs, but
differs in the substitution of narrow oval ridges or depressions
for Jeaf-scar i allv decorticated
Sigillaru, in which the vascular bundle of cach leaf is repre-
sented by a narrow ridge or depression.  The name Syringo-
dendron, vriginally used by Sternberg, is conveniently applied
to certain forms of Sigillavian stems which have lost their

is now recognised as a par

superficial tissues. A fourth generic name, Fovaluria, was
or Sigillarian stems with ribs covered

instituted by Sternberg
with contiguous Jo af-scus of hexagonal form and prominent
lateral angles (fig. 193, A fig. 200, G).

The generie or subgeneric title Rhytidolepis, also instituted
by Sternberg, is applied to ribbed Sigillarian stems such as
S.seutellata, S, rugosa (fig. 143, By, S. 7IIHI/L7//[NH7[5 (fig. 193), or
S tuerigata (fig. 196, D). Goldepherg? proposed the nage

Leivdermaria for smooth Sigi)lvian stems with leafiscars not
in contact with one another (fig. 196, C).

The shoot system of Similuria consisted of a stout stem

tapering upwards to a height of 100 feet® or more as an un-
branched column, with its dome-shaped apex® covered with
linear s.,mss like leaves ur, in some species, such as Sigdlara
Brardi®, S. Eugenii® ete.. the main trunk was oces sjonally divided
by apparently equal dichotomy.  The younger portions of the
stem or branches were in some species clothed with leaves
separated by a narrow zigzag groove surrounding their hexa-

! Bronguiart (37) I'l. cL. fig. 1.

£ Brongniart (22 A. Pl xn. big. 3.

¥ Sternberg (23) A. + Goldenberg (55).

* Zeiller (8 (8. clegain), : Gumonhergrm

7 Renanly (46) A, PL xxxv, = Star {70) oo A, PLoxon,
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gonal bases, while jn other forms cach Jeaf was seated on a
more or less prominent cushion havimg the forn illustrated by
NSigillaria MeMuwrtriel (fig. 194) or by the example represented in
' fig. 200, H; or as in the ribled speeies shown in figs. 193, B, and

Fra. 194, Sigillaria 3leMurtriei Kidst. From a specimen from the Upper Coal-
Measures of Radstock, in the British Museum (¥, 932). Nat, size.

195, the leaves in vertical series were separated from one another
by lfonger portions of the vibs,  As in Lepidodendron the cushions
are frequently characterised by irregular transverse wrinklings
and other? surface-ornumentation which in some Instances af,

Tic, 195, Sigillaria mammillaris. (Rbytidolepis form.) From a specimen in
the Manchester Museum. p, parichnos; {, ligule-pit; ¢, leaf-trace;
¢, cushion ; s, leaf-scar.

least may have been produced as the result of post-mortem

shrinkage of superficial tissue. From the rarity of shoots with

the foliage attached, it would seem that the Jeaves persisted for

2 comparatively short time and were cut off by an absciss-layer

leaving behind a well-marked leaf-scar area. The linear Jeaves,

Y For an account of the various external features made use of jn the classi-
fication of Sigillarias, see Kochue (04).
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reaching in rare cases a length of one metre (e.g. 8. lepidoden-
drifoliay but usually much shorter, poss ed a single median
bundle, and the lower face was characterised by two stomatal
md a median keel. It is pot uncommon to find leaf- "
of Nigellaria detached trom the stem and preserved as
separate impressions,  The  term Sigillariophylivm used by

D

g~
T

A e :u‘_; R
&

Fia. 196, A—C. Sigillaria Brardi. (A aiter Germar; B, C after Zeiller.)
D. Sigillaria laevigata.
E. Lepidodendron Wortheni (D and E after Zeiller).

Grand’Eury' may be applied to detached leaves, though it is
by no meuns easy to distinguish between the foliage of Sigillaria
and Lepididendron. A comparison of a typical species of
Sigillaria, such as N rugose (fg. 193, B) or S Brard:
(fig. 196, A—C) with a vypical Lepidodendron revenls obvions

! Grand'Eury (90) A.
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differences in the forin of the leaf-cushion, but in some cases
the distinction becomes purely arbisrary.

Inmediately above the centre of she upper boundary of a
.Si;_:i]]:u‘i;zu leaf-scar a lignle pit way often be detected, as

shown tu fig. 195, /, and in some cases, ¢.g. a specimen figured
by Germar' (fig. 106, Ay as Sigilaria spinulosa (identical with
N. Brardi), some cireular scars with a central pit surrounded by
a raised rim occur on the surface of the stem, either singly
or in pairs, near the leaf-scars
represent the position of adventitions roots or, as Germar

s.  The leaf-scars

these, it is suggested, may

thought, of some deciduous spinons proces
are frequently hexagonal in shape, with the lateral angles
either rounded (fig. 200, F) or sharply pointed (fig. 200, G, H);
each sear bears three swaller scars as in Lepidodendron, a
central circular, oval or creseentic leaf-trace scar and larger
oval or slightly curved scars formed by the two parichnos arms
(fig. 195, p).  The larger size of the parichnos arms, the indi-
vidual cells of which may often be detected as a fine punctation,
is a distinguishing feature of the genus, but otherwise the
structure is very similar to that in Lepidodendron.  As shown
in figs. 195, 200, I, G, the three scars may ocenr nearer the
upper than the lower margin of the leaf-base area.
Lepidodendran Warthend* (fig. 196, E), described trom North
Ameriea by Lesquereux®, by Zeillert from France, and by
Kidston? from the Upper and Middle Coal-Measures of England,
may be quoted as a Lepidodendyon bearing a close resemblance
to Stgillaria.  The shuots hear cushions two or three times as
long as broad and withont the usual median division, but with
numerous irregular and discontinuous fransverse wrinklings,
Lepidodendron  Peachii Kidston® affords another example of a
form agreeing both with Sigilluria and with Lepidodendron.
« An Upper Devopian type described by White™ as Arclhaeo-
sigillaria primaeve affords a striking instance of the combination
on one stem of Sigillarian and Lepidodeudroid leaf-cushions,

} Germar (53).

S CFL Lepidadendron feilleri, Zalessky (04) P). v, fig, 1.

¥ Lesquereux (79) A, PL par. + Zeiller (88) &. Pl pxxi,
> Kidston (01) p. 46, % Kidston (85). 7 White, D. (07
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The difference between the original surface of a Sigillaria
stemr and that of partially decorticated specimmens is seep in
figs. 196, C and D; in fig. C the bark of Sigillarie Bwn'd'i.
shows the characteristic wrinklings of the superficial tissue,

while at a slightly lower level the leaf-scars are replaced by
the parichnos casts, @, and fine longitudinal striations represent

2

Fi0. 197, Carica <p. From the Roval Gardeos, Bew. (Mach reduced) M.S. "
the elongated phellodenn cells laid bare by the exfoliation of
the surface-layers. Similarly, in the rib of Sigidlara laevigata
(fig. 196, D) the parichnos anus, p, and the Jongitudinal stria-
tions are exposed at the lower level, while the surface is smooth
and bears rows of widely separated leaf-scars,
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The older part of a Sigillarian stem may present an appear-
ance very different from that of the younger shoots. The
leaf-cushions may be stretehed apart as the result of elongation

“and inerease i

rth, while in some cases the arrangement of the

leaf-scars may “

s on the same axis as the result of inequaliti
i growth or che mgmt{ climatic conditions. The contiguous
arrangement of the leaf-scars and narrow cushions characteristic
of the Clathrarian form of stem, as was first demonstrated by
Weiss!, and afterwards llustrated by Zeiller® and Kidston, may
be gradually replaced (ou the same speeimen) by a more distant
disposition of the leaf-sears separated by a smooth intervening
surface of hark,  The specimen of S. Brardi reproduced in part
in fig. 203, and first fignred by Kidston, affords an example
of three “species™ on one piece of stem, S, Brardi Brongn.

8. denudata Goepp. and S. vhomboidea Brongn.

The piece of Curica stem, represented in fig. 107, Nustrates
the danger of trusting to the dispesition of leaves as a specific
eriterion.

Similarly, in the ribbed forms the degree of separation of

the leaf-sears is by no means uniform in a single speciest.
Sowe authors have adopted a two-fold classification of Sigil-
farian stems proposed by the late Prof. Weiss® of Berlin, who
divided the Sigillariae inte (&) Sub-Sigillariae, comprising
Leiodermarine  and Cancellatac, and (B) Eu-Sigillariac, in-
cluding Favwlariae and Bhytidolepis.  Grand'Eury® adopts the
terms Rhytidolepis and Leiodermaria for ribbed and smooth
stets respectively, the type to which the name Clathraria was
applied by Brongniart being in some cases at least the young
form of Leiodermarian stems.  While recognising the artificial
distinetion implied by such terms as Rhptidolepis, Leiodermaria,
and other sub-generic titles, we may conveniently speak of the
. two main types of Sigillaria stems as ribbed and smooth.

Still older stems of Sigiliaria are not uncommon from which
the leaf-scars and other superficial tissues have been exfoliated,
leaving exposed a longitudinally fissured surface of secondary
covtex characterised by pairs of considerably enlarged parichnos

Zeiller (89). 7 Kidston (01) p. 94.
Weiss, C. E. (39). ¢ Grand’Eury (90) 3.

! Weiss, C. E. (88).
+ Scward (909).
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strands (fig. 198%) which are sometimes purtially or wholly
fnsed into one (Syringadendron state of Sigillaria).  The single
ar double nature of the elliptical ar cireulur parichnos areas

doubtless due to the degree of exfoliation, which may extend
sufticiently deep into the cortex to reach the Jevel of the
parichnos before the single strand has bifurcated (¢f. Lepido-

dendron, p. 100).  In the Muoseums of Manchester, Newcastle

and other places easts of large Sigill:u‘ia stems may be seen,
which illustrate the differences in breadth and regularity of the

vertical ribs, and in the size and shape of the parichues areas
in different regions of a partially decorticated stem. A cast of a
ribbed species in the Manchester Museum, having a length of

185 em. and a breadth of 56 cm., shows in the upper portion

ight vertical grooves and broad ribs bearing pairs of parichnos
scars 11 mm. long; in the lower portion the ribs tend to
become obliterated and the parichnos scars, 2 em. in length,
may be partially fused and arranged in much less regular vertical
series. A feature of these alder ribbed Sigillarian stems is the
increase in the number of the ribs from below upwards. K

lston’
has described a specimen in the Sunderland Musewm, 6 feet
G inches long, with a circumference at the slightly bottle-shaped

‘m there are

base of 5 fect.

On the lower portion of the s
29 broud ribs; about one-third the height many of these
bifureate, producing as wany as 40 ribs in the upper part
where the cast has a circuinference of 3 fect. The increase
in number of the ribs is due in part to bifurcation, but also

to the interealation of new on As Kidston points out, this

example shows (hac as a stem wrew io length additional leaves
were developed at the apex. A similar stem, which illustrates
very clearly the increase in the number of vibs from below
upwards, may b

Grand'Eu
ribless species of Sigillaria, Syringodendron bioculatun, bearing
single and double parichnoes areas of nearly civenlar form-and
with a diameter of 1—2 em. In 2 specimen figured by Renault
and Roche?® (Syringodendron esnostense) frora the Culm strata

seen in the Newcastle Musewn.

has described an example of an old ster of o«

! Kidston (97) p. 4G. < Grand'Eury (90) 4. Pl xim fig. &
¥ Renault and Roche (97).
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in France, the parichnos scars reach a length of 3 em.  As seen
in the tragment of a vibbed Sigillariv represented in fig. 195,
the large parichnos areas exhibit a distinet surface pitting in
vontrast to the fine longitudinal striation of the rib: the
difference in surface-appearance is due to the nature of the
tissue, which in the parichnos consists of fairly large purenchy-
matous elements with groups of sceretory colls), and in the
exposed cortex of clongavod clements.  The vertical line in the
middle of fig. 198, which oceurs in the middle of the rib, has
probably been formed by splitting of the bark.

¥1c. 198, Sigillaria with large parichnos areas. (4 nat. size.) M.5.

Grand'Eury's deseription of fossil forests of Sigillariae in
the racks of the St Etienne* district affords a striking picture of
these arborescent Pteridophytes: he speaks of the stems of some
of the trees as swollen like a bottle at the base, characterised
by the Syringodendron features and terminating below in
short repeatedly forked roots of the type known as Stigmart-
opsis.  Other specimens of Sigillaria stumps show a marked
edecrense in girth towards the base; this tapered form is
regarded by Grand’Eury as the result of the development of
acrial columnar stems from underground rhizomes.

The nature of the root-like organs of Sigillaric 1s dealt
with in the sequel: a brief reference may, however, be nade

! Coward {07); Renault (96) A. ® Grand'Eary (90) A. PL nt.
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to the accurrence of stumps of vertical trunks which pass down-
wards into regularly forked and spreading arms,  These anns
lie ahmost horizontally in the sand or 1oud like the underground

Fia, 194, Partially decorticated stem of Sigillaria showing two zones of cone-
sears.  From a enst in the Sedgwick Museum, Cambridge. M.S.
(2 nat. size.)

rhizames of Phragmites and other recent plants growing in
swampy situations where water is abundant and where deeper
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penetration of the soil wonld expose then to an insnfficient
supply of oxygent. It is certain that Sigilloria had no tap-root.
but was supported on spreading subterranean organs bearing
spirally disposed long and slender rontlets which absorbed water
from a swampy soil.

The regularity of the leaf-scar series on a Sigillarian stetn
may be interrupted by the occurrence of oval sears with a
central scar and surrounding groove (fig. 193, 19 these ocenr
in zones at more or less regular intervals on the stem,
in the partially decorticated cast represented in fig. 199,

seen

Zeiller has pointed out that the rows of oval or cireular scars,
which mark the position of eadiicons stalked strobi
between the Jeafscars in vertical series, cach of which may

i, may oceur

include as many as 20 scars, while in other cases a single series
of such cone-scurs may encirele the stem®  The zones are
. Brardi, and their ocenrrence

usually of uneven breadth, as in 8
ent Jeaf-sears,

some deformation of the adjs

produce:

By the carlier writers Sigilluria was compared with sue-
culent Buphorbias, Cacti, and Palms; Brongniart® at first
included undonbted Sigillavian stems among Ferns, bt after
wmvestigating an agatised stem from Autun, he rveferred Sigil-
lardu to the Gymnosperms® on the ground that it had the
wood. It was then supposed
that Lepidodendron possessed only primary xylem, and that
the presence of a vaseular meristem in Nigillaria necessitated

power of producing sceondary

its separation from the Iycopodiaceous genus Lepidodendron

and its inclusion in the higher plants. By slow degrees it was

recognised, as in the parallel case of the genus Calamites, that

the presence or absence of sceondary vascular tissue is a
character of small huportauce.  Williamson, whose anatomical
researches played the most important part iu ridding the minds
of palacobotanists of the superstition that secondary growth in
“thickness is a monopoly of the Phanerogaws, spoke in 1883 of
of Lepidodendron and Sigilluric as

the conflict as to the affinitie
virtually over but leaving here and there © the ground-swell of a

! Cf. Prof. Yapp's account (08) of Fen vegetation.
# Zeiller (88) A. Pl Lxxxv. “# Brongniart (28) A. p. 63,
+ Brongniart (39) A.; (49) A. p. 55,
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storiny past’.”  In 1872 the same author had writben: “If then
T aw corveet in thus bringing the Lepidodendra and Sigillariae
into such close affinity, there is an end of M. Bronguiart's theory,
that the latter were gymnospermons exogens, becanse the crypto-
gie character of the foruer is disputed by no one: we mnst
rasher conclude as I have done that the entire series represents,
along with the Calamites, an exogenons group of Cryplogams iu
which the woody zope separated a medullary from a cortical
portion®”

In 1579 Renauwlt® expressed the opinion that Brongniart by
his investigasion of the apatomy of Seigillaric elegans had
established in a wmunoer © presque irréfutable” that Sigdlaria
sed as a Gymnosperm showing affinity with the

must be ¢
Cycads,

In 1835 Goldenberg? described some strobili which he re-
garded as those of Sigilawric and recognised their close
resemblance to a fertile plant of Jsvetes. He was led o the
conclusion, which had little influence on contemporary opinion,
that Sigillaria is velated to Isoetes and must be classed among
Pteridophytes.  To these long and narrow strobili Schimper
gave the name Segdlariostrobus®, In 1884 Zeiller® supplied con-
firmation of Goldenberg’s view by the discovery of cones borne
on pedicels with Sigillarian leaf-scars, thus demonstrating the
generic identity of cones and vegetative shoots, which Golden-
berg had conneesed on the evidence of association. Zeiller's
more recent work” and the still later researches of Kidston®
have added considerably to our knowledge of the morphology
of Sigillarian cones.  Grand’Eury’s remark made so recently as
1800" that opinion in regard to the Gymnospermous nature of
Sigillaria is losing ground every day, bears striking testimony
to the pertinacity with which old beliefs linger even in the face
of overwhelming proof of their falsity.

Iv is remarkable, in view of the abundance of vegetative
shoots, how rarely undoubted Sigillarian strobili have been

? Willistuson (83). * Willismson (72) p. 22¢.

“ Renault {79). + Goldenberg (35) p. 24.
chimper (70) A. p. 103 ¢ Zeiller (84).

T Zeiler (B8) A. * Kidston (7). " Grand'Eury (90) A, Vol. 1.
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found ; this may, however, be in part due to a confusion with
Lepidostrobi which so far s we know do not differ in important.
respects from Sigillariostrobi
- There can be no doubt that Sigillaria usually produced its
cones on slender pedicels which bore a few leaves or bracts in
irregular verticils, or in short vertical series on comparatively
stout stems, an arrangement reminding us of the occurrence of
flowers on old stems of Theobroma and other recent Dicotyledons,
As Renault® pointed out the fortile shoots are axillary in origin.
Dr Kidston® is of opinion that certain species of Sigdluria

bore cones sessile on large vegetative shoots characte

sed by
1ons like those in the
Ulodendron form of Lepidodendron Veltheimianum (fig. 157).

two opposite rows of cup-like depres

He has desceribed the Uladendron condition of two spec

Sigillaria discophora (Konig) and S. Taylor: (Carr.); the cup-
like depressions may have a dinmeter of several centimetres
and are distinguished from those of Bothrodendron by the
almost central position of the umbilieus.  The specimens
which he figures ns N. discophora are identified by him with
the stem figured by Konig as Lepidodendron. discophorum and
by Lindley and Hutton* as Ulodendron minus.  We have
already dealt with the pature of Ulodendron shoots, expressing
the opinion that in spite of the often quoted specimen deseribed
by D'Arey Thompsou®, in which a supposed cone oceurs in one of
the cups, there is no satisfactory case of any undoubted cone
having been found attached to the large Ulodendron scars. It

is more probable that the Ulodendron depressions represent
the scars of branches, cither clongated axes, or possibly in
some cases deciduous tuberous shoots which served as organs
of vegetative reproduction. A specimen figured by Kidston
as Sigilluria Taylori from the Caleiferous sandstone of Scotland®
bears a row of slightly projecting “appendicular urgans”
"attached to a Ulodendron axis; but these furnish no proof of
their strobiloid vature. The wain question is, are these Ulo-
dendron shoots correctly identified by Kidston as Sigillarian ¢

! Kidston (97). * Ronuult (96) A.
4 Kidston (85). ¢ Lindley and Huttan (31) A. PL, v1.
* Thompson (80). ¢ Kidswon (83) Bl. v1. 6g. 10.

&1L 1+
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The surface of the specimens shows crowded rhomboidai scars
surrounded ip some cases by a very narrow border or
cushion: the general appearance is, as Kidston maintains, like
that of Sigillaria Brardi in which the leaf-sc
(eg. fig. 208, upper part). Nope of the leaf-scars exhibit
the three characteristic features, the leaf-trace and parichnos
scars, but only one small scar appears on each leaf-base area.

are congiguous®

In a more recent paper Kidston figures a small piece of a
stem from Kilmarnock, which he identifies as Sigiflaria dis-
cophora, showing the three characteristic scars on the leaf-
base area.  There is no doubt as to the Sigillarian nature of this
specimen, but it is not clear if the piece figured is part of a
T'lodendron shoot .

Prof. Zeiller® retains the older name Ulodendron minws Lind.
and Hutt. iy place of Kéinig's specific designation and dissents
from Kidston’s identification of Ulodendron minus and U. majus
of Lindley and Hutton as one species: he is also inclined to
refer these Ulodendron axes to Lepidodendron. In spite of the
superficial resemblance to Sigillaria of the specimens described
by Kidston, and which T have had an opportunity of examining,
I venture to regard their reference to that genus as by no
means definitely established.  We must recognise the difficulty
in certain cases of drawing any satisfactory distinetion between
Sigillaria and Lepidodendron based on external features, and
while giving due weight to the conclusions of so experienced a
palacobotanist as my friend Dr Kidston, I venture 1o think we
are not in a position to state with contidence that Sigilaria
possessed Ulodendron shoots.

. Leaves.

The leaves of Sigillaria agree closely with those of Lepi-:
dodendron; they are cither acicular (fig. 200, D) like Pive
needles or broader and flatter like the leaves of Podo-
carpus. Their attachment to comparatively thick branches?

' Kidston (89%) p. 61 FL va fig. 1.
= Zeiller (8%) A, p. 483, Pls, 1xx3m. L3Iy, ¥ Zeiller (06) PV s,
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shows that they persisted, in some cases at least, for several
vears as in Aroucaria imbricuta. The lower surface of the
lamina was characterised by a prominent* keel (fig. 142, A
“and C) which dies out towards the apex: on either side of it
are well-defined stomatal grooves (figs. 142, g, g1 143, A1 200,
D, ). The upper face may be chavacterised by anothrr groove
(fig. 142, B) but without stomata. The occurrence of the
stomatal grooves, the abundance of  transfusion tracheae
(fig. 142, ¢) swrrounding the vascular bundle, and the pre-
sence of strengthening hypodermal tissue suggest that the
leaves

of Sigilluria were of a more or less pronounced xerophi-
lous type and had a fairly strong and leathery lamina. The
mesophyll tissue consists either of short parenchywatous cells
ar of radially elongated palisade-like elements and has the loose
or lacunar arrangement characteristic of the aerating
in recent leaves: the slight development or absence of palisade-

tissue may indicate exposure to diffuse light of no great intensity.
In most species there is a single vein, but in others the xylem
forms a double strand (fig. 142, B). Sections of the lamina near
the apical region present a more cireular form, owing to the
gradual obliteration of the upper groove and lower keel and to
she dying out of the stomatal grooves.
The transverse section of the leaf diagrammatically repre-
sented in fig. 142, A, A’, shows the two stomatal grooves, g,
and a prominent keel : the single vein consists of a small group
of primary tracheae, a, some delicate parenchyma, and a brown
patch of imperfectly preserved tissues, @, resembling the seere-
tory zone tissue of a Lepidodendron. The whole is surrounded
by a sheath of rather wide and short thinner-walled spiral or
reticulate tracheids, which may be spoken of as transfusion
tracheae, ¢, and compared with similar elements in the leaves
, of wany recent Conifers. To this tissue Renault applies the
epithet “ water-bearing” and it is very likely that this may have
been its function. The shaded portions of the lamina, in
fig. 142, &, represent the distribution of thicker-wallid hypo-
dermal tissue. The section of a leaf 3 mm. wide shown in
fig. 142, C, shows an almost identical structure; the transfusion
tracheae are richly developed especially on the sides and lower

Teoa
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surface of the vascular strand.  'This leaf occurs i association
with a petrified stem of Styidlaric scutellate’.

Renault® has shown that the leaf-traces of Sigillaria
spaaulose (=8, Brasddy e accompuuicd in the outer cortical ®

Fic.200. A. Sigillaria Brardi (=S. clegans Brongn. (39)] Trausverse
section of stem,
L. Sigillaria Brardi[

pinulosa, Renault and Grand'Eury (75)]:
%, outer cortex ; i, xylem. (After Renault and Grand'Eury.)

€. S. Brard:, primary xylem clement. (A and C after Brongniart.)

D. Leaf of Sigillaria Brardi: g, y, stomatal grooves; ep, piece of
epidermis of stem.  (After Renanlt.)

E. Sipillavia Brardi. Tangential section of leaf-bases: p, parich-
nos.  (After Renault.)

¥, G, H. Sigillaria leaf-scars and cushionz. (After Weiss.)

region of the stem by a fairly large amount of secondary xylem ;
in sections of the free lamina which he figures the secondary

elements are much less obvious and represented by o few
tracheae only. Similarly, in the leaf-base of S Brurds

1 Kidston (072). * Renanlt (96) A. Pl xxzvin fig. 3.
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(fig. 200, E) the xylem consists of both primary and sceondary
elements (a, 2°), but in the Jamina the latter is poorly if at all
,represented.  In the lamina of the leaves of S Brerdi the
ahtly crved band with two

primary sylem forms a narrow s
lateral groups of narrewer, presnnably protoxylem eluments:
this is surrounded by delicate parenchyma styled by Renaultf, on
very slender evidence, phloem (“liber ™). Some dark cells below
the xylem are desceribed as sclerous tissue, and surrounding the
bundle is a sheath of transfusion tracheae (dotted aren in
fig. 200, By, 1t ix possible that the clements spoken of with
hesitation by Renault as sccondary xylem are transfusion

tracheae.

There has probably been some confusion in the minds of
authors between sclerous tissue and dark secretory tissue in
Sigillarian leaves; the crescentic band, ¢, shown in fig. 142, B,
which corresponds in position with the sclerous tissuc of
Renanlt in S, Brardy leaves, appears to be of the nature of
secretory tissue.

The diagram shown in fig. 142, B, illustrates a type of leaf
very like those already deseribed, except that there ave two
xylem strands, . The difference between the double strand and
the single bundle seen in figs. 142, 4, C and 200 E, is com-
paratively small, but it is a real distinetion. This type of Jeaf
(fg. 142, B) was originally descrihed by Renault' ander the
generic title Sigillariopsis. The genus was founded on a French
petrified specimen consisting of part of a ribbed stem possessing
a stele of the Sigillarian type and characterised by scparate
primary xylem strands, like those of S Brardi described by
Brongniart in 1839. Renault considered the presence of two
avlem strands in the leaf a sufficient reason for the institution
of a new genus and named the specimen Sigellariopsis Decaisner.
Prof. Bertrand of Lille kindly photographed for e Renault’s
type-specimen and sent several prints with explanatory notes.
The transverse scction of the leaves shows very clearly the two
xylem strands: each strand consists of a trinngular group of
primary tracheae with the protoxylem apex pointing towards
the lower surface of the lamina. Below each primary strand

J Repault (79) Pls, xm. xmx. p. 270 ; (96) AL p. 245,
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of cenpripetal xylem is an are composed of a few small tracheae
which Renault and Bertrand deseribe as secondary xylem : it
is, however, not clear from the photonderograpbs that these
are of secondary origin, their position and #ppearance reminding
one of the primaary centrifugal xylenm of a cycadean fohar
bundle.  Below this centrifugal xylem is another wre of in-
perfeetly  preserved elements deseribed by Rebault as a
protective sheath and by Bertrand as glandular tissue; the
latter term is probably the more correct as the tissue may well
correspond to the secretory-zone tissue of Lepidodendron stems.
Fajrly large groups of transfusion tracheids occur on the flanks
of the xylem. Prof. Bertrand points out that one of his sections,
cut nearer the apex of o leaf than that figured by Renault with
a single xylem strand, contains a double strand and thus shows

the latter's deseription to be an incorrect interpretasion of the
nnperfeetly preserved tissues.

The Sigillariopsis type of leat was recognised by Seott?
in English material on which he founded the species Sigil-
luriopsis sulcata. In a section which he has recently fignred* a
lacuna below the two xylem strands is described as “ representing
secretory tissue ”; a band of transinsion tracheae almost encireles
the pair of bundles.

In a note published in 1907, Kidston® demonstrated the
association of Sigillariopsis leaves with an undoubted Sigil-
larian  <fem of the Rhytidolepis type and expressed his
conviction that Renault's genus is identical with Sigillaria.
The correctness of Kidston’s conclusion has been proved by
Arber and Thomas* who found that the leaf-traces of Sigilluria
seutellata bifurcate during their course through the outer region
of the cortex and enter the leaf as two distinet strands of
priruary xylen. In the section from Dr Kidston’s collection
shown in fig. 142, B, the lamina, 4 mum. wide, consists mainly of
thin-walled assimilating tissue composed of radially elongated
cells abutsing at the periphery on bypodermal mechanical tissue,
except ati the edges of the stomata) grooves which are bounded
by the small-celled epidermis. A broad sheath of thicker-walled

) Seatt, D. H. (04%). s Scott (08) p. 250, fig. 95.
* Kidston (07%). + Arber and Thomas (08).
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elements, 5, surrounds numerous scattered transfusion tracheae, f,
and below the two xylem strands, 2, which are embedded in
delicate parenchyma there is a crescentic band of dark tissue, «,
resembling the smaller strand, «, in fig. 142, A’, and the secre-
tory zone tissue of a Lepidodendron stem.

. Fertile shoots of Sigillaria.

TReference has already been nade {0 the manner of ocenr-
rence of strobili on Sigillarian stems; it remains to deseribe the
structure of these reproductive shoots, Sigidllariostrobus, the
name given to Sigillarian strobili, may be defined in general
terms as lollows :

Cylindrical cones, rarely dichotomously branched' as in
species of  Lycopodinm and Seloginella, which may reach a
length of 30 em. (eg. Sigillariostrobus nobilis Zeill.*) and a
diameter 2—35 cm.; peduncle long and slender, sometimes
bearing acicular bracts or, after leaf-fall, characterised by leat-
cushions and  leaf

cars like those on  vegetative shoots
(fig. 201, E). The stalked cones are borne in irregular verticils
and in some species in vertical series, the fertile zones being
separated by comparatively long sterile portions of the stem
(fig. 199). The cones were deciduous and, in certain cases if
not in all, the individual sporophylls became detached from
the cone-axis on matarity. The slender axis bore spiral or
vertjcillate imbricate sporophylls attached at right angles or
more or less obliquely. The basal rhomboidal portion bore
spores on its upper surface (fig. 201, F), presumably enclosed
in a somewhat radially elongated sporangium (fig. B) and was
prolonged distally into a narrow lanceolate free portion, in sowe
species with a ciliate border (tig. D). The sporangia probably
produced megasporas and microspores, but such spores as have
been recognised appear to belong to the former category. Lhe
designation Triletes is applied to isolated spores of Sigillaria or
to those of Lepudodendron.

Sigillariostrobus Tieghemi Zeiller® (figs. 201, B, ). In this

? Goldenberg (53) ; Kidston (97). * Zeiller (88) A. PL xc. 1, p. 398,
3 Zeiller (84); (88) A, Pl vxsxix,
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species, from the Coal-field of Valenciennes, the pedicel bore
aves or bracts attached to the upper portion of leaf-
anged in vertical series (fig. E). The cones reached
—>5 cem.; the sporophylls '

acicular |

cushions
a length of 16 e and o breadth of
are borpe in alterpating verticils with 8—10 in each whorl.
Several megaspores (2 mu. in diameter) appear to have been
produced in tetrads in cach sporangiuni,

Fre. 201, Sigillariostrobus.
A, C. Sigilluriostrobus rhombibracteatus Kidst. (After Kidston.)
A, Portion of strobilus.
C.  Megnspore.
B, D. Sigillariostrobus ciliatus Kidst. (After Kidston.}
E, F. Sigillariostrobus Tieghemi Zeill. (After Zeiller.)

Sigilloriostrobus rhomdibracteatus Kidston!. Fig. 201, A, C.

Kidston described this species from the Middle Coal-
Measures of England: it is similiar in habit and in the form of
the sporophylls to S. Zieghemd, but rather swaller, and the more
definitely rhomboidal sporophylls have a ciliate margin = The

! Kidston (97) Pls. 1. 1 p. 50,
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cone was probably heferosporous, but megaspores alone have so
far heen discovered. The sporophylls bear i close resemblance
to those of Lycopodium cernuwum (fig. 126, ). Tn some of the
illustrations of this type given by Kidston the naked conc-

with its numerons sporophyll-sears is elearly shown, reninding
one of the naked axes of the cones of the Sihver Fir (dlbies
pectinata) or Cedar after the fall of the

Our knowledge of Sigillarian cones is too incomplete to
admit of a detailed comparison with the strobili of Zepidodendran
or with those of recent Pteridophytes. There can, however, be
little doubt that Goldenberg' was correct iu his selection of
Isoetes as the most nearly allied recent plant so far as the fertile
leaves are concerned. It would seem that the sporangia were
comparatively delicate structures which have left no clearly
defined remains of their walls in the carbonised specimens;
Kidston, indeed, speaks of the hollmw bases of the sporophylls as
holding the spores, but this is hardly likely to have been the
case, Our knowledge of the anatomy of Sigilluriostrobus 1s
practically nil. but in one specimen of a Sigillaria elegans
stem Kidston® describes the structure of the tissues as seen in
a transverse section of a sear of a fertile shoct: from this we
learn that the stele was composed exclusively of primary
tracheids forming a solid strand without a pith. It is probable
that the cones of Sigillaria were heterosporous, but in no
instance have undoubted microspores been discovered; the
megaspores in each megasporangium were fairly nnmerous as in
Isoetes (fig. 133, E). In one species, Sigillariostrobus major
(Germar), from Permian rocks of France and Germany, Zeiller®
states that the whole of a single cone bore megaspores (0-8—1
mm. in diameter) only; this is, however. not opposed to the idea
of heterospory, as we find instances in Selaginella of strobili
sbearing one kind of spore only (cf. p. 56).

In a few instances, it has been possible to correlate cones
with certuin species of Sigellarde, bui in most cases the strobili

ales.

ocewr as isolated fossils.

1 Goldenberg
2 Kidston (05) Pl min. figs. 25, 25, 26, 27. s Zeiller (06) p. 160.
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v, The structure of Sigillarian stems.

The first account of the anatomy of Sigillaria we owe to
Brongniart' who published a description of the internal structure
of an agatised stem, about 4 e, u diameter, from Autun, which
A to Sigillaria elegans. It has, however, been shown
Ly Zeiller? and by Renault that this petrified fragment belongs
o Brongniart's species 8. Menardi, which is probably a young
form of S Brardi. Brongujart's specimen, now preserved io
the Parts Natural History Muscum, is o ve

he referr

» beautitul example

hexagonal contiguons leaf-sears, like those shown in fig. 193, A,
and on the polished transverse section is seen a relatively large
stele consisting of a ring of secondary xylem surrounding
a serles of crescentic groups of primary xylem (Hg. 200, A)
enclosing a wide pith occupied by concentric layers of silica. A
portion of the ouier cortex is preserved, and this is separated
frous the stele by a broad space filled with siliceous rock. The
main features of this type may be described in a few words,
The primary sylem differs from that of such Lepidodendron
stems as have been described in being wade up of groups of
sealariforns aud occasionally reticulate (fig. 200, C) tracheuc,
having a plano-convex or more or less creseentic form as seen in

transverse scetion,  These primary strands, in contact with one
another laterally, have their narrowest clements on the outer
edge.  The leaf-traces are given off from the middle of the
abaxia] face of each xylem strand (fig. 202, C, lt); these pass
abliquely outwards through medullary rays and then, as in
Lepidodendron, turn sharply upwards before bending outwards
again on their way to the Jeaves, Each leaf-trace consists of a
group of primnary tracheae to which a few secondary tracheue are
added during the passage through the secondary wood. Thes
secondary xylem forms a continuous cylinder of tracheae with
sealariform bands on both radial and tangential walls; the
medullary rays are numercus and consist of long and narrow

! Brongniart (39); Renanlt (9¢) A.
¥ Zeiller (88) A. p. 586 ; Kidston (05) p. 534.
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series, usually one cell broad, of parenchymatous cells wich
accasional short rayvs ope or more cells in depth.

The slightly greater breadth of the rays between each
primary xylem strand tends o divide the secondary wond
into bundles corresponding in breadth to the primwary groups.
The outer cortex closely resembles that of Lepidodendrun ;
it consists internally of radial series of secondary, clongated
and rather stout, elements abutting on the parcuchyinatous
tissne of the leat-cushions.

The next contribution to our knowledge of the anatomy of
Sigillaria was made by Renaulv and Grand Eury' who desceribed
the structure of Sigilluriv spinulosu Germar®, a spec
recogmised 13 the Leindermarian condition of S Brardi, and
probably, therefore, not specially dislinet from the specimen
described by Brongniart in 1839 as S. elegans.  In Brongniart's
fossi! the leaf-cushions are in contact {Clathrarian form of S
Brardi: fig. 203, upper part) whereas in the specimen now
under consideration the leaf-scars are turther apart (Leioder-
marian form of 8. Brardi, fig. 203, lower part, and fig. 196, ).
It may be, as Scott suggests, that these two specimens are not
specifically identical but closely allied, an opinion based on
certain anatomical differences®: we may, however, include bovh
under the comprehensive name S, Brordi.

The primary xylem (fig. 200, B, «). is in some regions
separated into distinet strands, in others it forms a continuous
band equal in length to several of the separate groups. This
type of stele, in which the primary yylem consists in pact of
separate strands and in part of a continuous cylinder, forms a
transition between that represented in fig. 200, A, and the stcles
of Sigillaria elegans (fig. 202, A) and most species of Lepido-
dendron. The tendency of the primary xylem strands to become

Junited laterally, forming broader bands, was first described by
Solms-Laubach in a French specimen of Sigllarie spinulosa in
the Williamson collection. The leaf-traces arise from the middle
of the concave outer face of the primary xylem groups. The inper

- cortex is composed of small parenchymatous cells as in Lepido-

1 Revanlt and Grand Bury (75); Renault (96) A. % Germar (44) A.
2 Seott (U8) p. 214, 4 Solms-Laubach (1) A. p. 258.
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dendran, and it s noteworthy that traces of purtially
disorganised tissue, deseribed as large canals, in the region
external to the sceondary wood. bear a reseinblance! to the
secretory tissue of Lepidodendron. :

Other interesting features are presented by the structure of
the outer cortex and the parichnos.  The outer cortex in the
leafosear vegion is eomposed of parenchyma, but for the most
part it copsists of radially clongated groups of thin-walled

Fia. 208, A, Sigillaria clegans Brongn. (Section in Dr Kidston’s Collection
cot from the specimen shown in fig. 143, D)
B, C. Sigillaria elongata Brongn. It leaf-trace. (¥From specimens
in the collection of Prof, Bertrand.)

parenchynia enclosed (n a framework of thicker-walled and
clongated elements (fig. 200, B, ¢*). This type of cortex, tq
which Brongniart applied the name Dictyoaylon, would produce
a cast o the case of a partially decorticated stem characterised
by a surface formed of irregularly oval and raised areas bounded
by narrow groaves: the greater prominence of the former being
due to the more rapid decuy of the softer tissue, which “would

! Renault and Grand’Eury (75} P1. 1. fig. 5.
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produce depressions on the exposed face of the dead s
Casts of this type are not uncommon in Carboniferons rocks,
and while some may belong to the Pteridosperm Lyginodendron,
athers may be those of Sig

gillavian stems,

The large parichnos-strands, produced as in Lepidodendron,
by the forking of a single strand arising in the middle cortical
region, consist in part of tissue containiug sceretory canals, a
structure like that recently deseribed by Miss Coward? in the
large parichnos strands of Syringodendron stews.

An example of a decorticated specimen is deseribed by
Renanlt® as Sigillaric aylive. This stem is presumably referred
to Sigillurie because the primary xylem consists of separate
strands. It Js characterised by the unusually large develop-
ment of secondary wood and by the relatively small size of the
pith.  The xylem cylinder has a diameter of 4—35 em. and the
pith is only 4—35 mm. in breadth.

Another example of a petrified Sigillaria stem has been
described Ly Kidston® as S. elegans Brongn.* (fig. 193, D), a
species characterised by vertical rows of sub-hexagonal and
contignous leaf-scars and by the presence of verticils of cone-
sears. Fig. 198, D, represents Kidston's specimen in surface-
view ; one row of lea is shown, but most of the superficial
m&\nes have been destroyed.  The erushed stele, 13 mm. in it
lopgest diameter, has a continuous cylinder of primary
(fig. 202, A, @) characterised by a regularly crenulate outer
wargin with the smallest elements at the edge; the prominent
ridges separating the sinuses are rounded. The leaf-traces arise
from the bottorn of each sinus; the leaf-bundles are mesarch, and
consist exclusively of primary elements. The secondary xylem,
2% like that of the primary ylem, has a crenulate outer cdge.
The most interesting feature of the outer cortex is afforded by
K tangential section which, in addition to the leat-scars, cuts
through a cone-sear showing a solid primary stele surrounded
by the cortex of the cove-peduncle.

Another type of Sigillaric, prabably S. elongate Brongn.
(fig. 202, B, C), which is very similar to 8. scutellata has been

xylem,

e

Y Coward (07). % Renault (96) A. p. 287, PL xxxvor. figs, 1—4.
# Kidston (05). + Bropgniart (28) A. Tls. cxivi, civ. cuvir
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bricfly described by Prof. Bertrand?, to whom my thanks are
due for the two photographs reproduced in fig. 202, B. C. His
specimen, from the Pas de Caluis Coal-field, shows a ribbed
Rhytidolepis form of surface (fig. 202, B). The stele (fig. 202, C)
agrees closely with that of S. elegans as described by Kidston,
but the ridges on the fluted surface of the primary xylem are
more pointed.  Tn the inmediate neighbourhood of the origin
of a leaf-trace, the spiral elements form a median band in the
middle of a sinux" and frow this the leaf-traces are given off.
Na secondary xylem was found in the leaf-traces at any part of
their conrse.

Bertrand compares the stele of S, elongate with that of the
type of Lepidodendron represented by the Burntisland species
pamed by Williamson L. brevifolium (fig. 186) and now usnally
rveferred to L. Veltheiniianum; the chief distinguishing features
are the greater prominence in the French species of the surface-
ridges or teeth of the primary xylem, a feature which oecurs in
L. Wiinschianum, and the detachment of the leaf-traces from
the bottom of vach sivus (fig. 202, C, If) instead of from the
sides of the sinus. It is, however, not clear how far this latter
distinetion is a real onc; in Lepidodendron Witnschianum the
leaf-traces appenr to arise, as in Sigellarro, from the middle of

cach sinus.

Other types of ribbed Sigillaria stemns have been bricfly
deseribed by Scott®, Kidston®, and more recently, by Arber
and Thomas™,

The specimen described by Scott agrees in the main with
S, eleguns of Kidston and with S. elongata of Bertrand,

Kidston's sections of 8, scutellata show a continuous primary
xylem cylinder with a slightly and irregularly crenulate outer
margin. It would seem that one important diagnostic character
in Sigillarian stems is afforded by the degree and form of the,
crenulations on the outer urface of the primary xylem. S sew-
tellato has beey described also by Arber and Thomas; these
authors were the first to demonstrate the presence of a ligule
and ligular piv on the leaf-base in a petrified stem, and they

! Bertraud (99). 2 Seott (08) p. 227, fig. 5.
* Kidston (07%). % Arber and Thomas (07).
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also contribute the important fact that the leaf-traces in passing
through the phelloderm bifurcate “and enter the leaf as two
distinet vascular strands. This double bundle has been referred
to n the description of Sigillaria leaves.  (Page 214.)
Although our knowledge of the apatomy of Sigillaria
has been considerably extended sinee Willlamson' drew attern-
tion to our comparative ignorance of the subject, there are

several points on which information is either lacking or very
meagre.  As regards the stele, 1t is in all types so far ir{-
vestigated, of the medullated type and constructed on the
same plan as that of Lepidodendron Wiinschianum, L. Velr-
heimianum, and other species.  Svcondar

ylem was devolopud
at an early stage of growth, and its re ation to the primary
xylem, from which as Kidston points oul in his deseription of
S. eleguns, it may be separated by a few parenchymatous cle-
ments, is like that in Lepidodendron. The tendency of the
outer face of the secondary xvlem to present a crenulate
appearance in transverse sections may, as Scott thinks? be a
feature of some diagnostic importance, but this is not 2 constant
character in the genus. Inorigin and in their mesarch structure,
the leaf-traces closely resemble those of Lepidodendron. The
earlier account of the structure of the leaf-traces of Sigillaria,
which were deseribed as poss

ssing both centrifugal and centri-
péml wood, led Mettenius® to draw attention to an iinportant
avatomical resemblance between this genus and wodern Cycads.
This comparison was, however, based on a misconception ; the
Cveadean leaf-trace, co ing solely of primary wood, is not
strictly comparable with those of some species of Sigillaria, in
which one part of the xylem Is primary and another sccondary,

The occasional presence of secondary xylem in Sigillarian leaf-
traces is matched in sowme Lepidodendra’, and cannot he
accepted as a distinguishing feature.

The origin of the leaf-traces from the middic of the sinuses
on the edge of the primary xylem is regarded as a difference; in
Lepidudendron the leaf-traces are said to arise in some species
from the sides of the crenulations; but, as alrealy pointed out,

1 Williamson {72). ¥ Seott (08) p.
4 Mettenius {60). ‘eg L W imschianin (6g. 181, B, 1n).
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this is a distinction of doubtful value.  The division of the
primary xylem into separaté strands in some stems of Sigillaric
of the Clathrarian and Leiodermarian forms is a characteristic
peculiarity . but S. spinulose forms a coonecting link between
this type and the continuous arrangement of the xylem in S, elon-
gute and S. elegans.  Kidston' has shown that the discontinuons
in Lower Permian species, a fact con-

primary xylem oceur

sistent with the view that the greater abundance of the

centripetally developed wood, eharacteristic of the older species,
feature. This is not mercly a
conclnsion drawn from a consideration of geological age, but it
is in harmony with the view expressed by Scott® that as plants
achieved greater success in producing secondary centrifugal
wood, the retention of any considerable guantity of primary
xylem became superfluous.  As yet we know very little of

represents aomore primitive

the structure of the perisylic tissues of Sigilluria, but there
is no sufficient reason for supposing that these differ in
from those in Lepidodendron. The middle and outer
sues are practically identical in the two genera, The
parichnos is of the same type, except that in Sigillarin it
reached greater dimensions in the outer pary of its course,

entials

gillaric Brard® Brongnint.
TFigs. 196, A—C; 200 203.

Clathrarin frards, Bronguiart, Classif, Vég, foss, Pl 1. fig, 5.

Nigillaria Brardd, Brongniart, Hist. Vég, foss, 1. 430, PL cuvur

4.

S. Menardi, ibid. Pl cLvin

183G, Lepidodendron Gttonds, Goeppert, Fossil Farnky, PL xuin

1839, 8. elegans, Brongniart, Arch. Mus. Nat, Hist. Paris, Vol 1
1. 406, PL xxv,

1840, & spinulosa, Germar, Verstein. Wettin und Labejiin, p. 59,
PL v

1893, & mutans, Weiss, Abband. Preuss. Geol. Aost, [N.F.] Heft 2,
PL vin.

3 Kidstan {03) p. 347. # Scott, D. H. (02).
* Yor fuller synouymy, see Kidston (86) A. p. 179; and Zeiller (06) p. 160;
Koehne (04) p. (2.
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The aerial shoots of this species are oceasionally hanched
dichotomously®, the apical portions bearing short crowded leaves=
the surface of the bark is either completely covered with con-
vignons leaf-sears withont definite leaf-cushions or with projecting
cushions forming @ narow sloping surface surrounding cach

Fio. 203, Sigillaria Brardi Brongm. (§ nat. size). ¥rom a photograph of a
specimen in Dr Kidston's collection, from the Upper Transition
Series of Staffordshire. Published by Kidston (02) Pl wix, fig. 1.

leaf-scar.  Other parts of the plant may possess cushions similar
in their kite-shaped form to those of Lepidodendron, but without
2 median vertical groove, or the leaf-scars may be spirally disposed
at varying distances apart on a comparatively simooth and loogi-
tudinally wrinkled bark. The species exhibits striking instances
of a transition between the Favularian, Clathrarian, and Leioder-
marian foros of stems.  The lcaf-scars, which are hexagonal in
Zeiller (00) V1. xru. 2 Graod’Eury (90) A.

' Renault (96) &, P1. xx

s 1L 15
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outline,—the lateral angles pointed and transversely elongated,
the upper and lower angles rounded,—bear three scars, the
central leaf-trace and two straight or curved lateral parichnos
sears a ligular pit oceurs immediately above the centre of the
upper edge of the le ar and oceasionally circular clevations

with w central pit oceur singly or in pairs below a leaf-scar
(fig. 196, A).  The Jinear leaves, which may persist on shoots
having a fairly large diameter?, have a single median vein and
two stomatal grooves on the lower surface® (fig. 200, D).
Partially decorticated and vounger shoots are characterised
of elliptical parichnos areas and a

by the occurrence of pair
smaller median leaf-trace scw. The surface of older stems,
show signs of longitudinal splitting (Syringodendron
state), hears pairs of parichnos scars reaching a length of
‘5 e, and a breadth of 10—13 mm. The regularity of the
leaf-sear arrangenient is interrupted at intervals by the occurs

which may

rence of more or less regular verticils of scars marking the
77 has figured cones

position of deeciduous shoots,  Grand'Eu
which he believes to be those of this species, and Zeiller refers
the large strobili, Nigillariostrobus major, to Sigillaria Brardis,
The subterranean axes were characterised by spirally disposed
rootlet-scars like those of Stigmaria ficndes (figs. 204, 205) and
by a cortical surface with the features of Stigmaria rimosy Gold®
The anatomy of the stele and leaves has already heen
deseribed (p. 219).  The stele of the Stigmarian Pm'bi(m of the
plant consists of a band of centripetal primary xylem and a
eylinder of centrifugally formed secondary wood with medullary
< contuining vascnlar bundles passing out to the rootlets.
Sigillaric Brordi oceurs not uncommonly in Perwian vocks
it is recorded from France’, Germany®, Pennsylvauia® and
oisewhere, It is found in the Upper, Middle, and Lower
Coal-Measures of England™ and in Permo-Carbomferous strata

in Africa® and Brazil®
! Zeiller (06) Pl xvit, < Reoauwlt {36) A, Pls. xxvvi, xin
# Grand'Eury (90) A. Pl xr. ¥ Zeiller (06) p. 176,
& Goldenberg (55) PL xi. 4 Renault (96} A. Pl xxxix.
T Zeiller (92) A.; {06). * Potonié (@6) AT * Fontaine and White (80},

1o Kidston (94] p. 25 1 Seward (977 A.

™ White (08) p. 430, PL v, fig. 12.




CHAPTER XVILL

UNDERGROUND RHIZOMES AND ROOTS OF

PALALGZOIC
LYCOPODIACEOUS PLANTSR.

Stigmaria.
Stigmaoriv ficordes is the name given to cylindrical casts wmen
with in Palacozoic rocks, from the Devonian' to the Pernpan®,

characterised by a smooth orirregularly wrinkled surface bearing

Fra. 204,

Stigmariu sicoides Drongs.  M.8.  (See Vol. 1. p. 73.)
spirally disposed circular scars bounded by a raised rim and
containing a small central pit. It is not uncommon to find
evidence of a partial collapse of the substance of the plant as
) Potonié {01%). 2 Goeppert (64) A.

16—2



LYCOPODIALES [ch.

seen in fig. 204 this is doubtless the expression of a shrinkage
of the middle cortical region, which was composed of a delicate
and lacunar system of ¢clls.  There cau be no reasonable doubt
rhat Stigmaria grew in water or in swampy ground.  Speclers
stonally met with iy which the cast terminates in a
coung branches which

are o
Llnntly rounded apes © such are, perhaps,
have not grown fur from the base of the aerial stem from which
they arose (ef. fig. 207, B, C). Other examples oceur, such av

Guoeppert! figured and Gresley® has more recently deseribed,

Fia, 205, Stigmaria jicoides.  From a specimen in the York Museum, from
Bishop Auckland. a, base of rootlet showing vasenlar bundle scar.
M5,

which are twisted and disiorted as though ebstacles had been
encountered in the ground in which they grew.

The circular scars mark the bases of long single and
oceasionally forked appendages (rootlets) which spread on all
sides into the surrounding wmedium (figs. 205, 208).  Tha
occurrence of rootlets radiating through the shale or sandstone
affords proof that the Stigwarias are often preserved in their
positiou of growth. This was recognised by Steinbauer® and
Logan®, and has been niore recently emiphasised by Potonié® as

1 Goeppert, loc. cit. 2 Gresley (89) PL s
# Steinhauer (1) A, “ Logon (42). 5 Potonié¢ (93%),
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an argument in favour of the view that the beds contaiming
such specimens are old surface-soils.

Stigmaria nsnally shows regular dichotomous branching, the
s spreading horizontally or slightly downwards snd alwavs
arising from four main branches in the for of a croxs (fig. 2071
The most remarkable specimens found in England are descrihed

by Williamson® in his monograph of Stigmaria.  One of two
targe casts found near Bradford in Yorkshire, and now in the
Manchester Museum, shows four large primary arns radiaring
from the base of an creet stump 4 fect in diawmeter,  Each
arm divides a short distance from its base into two, and the
smaller branches extend almost horizontally for several feet:

An illustration published by Martin in 1809¢ shows a
characteristic feature of Stigmarian casts, namely the presence
of a smaller axis, usually occupying an eccentric position
inside the larger. This represents the cast of the fairly hroad
parenchymatous pith which, on de
filled by sand or mud: at a later

v, left a space subsequently
stage the surrounding wood
and cortex were removed and the cavity so formed was
similarly filled. A thin layer of coal formed by the carbonisa-
tion of some of the tissues frequently surrounds the medullary
cast, and Steinhauer, whose account of the genus is wmuch
fuller and more scientific than those of other earlier and
many later writers, recognised the true pature of this internal

cast.  Artis® regarded it as the remains of a voung plant, which
he deseribed as “ perforating its parent.” at length bursting it
and assuming its place, a gratuitously drastic interpretation,

In 1838* Lindley and Hutton figured a partially petrified
specimen of Stigmaria obtained by Prestwich from Carbo-
nifcrons rock of Shropshire. This example showed a fairly
broad cylinder of secondary wood penctrated by mednllary

L TAYS. The medullated stele copsisted of a pith surrounded by

a small amount of primary xylem and by a eylinder of

? Williamson (87) A.

? A similar example, now in the Bergakademie of Berlin, has been described
by Potouié (70) A.; see also a noic on the German specimen by Seward (41).
+ Martin (09) A, PL xi1. + Artis (25) A.

» Lingley end Hutton (38) . P1. crxvt
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secondary scalariform tracheae, The preservation of the tissues
abntting on the cdge of the wood is usually very imperfect, and
the middle cortes of Tacunar parenchyma has practically in every
case cluded the action of mineralising agents; the outer cortex,
on the other hand, consists of more resistant clements and is
frequenily well preserved.  As in Lepidodendron and Sigilloriv
stems, meristewatic activity produced a broad band of secondary
cortex © and beyond this were attached to cushion-like pads the
Jlumerons appendages, each supplied with a single vascular
bundle which arose from the primary xylem and passed out-

wards through a mednllary ray. There is abundant evidence
that the appendages were hollow, a fact in striking accord with
the aquatic and semi-aquatic habitat (cf. 7soetes root, fig. 133, G).

Fii, 06, Cyperus papyrus. Piece of yhizome showing rootlet-sears. Ngi. size.
M.S.

The piece of dried rhizowe of Cyperus papyrus shown in fig.
206 is an almost exact countcrpart of Stigmeiia ficoides: the
wrinkled and shrivelled surface and the circular root-scurs
containing the remains of a vascular bundle are striking
features in cornmon and. it may be added, the two plants, though
very different in structure and in systematic position, illustrate
apatomical adaptations to a similar environment.
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Stigmaria ficwides Brongniart®.  Figs. 204, 205, 207, 208

1809, Ploptolithus verrucosus, Martin, Petrifact. Derb, Pls. x1-xiv,

1818, Phytolithus verrucosus, Steinhaver, Trans. Phil. Rac. Awericn,
N.8] Vol 1. p. 268, PL v,

1820.  Turidlaria ficoides, Sternberg, Flora der Vorwelt, p. 22,

. NI

igmaric ficoids

. oxiL figs 7, p. 228,

1825, Ficoidites rerrucosus, Artis, Antediluvian Phytology, Pl x.

1840, Stigmaria anabathra, Corda, Flor. der Vorwelt, PL xiv,

Prongniart, Mem. Mus. d'hist. nat. Paris,

The first figure of Stigmario is said to be by Petver iy 17041
Volkmann published illustrations of this comwon fossil in 1720
and Parkinson in 1804 Binney, whose researches may be
said to have inaugurated a new era in the investigation of fossil
plants, wrote in 1844: “ Probably no fossil plant has excited
more discussion among botanists than the Stigmarta. It is the
most common of the whole number of plants found in the Coal-
Mensures, but there has hitherto been the greatest uncertainty
as to its real nature®”

This uncertainty still exists, at least in
the minds of some who know enough of the available data to
realise that our knowledge is imperfect.

To pass to the questions of the affinity and pature of
Stigmaric: Brongniart® at first compared his genus with recent
Aroideae, but he afterwards® spoke of it as probably the root of
Stgillaria, Other writer edonous
plant comparable with Cacti and sucenlent Euphorbias. For
many years opinion was divided as te whether Stigmoria
represents an independent and complete plant or the under-

regarded Stiguaric as a dicoty

ground em of Sigillaria.

Artis®, Lindley and Hutton?, as well as Goldenberg®, behieved
it to be a prostrate plant unconoected with any crect aerial stem.
Goldenberg figured one of the slender rootlets terminating in
an oval body deseribed as a reproductive organ.  This seed-Lke
impression is either some extraneous body or an abnormnal

' For a fuller synonymy, see Kidston (03} p. 737,

= Goldenberg (53) p. 6. ! Binney {#4) p. 165.
 Brongniart (22) A, p. 228.  © ibid. (49) A, p. 456. © Artis (25) A. PL x.
7 Lindley and Hutton (31) A. Pl x3x1. & Goldenberg (35).
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development at the ¢nd of a rootlet. In 1842 Logan drew
attention to the almost complete monopolisation by Stigmaria
of the underelays, the rock which as a general rule oceurs below
ascam of coal. He wrote: “The grand distinguishing featuré
of the underclays is the peculiar character of the vegetable

: they are always of one kind (Stigmuria

mic reuiains
ficoides) and are so diffused throughout every part of the bed,
that by their uniform effect alone the clay is readily recognised
by the eye of the miner'”  This fact, which has played a very
conspicuous part in the perennial discussions on the origin of

conl, led to the almost general recognition of the underclays as
surface-soils of the Coal period forests,

The next step was the discovery of Stigmaria in the Coal-
Measures of Lancashire and in the Carboniferous rocks of Cape

Breton, Nova Scotia, forming the basal branches of ereet stems
identified by Binnuey®, Bowman® and Richard Brown* as un-
donbted  Sigillarize.  In one case Brown found what he
considered to be convineing evidence of the continuity between
Stigmuria and Lepidadendron.

In 1842 Hawkshaw? deseribed certain fossil tre
of which had a circomference at the base of 15 ft., discovered, in
the course of excavations for a railway in Lancashive, in soft shale
at mght angles to the bedding.  The surface features were not
sufficiently elear to enable him to decide with certainty between
Sigitlaria and Lepidodendron, but while inclining to the former,
it is interesting to note that the accurrence of numereus Lepido-
strobi near the root led him to recognise the possibility of a
connexion between the Stigmarian roots and Lepidodendron
stems.  In 1846 Binney gave an account of similar trees found
at Dukinficld near Manchester: he spoke of one stem as un-
questionably a Sfgilluria with vertical ribs, furrows, and scars,
about 15 inches high and ¢ ft. 10 inches 1 circmnference. He

ed his conviction that *Sigillurie was a plant of an
aquatic nature Simitar descriptions of rovted stemas in the
Con)-Measures of Nova Scotia were published by Brown in

s, the largest

expre

' Logen (42) p. 492. ¢ Binney (44) ;. {46). ¥ Bowman (41}
+ Brown (45); (46); (47): (49). See also Dawson (66).
@ Aawkshaw (42). 7 Binoey (46) p. 393.
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1845, 1846 and 1849 in the last paper he figured @ specimen,
which has become famous, showing a Syringodendron stem
terminating in branching Stignirian (or po

bly Stigimariopsis)
toots bearing on the lower surface a series of what be called

conteal tap rocd

A similar specimen discovered in Central
France nealy fifty years larer demonstrated the accwracy of
Brown's deseription.

Despite these discoveries the root-like noture of Stigueario
wis not universally aceepted. It was, however, generally agreed
shat Stegmaric formed the roots of Sigillaria; it was, moreover,
held by some that Lepidodendron stems also possessed  this
type of root, an opinion based on Brown's record and on the
oceurrence of Stigmaria in beds containing Lepidodendron but
no Sigillaria stems, as in the voleanic beds of Arran and else-
where, and on observations of Geinitz and others®.  There is
now general agreement that Lepidodendron and Sigillaria had
the same type of “root,” though the connexion of Stigmaric
with the former was not so readily admisted, and indeed the
evidence in support of it is still very meagre. Goeppert and
other authors were unable to believe that the numerous species
of Nigillaric possessed roots of so uniferm a type, but Goeppert,
by his recognition of several varieties of Stigmariu, supplied

a partial answer to this objection.

Messzs Mellor and Leslie® have described and figured some
large casts of roots exposed in Permo-Carboniferous rocks in
the bed of the Vaal river at Verceniging (Transvaal) which
exhibit certain features suggesting comparison with Stigneariv.
Some of these reach a length of 40—50 feet and, when
comnplete, were probably not less than 100 feet long: in some
of them the centre of the cast from which forked arms spread
almost horvizontally shows a depression in the form of a cross
indicating a regular dichotomous branching like that of Stig-
maria. The authors incline to the belief that the roots belong
to Noeggerathiopsis and not to a lyeopodiaceous plant, though
Lepidodendroid stems are abundant in the sandstone a few feet

! Brown (49). This figare is reproduced by Williamson (87} A. p. 6.
* Williamsen (57) A. p. 3. Solms-Laubach (91) A. p. 284,
3 Mellor and Lesiié (06}
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higher in the series. Despite the absence of any Stigmarian
= on the surface of the fossil it is probable that these fine
speciiens wre the rhizomes of some lycopodiaceous plant
possibly Bothroderdron, which is not uncommon in the VereeniZ

S

ging beds.

Admitting that Stigmaric is part of Sigillariu, the next
question is, is Stigmaria o root in the ordinary sense, the nnder-
ground system formed on germination of the spore and of equal
age with the shoot, or did it bear a different relation to the Sigil-
larian stems 7 To this question different answers would stil} be
given.  Goeppert! discussed evidence in favour of the view that
aerial Sigillarian shoots were produced as vegetatite buds
on pre-existing Stigmarian axes, like voung moss plants on
w protonema. At a later date Renault® developed a similar
view as regards Styillaria ; but we may pass on to consider the
more recent and complete observations of Grand’Bury?® and

Solng-Laubach .

The recognition of two distinet types of Stigmariae in the
Coal-Mcasies of Central France led Grand'Eury® to insti-
tute a new genus, Stigmariopsis.  This type. which is charac-
terised by a difference in habit as well as by other distingunishing
cimens as those figured by

s, Is represented by such
Galdenberg as Stigmaric abbreviata, bearing lenticular scars
terised by Irregular

spirally disposed on a cortical surface char
longitndinal wrinklings. Stigmariopsis has frequently been found
in direet continuity with Sigillarian stems of the Leiodermarian-
Clathrarian type, spreading obliquely downwards in the form of
rapidly narrowiog arms clothed with slender and usually siniple
appendages; and from the under surface of these arms short
conical outgrowths are given off. It js probable, as Solms-
Laubach belicves, that Stygmartopsis was represented also by
long horizontully creeping rhizomess of uniform breadth from
which ribless Sigillarian aerial shoots arose as bud-like out-
growths.  Grand’Eury, the author of the genus, confined the
term 1o the shorter and wore rapidly tapered organs spreading
' Goeppert (64) A. p. 197, Pls. 34—36. 2 Renanlt (81).

* Grand’Eury (90) A. + Solms-Lanbach (94).
* Grapd'’Ewry (77) A. p. 171, © For figures see Grand’Eury (87) 4.5 (90) A,
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from the base of erect stems: the horizontal rhizomes of all
Sigillavian stems he refers to Ntigmaria. The pith-casts of
Sigillarigpsis may be recognised by their long vertical ridges
and grooves. a feaswe readily nndersiood by rveference to the
stem structure. The Stigmariopsis rhizomes though rare
England have been recognised by Dr Kidstoo' in the Middle
Coal-Measures of Yorkshire; he has figured a pith-cast very
like that illustrated in Solins-Laubach’s Mewvir as Stigmariopsds
anglica.

The surface-features of a Stigmariopsis pith-cast are clearly
shown on a specimen from St Etienne in the Williamson

colleetion-.

The most complete account of Grand Eury’s views in regard
to the anchoring and absorbing organs of Sigellari is given
his monograph on the Coal-field of Gard®, St T:Jtizmn@, and these
are clearly stared also by Solms-Laubach* who confirms the
conclusions of the French author as to the manner of develop-
ment of the aerial shoots. Grand’Eury believes that both
Stigmearie and Stigmariopsis are rhizomes and not true roats.
The surface-features of Stigmaria have alveady been described.
This type Grand'Eury speaks of as characterised by the uniform
diameter and considerable horizontal elongation of the bifur-
cated axes: he thinks they grew both as floating rhizomes and
on the ground: they may frequently be traced for a con<ider-
able distance without showing any signs of connexion with
aerial shoots, but occasionally they have bheen seen in organic
union with Sigillarian stems.  Fe believes that shese rhizomes
were produced as the result of germination under water of the
spores of Sigillaria or Lepidodendron and developed as long and
hranched aquatic rhizomes capable of independent existence.
TUnder certain conditions, as he thinks in shallower water, the
rhizomes produced bulb-like outgrowths which grew into creet
stems having the surface-features of Sigilloria. This ncthod
of origin is practically the same as that described by Goeppert
in 1865. The vascular medullated cylinder of these (vect

I Kidston (02§ PL. 11, fig. 4. # British Musenm, No. 870 F.
3 Grand’Eury (90) A, * Solms-Lanbach (94).



236G LYCOPODIALES [ew.

branches was in direct continuity with that of the Stigmarian
rhizomes.

The next stage is that m which the undifferentiated bulb
becomes swollen at the base and devdopes four primary roots
(fig. 207 B, C) which grow obliquely downwards and produce
numerous rootlets, Meanwhile the parent rhizome gradually
dec finally sctting free the acrial stems which are now
provided with spreading and forked roots (fig. 208) such as we

Fra. 208,

Fia. 207,

Fis. 207 An early stage in the development of Sigillavia.
A. Surface-features enlarged. (After Grand’Eury.)

L. 208, Later stage in the development of Sigillaria; Syringodendron with
Stigmariopsis.  (After Grand'Eury.)

are familiar with in English specimens as Stigmaria ficoides,
but which in the French specimens show the features of Stig-
mariopsis. At this later stage conieal vutgrowths are tormed
from the urder surfacc 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.  Girand'Bury's conclusions are briefly as folluws
Mygillaria, and we may add Lepidodendron, had no trae roots
and in this respect are comparable with Psdotum (fig. 118):
the organs which are described by Grand'Eury as roots are
correctly so named in a physiological sense, but morphologically
they do not strictly conform, either in origin or in the arrange-
ment of their appendages, to true roots,  The question as to
whether they are entitled to the designation root is one which

1 is needless and indeed futile to diseuss in defail; it would be
conceding too much to a formal academic standpoint to refrain
from applying to them the term root, as that best deseribes
their share in the life of the Sigillarian stews. The horizontal
Stignarian axes are rhizomes in the ordinary sense of the term
and from these were developed Sigillarian shoots, characterised

Stigmariopsis und “tap-roots.”  (After Grand Bury.)

in the lower portions by large parichnos strands. From
the base of the young bulbous shoots roots were formed : these
roots being, in the French specimens, of the Stigmariopsis type.

These conclusions require some modification when applied
to British representatives of the arborescent Lycopodial

The long spreading and dichotomously branched root-like urgans
attached to the base of Sigillarian and Lepidodendron stems
are true examples of Stigmaria ficovdes or other species.  Stig-
marinpsis occurs but rarely.  This marked difference between
French and English specimens may be explained if we adopt
the opinion of Solms-Laubach, who believes that the true
Stigmaria represents both the parent rhizome and the later-
formed roots of the Rhytidolepis Sigillaran species and of
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Lepidodendron, the Stigmariopsis form having the corresponding
relation to the Leiodermarian-Clathrarian species.

The opinion expressed by Williamson?® in 1892 that Grand'-
Eury's hypothesis “appears to be identical with the vague and
speculative guesses that were prevalent among us in the early
vears of the present [nineteenth] century” illustrates the
strength of conviction based on English specimens as to the
root-nature of Stigmaria.

There is undoubtedly considerable confusion, which can be
cleared up only by further research, as to the precise relation
between Stigmaria and Stigmartopsis on the one hand and the
different types of Sigillariae on the other.  The main contention,
and this is the most important point, of Renault, Grand'Eury
and Solms-Laubach as to the manner of formation of the aerial
shuots from rhizomes and the subsequent production of forked
roots and their ultimate separation from the parent rhizome
is, as I believe, correet. Williamson held that Stigmario must
be regarded as a troe root; he found no evidence to support,
the view that the large rooted stem discovered by Hawshaw,
Binney, and others had been originally produced from aguatic
rhizomes. It must, however, be remembered that Grand Eury's
opinion is based on evidence afforded by the exceptionally well
‘displayed Sigillarian forests of St Etienne, on a scale such as
English strata have not as yet atforded.  Morcover, the absence
af any parent-rhizome in association with the rooted stumyps
described by Williamsen and by others is not a serious argn-
ment against their rhizome origin.

The specimen represented in fig. 209, which was examined
in sitw by Solms-Laubach and Grand Eury, shows a Sigillarian
stem i the Syringodendron condition bearing rows of paired
parichnos scars; from the base forked and rapidly tapering
arms radiate throngh the surrounding rock and, as shown by
other specimens, these bear numerous appendages like those of
the English Stigmarias. The surface-features of the arms arve
shose of Stigmariopsis and the centre of each, as seen on the
broken face, is occupied by a pith-cast characterised by parallel
longitudinal ridges reserabling those on the medullary casts of

! Willinmson (02).

@
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Cualumites. Iuis noteworthy that the petrified rhizome originally
deseribed by Renault as Stigmearic fAesvosa, and afterwards
wdentified by him as the subtorranenn svstow of Sigiluria
Brardi. possesses a vascular cylinder composed of primary xylem
strands of crescentic transverse section lining the pith: a cast
of the pith, after the removal by decay of its delieate parenchy-
watens tissne, would exhibit the surface-features of Stigmari-
upsis. Stigmaria flecuosa no donbt represents a true Stignari-
opsis thizowe.  On the ather hand, as Williamson has shown,
the inner surface of the wood of Stigmaria ficoides consists of

a reticulum of xylem with meshes of medullary-ray v a

cast of such a surface presents a very difierent appearance from
that of Stigmariopsis.

Returning to fig. 209 from the lower surface of the Stig-
nariupsis arms numerous conical ontgrowths, reaching a length

of several centimetres, project vertically downwards: these also
possess  Stigmariopsis pith-casts and are identical with the
“tap-roots” of Richard Brown. The stump scen in fig. 209
shows the characteristic hollow base of the ereet stem: this is
the region which, it is believed, represents the position of the

Stigmarian rhizome from which the aerial shoat was developed.
Although ne remains of the parent rhizome were found. traces
uf the roatlets which probably belonged to it were found in the
neighbourhood,  The absence of the actual rhizome is, however,
not surprising as it would not persist after its aerial Sigillarian
Lranches had attained independence by the development of their
own dichotomously branched absorbing and holdfast organs.

The Stigmarian axes of Palaeozoie Lycopads are compared
hy Miss Thomas’ with the prop-roots of certain recent Howering
Plants which grow m tropical tidal swamps; their roots grow
downwards from the stem at an angle of 50°—G0  before
spreading out horizontally.  This author also makes some
interesting suggestions in regard to the evidence afforded by
anatornical structure as to the habitat of Sigillaria and Lepi-
dodendron.

I Thomas, E. N. (05) p. 187.
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Aunutomy.

The more important anatomical features of Stigmoria must
be dealt with briefly.  Williamson’s monograph, published in
18871, is considerably in advance of the work of that of any of
the numerous writers who had previously dealt with the
subject. The diagrammatic transverse seetion reproduced in fig.
210, H, illustrates the general arrangement of the tissues, The
medullated stele was deseribed by Williamson as consisting
entirely  of centrifugally  developed  secondary xylem and
distinguished, therefore, from the stele of a Lepidodendron or
Nigillarie by the absence of a centripetally produced primary

xvlem zone.  The secondary xylem trachese are characterised

by scalariform pits on both radial and tangential walls and, as

shown in a figure given by Solms-Lanbach?, the spaces between
the transverse bars are bridged across by fine threads, as in
the wracheae of Lepidudendron,

One of the largest specimens of a petrified Stigmaria which
I have seen is one lent to me by Mr Lomax from the Coal-
Measures of Halifax in which the Hattened transverse section
measures 18 i, x 35 e, the eylinder of wood belng 11 em. x
7 mm. in diameter.

In French examples of Stigmaric or S
been demonstrated by Renault® that primory xylem strands
oceur very like those in the stew of some species of Sigillarice
(see p. 219). If a well-preserved section of an English S
ndary wood

tigmariopsts it has

Lgmaria

is examined it will be seen vhat the edge of the s
consists of a lew parrower elements which do not exhibic the
radial seriation characteristic of secondary elerents,

A type of Stigmaria characterised by centripetal primary
wood has been described by Weiss? and referred by him to
Bothrodendron naundum; the main resnlts of his observations are
stated in the account of Bothrodendron on a subsequent page.
"This discovery is of considerable interest not only -as rendering
onr knowledge of Bothrodendron remarkably complete but as
confirmatory of Repault's account of French Stigmarian axes in

! Williamson (87) A. 2 Solms-Laubach (92).

* Renanlt (96) A. DL wu. fig. 5. ¢ Weiss, F. E. (08).
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which centripetal primary wood is well developed between the
secondary xylem and the centre of the stele, The Stigmarian
af Bothrodendron was originally figured by Willinmson
as Lepidodendron mundum’.  The chief difference between

Fra. 210, Stigmaria.

A.  Transverse section of vascular bundle of rootlet and part of onter

cortex. f, trachese. (Affer F. E, Weiss.)

B. <. Vasealar bundle of rootlet: in € a series of small tracheac are
shown extending frorn the protoxylem.
Rootlets from the outer cortex of B.
Part of a large Stigmaria: St, stel . intruded rootlet.
Vascular bundle and tracheae passing obliquely towards the
onter cortes, ¢3,
G.  Outer cortex of Stigmaria.
H. Disgrammatic section of Stigmaric : p, phelloderna; r, rostlets.

s

Wei specimen and those deseribed by Renault® as the
Stigmarian ax. of Sigillerin Brardi,is that in the English plant
the centripetal wood forms a cylinder of uniform breadth

1 Willinmson (89) A. ® Rennult (36) A.
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instead of a band with a crenulated inner margin as figured by
Renault.

An interesting agreement betwecen the French and English
specimrns is the occurrence in the cortex of groups of reticulate
clenmnis: in Weiss's section thesc are short and wide and
acewr in the middle cortex: in Renault’s plant they are more
fusiform and oceur 1 the secondary cortical tissuc. These
clements appear to bave been arranged as an interlacing
network in the middle cortex and were in close conpexion with
the rootlet-bundles, comparable, as Weiss points uut, with the
transfusion tracheids accompanying Lepidodendron leaf-trac

It is probable that these short and wide tracheal elements

8.

served for water-storage and thus afford another indication of the
xerophilous character of the Carboniferous Lycopods, a feature
possibly connveted with o salt-marsh habivat.

The presence of conspicuous medullary rays gives the
seeondary xvlem of Stigniaria the appearance of being divided
into several more or less distinet groups (fig. 210, E, St). In
tangential longitudinal section the xylem assumes the form af
a broad reticulum with lenticular meshes filled with medullars-
ray tissue through which strands of xylem ave cut across in a

transverse direction as they pass outwards from the inner edge
of the wood to supply the rootlets. In addition to these broader
or primary medullary rays, there were numerous sceondary

rays cotposed of narrow plates of parenchymatous cells one
or several elements 1o depth.  As Williamson pointed out, the
mednllary-ray tissue consists in part of radially elongated
tracheal elements with spiral or scalariform thickening bands like
those deseribed 1n the same position in Lepidodendron stems.

Our knowledge of the minute structure of the tissues
abutting on the secondary xyvlewm is far from complete.

The xylem is succeeded by a zone of delicate cells which was
the ~eat of meristematic activity. It is notewortby that in a
seetion figured by Williamsen® there 1s the same disparity in
size between the outermost elements of the xylem and the
adjacent cells of the meristemnatic zone as in Lepidodendron
stems. Beyond this region an imperfectly preserved lacunar

¢ Williamson (87) A. PL v, fig. 20.
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tissue ocours like that which I have called the secretory zone in
Lepidodendron stems: but information as to the structure of
this part of Stigmarte is wueh more incomplete than in the
*case of the acrial shoots. The middle cortex was of the same
lacunar type as in the stems, and the fact that it is never well
preserved in large Stigmarian axes suggests that it may have
been even more richly supplied than in the acrial s

ems with an
ng in young
examples of large-celled parenchyma, becawe at an early stage
of growth the seat of cambial activity which resulted in the
production of radially placed series of secondary elements (fig.
210, H, p). The outer and older elements of this secondary
cortex are more tangentially stretched than the inoer cells, a
nece:

aerating systew of spaces. The outer cortex, cons

ssary result of the position of the phellogen on the internal
edge of the tissue and of the increasing girth of the axis,

In comparatively young Stigmarian axes the onter cortex
already possesses a band of secondary radially disposed cells
characterised by the greater tangential extension of the more
external elements: usually this tissue terminates abruptly on
the inner edge and the line of separation no duubt marks the
position of the phellogen. Occasicnally some delicate secondary
elements are preserved internal to the phellogen, and these in
young specimens form a narrow cylinder composed in part of
radially elongated cells showing signs of recent tangential
divisions. In its earlier stage of activity the phellogen seems to
form a greater amount of secondary tissue on the outside, but
this is clear

ynotof 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 casc
were it cut off from the vascular
meable cork.

Fig. 210, G, represents a piece of the external tissue of a
specimen in which the slightly flattened xylem cylinder
measures 14 x 1 ¢m.; the inper cortex has disappeared and
fragments only of the middle cortex are preserved.  The outer
cortex, with an average breadth of 2 mm., consists superficially of
primary parenchyma with a somewhat uneven surface and with
a rootlet attached here and there; a short distance below the
16—2

pstem by a zone of jmper-
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surface 15 a band of conspicuous culls, b, characterised by dark
contents snggesting very imperfectly preserved fungal byphae,
but the nature of the substance filling the eells cannot be made
out with certainty. 1t is, however, interesting to find that this’
dark band constitutes an obvious feature (fig. H, b): its position is
comparable with that of the dark-walled cells in the outer
cortex of rootlets. A short distance internal to this dark band
tangentially elongated cells form the outermost clements of the
secondary cortex; thesc become gradually narrower towards the
interior and pass into radial serivs of sinaller cells of uniforw size,
10, At the inner boundary

as scen on the inner edge of fig.
of this tissue, just below the region shown at the bottom of the
drawing, was situated the phellogen.  Such traces of tissue as
occur on the inner side of the line where splitting has usually
cently  formed

occurred, consist of thinner elements with v
tangential walls and probably represent an carly stage 1o the
development of phelloderm.

A much older section is shown in part in fig. 210, E. The
secondary xylem eylinder, 8¢, is shown in the lower part of the
section ; beyond thisis a band of secondary tissne which reaches
in some places a breadth of 6 cm. The greater part of this
tissne consists of phelloderm of very uniform structure made up
rupted in most parts of the

of radial series of cells : this is inte
section by a gap crowded with intruded rootlets (a portion of
this is enlarged in fig. 210, D). Bevond this gap the secondary
tissue consists of radial series of cells characterised by the
considerable tangential elongation of many of the elements,
precisely like the tissue figured by Williamson. Io all pro-
bability the gap represents u line of weakness due io the
phellogen, and if this is the case it is clear that in wn old
Stigmarie the phelloderm exceeded in amount the tissue formed
esternal vo the phellogen.  The secondary sissue on the inner
side of the phellogen is characterised by numerous irregular
concentric lines superfically resembling rings of growth in the
wood of a Conifer: these are, however, not the resalé of any
periodic change in externa) conditions, but ave apparently due
to erushing of the tissue and are possibly, to sole extent, the
result of the presence of secretory strands like those in the

.
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phelloderm of Lepidodendron. The surface of this older rhizome
retains patches of primary tissue, and an occasional rootlet, as at
r, fig. 210, E, is seen in connexion with the cortes: the cortex
*has been vertically fissured as the resuls of secondary growth
and presents an appearance like that shown o Lepidodendrin
Wiinschionum and L. Veltheidanum (figs. 181, A, and 186G, A).

The form iu which a Stigmarian rootlet is usually prescrved
is shown in fig. 230, I); the single vasenlar bundle strand with

its endarch protoxylem (fig. 210, B, pz) is enclosed by a ring of
inner cortical parenchyma (figg. 210 F ¢t) ; the cells in immedinte
contact with the xylem having vsually disappeared.  Beyond
the middle cortical space a second cylinder of parcnchyinn
represents the outer cortex (F, ¢*) in which a layer of dark-
walled cells (b, fig. 210, F) may be compared with the hypo-
dermal band in the main Stigmarvian axis (G, b). Thesc
Stigmarian rootlets, usually less than 1 em. in diameter, are the
commonest objects in sections of the calecareous nodules frow
English coal-seams. A good example of their abundance is
shown in fig. 210, D and E; here they have invaded the space
formed by the splitting of the secondary cortical tissues along
the line of the phellogen and a few are seen here and there in the
deeper layers of the phelloderm (s, fig. 210, E). Not infrequently
the close contact of these ubiquitous rootlets with the tissues of
the plant which they have invaded leads to confusion between
invader and invaded. Partially decayed tissues lying, probably,
under water were penctrated by Stigmarian rootlets in exactly
the same way as the roots of recent plants bore through vege-
table substances which happen to be in their path. The rootlet
bundles are in the first instance composed of the primary tracheae
which line the inner e ] condary xylem ; these receive
additions from the e one, and thus, when seen in
, the cortex outside the stelar region, are fonnd vo cansist in part
of primary and in part of a fan-shaped group of secondary
wrachear,  On the other hand, the monarch bundle as it
appears in a free rootlet is usually composed entirely of
primary elements (fig. 210, A—C, T). It has been shown by
Weiss! that in the Stigmarian rhizome of what is probably
! Weiss, T. E. (02).
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Lepidodendron fuliginoswm, the rootlet bundle is accompanied
by a parichnos strand, but this bas not been detected in the
vrdinary Stigmaria ficoides.  When free from the parent axis a
rootlet, usually consists of an outer cylinder of cortex enclosing”
a broad space tn which remnants of laeunar tissue are some-
times seen.  The relation of the external features of a well-
preserved Stigmarian rootlet-scar to the internal strncture of a
petrified rootlet is very clearly seen on comparing such sections
as those represented in fig. 210, D, with the form of the scar on
a Stigmarfan cast. A specimen figured by Hooker! in 1848
affords a good illustration of the structure of a rootlet-base as
lation of ana-

seen in an unusually complete cast: this cor

tomical and surface features is clearly deseribed alse by
Williamsen® and by Solms-Laubach® It is probable that
even during life the rootlets were hollow for a part at least
of their length as are the roots of Isoetes (fig. 183, G).

us ago which

An interesting discovery was made a few y
confirmed a statement by Renaunlt which Williamson was

unable to accept, namely that the xylem bundle of a rootlet

occasionally gives off a delicate tracheal strand at right angles
to the long axis of a rootlet.  In some rootlets Weiss* found
obliquely running delicate strands of xylem, surrounded by a
layer of parenchymatous sissue, in the space between the
vascular bundle and the outer cortical cylinder. It is clear
that a few spiral tracheids are occasionally given off from the
protoxylem of a vootlet bundle: these follow an oblique course
to the outer cortex, where In some cases they have been traced
ked cells r

mbling

into vonnexion with short and spirally m
iransfusion tracheae (fig. 210, A). This arrangement may serve

as a weans of facilitating the passage of water absorbed by the
supcrficial cells into the xylem strand. Tt should be naticed
that, like roots of recent water-plants, the rootlets of Stigmurie |
had no root-ha Fig. 210, T, shows a transverse seetion of
part of a rootler in which the oufer cortical cylinder, ¢, is
connected, as Iin the roots of Tsnctes, with the sheath snrround-

' Hooker (48%) Pls, 1. u. The vctions of Stugmaria figured by Hooker are
in the British Museum (V. 8734}
* Williamson (87) A. Pl a1, ¢ Solms.Launbach (91) A, *+ Weiss, F. E. (02).
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ing the vascular bundle. A few ubliquely cut tracheae are
seen in this section traversing the connecting band of pareu-
chyma ¢, fig. 210, A
* A point of biological interest in connexion with Stigmarin
rootlets is the occasional presence of hypertrophied cells, the
large size of which is due to the attacks of a fungus named by
Weiss! Urophiyctites stigmariae.

In addition to Stigmaric ficoides, which is by far the

commonest form, a few other species have been founded on
external characters.  One of these is represented by Stigmaria
stellata, Goepp.*, charac od by the presence of radially dis-
posed ridges and small tubercles surrounding cach rootlet-se
Kidston refers to Gueppert's species as a Lower Carboniferous
type.  We have no evidence

Hi

to the meaning of the stellate
ridges and tubercles, nor have we any reason to suppose that
this form differed essentially in  strueture from Stigmaria
Jicoides.

! Weiss, F. E. (04).
* Goeppert (41) IL. x. Lief. i. ii.; Willismson (87) A. PL, snt. fig. 78; Eich-
wald (60 Pl. xv.; Kidston (94) p. 254,



CHAPTER XVIII.
Bothrodendrese.
Bothrodendron.  Tigs. 211—216.

ALTYHOUGH in many respects the genus  Bothrodendron
agrees very closely in habit and in its anatomical features with
Lepidodendron, there are reasons for referring it to a distinet
family of Palacozoic Lycopods. As the following deseription
shows, the external features do not differ in any essential points
from those of certain types of the genus Sigillarie, particularly
:ntly been

such a species as 8. remosa, Gold!, which has re
refigured and described by Nathorst® from Goldenberg’s type-
specimen in the Stockholm Museum.  The small size of
the leaf-scars is, however, a characteristic feature of Bothro-
dendron (fig. 212, F): but a more important point is the
fact that in a recently deseribed?® English example of a cone of
Bothrodendron (fig. 216), the sporangia are very like those of
recent Lycopods, and differ from she radially elongated spo-
rangia of Lepidostrobus. On the other hand, a TFrench cone
deseribed by Zeiller' as Lepidostrobus Olryt, which is probably
a strobilus of Bothrodendron, has the radially elongated type
of sporangium (fig. 212, E). The comparative abundance of
Bothrodendron in Lower Carboniferous and Devonian rocks
points to the greater antiquity of this member of the Lycopo-
diales as compared with Lepidodendron.

! Goldenberg (35) P, vi. figs. I—4. % Nathorst (24) A, Pl xvi. fig. 4.
# Watson (08). ¢ Zeiller (88) A. PL vxxvn, fig, L.
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The name Bothrodendron was instituted by Lindley and
Hutton! for impressions of stems from the English Coal-
Measures, characterised by two opposite rows of large de-
pressions like those shown in fig. 211 and, in one of the
specimens, by “a considerable number of minute dots, arranged

in a quipcuncial manner.”  The minute dots were recognised
as leaf-scars and the cup-like cavities were described as probably
conneciud with the occurrence of large cones. On very slender
evidence this Palaeozoic plant, which was named Bothrodendron
punctutum, was considered by these authors as prohahl}' a
member of the Coniferales, The large stem from the Coal-
Measures in the neighbourhood of Mons, Belgium, shown in
fig. 211, affords a good illustration of Bothrodendron in a partially
decorticated condition, exhibiting a row of depressions simiilar to
those on the Ulodendron form of Lepidodendron Veltheimianum
(fig. 157), but distinguished by the eccentric position of the
scar at the bottom of each cup-shaped cavity : in the Belgian
specimen, which is partially decorticated and shows the leaf-traces
as small dots, the depressions have a diameter of 9 e It is
belicved by some authors that these Ulodendron shoots of
Bothrodendron and Lepidudendron owe their characteristic
appearance to the pressure of large cones, but, as I have already

stated, there are reasons for preferring the view that these
crater-like hollows are the scars of deciduous branches. Our
knowledge of the strobili borne by Bothrodendron stems is
still meagre, but we have no reason to assume the existence of
any cones large enough to produce by the pressure of their
those shown in fig. 211, In one species
: borne terminally on slender shoots

bases such depressions
at least the strobili we
(ig. 213). The Ulodendron condition has so far been recognised

in one species only, B. punctatum.

In his catalogue of Palaeozoic plants, Kidston? included
Bothrodendron punctetun as a synonym of Sigillariv discophore
Konig, a mistake which he afterwards rectified® : the genenc
nare Bothrodendron was generally ignored by authors in the
belief that the specimens described by Lindley and Hutton

1 ¢f. Lindley and Rutton (35) A. I'ls. 80, 81.
“ Kidston (80) A, p. 175. 5 ibid. (36Y) p. 63.
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were not generically distinct from the fossils originally figured
by Rhode as Ulodendron. It was Prof Zeiler whn first
demonstrated that the English anthors were justificd in their
choice of a new designation for stems with large depressions
in association with minnte leaf-scars, In 1859 Haughton®
proposed a new family name Cyclostigmaceae for some Upper
Devonian plants from Gounty Kilkenny, Treland: he described
three species of his new genus Cyclostigma, Cyclostignu
Lltorkense C, minutum, and C. Grifithst; these are now generally
recognised as a single species of Bothrodendron, though, as
Nathorst suggests, vhe Irish plant should perbaps be separated
as a sub-genus Bothrodendron (Cyclostigma) by reason of certaiu
minor differences which distinguish it fromn other species of
the genus.

Another generic name, Rhytidodendron, was instituted by
Boulay in 1876 for stems characterised by o finely wrinkled
bark and small spirally disposed leaf-scars. A short description
of this type, which occurs in the Middle and Lower Coal-
Measures, may to illustrate the external features of

the commonest British example of the genns.

w.  Bothrodendron minutifolivm (Boulay.) Figs. 212, 4, C, D;

. Lyeopodium carbonsccin (Lycopudites carbonaceusy, Feist-
wantel, Palacontographica xxxn., PL xxx. figs. 1, 2 ; p. 183,
1876, Rlytidode I///um minutirolivm, Boulay, Terr, Houill. Nord
France, p. 39, L fig. 1

IRSG. Both »dmuium wdnutifidivm, Zoiller, Bull. Soc. Géol. France
(5] x1v. p. 176, PLoax. figs 1, 2.

1888, Lepidostrobus Olryi, Zeiller, Flor. Valenciennes, p. 502, Pl
uxxvin fig, 1

1884, Bothrodendron minutifolium, Kidston, Trans. R. Sec. Edin-
bargh, Vol xxxv. Pt i

1893, Sigillaria (Bothrodendran) minntifolic, Weiss and Sterzel,
K. Preuss. Geol. Landesanstalt, Heft 2, p, 49, PL 1. figs. 3 and 4;
PL 1. figs. 8 and 9.

1804, Bothrodendron minutifolium, Zalessky, Mém. Com. Gdol. Russic,
L vi fig. 6.

In habit a plant of Bothredendron recalls Lepidodendron
and recent species of Lycopodium ; the slender dichotomously
t Haughton (79},
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Tie. 212, Daothrodendron.

Bothrodendron minutifolion, var. rotundata Weiss.  After Weiss

und Sterzel.

B, punctatum. After Zeiller. .

L. minutifolium. After Weiss and Sterzel.

I ominutifolivm.  After Zeiller.

Lepidostrobus Olryr.  After Zeiller.

Bothrodendron punctatum, After Zeiller.

G, H. B. kiltorkense. G, after Nathorst; H, after Weiss and
Sterzel.

ARPeD
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branched twigs bearing numerous leaves (Bg. 212, D) bave
b mistaken for shoats of Lycopodium, and fragments of
branches wmight well be identified as lmpre J

sions of Mos:

The Jeaf-scars on the smaller shoots occur on clongated cushions
(fig. 212, C, D) with a transversely wrinkled surface; on the
older branches the leaf
of bark characterised by sinuons transverse grooves and narrow

s are separated by fairly large areas
ridges bearing numerous swall pits, as shown on an enlarged
scale in fig. 212, A, The orviginal surface-features are shown
on the left of the drawing, and a slightly deeper level in the
cortex is represented on the vight-hund side.  The absence of
leaf-eushions on the older shoots is probably the resulv of
secondary thickening, which also alters the size and shape
of the leaf-scars. Each scar has three pits on its surface, as
in Lepidodendron: a central leaf-trace scar and lateral parichnos
sears. The cirenlar pit above the leaf-sears, which cecurs in
most species, marks the position of the ligule. The relation of
mm, long, to the leaf-cushions is shown in

the short leaves, :
fig. 212, . The absence of leaves, except in impressions of
ender twigs, may be interpreted as an indication that they
were shed at an early stage and did not persist many years,
The leaf-cushions of the smaller shoots of Botlhrodendron

ménutifolium closely resemble those figured by We on a
Devonian plant, Lepidodendron Losseni’.

One of the few examples so far discovered of a Bothro-
dendron cone is shown in fig. 213 ; this specimen, at least 10 cm.
long, was found by Mr Hemingway in the Middle Coal-Me
of Yorkshire and described by Dr Kidston.  Numerous sporo-
phylls are attached at right angles 1o the axis, the surface of
which is protected by their upturned distal portions; the arrange-
ment of the parts appears to be the same as in Lepidostrobus.
& specimen figured by Zeiller as Lepidostrobus Ulryd, which
Kidston is probably correct in identifving with Bothrodendron
minutifolium, shows that each sporopbyll carries a horizontally

elongated sporangium (fig. 212, E).

res

t Weiss, C. E. (54) T1 v, 6, 7.
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b, Bothrodendron punctetusn Lindley and Huston), Figs. 211,
212 B. F.

This spucies, which is less abundant than B monutifolivm,

Fic. 213.  Bathrodendron minutifolitm Cone. From a specimen in Dr Kidston's
Collection. (Slightly reduced. Kidston (02) PL rix.)

.
in British Coa)-Measures, has becn described by several authors
as Ulodendron on account of the occurrence of large depressions,
like those shown in fig. 211, on certain branches of the plant.

! Lindley and Hutton {35) A. Pls. 80, 81.  For synonymy, see Kidston (93)
p. 344
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At the suggestion of Dv Kidston, Prof. Zuiller' figured an
English specimen of this species, presented to the Paris
Museum by Mr Hutton, in which the leaf-sears are preserved
ot the bark of a stem with Uladendron scars,  The surface of
she bark is characterised by numerous small piis and discon-
tinuous vertical lines in contrast to the transverse lines of
B peinatifolivon (c¢f. fig. 212 A and F).  The Jeaf-gears on the
simaller shoots may have a diameter of only ¢3—05 mm., while
an the larger branches they reach w Lreadth of 1 mn. The
ligule-pit may be in contact with the upper edge (fig. 212, F)
of the leaf-scar or separated from it by a short distance,

¢.  Bothrodendron kiltorkense (Haughton). Fig. 212, G, H.

1859, Cyelostigma Iiltorkenss, Hanghton, Journ, R, Soe. Dublin,
Vol. 1. p. 418, Pls. s1v-xvin
C. minutum, Haughton, Journ. R. Soc. Dublin, Vol 1. p. 418,
3 TIL
ithst, Haughiton, Journ, R. Soe. Dublin, Vol it p. 414,
AVIL
1870.  Le Zm/ml-m//mr T Zf/uuurm/mu, ll\ol (
Vet. Akad. Handl. Vol PL 2
Cyclostigme kiltorke

sarrte), K. Svensk.

Calamites radiatus (v parte), ibid, o
fig. 20,
Stigmaria gicvides minuta, ibi
Kuorria imbricata, ibid. g 4
1889, Bothrodendron kiltorkense, Kidston, Anu. Mag. Nat. Hist
[ve]. Vol v, p. 66,
1894,  Bothrodeadron l[/lorlmu
Handl, Vol. xxvi. No. 4, 4
1902. Bm/xrmlrmhnn ’("//doxla‘]mru Filtorkense, ﬂud Vol
No. 3, p. 31, Pls. x.—x1v.

. K. Svensk, Vet akad,

NNAVE

The speciwens from the Upper Devonian rocks of Co.
¢ Kilkenoy on which Haughton founded this and two other
species may be regarded as representing one specific type. He
described the circular leaf-scars as arranged in alternating
whorls. In habit the Irish species agrees with Bothrodendron
minutifolivm, but the leaf-scars are more elliptical (fig. 212, H)

7 Zeiller (86) PL 1x. figa 1—3.
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and the lignle-pit is usually absent. The leaf-scar shown in
fig. H is 12 mm. broad and 14 mm. in height. The large
culleetion obtained during the visit of a Swedish expedition to
Bear Island in 1898 under the leadership of Dr Nathorss has
materially inereased onr knowledge of this ancient type. The
form of the leaf-sears varies according to the age of the branch
and their disposition is fiur from constant even on the same

specimen s in some cases the scus are in fairly regular
whorls (fig. 212, G an Lrish specimen) while in others they are
in regular spirals. This irregularity of arrangement, which is
well illustrated by Nathorst’s figures of Bear Island and Irish
specimens, finds its counterpars, though in a less marked form,
i recent species of Lycopodium, eg. L. Selag Partially
decorticated stems may present a superficial resemblance to
Calumites, the fissured bark simulating the ribs of a Calamitean
Such stems, as Nathorst has pointed out. were mistaken
by Heer for Calumites radiutus. The swaller branches are
characterised by a smoath surface, and older shoots resemble
Bothrodendron minutirolivm in the presence of fine vertical
lines.  The preservation of only one pit on the leaf-scars of
many cxamples led authors to conclude that the species is
speet, but Nathorst has shown that in more

peculiar in this 1

perfectly preserved specimens each leaf-scar bears three small
dots. A specimen from Ireland in the British Musewmn® illus-
trates the dichotomous branching and the longitudival wrinkling
of the bark ; the leaf-scars are 2 mm. broad and 2'5 mm. deep.

Nathorst® has described some examples in which the leaf-
scars oceur on the lower instead of on the upperend of the
leaf-cushions; these and other specimens with obscure surface-
features he suggests n be undergronnd axes, comparable
in habit with Stigmari though not identical as regards
details, It is pointed out that the absence or scarcity of,
Stigmaria in the Bear Island beds renders iw unlikelv that
Bothrodendron hore typical Stigmaria branches. I E. Weiss®
has recently deseribed rous-bearing organs possessing primary
xvlem identical with that of Bothrodendron mundum; while
closely rusembling Stigmario ficoides in certain anatomical
f No. # Nathorst (02) Pt x. figs. 4, 7. * Wejss, F, . (08).
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characters, they clearly represent a distinet type. Thix dis-
covery of a Stigmaria-like axis almost certainly belonging to
Botlrodendron is consistent with Nathorst’s views on somc of
the Bothrodendron impressions from Bear Island.

Information as to the cones of this species is restricted to a

description by Schimper' of a specimen in the Dublin Museum
as Lepidostrobus Budlyanus ; this has sporophyli~ with a sub-
triangular base bearing several megaspores and terminating
distally in a slender lamina 12 cm. in length.

An example of a Bothrodendron with wore prominent leaf-
cushions than those already mentioned is afforded by a species
from Bear Island deseribed by Heer® as Lepidodendron
Wiikianum and afterwards referred by Nathorst* to Bothro-
dendron. The same type is recorded also by Schmalhausen®
from Lower Carboniferons or Devonian strata of Siberia.
Certain Scotch specimens from the Caleiferous Sandstone, which
Kidston® referred to Heer's species, are regarded by Nathorst and,
in part at least, by We
species which these authors designate Bothrodendron Kidstoni®.

Without attewpting the hopeless tusk of diseriminating
between the various Carboniferous and Devonian specimens
described under the names Cyclostigma or Bothrodendron,
reference may he wade to the following records as illustrating
the wide distribution of the genmus.  Schmalhausen® records

sseand Sterzel as representing a distinet

Cyclostigma Ialtorkeuse from Siberian rocks assigned tv the
Ursa stage (Devonian or Lower Carboniferous). The fossil
described by Dawson® from the Devonian of Gaspé as Cyelo-
stigma densifolium  probably represents a badly preserved
species Cyclostigima hercy-

example of Bothrodendrow: Weis
aium® from Lower Devonian vocks of the Hartz district may be
identical with Bothrodendron kiltorkense. Thesupposed identity
Jof the latter species with Dechenia Roemeriwnu Goepp., as de-

» Gehimper (70) A. p. 7L 2 Heer (71) P1. v1. fig. 115 PLx. fig. L.
% Nathorst (94) A. p. 67, PL xv. igs. 14, 15.

+ Schmalhausen (77) p. 281, PL. 1. fig
5 Ridston (89%) Pl 1v. figs. 2—i, p. 6
¢ Weiss and S 5 7 Ridstop (03) p. 823,
% Schmalbeusen (77) p. 290, PL 1. figs. 7—12.

¥ Dawson (71) A. PL vin. 1 Weiss, C. E. (84) D1, v,

s 17
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seribed by Potouis, appiears Lo require confirmation®, but. if this
author js correct the connexion demonstrates the continuity of
Bothrodendron shoots and Stigmaria-like subterranean organs,
The specimens deseribed from South Africa, from strata which
may be correluted with the Upper or possibly with the Lower
Carboniferous series of Enrope, as Botlrodendron Lested® in all
probability represents a species closely allied to the Irish and
Bear Island type.  Bothrodendron Lesled named after Mr Leslic
whose discoveries in the Carboniferous Sandstone of Vereenig-

s, 214, Bothrodendron Leslei Seward.
. Nawral size.
a, c. Slightly enlarged.

ing (Transvaal) bave added considerably o our knowledge of
the Sonth African Palacozoic types, is represented by imper-
fectly preserved casts characterised by wnore or less circolar
scars displaying the same imegularity of arangement as
in Rothrodendron kiltorkense. " The leaf-scars appear to
¥ Potanic (017) figs. 25—27. = Nathorst (09) p. 25.
# Seward (08) PL x1. figs. 1—6, p. §7; Avber (05) p. 166.
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have only one small pit. but this may not be an original
feature. The identification of this plant as Bothrodendron
receives support from the discovery of rather wore satisfactory
specimens at  Witteberg sent to me for examination by
Dr Schwarz’. These fossils bear a striking resemblance to
B. Iiltorkense. Cyclostigma australe* Feist. described from
the Lower Carboniferous rocks of New South Wales, though
too imperfectly preserved to vefer with confidence to B. diltor-
kense, s no doubt a closcly allicd type.

A c

Fia, 215.  Rothrodendron mundum (Will.).
A, B. From a specimen (No. 26) in the Cambridge Botany School.
C. British Muscum, Williamson Collection.  {No, 416 b.)
D, E. From o section in Dr Kidston’s Collection.

o

Reference was made in Volume L (p. 133) to the so-called
paper coal of Carboniferous age from Central Russia, which con-
sists of masses of thin strips of cuticle of Bothrodendron stems.
The figures published by Zeiller* show that the plant possessed
an epidermis consisting of polygonal cells interrupted by spivally
disposed gaps marking the position of leaves; the gaps measure
0'5—1'5 rtam. in breadth and agree, therefore, with the size of

+ Seward (09). * Feistmantel (90) A. = Zeiller (80%) A.

2

17—2
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the Jeaf-scars of the swaller forms of Bothrodendron. The
specimens from the Russian mines were first figured by
Trautschold and Averbuch' as Lepidodendron tenerrinum and
ed by Zeiller to Bothrodendron punctatum®,
an

afterwards refe
Nathorst®, however, states that an examination of the Ru
wmaterial leads him to retain the name originally proposed: he
records the same type from Upper Devonian rocks of Spitz-
bergen.  The chief interest of these Russian speciiens is their
manner of preservation, which Renaunlt has described as the
resul of bacterial action; he claims to have recognised the
nctual bacteria associated with the euticular membranes®.

Anatowy of vegelutive shovts of Bothredendron,

To 1889 Williaumson® deseribed several specimens of petrificd
shoots from the Coal-Measures of Halifax which be named
Leprdodendron mundum: these are now known to be branches
of a Bothrodeadron. The discovery was made by Mr Lomax®
who found specimens showing the external characters of Both-
sodendron and the anatomical characters of Lepidodendron
mundem. In some of the smaller twigs, the stele consists of a
solid core of xylem with external protoxylem; but in the
majority of specimens the centre of the xylem is replaced by
parenchymatous tissue, either as a small axial strand v, as in
the specimen shown i fig. 215, D, a wide pith, the elements of
which are arranged io regular vertical series. A diagrammatic
section of a small axis is represented in fig. 213, A : this branch,
2w, in diameter, is composed of a broad outer cortex con-
sisting exclusively of primary tissue the outer cells of which
are smaller and have thicker walls than the more ifuternal
elements, The leaf-traces, ft, are accompanied by a strond of
delicate tissue, the parichnes. The stele is almost solid: the
tissues m contact with the xylem have not been preserved bu
the luner cortex Js represented by a tew layers of small paren-

1 Trautschold nnd Auerbach (60) PL m.
* Zeiller (82) A.; (86). ® Rathorst (94) A, Pls. x. x1.
4 Volume 1. p. 134, » Willinmson (89) A, p. 197,

¢ I am indebted to Mr Lomax for photographs of his specimens. For former
references to Mr Lomax’s discovery, see Kidston (03); Welss, F. E. (08); Scott,
D. H. (08) p. 200.
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chymatous cells, ¢, The larger section shown in fig. 215, D,
was cut from a specimen from Dulesgate of which the smooth
surface exhibits the characteristic leaf-scars of Bothrodendron.
The section measures 3 em. In its Jongest dinerer and the
stele has a breadth of 3 mn.  The outer cortex has a smooth
surface and is composed of rather thick-walled cells succeeded
by a zone of secondury elements. The middle cortex has
disappeared and the space is partially occupied by Stigmarian
rootlets, s, and erushed patches of cortical tissue.  The position
of u leaf-scar is seen at a; this is more clearly shown in the

enlarged drawing fig. E.

In his account of Lepidodendron mindum, Witliamson' de-
scribed & section in which the primary wood is surrounded
by a considerable thickness of secondary xylem; a diagram of
this is shown in fig. 215, C. An examination of the section led
me to compare the structure of the outer cortical cells, charac-
terised by radial rows of tangentially elongated elements, with
the outer cortex of Stigmaria. It has recently been shown by
Weiss® that this and other similar sections present soveral
points of agreement with Stigmari, particularly with Stiguaria
Brardi as described by Renault. At s in fig. 215, C, a vascular
strand is seen passing shrough the outer cortex; this is almost
certainly the bundle of a rootlet: in the sections described by
Weiss rootlefs arve shown in a similar position. The chief
anatomical features of the Stigmaria-like organs of Bothro-
dendron are :—the considerable development of secondary xylem,
the structure of the outer cortex, which is practically identical
with that of Stigmaria ficoides, and the association of groups of
short transfusion tracheids with the bundles of the rootlets, It
is very probable that the absence of secondary xylem in the
vegetative shoots of Bothrodendron is merely an aceident and
not a real distinction between the acrial and subterrancan
branches of the plant; a supposition rendered probable by the
occurrence of secondary xylem in the axis of the cone described
by Watson. As Weiss points out, there are certain differences
between the true Stigmaria and the corresponding organ of
Botlrodendron; the secondary xylem in Bothrodendron is not

! Willizmson (89) A. “ Weiss, ¥. E. (08).
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broken up by broad medullary rays as in the common Stigmaria,
and i Bothrodeadron the veeurrence of a ring of primary aylen
is another peculiarity.

In the vegetative shoots of Bothrodendron wwadum the
stele differs from those of Lepidodendron in the narvower
pr”“ilI;
trachea

vlem ring and in the large size of the metaxylem
i from Lepidodendron Hareouwrtii and L. fuliginosum
the xylem is distinguished hy its smoother outer face which
consists of numerous narrow xylem elements.

—A

Fia. 216.  Rothrostrubus, 1 ligule. {After Watson.)

Cones of Bathrodendron (Bothrostrobus®).

The long and narrow cones veferrved  to Bothrodendron !
adnutifolium from English and French Coal-Mcasures are known
vuly as impressions and it is not possible to say whether they
were heterosporous or homosporous; the drawing given by

Zelller (Fig. 2

2, E) shows that the sporangia were of the same

T Neihne s AV 8w 4O
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form as those in Lepidostrobus, but we have no wore exact
wformation as to their morphology. A recently  published
description of a petrificd strobilus by Mr Watson affords a
weleome addition to onr knowledge,  There is Little doubt that
this cone was borne by aspecies of Bathrodendron; the evidence

for this conclusion is supplied by the agrecment of the ana-
tomieal characters of the stele with that of the vegetative shoots
originally described by Williamson as Lepidodendron mundum
aod by the constant association of the cones and vegetative
shoots. In 1880 Williamson deseribed a crushed cone containing
both megaspores and microspores which he spoke of as “a dimi-

]

nutive organism, reminding us pwore of the dwarfed fruits of
wany living Selaginellas than of the large  Lepidostrobi’.”
Watson's specimens enable us to give a more complete account,
of this type.  The axis of the strobilns bears short. sporophylls
bent upwards into a distal limb with a conspicuous higule in a
deep pit beyond she shortly stalked sporangium. The length of
the strobilus is estimated at 10 mun.; the stele is of the same
om the

type as that of Bothrodendron mundwon. but it differs
specimens of the vegetative shoots so far found in having some
secundary xylew. As shown jn the sketeh reproduced in fig. 216
each sporophyll is characterised by two tangentially placed
grooves, g, on the lower face, and by numerous transfusion
tracheids, g, above the vascular bundle, vb, immediately below
the lignle, I Megasporangia and microsporangia oceur on the
same cone, the megasporangia being on the lower sporophyils
and containing a single tetrad of megaspores. Fig. 219, E, shows
a radial Jongitudinal section of a microsporophyll bearing a
sporangium on the adaxial side of the ligule, £, bolow which is
the single vascular bundle and a group of short tracheids at ¢
The sporangia closely resemble those of species of Seloginella
and Lycopodium and, as pointed ont by Watson®, they also
recall the sporangia of the Palacozoic genus Spencerites.  Both-
rostrobus is distinguished from Spencerites by the presence of
a ligule, by the structure of the axis, and by the different form
of the sporophylis. The occurrence of four spoves only in the
megasporangia is another character in which the extinet type

) Williamson (80) A. p. 500, PL xv. 8, ? Watson (08%) p. 12.
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resembles recent Lycopods. Tt is impossible to decide whether
Watson’s cone represents a more or a primitive type than
Lepidostrobus . 1f we accept Professor Bower's views in regard
to the evolution of vegetalive organs by the sterilisation of
sporogenons tissue, we should probably place Lepidostrobus lower
in the series than Bothrostrobus: but the greater resemblance
between the fertile and vegetative shoots of Bothrodendron, as
compared with the more pronounced difference in the case of
Lepidodendror, may be regarded as an argument in favour of
recognising Bothrodendron as the more primitive type.

Aunother possible examiple of a Bothrodendron cone has been
dueseribed by Nuthorst from  Spitzbergen as  Lepidosirobus
Zedllers, this appears to consist of an axis bearing spirally
disposed sporangia without any indication of sporophylls.  This
strobilus may belong to Bothrodendron tenerrimum.

Pinakodendron.

The name Prinakodendron® was instituted by the late Prof.
Welss for a type of stem closely resembling Bothrodendron but
differing in the presence of a fine reticulation on the outer bark
and in the form of the leaf-scars. Weiss's genus has been recog-
nised by Kidston in Dumfriesshire but our knowledge of the
plant is as yet based solely on a few small specimens.

Umphaluphloios (@ genus of uncertain systematic position).
Figs 103, C, 217,

This generic name was instituted by White? for certain
specimens of large stems originally described by Lesquereux
from the Coal-Measures of North America as Lepidodendron
mammillatum and L. cyclostigme.  The photograph reproduced
in fig. 193, C, for which I am indebted to Dr Kidston ?, represents .
2 specimen described by him from the Upper Coal-Measures
of Sqmerset as Omphalophioiss anglicus, aud identified with
Lepidodendron omglicum of Sternberg.

The surface of the impression shown in fig. 193, C, is

! Nathorst (44) A p. 42, PL xu. figs. —10. ¢ Kidston (03) p. 797.
-+ White (98) ; (99) p. 218, Pls. Lxv.—ixvio. 4 Kidston {02) pp. 358, 859.
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characterised by elearly defined rhomboidal areas or cushions (fig.
217, E) ke those of Lepridodendron, except in the absence of a
median keol, and similar to those on sine forme- of Sigalloria
Brard:. A short distauce above the centre of ench cushion is
an oval or subcordate region bounded by a rim-like margin and
wlar strand.
A triangular elevation which also shows a small pit (Fig. 217,
E, @) occurs below the oval area.  The appearance of the

containing a small oval scar, presumably that of a v

5 CONS

surface-features vari erably on different parts of a single

specimen.  Tig. 217, I, represents one of the numerous figures
published by White in his detailed account of the American
waterial.  Each cushion bears a widely open V-shaped ridge,
which is desciibed as a leaf-scar; above this is an oval area (25

Omphalopiioios.
D, After White. E. After Kidston.

mu. % 1'73 mm.), the surface of which js hounded by a narow
vim.  Within the yim is a smaller coneave oval region with a
small pit near its upper ¢nd.

We cannot, in the absence of petrified material, arrive at
any satisfactory conclusion as to the meaning of these surface-
features, White considers that Owphalophloios is probably a
rhizome of one of the arborescent Lycopods, but whether or
pot this is its true nature must be left, for future discoveries.
The fact that the rootlet bundles of some Stigmarian axes ave
'accnmpnnied by « parichnos strand, as Weiss has shown, may
prepare us for the discovery of surface-features on Stigmariae
not unlike those of Omphalophloivs. (Fig. 193, C.)

A possible comparison may be suggested also with Sigilloria
Brardi as figured by Germar (fg. 196, A) in which circular
scars, which may be the scars of rootlets, oceur below the Jeaf-
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base areas. It Is not impossible that in the surface-features of
Omphalophloios we have both leaf and rootlet scars represented.

General considerutions.

The solid xylem core characteristic of the stele of some
species of Palacozoic Lycopodiales (e.g. Lepidodendron esnostense
and L. rhodumnense) may probably, as Tansley and Chick! point
out, be regarded as the lineal descendant of a primitive axial
strand of water-condnesing elements.  In the course of evolu-
tion the centre of the tracheal column became partially converted
into parenchymatous tissue, us in Lepidodendron vasculure.
The arrangement of the short cells in regular vertical series is
reminiscent of an early stage in the development of tracheae:
imstead of forming tubular conducting clements the central
part of the stelar meristem aequired the short-celled form ;

sume of the cells became lignified as isodiametric storage tracheae
while others persisted as thin-walled parenchyma.

The production of secondary sylen and an increase in the
girth of the whole stem Ted to reduction in the amount of centri-
petally developed conductiog channels. Sotne of these assamed &
new r0le and a shape in harmony with their functions. A later
stage is represented by a further encroachment of the central
parenchyma on the cylinder of centripetal xylem, as se
Lepidodendron Harcourtii and other species. The next stage
s afforded by ribless species of Sigillaria in which the
primary sylem is broken up into separate conducting strands.
As Ridston® reminds us, it is in the geologically more recent
specics of Sigillariu, such as S. Brardi, which pe inte the
Permian era, that this more cxtreme case of reduction oceurs.
The older genns Lepidodendron seems to have retained to
the last the complete eylinder of primary sylern. In the stele
of Stigmaria, the rhizome of Sigiliwriv and of Lepidodendron,,
reduction nf the centripetal xylem has passed beyond the stage
represetited by the hroken cylinder of the ribless Sigillarias.
With the exception of the examples deseribed by Kenault® and
by Weigs?, Stigmaria is characterised by little or no centripetal

! Tansley and Click (01) p. 36. * Ridston (05) p. 347.
# Kenault (96) A. ¢ Weisg, F. E. (085,



Vil GENERAL CONSIDERATIONS 267

primary xvlem. It s, however, noteworthy that Renault's
Stigmaria, in which centripetal xylem forms a prominent
feature, is attributed to Sigillaria brard;, a species in which
the vascular cylinder of the aerial steur illustrutes a later and
not an earlier phase in the replacement of centripetal by
centrifugal wood.

It would seew, as Lady Isabel Browne! says, that most
Stigmarian axes had reached a more advanced stage in
specialisation than is shown in the stelar structurc of the aerial
shoots. The relatively greater and probably the morw precocions
development of secondary xylem in Stigimariv than in Lepido-
dendron or Nigillaria may have some significance in relation
to the smaller amount of “old wood*” (in a phylogenetic sense)
in their steles,

As is pointed out in a later chapter, recent researches into
the anatomy of extinct members of the Osmuondaceae by
Kidsvon and Gwynne-Vaughan have brought to light a stiking
parallelisin in evolutionary sequence between the Lepidodendreae
and the ancestors of Osmunda and Todea, the two surviving
genern of one of the most ancient families of ferns,

Therc can be little doubt as to a very close relationship
between Sigillaria, Lepidodendron, and Bothrodendron.  Sigil-
loria seems to have outlived Lepidodendron and Bothrodendron.
The two latter genera are recorded from Upper Devenian rocks
in weveral localities, Bothrodendron being particular]y abundant.
in the pre-Carboniferous floras of Bear Island and othev parts of
the world. A remarkable stem described by Dr White® as
Archaeosigillaria primueva from Upper Devonian shales of
New York is spoken of by him as “one of the most highly
developed representatives of a fairly distinet archaic group
foreshadowing she later genera Bothrodendror, Sigillaria,
JLeprdodendron and Lepidophloios”  The type-specimen, when
firat discovered, consisted of an apparently unbranched stem
reaching a length of 5 metres. From the swollen basal part

1 Browne (09) p. 25. .

2 Scott (02) uses the terms old and new wood in discussing the esclutionary
sequence in plant steles.

4 White (07).
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Stigmaria-like vootlets spread into the surrounding shale. At
A higher level the fissured bark shows indistinetly defined
feaf-cushions which pass gradually upwards into ecushions
and scars arranged in closer order on regular verfical ribs.
The surface-features in this region are practically those of a
ribbed Sigilluria. Traced farther npwards the vertical ribs
dic out and cushions of the Lepidodendroid form cover the
surface of the b The leaf-scars, with a supraposed ligular
pit and two vertically elongated parichnos-scars, are said to bear
a closer resemblance to those of Sigillaria and Botlrodendyon
than to the leaf-areas of Lepidodendron. Nothing 1x kuown as
to the anatomy of this stem, por have fertile =hoots been
discovered. [n the absence of more trustworthy cvidence than
is avajlable conclusions of a phylogenetic nature must Dbe
accepted at their true value. It is however legitimate to
deseribe  Archaeosigillaria  primaeva as ooe of the oldest
examnples of a lycopodiaceous plant which shows well-preserved
nal features, and these are of exceptional interest as
indicating a combination of generie characters. This Devonjan
type lends support to the view that Lepidodend ror and Sigillaria
are offshoots, differing {rom one anmother in comparatively
unimportant points, frim a common ancestral type.

The generally accepted statement that arborescent Palaeo-
zaie Lycopodiales hove their sporangia on specially modified leaves
(sporophylls)grouped in cones which were usually produced at the
tip of slender branches, has recently shared the fate of most rulus.
Prof. Bower in his Origin of ¢ Land Flera mentions a Belgiap
specimen of Pinakodendron musivum Welss from the Westphalian
series (Middle Coal-Measures), to be described by Dr Kidston,
which bore its sporangia “ associated with the leaves of certain
portions of the stem, without any cone-formation. The fertile
and sterile portions are distinguished only by the presence or
absence of sporangial.”

Lepidodendron and Sigilloric can bardly be claied as the
direct ancestors of any cxisting type of Lycopodiales, but while
exhibiting points of contacy wish Lycopodiun, Selaginella, and
Psilotuin vhey are perbaps more closely allied to Zsvefes.

* Bower (08} p. 305,
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Lady Isabel Browne!, who has vecently published an excellent
summary of the evidence on the relation of the Lepidodendreae
to Isoetes, concludes her examination of the arguments by
expressing the opinion that there is a strong probability of the
correctness of the view that Isoetes may be derived “from the
Lepidodendraceac in the widest sense of the word” This
decision seems to me to accord hest with the facts.

The further question as to the relation of these Palaeozoic
genera to plants higher in the scale must be reserved for
fuller consideration in another volume. An attempt will also
be made to consider how far anatomical structure may be used
< o guide to the conditions under which Lepidodendron and
aria as well as other members of the Permo-Carboniferous
floras passed their lives. The secondary xylem of Lepidodendron
and Sigillaria affords a striking example of water-conducting
tissue of homogeneous structure comparable with the wood of
Conifers rather than with that of Angiosperms. 1t was pre-
summably formed, for the most part, under uniform climatic condi-
tions: the wbsence of rings of growth points to uninterrupted
supply to evergreen shoots exposed to no alternation of activity
and arrested growth.  Attension has already been called to the
absence of any tissuc corresponding to secondary phloem. Evenin
voung shoots of Lepidodendron, no tissue has been found external
to the m ‘matic zone agreeing in the form of its elements with
the channels through which the elaborated food is conveyed from
the leaves of recent plants to the regions of cell-building. That
the ' sceretory zone’ may have served this purpose, at least in
young stews, 15 not improbable.  On the other hand, it is
difienlt to understand why older Lepidodendron stems show
no indication of additions to the secretory zone. If this tissue
served for the transport of proteids we should expect to find
provision made for its constant renewal pari passu with the
secondary growth of the xylem. The conclusion seems to me
incvitable that the supply of building-material was otherwise
provided for thap in recent vascalar plants.  The physiological
division of labour way bave been less complete in the tissue-
systems of the Palaeozoie Lycopods than in the more highly

! Browne (09) p. 37.
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specialised organs of such an extinet genus as Lyginodendron or
than inrecent plants. Our knowledge of the anatomical structure
of wany extinet types has already reached a stage when we
should take greater heed of the modus operandd of the complex
machinery revealed by a study of petrified stems. Frow the
kpown we proceed 1o interpret the nnkpown; but there is a
danger of nmeglecting the possibilities of evolution during the
s ages which separate the forests of the Coal period from
Iy allow preconceived

countle
those of the present cra. We may e
ideas to warp our judgment In attempting to distribute the
wanifold activities which made up the life of a Lepidodendron
among the structnral unics of the plant-body.




CHAPTER XIX.

Seed-bearing plants closely allied to members
of the Liycopodiales.

1 Lepidocarpon.

Ix 1877 Williwnson! published an account of some fossil
red Lo Brongniart’s genus  Cardivear-
ds. Somce

seeds which he s

n

por®, a generic title for certain Gympospermous
of these he identified, on the authority of the author of the
species, with Curdiocarpon anomalum Carruthers?.  Several
years later Wild and Lomax deseribed a new type of strobilus
from the Lower Coal-Measures of Lancashire®.  The result
of this discovery and of the subsequent examination by Scott
of additional material, was to establish the fact that the
seeds described by Williamson and generally accepted as
Gymnospermous, are in reality sporangia belonging to a
Lycopediaceous cone.  The seeds to which Carruthers gave the
name Cardiocarpon anomalum are, however, distinet from those
deseribed under the same name by Williamson and are those of
a true Cymnosperm. For this seed-bearing strobilus Scott®
instituted the generic name Lepidocarpon, which he thus
defined: “Strobili, with the characters of Lepidostrobus, but

“each megasporangin was inclosed, when mature, i an in-
tegument, growing up from the superior face of the sporophyll-
pedicel.  Integument, together with the lamina of the sporo-

' Willinmson {77) and (30) 4. 2 Brongniart {28) A. p. 87,
¥ Carruthers {72%). + Wild end Lamax (00).
2 Seott (01).
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st ll, completely enveloping the megasporanginm, or nuecllus,
feaving only an clongated, slit-like micropyle above. A single
functional megaspore or embryo-sac developed in each mega-
sporanginn, occupying almost the whole of its cavity, Megaspore
nltimately filled by the prothallus or endosperm.  Sporophyll,
together  with the integumented megasporangium and its
contents, derached entire from the axis of the strobilus, the
whole forming a closed, seed-like, reproductive body. Seed-like
organ horizontally elongated, in the direction of the sporophyli-
pedicel, to which the micropylar crevice is parallel”

Lepidocarpon Lomait, Seott.  Fig, 218

An immature cone of L. Lomawd i practically identical with
A Lepidostrobus ; its sporangia are naked and only acquire thay
integuments at a later stage. A mature strobilus has a diaweter
of at Jeast 3 cm. and is about 4 cm. in length.  As in typical
Lepidostrebi, the axis bears spirally disposed sporophylls, and
each sporophyll has a long narrow pedicel approximately at
right angles to the cone axis with jts distal end expanded into
a broad and thick lamina (fig. 218, B).

A the distal end the pedicel has a thin marginal wing
(fig. 218, €, right-hand half) continuouns with the upturned
protective lamina. To vhe upper face of each sporophyll is
attached along the whole length as far as the ligule, a single
large sporangium : on cach side of the base of the sporangium
the sporophyll forins a supportivg cusbion.  The relation of
the sporangiun to the Hgule, ¢, is shown in fig. 218, B, and in
the tangential scevion, C. which jllnstrates she triangular form
of the sporangium near its distal end,

In mature cones, the sporangia assurved the form of seeds,
the change being due to the growth of an investing integument
from the upper face of the sporophylls on each side of the
sporangia, Fig. 218, A, illustrates the form of a sporangium
as shown in tangenbial sections: the vascular bundle is seen
below the basc of the sporangium and the gaps right and left of
it probably mark the position of parichuos strands. On each
side of the sporangium, b, a fairly thick wall of tissue has grown
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up from the sporaphyll, forming an integument which overtops
the apical ridge of the sporangium, leaving a narrow mieropyle in
the form of a long crevice (m, fig. 218, B). At the proximal end
of the sporangium the infegument forms an (-nclosing wall; at
the distal end it abuts on and is continuous with the upturned
end of the sporophyll. Itis clearly established by Scott that the

Fic. 218, Lepidocarpon Lomaxi, Seott.
Aand C. After Scott.
B. Diagram of a single sporophyll : m, mierapyle ; St, stole.

tissue which invests the sporangia is not the upturned margins
of the sporophyll, but a new formation fully entitled fo the
designation intcgnment. I6 is noteworthy that the integuraent is
not developed until » late stage in the antogeny of the strobilus;
it is not formed until after the production of the prothallus’.

1 Letter from D. H. Seott (March 30, 1908).
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The diagrammatic sketeh, fig. 218, B, shows the relation of the
integument to the sporophyll and sporangiuw, the outline of
the latter being indicated by a broken line. The columnar wall
of the sporangium (fig. 218, A, b) forms a closed beak within
the wicropylar crevice, and in the interior of the sporangial
cavity the slightly shrivelled membrane, ¢, represents the single
megaspore ; traces of the aborted sister-cells of’ the megaspore are
occasionally met with. Scott describes a specimen in which the
megaspore is filled with tissue agreeing in appearance with the
prothallus in a megaspore of Iscetes or Selaginella: no un-
doubted archegonia or female organs have been discovered, nor
has any spore been found containing an embryo.

The axis of L. Lomaat has a medullated stele constructed
on the same plan as that of some species of Lepidodendron and
Lepidostrobus ; the vascular bundles supplying the sporophylis
pass obliquely upwards and ontwards from the stele, St, fig.
218, B, and bend slightly downward just before entering the
pedicel of a sporophyll.

Dr Scott has also described a strobilus containing micro-
sporangia partially enclosed by a rudiwentary integument., It
is, howiver, of considerable interest to find a partial develop-
mept in the case of a male Hower of an integumentary outgrowth,
which it would seem could only be of real functional importance
in the ferale shoot.

It is iroportant to notice that specimens of a second species
of Lepidocerpon, L. Wildignum, arve recorded fom Lower
Carboniferous beds of Scotland, a fact which points to a con-
siderable antiquity for this sced-bearing Lycopodiaceous type!.

The most importans question to consider jn regard to
Lepdocarpor is—are we justified in applying to the integu-
mented sporangia the term seed ¢ The megaspore was not
set free as it ig in recent Pteridophytes, such as Azolla and,
other genera with which Lepidocarpon may be corapared ; it
was on the other hand rctained in the spurngium, as may
sometimes happen even in recent species of Selaginelle (cf.
fig. 131, D). Moreover, the megaspore is characterised by a thin

* Scott (01) 814,
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enclosing membrane in contrast to the thick coat of a sporc
which is destined ta be shed. The peculiar slit-like form of
the micropyle is a distingnishing feature, but this may be
veadily cxplained as a convenient form in the casc of a radially
elongated sporangium. The absence of an embryo, though «
distinguishing feature of Lepédocarpon, cannot be held o he
a serious obstacle to the use of the term seed; in recent Cycads
the embrye, as Seott points out, way not Lupin to develope
until the seed has been shed. It is possible that the sceds of
Lepidocarpon were not pollinated on the parent. plant.

The lesson which this extinet type teaches, is thar certain
Lycopodiaceous plants of the Palacozoic era had reached an
important stage in the evolution of a seed. The morphological

ssentials of true seeds had been acquired ; but we do not know
the biological conditions under which pollination and fortilisa-
tion were effected.  Another poing of considerable interest is
the value of this discovery as an argument in favour of the
view that some Gymnosperr

are derived from Lycopod an-
cestors,  Leaving the general question until later, it max
at any rate be stated that in Lepidocarpon we have 2 demon-
stration of the fact that vhe Lycopodiales were not always
distinguished from Gumnosperras by the ahsence of <oods.
There are certain features in Lepidocarpon shared by the seeds
of Araucarieae' which may well mean something morc than
raere parallel developwent in two distinet phyla of the plant-
kingdom?

W, Miadesmia.

In 1894 Prof. Bertrand'® published an account of certain
fragments of petrified lonves and twigs of a small herbaceous
Lycopodiaceous plant, under the name Miadesmia wmendranacea,
which he discovered in English material in association with
Lepidodendron  Harcourtit.  Subsequently Scott  recognised
the megasporophylls of the same plant, and wicrosporophylls
have also been discovered. The most complete account of

! Seward and Ford (08). < For a contyary opinion, sec Scott (09) p. G306,

% Bertrand, E. (94).
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a feature suggesting comaparison with seed-structure. Some
wegnspores have been found flled with a prothallus. The
longitudinal section shown in fig. 219, 4, illustrates the charac-
teristic horizontal position of the megasporophyll, as also the
relation of the ligule, /, to the sporaphyll with its single vascular
bundle. and to the hairy integument, which overarches both
sporangium and ligule: the line w shows the position of the
megaspore-membrane, detached fron the sporangial wall on the
upper side but in contact with it below. The microsporophyll
shown in 219, K. was originally referred to Miodesmin bu has
sinee been recognised by Watson? as that of a Bothrostrobus,
Miadesmiu affords an cxample of a Palucozoie plant com-
parable with Isoetes and Selaginella; it agrees also with
Lepidocarpon i possessing true secds, and with Watson's
Bothrodendron cone in the shape of the sporangia, which are
nore like those of Selaginelle than the radially elongated
~porangia of Lepidostrobus.  Mindesmia agrees with Selaginella,
c.g. N spinosa, in it stclar structure, i the form of the
sporangia, and in the presence of a ligule. It is distinguished

by having only one instead of four megaspores ina sporanginm,
in the possession of an integument which formed a close invest-
ment to the spore and served as a stigma (comparable with
the stigma-like integument of the male flower of Welwitsclic),
and in the shedding of the megasporophylls, which have been
aptly compared with winged seeds.

On the ground of their general anatomical features Lepido-
corpor and Miadesmaic are clearly entitled to be included among
extinct representatives of the Pteridophyta. These plants had,
however, crossed what iy has been customary to regard as the
boundary between Pteridophytes and Phanerogams: they
possessed megasporangia with the attibutes of seeds. It has
been suggested by Lester Ward® that Pteridophytic seed-bearing
plants shall be recognised as a distinct phylun for which he
proposes the name Pteridospermaphyta, a designation huplying
exclusion from the Spermatophyta as usually understood. For
seed-bearing  Lycopodiaceous gencra he suggests the name
Lepidospermac. As knowledge of the Palacozoie seed-plants

! Watson (084 p. 12, ¥ Werd (04}
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increases revision of existing classifications and group names
will become necessary, but as yet we are hardly in a position to
draw up a satisfactory scheme of grouping; we know little of
Lepidocurpon as a whole aud it would be premature to commit
ourselves, even provisionally, to a classification which is based
on such meagre evidence as we possess. Moreover the value to
be attached to the seed-habit as a basis of classification can
hardly be estimased until fuller information is obtained.




CHAPTER XX.
FILICALES,

Tsis division of the Pteridophyta includes both the true
ferns (Filicineae) and the less familiar water-ferns ar Hydro-
ptetideac. The almost complete absence of satisfactory evidence
in regard to the geological history of the latter renders this
group of secondary importance from a palaeobotanical stand-
point, but, on the other hand, we possess a wealth of material
Learing on the past history and relative antiquity of the true

ferns.

The study of cxtinet vypes has so far rendered no sub-
szantial help towards bridging the wide gap between the
Filicales and the lower plants. As Mr Tansley! says in his
admirable lectures on The Evolution of the Filicinean Vascular
System, “ The biggest gap in the plant kingdom at the present
time is undoubtedly that which separates the Pteridophytes
from the plants definitely below shem in organisasion, and
directly we try to step behind the ferns we tumble into this
abyss” Rescrblances long ago rccognised between certain
ferns and the cveads, a section of the Gymnosperms, were
regarded hy a few botanists as indications of blood-relation-
ship, and the results of recent vesearches into the morphological
characters of extinct Palaeozoic types are gencrally held to
confirm these surmises. Prof. Chodat? of Geneva has recently
challenged the validity of the arguments on which the
affinity of cycads and ferns has been accepted by the great
majority of hotanists, Whether or not his criticisms stand the

? Tansley {0%) p. 3. CIL Braun (75) p. 267. 2 Chodat {08),
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test of unbiassed examipation, they must atb least lead us
to substifute a crivical congideration of the facts for a merce
repetition of conclusions which appeul to our imagination.
Despite Prof. Chodat’s warning, we may still quote with con-
fidence a phrase used in another connexion—ferns “are links
in a chain and branches on the tree of life, with their roots in
4 past inconceivably remote!.”

Transitional forms which are regarded as pointing to a
cormmeon origin for ferns and eycads are known in abundance ;
other types have alsu been discovered which lead sore authors
tu o ~o far as o derive the whole of the seed-bearing plants
from an ancestry the descendants of which are represented by
existing ferns.  While hesi

ating to allow the ferns or fern-like
plants the peenliar position of universal ancestors, we inust
admit that there is no group of plants with a history of greater
importance from an evolutionary standpoint than that with
which we are now concerned.

Theve are, however, sore difficulties to face in atterpting
to decipher the history of the Filicincae as recorded in the
carth’'s ernst.  Few fossil plants are so familiar as the well-
preserved carbonaceous impressions of compound leaves on the
shales of our Coal-Measures, which were referred by older anthors
to re cies of ferns and accepted by later
writers as undonbted examples of Palaeozoic ferns. The common
belief in the dominance of ferns in Palacozoic floras is reflected
in the novelist’s description of the Carboniferous period, “when
the forms of plants were few and often of the fern kind%”  We
now knoow that very many of these Carbouiferous leaves be-
longed to plants differing widely in morphological characters
from the modern genera to which they exhbibit so deceptive
a resemblance. These pseudo-ferns, recently christened Pteri-
dosperms or sced-bearing fern-like plants, are dealt with in a

ent genera and s

*later. chapter. The discovery of this extinct group has added
enormously to our knoewledge of plant-cvolution and at the
same time has rendered much more difficult the task of un-
ravelling the past history of the true ferns. As soon as it was
demonstrated that many familiar Palaeozoic “ferns” are not

! Hudson (42) p. 29. ¥ Huordy, Return of the Native, 1. p, 133,
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ferns, sorne authars went far towards coneluding that however
close might be the agreement between fossil and recent leaves
suspicion of close relationship must be set aside. ILike the
carlier 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 mental balance of palacobotanists, The fact is,
we cannob in some cases determine {rora leaf-forn alone whether
or not a fossil s o true fern: we may, as Professor Bower!
suggests, regard all fern-like {ossils as ferns until they are
proved to be Pteridosperms.or in a spirit of scientific scopti-
cism, we may at once admib that wmany Palaeozoic fern-like
leaves must await further evidence before their true position
can be determined. It is impussible. as Zeiller? says, in the
present state of our knowledge to range fern-like Palacozoic
plants in two groups, one referved to Filicineae and the other

Lo the Preridosperms.

The following classification of the Filicales
that adopted by Prof. Engler ju the latest edition of his
Nyllabus® and on the results of Bower's? excellent work on the
spore-bearing mewbers of recent ferns.

The members of the Filicales are characterised by the same
well-marked physiological division of Jabour in their vegetative
parts as are the Lycopods; the plant is the asexual generation
tsporophyte), while the sexual generation (gametophyte) is
small and inconspicuous, either an independent green prothallus
ar a tissue more or less completely enclosed in the spore.  The
large size of the leaves, which in the young state are usually
coiled like a crozier (fig. 220, A}, is a striking charact ¢ of
the ferns: they are megaphyllous in contrast to the wierophylly
of the Lycopods.

5 based on

' Bower (08). ¢ Zeiller (06) p. 8.
T Engler (09). 3 Bawer {00).
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I. Leptosporangiate Filicales.

In thesc homosporous and heterosporous plants the sporangin
are developed from single epidermal cells,

(@) Eufilicineae. The sporangia bear spores of one kind
anly ; vhe wall of & sporanginm consists of one layer of cclls. In

A b ASh s Db 0 I

Ti6. 220, Young fronds of () Angiopteris evecta sud (B) Cyeus revoluta.
{Reduced.)

*the great majority of cases the sporangia are characterized by
the possession of a conspicuous row of thick-walled brown

cells, the apnulus?, which serves as a mechanisw fur dehiscence
and spore-dispersal.

The fertile leaves, identical in for with

! For an account of the mechanism of spore-dispersal, sce Goebel (U3) p. 587;
Atkinson (94); Leclere du Sablon (85); and Bower (00).
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the stertle, or more or less s]mrp]y contrasted, usually bear the
sporangia on the under surface of the Jamiva in definite groups
or sori, and pot on the upper surface or grouped io strobili as
in the Lycopodiales. The stem is dorsiventral or radial in
structure, ereepiny or ereet, frequently clothed with chaffy
scales (ramenta) and less often with multicellular hairs. The
sexual generation 1s vepresented by a small green prothallus
which lives for a short period only and dies after nursing the

fern-plant through its earliest stages.

()  Hydropterideae. Heterosporous water-ferns differing
considerably in habit from the true ferns. Each megasporan-
giwm contains a single megaspore and several microspores nre
produced in each microsporangium. The gametophyte is repre-
senled Dby tissue mare or less enclosed in the spore.  [Gunera
Sulvinia, Adzollu, Marsilia, Regnellidiwm, Pilularia. See
Chapter Xxv1.]

(u) EBufilicineae. The classification of the true ferns in
common use is based almost exclusively on the s(ructure of the
spomng"ium, the form and position of th =, and on the
presence or absence of an iodusium (the tissue which in somwe
fer
years there has been considerable activity

ally or completely covers cach sorus).  In recent
in the investigation
of fern anatomy with w view to elucidating the natural relation-
ship between recent favilies or genera. The results of these
researches are on the whole consistent with the scheme and
gronping adopled in the Synopsis Filicum of Hooker and Baker
and iu general harmony with the main conciusions arrived at
by Bower from an intensive study of the development of fern
sporangia. The following classification is based on that of
Bower who takes as a basis (i) the relative time of appeirance
of the sporangia in a single sorus, (ii) the structure of the
sporangia and their origntation relative to the whole sorus,
(ii1) the productiveness of sporangia (spore-output).

Simplices (Bower). The sporangia are relatively
large and all the sporangia in a sorus have a
simultaneous origin: the anoulus in oblique.

Osmundaceae
Schizaeaceae l
Gleicheniaceae |
Matonineae
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i Gradatae (Bower),  Sporang arise in basipetal
suceession on a more or less elongated receptacle
(portion of the leaf lnmina which projects as a
cushion or colnmnp on which the sporangia are
borne); amiulus ablique; fndusinm, if present,
in the foru of a cup or flap of tissue arising from
the base of the sorus,

Lossomaceae
Hymeuophyllaceae
Cyntheaceas ]
Dennstaedtiinae (

podincene, by far the largest family of ferns,
! The \]un angia are characterised by their rela-

i size. the presence of a Slender stalk,
the absence of regular orientation or sequence
in developent, and by the presence of a vertical
annnlus,

( Mirtae (Bowerl.,  This division includes the Poly-

Polypodincene
Parkerinceae

"lhc Dipteridinae include species with the characters
Dipteridinae of the Mectae, and one species iu which the

! sparangia develope simultaneously

Osmundaceae). {(Usinnndu, Todeay

Sporangia large and yather stouter than those of other
Leptosporangiate ferns, borne in small gronps |'ﬁ1my speeies of
Todea) in linear and frequently confluent sort (Todea burbare ;
fig. 221, D) or clustered round the axis of modified fortile
pinnae with much reduced lamina (Osmunda).  The annulus is
represented by a group of thicker-walled cells a short distauce
below the apes (fig. 221, C).  This fawily stands apart among
the ferns; in some 1

spects, e.g. in the more robust sporangia

occasionally forming synangia, and in the presence of stipular
wings, it forms a transitional series between the Leptosporangiate
and Eusporangiute ferns. The only European species of Usmunde,
0. regulis, is alwost cosmopolitan in range; other species oceur
in North and South America, in the Far Kast, the Malay
wPeninsula, and in other regions, more especially in the
temperate zones. Todew is represented by (i) the South
Adrican and Australian species, 7. barbare, a fern with a stem,
which may reach a height of several feet, thickly covered with
adventitious roots and bearing large and sowmewhat leathery

1 Fora fullor account of recent ferns, see Engler nnd Prant) (02), Christ (97),
Hookers and Baker (68), and Bower (00) {08).



286 FILICALES [ca.

fronds; (i) filmy species in New Zealand, New South Wales,
New Caledonia, and elsewhere. A plant of the small tree-fern
Todeo Wilkesiano (Fiji, Samoa, and uther islands) in the filmy-
forn house at Kew, to which my attention was drawn by my
friend Mr A. W, Hill, has o slender stem with the characteristic
leaf-rears exposed; it presents a striking sinularity to some of
the tossil species of Osinundaceae described in a later chapter.

Schizaeaceae. (Schizvea, Aneimic, Lygodivm, Mohria.)

Sporangia borne singly and not in groups (sori), readily

TFie. 221,

Osmunda cinnamomea (after Faully.

Tadea barbara, p, phloem ;
Osmunda regalis (after Lue;
Loden barbara (4 nat. size).

selerenchyma.
n).

A

B.
C.
D

rvecognised by the complete transverse apical annulus usually
one layer of cells deep, but occasionally two layers in depth on
the side opposite the line of dehiscence! (fig. 224, B). Schizaen
(fig. 222) with the exception of one species in North America

1 Peantl (81) PL v, fig. 104, C; Zedler (97) p. 215, Bgs. 7—10.
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(8. pusillay is characteristic of Northern India, the Malay
region, Australia, New Caledonia, S. Africa, and elsewhere sauth
of the Equator. dneinia (figs. 223, 224, A, B), characterised by
the fertile segments with reduced lamina, is chiefly American
the monotypic genus Mokria, resembling in habit the Poly-

.Fm. 292, Schizaea elegans. (Slightly reduced.) A few of the segments terminate
in narrow fertile lobes.

podiaceous genns Cheilanthes, occurs in S, Afvica and Mada-

gascar, while species of Lygodium are widely spread tropical

ferns, with one species in temperate North America.  This

faruily has disappesred from Ewrope.
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[

Gleicheniaceae [Gleichenia, Platyzoma (=G wicrophylla)].
Sporangia form civeular naked sori composed of a variable

mimber of sporangia, nsually pot more than ten and frequently

Fia, 228, dneimia rotundifolia. (From the Roynl Gardens, Kew. { paf. size.)

fewer, characterised by an obliquely horizontal and aliost
(fig. 224, I). In some species of Gleichenia

complete annulus
T N ke kieate saoments are very small and
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semi-circnlar in form (fig. 226, ), in others (sect, Mertensi
the segments are linear (fig. 226, Y, and in many Bt 3
fronds arc distinguished by the regular dichotomons branching

Fre. 220,

A, Aneimia flecuosa.
B, A, phyllitidis.

¢, Hymenaphyihon ditata o,

L, E, F, G. Matonia pectinate; 7, indusium.

H, Thursopteris elegana.
1. Gleickenia cireinata,

(4, 1, alter Pruutd ; C, G, H, 1, after Bower.)

* Underwood (07), p. 248, has sdopted Bernberdi's genus Dicranopteris in
plnce of Mertensia on the ground that the latter was used as early as 1793 for a
Boraginaceous plant.

19
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Fuo, 220, Gleichenia dicarpd. (1 nat. size.)

s

Gleichenites Rostafinskii, Raciborski.
(Nat. gize.)

(Reduced.)
D, E, afler (Goebel.}

T 226. A, B.
¢ Gleichenia dicarpd-
D, E. (ileichenia dichotomd.

(4, B, after Raciborski: C, aftex Booker;



xx] MATONINEAE 201

(fig. 225), frequently showing an arrested rachis bud in the
forks! pratected by modified pinnules (fg. 226, D, E).  In
Platyzome  the Jeaves are shwple, reaching a length of
20—30 cm., and bear small revolute oval segments.

* Glelcheniv is represented by several species in the tropics
and extends tn south temperate and Antaretic latitudes.  The
species (. dichofoma (= G. linearis) is one of the more snccessfnl
vrepical ferns, while G. moniliformis (by some authors recog-
nised ax a distinet genns, Stramatopleris) is peculiar to New
Caledonia.  The monotypic genus Platyzomo is a xerophilous
Australian fern. The Gleicheniaceac are uurepresented in
cxisting north temperate fHoras.

Matonineae. (Mutoniv.)

The genus Matondu, placed in the Cyatheaceae by Sir
William Hooker and compared by other authors also with
the Gleicheniaceae, is now included in a special family.  The
sorl are eireular and consist of 5—I1 large sparangia (fig. 224,
E, G) sessile on a central columuar receptacle which spreads
out into an umbrella-like indusimin (D, 7) with its incurved
wargin tucked in below the ring of sporangia.  The indusinm
is detached when the sporangia are ripe.  The annulus
is oblique and incomplete and often slightly sinuecas; it
agrees in the main with that of f(leichenia. The species
Matonia pectinata is characterised by dichotomously branched
fronds (figs. 227, 228) with Jong and slender petioles; the
pinnae bear Jinear pinuules with forked latern! veins and
oecasjona) lateral anastomoses (fig. 224, F). The only other
living representative is M. surmentose. discovered by Mr
Charles Hose at Niah, Sarawak*: this species has long
peodulous leaves apparently very different from  those of
M. pectinata, but the branching of the frond may be regarded as
a modification of a primitive form of dichotomy® A small bud
oceurs in the angle between the forked linear segments and the
rachis, as in some species of Gleichenia®.  Matoniu is confined to

1 Goebel (05) p. 318, ? Baker (38).
3 Diels, in Engler and Prantl (02) pp. 243, 844, + Comapton (09).

19-—2
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the Mulay vegion: M. pectinata grows in Western Borneo and in
various localities in the Malay peninsula, while M. sarmentosi

; Rz
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Fro. 227, Matonia pectineta. (4 nat. size.) 3.S.

has been found in onc locality ouly: the latter species t
nuly been transferred to a new genus Phanerosorus, t
in view of the practical ideubity in anatomical structure ¢
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the close agreement as regards the sori of the two species there

would see to be no justification for this change of name’.

Loxsomaceae.

The New Zealand genus Loxsoma has marginal sori with a
cup-like indusinm surrounding an elongated receptacle bearing

¥ro, 228. Matonia pectinata. From a pliotograph by Mr Tansley of a group
of plants in a wood an Gunong Tuudok, Mount Ophir.

pear-shaped sporangia provided with a complete obligue annulus.
The genus is chieHy interesting because of its isolated position;; it
agrees with Trickomones (Hymenophyllaceae) in the structure of

« the sorns and with species of Dickspnio and Duvalliu ip habit; it
shows some rescmblance also to Gleicheniaceae and Schizaea-
ceae” A new type of fern deseribed by Christ® from Custa Riea
as Loxsomopsis costaricensis affords a striking instance of dis-
continucus distribntion and emphasises the antignity and
generalised features of the family.

1 Copeland (08) p. 344. 2 Bower (00) p. 47 ; Gwynne-Vaughan (01).
* Ghrist (04).
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Hymenophyllaceae. (Hymenophyllvm, Trichomones.)

The sporangia, which are asvached to a columnar veceptacle
o prolongation of a vein beyond the margin of the funina, are
characterised by an obliquely transverse annalus (fig. 224, C). A
cup-like indusini surruunds the lower portion of the r

eceptacle
which is two-lipped o Trichomanes and entive in Hymeno-
phythoe (fig. 270, C, D). These two filmy ferns have a wide

istribution both i tropical and exvra-tropical regions; they

Fia. 229, A, Thyreapteris elegans. B, Cyathea spiwilosa,
C.  Davallia concinua, D.  lieksonia coniifolia,
E.  Alsophila excelsa. ¥, G. Dicksonia culcita.
{4, after Dicls and Kunze; B, I, F, G, after Hooker; E, after Bower,)

ave vepresented in the British Isles by Hymenophylivie tun-
bridgense, H. Wilsond, and Trichunes radeuns.

Cyatheaceae. (Cyathen, Hematelia, dlsopldla, Dicksovia,
Lhyrsupteris.)
The sporangia oceur in indusiate ov naked sori and have an

obliquely vertical and incoraplete annulus (fig. 229, E). In the
P aoe Vo i L

-2
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pound, but Cyather sinnata Hook, a rare Cevion species, bears
simple narrow linear leaves, This family includes, with few
exceptions, all the trec ferns'. The sori of Dicksonis ave
enclosed o a two-valved indusium (fig. 229, F, G): in the
species represented in fig. 230 the ferrile segments, which
terminate in cup-like indusia, are characterised by the absence of
a lamina and closely resemble thase of Thyrsopterds (fig. 229, A).

F1i. 230. Dicksopia Bertercana Hook. Fertile and sterile pinnge. (Nat. size.
British Musenmn Herbarium.)

Iu Cyerthea the indusium has the form of a cup which is at first
closed and afterwards opens at the apex (fig. 229, B); in He-
mitelie the indusium is much reduced and in dlsuphily the sori
are naked. Thyrsopteris is characterised by the reduced fertile
pinnules bearing stalked sori in deep cups (fig. 229, A).  The
appearance of this fern “is very remarkable, for the cup-shaped

V Seott, J. {74} ; Hapaig (98).
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sort hang down from the fronds in messes, looking just like
masses of millet seed™.” The sporangia are described by Bower?
as large and of rather peculiar form.  As seen in fig. 224, H, the
annulus is continuous; 1t forms a twisted loop of cells which
vary in shape and in the thickness of the walls. The Cyatheaceae
are for the most part tropical ferns with a wide geographical
range, usually in 1ooist regions; they are, however, able to
flourish under widely different temperature conditions. In
Tasmania, as Diels® points out, tree ferns may occasionally be
secn laden with snow, and on the west coast of New Zealand
they overhang the edge of a glacier®. The monotypic genus
Thyrsopteris is confined to Juan Fernandez. The Cyatheaceae
no longer exist in Enrope.

Dennstaedtiinae. (Microlepia. Dennstacdtio.)

This sub-tribe, instituted by Prantl, has been yevived by
Bower on the ground that the sori present features inter-
mediate between those of Cyatheaceac and the Polypodia-
ceons genus Davallio. The sporangia have a slightly obligne

annutlus,
Polypodiaceas.

This section of the Leptusporangiate ferns, including several
sub-tribes, comprises the great majority of recent genera. The
spurangia form naked or indusiate sori snd have a vertical in-
complete annulus. In Plogiogyria® the obligue annulns and
soral features suggest comparison with the Cyatheaceae. A
nwre intimate acquaintasee with Polspodiaceous ferns will
undoubtedly demonstrate the cxistence of other generalised
Lypes®.

From the point of view of the identificution of fossil ferns
it is importans to bear in mind the very close resewblance
preserited by some Polypodiaceous species, eg. species of
Davallie (fig. 229, C), to Cyatheaceous ferns (cf. fig. 229, D).

! Challenger Reports (85) p. 827 (Narratice, PL. 1w.)

2 Bower (00) p. 68. % Diels (02) p. 117.

+ Seward (92) p. 45. © Bower {00) p. 80,

@ Prof. Bower inforrus me that he is now at work ou Plegingyria and other
Polypodiaceae.
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Parkeriacese. (Ceratopteris.)
The almost spherical and scattered sporangia arc character-
1ged by the peculiar form of the vertical annulus, which is
composed of numerous cells differing in their greater breadth

TFia. 231. A, A, Dipteris quingucfurcata (type-specimen in the Kew
Herbarium).
B, C, E, G. 1. conjugata.  (C, 1 nal. size.)

D.  Polypedixm quercifolium.
F. Dipteris Wallichii.

(D, after Linerssen.)

: and smaller depth from those of a typical apnuins, Esapnunlate
sporangia have been described, while oihers occur showing
different stages between a rudimentary and a complete ring.
The single species of Ceratopteris, C. thalictroides, is an annual
aguatic fern widely spread in tropical countries®.

i Rny (73); Ford (02); Goebel (91},
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Dipteridinae. ([ipiers)

The genus Dipteris, formerly included in the Polypodiaceae,

has been assigned to a separate family partly on account of the
slight. obliguity of the vertica) annulus (fig, 231, G) and on othey
grounds’,  The four species Dipteris conjugata, D. Wallichi,
D. Lobbiana (= D. bifircata). and D, guinguepurcata (fig. 231)
are characterised by a crecping rhizome bearing fronds reaching
alength of 30 em.; in D. conjugata and D. Wallickes the lamina
is divided by a median sinus into two symmetrical halves, while

in other species the leafis dissected into narrow linear segments.
The main dichotomously branched ribs are connected by lateral
brauches and these by tertiary vetus. the delicate branches of
which end freely within the square or polygonal arcolne (fig.
231, A B The naked sori are composed of numerous sporangia

and filuentous hairs: while in some species the soral develap-
ment conforms to that characteristic of the Mixtae, it has becn
shown that in one species, D, Lobbiana (= D. bifurcata®), the
Lipteris

sporangia develope simultancously as in the Simplice:
oceurs in company with Matonia on Mt Ophir and elsewhere in
the Malay peninsula; it extends to the Philippines, Samoa,
New Caledonia, China, New Guinea, and the sub-tropical regions
of Northern Jndia

The impossibility of drawing a hard and fast line beiwcen
cation 1s well

the divisions adopted in apy system of class
illustrated by the ferns. In the main, the three-fold grouping
suggested by Bower is probably consistent with the order of
evolution of the true ferny.  The Polypodiaceae, which are now
the dominant gronp, are in all probability of comparatively
recent origin, while the Gradatae and Simplices represent smaller
sub-divisions with representatives in remote geological epochs.
The genera Lozsoma, Matonia and Dipteris afford examples off
ferns exhibiting points of coutact with move than one of Bower's
sub-divisions : they are generalised types which, like many relics
of the past, ave now characterised by n restricted geographical
range.

' Seward and Dale (01). 2 Armour (07).
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It is noteworthy that while certain vegetative features may
in some cases be cited as faumily-characters, such features are
not usually of much value from a taxovomic point of view.

Fi0. 232, Davalbie aculeata. (3 nat. size.)

While the typical tree ferns are practically all members of the
Cyatheaceae, n few members of other families, e.g. Todea barbarv
(Osmundaceae) and the monotypic Indian genus Brainea (Poly-
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pudiaceae), form crect sterns several feet in height but these
differ in appearance from the Palm-like type of the Cyatheaceous
tree ferns. Oan the other hand, the thin, ahaost transparent,
eaf of Hymenophyllum tunbridgense and other filmy ferns is
a character shared by several species of Tudea, Asplenium re~
sectum, and Danveu (richomanoides (Marastiaceae); the filmy
habit is essentially a biological adaptation.

The form of frond represented by certain species of
Gleichenin, characterised by a regular dichotomy of the axis and
Dy the occurrence of arrested buds, is on the whole a trustworthy
character, though Davallic ocvleota (bearing spines on its rachis)
(fig. 232) and Matonia sarnentosa have fronds with a simifar
n:ode of branching and also bear arvested radius-buds. A limited
acquaintance with ferns as a whale often leads ux to regurd a
certain formp of leal as characteristic of a particnlar species, but
more extended enguiry nsually exposes the fallacy of relying
upon so capricious a feature.  The form of Jeat illustrated by
Trichomanes renifarme is met with also in Gyueogramme rent-
Joruwis and is fairly closely matched by the leaf of Neolopendrinam
wigripes. The fronds of Mutoria pectinata (fig: ,228) bear a
close resciublance to those of Gleichenia Cununm/«amz Adiantum
pedatum, and Cheiropteris palmutopedatu’.

The habit, leaf-form, and distribution of Ferns.

The full accounts of the structure and life-history of the
comnon Male Fern, gi\'en by Scott in his Structural Botony and
by Bower in the Origin of « Lund Floru, render superfinous
wore than a brief reference tu certain general considerations in
so for as they may facilitate a study of fossil trpes.

In size Ferns have a wide range: at the one extreme we
have the filmy fern Trickomanes Goebelianun*, growing on tree
stems i Venezouela, with leaves 25 to 3 mm. in diameter, and
at the other the tree ferns with fall colnmpar stems reaching a
height of 40 to 30 feet and terminating io a crown of fronds
with a spread of scveral feet. A common form of stern is
represented by the subterrancan or creeping rhizome covered

! Diels (02) fig. 38, p. 185. # Giesenhgen {92) p. 179, fig. 3
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with ramental seales or hairs: the vemains of old Teaves may
persist as ragged stumps, or, as in Oleandra, Polypodivm vulgure
and several other species, the leaf may be cut off by the for-
mation of an absciss-laver! leaving a clean-cut peg projecting
from the stem.  As a rule the branches bear no relation to the

leaves and are often given off from the lower part of a petiole,
but in a few cases, g in the Hymewophyllocene, it is noteworthy
that true axillary branching is the rale® In the typical tree-
fern the surface resembles that of a Cveadean trunk covered
tent Jeaf-bases and o thick mass of roots.  Awmong

e oceasionally met with,

veie ferns highly modified stems ¢

as in the Malavan species Pulypodewn ( Lecunopteris) curnosum

and P. sinuosum®,
The leaves of ferns

re amoug the most protean of all plant
organs; as Darwin wrote, “the variability of ferns passes all
bounds*”"  The highly compound tri- or q
of such species as Pteris aquilina, Davallia and otber ger
stand for the central type of fern frond; others exhibit a well-

ripinnate leaves

i

marked dichotomy, e.g. Lygodiuvm, Gleicheniu, Matonia, etc
habit in all probability associated with the older rather than
with the more modern products of fern evolution. Before

ally fossil fern fronds, it is

attempting to determine specifi
important to familiarise ourselves with the range of variability
among existing species
same plant. A striking e
in fig. 233, Reinecke® has figured a plant of dsplendum multi-
lineatum in which the segments of the compound fronds assume
various forms.  In Zeratophyliwm aculeatum var, inermis Mett.,
a tropieal clirubing fern believed by Karsten® to be identical
with derostichum (Lomuriopsisy sorbifolicm,—an identification
which Goebel” questions,—the fropds which stund free of the
stem supporting the climber @ity considerably from  the
translucent and much wore delivate filmy leaves pressed againsg
the supporting tree. From this fern nlone Fée is said to have
created 17 distinet species. In this, as in any otber cases,

and more especially in leaves of the
ample of heteromorphy is illustrated

» Biisecke (08). ¢ Boadle (00).
* Yapp (02). 4 DParwin (034 1. p. S81. # Reinecke (17},
¢ Karsten (95): Christ (96): Bommer {03). ? Coebel (05) p. 347,




302 FILICALES [en

ditferences in leaf-lorm are the expression of a physiological
division of labour connecicd with an epiphytic existence. Some
tropical species of Polypudiwn (sect. Drynaria), e P. querci-
Solium (fig. 234 and fig. 231, D), produre two distinet types of
leaf, the large green fronds, concerned with the assimilation of
carbon and spore-production, being in sharp econtrast to the small

Potypodium Billardieri Br, (4 nat. size)) Middle Istand, Ne
Zealund, Trom specimens in the Cambridge Herbariu.

slightly lobed brown leaves which act as stiff brackets (i
234, M) for collecting humus from which the roots absorh ra
material. Similerly in Platycerium the orbicular mantle-leay
hﬂ'ex widely from the long pendulous or erect fronds fashion

I Aine antlers of an elk. In Hemzteluz capensis
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the form of finely divided leaves identified by earlier collectors as
those of a parasitic L'richomanes (fig. 235). In a letter written
by W. H. Harvey in 1837 accompanying the specimen shown
in fig. 235, he says, “ Apropus of Hewditelia, be it knawn abroad
that supposed parasitical Trichomones. . is not a parasite. but
a part of the {rond of Hemitelic.” The delicate reduced pinnac
remain on the stem and forin a cluster at the base of the
fronds L.

In wany species the :

orophylls are distinguished from the

Fin. 234, Polypudvon guercifolinm.  (Much redoeed 1 M, Mantle-Jenves.)

sterile fronds by segraents with little or no chlorophytous tissue,
as in Onoclea struthiopteris® in which, each year, the plant pro-
duces a funnel-shaped group of sterile leaves followed later in
sthe season by a cluster of sporophylis; or, as in many other
genera, the fertile leaves are distinguished also by longer petioles
and thus serve as more efficient agents of spore-dissemination.
In Ceratopteris the narrow segments of the taller fertile leaves

L3 strikiug example of these so-called Aphlebias of Numitelia mny be

scen nt the Royal Gardens, Kew,
= Luerssen, o Rabenhorst (89) A. p. 483, fiz. 164,
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are in striking contrast to the broader pinnules of the sub-

merged folinge Jeaves, Leaf-form is in many cases obviously
the expression of environment; the ) ?
from the treeless paramos of the Andes? is characterised by
its minnte leaflets with strong revolute margins and a thick folt

ophilons fern Jamesonia®

of hairs on ghe Jower surface: in others, serophilovs features take

Fies 235. Hemitelin capensis R. Brown. Nat. size. a, Piuna of normat f
{From & specimen in the British Museum. M.5.)

the form of a covering of overlapping scales (Ceterach),

development of water-tissue as in the fleshy leaves of

Himalayan fern [rymaglossum carnosuin.  In the Bracken

Roodle? has shown how the fronds may be classed as shads

Y Goebel (81) P xut. ¢ Spruee (08) 1. p. 232, 3 Bood!
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sun leaves; the former are spreading and softer, while the latter
are relatively smaller and of harder texture (Big. 236, a and b).
Even in one leaf six feet high, growing through a dense busb
of gorse and bramble, the lower part was found to have the

Fro. 2864,  Plerix aquilina.
Part of lenf from greenhouse. (4 nat. size.) After Boadle,

features of a shade leaf, while the uppermost exposed pinnae
were xerophilous,
The resemblance between some of the ilmy Hymenophyll-

EAR IR 20
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aceae and thalloid Liverworts! is worthy of mention as one of
the many possible pitfalls to be avoided by the palacobotanical
student.  The long linear fronds of such genera as Vittaria and
Monogramume raight well be ideutified in a fossil stute as the
leaves of a grass-like Monucotyledon, o compared with the

il

Y1, 286 b.  Preris aquilina.
Leaf from the same plapt grown out of doors. (4 pat. size.}
After Boodle.

foliage of Jsvetes or Pilularia. The resemblance of some fern

leaves with reticulate venation to those of Dicotyledons has led

astray experienced palaeobotanists; it is pot only the anasto-

mosing venation in the leaves of several ferns that simulates
! Goebgl (UB); Baker (67).
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dicotyledonous foliage, but, the compound leaves of many dicoty-
ledons, e.g. Povilinia thalictrifolia (Sapindacene) and species
of Tmbelliferac, may casily be mistaken for fronds of ferns,

The dichotomously lobed lamina of sowme Schizaeas, e.g.
& dichotoma and S. elegons (fig. 222), bears a close resemblance
to the leaves of Bucera or Ginkgo!. The original description by
Kunze? of the South African Cyead Stanneric paradoza as a
Polypodiaceous fern illuserates the difficulty, or indeed impossi-
bility, of distinguishing between a s
frond and the foliage of some Cy The decply divided
segments of Cyers  Micholitzid® simulate the dichotomousiy
branched pinnae of Lygodivm dichotomam, and the leaves of
Anetmia ratundipolia (fig. 223) and other species are abnast
identical in form with the Jurassic species Otuzvuites Beand,
a memher of the Cycadophyta.

shply pinnate fern

There are certain facts in regard to the geographical dis-
tribution of ferns to which attention shonld be directed. Afr
Baker in his paper on fern distnbution writes: “ With the
precision of un hygrometer, an increase in the fern-vegetation
arks the wooded humid regions*" If in a collection of fossil
plants we find o preponderance of ferns we are tempted to
assume the existence of such conditions as are favourable to the
luxuriant development of ferns ar the present day. On the
other hand, we wust bear in mind the wonderful plasticity of
many recent species and the fact that xevophilous ferns are by
no means unknown in present-day floras.

Ferns are admirably adapted to rapid dispersal over com-
paratively wide areas.  Bower® estimates that in ope season
a Male Fern may produce about 5.000,000 spores: with
this cnormous sporc-output are coupled a thoroughly efficient
mechanism for scattering the germs und an unusual facility
for wind-dispersal. When Treub® visited the devastated and
Sterilised wreck of the Island of Krakatau in 1886, three years
after the volcanic outburst, he found that twelve ferns had
already established themselves; the spores had probably been

I Seward and Gowan (00). ¥ Hooker {39),
3 Thiselton-Dyer (05). * Buker (65) p. 303,
5 Bower (08) p. 18. ¢ Treub {88) A. : Ernst (08).

an o
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carsied by the wind at least 25 to 30 miles. It is not surprising,
therefore, to find that many ferns have an almost world-wide
distribution ; and, it may be added, in view of sheir efficient
means of dispersal, wide range by no means implies great
antiquity.  Prof. Campbell? has recently called attention to the
significance of the wide distribution of Hepaticae in its bearing on
their untiquity: the spores are incapable of retaining vitality for
more than a short period, and it is argned that a world-wide
distribution can have heen acquired only after an enormous
lapse of time, If we apply this reasoning to the Osmundaceae
among ferns, it may be legitimate to assuwe that their short-
lived green spores render them much less efficient colonisers
than the great majority of ferns; if this is granted, the wide
distribution of Osmundaccous ferns in the Mesozoic ern carries
their history back to a still more remote past, a conclusion
which receives suppert from the records of she rocks.

The Bracken fern which we regard as characteristically
British is a cosmopolitan type: it was found by Treul among
the pioueers of the New Flora of Krakatnu: in British Central
Africa, it grects one at every turn “like a messenger from the
homeland®”: it grows on the Swiss Alps, on the rueuntains of
Abyssinia, in Tasmania, and on the slopes of the Himalayas.
The two genera Mutonin (fig. 228) and Trpieris. which grow
side by side on Mount Ophir in the Malay Peninsula, are examples
of restricted geographical range and carry us back to the Jurassic
period when closely allied types flourished abundantly in north-
ern latitudes.  Similarly Thyrsopteris elegans, confined to Jnan
Fernandez, exhibits a remarkable Jikeness to Jurassic species
from England and the Arctic regions.

The proportion of ferns to flowering plants in recent Horas is
u question of some iuterest frons a palacobotanical point of view;
but we must bear in nund the fact that the evolution of
. angiosperms, effccted at a labe stage in the history of the earth,
seriously disturbed the balance of power among competitors for
earth und air.  The abundance of ferns in a particular region is,
however, an unsafe guide to geographical or climatic conditions.
Many ferns are essentially social plants; the wide stretches of

! Campbeil (07). # Davy (07) p. 268,
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rooorfand earpeted with Pleris aguilina afford an example of the
monopolisation of the soil by a single species. In Sikkim Sir
Joseph Hooker speaks of extensive groves of free ferns, and in
the web regions of the Anwzon, Bates' describes the whole
farest glade as forming a “vast fernery.”  In a valley in Tabiti
Alsoplalo tahitiensis is said to form *u sort of forest almost to
the exclusion of other forns®”  In the abundance of Glossopteris
(figs. 334, cte) fronds spread over wide arcas of Permo-
Carboniferous rocks in S. Africa, Australia, and India, we have
a striking instance of a similar socin} habit in an extinet fern
or at least fern-like plant.

Aerostichum awrewm, with pinnate fronds several feet long,
is an example of a recent fern covering immense tracts, but this
species® is more especially interesting as a member of the
Filicineae characteristic of brackish marshes and the banks of
tropical rivers in company with Mangrove plants and the
“Stemless Palm” Nipa.  This species exhibits the anatomical
ting parallel
with some Palaeozoic ferns (species of Psaronius) which probably

characters of a water-plant. and affords an inte

grew under similar conditions.

The Anatomy of Ferns.

The text-book accounts of fern-anatomy convey a very in-
adequate idea of the architectural characters displayed by the
vascular systems of recent genera. When we are concerned
with the study of extinet plants it is essensial to be familiar not
only with the commoner recent types, but particularly with
exceptional or aberrant types. The vascular system of wany
ferns consists of strands of xylem composed of scalariform
tracheae associated with a larger or smaller amount of parven-
chyma, surrounded either wholly or in part {that is concentric

*or bicollateral) by phloem : beyond this s a pericycle, one layer
or frequently several layers in breadsh, limited externadly by an
endodermis, which ean usually be readily recognised. The vas-
cular strands are embedded in the ground-tissue of the stem

) Butes (63) A. p. 30. % Chollenger Reports (85) p. 785,
¢ Tansley and Frusch {05) p. 43 ; Thomas, E. N. (05).
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consisting of thin-walled parenchywa and. in most ferns, a
considerable quantity of hard and lignified mechanical tissue.
The narrow protoxylem elements are usually characterised by a
spiral form of thickening, but in slow.growing stems the first-
formed clements are frequently of the scalarifurm type.

A study of the apntumy of recent ferns hoth in she adule
state and in successive stages of developmeng from the embryo
has on the whole revealed “a striking parallelism'” between
vaseular aud sporangial characters in Jeptosporangiate ferns.
Far a masterly treatroent of our knowledge of fern anatomy

A Mutonia pectinata {petiole).

B. M. pectinata (stem).

C. Gleichenia dicarpa (stem) : p, petiole; pp, protophloew ;
position of protoxylem indicated by black dots.

Matonidium.

T'richomanes reniforme : pp, protophloem.

(C, E, after Boodle; D, efter Bomumer.)

Fre. 237.

B

from a phylogenetic point of view reference should be wade to

* Mr Tansley's recently published lectures: within the limits of

this volume all that is possible is a brief outline of the wmain
types of vascular structwre illustrated by recent genera.

To Prof. Jeffrey* we owe the term protostele which he applied

' Tnnpsley {08) p. 27. 2 Jeffrey (98)
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Lo n type of stele consisting of a central core of xylem surrounded
by phloem, pericycle, and endodermis.  While admitting that
steles of this type may sometimes be the result of the modifica-
tion of less simple forms, we way confidently regard the
protostele as representing the most primitive form ot vasealar
system. The genus Lygodiwm affords an example of a proto-
stelic fern; a solid column of xylem trachene and parenchyina ls
comnpletely encircled by o cylinder of phloem succeeded by a
ronlti-layered pericyele” and an cndodermis of a single layer of
cells. In this geous the stele is characterised by marginal
groups of protoxylem @ itis exarch. An almost identical vype is

T 238, Stele of Trichomanes scandens: px, protoxylem ; s, endodermis.
From Tansley, after Boodle.

vepresented by species of Gleishenio, but here the stele js
mesarch, the protoxylem being slightly internal (fg. 237, C).
Trichomanes scandens (fig. 238) has an exarch protostele like
that of Lygodiem; but,as Boodle' has suggested, the protostelic
form in this case is probably the result, of modification of a
collateral form of stele such as oceurs in Lrichomanes reniforme
(fig. 237, E). A second type of stele has been described in
species of Lindsaya® in which the xylem includes a small group
of phloem near the dorsal surfuce.  This Lindsoya type is often
passed through in the development of “ seedling ” ferns and may

T Boodle {00). * Tansley and Lulham (02).
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be regarded as a stage in a series Jeadinyg to another well-marked
type, the solenostele. The solenostele’, a hollow cyelinder of
xylem lined within and without by phloem, pericycle, and en-
dodermis, oceurs in several genera belanging to different families,
.. Dipteris, species of Pleris, specics of Landsayn, Polypodiam,
Jumesonaa, Lozsoma, (leicheniv and other genera. In asmaller
number of ferns the stele consists of what may be called a
wedullated protostele similar to the common form of stele in
Lepidodendron: this type is found in spécies of Schizaew and in
Platyzoma (fig. 239). It is impartant to potice that in the

A |
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Fue, 239, Platypama microphylla. Lt leaf-trace ; i.c., hwternal endodermis.
{After Tansley; modified from Boodle.}

solenostele and as a rule in the medullated protostele when a
leaf-trace passes out from the rhizome stele the vascular cylinder
is interrupted by the formation of a foliar gap (Platyzoma®,
fig. 239, is an exception). This fact has been emphasized
by Jeffrey® who draws e distinction between the Lycopodiaceous
type of stele, which is not broken by the exit of leaf-traces, and
the fern stele in which foliar gaps are produced: the former he
speaks of as the cladosiphonic type (Lycopsida) and the latter as
the phyllosiphonic (Pleropsida).

The transition te a hollow cylinder of xylem from a protostele

} Gwynne-Vanghan (01); (03). 2 Boodle (01) p. 783. 7 Jeffrey (00); (0B).
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may be described as the result of the replacement of some of the
axial conducting tracheae by parenchyma or other nan-vascular
tissuc consequent on an increase in diameter of the whole stele
and the concentration of the true conducting elements towards
the periphers!.

The occurrence of the internal cylinder of phloem, pericycle,
and endodermis in a solenostele is rendered intelligible by a
study of fern seedlings and by a comparative examination of
transitional types conncering protosteles and solenosteles throngh
medullated protosteles and steles of the Lindsaya tvpe. A

F16. 240.  Cyathea Imrayana. (From Tansley afler de Bars.) (Sclerenchyme
represented by black bands,)

further stage in stelar evolution is ilustrated by what is termed
the dictyostele, the arrangement of vaseular tissue characteristic
of Nephrodium Filiz-mas, Cyathea (fig. 240), Polypodium vulgare
and many other common ferns.

If a solenostele is interrupted by leaf-gaps at intervals
‘snfficiently close to cause overlapping, a transverse section at
any part of the stele will show apparently sepurate curved
bands of concentrically arranged sylem and phloem, which on
dissection are seen to represenb parts of a contiuous lattice

Y Tor an account of the probable methods by which this has been «ifected
and of the factors concerned, see Tansley (08).
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work or a eylinder with the wall pierced by Jarge meshes.  The
manner of cvolution of the dictyostele has been ably dealr with
by Gwynne-Vanghan! and other authors. In a few ferns, eg.
Mutonia pectinata?, o transverse section of the stem (fig. 237, B)
revenls the presence of two or in some cases three concentric
solenosteles with u solid protostele in the centre: this polyeylic
type may be regarded as the expression of the fact that in
responsc to the need for an adequate water-supply to the large
fronds. ferns have increased the conducting chanuels by a methad
other than by the mere increase of the dinmeter of a single stele.
Fig. 237, A, shows the vascular tissue of a petiole of Matonia in
transverse section.

The two gepera of Osmundaceae, Todea and Usmunda, are
peculiar among recent ferns 1o having a vaseular cvlinder com-
posed of separate strands of xylem varying considerably in
shape and size, from U-shaped strands with the concavity
facing the centre of the stem and with the pratoxylem in the
hollow of the U, to oval or more or less circular strands with

a mesarch protoxylem or without any protoxylem elements
(fig. 221, A, B). These different forms are the exprossion of the
change in contour or in structure which the parts of the lattice-
work underge at different levels in the stem® Beyond this
ring of xylem bundles js a countinnous sheath of phioem of
characteristic structure. A transverse section of a stem of
Osmundu regalis may show 15 or more xylem strands: in 0.
Claytoniuna there way be as many as 40. In Yodea barbara
(tig. 221, B) the lcaf-gaps are shorter, and in consequence of the
less amount of overlapping the xylem cylinder becomes an
ahuost continuons tube.  The recent researches of Kidston and
Gwynne-Vanghant have resulted in the discovery of fossil
Osmundaceous stems with a complete xylem ring, the stele
being of the medullated protostele type; in apother extinct,
member of the family the stele consists of a solid xylem core.
The Oswundaceous type of stele is complicated in 0. cinnamomea,
(fig. 221, A) by the occurrence of local internal phloem and by

1 Gwynpe-Vaughan (03). * Seward {99%); Wigglesworth (02).
% Seward snd Ford (03); Jeffrey (08); Faull (013
4 Kidston and Gwypne-Vanghan (07); {0B); (09).
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an internal endodermis, a feature which leads Jeffrey to wha
I believe to be an incorrect eanclusion that the vascular arange
ment found in Osmundu regalis has been evolved by reductio
from a stele in which the xylem was enclosed within and withou
by phloem.  New facts recently brought to light enable us t
derive the ordinary Osmundaccous type from the protustel
and solenostele. It is worthy of remark that the Osmundacea
occupy a somewbhat isolated position among recent, fernw: thei
anatomy represents a special type, their sporangia ditfer i
several respects from those of other leptosporangiate ferns and 1y
some features Osmunda and Lodea agree with the Eusporangiat,
ferns.  The possession of such distingnishing characters as thes.
suggests antiquity ; and the facts of palacobotany, as also th

present geographical range of the family, confirm the correctues
of this deduction.

Before leaviug the stelar structure of leptosporangiate fer
stems, a word must be added in regard to a type of structur
met with in the Hymenophyllaceae, In this family Trichomane
reniforme (fig. 237, E) may be regarded, as Boodle suggests, a
the central type: the stele consists of a ring of metaxylen
tracheae, the dorsal portion having the form of a flat arc]
and the ventral half that of a straight band. This Hattened ring
of xylem encloses parenchymatous tissue containing scatterec
trachcae some of which are protoxylem elements. In Tricho
manes radicans the rhizome is stouter than in 7' reniforme anc
the stele consists of a greater number of tracheae. The stel
is cylindrical like that shawn in fig 238, but the centre is oc
cupied by two groups of protoxylem and associatvd parenchyma
In Hymenophyllum tunbridgense the stele 1s of the subcal
lateral type; the ventral plate of the xylem ring has disappeare
leaving a single strand of xylem with endarch protoxylem an¢
completely surrounded by phloem. Trichomanes  nwuscoide
possesses a still simpler stele consisting of a slender syien
strand with phloem on one side only. Reference has alread:
been made to the occrrrence in this family of the pratostelt
type. The Hymenophyllaceae afford a striking illustratior
of the modification in different directions of stelar structur
connected with differences in habit, and of the correlation ¢
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demand and supply as shown in the varying amount of con-
ducting tissue in the steles of different species.

The leaf-srace in a great number of ferns is characterised by
its C-shaped form! as scen in transverse seetion: this in some
genera, eg. Mutonda (fig.-237, A), is complicated by the spira)
infolding of the free edges of the C; in other ferns (eg.
some Cyatheaceae) (fig. 273, (1) the sides of the C are ineurved,
while in some species the xylem is broken up inw a large
number of separate strands.

An elaborate treatment of the Jeaf-traces of ferns was
published a few years agn by MM. Bertrand and Corpaille?
irc which the authors show how the various systems of vaseular
tissue in the fronds of furns may be derived from a common type.
As Prof. Chodat® justly remarks this important work bas not
received the attention it deserves, the negleet being atuributed
to the strange notation which is adopted®.

The routs of ferns are characterised by a uniformity of plan
in marked contrast to the wide range of structure met with in
the stem and to a less extent in the leaves. The xylem may
consist of a plate of scalariform tracheae with a protoxylem
group at each end, or the stele may inchide six or more alter-

nasing strands of xylem and phluens.

11, Marattiales (Eusporangiate isosparous Filicale

The Marattiaceae, the single family of ferns included in the
Marattisles, comprise the genera Aagiwopteris, Archangioplers,
Marattia, Dunaea, and Kaulfussiv, which are for the rnost part
tropical in distribution. These genera are characterised by
susporangiate sori or synangia, the presence of stipules at the
base of the petioles, and by the complex arrangement of the
vascular tissue. In view of the fuct that muny fossil ferns,
show a close resemblance to the recent Marattiaceae, the sur-
viving genera are briefly described. The prothallus is green
and relatively large.

1 Gwynne-Vaughan (08),

¢ Bertrand and Cornaille (02). ¥ Chodat (08) p. 15.
+ See also Pelourde (09) for au nccount of the anatomy of fern petioles.
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Angiapteris. This genus occurs in Polynesia, tropical Asia, and Mada-
gascar ; it is characterised by a short and thick fleshy stem bearing large
bipinnate leaves which oceasionally show a forking of the rachis!, a
feature reminiscent of some Palacazoic fern-like fronds. One of the
large plants of Angiopteris evecta in the Royal (Gardens, Kew, bears leaves
12 feet in length with a stalk 6 inches in diameter at the base. The
sessile or shortly stalked and rather leathery linear or broadly lauceolate
pinnules have a prominent midrib and dichotomously branched lateral
veins.  The surface of an old stem is covered with the thick stumps of
petioles enclosed by pairs of fleshy stipnles (fig. 241, A) and bears
numerous fleshy roots, which hang free in the air or penetrate the soil.
The young fronds (fig. 220, A) exhibit very clearly the characteristi
circinate vernation. The proximal part of each primary pinoa is ¢
racterised by a pulvinus-like swelling. The sporangia, in short linear

Fra. 241, A, dngiopteris evecta.  (Considerably redueed.)
B, Marattia frarinea. Stipule. MLS,

elliptical sori pear the edge of the pinnules, consist of free sporangia
(fig. 242, A—D) provided with a peculiar type of *annulus % in the form
of a narrow band of thicker-walled cells, which extends as a broad strip
on either side of the apex. An examination of sections through the
sporangin of Angiopteris in different planes® illustrates the difficulty of
determining the precise nature of the anuulus in a petrified sporangium
which is seen only in one or two planes.  Maoy of the sporangia from the
English Coal-Measures, compared by authors with those of Leptosporangiate
ferns, are in all probability referable to the Marattiaceous type.

The vascular rem* of the stem constitutes a highly complex dictyo-
stelic or polycylic type which may consist of as many as nine concentric
series of strands of sylem surrounded by phloem, with large sieve-tubes

' Observed in plants in the Botanic Gardens of Brussels and Leipzig. A.C.S,

¢ For an account of the spore-producing members of the Marattiaceae, sed
Bower (97).

» Zeitler (90) po 19, + Shove (00f: Tansley (05,
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and a pericycle which abuts on the parenchymatous grouud-tissue witlout
any definite endodermal layer. A peculiarity in the vascular strands is
that the first-formed elements of the phloem lie close to the edge of the
xylem, the metapbloem being therefore centrifugal in its development.
The ground-tissue is devoid of mechanical tissue and is penetrated by
1 few of wlich arise from the outer vascular strands while others
their way to the surface from the wore jnternul dictyosteles.  Leaf-
truces, consisting of several strands, are given off from the outermost

fore

A~—D.  dugiopteris cvecta.

A, Apex of sporgugium showing *annulus.”

B. Sori.

C. Sporangium.

. Section of sporangivm, showing the two latern) bands of thick-
walled cells.

E. Danaea: a, roof of synangium, swith pores; b, sporangial
cavities; », vascular bundle: i, indusinrm.

(D, after Zeiller.)

cylinder and a segsment of the second dictvostele moves out to fill the
gap formed in the outermost network, while the gap iu the second eylinder
receives compensating strands from the third. A few layers Lelow the
surface of the petiole there is a ring of thick-walled elements (5, fig. 243),
and in both petiole and stem numwerous mncilage ducts and tannin-sacs
oceur in the ground-tissne. It lias been shown iy Farmer and Hilll that
in some of the vascular atrands ip an Angiopteris stem o fow secopdary

! Former and Hill (02) Pl svin. fige. 26, 28.
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tracheae are added to the primary xylem by the activity of the adjacent
parenchyma. The vascular bundles in the petiole form more or less regular
concentric series ; they have no endodermis and are characterised also Ly
the large size of the sieve-tubes (s, fig. 243).

The roots of Marattiaceous ferns (fig. 244) are characterised Ly the

3. dngiopteris eveeta.  Section of petiole (considerably reduced) und of
a single vascular bundle (magnified): pz, protoxylem; »f, sieve.
tubes.

Fro. 244. Angiopteris evecta. Transverse seotion of root, with part of the
stele magnified: s, sieve-tobes; p. phloem: pr. protoxylem.

: larger number of xylem and phloem groups ; the stele is polyarch and not
diarch, tetrach or hexarch as in most Leptosporangiate ferus.
Archangiopteris. This monotypic genus, discovered by Mr Henry in
South Eastern Yunnap, was described by Christ and Giesenhagen in
18997, Tbe comparatively slender rhizome has a fairly simple vascular
system®  The simply-pinnate leaves bear pinnules like those of Danaea,

} Christ aud Geisenhagen (99). ¢ Gwynne-Vaughan (05).
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but the sori agree with those of drgiopteris except in their greater length
and in the larger number of sporangia.

Haragtia.  This genus, which extends “all round the world within the
trapics),” includes some species which closely resemble dngiopterds, while
others are characterised by mwore finely divided leaves with smaller
ultimate segments. The fleshy stipules occasionally have an irregularly
pinnatifid form (lig. 241, B). The sporangia are represented by oval
synangia® (fig. 245, A; the black patches at the ends of the lateral veins)

A, Marattie frarinea. A'. A single synangium hho\\mg the two
valves and pores of the sporangial compartments.
B, B. M. Kanlfussii.
C. Kaulfussic (synangium sbowing pores of sporangial compart-
ments).
D, B Marstsropsis Milnsters.
{C, after Hooker: D, E, after Schimper.)

cowposed of two valves, which on ripening come apart and expose
two rows of pores formed by the apical dehiscence of the sporangial com-
purtments (fig. 245, A, B). In Marattia Kaulfussii the sori are attached
to the lamina by a short stalk (fig. 245, B, B') and the leaf beurs o close

* Fooker and Buker (68) p. 440.

® The term synangium is applied to sporangin more or less completely
united with one another and producing spores in groups separated by wolls of
sterile cells. A synanginm may be regarded as a spore-forming organ produced

Voos

i of ennrumennns tissaeor a8 o group of coslescent sporangis.
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resemblance to those of the Umbeliforous genera dnthriscus and Chaero-
phyllum.  The vascular system is constructed on the sarme plun as that of
Angiopterds but is of simpler form.

Daraea.  Dunaea, represented by about 14 species confined to tropical
Ameriea, is characterised by simple or simply pinnate leaves with linear
segments bearing elongated sori extending from the midrib almost to the
wargin of the lamina. Each sorus consists of numerous sporangia in two
paralle] rows united iuto an oblong mass partially overarched by an
indusium (fig. 242, E, ¢) which grows up from the leaf between the sori.
In the portion of a fertile segnient shown in fig. 242, E, the apical pores
are seen at ¢ ; and at b, where the roof of the gium has been removed,
the spore-bearing compartments are exposed. The vascular system! agrees
in general plan with that characteristic of the family.

Kaulfussia. The form of the leaf (Vol. I. p. 97, fig. 22) closcly re-
sembles that of the Horse Chestuut ; the stem is a creeping dorsiventral
vhizorne with a vascular systern in the form of a “reuch perforated
solenostele®”  The sypangia arve circular, with a median depression;
each sporangial compartment opens by an apical pore on the sloping sides
of the synangial cup (fig. 245, €)%

Copeland has recently described a Marattiaceous leaf which he makes
the type of a new genus, Macroglossum alidae. The sori are nearer the
margin than in Angiopteris and are said to consist of a greater number of
sporangia.  The pliotograph? of a single pinna which aecompanies the
brief description bardly affords satisfuctory evidence in support of the
creation of a new genus. The structure of a petiole which [ have had
an opportunity of examining, through the kindness of Mr Hewitt of
Sarawak, shows no distin e features.

III. Ophioglossales. (Isuspurous and Eusporangiate.)

The three genera, Uplioglossum, Botrychium, and Helmintho-
sluchys, are characterised by the division of the leaves into a
sterile and a fertile lobe. The fertile lobe in Oplioglossum,
bears two rows of spherical sporangia sunk io its tissuc: in
Botrychium and Hebminthostackys the spores are contained jn
large sporangia with a stout wall®  The prothallus is sub-
terrancan and without chlorophyll.  In the Briish species of
Ophioglossum, O, valgatwm (the adder's tongue fern), an almost
cosmopolitan species, the sterile part of the frond is of oval
form and has reticulate venation. In 0. pendulvm and 0.

i Brebuer (02) ; Rudolph (05). * Tansley (08) p. 90 ; Kiihn (90).

s Pelonrde (08) has recently dealt with the anatomy of recent and fossil
Marattinceons ferus.

¢ Copeland (08) Pl. 1. (09) PL v. & Bower {96).

N o
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padmutun the lamina is deeply lobed. In the genus Botry-
chium, represented in Britain by B. Zunaria, both sterile and
fertile branches of the frond are pinnately divided, while in
Helminthostachys the sporangia are borne on sporangiophores

Fae, 206, Ophioglossum rulgatum.  Transverse section of petiole and single
bundle: p. phloem; px, endarch protoxylem,

Fre. 247 Botrychinn virginiamun: ¢, endodermis; ¢, cumbium; z, xylern.
A, disgrammatic section of atem; B, portion of the stele and
endodermis enlarged.

(4, after Campbell: B, afler Jeifrey.)

given off from the margin of the fertile branch of a frond
similar in habit to a leaf of Helleborus.

The stem of Ophioglossum is characterised by a dictyostele
of collateral bundles with endarch protoxylem: the vascular
systero of the leaf-stalk is also composed of several separate
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strands (fig. 246). In Bolryckivm the stele ix a cylinder of
xylem swrounded externallv by phloem.  This genus affords
the only Instance among ferns of a plant in which the addition
of secondary tracheae oceurs on a scale large enough to produce
2 well-detined cylinder of secondary xylew traversed by radial
rows of medullary-ray cells' (hg. 247).  The unsatisfactory
nature of the evidence in regard to the past history of the

s renders supertluous a fuller treatment of the

recent species,

t Jefirey (98). For an uccount of the auntomy of Melminthvstachys, see
Farmer aud Freeman (99).

21—2



CHAPTER XXI.
FOSSIL FERNX.
Osmundaceae.

Frox ghe Culm of Silesia, Stur’ described iwpressions of
sterile fronds which he named Todea Lipoldi on the gronnd of
the similarity of the finely divided pinnules to those of Todew
superba and other filmy species of the genus.  The kype-
specimen of Stur (in the Geological Survey Museum, Viennu)
affords no information as to sporangial characters and cannot be
accepted as an authentic record of a Lower Carboniferous
vepresentative of the family. Another more satisfactory but
ence of

hardly convincing piece of evidence bearing on the pr
Osmundaceae in pre-Permian floras has been addueed by
Renault?, who described petrified sporangia from the Culw
beds of Esnost in France as Lodeopsis primaere (fig. 256, I).
These pyriforma sporangia are characterised by she presence of
a plate of large cells comparable with the subapical group of
“annulus” cells in the sporangia of the recent specios (fig. 221).

Zeiller® has published a figure of some sporangin deseribed
by Renauly from Autnn resembling the Osmundaccous type in
having a plate of thick-walled cells instead of a true aunulus,
but the plate is larger than the group of cells in the recent
sporangia, and both sporangia and spores are smailer in the
The sporangia from Carboniferous rocks described by
1ss as Sturielln* bear some reserublance to those of recent

We

! Btar (75) A, p. 77, TL o1 fig. 8. 2 Renanlt (96) A, p. 21
3 Zeiller (90) p. 16. ¢ Zeifler (90) p. 48,
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Osmundaceae, but there is no adequate reason for referring
them to this family.

The generic name Pteridotheca is employed by Scotr as o
convenient designation for unassigned petrified sporangia of
Palacozoic age with an annulus and other characters indicating
fern-affinity. In the specics P. Butterworth?! the sporangia are
characterised by a group of large cells suggesting comparison
with the annnlus, or whut represents the annulus, in Osmun-
daccae and Marat Scott has also described a spor-
angium from the Coal-Measures containing germinating spores®:
the structure is similar to that of recent Osmundaceous sporangia,
and it is interesting to note that germinating spores have been
observed in the recent species Todea hymenophylloides®.

Additiona) evidence of the same kind is afforded by fertile
specimens of a quadripionate fern with deeply dissected oval-
lanceolate pinnules deseribed by Zeiller from the Coal-Measures
of Heraclea in Asia Minor as Kidstowia heracleensis* (fig.
25G, E). Carbonised sporangia were found at the base of
narrow lobes of the ultimate segments and, as seen in fig
256, E, the sporangial wall is distinguished by a plate of larger
cells occupying a position like that of the “annulus” of recent
Osmundaceae. Zeiller regards the sporangia as intermediate
between those of Osmundaceae and Schizaeacene, From the
same locality Zeiller deseribes another frond bearing somewhat
similar sporangia as Splhenopteris (Discopteris) Rallid (fig.
256G, D)Y: the term IDiscopteris was instituted by Stur for
fertile fronds referred by him to the Marattiaceae®.

It is by no means safe to assume that these and such Upper
Carboniferous sporangia as Bower? compared with those of
Todee were borne on plants possessing the anatomical characters
of Osmundaceae rather than these of the extinet Palaeozoic
family Botryopterideae.  This brings us to the important fact,
first. pointed out by Renault, that the Botryoptenideae are
essentially generalised ferns exhibibing many points of contact
with the Osmundaceaed It is clear that whether or not we

1 Scott, D. H. (08) p. 292. * Scott (04) p. 18,
3 Boodle (00) p. 484, i Zeiller (99) Fl. n. figs. 5, G.
& Luid. PLon. fig. 10, S Ses p. 402,

* Bower (91) P su. & Seolt, D. H. {09).
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are justified in tracing the Osmundaceac as far back as the
Lanver Carboniferous period, some of the characteristics of” the
farily were already foreshadowed in rocks of this age.

Through a fortunate accident of preservation, unequivocal
evidence of the cxistence of Osmundacene in the Palaeozoic era
s supplied by the Russian Upper Permian genera Zulesskya
and Thomnopteris.

Zalesskya,

This generic title has been instituted by Kidston and
(iwynne-Vaughan! for two Russiaw stems of Upper Permian
age, one of which was nawed by Eichwald? Chelepteris grucilis,
but the probability that the type of the genus Chelepleris is
generically distinet from Eichwald’s species necessitated a new
designation for the Permian fern.

In habit the stem of Zalesshyo resembles that of an
Osmunda or a Todea, but it differs in the possession of a stele
composed of a coutinuous cylinder or solid column of xylem
snrrounded by phloen, and by the differentiation of the xylem
into two coneentric zones. The leaves are represented by
petiole-bases only © the sporangia are nnknown.  The stem and
leaf-base apatowy fully justifies the inclusion of Zolesskyo in
the Osmundaceac.

Zulesskya gracilis (Eichwald), Fig. 248,

The type-specimen is u partially decorticuted stem, from
Upper Permian beds in Russia, provided with a single stele,
13 mrm. in diameter, swrounded by a broad thin-walled inner
cortex containing numerous leaf-traces and occasional roots : this
was doubtless succeeded by a sclerotic outer cortex. In its
wmain features Zalesskya grocilis agrees closely with Z. diploaylon
represented in fig. 249. The stele consists of a continuous
cylinder of xylem oxhibiting a fairly distinct differentiation
into two zones, (i) a broader outer zone of narrower scalariform
tracheae (247, fig. 248) in which 20 to 25 protoxylem strands (pa)

? Eidston and Gwynue-Vaoghen (08). * Eichwald (60).



Xx1] OSMUNDACEAE 327

accur just within the edge, (i) an inner zone of broader
and shorter trachene (fig. 248, 7). The protoxylem elewents
(per, fig. 248) ave characterised by a single series of scalariform
pits, while the metaxylem clements have multiseriate pits like

Fig, 248, Zewlesskya gracilis (Bich.). Transverse seotion of part of the stele:
ph, phloem ; zi, xii, xylem; pr, protoxylem. (After Kidsion and
Gwynne-Vaoghan., x20.)

those on the water-condueting elements of recent Osniundaceac,
The tracheae show an interesting histological character in the
absence of the middle substance of their walls, a feature recog-
nised by Gwynne-Vaughan' in many recent ferns. External to

! Gwynpe-Yavghan (08).
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the xylem and separated from it by a parenchymatous sheath
ix a ring of phlaem, ph, composed of large sieve-tubes and
parenchyma separated from the inper cortex by a pericycle
4 1o 5 layers in breadvh, The occurrence of a few sclerotic
cells bevond the broad inner cortex points to the former
existence of a thick-walled outer cortex. The leaf-traces are

Fra. 249. Zalceskya diplozylon. Kidston and Gwynne-Vaughsn, Transverse
section of stem, ph, phloem. (After Kidaton apd Gwynne-Vaughan.
% 24.)

given off as mesarch strands from the edge of the xylem; they
begin as prominences opposite the protoxylem and become
gradually detached as xylem bundles, at first oblong in trans-
verse section, then assuming a slightly crescentic and reniform
shape, while the mesarch protoxylem strand takes up an
endarch position. As a trace passes further out the curvature
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increases and the protoxylem strands undergo repeated bifurca-
tion : it assumes in fact the form and gencral type of structure
met with in the leaf-traces of Zvdea und Osmunda. Numerous
diarch roots, given off from the stele at points just below the
aut-going leaf-traces, pass outwards in a sinuous horizontal
course through the cortex of the stem.

In Zalesstya gracilis the xylem cylinder was probably wider
in the living plant than in the petrified stem. In Zalesskya
diploxylun’, in all probnbility from the same Russian locality,
there can be little doubt that the xylem was originally solid to
the centre (fig. 249). In this species also the phloevu forms
a continnous band (ph, fig. 249) consisting of four to six lavers
of sieve-tubes.

Thamnopterts.

Thomnopteris Schlechtendalii (Eich).  TFigs. 250, 312, A,
Frontispiece.

In 1849 Brongniart® proposed the namc Thamnopterts for
a species of fern from the Upper Permian of Russia origin-
ally deseribed by Eichwald as Adnomopteris Schlechtendalii. A
pew name was employed by Brongniart on the ground that the
fossil was not generically identical with the species previously
named by him Anomopteris Mougeoti®. Eichwald’s specimen has
been thoroughly investigated by Kidston and Gwynne-Vaughan+.
The stem (Frontispiece) agrees in habit with those of Zalesskyo
and recent Osmundaceae : on the exposcd leaf-bases the action of
the weather has etched out the horse-shve forw of the vascular
strands and laid bare numerous branched roots boring their
way through the petiole stuwps. The centre of the stem is
accupied by a protostele 13 wim. in diameser 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 tracbeae (fg. 2500 and
Frontispiece), distinguished from the sharply contrasted peri-
pheral zone of normal sealariform elements, ¢, by their thinner

! Kidston and Gwynne- Yaughan (08) p. 226.

2 Bronguiart (49) A, p. 85, ¥ Brongniart (28) A. Pl Lxxx.
+ Kidston anu Gwynne-Vaugban (09).
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walls and more irregular shape.  The protoxylem, pz, is repre-
sented by groups of narrower efements rather deeply immersed
in vhe peripheral part of the metaxylent. A wany-layered
1».:1"1('}'.2]0. per, and fraces of an endodernis, en, succeed the
phloem. ph, which 1s characterised by several rows of large
contiguous sicve-tubes: beyond the endodermis is a broad thin-
walled inuer correx. The leaf-traces arise as in Zulesskyu,
but the protoxylent in Phamnopteris is at first central : as the

per en ph px

Fre. 250, Thamnopteris Schlechtendalii (Eich.). Part of stele: a, outer xylem;

U, inner xylem. (After Kidstop and Gwypne-Vaughan, < 13.)
trace passes outwards a group of parenchyma appears immedi-
alely internal to the protoxylem elements and gradually
assumes. the form of a bay of thin-walled tissue on the inner '
concave face of the curved xylem. The next stage is the
repeated division of the protoxylem strand until, in the sclerotic
outer cortex, the traces acquire the Osmundaceous structure
(Bg. 312, A, p. 433). The petiole bases have stipular wings as
in Todea and Osmunde.
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The striking feature exhibited by these Permian plants is
the structure of the protostele, which in Thamnopteris and
probably in Zalesslkya diplozylon consists of solid xylem sur-
rounded by phloew: this may be regarded as the primitive
form of the Osmundaceons stele.  In Usmunda regulis und
other recent species of the genus the xvlem eylinder has the form
of a lattice-work; in ather words, the departure of each leaf-
trace makes a gap in the xylem and the overlapping of the
foliar-gaps results in the separation of the yylem into a number
of distinet Lundles. In Zulesskyn gracdis the continuity of

Fic. 231, Lonchopteris virginiensis. (Afler Fontnine. 4 ual. size.)

the xyler is not broker by overlapping gaps: io this it agrees
with Lepidodendron.  In Thamnopteris the centre of the stele
was oceupied by a peculiar form of xylem obviously ill-adapter
far conduction, but probably serving for water-storage and
comparable with the short and brond tracheac in Megalozylon'.
*There is clearly a well-warked difiirence in stelar anatomy
between these two Permian genera and Todes and Osmunda :
this difference appeurs less when viewed in the light of the
facts revealed by a study of the Jurassic species Osmundites
Dunlopi.
} Seward (94).
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As possible exaraples of Triassic Osmundaceae reference
way be made ta some species included in Stur's genus
Speirocarpus'. S, wirgiwiensis was originally deseribed by
Tontaine? from the TUpper Triassic rocks of Virginia as
Lonchopteris virginicnses (fig. 251) and has recently been figured
by Leuthardt” from the Keuper of Basel. The sporangia, which
are scattered over the lower surface of the pinpules, are
described as globose-elliptical and as having a rudimentary
apical annulus; no figures have been published.  In habit
the frond agrees with Todites Williansond, but the lateral
veins form an anastomosing system Jike that in the Palaeozoir
genus Lonchopterts (fig. 290.B).  There wonld seem to be an
priord probability of this species being a representative of the
Osmundaceae and not. as Stur believed, of the Marattiaceae.
Seeing that Lonchopteris is a designation of a jurely provisional
kind, it would be convenient fo institute a new generic name
for ‘I'riassic species having the Lonchopteris venation, which
there ave good reasons for regarding as OQsmundaceous ferns.

Similarly Spedrocarpus tewwifolinvs (Emmons) (= A crostichites
tenuifolivs Font.), which resembles Todites Willivmson (see
p-339) not-only in habit and in the distribution of the sporangia
but alse in the venasion, is probably an Osmundacecus species.

Osmundites.

Oswundites Dunlopi, Kidston and Gwynoe-Vaughan?, fig.
This species was found in Jurassic rocks in the Otago district
of New Zealapd in ussociation with Cladaphlebis denticulata™
(fig. 257). The type-specimen forms part of a stem 17 mam. in
diaroeter surrounded by a broad mass of crowded leaf-bases.
The stele consists of an almost continuous xylem ring (fig. 252)
enclosing a wide pith: the phloem and ioner cortex are not
preserved but she peripheral region of the stem is occupied by”
a sclerotic outer cortex. The mass of encasing leaf-bases
resolves itself on closer inspection inte zones of foliage-leafl
' Erasser (09) p. 10. 2 Fontaine (83) Pls. xxvum. xxrx.

¥ Leuthardt (04) F1. xviu. 4 Kidston and Gwynne-Vaughan (07).
% See p. #48.
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petioles and the petioles of scale-leaves with an aborted lamina.
A similar association of two forms of leaf is seen in the existing
American species Osmunda Claytoniana and . cinnamwomea. The
cortex and armour of leaf-bases are penetrated by numerous
diarch roots.  The xylem eylinder, six to seven trachene broad,
ix characterised by the narrower diameter of its innermost ele-
wents and—an important point—by the fact vhat the detachment
of a Jeaf-trace does pot break the continuity of the xylem
eylinder (fig. 252). Each leaf-trace is at first clliptical in
section; it then hecomes curved nwards and gradnally assumes
the harse-shoe form as in Zalesshye and in the recent species.
The single endarch protoxylem becomes subdivided until in
the petiole it i~ represen

ed by 20 or more strands,

Osmundites Dunlopi Xidst, and G..V. Portion of sylem showing the
departure of a leaf-trace. (After Kidston and Gwynne-Vaughan; % 36.)
In the continuity of the xylem cylinder this species of

o Osmundites shows a closer approach to Todew barbara or
T. superbu (fig. 221, B) than to species of Osmunda: it differs
from Zalesskya in having reached o further stage in the re-
duction of a solid protostele to one composed of a xylem
cylinder enclosing a pith.  This difference js of the same kind
as that which distinguishes the stele of Lepidodendron rhodum-
pense from L. Harconrtii. To Lepidodeadron short tracheae
neeasianally acenr an the inner edee of the xvlem cviinder. anc
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in recent species of Todea the suine kind of reduced tracheae arve
met with on the jnner edge of the xylem®. In both cases the
short trachene are probably vestiges of an axial strand of con-
ducting clemuents which in the course of ¢rolution have been
converted into parenchyvmatous cells. In Lepidodendron vys-
culare the wixed pavenchyma and short tracheae in the centre

Fio. 233.  Osmundites Kolbei Sew. (! nat. size.)

of the stele represent an intermediate stage in xylem reduction,
and the arrangement in vertical rows of the medullary paren-
chyma i Lepidodendron is precisely similar to that deseribed by
Kidston and Gwynne-Vaughan in Thamnopteris. In both cases

1 Qrnrd and Rand /021
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the rows of superposed short cells have probably been produced
by the transverse septation of cells which began by elongating
as if to forn conducting tubes and ended by assumiing the form
of vertical series of parenchymatous elements.

In another Jurassic species, Osmundites Gibbiany?, the xylem
is of the Osmunde type and consists of about 20 strunds instead
of » eontinnons or almost continuous cylinder.

Osmundites Holbel Seward, figs.

This species was fonnded on a specimen obtained by Mr
Kulbe from the Ultenhage series of Cape Colany2  The fossil

Fio. 2. Osmundites Kolbei, (Leaf-sears.)

flora and fauna of this series point to its correlation with the
Wealden or Neacowsian strata of uarope®.  The type-speciroen
consists of several pieces of a stem (fig. 253) which reached
a length of about 90 cm. On the weathered surface the
remains of petiole-bases are clearly seen and on the reverse
side of the smaller picer shown in the figure numerous sinnons
roots are present in associabion with the leaf-stalks, The
depression ¢ in the larger specimen may wark the position
of u branch: at a fig. 233 (enlarged in fig. 254, «) the
vascular strand of a petiole is exposed as a broad U-shaped
band and at b (fig. 254, b) the form of the petiole-bases
is clearly shown*. With the stem were found imperfecbly
preserved impressions of fronds referred to Cladophlebis denti-

1 Kidston and Gwynne-Vaughan (07).
= Seward (07%) p. 482, Pls. xx. xx1.

4 Seward (03) n (08},

s Of. Todea W ilkesiuna {p. 286).
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Transverse section, from a photogra]

Fra. 255, Osmundites Kolbel Sew.
2} nat. size.)

supplied by Dr Kidston and My, Gwynne-Vaughan.
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culata, & common type of leaf which was found also in association
with the slightly older New Zenland stem, Osmundites Dunlop.

An examination of the internal structure of the South
African stem by Dr Kidston and Mr Gwynne-Vaughan has
revealed many interesting features, which will be fully described
in Part IV. of their Monograph on fossil Osmundaceous stems.
I am greatly indebted to these authors for allowing me to
publish the following note contributed by Dr Kidston:—

" The scetion of Usnumndites Kolbel Seward, shown in fig. 255,
presents the usual appearance of an Osmundaceous stock.  The
parts contained in this section are the stele, inner and outer
cortex and a portion of the surrounding mantle of concrescent
leaf-bases. The whole specimen has suffered much from pressure,
but if restored to its origival form the xylem ring must have
been ahout 19 mm. in diameter. The number of xyler strands
x and several of them are more or less joined
as in the modern genus Todea. The tracheae are of the typical
Osmundaceous type, that is to say. the pits are actual perfora-
tions and several series of thern oceur on each wall of the larger

tracheae.

The most interesting structural characteristic of Usacundites
Kolbei is not well seen in the figure owing to the compression
of the xylem ring. This consists in the occurrence of tracheae
in the pith. In fact, we have here a wised pith, cowposed
of parenchyma and true tracheae, a condition which connects
the Osmundaceue with a parenchymatous medulla with those
possessing a solid xylem stele like Zalesskya and Thouwmopteris
and so completes the series of transitions extending from the
older and solid-steled forms to the modern medullited members
of the Osmundaceue.”

Osmundites skidegatensis, Penhallow.

This lower Cretaceous Canadian species, first deseribed by Pen-
hailow ! and more recently by I(idston and Gwynne-Vaughan? is
remarkable for the large size of the stem, the stele alane baving
a diameter of 24 cm.  Penhallow figures a fragment of a leaf

! Penhallow (02). * Kidstou and Gwynne Vaughan (07).
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bearing a superficial resemblance to that of Osmunda Cloytoniana,
which may be the foliage borae by Osmundites shidegatensis.
The xylem cylinder is broken by the exit of leaf-traces into 50
or more strands varying in size and shape, and 1t s noteworthy
that the phloem is also interrupted as each leaf-trace is given
off. In recent species the sylem cylinder is almost always
interrupted, but vhe phioem retains its continuity. In the
Canadian fossil an internal band of phloem occurs between the
xylem and the pith, and this joins the external phloem at cach
leaf-gap.  This internal phioein finds an interesting parallel in
. but 1n these the ioternal and external

certaln recent specie
phloem do not weet at the foliar gaps as they do in the extinct
type. In Osmunda cinnamomea the internal phloem occurs
only at the regions of branching of the stem stele: in the fossil
it is always present,

It is clear that Osnuendites skidegatensis represents the most
complex type of stem su far recognised in the Osmundaceae; it
illustrates a stage in elaboration of she prunitive protostele in
advance of that reached by any existing species.

The primitive Osmundaceous stele was composed of solid
xylem surrounded by phloem (Lhamnopterss and Zulessloya):
at a later stage the xylem cylinder lost its inner zome of
wide and short trachene and assnmed the form seen in
OUsnaindites Kolbei, in which the centre of the stele consists of
parcnchyma with some vracheae.  Another type is represented
by . Dowler? in which the pith is composed wholly of pareu-
chyma and the xylem ring is continuous, From this type
by expansion of the xylem ring and by the formation of over.
lapping leal-gaps, the form represented by Osocwada regalis war
reached.  Uswunde cinmasnomen, with internal phloem in the
regions of stelar branching, probably represents a further stage
as Kidston and Gwynne-Vaughan believe, 1o increasing com
plexity due to the introduction of phloem from without throug’
gaps produced by the branching of the stele. In Usmundatc
stidegatensis the leaf-gaps became wider and the external phloey
projected deeper into the stele untl) a continuous ipterm:

' Seey. 314, Also Jefirey (08); Fall (01) : Seward svd Ford (03),
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phloem zone was produced. This most elaborate type proved
less successful than the siupler forms which still survive,

Osmuundites Sturit,

ic rocks in Poland as Osmunda Sturid' piay with
ation be included in the list of Mesozoic Osimundaceae,

Usmundites Dowhert.

Under this name Carruthers? deseribed a petrified stew from
Lower Eocene beds at Herne Bay, which in the structure of the
stele agrees closely with the Jurassic species O Gibbiana and
conforms to the normal Osmundaceous type. It is possible,
as Gardner and Ettingshausen® suggested, that the foliage of
this species may be represented by some sterile Osmunda-like
fragments recorded from the Middle Bagshot beds of Bovey
Tracey and Bowrnemouth as Usmundea liguitun.,

Todites.

This generic name? has been apphied to fossil ferns exhibiving
in the structure of the sporangia wud in the general habit of the
fertide fronds a close resemblance to the recent species Z'odea
bevbara (fig. 221, 1D, p. 286).

256, B, C, C.
1828, Pecapterss Williansonds, Brongniart, Prodrowe, p. 57 Hist. vig,
foss., p. 324, Pl ox. figs. T and 2.
whithiensis, Brongniart, Hist. vég. foss, p. 321, Pl cx. figs,
2~
— P tenuds, dbid. p. 322, L. cx. figs.
1820, Peropteris recentior, Phillips, Ge
— P curtata, ibid. Pl vin, fig. 12
1833.  Newropteris recentior, Lindley and Hutton, JFoss. Flora, Vol L.
Pl pxvin.
—  Pecopteris dentuta, ibid, Vol. 1, PL cLxix.
1836.  Acrostichites Williamsonds, Goeppert, foss. Farn. p. 285,

odites Welliamsoni (Brongniart) figs.

— 7

3,4
. Yorks. p. 14%, PL v fig. 15

b Raciborski (94) A. p. 19, Pls. vr. x1.
2 Carrnthers {70) A.; Kidston snd Gwyone Vaughan (07) p. 763: see alsa

Seward, Vol. 1. p. :
3 Gardner and Ettingshausen (82) pp. 22, 48, DL rv. figs. 1—3,
+ Qaward (00) p. 86.
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1841 Newropteris Goeppertiana, Muenster, in Goeppert, Gattungen foss.
Pflanz. Lief. 5 and 6, p. 104, Pls. viL—X.

1856, Lecopteris Huttoniana, Zigno, Flor, foss, Oolit. Vol 1. p. 133.

1867, dcrostichites Gospperticnus, Schenk, Foss. Flor. Grenzsch. p. 44,

Pl v. fig. 5, PL viw fig. 2.

Fie. 256. A, Cladophicbis denticulata.

BB, Yodites Williumsoni (fertile).

C. T. Whitiamsoni (sterile pinnnj.

D.  Discopteris Rallii.

E, E'.  Ridstenia heracleensis.

T. [Todeopsis primaeva.

G.  Todites Williamsoni (sporangium).

[B, C, frowa specimens (1349]: 39234} in the British duseum (B, very

slightly reduced: C, § nat. size); D, E, after Zeiller; I, nfter Renauit; G,
after Raciboreki.]

1883. liua, Fontaine, Older Mesoz Flora Virginia, p. 25,

— 4. rhombifolius, (bid. Pls. virf, XL—X{V.

1885, Todea Williammsonis, Scheuk, Palagont. Vol XxXx1 p. 168, PL 1y
fy 3. .

Tonn Madaalleins eirqiniensis, Fontaiue, Potomac Flors, p. 70, P, 11
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It is hopeless to astempt to arrive at satisfactory conclusions
in regard to the applicability of the name Todites Williamsoni
to the numerous fronds from Jurassic and Rbaetic rocks,
agreeing more or less closely with Brongniart’s type-specimen.
Specimens from the Rhaetic may not be specifieally identical
with these fram the Jurassic: the main point is that, whether
actually identical or not, both sets of fossils clearly represent the
same general type of Osmundaceous fern! and may for present
purposes be included under the same designation. The above
synonymy, though by no means coraplete?, serves to illustrate
the confusion which has existed in regard to this widely spread
type of Mesozoie fern.

Tudites Williamsoni may be briefly described as follows:—

Frond bipinnate; long linear pinnae (20—30 cm.) of uniform breadth
arise at an acute angle, or in the lower part of a frond, almost at right
angles, from a stont rachis, Closely set pinnmles attached by a broad
base; slightly falcate, the side towards the rachis strongly covvex and the
outer margin straight or concave and bulged outwards towards the base of
each segment, margin usually entire, or it may be slightlv lobed,  Fertile
pinnules similar to the sterile: sporangia of the Osmundaceons type and
often scattered over the whale lower suface of the lamina (g, 256,
B, G). Venation of the Cladophlebis type (cf. fig, 256, A).

3
%

Tt is nat always easy to distinguish Todites Willianusond from
Cladophlebis denticulata another commmon Jurassic fern,but in the
latter the pinnules are usually Jonger and relatively narrower and
the rachis is more slender (ef. fig. 256, B and 257). Schenk® and
Rociborskit have shawn that the sporangia of Todites conform
in the absence of a true annulus to those of Todea (fig. 256, (i)
and Osmunda. Nathorst? has recently figured a group of spores
of Todites Williamsoni in illustration of the use of the treat-
ment of carbonised impressions with nitric acid and potassiun
chlorate. This species, though widely distributed in Jurassic
rocks, is hardly distinguishable from the German Rhaetic fronds
figured by Scheuk from Bayreuth as A crostichites Goeppertionus®,

) Seward and Ford {03) p. 251.

* For a more complete list, see Seward (00) p. 87.

# Schenk (£5) PL . fig. 8. 4 Raeiborski (34) A. Pl vr.
% Natborst (08) D 1. fig. 7. ¢ Schenk {(67) A.
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or fran other fossils referred to an unnecessarily large number of
species by Fontaine® from Upper Trinssic rocks of Virginia®

It would seem fromn the puncity of Jater records of Os-
mundaceae that the family reached its zenith in the Jurassic era,
When we pass to the Jater Tertiary and more recent deposits

Tic. 257, Cladaphlebis denticulata, (From a specimen in the British Museum
frow the Inferior Oolite rocks of Yorkshire. Slightly reduced.)

evidence is afforded in regard to the geographical range of
Osmunda vegalis. It has been shown to occur in the Pliocene
forest-bed-of Norfolk® as well as in Palaeolithic and Neolithie
depusits®,

A fertile frond from the Molteno (Rhaetic) beds of South

1 Foutaine (83).

* The geograpbical distribution of Tudites and other genern will be dealt
with in Volame 1ri.

3 Carrathers (70) A. p. 850. + Réid (99).
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Africa referred to Cladophlebis (Todites) Roesserti (Pres))
represents in all probability an Osmundaceous fern closely allied
to Todites Williamsopi. The same species js described by
Zeiller? fram Rhaetic racks of Tonkin and very similar types
aye figured by Leuthardt® from Upper Triassic rocks of Basel
as Pecopleris Rutimeyeri Hleer, and by Fontaine? from rocks of
the same age in Virginia.

Cladopllelis.

The generie name Cladophlebis was instituted by Brongniart
for Mesozaic fern fronds characterised by ultimate segments of
linear or more or less faleate form attached to the pinnae by
the whole of the base, as in the Palacozoic genus Pecopteris,
possessing a midrib strongly marked at the base and dividing
towards the distal end of the lamina into finer branches and
giving off secondary forked and arched veins at an acute
angle. The term is generally restricted to Mesozoie fern fronds
which, on account of the absence or imperfection of fertile piuuac,
cannot be safely assigned to a particular taumily. In the case of
the species described below, the evidence in regard to systematic
position, though not conclusive, is sufficiently strong to justify
its inclusion in the Osmnudaceae.

Cladophlebis denticnlats Brongmiart, Figs. 256,

1828, Pucopterds denticulata’, Brongniart, Prodvome, p. -
foss. . 301, Pl xevi figs. 1, 2.
—— & Pladllipsii, Brouguiart, Hist. p, 304, Pl cix. tig. 1

This species is often confused with Zudates Williumsond.
The name Pecopteris whitbiensis has been unsed by different
writers for Jurassic fronds which are undoubtedly specifically
distinet : specimens so nawed by Brongoiart should be referred
to Todites Williamsont, while L. whithiensis of Lindley and

1 Seward (0%) P1. «1o. p. 96, 2 Zeiller (03] Pls. . 1v.
* Leuthards (04) PL. xv. * Fontaive (83) Pls. sL—x1v.

¥ For synonymy and figures, see Seward (00) p. 134: (04) p. 134,
¢ B.g. by Yokoyama (06) who identifies specimens of Cladophlcbix denticulata
from Juragsic rocks of Ching as Todites Williamsoni,
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Hutton? js Brongmiart’s Cladophlebis denticulata. Tt is im-
possible to determine with accuracy the numerous examples
described as  Pecopteris whitbiensis, Asplemium  whitbiense,
Cladophlebis Albertsit (a Wealden species?), Asplenium, or
Cladapllebis. nebbense?, etc., from Jurassic and Rhaebic straty.
The Cloduphlebts denticuluta form of frond is one of the
colmonest in recent ferns; it is represented by such species as
Onoclea Struthopterds, Pteris wrguta, Sudlerin sp., Glewhenia
dubiv, dlsophila lunuluta, Cyathee dealbota, and species of
Polypodinm. Tt 1s, therefore, not surprising to find records of
this Mesozoic species from many localities and horizans,  All
that we can do is to point out what appear to be the most
probable cases of identity among the numerous examples of
fronds of this type from Mesozoic rocks, particularly Rhaetic
and Jurassic, in different parts of the world.  The name Clodo-
phlebis denticnlota mag be employed 1n a comprehensive sense
for fronds showing the following characters :—

Leaf large, bipinnate, with long spreading pinuse boroe on a com-
paratively slender rachis.  Pinnules, in nearly all cases, sterile, reaching a
length of 3—d cm., acutely pointed, finely denticulate or entire, attached
by the whole of the base (fig. 257 In the apical region the pinnules
become shorter and broader.  Venation of the Cladophkiebix type (fig. 256, A).
Fertile pinnules rather straighter than the sterile, characterised by
linear sori parallel to the lateral veins (fig. 258).

In endeavouring to distinguish specifically between fronds
showing a general agreement in habit with C. denticulote,
special attention should be paid to vepation characters, the
shape of the pinnules, the relation of the two edges of the
lamina to one another, and to the amount of curvature of the
whole pinoule. Unless the material is abundant, it is often
impossible to distinguish between characters of specific value
and others which are the expression of differences in age or of
position oh a large frond, to say nothing of the well-known
variability which is amply illustrated by recent ferns. It is
remarkable that very few specimens are known which throw
any light on the nature of the fertile pinnae. Fig. 258 repre-

) Lindley snd Hutton (34} A, Pl cxxxiv. 2 Seward {94%) A, p. Y1,
# Nathorst (78). N
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sents an impression from the Inferior Oolite rocks of the
Yorkshire coast in which the expesed 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 Pecopterts
undans' 15, as Nathorst suggests, a portion of a fertile frond of
C. denticulote. A fertile specimen of a frond resembling in
habit C. denticulato, which Fontaine has deseribed {rom the

Fyre. 238. Fertile pinnae of Ciadophlebis denticulata. (From a Yorkshire
specimen in the Sedgwick Museum, Cambridge.)

Jurassic rocks of Oregon as Danceopsis Storrsité, exhibits, as
that aunthor peints out, a superficial resemblance to the specimen
named by Lindley and Hutton Pecopteris undaus. There is,
however, no adequate reason for referring the American
fragment to the Marattinceae. In the absence of sporangia we
“cannot speak confidently as to the systematic position of this
common type; but there are fairly good grounds for the assertion
that some at least of the fronds described under this name
are those of Osmundaceae. The English specimen sbown in

) Lindley and Hutton (84) A. Pl cxx.
* Fontaine, in Ward {05) Pl. xv. figs. 6—9.
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fig. 258 is very sbnilar to some Indian fossils figured by Feist-
wantel as A splerites macrocarpus®, which are probably identical
with Pecoplerts australis Morris?, a fern that is indistinguisbable
fram Cladophlebis deaticulata. Renault® figured a fertile speci-
men of the Australian fossil as Todew australis, which agroes
very closely with that shown in fig. 238, and the sporangia
figured by the French author are of the Osmunduceous type.
Another example of a fertile specimen is atforded by a Rhactic
fern from Franconia, Asplenites oftonis, which is probably
identical with Alethopteris Roesserti Presl [= Claduphlebis
(Loditesy Roesserti], a plant closely resembling Cladophlebis
denticulata.  Awpother urgument in favour of including C. denti-
culalo in the Osmundaceae is supplied by the association of
pinvac of this type with he petrified stem of Usmundites
Liwndopd vocorded by Kidston and Gwynne-Vaughan,

Schizaeaceae.

Evidence bearing on the existence of this fuily in Gar-
honiferous floras is by no means decisive. The genenc name
Anetmites proposed by Dawsond for some Devonian Canadian
plants resembling species of the recent genus Aneimie., and
adopted by White® for a species fram the Potsville beds of
Virginla, s misleading. ‘Th Canadian plants gi\r(: o indica-
tion of the pature of the reproductive organs. and the fronds
deseribed by White are, as he shows, those of a Pieridosperm
and bore secds,

An examination of the snspicionsly diagrammatic demwings
published by Cerda® of the swall fertile pinnules of a Car
boniferous fern from Bohemia, which he nared Senftenbergi
elegams, leads ws to conclude that the sporangia arc almos
certainly those of a Schizaeaceous species. The small linea
pinnnlés bear two rows of sessile sporangia, singly as in recen
Schizaeaceae and not in sori, characterised by 4-—5 rows «
regular annular cells (fig. 270, A) swrrounding the apex. |
has already been pointed aut that the aptenl anoulus of recex

! Feistmantel (77} Pls, xxyvi. xxsvil.

* Morris (45) PL viy, * Rengult (83) p. 81, P1. xx,

3 Dawson (81). » White (04). ¢ Corde (45) A, P Lvi
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Schizaeuceae, though normally one row deep, may consist in
part at least of two rows. Zeller! examined spucimens of
Corda’s species and decided in favour of a Schizacaceous
affinity © he describes the sporangia as 0°55——0-95 rn. in length,
with 3 to 5 and occasionully only two rows of cells in the apical
annulos. Zeillers figures (fig. 270, A) confirm the impression
that Corda’s drawings are more beautiful than accurate. Sturs,
on the other hand, who first pointed out that the type-specimens
of Senftenbergia came from sthe Radnitz beds of Bohemia and
not from the Coul-Measures, convinced himself that the
sporangia bave no true annelns (fig. 270, E).  He describes them
as characterised by a comparatively strong wall and by the
presence of a band of narrow vertical cells marking the line of
dchiseence, features which lead him to assign the plant to the
Marattinles, a group which scems to have exercised a dominating
influence over his judgment. In a later publication Zeiller?
replies to Stur's criticis but adheres to his original opinion.
Solms-Laubach®, while expressing himself in favour of Marat-
tiaceous affinity, recognises that Zeiller’s arguments cannot be
side,

The question must remain open until further evidence
forthcoming : but it would seem thas this Carbonife
not as yet recognised in Britain, pos

set

15

ous type,
assed sporangia having a
distinet resemblance to those of the Schizaeaceae, though this
similarity does not amount to proof of the ey
farnily in the Palacozoic era.

Palacozoic floras may be deseribed as rich in generalised
types, types foreshadowing lines of cvolution, which in the
course of ages led ta asorting and a redistribution of churacters.
It may be that Senftenbergu is one of these generalised types.

stence of the

« It is not until we ascend the geological series as tar as the
older Jurassic rocks that we meet with a type which can with
confidence be classed with the Schizaeaceae, as least so for as
sporangial characters are concerned.  The species Klwkio ewilis

v Zeiller (83) p. 169, Pl x. fgs. 1—5. * Sur (85) A, p. 64
s Zeiller (88) A. p. 50. * Solms-Laubach (?1) A, p. 147,
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is selected as the best known and most widely-spread representa-
tive of Jurassic Schizaeaceae,

Klukia exilis (Phillips)'.  Fig. 259.

The generic name Klukia was proposed by Raciborski® for a
species originally described by Phillips? from vhe Inferior Oolite
of the Yorkshire coast as Pecopteris exdis. Bunbury's? discovery
(supplemented by addisional evidence obtained by Raciborski)
of well-preserved sporangia justified the substitution of a
distinctive designation for the provisional term Fecopterts.

o

@

-

o 1

Fio, 230, Klukia exilis (Pbillips). (Figs. 1—3, <40: fig. 4, » 3 fig. 3,
nat. size.)

The species may be defined as follows:—

Trond tripinnate, of the Cladophletis type; pinnae linear, lancealate,
attached to the rachis at a wide angle. Ultimate segments short and
linear, entire or, in the lower part of a frond, crenulate, 5 mm. lang or
occasionally longer.  Sporangia 0'5 mm. in length, borne singly on the lower
surface of the lamina in a row on each side of the midrib.

A re-cxamination® of the specimen described by Bunbury
confirmed his account of the structure of the sporangia. The
pinoa shown in fig. 259 is characterised by unusuaily small
fertile pinnules some of which bear 10 sporangia in two rows;
the annulus includes about 14 cells. Fertile specimens of this
and similar forms are figured by Raciborski® from Jurassic rocks
of Poland, and good examples of the English species may be seen

! Tor sypouymy, see Seward (00} p. 130. 2 Raciborski (91).

S Phillips (29) A p. 148, * Bunbpry {51) A, ¢ Bewaurd (94%) A,
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in the Leckenby collection, Cambridge, in the British Museum,
the museums of Manchester, Scarborough, and other places.

It is possible that specimens referred to K. erilis by
Yokoyama® from Wealden strata in Japan may afford evidence
of the persistence of the species beyond the Jurassic era, but in

Tio. 260. Ruffordia Goepperti. (A, C, sterile; B, fertile; slightly reduced.
Specimens from the Wealden of Sussex; British Maseuni; V. 2333,
¥. 2160, V. 2166.)
view of the close reserablance of the sterile fronds deseribed
from Wealden strata as Cladophlebis Browni® and €. Dunleri®
to those of Klukia exilis, identity can be established only by an
examination of fertile specirnens. A Jurassic fern recently
described by Yabe? frora Korea as Cladophlebis koraiensis may
be identical with K. ezilés and there is little doubt as to the
existence of the species in Jurassic Caucasian strata®.

! Yokoyamn (84). 2 Seward (347) A. 3 Tabe (05} PL 1.
4 Seward (074 Pls. 1. 101,
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Rufiordia Goepperts (Dunk.). Fig. 260.

This Wealden forn! has been doubsfully assigned to the
Schizacaceae on the ground of the resemblance of the sterile
fronds to those of some species of Aneinia, and because of the
difference between the sterile and fertile pinnae (Fig. 260).
Ruffordio cannot be regarded as a well authenticated member
of the Schizaeaceae.

Fre. 261, A, A, Chrysodiwn lanzacaniuon.
B, 15 Lygodium. Kauljussi.
C. Marattia Fookeri.
(After Gardner and Ettingshausen ; A, B, § nat. size.)

Lygodinm Kaulfussi, Heer. TFig. 261, B, B’

Fragments of forked pinnules, ugreeing very closely in vena-
tion and._general appearance with recent species of Lygodium,
have heen identified by Gardner and Ettingshausen? from
English Eocene beds and by Knowlton from the Miocene beds of
the Yellowstone Park® as Lygodium, Kaulfussi Heer (fig. 261, B).
Despite the absence of sporangia it is probable that these

b Seward (4% A. p. 5.
* (zarduer and Ettingshausen (82) p. 47, Pls, vir. x.; Heer (55) A. Pl 11w p, 41,
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fragments are correctly referred to the Schizaeaceae. The

sterile and fertile specimens figured by Heer? from Tertiary beds

of Switzerland agrec very closely with recent examples of

Lygodiun..  Similar though perhaps less convincing evidence

of the existence of this family in Ewrope is furnished by

Saporta?, who described two Eocene species from France.
Gleicheniaceae.

The application by Goeppert® and other eatlier writers of
the generic name Gleichenites to examples of Palaeozoic ferns
was not justified by any satisfactory evidence. One of Goeppert's
species, (leichentles neuroptervides, is identical with Newropteris

heterophylla®, n plant now included in the Pteridosperms.

The resemblance of sporangia and sori, whether preserved
as carbonised impressions or as petrified material, from Car-
boniferous rocks, :nt, species of Gleicheniac
is in many cases at least the result of misinterpretation of
deceptive appearances, Williamson® drew attention to the
Gleicheniu-like structure of some sections of sporangia from
the English Coal-Measures, but he did not realise the ease with
which sections of Marattiaceous sporangia in different planes
moy be mistaken for those of anpulate (leptosporangiate)
sporangia.  In the regular dichotomous habit of Carbonifero
fronds described as species of Diplothmema (Stur)and Marfopteris

to thusc of re

(Zeillerys we have a close correspondence with the leaves of
Gleichernda, hut the common occurrence of dichotomous branching
among ferns 15 sufficient reason for regarding this feature as
an un{rustworthy criterion of relationship. It is, however,
interesting to find that in addition to the existence of some
Upper Carboniferous ferns with sori like those of recent Glei-
cbenias, the type of stelar anatomy illustrated by Gledchenia
dicarpa (fig. 237, C, p. 310) and other species is characteristic
of the primary structure of the stem of the Pteridosperm
Heterangium. We find in Carboniferous types undoubted
indications of anatomical and other features which in suceecding
ages became the marks of Gleicheniaceae.

' Heer (35) A. PL. xin, 2 Saporta (72) A. Tl 1. figs. 13, 14.

3 Goeppert (36 A, Pls. . v. © 4 Zeiller (88) A. p. 2.

* Williamson (77) P vn. ¢ See Ch. sxvm.
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Some Carboniferous fronds with short and small pinnules of
the Pecopteris type, bearing sori composed of a small number of
sporangia, have been assigned by GrandEury and other authors
to the Gleicheniaceae: the same form of sorus is met with
also on fronds with Sphenopteroid segments. The former is
illustrated by Oligocarpia Gutbiers* and the latier by 0. Brong-
nartl described by Stur and by Zeiller?.  Zeiller has deseribed
the circular sori of Qligecarpio (fig. 270, B) as consisting of
three to ten pyriform sporangia borne at the ends of lateral
veips and possessing a complete transverse anpulus, but Stur®
believes that the annulus-like appearapce is due to the manner
of preservation of exannulate sporangia, In this opinion Stur
is supported by Solms-Laubach® and by Schenk® Despite
an agreement between Oligocarpiv and Gleicheniu, as regards
the form of the sori and the number of sporangia, it is nos
certain vhat the existence of a typical Gleicheniaceous anpuins
has been proved to acenr in any Palacozoic sporangia®

From Upper T ¢ beds of Virginia, Fontaine has figured
several fronds for which be instituted the genus Mertensides®.
The babit, 25 he puints out, 1s not dichotomons, but the sori are
circular and are said to be composed in some species of four to
six sporangia.  No satisfactory evidence is brought forward in
support of the use of a designation irplying a close relationship
with recent Gleichenias (sect. Mertensiv). One of the species
deseribed by Fontaine was originally named by Bunbury
Pecopterds bullutus®, the tmperfect type-specimen of which iy
jow in the Museum of the Cumbridge Botany School.  Iu the
form of the frond, the thick rachis, and in the pinoules vhis
Triassic species resembles Tudites Williamsony, but the re-
semblance does not extend to the sori. Two of Fontalne’s specivs
are recorded by Stur from Austria®, but he places them in the
genus Oligocarpie and includes ther in the Marattiaceae.

* Goeppert (41) PLo1v. figs. 1, 2. = Zeiller {88) A. Pl x1. figs. 3—5.

= Swar (83) A. p. 128, + Solms-Loaunbach (§1) A. p. 148,

* Schenk (R8) A. p. 80,

% Dr Scott tells me that ap examination of Dr Zeiller's spocimens led him
to ngree with the latter’s deseription of the annnlus of Dligocarpin. (4. C. 8.)

7 Fontaine (83} Pls. xv. —xix.

¢ Buubury (47) Pl w. Bg. 1; Sewsrd (947 A, p. 199 * Krasser (09) p. 16.
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Leuthardt? figures what appears to be a Gleicheniaceous
fern from the Upper Trinssic beds of Basel as Gleichenites gracilis
(Heer) showing sori cnmposed of five sporangia (8g. 265. C)
with a hovizontal annualus. A Rhaetic species (leichenites
microplyling Schenk? from Frauconia agrees in the form of its
small rounded pinnules with Gleichenia, but no sporangia have

so far been found.

An impression of a frond from Jurissic rocks of northern
Ttaly
in habit recent species of Gleichenia; though no sporangia have
been found, the habit of the frond gives probability to Zigne's
determination.

A Juras species from Poland, (rleichenites Rostafinskii,
referred by Ruciborski® to Gielchenin, exhibits a close agree-
went in habit and in the form of the soral impressions to some

figured by Zigno as Gleichenites elegans® closely resembles

i

recent species of Gleicheniu.

As we pass upwards to Wealden and more recent rocks it
becomes clear that the Gleicheniaceae were prominent members
of late Mesozoic flovas in north Europe and reached as far north
as Disco Island.  In English Wealden beds portions of sterile
fronds have been found which were assigned to a new genus
Leckenbya®, but it is probable that these specimens would be
more correctly referred to Gleichenites.  Similarly fragments of

Gleichenia-like pinnae with very small rounded pinnules occur in
the Wealden rocks of Bernissart, Belgium®, in north Germany?,
and elsewhere. Conclusive evidence has been obtained by
Prof. Bommer of the existence of Gleichenites in Wealden beds
near Brussels, where many plant remains have been found in a
wonderful state of preservation. The specimens, which I had an
opportunity of seeing some years ago, might easily be mistaken
for rather old and brown pieces of vecent plants. Somc of the

Belgian fragments, of which Prof. Bommer has kindly sent
" me drawings and photographs, are characlerised by an arrange-

} Louthardt (04) p. 40, P1. xvnr. fig. 3,

2 Selenk (67) A. p. 86, Il xxm. figs. 7, 5.

4 Zigno (36) A. PL x.

4 Ruciborski (94) A. p. 48, Pl s figs, 15—20,

# Seward (93) A. p. 223. % Seward (00 PL. 1v. © Schenk (71).

& IL 23
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ment of vascular fissue identical with that in the petioles and
rhizomes of some protostelic Gleichenias. The stele of one of

the Belgian rhizomes appears to be identical with that of .
(Hleichenia dicarpa (fig. 237, C. p. 310).

Fra. 262, A, Gleichenites longipennis Heer.

B. . delicatula Heer.
C. rdenskioldi Heer.
. (Corda.)

(After Feer; A, B, D, very slightly reduced.)

Gleichenites Zippei (Corda).  Tig. 262, D.
This species, originally described by Corda as Pecopteris
Zippert and afterwards figured by Heer” as Glowhenca Zippen

) Corda, in Reuss (46) p. 05, Pl oax. © ¥ Heer (79). p. 44, Pls. v —wir
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(fig. 262, D) from Urgonian rocks of Greenland, aflords a
striking exawple of a Mcsozoic member of the (leicheniaceae.
1t is characterised by the dichotomous branching of the frond
and by the occurrence of arrested buds in the forks.  The long
ang slender pinnae, reaching a length of @ cm. and a breadsh of
G—8 mn, bear small erowded pinnules occasionally with circular
sori which are described by Heer as consisting of a simall number
of saporangia (cf. fig. 262

). Several other Lower Cretaccous
species are recorded by Heer fromy Greenland, some of which

are probably unnecessarily separated from Gleichenites Zippel.
Examples of these are represented in fig. 262, A, B, C.

A Gleicheniaceous species described by Debey and Ettings-
hansen from Lower Cretaceous rocks of Aix-la-Chapelle as
imilar in habit to some

Didymosorus comptonifolius® is very

of Heer's Greenland species: this should probably be referred
to the genus Gleichenites.

Gleichenites I intonensts, Wank. Tig. 263,

From the Eocene beds of Bournemouth, Gardner and Eftings-

hausen? have deseribed under the name Gleichenia huntonens
what is in all probabilisy a true Gleichenia (fig. 263). This
species, originally recorded by Wanklyn?, js character

ed by a
slender forked rachis showing what 'may be traces of arrested
buds between the arms of the branches, by circular sort of

six or eight sporangia and by the presence of peculiar tendnl-
like appendages on the piunae. 1f the description of the
tendrils is correct, this British species affords one of the few
instances of ferns adapted for climbing and may be compared
2, p. 299),

with the recent species Davallin aculeata (fig.

Matonineae.

The genera Laccopteris and Matonidium way be described
as exawples of Mesozoic ferns exhibiting a very close agreement
with Matonic.

! Debey and Ettingshausen (74) Pl

¢ Gardner and Ettingshausen (32), pp. 43, 54, Dls. vt. x.
# Wanklyn (69).
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Laccopteris. This genus, founded by Presly wmay be de-
seribed as follows:—

Frond pedate, in habit resembling Matonia pectinata, with pinnate or
pinnatifid pinnae; nltimate inear, provided with a wellannrked
widrib giving off nuwerous dichotomously hranched secondary veius whach
are in places connected by lateral anastomoses.  Sori circular, forming a
single row on each side of the widrib (fig. 278, B}; sporangia 5—15 in each
xorus, with an obligue anuulus and tetrahedral spores.  The presence of
an indusium is not certainly established.

ichenites hantonensis Wank.  (Restoretion, aiter Gsrdner and

Fru. 263. G
Ettingshausen.)

Schenk? who described several specimens of Laccopleris
frora Rhaetic rocks of Germany, compared the genus with
Gleichenia but he also recognised the close resemblance to

! Presl, in Sternberg (38) A. p. 115, 2 Sebenk {67) A,
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Matondn pectinate.  Zeiller' first established the practical
identity of the sori and sporangia of Laccopteris and Matonio.
The Rhaetic species, such as L. Muensteri, L. elegans, and L.
Gaepperts, agree very closely with L. polypodivides and need not
be described in desail.

Fio. 264, Laceopteris elegans (Presl). (From n specimen in the British
Mnsemmn ; from the Liower Eeuper of Bayrenth, Germany. Nat. si
part of pinpule x 3,)

The Rbaetic species Luccopteris elegans, represented in
fig. 264, illustrates the chamcteristic habit of the genus and
shows a feature usually overlooked?®, namely the occurrence of
apastomoses between the lateral veins. The form of the sorus

1 Zeiller (83). T2 Seward (99%) p. 1.
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of another Rhaetic species is shown in fig. 263, B Schenk
figures an intcresting series of fronds of L. Gueppert) in different
stages of growth'; one of the younger leaves is seen in fig. 265, D.
An examipation of Rhacsic speciinens of Laccopteris in the
Bergakademie of Berlin convineed me of the correctness of the
published descriptions of the sori.

R

R

R

:\\

B~

Fra. 265, A, Matonidinm Wiesperi. (Slightly enlarged.)

3. Marattiopsis marantacea.  (Slightly enlarged.)
C. Gleichenites gracilis. (Slightly enjarged.)
D.  Laccopteris Gaoepperti,  (Slightly reduced.)
F. L. Muensteri. (Enlarged.)

(A, after Krasser ; B, C, after Leuthardt ; D, E, after Schenk.)

Luaccopteris polypodivides (Brongniart). TFigs. 266—208;
278, A.

1828, Phleboptoris polypodioides?, Brongniart, Hist. vég. foss. p. 372,
PL Lxxxm fig. L
—  Popropiugiea, dhid. Pls. cxa
1 Schenk (67) A. Pls, sxmn xxav.
? For a more complete list, sec-Seward (00) p. 78.

<in fig. 1, exxxan. fig 2,
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Fecopteris caespitosa, Phillips, Geol. Yorks. p. 148, PI. vrit. fig. 10.
P erendfalia, dbid. PLovon Lg 10,
P liguta, ibid. PL v bg. 14

1829,

In habis this species close

r vesembles Matonio and Mafoni-
diwm, the long pesicle divides dis

ally into several spreading

Fus s (Brongn.). (= 14) {Bri. Mus)

26, Laceopteris polypodivide

pinnatifid pinnae with linear ultimate segments (fig. 278, A).
Circular sori (indusiate?) occur in a single row on each side of
the midrib containing [2—14 large sporangia (fig. 266) cha-

racterised by an obliquely vertical annulns. The midrib of the

Fic. 267, 1nnnules of Laccopterix,
AL

(Enlarged.)
Froio the Inferior Oolite of Yorkshire.
C. Frun the Inferior Onlit of Stamford.

{British Museum.)

pinnules gives off secondaty veins at a wide angle and these
form u series of elongated meshes parallel to the median rib,
as in the recent genus Woodwardia; forked and anastomosing
branches are given off from these to the edge of the lamioa

(fig 267),
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beds of Haipaut (“Flore Bernissartienne”). The section showsan
arrangemnent of vascular tissue identical with that in the recent
spetics: there may be two solenosteles and in addition a solid
ax’n! strand.  The form of the leaf-trace in the fossil appears to
be identical with thav in Matoria pectinata (fig. 237, A, p. 310).

L3

Matonidium Guepperti (Ettingshausen)’.  Fig. 209,

Under this name are included specimens from  Inferior

Fre. 269, Matonidium Gaepperti (Eitings.). (A, D, & nat size; C, approni-
mately nat. sizc, )

QOolite and Wealden strata In Britain and clsewhere. It i3,
however, not impossible that if more information were available,
we should find adequate reasons for recognising two specific
types.  Fontaine®, adhering rigidly to the rules of priority,
speaks of this species as Matonidivm Althausii (Duoker), but
Estingshausen’s specific term 1s better known.

!\ Ettingshapsen (52) p. 16, PL v, For synonymy, see Seward (94%) A (00),
: Fontaine, in Ward (05) p. 230.
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Fronds pedate and apparently identical in habit with those of Matonia
pectinata; ultimate segments linear, slightly falcate and bluntly pointed.
Sori circular oroval, numerous, containing 15 to 20 sporangia with an oblique
annulus, in two rows on the lower surface of the pinnules: indusium as in
HMatoni.

" The English examples have so far affarded no inforisation
in regard to sporangial structure, but Schenk! has recognisec
distinet annulus in German material.  In his description of fossil
plants from Lower Cretaccous rocks in California, Fontaine®
doubtfully identifies two very small fragments as Matonidiwm
Althausis the evidence is, however, wholly inadequade.

Matonidium Wiesnert, Kra Fig. 265, A,

This Cenomanian (Cretaceous) speeies from Moravia appears
to be identical in habit with the older type. The pinnules are
larger and bear fewer sori. Krasser's figures of the sterile pinnules
show no lateral anastomosing between the secondary veins, but
the small vascular network below each sorus (fig. 265, A) is
identical with that in Matonia pectinate. The indusiate sori

contain about six sporangia with an oblique annulus.

The very wide geographical distribution of the Matonineae
during the Mesozoic era affords a striking contrast to the
Limited range of the Malayan survivals,

Hymenophyllaceae.

The frequent use of the generic name Hymenophyliites as a
designation of Palaeozoie ferns, more particularly in the older
literature, is another instance of the undue importance which
palacobotanists have always been prone to attach to external
resemblances of vegetative organs. The fragusent of lainina

escribed by Stur for the Culm Measures of Austria as H ymeno-
described by Stur for the Culm M { Aust H;
phyllum waldenburgense® has no claim to consideration as
evidence of Palaeozoic Hymenophyllaceae. On the acher hand,

t Sechenk71) p. 19. # Fontaine, loc. cit. PI. Lxv. figs. 22, 23.

* Krasser {30) p. 119, Pls. x1, x1r. xIv,

4 Star (73) A. p. 284, PL s, fig. 15.
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there are a few records of fertile fronds which, though not to be
accepted withont reserve, are worthy of more careful examina-
tion.  Sowe petrified sporangia deseribed by Renault! from
the Culm of Esnost ave referred to Hymenophyllites on account
of the position of the annulns, which appears to encircle about
two-thirds of the circumference ; 1t is, however, not certain that
the annulus Js horizontal as in the recent genus,

The Culuy species Rlodea patentissima deseribed by Ettings-
sima and  subsequently

hausen® ws Hymenophyllites  patentis

A,E. Senftenbergia elegans,

B. Oligncarpia Bronguiartii.

C. Trichomanes sp.

D. Hymenophyllum tunbridgense.

F, G. Sphenopteris (Hymenophyllites) quodridactylites,
(A. B. F, G, after Zeiller ; D, after Hooker ; E, after Stur.}

referred by Stur® to Rhodea, is regarded by these authors as
closely allied to Hymenoplyllusn simply on the ground of the
finely divided and delicate sterile fronds : another species, Rhodea
moravice.(Btt.), which Ettingshausen referred to Prichomanes,
is compared with recent species of that genus. In neither
case do we kmow anything of sporangial characters.

A fertile sphenopteroid frond figured by Schimper as Hy-
anenophytlam Weissi from the Coal-Measures of Saarbriicken
! Renault (96) A p, 19, 2 BEttingshausen (66) PL vu. fig. 4.

2 Stur (75) A. p. 36, PL rx. figs. 19, 4 Sehimper (74) &, Pl xxvur fig, 4—7.



xx1] HYMENOPHYLLACEAE 365

bears some resemblance to recent Hymenophyllaceae, but the
figures are by no means convincing: an examination of the
tvpe-specimens in the Strassburg Museum Jed Solms-Laubach?
to express dissent from Schimper's determination. A wore
satisfactory example iz that afforded by the fertile picces of a
frond described by Zeiller? from French Coal-Measures as
Hymenophyllites quadridactylites (Gutbier).  Some of the
ultimate segients with a truncated tip are preserved in close
association with a group of oval sporangia with a complete
0, F, G). The pos
ir separation from a terminal columnar
receptacle like that in Zrichomanes and Hymenophyllum. In
his account of this species from the Coal-Measures of the Forest
of Wyre, Kidston® states that Zeiller informed him that he had
noticed traces of what appeared to be a columnar receptacle in
the French specimens.

transverse amulus (fig. tion of the sporungia

is such as to suggest the

The records of Hymeunophylluceae from the Mesozoic and
Tertiary formations are not such as need detain us.  The facts
bearing on the geological history of this family are singularly
meagre.  There is no evidence which can be adduced in
favour of regarding the Hymenophyllaceae as ferns of great
antiquity, which played a prominent part in the floras of
the past. ,

It is interesting to find that the genus Ankyropterist one
of the Botryopterideae (a group of Palaeozoie Ferns for which 1
propose the name Coenopterideae), has a morphological character
in common with Tvichomanes, namely the production of axillary
bnds: there are also fealures in the stelar anatomy shared by
the Botryopterideae and Hymenophyllaceae®.  These resem-
blances, though by no weans amounting to proof of near
relationship, point to a remote ancestry for certain features
rewined Ly existing members of the Hymenophyllaceae.

Cyatheaceae.

The specimens from the Culin rocks of Moravia on which

1 Solms.Laubach (81

YA, p 353, ¢ Zeiller (88) p. 155; (88) A. PL vu. figs. 1-3.
¥ Widatan (R47 n A0S,

4 See n. 430, & Scott (08) p. 343.
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Stor founded the species Thyrsopteris schistorusn® are t00 1m-
perfertly preserved to warrant the use of this generic name.
Goeppert? in 1836 instituted the gencra Cyatheites, Hemitelites,
and Buluntites for species of Carboniferous ferns believed to be
closely allicd to recent Cyatheaceae, but a fuller knowledge
of these types has clearly demonstrated that in all cases the
reference to this family had no justification.

The Upper Carboniferous species Lrcksonites Pluckenet?, of
which Sterzel® described fertile specimens in 1886 as possessing
circufar sori, has since becn shown by Grand'BEury‘ to be a
Freridospenn bearing small seeds.  In Sphenopteris (Discopteris)
has described sori very like those of

cristata (Brongn.) Zeiller?
Cyathea and Alsuplila, but differing in the exannulate sporangia:
this species, like so many of the Palacazoic ferns, is probably more

vathereeae.

akin to the Marattiaceae than to the
actory evidence of the existence of
It is not until we reach

We have as yet no satis
the Cyatheaceae in Palacozaie flo
the Ju riod that trustworthy data are obtained.  Raci-
borski” has identified as Cyathenceous fertile Jurassie fronds
from Poland, but his figures are inconclusive. In dlsophtla
polonics itis not elear whether the annulus is vertical or ablique,
and in another supposed member of the family, Gonatosorss
Nathorstr, in which the indusium is deseribed as bivalvate,
there is no proof of affinity to Cyatheaceae.

In attemnpting to decipher the past history of the Cya-
theacene it is important to remember the close resemblance
between the fertile segments of some species of Davallin
(Polypodiaceac) and those of Dicksonia (fig. 229, C, D, p. 204).
Unless the sporangia are well enough preserved to show the
position of the annulus, 1t is trequently irmpossible to feel niuch
confidence 1o the value ol the grosser features, such as the
reduced lamina of the fertile segments and the form of the
sori. I is, however, probable thas the widely-spread Jurassic
species Coniopleris hymenophylloides is correctly referred o the

 Stur (73) A. p. 19, PL. x. figs. L,
* Goeppert (36%) 4. pp. 319, 820,
7 Sterzel (86). Grand'Eory (05).

8 Zelller (00; Pls. 2t 1e. S Llaciborski (94) A. Pl ax.

29)
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Cyatheaceae, but even in the case of this species the evidence
of external form needs confirmation by an examination of
individual sporangin.

Condopters.

This genus was instituted by Brongniart! for fossil tronds
characterised by pinnules wore or

mtermediate between
the Pecopteris and Sphenopteris type and agreeing in the form
of the suri with the le of Dicksonia. Tt
should be noted that Stur wcluded in this genus a species,
fram che Upper 1 of Lunz, which he
regarded as a Maratuaceous fern,

ves of recent species

Condopteris lunzensis®

Coniopteris hymenophylloides, Brangn.,  Figs

1828, Splepopteris hymenophylloic
. 189, PL oLy fig.

S stipate, Phillips, Geol, York. p, 147, PL X, fig. 8.

S Tympanophora simpler, Lindley and  Hutton, Foss. Flor,

PL cuxs. A

— 7. racemosa, (dhid, Pl cnxx, B

Brongniart, Hist. vég. foss.

1829

—  Spheavpteris arguta, thid. Pl cLxvii.
15 Hymenophyllites Phillipsi, Goepport, Fos
1849, Condopte

. Farn. p. 256
hymenophylloides, Brongniart, Tallean, p. 105,

—  Comdopteris Marrayana, ibid.

1851, Sphenapteris neplrocarpa, Bunbury, Quart. Juurn. Geol. Soc.
Vol vin p. 129, PL xin. fig, 1.

1870, Thyrsopteris Murrayans, Heer, Flov, Foss. Arch. Vol 11, (2)
p. 30, Pls. 11w v

The alove list represents a small selection of the names
applied to Jurassic forns from different localities which there
are good grounds for regarding as referable to a single type®.

Troud tripinnate; pinnae linear acuminate, attached to the rachis at a
wide angle: the pinnules vary considerably in size and shape; in some the
lumina is divided into a few broad and rounded lobes (fig. 275, B) while in
others the leaflets are dissected into narvow linear segments,  The sori ave
borne at the ends of veins: the fertile pinnwes have a much reduced
lamina and, in cxtreme cases, bear a close resemblance to those of

! Bronguiart (49) A. p. 26, ¢ Krasser (09).
$ For fuller synonymy see Seward (00) p. 97.



368 . FILICALES fcl.

Thyrsopteris clegans (fig. A, p. 294). The sori are partially enclosed in
ike indusiun and the sparangia appear to have an obligue snnnlus.
Yenation and habit of frond of the Sphewopteris type.

The pinna shown in fig. 271 is the type-specimen of
Sphenopteris argute Lind. and Hutt. from the Yorkshire
Inferior Oolite and is  indistingmishable from the English
examples on which Brongmiors founded his species S, hymeno-
plylloides.  Fig. 272 shows a specimen from the York Museum
Wustrating the difference between the sterile and fertile pianac,
The resemblance of some fertile pinnae of Comiopleris hipmeno-

g%,,

Fic. 271, Contopteriz hymenophyiloides (Brongn.). Nat, size. From a specimen
in the Manchester Musewr.

SN

phylloides to those of Thyrsopterts elegans has led 1o a trequent
use, without any solid justificasion, of the generic name of the
Juan Fernandez fern for Jurassic and Wealden plants. Tt is not
inpossible that some of the fossils described by Heer from
Jurassic tocks of Siberia’ as species of Thyrsopteris ave Cya-
theaceous ferns, but it is irspossible to say with certainty thas
vhey are geperically identieal with the recent species. To his
wmonograph of the Potomac flora of Virginia* and Maryland,
Fontaine has described as species of Tlhyrsopters several speci-

V Baar (76), * Tontaine (8Y).
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wens of fronds which afford no evidence as to the nature of the
sori or sporapngia.  Sowe of the fronds referred by this anthor
to Thyrsopteris rarinervis', which I examined in the Washington
Musenm, are in all probability examples of Onychiopsis, n genus
included in the Polypodiaceae. The fragments described by
Léster Ward? as species of Thyrsopteris from  the Lower
Cretaceous of the Black Hills of North America afford nn

Fre. @72, Comiopteris luprenophylioides.  Speei from the Inferior Oaolite,
Scarborough s in the York Museum. [M.S.]

evidence of relationship to the recent type. Similarly
Velenovsky has deseribed a Lower Cretaceous Onychiopsis from
Bohemia® as a species of Thyrsopterds, although the fertile
segments bear little or no resemblance to those of the Cyathe-
aceons genus. Scme fertile portions of fronds described by
Heer* as dspleninm Jolstrupe and afterwards as Dicksonin

I Fontaine (89} p. 123, Pls, xavu xeu, ete, 2 Ward (99} I'!. cuxn
3 Velenovsky (58). 4 Heer (75) A. Pl 1. figs. 6, 7.

N 24



370 FILICALES fch.

Solastrupi® fram the Cretaceous beds (Kome series) nf Greenland
are very similar to Contopteris hymenoplyllodes.

Coniopteris quingueloba (Phillips).  Fig. 273,

This speeies, originally deseribed by Phillips® as Sphenopteiis
quingueloba, is very similar in habit v C. hymenophylloides,
differing chiefly in the smaller s of the leaf and in the
narrower nltimate segments. The specimen shown in fig. 273, B,
illustrates the form of the sorus and sporangia,

Fro. 278, Coniopteres quinguelobe (Phillips). A, »2: B. considerably en-
larged.  From drawings supplied by Dr Nathorst.

Contopteris arguta (Lind, and Hutt.). Figs. 274, 2

The sterile pinnae of this species bear pinnules of a type
met with in variouns species of ferns from different horizons;
the smaller ones are entire and slightly faleate, while on the
lower part of a frond the ulthnate segments are longer and
have a crenulate margin.  The fertile pinnae bear pinoules
reduced to a midrib with a narrow bhorder, and terminating
in a cup-like indusium (fig. 273, A). In habit the sterile leaf
(fig. 274) of this species is similar to the Jurassic Schizaeaceons
fern K lukie exilis.

Protopterts.

Presi? 1nstituted this genus for a Lower Cretaceous tree-

* Fleer (82) A. Pl u. hg. 2. ¢ Phillips (75) A. p. 215,
% Geward (00). ¢ Steruberg (38) A. p. 169,
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fern from Bohemia originally figured ns Lepidodendron punc-
tatum’ and assigned to a Palacozoic horizon ; it was afterwards

Tre. 274, Coniopteris arguta. (Nat. size. From a specimen in the Sedgwick
Mnseum, Cambridue.)

pamed by Corda® Protopteris Sternbergii and referved by
Brongniart® to Sigillaria. The genus Protopteris stands for

! Sternberg (20) A. Pl v,
¥ Corda (45) A, PL m. fig. 5. 3 Brongniart {28) A. PL s

24—2
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fossil fern-stems with the hahit and, in the main, the structural
< and sinuous
the vascular

features of recent tree-ferns,  Persistent leaf-be
adventitious roots cover the surface of the stems
system iz of the dictyostelic type characteristic of Cyathen
(fig. 240, p. 318)and dlsophilu.  Ttis by the pattern formed b)'
e on the exposed surface of the leaf-bases that

the vascenlar ti
Protopterts is most readily recognised: the leaf-trace has a horse-
shoe form with the ends curled inwards and the sides more or
less indented (fig. 277). The generic name Caulopterds is
used by ce to Presl's genus; but
Pratopiteris is more convenicutly restricted to Mesozoic Cyathe-
accons stems and Caulopteris to Palaeozole stems, with the
internal sprueture of Psavonins {see Chap. XXUL).  Stenzel

some anthors in pre

TFra. 2750 A, Coniopteris arguta. (Fertile pinnae; nat. size.)
B. €. hymenophylloides.
A. from the Inferior Oolite of Yorkshire (British Museum); B, from Jurassic
rocks in Turkestun.

Canlopteris to Mesozoic stems tn which the Jeaf-trico
consi ral separate strands and not of a continuous band.

Lower Cretaceous casts of tree-fern sbems in the ]’ra.gnc
Museum have been described under the names Aésophilive and
Oncopteris; the figures of the latter (fig. 276) given by Fois
mantel’ and by Velenovsky?® show the petiole-bases arranged
in vertical rows and characterised by leaf-traces consisting of
two scparate strands in the form of two Vs lying on their sides.

Tree-fern stems described under varjous gencric names are
not infrequently found in Buropean Lower Cretaceous rocks: their
comparative abundance affords an example of striking changes
in geographical distribution since the latter part of the Mesozoic
cpach.  The Cyatheacese no longer exist in Xurope and the
+ Feistmentel (72). 4 Velenovak (88).

upplies

s of se
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arborescent species of the genus have retreated to more southern
regions,

Fre. 276, Oncopterss Nettvalli. (After Velenossky ; # nat. size.)

Fia. 277, Protopteris punctata.  (After Heer; very slightly reduced.)

Protopteris punctata (Sternb.).  Fig. 277,

The ecarlicst information in regard to the anatomy of this
widely spread Lower Cretaceous fern we owe to Corda, who
showed that the species agrees in essentials with existing



374

FILICALES [cB.

tree-ferns.  The English example described by Carruthers®
from Upper Greensand beds in Dorsetshive (now in the British
Muscum) shows only the external features. The sandstone cast

Fro. 275,

A, Laccopteris polypodivides, Brongn. [From a specimen (39275) in
the British Museum ; slightly reduced.]
B. L. Muensteri.
C. Dicksonia (peticle stele).
D, Ouycldopsis Mantelli (fertile segments),
E. Hausmannia Sewardi Ricbt.
F. H. Kohlmanni Richt.
G, H. Protopteris Witteans, Schenk. (x, x¥len; K, roots.)
(B, after Schenk ; I, I, after Ricliter.)

! Carruthers (63) P). xtrm.
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(14 cm. in diameter), of which a portion is seen in fig. 277, was
described by Heer from Disco Island (Greenland) as a Carboni-
ferous species', but afterwards correctly assigned to the Ceno-
manian series®,  This species is recorded also from the Lower
Cretaceous of Bohemia by Fri¢ and Bayer’. Awong examples
of petrified stems exhibiting a geuneral agreement with Pro-
tapteris punctata ave those described by Stenzel® from Turonian
rocks in Germany. In one of these, Rhizodendron oppoliense

Gopp., attention is drawn to branches given off from the stem
stele which have a solenostelic structure in contrast to the
dictyostele of the stem; also 1o the minute structure of the
tracheac which appear to have thelr ends perforated, a featnre
shown by Gwynne-Vanghan® to be characteristic of the xylem
elements of many ferns.

Protopteris Witteana Schenk? (Bg. 273, G, H), o Wealden
species recorded from Germany and England, represents a closely
allied or possibly an identical type. The section of the stem
(fig. H) shows the parrow vi

scular bands, x, of a dictyostele
similar to that of recent Cyatheaccous tree-ferns and a form
of meristele (fig. G, x) resembling that of P. punctata.
Adventitions roots are seen in section ut B (figs. G and H).

Polypodie.»c‘:eae.

Sections of petrified sporangia trom the English Coal-
Measures (Pteridotheca sp.) occasionally exhibit a striking
resemblance to those of recent Polypodiaceae?, but in the
absence of material in which it is possible to recognise the
true vrientation of the sporangia, the exact position of the
annulus is almost impossible to determine. We have as yet
no satisfactory evidence of the existence of true Polypodiaceae
in the Palacozoic era. It is moteworthy that apart from the
absence of ferns which can veasonably be included in this family,
the anatomical features of the Botryopterideae (Coenopterideac)
and of the Cycadofilices or Pteridosperms do not foreshadow those

' Heer (73). ? Heer (82) Pl xyvin
* Fri¢ and Bayer (01) p. 76,
3 Stenzel (86). See also Stenzel (97). @ Gwynpne-Vaughan (08),

% Selienk (71) PL xsx.; Seward (947) A. PL. x1. 7 Scott (08) p. 293,
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of Palypodiaccous ferns.  On the other hand, as we have already
noticed, anatoinical characters of such families as the Gleicheni-
aceae, Hymenophyllaceae, and Schizacaceae are wet with in
certain generalised Palacozoic types. These facts are perhaps
of sune importance as supplyving collateral evidence in favour of
the relatively more recent origin of the dominant fumily of
forns 1n mwodern furas.

The use of the generic name Adigntites for fern-like
fronds of Lower Carboniferous age characterised by cuneate

Tie. 270, A, dAdiantides antiguus (Ett). (3 nat. gize))
B. 4. Lindsayoides (Se (B’ nat. size.)
{A. after Kidston.)

pinpules like those of species of Adiantum, suggests an affinity
which is in all probability non-existent. It bas beco pointed
wut that this generic name was applied in the first instance to
the leaves' of the Jurassic plant Ginlkgo digitata' and should,
therefore, be discarded. Schimper? used the designation
Adiantides, and Ettingshausen® more rashly than wisely, pre-
ferred ddiantum. The specimens described by Kidston® as

! Goeppert (36) A. p. 217. ¥ Schimper (64) A. p. 424,
# Ettingshausen (66). +-Ridston (8%) Pl 1.
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Adiautides antiquies (66 (fig. 279, A) from the Carboniferous
limestone of Flintshire are portions of tripinnate frands benring
cuneate segments with namerous forked veins radiating from the
contracted base of the Jumina. It is not inmprobable, in view of
Dr, White's! discovery of seeds on a very similar plant from the
Pottsville beds of North America, that this charactenstic Lower
Carboniferous genus is a Pteridosperi,

From Jurassic vocks in various parts of the world numerous
fossils have been described under the generic mawes Aspidivim,
Asplenium, Davollio, Polypodium, and Pteris. In the great
majority of cases such records leave much to be desived from

the point of view of students who appreciate the dangers of

relying on external similarity between vegetative organs, and
on resemblances founded on abscure impressions ot sori.  The
generic term Woodwardites®, which suggests affinity with the
recent genus Woodwardia, has been used for Rhuctic plants
belonging to the Dipteridinae.

A plant deseribed as Adiantides Lindsayoides fron Jurassic
characterised by marginal sori which appear

rocks of Vietoria
to be provected by the folded-vver edge of the leaflets, and by
the resemblance of the pinnules to those of recent species of
Lindsaye, may be a true Polypodiaceans fern : but in this case,
as 0 many similar instances, nothing 1s known of the structure
of the sporangia.  Some sterile pinnae described by Yabe from
Jurassic rocks of Korea as Adiantites Sewardi* moy perhaps be
identical with the Australian species.

In such a species as DPolypodivin oregonense Font., from

Jurassic rocks of Oregon, the generic name 1s vhusen becanse
the “ fructification seems near enough to that of Polypedivm to
jnstifv the placing of the plant in that genus”  But the fact
that po sperangia have been found is u fatal objeetion to this
identification.

Onychiopsts.

This generic name was instituted by Yokovama® for a

' White (04). = Schenk (67) A. Pl s Zeiller (04) p. 91, P1. xvi,
U Seward (047) p. 162, PLovnu fig. & + Yabe (05) p. 39, PL . figs, 1-5.
* Tontaine, in Ward (05) p. 64, % Yokogamn (89, 1. 26.
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Japanese Wealden species, previously described by Geyler' as
Thyrsupterts elongata, on the graund that, in addition to a
similarity in habit of the sterile fronds, the fertile pinnae
present a close agreement to those of the recent genus
Unyeliwm,

Ouyehivpsis Mantellis (Brongr.),  Figs. 278, D; 280, A and B.

The Japanese species Onychiopsis elongate may perhaps be
identicid with this common Wealden fern which, as Fontaine
points ont, should be called O. psilotoides if the rule of priovity
s 1o be observed irrespective of long usage.

Trans, Geol. Roc.

1824, Humenopteris psilotoides, Stokes and We
[i.]. Vol. 1. p. 423, PL xLvi fig. 7.

1828 Sphenopteris Mantelll, Brongniart, Hist, vég. foss. o 170,
PL xwv. figs. 3—7.

1890, Ongeliopsis Muntellt, Nathorst, Denksch. Wien Akad. Val.
LVIL p.

Ougcliopsis Mantelli may be defined as follows: —

Frond bipiunate, ovate Janceolate, richis winged ; jnunae approsimate,
given off at an acute angle: pinnules narrow, scuminate, with a single
vein; the larger segiuents ate and gradually passing into pinnae with
narrow ultin Fertile segments sessile or shortly stalked,
linear ovate, sometimes terinivating in a short awn-like prolongation,

The fertile segments (fig. 278, D) bear so close aresemblance

s of Ouychiune that 16 would s

o those of spec
to regard the plant as a member of the Polypodiaceae.
fern is one of the most characteriatic mentbers of the W
tloras; it cccurs in abundance in the English Wealden, in
Portngal, Germany, Belgiuvm, Japan, Bohewia, South Afries,
and elsewbere. A piece of rhizame figured from the English
Wealden® is very similar o the ereeping rhizoines of recent
species of Polypodiaceae, The English Wenlden specimens

! Geyler (77) Pl xxxu. fig. 4.

* For synonymy, see Foutaine, in Ward (03} p. 155 Richter (0G) p. i ;
Seward (94) A. p. 41; (a5) p. 5.

3 Seward (44) A. p. 52,
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shown in fig. 280, A and B, dlustrate the difference in form
presented by leaves of this species: the smaller pinnae repro-
duced in fig. A are more characteristic of the species than are
those of the slightly enlarged example represented in fig. 280, B.

A

B
Fre. 2R0. Onychiopsix Mantelli. (From Wealden specimens iu the Briti
Museum ; No. 13493 and No. V. 2615. A, patural size; B, very
slightly enlarged )

Among British Tertiary species veferred to Polypodiaceae,
it is interesting to find what may well be an authentie record
of a fern closely allied to the recent tropical species Aerostichun:
(Chrysodium) unrenm.  This Koeene species from Bournemouth
is described as Chrysodinm lanzaeonun®.  The frond s simply
pinnate and apparently coriuceous in texbure, with lanceolate or
oblong lanceolate pinuules (fig. 261, A, A, p. 350), differing from
those of derostichum qurewm in being sessile. A prominent

! Gardner Rud Eutingshansen (52) Pls, 5.1,
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midrib gives off numerons anastomosing veins.  No fertile
piwndes have been found.

Specimens described by Forbes from the Eocene beds of the
Island of Mull as Onoclen hebraidice bear a strong likencss
to the North Ameriean and Japanese recent species Onoglen
sensbilis.  Fertile spechnens referred to the latter species are
rvecorded by Knowlton® from Tertiary beds of Montana.

A species described by Saporta® from the Eorope of
Siézanne as ddivutwne apelophyllium is recorded by Gardner
and Ettingshausen frors Bournemouth; an identification which
is hased on samewhat meagre ¢vidence.

The following remarks by Gardner and Ettingshausen are
worthy of repetition as calling avtention to circumstances often

overlooked in analyses of fossil floras.  They speak of ferns as
relatively rare 1w British Eocene rocks and add,—"the floras
consist principally of deciduous dicotyledonous leaves, which...
fell into the water and were tranguilly silted over.  Ferns, on
the other hand, would require some violence to remove them
from the piace of their growth, and their prescrvation would
conseyuently be exceptional, and they would he mutilated and
fragwentary. This may account for their rarity.  Few ax the
British ferns are in the number of species, they nevertheless

st and most important. series of Bucene ferns,

for the larg
even of Tertiary ferns, vet deseribed from one group of beds:”

Dipteridinae.

Dictyophyliune,

This genus was founded by Lindley apd Hutton for a
pinnatifid leaf from the Jurassic rocks of Yorkshire which they
arded as probably dicotyledonons and numed D. rugosum?,
'l ferns of this genus have since been found with well-

preserved sori which demonstrute a close similarity to the recent
fern Dipteris.  Dictyuphyllun: may be defined as follows:—

1 Forbes (51) : Gardner and Ettingshausen (82).

* Knowlton ((12) Pl xxvr

* Saporta (65) A. ; Gardner and Ettingshausen (82) Pl. x. fip, 1.
1 Gardner and Ettingshausen (82) p. 21

o Lindley and Hutton (34) A. P civ.
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Fronds Jarge and palmate, characterised by the equal dichotomy of the
main rachis into two arms which curve outwards and then bend inwirds
(fig. 281); from the surface of each arm are given off numerous spreading
pinnae with a lamina more or less deepls d i ing i
breadth and i the forw of the apex.  Each lobe has a mediau vein, from
which branches are given off upproximately at right angles and then sub-
divifle into a reticulum, in the meshes of which the veinlets end blindly
(fig Aand E). Soricomposed of annulate sporangi crawded on the
lower surface of the Mwivw T dudic wod in spomogiad characters the
genus closely vesembles Diptoris, und in the branching of the frond
suggests comparison  with  Matonie.  The ylizowe (Klizamopteris) is
creeping and dichotomansly branched, bearing leaf-scars with & Jiorse-
shoe form of vascular svrand

Vig. 281, Dictyophyllum exile. (After Nathorst: much reduced.)

Dictyophyllum is represented by several types to which

various specific pames have been assigr

, the distinguishing
features being the form of the pinna lobes, the degree of con-
and similar
s can only be safely used as criteria
when large specimens are available for comparison,

ence between the basal portions of the pinus
features which in some eac

Figs. 251, 252, D. E.

Camptopterss exilis, Brauns, Palacantograph. 1x. p. 54,

Dictyaphyllune acutilvbuim, Schenk, Yoss. Flor. Grenz. p. 77,
Pls, xixo xx.

1878, 7). exile, Nathorst, Flora vid Bjaf, 1. p. 39, PL v, fig. 7.

— D acwtilobum, dbid. P). xu. fig. ).

Drictyophyllune exile (Braw
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The restoration, after Nathorst', shown in fig. 281 illustrates
the habiv of this striking fern, examples of which or of closely
allied species are recorded from Rhaetic rocks of Germany, Scania,
Persia, Bornholm. Tonkin, China, and clsewhere?,  The petiole,
reaching a length of 60 em, forks at the apex into two equal
arms leaving Detween thew aun oval space and occasionally
crossing one another.  The axes of these branches are twisted
¢ that the pinnae, which may be as many as 24 on cach arm,

C. Camptopte
D, E. Dictyaphyllun: ¢
{Afler Nathorst; &, B, C, E, § nat. s

e.)

aud arise fromn the inner side, by torsion of the axes assuwe an
external position.  An interesting analagy as regards vhe
twisted rachis of Didyophyllum exile and Camptoplerts s
afforded by the lcaves of the Cyeads, Macrozamia Fawcettiae and
M. corallipes, which are also characterised by the torsion of
the rachis.  The habit, justly compared hy Nathorst with

! Nathorst (06%). * Seward and Dale (01) p. 505,
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that of Matonia pectinata, affords another illustration of the
cornmon occwrrence in older ferns of a dichotomous system
of branching.  The pinnae, characterised by circinate vernation,
veach a length of 60 cre. and are divided into linear lobes
inclived obliquely or at right angles to the pinna axi
whole of the under surface of the lamina may be covered with

sporangla, +—7 sporangin in each sorus: the abpulus is
incomplete and approxiwately vertieal (fig. 282, D). The
rhizome is probably represented by the dichotowosly branched
axis described by Nathorst from Scania as  Rlizomopteris
major: the leaf-scars show a horse-shoe leaf-trace,

Dictyophyllum Nathorsti Zeiller,

This type, represented by a splendid series of specimens
from the Rhaetic beds of Tonkin, agrees very closely with
D. exile. It differs, however, in the basal parts of the pinnac
which are conerescent for alength of 5 to 8 emi. nstead of free as

in D. exile; and, to a slight degree, in the form of the ultimate
segments.  In habit and in soral characters the two species are
practically identical.  Each sorus contains 5 to 8 spora
which are rather larger vhan those of Iripteris.

g

Dictyophyllum ruguswm, Lind. and JHuts.  TFig. 283,

1828, Phichopteris Lhillipsid, Bronguiar, Hist, v
Pl exxxin fig. 3 PLocxxxrn, fig 1.

1829, Plgyllites nereulosis, Phillips, Geol. Yorks. p. 148, T1 1o
fig. 9.

1834, Dictyophyllwm rugoswin, Lindley and Huvton, Foss, Flor. 1.
Pl c1v.

1826, Polypodites Jeracleifolius, Goeppert, Foss, Farn. p. 344,

1849, Camptopteris Phallipsit, Bronguiart, Tablean, p. 105,

1880, (Vathropterts whithyensis, Nuthorst, Beriittelse, p. 83.

) -
foss. . 37T,

This specics, which is characteristic of Jurassic rocks, is
less completely kuown than the two types described above,
but in the form and venasion of the pinnae there is little
differcnce between the Rhaetic and Jurassic plants.  The leuves
of the Jurassic species appear to have been smaller and more

b Zeiller (03) p. 109, Yls. xxrm,—xxvr.
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like those of Dipteris conjugata (fig. 231); there are no indi-
cations of the existence of the two curved arms at the sumnit
of the petiole which form so striking a feature in D. ezdle and

Fr. 283, Dictyophyllan vug.em (Lind, and Hutt.). (Bot Mos.  Neb, size)
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D. Nuthorstz.  No sporangia have been found on English
specimens, but it is safe to assume their agreement with those
of other species. A more complete list of records of L. rugusum
Is given in the first volume of the British Museum Catalogue
of Jurassic plants’,

Nathorst? has recently drawn attention to certain differences
between Liief jophylluim and Dipteris.  The pinnate division of
the piutac is not represented in the fronds of the recent species,
but this method of Jobing, which is a marked characteristic of
Dictyophyllum, is Jess prominent e Clathropteris; and in Canp-
tupteris lunzensis Stur®, an Austrian Upper Triassic species, the
pinnae are entire,  In Dictyoplyllum the sort cover the whole
lower surface of the leaf: in Dipteris they are more widely
separated and the sporangia have a diameter of 0002 wm, but
in Dictyoplyllun the diameter is 0:4—06 mm.  Moreover in
Dictyophyllam the sori contain 5 to 8 sporangla, whereas in

Dipteris they are much more nuwerous,  Despite these dif-
that Dictyuphyllum,
are existing types very closely
allied to Dipteris. Tt is a matter of secondary importance
whether we include all in the Dipteridinae or follow Nathorst's

ferences it is clear, as Nathorst say

Cluthropterds, and Cawmptopter

suggestion and refer the fossil genera to the separate family
Camptopteridinae. .

Lha wmatupterts,

This genus, founded by Goeppert for a Rhactic plant
from Bayreuth, i« by some authors® regarded as identical
with Dictyoplyllwn, but iv has recently been resuscitated by
Nathorst® for specimens which he names 7. Schenki, form.rly
included by Schenk in his species T0 Brawniana’. It bears
a close resemnblance, in the long linear pinnules with an entire
or crenulate margin, to Diclyopliyllum Fuchs: described by
Zeillers from Tonkin, and it would seem hardly necessary to
adopt a distinetive generic designation.  The sporangia have

1 Seward (00) p. 122, 2 Nathorst (06%).
3 Krasser (09) p. 131, 1 Goeppert (41).
o Seward and Dale (01) p. 303, % Nathorst (07,

* Schenk (67) A Pl sva. ¥ Zeiller (08).
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a vertical or slighily oblique annulus and the rhizome is
similar to that of Dictyophyllum exile.  The habit of the
genus is shown in fig. 284, which represents one of the
German Rhaetic species.

Fig. 284, Thawnmatopteris Miinsteri.  [From a specimen in the Bergakademie,
Berdin : 1 nal. size.)

Cluthropteris.
Clathropteris meniscordes, Brongn.  Fig. 283,

Clathrepteris, founded by Brongniart! for Rhaetic speciwens
from Seanix, agrees very closely with some species of Dictyo-
phyllum, but in view of the more rectangular torm of the
venation-meshes it s convenient to retain both names. The
type-species was originally named Filicies menscuides® and
afterwards trapsferred to Cluthropteris. Ap examination of

1 Brongwiart (23), © % Brongninrt (25).
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Brongniart's specimons has convinced Nathorst of the specific
identity of C. meniscoides and €. platyphylia.  The Tonkin
leaves deseribed by Zeiller' under the lat

fer nawe should,
therefore. be included in C. meniscoides, which may be thus
defined :

Fro. 285, Clathrepteris meniseoides, From Rhaetic rocks near Erlangen. [M.S.)

The petiolate frond is characterised by an equal dichotomy of the
rachis, as in Dictyuphyllow; eacl branch bore 5—15 pinpae, disposed
en éventarl, reaching a length of 20—30 cm. and fused basally as in
D. Nathorsti Zeill.  Pinnae linear lanceolate, slightly contracted at the

T Zeitler 03y,
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lower end and gradually tapered distally. The lamina, 3—14 cm. broad,
is characterised by obtusely pointed wargiual lobes. From the midrib
of each pinna lateral veins are given off at a wide angle, and adjacent
veins are connected by a series of branches which divide the lamina
into a regular reticulum of rectangular and pelygoual meshes (fig. 285).
The sori are abundant and contain 5—12 sporangia like those of fictyo-
gl

TFre. 286, Clathropteris rpypticca. (Nab. size)) a, b, pieces of muin vibs in
grooves.

What is probably the rhizome of this species has been
described by Nathorst (Rhizomopteris cruciata); it is similar
to that of Distyophyllum, but the leaf-scars are more widely
separated. This species occurs in Upper Triassic, Rhaetic or
Lower Jurassic rocks of Scania, France, Germany, Switzerland,
Bornholm, North America, China, Tonkin, and Pwsia and is
represented by fragments in the Rhaetic beds of Bristoll.

1 Seward {04) pp. 18, 1G4,
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Clathropterts egyptiaca Sew.’  Fig. 286,

The specimen on which this species was founded was dis-
covered in the Nubian Sandstone east of Edfu; the age of the
beds is uncertain, but the presence of Cluthropterts suggests a
Lawer Jurassic or Rhaetic horizon®.  Seven strong ribs radiate
through the lumina from the summit of the petiole; at ¢ and b
small pieces of the projecting ribs ave shown in the grooves,

b
T

¢
I8

Tia. 287, Campiopteric spivulis. (After Nathorst.  Much rednced.)

Trom the main veins slomler branches are given off at right
angles and, as seen in the enlarged drawing, these again sub-
divide into a delicate reticulum with free-ending veinlets.

Cangptopteris.
Camptopterts spiralis, Nath.  TFigs. 282, C; 287,
Nathorst proposed this generic name for Rhaetic fronds®

t Seward (07).

¥ I'he evidence of the shells is stated by Alr R. B. Newton (04) to be in
favaur of the Cretaceons age of the Nubian Sandstone.

= Nathorst (78) p. 38.
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vesembling those of Clathropterds and Dictyophyllun, but differ-
ing in the forn of the pinnae and in habit. The habit of the
type-species, (. spiralis, s shown in fig. 287, An examination
of the specimens in the Stockholin Musews convineed me of
the correctoess of Nathorst’s restoration!,  Each of the forked
arms of the rachis bore as many as 150—160 long and narrow
pinnae characterised by an anastomising vevation (fig. 282, C)
and by a spival disposition due to the torsion of the axes. The
sporangia agree in essentials with those of Dictyophyllum.

Hrusmaniica.

A critical and exhaustive acconnt of this genus has been
given by Prof. Von Richter: based on an examination of
speeimens fourdd in the Lower Cretaceous rocks of Quedlinburg
in Germany. The pame was proposed by Dunker® for leaves
from the Wealden of Germany characterised by a deeply dissected
dichotomously branched lamina. Andrae subsequently instituted
the genus Proforhipis: for suborbicular leaves with dichoto-
wously branched ribs from the Lias of Steierdorf A shnilar
but smaller type of leaf was afterwards deseribed by Zigno®
from Jurassic beds of Italy as . aserifolivs, and Nathors(®
figured a closely allied form from Rhuctic yocks of Sweden,
While some anthors regarded Hausmonnio and Frotorhipls as
ferns, others compared them with the leaves of Buiera (Gink-
goales): Saporta snggested a  dicotyledonous affinity. for
leaves of the Proturhipis type. The troe mature of the
fossils was recognised by Zeiller”, who called attention to the
very close resemblance in babit and in soral characters to the
recent genus Dipteris. A comparison of the ditterent species
of Dipterss, including young leaves (fig. 231, p. 297), with those
of the fossil species reveals a very striking agreement”.  There
can be no doubt, as Richter points out, that the names Haus-
mannia and Protorhipis stand for one generic type.

! Nathorst (06%) p. I3, 2 Richter (0G).
> Dunker (46) A. p. 12. * Andrae {53) A.
* Zigno (56) A. 1. fig. 2, ¢ Nathorst (76%) Pl 1x. fig. 2.

7 Zeiler (979 p. 51 * Seward and Dale (01).
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Housmannio may be defined as follows:

Rhizome creeping, sleuder, dichotoroonsly branched ; leaf-stalks slender
(2—25 cm. long), bearing a leathery lewina {1—12 em. Jong and bread),
wedge-shaped below, occasionally cordate or reniform, entire or more or

TMa. 288.  Hausmannia dichotome, (Specimens from the late Dr Marcus Guno’s
Collection of Upper Jurassic plants, Sutheriandshire ; very slightly
reduced.)
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less deeply lobed into Uroad linear segments.  The leaf is characterised by
dichotomously branched maiu ribs which arise from the summit of the
rachis as two divergent arms and radiate in a palmate manner, with
repeated forking, through the lamina, Lateral veins are given off at a
wide angle, and, by subdivision, form a fairly regular network similar to
that in Dictyopdpllum, Clathropteris, and Dipteris.

Hauvsmaniia dichotoma, Dunker'. Tig, 288, A, B.

This Wealden species. represented in the North German
thora and i beds of approximately the same age at Quediin-
burg, has been discovered by Dr Marcus Gunn in Upper
Jurassi t coast of Scotland.  The lamina
(12 cro. or more in length) is divided into five to scven linear
segments and bears a close superficial resemblance to leaves
of Badera and to recent species of Sehizaea (fig. p. 287).
Each segient contains one or two main ribs (fig. 288, A). A
similar form s deseribed by Bartholin® and by Moeller® as
H. Forchammeri fremu Jurassic rocks of Bornholm,

¢ rocks on the north-ca

Hunsmanwio Koldwonnd, Richt, Fig. 278 F.

In this species, instituted by Richter from material obtained
from the Lower Cretaceous beds of Strohberg?, the cornpara-
tively slender rhizome bears fronds with petioles veaching a
]ength in extreme cases of 25 on, but usually of about
10 e, The lamina (1—7 em. long and 1—10 em. broad) is
described as leathers, obeordate, and divided into two sym-
metrical halees by a median sinus which, though occasionally
extending move than balf-way through the lamina, is usually
shallow, The venation consists of twa main branches which
diverge from the summit of the petiole (fig. 278, F) and sub-
divide into dichotomously branched ribs; finer veins (not shown
in the drawing) are given off from these at right angles and
form wore or less rectangular meshes as in other members of
the Dipteridinae and in such recent ferns as Lolypadium
guercifolium (g, 231, D, p. 297).

The imperfect lamina represented in fig. 289 may belong to

) Dunkex (46) A., PL v. fig. L, * Bartholin (92) Pls. x1. xm.
3 Moeller (02) Pls. tv.—v1, ¢ Riclter (0G) p. 21
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Haugmannia Richter or may be a distinct species; it shows
some of the finer veins connvecting the shorter forked ribs,
which formed part of the reficulate ramifying system in the
mesophyll.  This specimen was obtained from the plant-beds of
Culgower on the Sutherlandshire coast, which have been placed
by some geologists 1o the Kimwmeridgian series.

The smaller type represented in fig. 278, E, is referred by
Richter to a distinet species, Hausmannia Sewards', founded
on a few specimens frorm the Lower Cretaceous strata of
Strohberg. This species is characterised by a stouter rhizome

Fio. 280. Hausmannia sp.  Upper Jurassic. newr Helmsdale, Scotlapd.  From
a specimen jn the British Museumr  (Nat. size.)

bearing smaller leaves consisting of a short petiole (3—4 cm,
lang) and an obovate lamina (1—2 em. leng and broad). There
are usually two opposite leatlets on each leaf-stalk, and these
ray be equivalent to the two balves of a single deeply dissected
lamina.

It is interesting vo compare these different forms of Haus-
mannin with sthe fronds of recent species of Dipters represented
in fig. 231, The more deeply dissected type, such as H. dicho-
tomo, closcly resembles Do Lobbiona or D. quinguefurcata,
while the more or less entire fossi) leaves (fig. 278, E. F and
fig. 289) are very like the somewhat unusual furm of Lipteris
conjugata shown in fig. 231 B, p. 297,

? Richter (06) p. 22,
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Other species of the genus are recorded from Liassic rocks
of Steierdorf' (Hungary) and of Boroholm? Nathorst® has
described a small Rhaetic species from Scania: a French
Permian plant described by Zeiller® and compared by him with
H. dichotomu, may be a Palacozoic example of this Dipteris-
like genus. '

Some scgments of leaves from the Eocene beds (Middle
Bagshot) of Bournewouth, and now i the Brivish Museun,
deseribed by Gardner and Ettingshiusen® as Pudofoma poly-
podivides, bear a close resemblunce in the venation to the
lamina of Dipleris conjugate.

T judrae (53) A. ¢ Moeller (02) Pls. 1v.-v1.
4 Nathorst (78%) Pl rx. fig. 2. ¢ Zeiller (78).
4 Gardner and Ettingshausen (82) p. 29, PL . fig. 6,



CHAPTER XXIL

Marattiales {(Fossil).

TnE discovery of Pteridosperms has necessarily led to a con-
siderable modification of the views formerly held that cexisting
genern of Marattiaceae represent survivors of a group which
occupied a dominant position in the forests of the Coal age.
Mr Arber writes:—*The evidence, formerly regarded as beyond

St

picion, that the cusporangiate ferns formed a dominant
feature of the vegeration of the Palacozoic period. has been
undermined, more especially by the remarkable discovery of
the male organs of Lyginodendron by Mr Kidston. At best
we can ooly now regard them as a subsidiary group in that
epoch in the past history of the vegetable kingdom " Dr Scott
expresses himself in terms slightly more favourable o the view
that the Marattiac
Filicales. He
evidence, which formerly seemed to lie open w us o all hands.
1 bliore, however, that such carcful investigation will result in
the resuscitation of the Palaeozoic ferns as a considerable, thongh
not as & dominant group®”  Zeiller's faith® in the prospeet of
Marattiaceous ferns refaining their position as prominent
members of Palacozoie tloras, though shaken, is ot extin-
guished: he recognises that they played a subordinate part.

Refereuce has already been made to the impossibility
determining whether Palaeozoie fern-like frond~ may be legii-
mately retained n the Filicales, or whether they must be
removed into the ever widening territory of the Pteridospernis.

ac represent the aristocracy among the

says :—" We now have to seck lwburiously for

' Arber (06) p. 227 * Geott (06) p. 189, « Zeiller (03).
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The diffienlty is that the evidence of reproductive organs is
very fur from decisive. In the absence of the female repro-
ductive organs, the seeds, we cannot in rust cases be certain
whuether the small sporangium-like bodies on fertile pinnules
arc trioe fern sporangia or the microsporangia of a heterogporaus
preridasperm. What is usnally called an exanoulate fern
sporangium, such as we have in Angiopteris and in wany
Palaeozoie plants, has no distinguishing features which can
be nsed as a decisive test. The microsporophylls of the
Mesozoie Bennettitales produced theiv spores in sporangial
compartients grouped in synangiu like those of recent Ma-

tattiaceae; and in the case of Crossotheca, a rype of frond
always regarded as Marattiaceons until Kidston® proved it to
be 1he microsporophyll of Lyginodendron, we have a striking
instance of the futility of making dogmatic assertions as to
the filicinean nature of what look like true fern sporangia. In
all probability Dr Kidston's surmise that the supposed fern
sporangia known as Dactylotheca, Renaultia, Urnatopteris are
the microsporangia of Pteridosperms will be proved correct?,
The question is how many of the supposed Marattiaceous spo-
rangia must be assigned to Pteridusperms 7 There is, however,
no reasonable doubt that true Marattiaceac formed a part of
the Upper Carboniferous flora.  All that can be attempted in
the following pages is to describe briefly some of the numerous
types of sporangia recognised on Palacozoic fern-like foliage,
leaving to the future the task of deciding how many of them
can bu accepted as those of ferns. It is impoxsible to avoid
overlappivg and some repetition in the sections dealing with
true Ferns and with Preridosperms.  The filicinean nature of
the stewr known as Psorondus (sec page 413) has not as yet
been questioned,

The nomencluture of supposed Marattiaceous species from
Carboniferous and Perinian rocks is in a state of some confusion
owing to u lack of satisfactory distinguishing featnres between
certain types to which different generic nawes have been
assigned.  As we have already seen in the case of supposed

! Kidslon (06). “.Kidston (00) p. 429,
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leptosporangiate sporangia, the interprefration of structural
features in petrified or carbonised sporangiu does not afford
an exawnple of unanimity among palacobotanical experts,

. Ptychocarpus.

This generic name, proposed by the late Professor Wuiss?,
is applied to a type of fructification illustrated by the plant
which Brongniart numed Pecopleris unita, a species common in
the Upper Coal-Measures of England® It is adopted by Kidston
for fertile specimens from Radstock which he describes as
Ptychocurpus oblongus’, buv the precise nature of the fertile
pinnules of thix species camnot be determined.

Piychocarpus wndo (Broognt). Fig. 291, A, B, (= Gonivpleris
wnta, Grand kanry.)

This spucies has tripinnate fronds with lincar pinnae bearing

contiguons pinnules of the Pecopteris type (fig. 291, B), 4—5 .
long, confluent at the base or for the greater part of their lenyth.
On the under surface of the fertile segments, which are identi-
cal with the sterile, occur circular synangia (fig. 291, Ay consist-
ing of seven sporangia embedded in a common parenchymatous
tissue and radially disposed round 4 receptacle supplied with
vascular tissue.  The synangium is described as shurtly stalked
like those of Marattio Kaulfussii (fig. 245, B, p. 320). In shape,
in the complete union of the sporangia, and presumably in
the apical dehiscenee. Piychocarpus agrees very closely with
Kualfussia (fig. 243)1 but we cannot be certain that we hate
1ot a eollection of microsporangia simulating a fern synangiunt.

A sypanginm closely resembling  Ptychocarpus has been
described by Mr Watson® from the Lower Coal-Measures of

) Weiss, C.E. (69) p. 94, D1, x1, fig. 2. The specimens figured by Weiss bear
a somewhgl remote resemblance to that deseribed by Renault (96] 4, under the
sRWwe gencric name.

# Kidaton (91%) p, 25, “ Kidston (88) p. 350,
4 Renault (96} 8. p. 93 Zeiller (88) A. p. 1625 Grond'Eury (77) A. PL vur
fig. 18,

* Watson {00).
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Lancashire as Cyathotrachus altus, but there is no convincing
evidence as to the nature of the plant on which it was borne.

Danueites.

This generic namne, instituted by Gueppert!, has been vsed
by authors withont due regard to the pature of the evidence
of aftinity to Dungea. The type named by Stur Danaeites
sarepontuans® (fig. 201, E) bears small pecopieroid pinnules
with ovoid sporangia in groups of 8—16 in two contiguous
seties on the lower face of the lamina. The sporangia dehisce
by an apleal pore and are more or less embedded in the
mesephy)l of the segments. No figures have been pnblished
showing any detailed sporangial structure, and such evidence
as we have is insufficient to warrant the coneclusion that the
resemblance to Danaeo, is more than an analogy.

Parupecopleris.
ad’Eury. Fig. 290, D.

The plant described by Grand’Eury® from vhe Coal-fields of
Gard and St Etienne, and made the type of 4 new genus, is
characterised by pinnules intermediate between those of Pecop-
teris and Newropteris® and by the presence of two rows of united
sporangia along the lateral cins, 25 iu Donveq and Danaeites.

Furapecapteris aewropteroides, G

dsterotheca.

Certain species of Pecapteris fronds from Carbaniferous strata
are characterised by circular sori or synangia consisting of a
small pumber (3—8) of exannulate sporangia attacherd to a
central receptacle and free only at their apices. Strasburger®
suggested a Maratbisceous affinity for Asterothece and Str®
describes the species Asterotheca Sternbergu Goepp. (fig. 293,
C, D) as ap cxample of a Marattiaceous fern. The labter
author retains Corda’s genus Hawlea” for the fertile fronds

1 Goeppert. ) A. p. 380.

2 Stur (85) A. p. 221, PL 1xt; Zeiller (88) A. p. 41,

3 Grand’Eury (90) A, p. 288, PL vi. fig, 26.

+ For an account of these genera, see Chap. xxvi1.

* Surasburger (74). 6 Stur (85) A. p. 183, 7 Corda (45) A. PL 1o,
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of the common Coal-Measures species Pecopterss Miltont, while
on the other hand Kidston! inctudes this type in dsterotheca.

Pecopteris (Asterotheca) Miltoni (Artis),

> 1825,
1828,
1828,

1877

Fi s Miltont, Artis, Antedil. Phyt. PL xiv,
Pecopteris Miltonr, Brongniart, Prodrome, p.
Pecopteris abbreviata, Brongniart, Hist. v

. foss. po 337,
figs. 1—4; Lindley and Hutton, Foss, Flor. Vol. nu

. 154,

Harlen pulcherrima, Corda, Flor. Vorwelt, p. 90, PL 1vn.

figs, 7, 8.

1888, Hawlan Miltoni, Stur, Culm Flora, p. &

3; Farne Carboy,

Flora, p. 108, Pls. nix. 1.x.

1888,

LPrecopteris ( Asterotheea) ahbreviata, Zeiller, Flor. Yalent. p. 186,

igs, 1—4

Fia. 280,

A, Alethopteris lonchitica. <24

For deseription

Lonchopteris rugosa. 2. :
G # zee Chap. xxvu.

Sphenopteris Hoeninghausi, x4.[

Farapecopteris neuropteroides.

Pecopteris (Dactylotheca) plumosa [=P. (Dactylothecay dentata
Zeiller (88)]. ~4.

{A—C, E, after Zeiller; D. after Grand'Eury.)

CER

¥ Kidston (917) p. 201 Stur (85) A. DL ws.
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The fronds of this species reached a length of more than
3 metres and a breadth of 2 metres. They are characterised
by the presence of aphlebiae appressed to the rachis and by
cirenlar sori composed of a small number (3—6) of sporangia.

Fin, 241 A, B, Pychocarpus unita.
C, D, dsterotheca Sternbergii.
E. Duanacites sarepoutanus.
¥. Hawlea Miltoni.
G.  Mawlea pulcherrima.
H—RK. Seolecopteris elegans.
(4, B. after Renaunlt; C—G, after Stur; H, I, after Strasbarger ;
K, after Sterzel.)

In habit and in the form of the pinnules this type is similar to
Ductylotheco. pluiosa.
Howlea.
Stur? retains this generic name for sori in which the

? See Chap. xxvus. ¥ Stur (85) A, p. 106,
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sporangia are free and uwited only by the proximal end to
a central receptacle (fig. 291, F, G). He describes the indi-
vidual sporangia as possessing a rudimentary annulus, a
comparatively strong wall, and temximtiug in a pointed distal
end. He emphasises the greater degree of cohesion between
the sporangia of dsterctheca as the distinguishing feature of
that genus; but this is a character difficult to recognise in sowne
cases. and from the analogy of recent ferns ope js disposed to
attach little importance to the greater or less extent to which
sporangia are noited. at least in such cases as dsterotheca and
Huwlev whew the cohesion is never complete.

Sculecopteris.

Zenker! gave this pawe to detached fertile pinnules from
the Lower Permian of Saxony, which he described wx Scole-
copteris elegans.  He recognised the forn nature of the sori
and suggested that the pinnules might belong to the fronds
of one of the “Staarsteinen” (Psaronius), a view which subse-
quent investigations render far from improbable. The sori,
which oceur in fwo rows on the lower surfice of the small
pecopteroid segments with strongly revolute margios (fig. 291,
H—K), contain 4—5 sporangia attached to a stalked receptacle
comparable with that of Marattia Kawlfussii. These pedicellate
synangia were fully described by Sbmsbm'ge.r:, who decided in
favour of a Marattiaceous alliance. The lower portions of the
distally tapered sporangia are concrescent, the distal ends being
free (fig. 201, H). Stur includes in Scolecopteris the common
species Lecopterts arborescens (fig. 376), but Kidston® states
that the British example of Scolecopteris is S. polymorpha
Brongn. from the Upper Coal-Measures,

Scolecapteris eleguns Zenk. furnishes an example of a plant,
or plant fragment, which has been assigned to the aunimal
kingdom. Geinitz* described silicified pinnules as Palueojulus
dyadicus, the generic name being chosen becanse of the re-

1 Zeunker (37). * Strasburger (74). # Kidston (91%) p, 20.

+ Geinitz (72). See Solms-Lavbach (83}, who gives in full the early history
of the pepus Scolecopteris.

IR
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serublance to Millipedes such as the genus Julus. The mistake
Is not surprising to anyone who his seen a block of siliceous
rock from Chemnitz crowded with the small pinaules with
their concave surfaces formed Dby the infolding of the edges.
Sterzel', whe pointed oub the confusion between Myriapods
and Filices, has published figures which illustrate the deceptive
resemblance of the pionules, with their curved lamina divided
by laveral veins iuto segments, tu the body of a Millipede (fig.
201, K). He points out shat Geinitz searched in vain for the
head and legs of Puoloegjulus and expressed the hope that
further examination would lead to fresh discoveries: the exawi-
nation of sections revealed the presence of sporangia and
demonstrated the identity of Pulaeojulus and Scolecopteris.

Discopterds.

Stur® institured this genus for fertile fronds from the Upper
Carboniferous Schatzlarer beds, including two species Discopleris
karwmensts and L. Schumamd.  He deseribed  the small
Sphenopteroid pinnules as characterised by disc-shaped sovi
made up of 70—I100 sporangia attached to a hemispherical
receptacle: the absence of a true annnlus Jed him to refer the
genus to the Marattiocene. In his memoir on the coal-basin of
Heraclea (4sia Minor), Zeiller® institnteq the species Sphenopteris
(Discopterts) Rallii and hgured sporangia rescmbling those
described by Stur in the possession of a rudimentary “apical
annulus”  He compared the sporangia with those of recent
Osmundaceae and Marattiaceae. In the later memoir on the
Upper Carhoniferous and Permian plants of Blanzy and Creusot,
Zeillex* gisves a very full and carcful description of fertile
specimens of Sphenopteris (Discopterss) cristate, a fern origin-
ally deseribed by Brongniart as Pecopteris cristatu®.  Many of
the Sphenoptercid pinnules of this quadripinnate fern frond
show the form and structure of the sori with remarkable
clearness in the admirable photographs reproduced in Plates
1.—1iL of Zeiller's Blanzy memoir. The lobed pinnules of this

' Sterzel (78); (W) 2 Stur (85) p. 140.  Zeiller (99) p. 17.
% Zeiller (06) p. 10. ® Broogniart (28) A, PL. cxxv. fig. 4.
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species are of oval-triangular form, 5—15 mm. long and
2:5—6 mm. broad!. An examination of the type-specimens
of Duscopterts from Vienpa enabled Zeiller to correct Stur's
original description of the sori: he found that the Awvstrian
and French specimens, though specifically distinet, undaubtedly
belong to one genus. The sori in Discopteris oristute are
globular, as in the recent genera Cyuthed and Alsophila, and
frequently cover the whole face of the lamina.  The individual
sporangia are 0:4—0'3 mm. long and 015—02 ram. in diameter:
they are cxannulate, but for the annulus is substituted a group
of thicker-walled and larger cells in the apica) and dorsal region.
The duseription by Stur of a hemispherical receptacle seemed
to indicate an important difference benween ihe Austrian and
French species; but Zeiller found thau this icature does not
actually exist and that it was so described as the result of
wisinterpretation. Zeiller suceceded in isolating spores, 40—350 p
in diameter, from some of the sporangia of D. crustatu and
found that they exhibited the three-raved pattern characteristic
of fern-spores and which is indicative of their formation in
tetrads. The conclusion arrived at is that the genus Discopters,
as represented by . kerwimensis, D. eristata cte, mav be
regarded as a troe fern and included in the Marabtiacene, As
Zeiller points out, the sori of Ducapterts differ from those of
recent Marattiacene in their pluriseriate construction and
agree in this respect with those of the Cyatheaceae. The
comparison already made* between the sporangia of D. Rallid
and those of recent Osmundaceae holds good: the genus
affords another example of a generalised type, in this case
probably a fern, combining features which are now distributed
among the Marattiaceae, Osmundaceae and Cyatheaceae.

In addition to genera founded on true sypangia or groups
of free or pa,rt,i:xlly united sporangia, the literature of Palaeozoic
ferns contains several generic names applied to sporangia which
occur singly on Sphenopteroid or Pecopteroid pinnules. The
following may serve as examples; but it should be stated that
these will probably be transferred eventually to the Pterido-

1 Renault and Zeiller (88) A. PL xxiv.
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sperras. 1o is, however, tramaterial whether they are dealt
with here or in the chapler devoted to the seed-bearing “ ferns.”

Dactylotheca.

Zeiller' created this genus for fertile fvonds of Pecopteris
dentata Brougn. (= P. plumosa Artis®),a common British species
in the Upper and Middle (oal-Measures. Stur® included P.
dentata in bis list of species of Senstenbergia, the genus to
which reference was inude under the Schizaeaceae,

Pecupteris (Dactylotheca) plumose (Artis). Figs. 200, B, 202,
203

Filivites plumosus, Artis, Aptedil. Phyr. p. 17, PL xvn.
Pecopteris plumosa, Brongujart, Hist. vég. foss. p. 348,
Pls. oxxi. exxin

—_ P. dentata, Brongniart, Wid. Pls. ¢XXIr. ¢xxiv.

— P. delicatulus, Brongninrt, ibid. Pl exvi. fig. 6.

Sphenopteris cawdatu, Lindley and Hutton, Foss, Flor, Vol 1.
Pl aevin; Vol . PL IVILL

1834, fecopteris serrve, Lindley and Huteon, ded. Vol 1 PLocvie

1634, Selizopteris adnascens, Lindley and Hutton, dnd. Vol 1
Pls. ¢ cr

1636, Aspidites caudatus, Goeppert, Syst. fil. foxs. p. 363,

1838, Steffensiv silesiaca, Pres), in Sternberg, Flor. Vorwelt, Vers 1.

1864, Ivu;lub:m silesiasus, Schimper, Trait. pal. vég, Vil 1, p. 517,

—  Cyathocarpus dentatus, Weiss, Flora der Jungst Stk und
Roth. p. 86.

1877, Sengtenbergia plumosa, Star, Cobw Flora, 0L, 187 (293).

— S. dentata, thid.

1886.  Dactylotheca plumosa, Kidston, Cat. Palaeozoic Plauts, p. 128,

1888, Dactylotheca dentata, Zeiller, Flor. Valenc. Pls. sxvi—xxviu.

For a fuller synonymy reference should be made o Kidston's
account of this species‘, from which the above list is compiled.
The large fronds of this species are tri- or quadripinpate. The
pinnules vary much iu shape and size and in degree of lobing,
according to their posision on the frond (fig. 293). The primary

V Zeiller (83) p. 1845 (88) AL p. 80, + * Artis (25) A.
i Star (75) A. + Kidston (36) p. 205,
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pinnae are subtended by two Aphlebiae (fig. 203, A) appressed
to the rachig, like the delicate Jeaves of the recent fern Tera-
tophylivm wculeatum (see page 301). The sporangia (0-5——0'65)
are oval and exannulate and are attached parallel Lo the lateral
veins; they way oceupy the whole of the space between the
mideib and the edge of the pinnules. This species oceurs io the
Upper, Middle, and Lower Coal-Meusures of Britain, reaching

Fie, 202, Dactylotheca plwnosa,  (After Kidston. Slightly veduced.)

its maximum in the Upper Coal-Measures. The aphlebiae
undoubtedly served to protect the young fronds, as shown by a
apecimen figured by Kidston (fig. 298, B); they may also have
served other purposes, as suggested by the above comparison
with Zeratoplytlum, in the mature frond. Lindley and Hutton
regarded the aphlebine as leaves of a fern climbing up the
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rachis; which they named Schizopteris udnascens, a”confusion
similar to that already mentioned in the deseription of Hemitelia
capensis (sce p. 304),

’

~

A

7

N

Fiei. 208, Dactylotheca plumosa: A. Rachis with Aphlebize. B, a, young pinnae
circinately folded. (After Kidstom. A, B, { nat. size.)

Renaultia.

This name was proposed by Zeiller? for Upper Carboniferous
fertile pinnae of the Sphenopteroid type, bearing ovoid sporangia
either singly or in marginal groups of 2 to 5 at the ends of the
veins. The appearance of the apical cells occasionally suggests
the presence of a rudimentary annulus.  XKidston has recorded
this type of fructification in Britain® Stur describes fertile
pinnules of the same type under the generic name Hapalopteris'

! Zeiller (83) p. 185, * Kidston (82). s Star (83).
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Zailleria,

This genns was founded by Kidston' for fertile pinnac of a
very delicate fern, Zetlleriu delicatula (Sternb.) characterised
by filiform ultiwate segments bearing an indusiw-like body,
spherical when immature and splitting at maturity into four
small valves. Kidston, in his earlier paper, compared the
species with recent, Hymenophyllaceae.  In the same genus he
includes Z. avoldensis*(Stur) assigned by Stur to Culymmatothecy,
a genus deseribed by some authors as characterised by groups of
radially clongated sporangia at the tips of the pinnules; these
supposed sporangla are now known to be the valves of an
indusinm-like organ or cupule, as Stur asserted.  There can be
little doubt that the fortile fronds placed in Calymmatothecu
and i Zetllerio were boroe by Pteridospernis.

Urautoptieris.

The Upper Carboniferous fronds of a delicate Sphenopteris
habir, to which this name was igned by Ridston®, werc
described by him as Eusphenopterts tenellu (Brongn.)* and
compared with Hymenophyllaceae ; subscquently Kidston ex-

pressed the opinion that Urnatopteris may be a Murattiaceous
fern, as Williamson® believed : he has since suggested that
the sparangia are the microsporangia of a Pteridosperm®.  The
sterile and fertile piunae differ in the absence of a laming in
the latter. The sporangia {or microsporangia) are characterised
by a poricidal dehiscence.

The records frow strata higher in the geological series than
the Permian, disregarding many of doubtful value, afford ample
testimony to the existence of Marattiaceae in Upper Tuiassic
and Rhaetic floras.

Murattiopss.

The generic name Danceopsis was applied by Heer? to an

Upper Triassic fern, previously described by Presl as Tueni-

1 Kidston (54%). * Ridston 37,
£ Kidstou (62 p. 32. ¥ Kidston (+7) p. 594,
» Willismeon (83) A. S Kideton (08).

7 Heer (76) A. p. 71. PLoxxnv. fig. L
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opteris marantacea. A splendid specimen from the Keuper
of Stuttgart is figured in Schimpers Atlas' showing the
pinnate habit of the frond and the breadly linear segments,
25 e % 35 em, bearing rows of c()ut'\gnom sporangia.  The
large pinnules have a strong midrib giving off curved and
forked lateral veins. Presl's species may most appropriately be
included in the genns Morattiopsis. A specimen of M. maran-
tacea deseribed by Leuthardt® as Danaeopsis marantucea from
the Upper Trias of Basel shows a peculiarity in the venation ;
the latera) veins often fork newr their origin, as noticed by
other authers, lut cach vein forks a second time near the edge
of the lamina and the two arms couverge, forming a series of
inteamarginal loops (fig. 263, B).

Marottiopsis Muensterd (Goepp,). Fig. 245, D, E.

Thiz widely spread Rhaetic plant affords the best example
of a post-Permian species which may be accepted as an authentic
record of fossil Marattiaceae. Various generie nanes have been
used for this species; Goeppert originally deseribed the plant
us Tueniopterrs Muensteri® ; Schimpert® proposed the name
Marattiopsis, and Schenk?® substituted Angwpteris on  the
ground that the fertile pinnules rescrble that genns ruther
than Marattia.  Marattiopsis, if interpreted as indicating a
Junily resemblance rather than special affinity to the genus
Marattia, would seem to be the more appropriate designation,

This specics has been figured by scveral authors and in
many iostances with fertile pinnules; the best illustrations
are those published hy Zeiller” in bis monograph of Tonkin
Plnnts,

The pjnnate fronds are characterised by a broad rachis bearing sessile
broadly linear pinnules rounded at the base, obtusely pointed at the apex,
reaching a length of 15—20 em. and a breadth of 12—35 mm. From a

) Schimper (74} A. Pl. 36 ; see alfo Scheak (88) A p. 8

* Leuthardt (04) p. 29, PI. xun figs. I, 2.

3 Goeppert (#6%) A. Lief. 1, uud 1. PL v, + Schimper {6} A. p. 607.
© Schenk (33) A, p. 260, & Zeiller (03) P, 1x.



XX11] DANAEOPSIS 400

well-marked midrib are given off secondary veins dichotomously branched
close to their origin. The linear synangia near the ends of the veins
contain two rows of sporangial compartments and open as two valves as
in Marattia. (CI fig. 245, A, p. 320.)

This species occurs 10 the Rhaetic beds of Scania, Fran--
cottia, and Toukin. A similar type is igured by Fontaine from
Jurassic beds In Califurnia as dngiopteridium colifornicum’,
and Bartholin® and Moeller® record M. Muensteri from the Lias of
Bornholm.  Schenk’s species from China®, Angiopteris Richt-
hofend, is a closely allied species, and a similar form is recorded
from Jurassic and Caucasian strata® The microscopical c¢xami-
nation by Nathorst? of a group of spores from o synangium
of M. Muensteri shows that they resemble those of recent
Murattinceae,

From the Upper Triassic plant beds of Lunz, Stur has
included several species of ferns in the Maruttiac

ae, and of
these Krassor™ has recently published full diagnoses but nn-
fortunately without illustrations. In addition to Muarattiopsis
murantaced (Presl) the list includes species referred to Coui-
opteris, to Speirocarpus, a genus founded by Stur, to Oligocurpia.
Asterotheca, and Bernouillia (Heer).

As alveady pointed out, some at least of these Austrian ferns
are more probably Osmundaccous thdn Marattiaceous.

Danaeopsis Hughesi, Feistmantel.

The pinpate fronds described by Feistmantel® from the
Middle Gondwana rocks of India and recorded from Rhaetic
strata in South Africa®, China*, and Tonkin®, way belong to
a member of the Marattiaceae, but no fertile specimens have
been described. The close agreement between the sterile leaves
from India and South Africa and she fertile fronds of Marattiopsis
marantecea suggests generie dentity.

| Fontaine, in Ward (00) P!, 1. figa, 3—3. * Bartholin {92) P rx.
3 Moeller (02), * Schenk (83) A.

& Seward (074) PL 11, figs. 16—18. ¢ Nathorst (08). 7 Rrasser (09).
¥ Feistmantel (82) Pls. 1v.—x. ? Seward (03) p. 93,
0 Krasser (00) PL. 1. W Zeiller {08) Pl s
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The Upper Triassic ferns described by Heer, Krasser’, and
Leuthardt® as Bernowillio have been referred to the Marattiaceue,
but without trustworthy evidence in favour of this affinity.

The large leaves, 70 cm. long and 7 cm. broad, described by
Zignot from the Jurassic of Italy as Donaeites Heers, nre
probably Cycadean. The Polish Jurassic species Danaea weicro-
phylla? is a more satisfactory record.

Fic. 204. A, B. Nathorstia angustifolia, Heer. (After Heer. A, nat. size.)
C.D. Sorus af N. latifelia, Nath. (After Nathorst. C.x12;
D, x 45.)

. Nathorstio.

This name was instituted by Heer® for pieces of pinnate
fronds from Lower Cretaceous rocks of Greenfand. The re-
semblance of the long pinnules to the fertile segments of

1 Krasser (09) p. 21. 2 Leu;hurdt (04) Pls. xix. xx.
¥ Zigno (56) A. Pl xxv, + Raciborski (#4) A. Pl v1. ® Heer (501).
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Laccopterts is so close that generic identity might well be
assutned, but it has recently been shown by Nathorst' vhat
the soral characters justity Heer's use of a distinctive name
for the Arctic fern. The cirenlar son amranged in two rows
(fig. 294, A, B) are superficially identical with those of Lec-
copleris, but, consist of concrescent sporangin forming a cireular
synangium  (fig. 204, C, D) Dlike those of Kawlfussia and
Ptychucarpus. The lighter wrcas in fig. 294, D, represent the
sporangin: fig. C shows the raclial disposjtion of the numerous
sporangial compartinents round a central receptacle. From a
stout midrib lateral veins arise at right angles, but their distal
terminations are not preserved. It is probable, as Nuthorst
suggests, that Bayer's® species Drynariu fascia from the Lower
Cretaceous rocks of Bobemia shonld be referred to Heer's genus.
In the absence of well-preserced sori it would be cxceedingly
ditficult, or ever impussible, vo distinguish between pinnules of
Laccopteris and Nathorstic.

A Tertiary species, Murottia Hookert (fig. 261, C, p. 350),
described by Gardner and Ettingshausen® from the Eocene beds
of the Isle of Wight is referred by them to the Marattiace;
bucause of a resemblance of the sterile pinnae to those of
M. Kaulfussii; but this is insuffcient evidence of relationship.

ac

1 Nathorst (08). .
* Bayer (99). ¥ Garduoer and Ettingshausen (82) PL. x1t. figs, 1—7.



CHAPTER XXIII
Psaronieae.

Tirts family name. first suggested by Unger. may be con-
veniently adopted for the numerous species of petrified trec-
fern stems characteristic of the Lower Permian and Upper
Carboniferous strata. In his monograph Uber die Staarsteine
published in 1854, Stewzel' referred to the Psaronicae as a
special sub-division of the Filices most neatrly allied to the
Polypodiaceac. There is now a consensus of opinion in favour
of including Psaronius in the Marattiales, or at least of regarding
the genus as more closely allied to the Marattiaceae than to any
other family, While admitting that the balance of evidence is
in favour of this view, it is probably wiser to retain the dis-
tinctive term Psaronicae on the ground that species of Psuronius
differ in several respects from any recent ferns, and bucause
of our comparative ignorance in regard to the nature of the
fructitication.

Psaroiius.

This generic name was proposed by Cotta in his classic
work D/ Dendrolithen®. The sterus 3o naroed, formerly included
by Sprengel® in the genus Jndogenites, had long been familiar
as potrified fossils.  Most of the specimens described by the
carlier writers were obtained from Lower Permian rocks ia the
neighbourhood of Chemnitz, Saxony. The mottled appear-

! Stenzel (54) p. 403, # Cotte {32). 3 Bprengel {28).
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snce presented by their polished surfaces is sald to have
given rise to the appellation Staursteine (starling stones), a
term expressing n resemblance, more or less remote, to a
starling’s breast. It has been suggested that this word is a
corpuption of Stern Stefne or star stones’, a descriptive term
suggested by the stellate arrangement of the vascular strands
in transverse sections of the roots. Parkinson® in his Urguni
Rematus of o former World, speaks of these stems as starry

The history of our knowledge prior to 1854 is sum-
d by Stenzel. At first compared with corals or the
stems of sea-lilies, Psaronii were recognised by Sprengel, who

first used a lens in the examination of the fossils, as fern stems
most pearly allied to those of recent Cyatheaceae. By other
authors, c.g. Schlotheim and Sternberg, they were referred 1o
Palme, and by Brongniars considered to be the lower portions
of Lycopodiaceous (Lepidodendron) stems. Corda and nuany
subsequent authors selected the Marattiaceae as the most
closely allied family among existing plants.

Psuronius is represented by specimens ohtuined frow the
Lower Permian of Saxony and Upper Carboniferons rocks in
Central France, also from Bohemia, Brazil and North America.
As yet a few fragmeunts only have been found in the English
Coal-Measures.  The genus was recognised by Williamson* who
described the roots and a small piece of the vascular tissue of a
stem which he called P. Renaulti, and this type has since been
more fully deseribed by Scott®. The roots of another species
have been described by Butterworth® as P. Cromptonensis.

Tt was pointed out in the account of Lepidodendron that
several generic names have been used for the same type of
stem in different states of preservation: in Fsaronius accidents
of fossilisation have been responsible for a similar confusion 1w
nomenclature.  The pame Psaronius is applied to petrified
specimens which, as a rule, lack external features. Cuasts or
impressions of Palacozoic tree-fern stems provided with leaf-
scars are deservibed as species of Cuulopteris, Megaphyton, and
less coramonly as Ptychopteris (figs. 297—299). The frst name

1 Stenzel (34} p. 735. 2 Parkinson {11} A
3 Williamson (76). 4 Seott (08). v Butterworth (00).
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is applied o stems exhibiting spirally disposed leaf-scars like
those of revent tree-ferns; in Meguphyton the scars are dis-
tichously arranged, in two rows, while Ptychupteris is applied
to decorticated stems.  These terms are used for stems belonging
to one generic type and possessing the strueture of Psaronins
stems.

The researches of Grand'Bury! led to the discovery that
certain Psaronius stems bore fronds of the Pecupteris type
some of which bore sori of the dsterotheca or Scolecopteris type.
The same author? has also contributed many interesting facts,

Fia. 205, Psarenius stem with roots. {Much reduced. After Grand' Bury.)

obtaiped by ap examination of the relation of Psaronivs stems
to the sediments of French Coal-fields in which they occur,
in regard to habitat and manner of growth. The specimen
represented 1in fig. 295 shows a portion of a Puronius stem, the
upper part of which illustrates the Caulopteris state of preser-
vation, while the lower part is covered by a mass of roots. It
is probable, as Rudolph? suggests, that this rich development of
roots, which gives to an old Psaronius stew the appearance of an

' Grand'Eary (77) A. % GrandBury [77) A; (90) A.
A A
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elongated cone, may have served an important mechuanical
purpose analogous to the secondary thickening in a Dicotyledon
or a Conifer. A specimen of Psurongus Cotlai v the Hof
Musenm, Vienna, is eited in 1)ustration of the epormons breadth
of the root-system: the radii of the stem proper and of the
encasing cylinder of roots bear the ratio 17 to 165, The
comparatively frequent occurrence of 2 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-
toruical features of naay other Palaeozoic genera.

Psuronius may be briefly defined as follows:—

Tree-fern stems, occasiopally reaching a height of 50 feet or more,
closely resembling in habit recent tree ferns, but exlnbiting in the structure
and arrangement of the vascular system a close agreement with recent
Marattincene. Leaves, in such cases where a connexjon between fronds and
stems is known, Jarge and highly compound and of the Pecopterss type,
borne in more or less crowded spirals (Pxaronius polystichi), in four rows
“P. tetrastichi), or in two opposite rows (/. distich?). Leaves deciduous,
leaving a clearly defined oval scar containing the impression of the leaf-
trace in the form of an open U, or a closed oval with a swall inverted
V-shaped band a short distance below the upper end of the long axis of
the oval (figs. 297, 298): in Megaphyton the alternate scars of the two
opposite series are larger and characterised by a difierent form of meri-
stele.  The surface of the cortex below the leaf-scars occasionally shows
impressions of pits similar to the lenticeldike organs on recent Tree-fern
stems. The central region of the stem is oceupied by a complex system of
concentrically disposed steles (dictyosteles), which in transverse section
present the appearance of flat or curved bands varying in exwent and m
degree of curvature, The vascular bands consist of xylem surrounded by
a marrow zone of phloem; the xylem is composed either exclusively of
wacheae or of tracheae and parenchyma; the protoxylem o the one
instance in which it has been clearly recogmised is cudarch!, The steles
are embedded in parenchymatous tissue and in some species are associated
with roechapical tissue (e.g. P. infarctus, fig. 296, A, B). The central or
vascular region of the stem may be surrounded exteroally by a cylinder of
mechanical tissne interrupted by outgoing leaf-traces and adventitious
roots. The leaf-traces arise as single bundles from an internal stelar
band aud pursue an obliquely radial course towards the outside, even-
tunlly anastomosing with peripheral cauline steles, which in some species
form: with the leaf-traces the outermost zone of the vascular region.
The leaf-traces have the form of loops which pass into the petioles ay

! Seott (08) p. 302,



F1g. 206,

Psaronius infarctus (P, peripheral steles ; L, leaf-traces).
P. infarctus, longitndinal tangential section through the
peripheral region of the stem.
P. coalescens. S
FP. musacformis,
P. asterolithus (root).
(A—C, E, after Zeiller; D, after Suwnzel.)
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V-shaped meristeles or closed oval cylinders. As a leaf-trace passes out.
cotupensating strands occupy the foliar gap.

The vascular regiou is surrounded by a parenchymatous cortex, which
in younger plants, or in the apical region of an older plant, forms the
surface of the stem to which the leaf-stalks are attached. Frow the
peripheral steles, or from the raore external bands of the vaseular netwark,
roots are given off which pass in a sinuous vertical course through the
cortex, appearing on the surface between the leaf-bases. In older stems,
after leaf-fall, the tissue immediately external to the vascular region
produces secondary parenchyma with which the roots become intimately
associated by their outermost cells.  As a result of the secondary cor
development and the gradual in :in the pumber of roots invading
the cortical tissue from above, the stem is enclosed by a cylinder of roots
and associated parenchymatous tissue of secondary origin.  In still older
portions of a stem the more external roots are free from the stew-cortex
and forrw a thick felted mantle, which increases in thickness towards
the base of the tree.

The roots (fig. 296, E) are polyarch, 5—10 groups of xylem alternating
with strands of phloem, and similar in structure to those of recent species
of Marattic and Aungiopteris; the stele is enclosed Ly an inner cortex of
eompact or lacunar tissue coutaining secretory sacs, and this is surrounded
by a eylinder of mechanical tissne. In one or two instances secondary
xylem has been observed wholly or partially enclosing the root-stele!.

Our knowledge of the anatomy of Psaronius is based largely
on the investigations of Stenzel considerably extended by
Zeiller's more intensive studies and, mere recently, by the later
work of Stenzel® and that of Rudolph. A striking fact. which
has led to various suggestions, is thaf in a vransverse section of
a Psoarondus stem with ics encasing eylinder of roots o signs of
leaf-traces are met with in the root-region. 11 the roots simply
penetrated the cortex, as in some recent species of Lycopodium
(fig. 125, A) or as in Angiopteris, we should expect to find
leaf-traces in the outer region (root-cylinder) of Psaronius
stems. An explanation of the absence of leaf-traces which was
suggested by, Stenzel, is that the cortical zone forwed a
comparatively parrow band in the young leaf-covered stem ;
after leaf-fall it became the seat of active growth in its inner
layers and so produced a constantly widening zone of secondary
parenchymon, which pushed the superficial cortical tissue with

! Butterworth (00). Pelourde (08 has recently described the structure of
the roots of several species of Psaronius.
* Ntenzel (06).

LSRN 27
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the leaf-bases or leaf-scars farther out until it was exfoliated.
Farmer and Hill' find it difficult to accept this explanation; but,
as Rudolph shows, the radial arrangement of the cortical cells
between the adventitious roots and their elongation in a radisl
direction are argumnents in support of the secondary nature of
the cortica) zane. .
In scetions of the adventitivus ruots of Psoronius Renunlti
figured by Willtawson®, the spuces between the cvlindrieal roots
are partially occupied by col)-tilaments which, at first sight,
suggest root-hairs: It may well be, as Rudolph suggests, that
these felted hairs represent the outermost and looser part of
the growing secondary cortex which gradually passes into the

covering mass of free extra-cortical roots.

Ax Stenzel® has shown, slender svems of Zygupters (= An-
kyropteris) are occasivnally met with growing through the web
of Psaronius roots.

Psuronivs infurctus Unger. Tig. 296, A, B.

This species, which Zeiller® has investigated from scetions of
Tnger's material, illustrates a type in which the vascular tissue
is very richly developed and forms crowded concentric series of
cinrved plates associated. in the wore peripheral series, with
bands of mechanical tissuec The outermost part of the vascular
region consists of (i) a series of loops or variously curved bands
of conducting tissue representing Jeaf-traces at different stages
in their outward course, (11) a series of similar vascular strands
{peripheral steles of Zeiller) confined to the stem (cauline) and
from which roots are given off, and (ii1) bands of mechanical
tissue associated with the leaf-traces and peripheral steles.
“The peripheral steles (ig. 206, A, B, r) form anastomoses with
the leaf-traces and contribute to their formation,

The form of soine of the vascular bands in the section
of Psaroncus inforcius showp in fig. 206, A, ilustrates the
oceasional anastomosing of ope dictyostele with another: the

1 Farmer and Hill (02). 2 Willizmson (76) PL. 1m,
2 Brenzel (89) L. vi.
+ Zeiller (40) p. 204, Pls. xvi. xvar.; see nlso Rudolph (05},
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different deprees of looping of other bands represent stages
in the giving off of leaf-traces which eventually pass out
as V-shaped meristeles. Beyond the leaf-traces and scleren-
chymatous bands the section comsists of transverse sections of
adventitious roots.

“The surface-features of Psaronius infurctus are probably
represented, as Zeiller points out, by the cast described by
Lesquercus as Cawlopters peltigera (fig. 298, A).

Tic. 207, Pecopteris Sterzeli: a, pinnule. (Afier Renault and Zeiller. 2y vat.
size,)

The Psaronins shown in fig. 297 is one of the few examples
illustrating the connexion between fronds and stem. The leaf
(Pecopteris Sterzeli Zeill. and Ren.') is quadripinnate and is
described as reaching a length of at least 3 metres; the
ultimate segments are entire or lobed. The stem 1s charac-
terised by elliptical scars, 6—8 cm. x 35—4 cm., with leaf-
traces like those in Cuvlopteris peltigeru. The fronds of
Pecopteres Pluckeneti, a Pteridosperm, bear a very close

! Renault and Zeiller (88) A. Pls. v.—vmt,
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reserablance to those of P. Sterzeld, which are as vet koown
only in a sterile state,

Psarontns brasiliensis Unger, a species founded by Unger
on a piece of silicified stem acquired by Martivs in Brazil and
now in the Rie Moseum, is a good example of a tetrastichous
j Solms-Laubach® has recently told the history of this
type, which is represented by sections, cut from the Rio stem,
in several Europcan collections. & well-preserved section in

Slit’(il

the British Musenm s figured by Arber? in his catalogue
of the Glossopteris flora and by other authors. Scott gives
a concise description of the species in his Studies in Fossil
Botany*  The roots of P. brasibiensis arc stated by Pelourde?
to have a lacunar cortex.

Psaronius musacforumis Corda®. Fig. 296, D.

This species from the Lower Permian of Chemnitz and the
Coal-Measures of Bohemia atfords an example of the distichous
type in which the leaves are borne in two rows. The vascular
bands, as seen in a section of the dictyosteles, ocenr in regular
paralle) serivs. The stelar region is separated from the cylinder
of encasing roots by a sclerenchymatous sheath, broken at
intervals where roots pass out frem the vascular region.

Psarordus coulescens® (fig. 296, C) illustrates a somewhas
different arrangement of vasenlar tissue which approaches more
closely to the polyeyclic structure characteristic of such recent
ferns as Matoniu and Saccoloma. A still closer resemblance to
the solenostelic type is seen in Psaronius Renaulti from the
Lower Coal-Measures of England which Scott? describes as
characterised by a single annular stcle, interrupted only by
the exit of leat-traces. As he points out, it is noteworthy that
this species is distinguished by the simplest form of stele met
with in the genus; it is the oldest species and may be regarded

1 Salms-Laubach (04). 2 Arber (05} PL. vn.

4 Seou (08) fig. 118; Zeiller (90) p. 246, BL. sx1. fig. 1.

4 Pelourde (08%).  Btenzel (06) P vi.: Goeppert (64) A.; Stenzel (06).
8 Zeiller (30) Pl. xxm. 7 Beott {08) p. 301,
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as the most primitive representative of the geous Psaronius so
far discovered,

Psaronius stems preserved us costs showing swrface-fealures,
. or an a decorticuted stale.
1. Cuwlopteris.

This generic name was instituted by Lindley and Hutton?
for tree-fern stems from the English Coal
circular or oval sears arranged quincuncially. The vascular tissuc
of the petiole s represented Ly a U-shaped impression on the

Measures showing

F16. 298 A. Caulopteris peltigera.
B.  Hegaphyton insigne.
(After Grond'Eury.) Much reduced.

scar, the ends of the U being incurved, or by a closed oval ring
with a wide-open and inverted V near its upper end. The
surface between the leafiscars bears the Impression of adven-
titions roots. Caulopteris is represented, in the Upper Coal-
Measures of England, by . anglica® Kidst. The species
C. peltigera (fig. 298, A), originully deseribed by Brongniart as
Sigitlaria. illustrates the closed form of leaf-trace and, as Zeiller
suggests, it is the cast of u Psarunius ster which possessed
a vascular system on the same plan as that of P. ¥nfurctus.
C. Suportae® illustrates the open U-shaped type of petiole stele.

b Lindley and Hutlon (33) A. PL xuin. ¢ Ridston (48] PI xav,

¥ Renanlt and Zeiller (88) A. Pl xxsv. fig. G.
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Caulopteris peltigera has scars measuring 6-—9 by 4--6 om.;
16 occurs in the Comwmentry Coal-field of France in associa-
tion with the fronds known as Pecopleris cyathea, a species
which Kidston regards as identical with P. arborescens'.

W Megaphyton.

The first use of this name was by Artis®, who gave it to a long
flattened cast, Megaphyton frondosun, found in Carboniferous
strata in Yorkshire, characterised by swo vertical rows of large
scars and by impressions of stnuous roots.  Kidston records the
genus frors the Middle and Upper Coal-Measures of Britain.
A good example of this type of cast ix afforded by 3. MeZayl
Lesq.? frow the Coal-Measures of North America, which has
been recognised in European Carboniferous rocks. The leaf
scars are rounded or oval, broader than high; the vascular
impression has the form of a closed ring (5—8 x 3—6 cm.),
more or less cireular and with a tendency to a roctangular
outline, characterised by a deep inverted U-shaped sinus in the
middle of the lower surface and by a W-shaped hnprescion
of an internal strand (fig. 298, B)*

Wi Ptychopteris.

This geperic nawe. instituted by Corda?, is applied to
decorticated stems of Psarontus, the surface of which is that
of the vascular region on which the form of the leaf-scars is
more or less clearly defined, The scar-areas are limited by an
impression of the sclerenchymatous sheath enclosing the leaf-
meristele, and internal to thisis the impression of the leaf-trace.
In sorne specimens a layer of coaly material which represents
the carbonised cortex and adventitious roots covers the Ptycho-
pleris.cast.  The Ptychoplerss cast represented in fig. 299
shows the decorticated surface of part of a long stew on which
the leaf-sears are arranged as in Megaphyton. An exatmple of

! Kidston (86) A. p. 113, * Artis (25) A. Pl xx,
3 Lesquerenx (66) A.
¢ Repault and Zeiller (85) A. Pl. xv.; Grand'Eunry (30 A.

® Corda (45) A.; see also Grapd’Eury {90) A. ; Renavlt nnd Zeiller (38) A.
Pls. xzxvro.-——xL.



XXIL] PTYCHOPTERIS 423

Fro. 299. Ptyohopteris. § pat. size. From the Middie Coul-Meusures of |
Lancashire. (The Manchester Muscum.)
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Dtychopteris is figured by Fontaine and White' from Virginia as
Cenddopteris giganten.

Position of Psaronjus,

A comparison of Psaronius with the Maruttiaceae and other
recenty ferns leads to the conclusion that, on the whole, the
evidence is in favour of the view usually held, namely that
this genus is more closely related o the Marattiaceae than to
any other recent ferns. It is, however, important not to over-
look the differences between Psaronius and recent genera of
Marattiz
and the Cyathesceae. In habit Psaronius agrees closely with
recent tree-ferns: Jn the vasenlar system and in the sequence

e, or the rescmblances hetween the extinet genus

TG, 300, Dicksonie anturcteea (halfl of stem in tiansverse section): sf, stele;
¥, sclerenchyms.

of events conpected with the production of leaf-traces, there are
striking resemblances between Psaronius and the Cyatheaceous
fern Saccoloma adiantoides (= Dicksonia Plumieri Hook.) as
described by Mettenius®t.  The plece of stem of Dicksoni
antarctica represented in fig. 300 exhibits a fairly close agree-
ment with species of Psuronius; e.g. P.infarctus (fig. 296, A, B).
Moreover, the peripheral steles, which Zeiller has shown are
confined to the stem and play an imaportant part ip the pro-
duction of the roots aud in the anastomoses with leaf-traces,

1 Fontaine and White (80) Pl,\xx:n'l.; Zeiller (20) EL. x1v.
# Mettenius {65); Tansley (08) p. 85.
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are not represented in any Marattiaceous fern; on the other
hand, they are comparable with the accessory strands met with
10 stems of recent Cyatheaceons tree-ferns! (cf. fig. 240). The
complex system of concentric dictyosteles is a feature more closely
ntatched in dngiopteris (Marattiaceae) than in anv Cyathe-
aceous genns, the chief difference being in the more band-ike
form of the steles in Psaronius, though in a stern of Adugiopterss
figured by Mettenius we see a close approach o the extinct
type. The position of the protoxylem has unfortunately not
been clearly defined in Psarauins stems, but in P. Renqulti it
is stated by Scott? to be endarch, a position which some of the
protoxylem strands occupy in dngiopteris®.  The occurrence of
large sieve-tubes described by Scott in P. Renoultii is another
feature sharcd by recent Marattiaccae. In many of the conti-
nental species of Psarondus the phloem has not been preserved,
and our knowledge of this tissue is comparatively meagre. In
the Marattiaceac the roots arise mainly from the inner portions

of the stele, while in FPsaromius they are usually formed trom
the external vascular bands. The formation of secondary cortical
tissue is a peculiarity of Psaronius; on the other hand, if
Butterworth® is correes in referring to that genus the roots
with secondary xvlem, which he describes as 2. Cromptonensis,
4 comparison way be made with she occurrence of secondary
tracheae in the stem steles of Angiopteris”.

The absence of mechanical sissue in the stem of A agiopteris
is in congrast with its occurrence in the fossil stems and in
revent tree-ferns; but this is a character of secondory impor-
tance and one which can be readily explained by the ditference
in habit between Angiopteris and Psaronivs.

The roots of Psarondus, more especially as regards the stelar
struciure, are in close agreement with those of Marattiaceue.

The refercnce to Marattiaceae of the great majority of fertile
fern-like fronds from Permiau and Carboniferous rocks con-
stituted a strong o priore argument in favour of including
Psaronius stems in the same family, especially when it was
known that leaves with Marattiaceous synangia were borne by

i odolph (03)- * Seout, D. H. {08). s Shove (00).
+ Botterworth (00}, 5 Farwer and Hill (02).
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species of this geuus. It is, however, well to remember the
change in our views as to the dumninance of Marattiacene in
Palacozoic floras consequent on the discovery of the Pterido-
sperips. The associavion of fronds bearing Asterotheca and
Scolecopteris types of fructification with Psaronius sterns recorded
by Grand'Bury ! is a point in favour of the Marattiaceous affinity
of this extinct genus, but it 1s not impossible that Psorowius
stews bore fronds which produced Pteridosperm organs of re-
produrtion.  Tn this connexion the specimen representcd in
figr. 297 is of interest, as the froods (Pecopteris Sterzeli) horne
on the Psarcnivs stems are bardly distinguishable fron the
seed-bearing leaves known as Peropteris Pluckeneti.

The position of Psaronius may be best expressed by assigning
it to a separate family, the Psaronieae, as advocated by Stenzel,
and by regarding it as one of the many instances of a generalised
type which in the suin of iis characters approaches most nearly
to vthe Marattiaceae.

' Grand'Eury {77) A, p. 98,



CHAPTER XXIV.
Ophioglossales (Fossil).

THE fossils hitherto classed with the Ophioglossales are not
such as afford any satisfactory evidence in regard to the past
history or phylageny of the group.  In she generalised elass of
Palaeozoic ferns, the Botryopterideae, we find certain characters
suggesting comparison with tecent members of the Ophioglos-

Frc. 301, Rhacopteris sp., Bellycastle, Ireland. From a specimen in the
Manchester Museam. [M.S.]

sacene, but no trustworthy records of these eusporangiate ferns
are furnished by the older plant-bearing strata.

The genus Rhacopteris (fig. 301), characteristic of the Culm
flora, has been compared with Botrychium, but on grounds which
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are wholly inadequate. The species R. paniculifera Sturt is
characterised by a stout rachis bearing two rows of laterally
attached rhomboidal or subtriangnlar segments with a more or
less deeply lobed margin and spreading veins. The rachis
branches distally into two arms, and these are again symme-
trically subdivided into fortile axes bearing clusters of swall
spherical bodies I moi. broad, which Stur speaks of as ¢x-
annulate sporangia similar to those of Botryckivm. He includes
the species in the Ophioglossaceae.  As Zeiller® pertinently
remarks, Rhacopteris differs essentially in habit from any recent
member of this family. Rhacopterdis also includes species charac-
terised by leaflets deeply dissceted into lncar segments: an

example of this form is represented by Rhucopteris flubellota
{Tate) recorded by Kidston® from rocks of Caleifirnns Sand-
stone age in Flintshire,

The specimen described by Renault® from the Carbopiferous
rocks of Antun as Uploglussites antigua is equally unconvineing :
it consists of a carbonised fragment., 7 em. x 1'5 em., regarded as
part of a fertile lamina characterised by a vertical series of
transversely elongated slits, 7 wn. wide, some of which, on
s of small ornnge-

slight magnification, are seen to confain a mi
yellow granulations. The slits are compared with the surface-
openings of the sunken <porangia of Ophioglusswn, and the
yellow Dodies arc identified as spores. The material is too
imperfect to justify the use of the name Oplivglossites.

Noeggerathia.

This genus of uncertain position may be briefly deseribed
bere, thongh it has Jittle claim to recognition as a represen-
tative of the Oplioglossales. Tt is characterissic of Lower
Carboniferous rocks and js compared by Stur® with recent
Ophioglossaceac.  Noeggerathia foliosa Sternb. (fig. 302) may
be cited as a typical example of the genus. It consists of an
' Stor (75) A. Pl vur. ¥ Zeiller (00) p, 55.

3 Kidston (89%), P'ls. 1. 11, For other figeres of Rhuropleris sce also Stur
(75) A.

4 Renault (96) A. p. 30, P1. Lysxu. figs. 7—9.
& Stur (75) A.
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axis bearing ovatg lenves with numerous spreading veios. The
upper part of the axis forms a spike composed of fertjle leaves
in the forw of transversely oval bracts 2 cm. broad with a serrate

Fic. 802. Noeggerathia folioza. (After Stur; A, reduced.)
B, Fertile leaf; C, Sporangium.

edge bearing on the upper face several sporangia (3 » 4 rum.) in
some of which spores have beeo seen (fig. 302, B, C). In
another form described by Weiss® the bracts bear a greater

1 Weiss, C. B, (79).
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number of sporangia characterised by the presence of an arillus-
like basal ring.

Geinivz!, who firss deseribed fertile specimens of Noeggera-
thiu.placed the genus in the Gymnosperms, and O. Feistmantel®
was 1n favour of this view. C. Feistmantel?, who described
the small bodies in the sporangia, suggested comparison with
Schizaeaceac, and Weiss® discussed various possibilities, asking
but wot answering the question. are the so-called sporangia

F16. 803, Chiropteris Zeilleri, Sew. [From a specimen in the British Mnseum
(v.3268), Nat. size.]

rightly so named or are they fruits?  Potonié® places the
genus in the Cycadofilices.  An iwportant feature is the
occurrence of the sporangia on the upper face of the bracts
as in Lycopodiales and Sphenoplyllum, but in other respects
Noeggeruathic bears no resemblance to these two groups. Sterile
examples of the genus arc similar in habit to Ehacopterss, but
in the latter genus the leaves or leaflets are faterally attached
and not obliquely inserted. Further, we may assume that in

! Solms-Laubach (91) A. p. 141, * O. Feistmante) (75).
# C. Feistmantel (79). 4 C. L. Weisk (79). & Potonié (39) p. 167.
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Riwcopter's the segments are leaflets of a compound leaf,
whereas in Noeggerathia they are probably single leaves. We
must leave the position of this Lower Carboniferous genus
undecided, merely expressing the opinion that it 1s perbaps
more pearly allied 1o the Cycads than to any other group.

The plant figured by Lindley and Hutton from the English
Coal-Measures as Nveggerotiiu fabellata, which some authors
quate as a specics of Noeggerathic, is generally recognised as
a Psygmophyllon and placed with some hesitation in the
Ginkgoales.

Chirupleris.

This genus was founded by Kurr on a leaf characterised
by anastomosing venation from Kenper beds near Stuttgart.
A resemblance in form and venation to the leaves of
vecent species of Uplivglosswn led authors to suggest the
inclusion of Kurr's specimen in the Ophioglossaceae. We
have, however, no justification for considering Cliropteris as a
member of this family; it way be a fern, and that is all that
can be said. The Jeaf represented in fig. 303 is the type-
specimen of a South  African  Rhaetic species Chiropterss
Zeiller'.  'The genus is recorded also from Rhaetic rocks in
Queensland.?

Newberry® describes some leaves from the Lower Cretaceous
of Montana as species of Chiropteris: one of his types,
C. spatulata, is almost certainly a Sagenopteris, similar to
S. Plillipst (figs. 327, 32b) or 8. Mantelli, A second species,
C. Williuwmsti, is prabably not generically identical with the
specinen represented in fig. 303.

1 Seward (03) p. 63,

* Carruthers (72%) PL xxvui. fig. 5; Seward (03) p. 62.
¥ Newberry (91) PL xiv.



CHAPTER XXYV.

. { 1 Botryoptereae.
Coenopterideae. ( I Zygoptereas.

TrE term Botryopterideac, first used by Renault, has been
applied to a group of Palacozvic ferns ranging from the Lower
Carboniferaus o the Permian and containing several genera,
the distinguishing features of which are supplied by the
anatowcal structure of the stews ar, in many cases, by that
of the petiolar vascular strand.  Scott! subdivides the Botryo-
pterideae into the Botryopteris and the Zygopteris scetions, In
an admirable nionograph recently published by Paul Bertrand?
congiderable changes are proposed in current nomenclature ; he
substitutes the name Inversicatensales for Botryopterideac, n
designation, which as Seott remarks, is © probably too technical
to command general acceptance.” A more serious criticism is
that the name Inversicatenales has reference to a character
(the inverse cnrvature of the leaf-trace in relation to the axis
of the stem) which is by no means universal in the group®.

In the following account, necessarily incomplete, the generic
terminology of Bervrand is adopted, but this decision does not
carry with it any obligation to accept the name Inversicatenales.
We raay speak of the types of Pulacozoic ferns dealt with in
the following pages as members of o group differing in many
respects from any existing genern of the Iilicales, and ex-
hibiting the characteristics associated with geperalised plants.
Williamson, as early as 1883, spoke of Renault’s Botryopte-

! D. H. Scot (08). 2 P, Bextrand (09). S Scott (094).
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rideae as comprising “altogether extinct and generalised ”
types’. For these generalised Palaeoroie ferns I prapose to usc
the nawe Coenopterideae®. This terni may be adopted in a
wider sense than Revault's name Botryopterideae. The name
Primofilices proposed by Arber® might be cinployed, but the
iniplicution which it camies is an arguiient against its
adoptivn.  We have not yet reached a stage in the investi-
gation of cxtinet types at which we are able to recognise
what are scfually primary or primitive ferns, The search for
origins will coutinue: as new discoveries are made our point
of view shifts und the primitive type of to-day may to-morrow

have to take a higher place.  The epithet primitive or primary
is in reality provisional: to adopt such a name as Primo-
filices suggests a finality which has not been, or js likely to
be, achieved. The true ancestral type—the Urform—which
we strive to discover eludes the pursuer like a will-o'-ghe-wisp.

Seeing that the number of true ferns of Palacozoic age has
been recently considerably reduced and is Lkely to suffer further
reduction, the consideration of such undoubted Carbuniferous
and Pormian csamples of the Filicales as are left acquires a
special nnportance, Yo the first place it is natural to ask
whether the Palacozoie ferns include any types which, if not
themsilves ancestral forns, may serve to jndicate the probable
lines of evolution of existing families. It ix probable that in
the near future our knowledge of the Coenopteridene will be
considerably extended; as yet we possess meagre information
in regard to those characters on which most stress has generally
been laid in the classification of recent ferns, namely the
structure of the spore-bearing organs. The sporangia of
Diplolabis and Stauropteris (figs. 309, A: :
in the former genus they occur io sori or synangia copsisting
of a small number of sporangia, while in the latter they are
borne singly at the tips of ultimate ramifications of a highly

22} are exannulate;

! Williamson (83 A, p. 478. ,
3 yawés—Lat. communis, common or general, 1 am indebted to my friend
Mr L. H. G. Greenwaod, Fellow of Emmanuel College, for supplying me with
1 Ame to express the idea of the generalized nuture of these Pulaeozoic ferns.
& Arber (06).

5 Il i
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compound leaf. The resemblance of the synangium of Diplo-
labis to that of Kuulfussia (fg. 245, C) is nos shared in ao
equal degree by the sporangia of Stawropteris, which are in
sowe respects comparable with those of the Ophioglossaceae.
In the Zygoptercac, ot ab least in the case of such fertile fronds
as are known, and in Botryopteris (fig. 319), the sporangia occut
in groups, and the pedicel of each sporangium is supplied with
vasenlar tissue as in Helminthostachys. Another characteristic
of the sporangia of the extinct types is the possession of an
annulus several cells in breadth, o peculiarity which supphes a
point of contact with the Osmundaceae. In the sporangia of
Kidstonia we have a similar though not an identical tvpe (fig. 256,
E, p.340).  So far, then, as the evidence afforded by spormngial
characters is concerncd,
Ophioglossaceae, the Osmundaceae, and the Marattiaceae.
When we compare the steles of the stems we find a wide
range of structure.  All the genera agree in being wonostelic;
in Tublcanlis and Grammatopteris the protoxylen is exarch,

it points fo comwparison with the

in Botryopterds it s internal, while the foliar suund of
Stauropterts and the stele of Ankyropteris corruguta are
mesarch.  The axillary branching of spucies of Ankyropterts
suggests comparison with the Hymenophyllaceac.

The investigation of the vascular system of the petioles has
afforded results which in the hands of P. Bertrand have led to
conclusions in regard to inter-relationships. We must, however,
not overlovk the danger of attributing an exe
fo fhis single ecriterion and of neglecting rhe facts of stem

sive mmportance
anatomy.

I. Botryoptereae.
Granmumotopteris.

Rénaulb instituted this genus for pem-iﬁed stems from the
Permo-Carbaniferous beds of Autun.  Grammotopteris Rigollotd!,
the type-species, s represented by a fragroent, 12-—15 mm, io
diameter, surrounded by crowded petioles characterised by a
vascular strand in the form of a short and comparatively broad

1 Raepault (96} A. p. 40, Pls. xax. xxxr. Sec also Tansley (08) fig. 2, p. 13,
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plate with the smallest tchene at each end.  The solid xylem
of the stem stele (protostele) has peripheral groups of proto-
xylem. Nothing is known as to the form of the leaves, but
sporangia similar to those of Etapteris (Zygopteris) were found
in aswociation with the stem. Tt is possible. as P. Bertrand
siggests, that Renanle's species may be the stem of a
Pubicaulis.

Tubwuulis.
Tubicaulis svlenites (Sprengel)!.  Fig. 304,

This species from the Lower Permian ot Saxony has been fully
desceribed by Stenzel?. Tt is characterised by a very slender
erect stem bearing numerons spirally disposed leaves associated
with adventitious roots: the single stele (protostele) consists
exclusively of tracheae, deseribed as intermediate hetween the
scalariformy and reticulate type, surrounded by phloem. Leaf-
traces are given off from the periphery of the stele where groups

Fio. 304. Tubicawliz solenites, (From Tausley, after Stenzel.) Stem rand
petioles: the Iatter numbered in the order of their age.

of smaller elements accur; these have the form of a wide-open
U-shaped strand with the base of the U facing the axis of the
stem. As the trace passes out towards the leaves, the ends of
the U become more or less incurved.  The stew is said to reach
U Cotta (32) p. 15. * Btenzel (8¥) Pls. 1. u.
28-—2
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imetre In length and to bear compound frends a metre Jong.
The orientation of the leaf-trace with its concavity turned
outwards is in striking contrast to the relation between lcaf-
trace and stem in recent ferns.

Pubicanlis Sutcliffii, Stopes!.

In this species the vascular axis, 2 mum. jn diameter, is
alwost eylindrical and of vhe protostelic type with the proto-
xylem “near to or at the edge ": the tracheae are scalariform
or reticulate.  The leaf-traces, whar first separated from the
cdge of the stele, are oval and gradually assume the curved
form seen in 1. solenites (fig. 304) with the convex side towards
the axis of the stem.  The transition fimm the sealariform to
the reticulate type of pitting on the tracheal walls referred to
by Miss Stopes has also been noticed in some recent ferns
te.g. Helminthostachys) and w Sigilwra (fig. 200, C, p
The fact that the sealariform type of pitting is practically
aniversal in the xylem of recent ferns, wonld secm to show

that this character has been acquired in the course of evolution
and retained in preference to the reticulate form characteristic
of several Palaeozoic species.  The distinction between the two
mmethods of pitting is une of little phylogenetic importance,

Botryopteris.

This genus, founded by Renauli on a specimen from Aatun.
is represented in the Lower Coal-Messures of England by
Botryapteris hirsula (= Rackiopteres hirsate Will.), B ramose
(= & ramose W3 (fig. 306) and B. cylindrica (hig. 303), also
by B. antigue (fig. 307) from the Culm of Pettycnr, Scotland,

An important characteristie of the genns is the solid stele
of the stem which agrees with that of Tubicanlis and Graw-
matbopteris, vheept in the central or peripheral position of the
smallest trachene.

I Stopes (06).

? Williamson (89) A. p. 162, The term Lachiopteris was adopted by
Williamson for petrfied petioles from the Conl-Measvres which he beheved
1o be filicinean. ’
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Botryopteris forensis Renaultl,  Tigs. 309, B: 318, D—G.
The stemn of this species from the Upper Carboniferons of
St Etienne is 17 v, % 75 mm. in dameter.  The solid stele
consists of reticulate tracheae with the smallest elements on
the outer edge.  The comparatively broad cortex of the type-
specimen is traversed by a leaf-trace in an almost vertica)
course and by vase

ar strands passing horizuntally to roots.
The petioles are circular in scetion and their vasenlar strand
has the form of an @ In transverse section (fig. 319. (i), the
three projecting arms pointing to the axis of the steni.  Both
stem and leaves bore large multicellular hairs, spoken of by
Renanlt as equisetiformi because of the finely toothed sheaths
of which they are composed.  The cotapound frands had fleshy
lobed pinnules with dichotomouslv liranched veins (fig. 309, By:
stomata are said to be confined to the upper surface, an
observation which leads Renawlt to deseribe the plant as
aguatic on evidence which is hardly convineing.

The pyriform and pedicellate sporangia are borne in groups
of twu to six on the ultimate divisions of the frond: the
wall 1z composed of two lavers of cells and on one side of the
sporangium is an aunnius several cells in breadth (fig. 319,
D, F). An interesting type of sporangium deseribed by Oliver?
from CGrand’Croix in France may,
Botryopteris furensis; the differences between Repanlt’s and
Oliver's specimens being the result of the more perfect preser-
vation of the tissues in the latter. The sporangium described
by the English author is eircular in section and measures

as he suggests, belong to

065 x 053 s, ¢ the wall is in part composed of a single layer

of cells and in part of two o three layers, a character recalling
the “annulate " sporangua of Botryopteris.  Between the spore-
mass and the wall is an interrupted ring of short tracheal
elements similar to the xylem-mantle which ocours at the
periphery of the nucellus of certain Palaeozoic gymnospermous
seeds. In the absence of proof of a conmexion between this
spovangium aud  Botryopleris It 15 convenient to nse the
genevie name Lracheotheca subsequently proposed by Oliver.

! Renanlt { B6) AL p. 47, PLoxxxae,

2 Qliver (U2). < Oliver (04} p. 393 (footnote).
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In the recent ferns Helminthostachys and Botrychium, and, as
Oljiver notices, in the microsporangin of the Australian Cycad
Bowenia spectubilis, vascular strands extend almost to the
sporogenous tissue, but the fossil sporangium is unique in
having a tracheal layer in immediate contact with the spores.
These xylemn elements may, as Oliver suggests, have served the
purpese of conveying water to the ripening spores.

Botryopteris hirsuta (Wil

This English species has a slender axis beaving numerous
leaves with petioles equal 1n diameter to the stem. The surface
of the vegetative organs bears large multicellular hairs. The
leaf-traces resemble those of &1, forensts, but, the projecting tecth
which termipate in protoxylem elements are less prominent
than in the French species; the petioles were named by Felix
Racliopteris tridentata®  As a leaf-trace passes into the stole
of the stem the three protoxylem strands unite and take up an
internal position in the solid stele. The stele may, therefore,
be deseribed as endarch.  The small tracheae ab the edge of
the stele supply the xylem strands of adventitious routs.

Sporangia similar 1o those of B. forensis have been found in
association with the English species.

Botryupteris cylindrica (WiIH.). Fig. 305

A plant originally deseribed by Williamson® from the Lower
Coul-Measures of England as Ruchiopleris cylindrica (fig. 305)
and afterwards more fully dealt with by Hick¢, has a slender
stem with a cylindrical stele characterised by well-defined
central protoxylem elements in one or two groups. The leaf-
traces are semi-lunar in section with the protoxylem on the
flatter side.  The stele of Botryopteris cylindrica (fig. 305, A)
is Lnore‘c:ylindrical in section than thut of B. ramosa (fg. 306)
and shows more clearlv the differentiation into smaller central
and farger peripheral vracheae. In the section reproduced in
fig. 305, B the stele is giving off a branch almost identical in

' Seott, D. H, (08). . * Telix (86) A.
3 Williamson (78) A. p. 351, ¢ Hick (46).
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structure with the main vascular axis.  Scott?, in referring to
the inclusion of this tvpe in the genus Butryopteris, expresses
the opinion that its habit must have been very ditfevent from

Fio. 305. Rotryopteris eylindrica (x30),  From sections 1w the Cawbridge
Botuny Scheol.
! Seott (0%).
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that of other species. and he suggests the institntion of a new

genus,

Botryopteris ramose (Williamson). Tig. 300.

This species, which bears a close resemblance ta Botryapteris
hivsuta, was originally described by Williamson from the Lower
Coal-Measures of England as Ruchiopleris ramosa®, the specific
vame being chosen on acconnt of the numerous and vrowded
branches given off’ from the wain axis.  The section shown in
fig. 306, A, illustrates Williamson’s deseription of the stem as
Leing “always surrounded [when seen in transversc sections]
Dy a swarm of simjlar sections of the Jurge and small branches,
though of varying shapes and sizes.”  The stele is composed of
a solid and more or less evhindvical rod of xylem tracheae of
the reticulate type surrounded by ph]nr;rn (ﬁg%, A and D)y: one
or miore internal groups of smaller protoxylem elements oceur
m an approximately central position (fig. A, pr). The stele is
in fact endarch like those of Seluginellu spinesa and Tricho-
munes vewiforme, a feature which, as Tansley* helieves, probably
entitles the vascular axis to be considered a primitive forn of
protostele.  In the specimens represented in fig. 304 the phloem
and Inner cortical tissues were almost completely destroyed
hefore petrifaction.  The thick-walled outer cortex bears at its
periphery nwerous multicellular hairs.  Some of the xvlem
strands given off frum the stele no doubt supplied adventitious
raots, but in most cas e leaf-traces
and the numerous sections of axes of differc
fig. A point to a repeated subdivision of the crowded fronds.
The structure of a petiole is shown in figs. C and D.  As scen
in fig. C, the oval vascular strand has three protoxylem groups,
pe, i its Hatter side; a well-defined epidermal layer is shown
at e in fig. C.

Fig. B shows at @ a section of a leaf-axis in the act of
branching and the row of branchlets at & represents a further

s the outgoing branches :

nt sizes seen iu

T Williamson {913 A. p. 261, The two species described by Willinmson
as Rachiopteris hirsuta and 2. ramosa were first identified ax Botryopteris by
Seott in 1898 (Britisk Assoc. Licport, Bristo]l Meeting, p 1050).

2 Tansley (08) p. 15,
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stage in subdivifion. At sp in fig. 4 the section has cut
through a single sporangium characterized by a gronp of larger
{(“annulus”) cells on one side of the wall.

Botryopteris yamose; stewm ond {rond axes. (4 =71 Bx13;

Fre. 306, A—D,
tions in the Cambridge Botany

Cx26; Dx13. From s
Collection.) pz, pratoxylem: sp, sporangivm ; e, epidermis,

This slender fern with its numerous repeatedly branched
leaves wmay perhaps have lived epiphytically on more robust

plants.
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Butryopteris antigue, Kidst. Fig. 307 "

This species, recently deseribed by Ridston® from the Culm
of Pettvewr neay Burntisland, is represented by sections of a
small stem with a cylindrical stele 0040 wm. in diameter com-
posed entirely of sealariform tracheae without any recognisalile
protaxylein.  The petioles are larger than the stem; the
meristele (Ag. 307) is oval with protoxylem eleinents on the
slightly more rounded adaxial face.  As Kidston saggests, this

Fie. 307, Bofryupteris antigna: Petiolar vascularstrand. {After Ridston: = 65.)

steut may belong Lo » serambling plant which required support
to bear its relatively large leaves. An interesting feature is
the absence of projecting teeth in the leaf-trace, » character in
marked contrast to the o form assumer by the petioles of
Botrgopteris forensis (fig. 319,-G) and & hirsuta,  This lends
Kidston to suggest that the vascular strand of the petiole
tends “to become maure simple...as traced back in geological
wne”” The greater similarity in this species between the stile

! Kdston {08).
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of the stewn and that of the petiole is probably another mark
of a more primitive type.

In these three types. Grammatopleris, Tubicondis, and Botryo-
pteris, we have monestelic plants, for the most: part. of very small
size, with leaf-traces varying in shape from the ublong band-forin
in Gremmatopteris, and the oval forro of Botryopteris antigua, to
the w type represented in its nost pronounced forin by B. forensis.
In several species the stem stele is endarch. Our knowledge
of the leaves is very meagre: in B. forensis they were repeatedly
branched aud apparently bore small fleshy pinnules: the spo-
rangia, though differing from those of recent ferns, may le
compared with the spore-capsules of Osmundaceae as regards
the structure of the annulus. The abundance of hairs on the
stems and leaves of some species, the tracheal sheath in the
spomngium described by Oliver' as Tracheothecu (=Botryopteris”),

and the apparent absence of a large well-developed lamina,
may perhaps be regarded as evidence of xeruphilous conditions.

II. Zygoptereae.

Corda® proposed the generic name Zygopteris for petrified
petioles from the Perroiun of Saxeny, jocluded by Costa in his
genus Tubicaulis, which he named T primarius. Corda’s genus
has been generally used for petioles of Palaeozoic ferns charac-
terised by a vascular strand having the forn of an H in
transverse so

tion (fig. 308, D). Since the generic nane was
instituted. information has been obtained in regard to the
nature of the stems which bhove some af the petioles of the
Zygopteris type ; and for other species of Zygupteris, the stems
of which are still unkoown, new generic names have leen
proposed.  P. Bertrand® retains Zygupteris for one species only,
Z. primaria. Fig. 305, D, shows the character of the p(—\riolar
vascular strand: the chief poiuts are the comparatively long
cross-pieces (antennae of P. Bertrand) inchoed at av augle of
45° to the plane of symwetry of the petiole as

s, and the groups

1 Oliver (02). ¢ Cordu (45) A.: see also Stenzel (80) p. 26,
¢ P. Bertrand (0Y) pp. 186, 212,
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of protoxylem cJements shown by the white' patches in fig. D.
In this as in other members of the Zygoptere:
of the Jeaf

- the main rachis
gives off forr sets of branches In pairs alternately

L N

E G - 3

Fio. 808, A, Clepsydrapsix antiqua.
B. FEtapteris Scotti.
Q. Diplolabis forensis.
D, Zygopteris primaria,
E—G. Stauropteris vldhamin,

The white patches in the xylem in figs. B—G mark the position of

protoxylém elements,

(A, after Unger; B-—G, ufter P. Bextrand.)

from the right and left side of the primary vascular axis. Thi
method of branching of the stele in the primary rachis o
several members of the Coenopteridene shows that the frond
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bore pinnae laterally disposed, in some cases in one row and in
others 1o two rows un cach side of the rachis.  In a typical fern
frond, as represented by recent and most fossi species, branching

Fig. 304. A, Diplolabis forensis.
B. DBotryopteris forensis.
C. D, Corynepteris coralloides.
L. Schizopteris (Etapteris) pinnata.
(4, B, after Repeult; C, D. after Zeiller; E, after Renault and Zeiller.)
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of the rachis occurs in the plane of the frand, that is in the
plane represented by the horizontal arm of xylem in Zygopteris
primaria connecting the two antennae or cross-pieces. In the
Zygoptercae the branches from the petiole vascular axis lie in
a plape at right angles to that of the frond; they lie in the
transverse and not in the horizontal plane.  The two strahds
shown in fig. 308, B, 4, have been formed by the division of a
sjngle strand, 3, in the transverse plane (Le. in the plane of the
paper). Tanslex! points out, a type of branching super-
ficially similar to, thongh not identical with this, is seen in
some recent species of Gleichenin and Lygodivm.  In this
connexion it is worthy of note that a fern figured by Unger
from Thuringia as Sphenopieris pefilute Goepp * bears pinnae
i two rows on the rachis which arc characterised by repeated

branching and by a very marrow lawina or by sleader paked
axes: the ocerrence of this form of frond in rocks con-
taining Clepsydropsis antiqua (fig. 308, A) suggests a possible
connexion between the perrified rachis and the hmpressions of

the Jeaves,

The vascalar strand of the rachis of Zygopteris primario
(fig. 308, D) is simpler than that of wmost of the Zygoptereae
and exhibits a close reserablance to the type of strand deseribed
by Renauly as Diplolabis (.ﬁg. 308, C).

Diplolabis.

institured this genus for two species from the
Culo beds and Coal-Measures of France based on the sfructure
of the peticles. The sfems are unknown. The main rachis
has a stele similar to that of Zygopteris primario, but dis-
tinguished by Jts greater similavity, o trabsverse section, to
an X rather than to the lettor H: the long transverse bar in
Zygopteris is here much reduced in size. The petiole of
Diiplolalas forensis Ren. (hg. 308, C) has a diameter of

} Taoxley (08) p. 22. * Unger and Richter (56) Pl vi. fig. 18,

# Tenault (36] A. p. 1L,

+ The Diplolabis type of strand is very aimilar in the form of the metaxylem
to the conducting strand of a loteral vein n Scolopendrium officinarum [ef.
Pelonrde (09) fig. 3, p. 117).
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1'3—2cm. From the wotennae o pair of small bundles is
given off alternately from the right and left side, as in
Zygopterts . the members of each pair coalesce after leaving
the antennae and then separate to pass into the lateral
branches of the frond. The position of the protexslern and
the formation of the late

xylem stmnds previous to their
separation are shown in fig. 308, C.  On the side of the
vascular strand shown in fig. C. 2, the two lateral extensions
of the antennae are converging towards one another previous
to their separation nnd subsequent unjon. The ovoid sporangia
oceur in groups of three to six and are coalescent below with a
central receptacle: thev have no annulus, but the cells on the
side next the receptacle ave smaller than those an the external
wall (fig. 809, A). The synangial form of the sorus suggests
comparison with Marattiaceae.

The species deseribed by, Renault from the Culm of Bspost
is regarded by P. Bertrand as identical with that deseribed by
Solms, from the Cuhu of Falkenberg, as Zygopteris Roemeri.
Diplolabs is compared by P. Bervtrand with Metaclepsydropsis,
the generic nanc given to the Lower Carboniferous petiole
described hy Williamson as Rachiopteris duplex®.

My Gordon has recently deseribed in a preliminary note a
new e of stem stele under the name Zygopteris pettyearonsis
from the Lower Carhoniferous plant bed of Pettycur®: be regurds
the pvtinl\—-s attached to the stem as identical with Zygopteris
Rueweri Sulms-Laubach®. This species, founded by Solms-
Laubach on petivles only, is placed by Bertrand® in the genus
Diplolalis and regarded as identical with D. esnostensis Ren.
The stele found by Mr Gordon may therefore be assigned to the
genus Diplolabis: it includes two regions composed exclusively
of tracheae and is eylindrical in transverse section.  The inner

xylem zone consists of short, square-ended, reticulately pitted
elements and the outer zone is composed of long and pointed
conducting trachcae. The scalariform protusylem clewents are

1 Qalmss-Luubnch {(92). * Willinmson (74) A. Pls. uiv. Ly,

3 Gordon (09). Mr Gordon's more complete account af this plant will
shortly be published. I am indebted to him for furnishing me with the
main facte in regard to the snatomical features,

4 Sohws-Loubzch (92) PL n. fig. 13, 5 Bertrand, T. (09) p. 211,
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situated between the two metaxylem zones. As Mr Gordon
E this type of siem oceupies a position ~ in the Zygopteroid
alliance ™ corresponding to that which Thamnopteris Schlech-
tendalit (p. 329) oceupies in the Osmundaceous series. The
discovery of this stem supplies another Jink between the two
fern groups, Osmundacene and Cocnopteridene.  Pelourde! has
described an imperfectly prescrved vascular strand from a
locality near Autun as the type of a new genus Flicheiu esnostensts.
Mr Gordon has pointed out to me that this is a partially rotted
pctiu]v of Diplolubis esnustensis (= Zygupteris Roenwers),

In their recent account of fossil Osmundaceous gencra, Kid-
ston and Gwynne-Vaughan® speak of the central pavenchyma of
the existing medullated stele as being durived from tracheal
tissue. They add that if the Zygopteroid line of descent is at
all cluse to the Osmundaccous, we must be prepared for the
existence of a Zygopleris with a solid xvlem like fhot of
Thamnopterdis: “such a discovery, in fact, we hopefully antici-
pate®”  The new Petryeur stems amply justifies this prophecy.
Tt is noteworthy that Mr Gordon's stem affords an iustance of
imilar inoits eylindrical form

the oceurrence of a type of stele,
and it the absence of parenchyma to that of Butryopterds, in a
plant bearing leaves charucterised by the Zygopteris type of

vasculur strand.

Metaclepsydropsis duplec (WiIlL) fig. 310, A% [= Bachiopterds
duplex, Williamson 1874 dsterochloenn (Clepsydropsis)
duplex, Stenzel 1888, Clepsydropsds, Renault 1896.]

The vaseular axis of the main axis of the frond is charac-
terised by the hour-gluss shape of the xylems which consists
entirely of tracheae, inost of which arc reticulately pitted. In
a transverse section (fig. 310, A) the twa ends of the stele are
dissimilar; at one end of the long axis is a small buy of thin-
walled tissue (phloein) enclosed by a narrow band of xylem, and

i Pelourde (049).

2 Kidston and Gwynne-Vaughan (06) p. 230. 8 [bid, (09) p. 654,

+ A Culm species Rachiopteris aphyllus {Unger) is clasely nllied to Meto-
clepsydropsis duplex. [See Solms-Laubacl {96) p. 30.]
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at the other the day is open and has two protoxylem groups.
The latter represents the earliest stage in the production of
secondary bundles: at a later stage the bay is closed by the
elongation of the edges, the enclosed group of phloews is
vertically estended, and the protoxylem strands are more
widely separated.  The curved band of xylem becomes de-
tached as a curved arc and divides inte two (fig 310, A). In
a single section of this species one often sees several strands of
xylem enclosed n a common cortex with the main vascular
axis; these arc the xylem bundles of lateral pimnae. Meta-
clepsydropsis dupler shows the method of branching of the
petiole vascular axis which has already been noticed in Diplo-
lubis and Zygopteris. In reference to this feature, Williamson
wrote in 1872—+T know of no recent fern in which the secondary

branches of the petiole are thus given off in pairs, which pairs
are distichously wrranged on the primary axis, and each of
which secondary petioles sustains ternary ones arranged dis-
tichous] By slightly altering the primary stele of this type
of frond, by narrowing of the eonstricted porsion of the hour-
glass and extending the lateral groups of xylem obliquely
upwards, the forms of stele shown in fig. 310, A, would be
converted into the Diplolabis type (fig. 308, O).

Clepsydropsis.

Unger! instituted this genus as o subdivision of Corda’s
family Rbaciopterideae?, the name having referemce to the
hour-glaxs form of the vascular axis®  The type-species
C. antiyun (fig. 308, A) Is spoken of as the commonest fossil
plant in the Devoniau rocks of Thuringia. In some sections
tbe xvlem has the form seen in fig. 308, A, in which an
i,uvag{n:xtion of thin-walled tissue occurs at each end;
other sections (fig. 308, A') the bays become islands in the
xylem. Solms-Laubach speaks of Unger's species as Rachio-
pteris (Clepsydropsis) antiqua. P. Bertrand®, who has recently
described Tinger's plapt, while recognising that C. untiqua and

1 Unger end Richter (30) p. 165. ¥ Corda (43) A. p. 83,

3 Kheyidpu, water-cloch. + P. Bertrand (09) p. 127,

B IL . 29
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Metaclepsydropsis duplex closely resemble cme another, draws
attention to certain differences in the structure of the xylem
which he regards as sufficient to justify a generic separation.
The leaf-traces of Clepsydropsis are described by Bertrand as
alniost circular closed rings of xylem instead of an arc as io
Metaclepsydropsis.

Fic. 810, A. Metaclepsydrops
B, C. Stauropteris oldhamia.
D.  Ankyropteris scandens.
TA, from a section in Dr Kidston’s Collection (Lower Carboniferous): B, C, from
zections in the Cambridge Botany School; D, after Stenzel.]

Aunkyropterts.

Stenzel adopted this nawe for a subdivision of Corda’s genus
Zygopteris, applylng it to a species described by Renault as
Z. Brongwiorti, o a Perroinn species described by himself as
Z. (dnkyropteris) scandens, and to Z. Lacatted Ren.; Rachio-
pteris Graye Will. and Rachiopterds corrugata Will. are also
included in this genus. The characters emphasised by Stenzz]!

! Stenzol (89) p. 25,
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are () the double anchor-like form of the H-shaped petiole
strand i which the latera) arms (antennae) ave curved like the
fukes of an anchor, and (i1) the emission of {our rows of branches
instead of two.  The latter distinguishing feature no longer
h_olds good, as Z. primaria also gives off four rows of bundles
and not two as Stenzel supposed. P, Bertrand has adopted
Stenzel's genus in a narrower scnsel,

Fro. 81L  Ankyropteris Grayi. Stele. (From a section in Dr Kidston’s

Collection, x 18.)

Ankyropteris scandens Stenzel®.  Fig. 310, D.

This Lower Permina species js very similar to or perhaps
jdentical with Ankyropteris Grayi (Wilkamson). The stem of

1 Dr Scott points out to me that recent observations, which have not vet
been published, both by Dr Kidston and himsclf show that Bertrand's
terminology requires modification, There are many points to be cleared up
before we can hope Lo obtain a satisfactory claswification of the Zygoptereac.

¢ Stenzel (89) p. 31, Pls. vio v,

29—2
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A. scandens was found in association witlf the roots of a
Psarenius stem evidently petrified o= sitw as it burrowed,
like Dmesipteris, tropical aroids, and other recens plants, armong
the living roots of the tree-fern. The stem, I¢—I1 nm.
in diameter, bore fronds with an H-shaped vascular strand,
small scale-leaves, and adventitious roots. The stele consists
of a five-ungled cvlinder of scalariform tracheac surrounding an
axial strand of parenchyma containing scattered tracheae of
smaller diameter. This axial tissue extends as a narrow strip
into each of the short and ohtusely truneated wrms (< fig. 311).
A striking feature is the production of a shoot in the axil of the
folinge-leaves (fig. 310, D), a manuver of branching characteristic
of Lrichomanes (sec page 3G5).

Ankyropteris Groyr (Will). Fig. 311

es, Williamson wrote—* That no

In deseribing this speci
sification of these fussil ferns based solely upon fransverse
sections of the petiolar bundles is or can be of much value, is
clearly shown when tested amongst those living ferns the
classification of which is chiefly based upon the sporangial
reproductive organs'.”  This is a view entirely opposed to that
which inspires P. Bertrand's recent monograph. Whether the
valne attached to the vaseular structure of petioles as a basis
of classification is upheld or not, it is noteworthy that since
Williamson expressed his opinion, our knowledge of the anatormy
of ferns and of the value of anatomical evidence has coormously
increased.  The slender stem? of this Lower Coal-3easures
species agrees closely with that of 4. scandens; it bore spirally
disposed fronds, scale-leaves, and roots. The stele has the form
of an irregular five-rayed star (fig. 311) in which the relative
Jength of the arms varies in different sections owing to the
separation of the distal ends to form leaf-traces. The axial
region is composed of parenchyma and associated narrow
srachene, as in A. scandens. The xylem, with protoxylem
elernents at the ends and especially at the angles of the arms,
is completely surrounded by phloem. The cortex consists

! Williamson (89) A. p. 158, ¢ fbid. ; wee also Scott (08).
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internally of pargnchyma which becomes thicker-walled towards
the periphery and bears multicellular epidermal hairs. A leaf-
trace is detacbed in the form of a triangular strand and is
formed by the tangential extension of the distal end of an arm
of the stele. The trace, on its way through the cortex, divides
ifto two; the outer branch gradually changes from a slightly
curved band to an H-shaped meristele; the inner branch,
which supplied an axillary shoot, is similar to the stele of the

px s

C

Fi6. 312, A. Thamnopteris Schlechtendalii.  Leaf-trace: pr, protoxylem;
x, island of parenchymn. (After Kidsten and Gwynae-
Vaughan.)
B.  Aukyropteris corrugata, Single trachea with tyloses.
C. A bibractensis, Part of foliar strand. (After P. Bertrand,)

stem, bub smaller.  Scott! has recently recorded the accurrence
of scale-leaves (aphlebiae) in this species like those deseribed by
Stenzel in A. scandens.

Bertrand includes in dnkyropteris Renault’s species Zy-
gopteris bibractensis® and Williamson's species Eachiopteris
corrugate’: the former he names 4. ebractensis var. west-

¥ Seost (07) p. 180, 2 Repault (69); Williawson (74) A. p. 697,
s Williamson (77) Pls. v.—v1u.
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phaliensis. The fossil described by Williamson s R. irregularis
or inaequalis! are the secondary branches of 4. bidructensis.

Ankyropteris bibructensis, var. westphaliensis. Figs 312, C: 313,

The rachis stele of this species, which is represented by
portions of fronds only, has the form of a double anchor
(Hig. 313): the autennae are continued at the outer edge of
their distal ends tuto a parrow band (¢ filament ™ of P. Bertrand)
(fig. 312, C. apnd 313, «) composed of smaller tracheae and
separated from the xylem of the antennae by a strip of thin-
walled tissue (phloem 7). A group of protoxylem occurs at the

Fia. 313. Jdnkyropteris bibractensis: 5, stigmarisn rootlet; a. parrow loop of
xylem. (Cambridge Botany Schoal; « 6).

junction of the filament and antennae. The whole of the xylem
is surrcunded by phlocr.

The section reproduced in fig. 313 shows the charactenstic
form -of the petiolar vascular axis, consisting of a horizontal
band of metaxylern with groups of much smaller tracheae on
both the upper and lower margins. At the junction between
the antennae, curved like the flukes of an anchor, and the
horizontal band of xylem, the latter is only one trachea In
breadth. The narrow loops of smaller xylem elements are

! Willismaon (89) A. Pl vur fig. 28,
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shown on the outer edge, a (fig. 313), of the antennae separated
from the ares of Jarger tracheae hy a dark line which represeuts
a crushed band of delicate tissue. The spaces enclosed by the
incurved antennae are largely occupied by parenchymatous
ground-tissue. The cylinder of outer cortex consists internally of
c(;mpnmti\'e]y thin-walled parenchyma succeeded externally by
a zone of dark and thicker-walled cells charncterised by a fairly
regular arrangement in radial series, as if formed by a sccondary
meristem ; there is, however, no indication of a meristematic
layer. Below the suall-colled epidennis are a fow layers of
thinner-walled cells which are not arranged in radial series.
The structure of the outer part of the cortex is similar to that
in the petiole of recent species of Angiopteris (fig. 243, p. 310)
and Marattic, in which a more delicate hypoderm is suceeeded
by a band of mechanical tissue,

The rachis of this type of frond gives off two rows of lateral
branches from the vascular axis, the plane of symmetrv being
at right angles to the primary vachis. Each pinna bore at its
base two aphlebiae supplied with vascular strands from the
leaf-traces.

We have no certain information in regard to the sporangia
of this species, but Scott points out thar “ pear-shaped sporangia,
with a very broad and extensive annulus, are commonly found
assaciated with Zygopteris bibractensis and Z. corrvgate in the
petrifactions of the English Lower Coal-Measures!.

Ankyropteris corvugata (Will).  Figs. 312, B: 314—317.

The stem of this type of Zygoptereae was described by
Williamson from the Lower Cual-Measures of Lancashire as
Rachiopteris corrugata and iuchuded by him in the sub-group
Anachoropteroides.  The stele (fig. 314, B) is oval in transverse
saction; it consists of a evlinder of xylem tracheae enclosing a
central region accupied by parenchymatous tissue and scattered
narrow scalariform tracheae. 'The central tissue extends radially
in the form of narrew arms which reach almost to the outer
edge of the tracheal tissue and divide it up into 5—7 groups.

' Scott {08) p. 322.
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A cylinder of shin-walled tissue encloses the xylem and in this
occur groups of large sieve-tubes (fig. 314, D, Sy).

In a section of this species in the Williamson Collection®
the long axis of the stele has a length of 5 mm. and the
diameter of the stem as a whole is 25 em.  The greater pars
of the extra-stelar tissue consists of lavge parenchymatous cefls
passing near the periphery into a band of darker and thicker-
walled tissue.

Renifori vascular strands traverse the cortex in an obliquely
ascending course on their way to the leaves, also smalier bundles,
some of which are given off directly from the stele, while others
are branches of the petiole vascular strands.  The petioles
deseribed by Williamson as Rachiopteris insignis® were after-
wards recognised by him as those of Aunkyropteris corrugata,
though this copelusion was not published.  Williamson's
species R dnsignis must ot be confused with Unger’s Culm
species Arctopodium vusigne, which Solms-Laubach* refers to as
Rachiopteris insignis.  The leaf-bundle of A nkyropteris corru-
gato is at first remiform Ju contour (fiy. 314, C, P), but as it
becotnes free from the stern 1t gradually assnmes the H-shaped
forus (figs. 315—317).  This petiolar strand differs from that of
dukyropteris bibractensis (fig. 313) in the shorter and less
strongly curved antennae ; and, as Williamson first noticed, the
tracheac are hequently flled with thin-walled parenchyma
(fig. 312, B). The existence of scale-leaves or uphlebiac like
those of Ankyropterts scandens and 4. Gruyd has been recorded
by Scott in A. corrugata®,

The section represented in fig. 314, C, shows the relatively
small size of the stele S in the stem of Ankyropteris corrugata.
The main mass of the cortex consists of uniform parenchyma
passing near the surface into darker and stronger tissue: two
vasculap bundles are shown in the cortex, one of which forms
the conducting strand of a petiole, I°, which has nearly freed
itself from the stem: the othér bundle, us shown by the
examination of a series of sections, eventually passes into

i No. 243
4 Willismson (80) A. p. 507. > Scott (06).
¢ Solms-Laubach (96). * 4 Seott, D. H. {06) p. 519.
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another leaf-stalln A root of another plant has invaded the
cortex at R, fig. 314, C.

The form and structure of the stele is disgrammatically
represented in fig. 314, B. The outer portion (black) consists

R, intruded root; P, petiole; S, stele, Sv

Fr1e. 814. dukyropteris corrugata,
sieve-tubes.
4, B. TFrom a section in the University College Collection,

C. After Williamson.
D. Frowm a section in the Williamson Collection {British Museum).

of a cylinder of scalariform tracheae in which the position o

groups of swmaller elements (protoxylen) is shown by the whive
patches.  The xylem is thus seen to be mesarch. The promi.
nent group of xylem on the lower right-hand side of the section
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consists of trachene, cut across in aw oblique direction, which are
about to pass out as a separate strand.  The centre of the stele
15 oceupied by parenchymatous tissue in which are included
scattered tracheae, either singly or in small groups. These
medullary tracheae are rather narrower than thase of the main
sylera evlinder. A characterisiic feature is the radial outward
extension into the xylem of the medullary parenchyma, which
tends partially to divide the tracheal eylinder into broad groups.

T1o. 815.  Ankyropteris corrugale {(Will). Petiolar vascular strand. (Froma
section in the University College (London) Coliection ; after Tansley
x85.)

Fig. 314, A, enlarged from fig. B, «, shows the mesarch
position of & protoxylem group, and a few of the parenchyma-
tous cells of one of the narrow arms of the axial tissue. At
Sv in fig. D a group of Jarge sieve-tubes is seen separated from
the xylem by a few parenchymatous cells, and beyond the
sieve-tubes are some tangentially elongated cells. Both the
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sicve-tubes, Sy, and the flattened cells resemble tissues in a
corresponding position in the steles of modern Osmundaceae.

In a section of Ankyropteris corrugufa in the Willlamson
Collection the radial arrangement of the more external meta-
xylem elements suggests the addition of secondary tracheae®.
This suggestion of secondary thickening. a point which requires
much more thorough investigation, is interesting in relation to
a new type of stem named by Scott Botrychiozylon®, but not
yet fully deseribed.  This generic name has been given to

Fia. 816. Ankyropteris corsugata. Petiole. k. narrow xylem loop; &, spaces
in cortex. From a section in the Camliridge Botany School Collec-
tion. (x10.)

a stem stele which closely reseinbles that of Ankyropteris cor-
rugata except in the regnlar radial arrangement of the peripheral
xylem elements. The name Batrychiorylon was chosen by Scott,
because of the secondary xylem charvacteristic of the recent
genus Botrycliwm (fig. 247, p. 322).

In the petiolar vascular strand represented in fig. 315 the
narrow band of tracheae which forms a loop external to the
antennae is clearly seen, also the swall-celled parenchyma
between the loops and the larger metaxylem elements of the

1 British Museuwn, sechoun No. 245, CI. figures by Willinmson and Bertrand :
Williameon (77) P1. v. fig. 19; Bertrand, P. (09} PL. xur. fiy. 87,

s Beott (07) p. 182; (06§ p. 318,
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anteonae.  The crushed tissue lying on the puter face of each
of the loops probably represonts the phloem and pericycle: the
thin-walled elements above and below the horizontal band of
metaxylem are probably sieve-tubes.

Tlig. 816 shows a transverse section of a petiole of this
specics: the loaps, a, of small tracheae are seen bending round
the outer edge of the antennae. The inper and more delicate
cortical tissue is partially preserved and spaces, b, have been
formed in if as the result of contraction previous to petrifaction.

Fro. 317, Aukyropteris corrugata. ¥rom a section in the Cambridge Botapy
School Collection. (9.}

In the petiole represented in fig. 317 the tracheae of the
horizontal band are considerably crushed; the section is, how-
ever, of interest because of the presence of Lyginodendron
raots, , in the space originally cecupied by the inner cortex.

In a paper on the tyloses of Rachiopteris corrugata, Weiss!
draw= attention to the fact that similar inclusions bave not
been found in the tracheae of recent ferns. The occurrence of
thin-walled parenchymatous cells in the large tracheae of
Anleyropteris corrugate petioles and of other species is a
striking feature. Williamson® compared these cells with the
tyloses in the vessels of recent fHowering plants, and in a later
paper® he suggested that the included cclls may belong to
saprophytic or parasitic fungi. It is, as Weiss points out,

1 Weiss, F. E. (06). * Willismson (77). 4 Williamson (88) A.
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difficult to explath the oceurrence of tyloses in tracheae not
immediately in contact with living parenchyma. It may be
that the pits in the tracheae of Ankgropteris were open spaces
as 10 the xylem of recent ferns described by Gwvnne-Vaughan,
aud if so this would facilitate the invasion of the conducting
elements by prowing cells, A comparison js made by Weiss
between certwin cell-groups found by him in the tracheae of
Ankyropteris and by Miss Jordan' in the vessels of the re-
cent dicotyledon Cucwints sutiva. In a move recent paper on
tyloses Miss McNicol? expresses the opinion that pseudo-
parenchyma in the fracheac of the fossil petioles owes its origin
to fungal hyphae,

Williamson compared the petiole bundles of Aukyrepterds
corregata with those of recent Osmiundaceae, a comparison
based on the structure of che leaf~trace before fts separation
from the stem and its assumption of the H-form. It s
noteworthy. however, ghat this comparison has acquired o
greater significance as the result of recent work. The stele
of dadyropteris bears a fairly close resemblance to that of
Zalesskya described by Kidston and Gwynone-Vaughan: in
both types the sylem is represented by two kinds of tracheal
tissue. In the Permian Osmundaceous genus the centre of
the stele consists of short storage trachewls, while in duky-
ropterds we may regard the central parenchyma and scattered
tracheae as derivatives of the solid xylem core of sume ancestral
type. Moreover, the appearance and arrangement of the phioem
and the tangentially elongated clements external to it (fg. 314)
remind one of the extra-xylein zone in recent Osmundaceae,
That the Osmundacese and Zygoptereae are closely related
groups theve can be little doubt: of this affinity and conunon
origin® dnkyrupteris corrugata affords striking evidence.

The difference between the steles of Ankyropterss Gruyi
and A. scandens (figs. 310, D; 311) and that of Aukyrupteris
corrugata 1s cumpamtively small. In the (wo former species
the cylindrical form has become stellate owing to the radial
extension of tbe xylem arms. It may bLe that this more
elaborute style of vascular construction is connected with the

1 Tavdow (ORY 2 MeNieol (081, * Gwvooe-Veushan (09,



462 COENOPTERIDEAE [ca.

climbing habit of A. scundens and possibly A. Gragi. The
radial extension of the xylem and the copsequent alternation of
the vielding parenchymatous cortex and the more rigid tracheal
arms would probably render the water-conducting elements less
liable to injury in a twisting axis® In Awochoropteris De-
crtisnii?, described by Repaunlt, and more especially in Astero-
chlaena lava® Stenzel, a Lower Pemmian type from Saxony
(fig. 324), the xylem of the stele is much more deeply lobed
than o dwkyropteris Grayi or A. scandens.

Fra. 318, Etapteris Scowti, P, Bert.  {From Luosley, after Rennult.)

Etapterts Scottr.  Figs. 308, B; 309, T; 318.

P. Bertrand has proposcd this nwine for a species of petiole
from the Lower Coal-Measures of England referred by Binney*
to Zygopteris Lacattic Ren., and iucluded by Williamson® in
his comprebensive genns Ruchiopteris.  Bertrand® regards the
English species, which s vecorded also from Gerroany’, as
distinet from Renault’s type® and thercfore proposes a new
name.  The petiole stele has the H-form, but its structure
is simpler than that of the Aukyropteris petiole.

The horizontal band of sylem bas at cach end two oval
groups of tracheae cornected with it hy a single row of xylem

! Compare figures of the vascolar cylinders of climbing Dicotyledons given
by Schenck (93).

“ For & figure of the stele see Tansley (08) p. 25, fig. 20,

# Stenzel (89) Pls. nr and 1v.

# Binney (72). * Williamson (74) A. ¢ Bertrand, P. (09).

7 Felix (86) A. * Rensult (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 anc side of
the stcle coalesce and then separate to pass into two pinnae.
Fig. 308, B, shows four stages in the giving-off of the secondary
branches. This species, therefore, produces four rows of branches
in"alternate pairs from the right and left sides of the petiole.

The first stage is shown at 0, 0, fig. 308, B; the two
projecting groups of protoxylem mark the points of departure
of a pair of small strands. At 1, the projections are 1ore
prominent, and at 2 a pair of strands has become detached : at
a later stage, 3, these two strands unite to divide later (4) into
two slightly curved bundles.

Our knowledge of the fructification of Etapterss is based on
Renault's account of sporangia, which he regarded as belonging
to Zygopterds (Elapteris) Lacattii. They have the form of

Fie. 319. A—C. Sporangia of Etapteris (7).
D—G. Botryopteris forensis. (After Rennult,)

elongated slightly curved sacs (25 x 13 mm.) borne in clusters
(fig. 319, A—C) on slender ramifications of the fertile frond,
which is characterised by the absence of a lamina.  Each
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sporangium has a pedicel, and three to eight sporangia are
attached to a common peduncle; the walls of the sporangia are
at least two cell-layers in thickness and the annulus consists of
a band of thick-walled cells passing from the crest down each
side (figs. B and C), thus differing from the sporangta of Notriyu-
pteris (fig. 319, D, ) in which the broad annulus is confined {0
one side.

It is practically certain that the fronds described by
Grand'’Eury! as Schizopteris pinnato (fig. 309, E) and Schizo-
stachys frondosus represent respectively the sterile and fertile

Fig. 320, Stauropteris oldhamia. (Afser Tansley. From a section in Dr Scott’s
Collection.  x 60.)
leaves of Etapteris. Zeiller® gives expression to this by substi-
tuting the generic name Zygopteris for Schizopteris, and we may
now speak of the leaves as Hiupteris. Dr White® has referred
to a mew genus, Briltsie, some impressions of pinpate fronds
from’ the - Coal-Measnres of Missouri which, as he points out,
bear a close resemblance to Schizopteris pinnate Grand Eury
(fig. 309, E). No sporangia have been found; it is, however,
probable that Brittsia problematica represents fragments of

1 Grand'Bury (77) A. PL xvin. R % Ronanlt and Zeiller (88) A.
© White (99) p. 97.
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leaf borne by a plant closely allied to Etapteris (Zygopteris).
The broad rachis bears erowded pinnae given off at a wide
angle: the small pivuules are rather deeply lobed or pin-
patifid (3—10 wm. long by 1'5—5 mm. broad). The lamiua

is traversed by hrregularly lobed and oc

sionally anastomosing
vetns.  In the fertile pinnae the segments have no lanina bue
bear bundles of pedicellate sporangia.

It should be noticed that the sporangia described by
Renanlt and by other authors as those of Zygopteris (fig.
319, A—C) have pot beer found in organic continuity with
a frond showinga well-preserved vascular strand. It is, however,
certain that this characteristi
branched and slender pedicels, was produced on fronds with

ic annulate sporangium, borne on

a much reduced lamina belonging to soue species of the
Zygoptereac, Llupler's and probably also dnkyropleris.

Stonropterts.

This genus was instituted by Binney for petioles from the
Lower Coal-Measures of Oldham (Lanc:

Stawropteris oldhamia Binney' is characterised by a stele
(figs. 308, E—G; 310, C; 320: 321) composed of four groups
of xylem which Bertrand regards as homologous with the
antennac of Diplolabis, Ankyropteris, and Etapterds, the hori-
zontal cross-piece of these genera being absent in Stowropteris.
Williamson spoke of this species as “one of the most beautiful
and also one of the most perplexing of the plants of the Coal-
Meusures ” 3 he discussed its possible affinity with both Lycopods
and ferns, deciding in favonr of the latter group®  In transverse
section the petiolar vascular axis is approximately square, the
xylen groups forming the ends of the diagenals: the tracheal

groups are separated by phloem and the centre of the stele in
the primary achis is also ocenpied by that tissue, which is
connected by four narrow srrips with the external phloem. The
structure of the petiolar vasenlar axis is very elearly shown in
the drawing by Mrs Tansley reproduced in fig. 320, Proto-

! Binpey (72); Williamsen (74) A, p. (S5,
2 Williamson (74) A. p. 685,
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xvlem elements occur close to the surface of cach of the four
arins of the xylem the bays between the two lateral and the
m gronps contain large sieve-tubes. Portions of

two lower x
the jnuer cortex are seen in places abutting on the small-celled

pericychic tissue.

The right nod left halves of the stele are not absolutely
identical (fig. 320; fig. 308, E); this is due to the fact that
secondary branches are given off in four rows, two alternately
frova the right and left sides. The preparation for the departure
of the lateral strands alters the configuration of the stelar xylem
groups.  The protoxylem groups are not external but separated
from the surface by one or two luyers of metaxylem, In fig. 308, E,
the oceuwrrence of two protoxylem strands in the right-hand
groups of metaxylem marks an early stage ip the detachunent
e the result of division

of branches.  These two protoxylems
of single protoxylem strands like those in the left-hand half of
the stele. At a Jater stage the petiolar stele assumes the forra
shown in fig. 308 F. and two small bundles are detached to supply
aphlebiae : this is followed by the stage shown i fig. G, where
two four-armed strands are passing out to a pair of branches of
the leaf axis. The separation of these two meristeles leaves
the right-hand half of the stele in the condition seen on the
left-hand side of fig. K. The diagrammatic sketch represcented
in fig. 310, C, shows one pair of branches in organic conpesion
with the rachis, and each of these arms contains an obliquely
cut vascular strand like those in fig. 308 G.

The cortex consists for the most part ol fairly thick-walled
parenchyma (fig. 321) which in the hypoedermal region is replaced
by a zone of thin-walled lacunar tissue. A few stomata have
Leen recugnised in the epidermis’. The lower left-hand branch
seen in fig. 810, C, has been shaved by the cutting wheel so
that the aerenchymatous tissue, /, is shown in surface-view: a
portion of this tissue is enlarged in fig. €. The same delicate
chlorophyllous tissue forms & folded and shrivelled layer with
an uneven margin on the surface of the rachis and lateral
branches. This hypha-like tissue, which was discovered by

! Bertrund, P, {09) P1. vi. fig. 48,
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Scott! and figared by Bertrand® doubtiess rcpresents the
much reduced lamina of the highly compound leaves: it may
be compared with the green outer cortex of Psilofum shoots
and with the lucupar tissue in the capsule of the common
moss, Funario hygrometrica.

The rachis reproduced in fig. %21 is suronnded by an
enormous number of scetions, somie trapsverse, others more or
5. Fig. 310, B, shows
ved vaseular axis of a branch of a lower order thun

less vertical, of Lranchlets of various
the three-r

=

Fre. 321, Sicuropteris oldhamia: a, seetions of pinnae. (x10. From o
section in the Cambridge Botany School Coll,)
thase seen in fig. G, and the single vascular strands of still finer
ramifications of the leal. The extraordinary abundance of axes
of different sizes, many of which are cut in the plane of
branching, in close association with the machises of Stauropterds
affords a striking demonstration of the extent to which the sub-
division of the frond was carvied in a small space. The Jeaves

wust have presented the appearance of a feathery plexus of
delicate grecu branchlets devoid of a Juina, some of which
bore terminal sporangia. It may be that the delicate fronds
were borne on a slender rhizome which lived epiphytically in a
moist wtmwsphere on the stouter stems of a supporting plant.

! Seott (05%) p. 115, * Bertrand, P. (09) PL. vi1.

AW



468 COENOPTERIDEAE {ca.

The sporangia® of Stauropterss oldha nia are exannulate and
nearly spherical, with a wall of marce than a single row of cells;
thev occur at the tips of slender and doubtless pendulous
branchlets.  The discovery by Seott? of germinating spores
(fig. 325) in a sporangiun of this type supplies an interesting
piece of evidence in favour of the fern nature of these repro-
ductive organs, Sunilar germinating spores have been deseribed
by Boodle? in sporangia of Tudec.

Fia. 822, Sporangin of Stewropteris oldhemie. St stowiam : p. palisade
tissue. (From Tansley, sfter D. H. Scott, from a drawing by
Mrs D. H. Scott.)

Stauropters burntislandica.

This Lower Carboniferous plant identified by Williamson
with the Oldham plant from the Lower Conl-Messures is
referred by Bertrand to a distinct species. In the structure
of the rachis stele it agrees closely with Stourapteris vldhe i ;
the main vascular strand gives off four rows of branches, two
from each side, and aphlebiae were present ot the common

L Seott (04} (05%). 2 Scoit (06%). 3 Boodle (08).
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base of each pair of pinnae,  Mrs Scott! who has recently
described the sporangia of this species, speaks of onc specimen
in which germinating spores were found. The same author
gives an account of some curlous spindle-shaped bodies which
she fonnd in association with S. burntislundica.  The nature
S these organs is uncertain: Mrs Scott inclines to regard
them as glands borne in pairs on lateral pedicels of the
frond: she adaopts for these the name Bensoniles fusiforucs
proposed by L Scott.  If there is a reasonable probahilits, as
there certainly seems to be, in favour of connecting these organs
with Stauropterds, it Is legitimate to question the des

ubllity
of adding to the loug list of names jncluded in the group
Coenopterideac,

Fic, 24, Germmating spores from n sporangrnnn of Stawropteris.  (From
Tansley, after D. H. Scoit.)

Corynepterss.  Fig. 309, C, D

This genus was founded by Bailv® on fragmenis of o fern
from Carboniferous rocks in County Limerick, Ircland, charac-
terised by a pecnliar type of fructification which he named
Corynepterss stellata.  More complete examples of the same
genus bave heen deseribed by Zeiller® from the Coal-field of

b Seoft, R, (08) PL xsxiv, figs, I, 2.
 Baily (60) PL xx5. copiwn, & club or mace. 3 Zeiller (83}
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Valenciennes.  The sporangia are large, ovoid,-and sessile; the
annulus (fig. 309, D) has the form of a complete vertical band
several cells jo breadth: five 1o ten sporangia are gronped
round a receptacle.  Zeller describes two species as Spieno-
preris (Corynepteris) corullpides Guib. and S. (Corynepteris)
Essinghat And.; in both the fronds are quadripivnate and bear
aphlebiae at the base of the pinnae. The former species is
recorded by Kidsgon® from the South Wales Coal-ficld, A
single pinnule of C. coralloides is shown in fig. 309, ¢, Potonié®
refers this frond to his genus Alloiopteris: the portion of a
. 3534 G shows the characteristic modified

pinna represented in
pinnule next the rachis.  Zeiller draws attention to the occur-
vence of two parallel lines on the mehis of a speciwen of
Corguepteris corallordes which he figur and suggests that
these iy indicate the existence of an H-shaped formn of
and 4 nlyropteres.  The

v

vascular strand like that of FLtupto.
sorus of Corgrepteris is comparable with that of the Marattia-
ceae, buf the broad annulus is a difference which suggests
uffinity to Etapteris.  The sorus is similar to that in Diplolabis
(fig. 309, A), but in that genus the sporangia are exannulate,

The vascular axis in the stems of different members of the
Coenopterideac assumes a variety of types. In Butryopteris
autigua the xylem forms a solid protostele in which no proto-
xyvlem strands have been recognised; in other specics, e.g.
B. ramosa, the eylindrical stele is similar to that of Tricho-
awuves radicans (Hymenophyllaceac) in the more or less central
position of the protoxylemn  In Bubryopteris  forensis the
protostele is said to De exarch.  The probability is that the
central Botryoptords type is the cudarch protostule, a form of
voscularaxis which may be regarded as primitive. The leaf-traces
of the Lower Carboniferous Botryopteris antiqua are simple
aval strapds differing but slightly from the cylindrical stele
of the stem.  In the Upper Carboniferous British specics the
petiolar vascular strand has become more specialised and
farther vemoved from that of the stem; in B. forensis the

1 Kidstou (). ¢ Potoni¢ (02) p 492, 4 Zeiller (88) A Pl x.
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distinction between leafl and stem steles is still more pronounced.
It is perhaps legitimate to regarl these types as representing
an ascending series, the more primutive of which are distin-
guished by the greater similarity between leat and stem,
organs differentiated from a primituve thallus?, that is from a
vegotative body.  Portivns of this ultinately beeame specialised
as laternl members or leaves, while a portion acquired the
character of a radially constructed supporting axis or stem.

The vascular strand characterissic of the Zygoptereae is
represented by the He-shaped form as scen o dakyropteris
corrugute or in a more complex form in . bibractensts.  This
style of strand way be regarded as a developwent from the
simple strands of Graommatopteris and  LTulbicaulis or Buotryo-
pteris untigua along other lines than those followed hy
B. forensis.  The extension of the

xvlem in two symmetrically
placed arms at the ends of the cross-piece of the H is comrelated
with the habit of branching of the leaf-system which forms one
of the striking peculiarities of many of the Zygoptereae. The
solid type of stele characteristic of the Botryoptereae is closely

matched by that in the Lewer Carboniferons stem diseovered
by Mr Gordon® By the partia) transformation of the central

xylem r
tion of water-conducting elements in the peripheral region the
style of dunkyropteris corrugata was developed. The vascular
strund of the older plant, which is of the Diplolabis type, may
be regarded as a more primitive style than that of the MH-form
of petiole strand represented by dnkyropteris corrugata. A
further stage in evolution is seen in the stem stele of Anky-
ropteris Grayi and A. scandens, both of which have the H-form
of meristele.  This step in increasing complexity of stem stele,
though probably connected with the increasing specialisation of
the lcaf-traces, as held by Mr Tansley, may also be associated
with the development of a climbing habit. In Asterochicena
lowe Stenzel (fig. 324) and 4. ramusa (Costa)® the tendency
towards a stellate espansion of the originally evlindrical form

yion into parenchymatous tissue and the concentra-

1 Tansley (0K). ¢ See p. 447,
T Stenzel (89) p. 15, Pls. 1w 1v.
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of stele reaches a higher degree, with the resalt that a style is
evolved which agrees closcly wish that of the conducting tissue
of some existing Dicotvledonous Linnes,

Attention has alreudy been drawn to the generalised features
exhibited by the Coenopterideae both iu the auatomy of the
steles and n the structure of the sparangia.  The conclusion
arvived at is that while the Coenopterideac foreshadow jn some

Fra. 324, Asterochiaena laxn: part of stem with petiole and o few roots.
From Tansley, alter Stenzel.

of their characters more than one group of move recent ferns,
some at least of their wmembers afford convinciog cvidence of
the correctness of the view—which 1s also that of Dr Kidston
and Mr Gwynpe-Vaughan—that the Osmundaccae and the
Coenopterideae are offshoots of 5 coumon stock.



CHAPTER XXVI

Marsiliaceae.
HYDROPTERIDEAE L.
Salviniaceae.
THE nnsatisfactory and meagre records in regard to the past
history of these heterosporous Filicales render superfluous more
than a brief reference to the recent species.

Marsiliaceae.

This family is usually spoken of as including the two genera
Marsilic and Pilulerie.  Lindman' bas however founded a
third genus, Regnellidivm, on o Brazilian plant which is dis-
tinguished by some well-defined charweters from all species of
Mars The members of the Marsiliaceae live for the most
part in swampy situations. Harsilia is represented iu Europe
by AL quadrifoliote L. which occurs in Portugal. France,
Germany and other parts of the Continent, extending also
to Kashmir, Northern China, and Japan. Of the other 53
species, 17 are recorded from different regions in Africa, while
others occur in South America, Asia®, Australia, and elsewhere.

Pilularia globulifera L. is the only British representative
of the Hydropterideae. The remaining four species of the genns
occur in South America, California, New Zealand, Australia,
and P. minute Dur. is met with in the South of France, Algeria,
and Asia Minor in subtropical or warm temperate regions.

The Marsiliaceae are regarded as more nearly related to the

1 Lindman (04). * Baker (87) A.; Sadebeck, in Engler and Prant} {02).
)
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Schizaeaceae than to any other family of homosporous ferns?,
Their heterospory, the production of sporangia in closed fruit-
like sporocarps, and the anatomnical features associated with
existence in marshy habitats, tend to obscure the resemblances
to the true furns.

The genus Marsilidium proposed by Schenk® for a piece of
an axis, bearing apparently o whorl of six leaflets, frem the
Wealden of Osterwald, eannot be regarded as satisfactory
evidence of the existence of the Marsiliaceae in the Wealden
flora of North Gernany.

The six leaflets of Morsilidium speciosum, having a length
of 5 cm, are similar in shape to the four leaflets of recent
species of Mursilia, but they differ in the repeated dichotorny
of the veins from the retienlate venation of the recent forms.
It is worthy of nate, however, that in Lindman’s Brazilian type
Regnellicium diphyllwm (fig. 326,A), the leatlets are characterised
by dichotomous and not by anastomosing veins.

Hollick® has described some impressions of imperfect orbicular
leaves with a “finely Habellate obscurely reticulated (?) venation”
from Cretaceous rocks of Long Island e Mersiiio Andersond.
but these are too fragmentary to be accorded this generic
designation. My friend ,\Dr Krasser tuforins me that he is
describing some well-preserved les from Cretaceous beds of
Griinbach in Lower Austria as Marsitia Nathorsttd. He com-
paves these with the vecent form Alarsilic eloto. a variety of
M. Drummondi.

Another Lower Cretaceous species Marsilia perucensis has
been figured by Frié and Bayer® as a stalked fruit-like body
frove Bohemia. This was originally described by Velenovsky as
M. cretacea, but under this name Heer” had previously recorded
a supposed sporocarp from Greendand.  These fossils have little
claim Lo recognition as examples of Marsiliaceous plants.

The fragment figured by Heer” from Tertiary rocks of

) Campbell {04); Bower (08) p. 631, * Behienk {717 p. 225.
3 Hollick (84) PL 1xx1. ¢ Mentioped by Krasser (06) in & preliminary note,
o Frit and Bayer (01) p. 86, fig. 34. @ Heer (82) Pl xvi.

7 Heer (55) A. Vol. 111, p. 156, Pl exuv. fig. 85,
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Oeningen as Pilultoric pedunculate is too small to determine
wigh reasonable aceuracy. Otber supposed representatives of
the family mentioned in palaeobotanical literature are not of
sutficient importance to deseribe.

Salviniaceae.

The two genera of Salviniaceae, Sulvinie and Azolla, are
water plants, and are nsually deseribed as annuals which survive
the Jess favourable season in the form of detached sporocarps,
Goebel? states that all the trapical species of Salvinie known to
him have an unlimited existence.

Salvinia natans, Hoffm., the only European species, cxtends
from the South of France to Northem China and the plains of
India: the other twelve &lnmu are mostly tropical.  Azolle,
represented by four species, oceurs in Western and Southern
North America, South America, Madagascar, Australia, New
Zealand, and is widely spread in tropical Asia and Africa.

Species of dzolla frequently form a considerable pwpmtmn
of the floating carpet of vegetation on inland waters?®
under conditions which might be supposed favourable for pre-

grow 11m

servation in a fossil state.

The Salviniaceae, though pro\:;xb]_\'. rather farther removed
than the Marsiliaceae from the homosporous Filicincae, are con-
sidered by Bower? to be related to the Gradatae, but modified
in consequence of thejr aquatic habit and the assumption of
heterospory.

No undoubted examples of fossil species of dzolla have
been described.  Nalvinia, on the other hand, is represented by
several Tevtiavy species, for the most part founded on leaves
only, and Hollick?, who published a list of fossil Salvinias, has
described detached leaves as Salvinia elliptica Newb. from what
may be Upper Cretaceous rocks from Carbonado, Washington.

S

1 Goebel (05).

2 Bee Seward (91) p. 441, for a description of the flonting plents ou the
lagunas of Gran Chaco (8. America) by Prof. Graham Eery.

2 Bower (08) p. G11. * Hollick (94).



476 HYDROPTERIDEAE [cw.

Some of the lcaves figured as Tertiary Salvirias are of no value
as evidence of the former distribution of the genus?.

Froin vhe Coal-beds of Yen-Bii (Tonkin), probably of Miocene
age, Zeiller® has figured some well-preserved impressions of
oval or ovbicular leaves, 15 mm. long and 10—20 mm. broad,
characterised by reticulate venation and by cordaie bases,
which he refers to Heer's Swiss species Salvinia formosa®

fir Zeiller? in the most recently published part of his series
of valuable résumés of palaeobotanical literature refors to a
description by Brabepee of specimens of this species from
Bohemian Tertiary beds showing both microspores and mega-
spores,

One of the most complete specimens so far discovered has
recently been described by Fritel® from Eocene beds of the Paris
Basin as Salvinie Zeilleri. This specics, founded on portions of
stems bearing floating leaves, submerged root-like leaves, and
sporocarps, is compared with a recent tropical Awnerican species
S. awriculuta.

It is noteworthy that no authentic records of Hyvdropterideae
Cennparisons have

have been discovered in Palaeozoic rock
been made in the case of the genera Trayuoiric Carr. and
Sporocarpon. Will. with the reproductive organs of Azolla”,
but these rest on a whollv insufticient basis.

Dawson® proposed the generic name Protoselvinia for some
spores of Devonian age, which he regarded on inadequate
grounds as evidence of Palaeozoic Hydropteridenc.

Zeiller®, in discussing the possible relationships of the
problematical type Churionopteris gleichenivides Cord,, sugpests
a possible alliance with the Hydropterideae. Corda founded
the genus Chorionopterds™ on some small fragments of pianules,
6—7 wm. long, found in the Carbaniferous racks of Radnitz in
Bohemia.

' E.g. Lesquerenx (78) Pl uxiv. fig. 145 PL v. fig. 10. Staub (87) PL mix,
fig. 2.
¢ Zeiller (03) Pl v figs. 2, 8.
& Heer (55) A. Vol. m. p. 156, Pl cxuv. figs, 1—815.
4 Zeiller (09%) p. 95. » Fritel {08),
6 See alno Arber ((6) p. 224. 7 Bolms-Lanbach (31) 4. p. 183,
& Dawson (86). » Zeiller (88) 4, p. 55, 1 Cords (48) A. Pl w1v.
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The lobes of #he pinnules are incurved distally to foru w
capsule, containing four sporangia, which apparently opened on
dehiscence into four valves; the spores ave of one size. The
material is however insufficient for accurate determination.
There is no evidence contributed by fossil records which
indieates a high antiquity for the Hydropterideae. It is unsafe
to base any conclusion on the absence of undoubted Palaeozoic
representatives of this group: but the almost complete absence
of record

in pre-Tertiary strata is a fact which may be allowed
some weight in regard to the possible evolution of the hetero-
sporons filicales at a comparatively late period in the earth’s
history,

A description of the Mesozoic genus Sugenopteris may be
conveniently included in this chapter, though as in many other
instances the inclusion of a genus under the heading of a recent,
tamily name does not by any means imply that the position of
the extinet type is regarded as settled,

Sagenopteris.

This generic namc was applied by Presl! to small frouds
composed of four or rarely two palmately disposed leaflets with
a more or less distinet midrib and, anastomosing secondary
veins.  Schimper® compored Sugenopterss with Marsitia, bue
did not regard the resemblance as evidence of relationship.
Nathorst? expressed the opinion that certain fruit-like bodies
obtained frow the Rhaetic beds of Se;

SpOTOCAIps and were borne by Sagenopteris, with the leaves of
which they were assoclated. He published a drawing of part of
a fruit showing on its partially flattened surface some raised
oval Lodies which are considered to be spores. Dr Nathorst
kindly placed at my disposal the drawings reproduced in
fig. 325 made from some of his specimens found at Bjuf in

ania are of the nature of

Scania. .
In contonr and superficial features, e.g. the veining on
the wall, these bodies bear a fairly close resemblance to the

1 Presl, in Steroberg (38) A, * Schimper (69) A, ¥ Nathorst (78) . 17.
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sporocarps of veceny species of Mursilia. They were found in
association with the leaves of Sagenopteris unduluta Nath,,
an abundant Scania type similar in form 1o the English Jurassic
species S LA opsd (figs. 327, 328). Heer was independently
led by an examination of some exaniples of the Swedish “fruits”
to compare them with the sporocarps of Marsilia. A siall
spherical body s fgured by Zigno' close to a leal of his
species N angustifolic, which may be a sporacarp.  In a recent
paper, Salfeld?® says that he found fructification on the lower
face of the leatlets of 8. Adssuniona Brongn. from German
Jurassic rocks, but he brings forward no evidence in support of

Sporocarp-like bodies found in association with the leaves of Sagen-
apteris. (Nat. size.’ From drawings supplied by Dr Nnthorst.)

this statement.  The systematic position of Sagenopteris is by
no means scitled. In a previons acconnt of the genus 1
expressed the view that it is probably a member of the true
ferns®, but the resemblance of Dr Nathorst's drawings to the
Marsilian sporocarps influences me in favour of his opinion that
Sugenvpterts may belong to the Hydropterideae. The evidence,

3 Zigno (56) A. PL xx. * Salfeld (09) p. 17.

7 1u a faotnote to Fontaine's description of Jurassic plants of Oregon, Lester
Ward writes :—** Seward treats Sagenopteris as & fern, classing 1t pow (Jar, 17
Yorkshire Coast, 1800, p. 161) in the family Polypodiaceae, nlthough in his
Weualden Flora, 1894, p. 129, he placed it in the Schizaeacene.” [Ward (03)
p. 88, noteh.] My words are 1 un disposed to regard Sagenopteris n9 probably
a genus of ferns ™ {loc. cit. 1900, p. 161). 1 have never referred this plant to
the Polypodiaceae or Schizaeaceae or o auy other fawily.



Xxvi] SAGENOPTERIS 479

as Solms-Laubach! states, is not wholly satisfactory : Schenk
points out that the frequent occurrence of detached Sagenopteris
leafets snggests that they ensily fell off the petiole, whereas in
Marsilia the leaflets do not fall off independently. The dis-
covery of a new type of Marsiliaceae in Brazil, which Lindinan
bas described as Regnellidinm diphyllum: (fig. 32G, A), affords
an additional piecc of evidence bearing on the comparison

A .

TFia. 326, A, Regnellidium diphylium Lind. Single leaf snd stalked sporo-
carp. (% nat. size. After Lindman.)
B. Cuticle of Sugenopteris rhoifolia. (After Schenk.)

of Sagenopieris with menmibers of this family.  In Regnellideum
the leaves differ from those of Marsilic in bearing two instead
of four leaflets, and in the former the veins ave repeati-dly forked,
and do not anastomose as in Marsilia. In the possession
of only two leaflets Kegnellidium agrees with some forms of
Sagenopteris (Hg. 328).

1 Solms-Lanbach (91) 4. p. 182,

¢ 1 am indebted to roy friend Dr Nathorst for celling my atlentivn to
Lindwman's paper.
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Sagenopteris Phillipsi (Brongniart)t.  Figs 327, 328,

1825, Glossopteris Phillipsi, Brongmiart, Hist. vég, foss. ). 223,
Pls, Lx1 bis, LXIL

1838, Sugenopteris Phillipsi, Pres), in Sternberg’s Flor, Vorwelt, vii,
P. 69.

F1c. 327.  Sagenopteris Phillipsi.
A. From the type-specimens of Lindley aud Hutton (Glossopteris
Phillipsi). Gristhorpe Bay, Yorkshire. British Museum, No,
89221, Slightly reduced. M.S.
B. From a specimen in the British Museum (39222). XNat. size.
Figured by Lindley and Hutton as Glossapteris Phillipsi.

The fronds of this common Jurassic species, which is
recorded from many European localities, from North America,
Australia, the Antarctic regions?, and elsewhere, are very variable
as regards the form, sizc, and number of the leaficts.

t For & Tuller synonymy. see Seward (00) p. 162, < Nathorat {047,
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Frond petiolate, in some forms the petiole bears four linear or oval-
lauceolate leafiets having a distinet widrib and oblique anastowosing
veins.  In others a shorter winged petiole bears one or two shorter and
Uroader, somewhat cbeuneate, leaflets withaut i widrit.

1t is probable that Bunbury' was correct in his opinion that
the specimen figured by Lindley and Hutton® as Otopterts
cuneata, characterised by two leaflets (fig. 328), is not specifically
distinct from the normal form with four leaflets (Rg. 327).

Similarly. such specimens as that represented in Pl xviir,
fig. 8 of the first part of my Jurassic Flora, in which a short,
stalk bears ondy one leaflet may, provisionally at leasi he
included in Brongniarts specics. Yabe® deseribes o form with
two leaflets from Jurassic vocks of Korea as Sugenopteris

o, 328, Sagenopteris Philtipsi. Frowm a specimen in the Mauchester Uni-
versity Musenm.

bilobata which resembles S, Philips: and Muoeller® records
@ specimen similar to that represented e fig. 328 from
Bornholin as S cuneate (Lind. and Hutt.).

The leaf shown in fig. 327, A, in which the longest segments
arc 45 cm. in length, represents the wost abundant form and
Wustrates the very close agreement between N. Phillipsi and
the Rhaetic syecie:x S. rhoifolia. Fig. 327, B, which is drawn
from a specimen figured by Lindley and Hutton®, shows a leaf
with longer (63 em.) and much varrower segments.  Broader
leaflets are cccasionally et with in which the lamina reaches

a length of 11 e
Leaves with leaflets nurcower (3 vame broad) than these

1 Bunbury (51) A. ® Lindley and Hutton (33) A. L1 cuv.
! Yube (05) PL. ur fig. 16, ¢ Moeller (02) PL v1. fig. 10.
¢ Lindley and Hutton (33) A. PL ixun. fig. 2. ¢ Seward (00) p, 169, fig. 26,

a1l 3



482 HYDROPTERIDEAE [cu,

represented in fig. 327, B, are deseribed by Zigno! from Jurassic
beds of Ttaly s S, angustifolic and by Moeller® from the Jurassic
of Bornholm as S Phillipsi £ pusilla. A coapser sype of
venation than that of S. Phillipsi 15 occasionally found iu
Jurassic examples, as in N graadifolio Font? from Qregon aud
S Xathorsti Barth. from Bornholw®,

Sagenopteris is recorded anlso from sceveral Rhaetic Horas.
17, is hardly dis-

The best known species, N rhoifolic P
tinguishable from sowe forws of 8. Phillipsi or from the Italian
Jurassic xpecies deseribed by Zigno as S, Goeppertiana®, though
the leatlets are usually rather larger. This species was first
deseribed by Brongniart as Filicites Nilssowinna®, and a few
sughors® adopted this specific name because of jts priority
aver Presls designation.  As Nathorst remarks, to give up
Nilssoniana is “ mere
figured by Schenk®

the well-known name S, vhotrolia for

podantr,

The epidermis of 8. rhoifolia as

with straight and not undulating walls:

stomata oceur on the lower surface (fig. 326, B),

Rhaetic leaves of the type represented by S, rhogulic have
a wide geographical distribution,

The specimens described by Feistmantel from the Damuda
sevies of India as Sagenopterss longifolia are no dounbt fronds
of Glossopteris longifolia™.

The Wealden species Sagenapteris Mantelli (Dunk.)¥ agrees
closely in habit and in the form of the leaflets with S. Philtipsd
and 8. vhotfolia. It is probable that some of the leaves
from Lower Cretaceous rocks in

described by Velevovsky
Bohemin as Thinnfeldia variabilis ave portions of Segenopteris
fronds. S, Mantelli is recorded from several European localities,
from California®, and elsewhere.

J Zigno (3G) A. PLoxxn ¥ Moeller [02) PL v, fige, 5, 9.
“ Ward (03) PL xv. fig. 5.
4 Barthelin (92) Pl. v. fig. 9. 3 Preyl, iu Sternberg (38).

¢ Zigno (56) A, Pls. xx1. xxrt. ; Raciborski (84) A. PL. xx. figs. 13—18.

* Bronyniurt (25) PL xi. fig. 1.
¢ Fontuine, in Ward {05): Salfeld (09) P1. 1. # Schenk (#7) A. Pl xu1,
W Arber (05) p. 75, M Seward (942) A, p. 180.  '* Velenovsky (85) Pl 11
1 Fontaine, in Ward (03) PL vxv. Newberry's Chiropteris spatulate from

Montana may be founded on leaflets of Sugenopteris Mantelli. Newberry (413,
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Sagenopteris mppears to have been widely distributed during
the Rhaetic, Jurassic and Tower Cretaceons floras.  The very
great similarity between the speeimens recorded from these three

formations renders the genus an uncertain gnide in regard to
geolagical age. Decisive cvidence as to its position in the
plant kingdom is at present lacking: the inclusion of the genus
as a possible member of the Hydropterideae has still to be
Justified,

3—2



CHAPTER XXVIL

GENERA OF PTERIDOSPERMS. FERNS, AND 7ZLANTUE
INCERTAE SEDIN.

Tre genera and species deseribed in this Chapier are
founded on sterile leaves oy portions of leaves, and in the great
majority of cases the repreductive organs arve either imperfectly
known or have still to be discovered.  Some of the genera, the
smaller number, are vo doubt true ferns, while wost of them
iy safely be regarded as plants which will ultimately be shown
to belong to some other group, in most cases that of the
Preridosperms. It is possible that a few of the types may be
wembers of the Cyeadophyta rather than of the Preridospermeae,
but evidence as to systematic position is for the maost part of a
negative kind or too incomplete to lead to any definite expression
of opinion as to the eyveadean or pteridesperm pature of the hn-
tly known Palacozoie or Mesozoie species.  Many of the
though even the most prob-

perfe
generaare of litsle botanical inter
lematical are of importance as criteria of geological age. Genera
which there is good reason for including in the Pteridesperms
are denlt with in this section, 1 order that the Chapter in
Volume 11, devoted to this hnportant group may be limited
1o wmore completely known Lypes.

In most text-books it 1s customary to employ family names
for sterile fern-like fronds” which possess similar venation
features or have in common certain vegetative characters, the
value of which it is impossible to estimate. In the following
account family or group names are not adopted, on the ground
that such shight utility as l'.he‘y may have is more than connger-
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balanced by the eisk astending a grouping under one name of
plauts which nay agree only in uuessential characters. The
practice of classifying fossil plants has been carricd to excess.
Grouping together genera ax a watter of eonvenience unavoidably
creates a prejudice in favour of actual relationship, which may
or may ot exist.

Taeniopteris.

This generic namne was instituted by Brongoniart? for simple
linewr or broadly linear leaves with a pruminent midrib from
which secondary veins, simple or dichotomonsly branched. are
given off at right angles or obliguely.  The frond of the type-
species Taentopterts rittuta (fig.
floras, was compared by Brongniart with the pinnules of Dunaen
and Awugiopteris.  Among recent ferns the Taeniopteris form

2), characteristic of Jurassic

of frond and venation is represented by Oleandra nerizfornds,
i Though usaallv

applied to fronds which there is good reason for regarding as

Aspleninne widus, and wapy other spec

simple leaves, the generic designation Lueniopteris has been
extended to include pinnate fronds, e.g. the Upper Palacozoic
species T jejunata Grand'Eury, and T' Carnoti Ren. and Zeill.
(fig. 330, The compound fronds from the Lower Coal-
Measures of Missouri described by Dr Whit

pab

as 1. missouriensis
are characterised by decurrent and confluent Taeniopteroid
pinnules. Lo a later reference® to this plant White pertmently
adds, “perhaps it belongs ruore properly in dlethopteric”
Leaves of the Taeniopteris type are described by scveral
authors as specit-s of Oleandridivm, dngiopteridium, Danaeites,
Morattia, aud other genera. In such species of Taeniopteroid
leaves as have been dealt with 1 a former Chapter, the
accurrence of sori justifies the substitution of a nawme denoting

a close relationship to existing members of the Marattiaceae,
but in the absence of fertile specinens the provisional desigoa-
tion Taeniopteris should be retained. 1t is often difficult to
decide between Taendopteris and Nilssondu ns the move suitable

1 Brongniart (28) A. p. 61, # White (93).
4 White (99) p. 143,
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nawe to apply to fragments of fossil leaves ‘of Mesozoic age.
s is. howevet, distinguished from the Cvcadean genus
by the greater prominence of the rachis, also by the dichotomous
branching of the secondary veins, usually close to their origin
and at varying distances between the axis of she frond and the
vidge of the Jamina, The gepns Tueniopteris, though most
abundant in Rhaetic and Jurassic strata, occurs also in Upper
Carbovifcrous and Lower Permian racks. The generic name
ucrataeniapteris tustituted by Schimper! has been used for
leaves differing only in size from the usunl type of Taeniopterds,
but there is no adequate reason for its retention.

The species included in Laendopteris afford no satisfactory
evidence as to their systematic position. Tt js nhyiously unwise

to adopt such generic titles as Oleandridium, Marattivpsis, ete.,
merely because of resemblance in the venation of sterile
fragments to Oleandra or Marattiaceous ferns.

Some  specimens  of  Tueniopteris fronds deseribed by
Mr Sellards® from Perinian rocks of Kansas, which are referred
to later, have furnished unconvincing cvidence of veproductive
organs,

Tweniopteris waltinerris, Weiss.  Figo 320, A, B.

The late Dr Weiss? ipstituted this species (which he desig-
nated Taeniopteris nuultiverviu, though the specific name malti-
nervis is constantly used) fur a fragent of a leaf from the Lower
Perniian of Lebach churacterised by numerous forked veins
given off at right angles from a prominent rachis (fig. 329, B).
This type of frond is recorded from the Permian of Trienbach
(Alsace) by Zeiller?, by Renault® and Zeillers from the Upper
Carboniferous of Autun, and fren other localities. The [amina
of the simple leaf reaches a breadth of G ecm. and a length
of 40 em. (fig. 329, A); the numerous secondary veins (25—36
per cm. of larainal arve either at right angles to the rachis
or given off at an acute angle. The mesophyll consists of

I Schimper {64) A. p. 610. 7 Sellards (01).

¥ Weiss, C. B. (60) p. 98, Pl v1. fig. 18, 4 Zeiller (94) p. 162,
& Rensult (96) A. p. 1. ¢ Zeiljer {90) Pls. xoi. xut,
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polygonal cells sctue of which are elongated at right angles to
the surface of the lamina. A very similar form is described
by Fontaine and White from the Permian of Viginia as T,
Lescuriana’,

. It is futile to expect to be able to separate the numerous

Fic. 320, A, Taemopteris multinervis, Weiss. (5 nat, size. After Zeilles.)
B. T.multinervis. (Enlarged. After Zeiller.)
C. Lesleyn Delafondi. (x2. After Zeiller.)

Tueniopteris leaves into well-delined species: all we can do s
to gronp the specimens under different names, using as arti-
ficial distinctions such characters as the shape of the leafl the
pumber of veins per centimetre, and the prominence of the rachis.
Another Virginian species of Permian age described by Fontaine

' Fontaine and White (80) Pl xxxiv.
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and White!, 7% Newberriona, s said (o bear sori, but no
wetary Inforniation is given as to the mature of these
esitation to this

satl
organs. Specimens referred  with some h
species and w a similar species, I cortaceq, have been deseribed
hy Nellard=® from waterial obtained from Pernian beds in
Kansas. The lamina of the siple linear fronds is characterised
Iy the oceurrence of small oval badies half immersed in the
substance of the leal betwecn the secondary veins (figs. 330, D, E).
One of these bodies is represented in an apparently dehisced
condition in fig. 330, . Sellards suggests the possibiliry thar
these bodies ave sporangia, but, as he points out, they afford no
indication of cellular structure nor are they in direct connexion

with the veins.

Tuerdopteris jejuncta. Grand'Eury

This species differs from 1% mudtinervis in its bipinnate fronds;
the tinear or oval-linear pinoae are attached by a short stalk to
cn.; the veins are

the primary rachis and reach a length of
less crowded, 12——15 per centimetre.
I jejunata is recorded from the Coal-fields of the Loire and

Commentry* in France, from the Lower Permian of Thuringia®

and elsewherc,

Taeniopteris Carnoli, Ren. and Zeiller. Tig. 330, A,

This species, founded on portions of pinnate fronds from the
Coal-tield of Commentry. is characterised by rather hroader
(25—30 wm) pinnoles, with short pedicels and a cardate Lase,
reaching a length of 2530 ¢m. The sccondury forked veips are

more numerons than in 1 jejunate. 1o T wultinerms the
pinnules are still broader and have w stronger widrib.

Several species of Taentopteris bave been described from
Triasso-Rhaetic rocks in Europe, India, Tonkin and elsewhere.
! Fontaine and White (80) P1. xxxuv. figs. 1—8. ¢ Selinrds (01},

3 Grand'Bury (77) A p. 171, 4 Renault wud Zeiller (88) A,
> Potonit (98) A. p. 143, PL xviis fig. 3.
% Henaolt snd Zeiller (88) A. p. 282, Pl xxm. fig. 10.
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In some cases it is practically impossible o recognisc ecleur
specific distinetions between Rhaetic and Jurassic yp

From the Danuda and Panchet series of India (Triasso-
Rhaetic) Feistmantel has described large sterile fronds as
Macrotaeniopterds Feddeni® which reach a breadth of 20 co.:
these may he conpared with the Indian species Tueniopteris late
Oldhams®, and 1o 1. gigonteo from the Rhaetic of Franconia®
and Scania. A specimen of this specics figured by Nathorst*
from Scania has a lamina 33 cm. broad.  Other examples are
afforded by M. Wianumaottae Feist.® from rocks of the same age
in Australia and by Leeniopteris superbo Sapl from Lower

Rhacsie rocks near Autun,

From the Rhactic of Toukin, Zeiller records several species,
awong  which may be wnentioned 71 Jowrdy: Zeill and
T spatulata MacClelland (fig. 330, B, ¢). Both have simple
fronds.  Those of 1. Jourdy? reach a length of 10—40 cm.
and a breadth of 10—~70 wmm.; the rachis is characterised by
erowded and discontinuous transverse folds, and the secondary
veing (35—30 per cnn) are usually at right angles to the rachis.
Thi= Tonkin species is compared by Zeiller with the European
Rhactic specivs T. tenuinervis Brauns.

The polymorphism of the fronds is a striking feature : in one
case desceribed by Zeiller the Jamina appears to be divided into
segments like those characteristic of the leaf of the Cycadean
genus Awnomozandtes. Tt is obviously diffieult in many in-
stances to distinguish between detached Taeniopteroid pinnae
of a compound frond and complete simple leaves. In some
componnd fern fronds, as in the recent Polypodiaceous genus
Didymochlaen, the pinnules are deciduous, and the same feature
nndonbtedly characterised the fronds of many extinet speci
A specimen figured by Zeiller which shows several petioles of
T. Jourdyi attached to a thick stem® demonstrates the simple
nature of the leaves. In other cases, e.g. T. wittata, specimens
occur in which the slightly enlarged petiole-base has a clean-cut
surface indicating abscission fram a rhizome (fig. 332).

1 Feistmantel (81) A. Pla, xx1. A, xxit AL ¢ (Hdbam and Morris (63) p.41.
* Scheuk (67) A. P1. xxvin. fig. 12. ¢ Nathorst (78) P). 1x.
® Feistmantel (90) 4. Pl xxvit. € Saporte (78) A. Pls. nxr Ly,

7 Zeiller {02) Pls. x.—x1v, p. 66. ¢ Zeiller (02) PL. xi. fig. 4.
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"The fronds described by Zelller as 7. spataluta’ (fig. 330, B, C)
closely resemble Jurassic leaves from Vietoria referred to
Tuemopteris Daintreei McCoy®,

Fra. 830. A, Taeniopteris Carnoti, Ren. aud Zeifl.  (Nat. size. Affer Renault
and Zeiller.)

T. spatulata, McClell.  {Nat. size. After Zeiller.)

T spatulata. (% 3. After Zeiller,)

Suppoxed sporangium of I. coriacea. (x13. After Sellards.)
7. coriacea. (% 2. After Sellards.)

moow

Whether specifically identical or not, these leaves represent
a type distinguished from the other species of the genus by
the small breadth of the linear-lanceolate or linear-spathulate

¢ Zeiller (02) PL xim1.  For synonymy, see also Arber (05) p. 124.
? Sewnrd (04) figs, 15—22.
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lamina, which ntay be G—I5cm. In length and 3—I12mn.
broad. The lamina is often characterised by transverse folds

(fig. 330, C).

Taeniopteris Carruthersi.  Tig. 33).
18

Taeniopteris Daintreer, Carruthers, {nart, Journ. Geol. Sac.

ol. XxvirL Pl xxviL fig. 6.

1883, T. Carrwthersy, Tenison-Woods, Proc. Lion, Soc
Vol viin p. 117,

S Wales,

Fia. 831, Taeniopteris Carruthersi, Ten-Woods, Nat. size.

The simple fronds included under this specific name arc
characterised by a strong midrib from which nmaerous stmple
ur forked secondary viins are given off at a right angle or
slightly inclined. The Dbreadsh of the lamina decreases
gradually towards the petiole.  The Australian species named
by McCoy Tueniopteris Daintreei, to which Ciuruthers referred
the Quecnsland fossils, has 2 much narrower and more lipear
form of frond, and for this reason Tenison-Woods instituted a
new specific name. 7. Curruthersi represents a form of leaf met
with in Rhaetic, or possibly Upper Triassic, rocks in S. Africa’
and Australia. A very similar, perhaps an identical type, was
described from Argentina by Geinitz? as . mareyiass: among

! Seward (08) p. 95. 2 Geinitz {76) Pl u. figs. 1—3.
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muny other examples of this form of frond rvay be mentioned
T. Gumersut Nath. {rom the Rhaetic rocks of Scania and T
virgulada from the Rha.tie of Tonkin

A comparison of Zagniopteris Corruthersi vr various other
“spocies  of Rhaetic fronds with the Jurassic species ' wittuta
Mustrate the slight and unimportant differences on which
specific sepavation is based. Tt is hopeless to attempt to deaw
netion between the numerons Tacniopters

o satisfactory dis
fronds from Upper '

> and Jurassic rocks.

Tuentopteris witate, Brongniart, Fig. 332.

The simiple leaves to which Brongniart applied this nawme
ave characteristic of the Iuferior Oolite flora of England, and
examples of the same type are recorded from Jurassic rocks of
Indin. Poland, the Arctic regions, Japan, China, Australia and
other conntries®,

Leaf linear-lanceolate, reachi length of wore than 20em. and a
breadth of 3. The Tamina ine dually in hreadth from the
ul rapers towards the apex.  Numerous see < are given
cht angles from a broad midrib: the lateral veins may be simple
d close to their origin, near the margin, or in the intermediate

portion, of the lamina.

It is exceedingly difficult to use Tuendopteris leaves of this
form as evidence in vegird to the Jurassic or Rhaetie age of
plant-bearing strata.  The species P tenuinervis Brauns, ns
tigured by Schenk® from the Rhaetic rocks of Germany and
Persia, and recorded frow several other regions, presents a
close agreement with T. witate.  Olecodridion lentriculi-
furme Etheridge® from the Hawkesbury series of Australia is
another simifar leaf.  The species 70 wiftata from the Yorkshire
coast, represented in fig. 332, shows a well-preserved petiole
with a clean-cut base like that of the pesioles of Oleandra
neriiformis and other recent Ferns which are detached from the
rhizome by the action of an absciss-layer.

I Nathorst (78) Pl wix. 2 Zeillor {02) PL xsv.

3 For synonymy nnd distribution, sec Seward (00) pp. 154, 804,

4 Sohenk (87) A. Pl xxv.  See slee Bartholin {92) P sx. Bg. 7.

¢ Etheridge (94%).
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Fro. 332, Tacniopteris vittata. (British Museam No. 89217. 7 nat. size.)
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welined towards one another so that they forn with the axis of the pinna
e &

a wite vpen V instead of lying in one plane (fig. 333, C').  From a median
(fi. 333, B).

rib are given off numerous anastomosing branches

This characteristic Wealden species iz recorded from England,
Germany, France, Belglum, Av-iria, Russia, Burnholm, North
America, and Japan. It s by no means cortain that Weichseliv
Muntelli is a true forn: no satisfactory evidener of frucetification
has been addnecd,

The broad and strong rachis is comparable with that of
u Cyeadean leal and the thick lamina suggests a plant of
xerophilous habit. T have retained the specific name Montelle
an the ground of long established usage instead of following
Fontaive in his adherence to strict priority.

Glossopteris.

The pame Glossopterss was proposed by Brongniart in 1822}
for an Gmperfect foaf-hnpression which he called  Filicttes
(f7lossopteris) dublus, but the specimen so nmned has since
been identified as part of o sporophyll of & Lepidostrobus.  The
author of the genus afterwards published? a diagnosis, bglsed

on well-preserved leaves from  Permo-Carboniferous rocks in
Australia and India, of the type-speci
the Indian examples being distinguished as . Browacana var.
andica while the Australian forns was named G, Browsione
var, anstralasica.  Schimper® afperwards raised she Indian
fossils to specific rank as . indicu thowgh sonie authors® have
continted to consider she two forms as insaficiently distinct to

s (tlossopteris Browniana,

be regarded as different species,
The genns Glossopteris may be defined as follows

Leaves shople, varying considerahly in size, shape, and venation
characters, but almost without exception characterised by repeatedly
anastomosing lateral veins,  The leaves are of two kinds: (i) foliuge
leawes 5 upparently always sterile, usually spathulate, with an obtuse apex,
a well-marked midrib which may persist to the apex or die out in the
upper hadf of the laniua, characterise@ by its slight prominence and
comparatively great breadth especially in the hasal part of the frond. In

! Brongniart (22) A. Pl. m. Lig. 4. * Brongniart (289 A. D'l ot i,
+ Schiper (64) A. p. 645. 4 Seward (47 A, p. 817,
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most cases the lamiva extands as a narrow margin to the leaf-base, lat in
a few forms there is a short petiole (fig. 334 Thongh usually spathulate,
the frond may be linear-lanceolate, or ovate; the apex
Leaves vary in length from 3 to 40 em. and may in larger forms have a
breadth of 10 em.  Numerous lateral veins curve upwards and outwards
to the wargin of the Jamine or pursue a straight course ahmost at right-
angles to the widrib, (i) Seale-loares) which differ from the foliage-leaves
in their much smaller size and in the absence of o widrib; they are deltoid,
wval or cordate in sbape and generally terwiyate in an acute apes; the
edge of the lamina way be slightly incurved so that thie leaf presents a
convex upper surface supplied with anastomosing veing,  The scale-leaves,
which viury in length from aboat 1 to 6 co, probably acted as sporophylis.
The only evidenee as to the nature of the fructification so far obtained
is represented by empry sporangium-like organs (1-2—15 m. long by
nently associated with the scale-leayve

sonetimes acute.

06— 0-8 mun. broad ) f

Ti 5, 10 osowe cases b deast, were borne near together on a
cxlindr tew or rhizome which produced brauched adventitions roots®,
The fossils Tong known as Verted owere recognised by Zeilled and by

Oldham?” ax the stems of Glossups

The systematic position of Glossopteris must for the present
be left an open guestion.  Though usually spoken of ax a fern,
it is noteworthy that despite the enormous abundance of irs
foliage leaves In the Permo-Carboniferons strata of India,
Australia, South Afri
has Leen discovered which shows undoubted remains of sori
or sporangia.  Many anthors have deseribed fertile Teaves of

a, and South America, no single example

(lossopterts ; but it was not until Arbir's discovery of sparangia
in close ussociation with the scale-leaves that any light was
thrown on the nature of the reproductive organs.

The probability is that Glossopteris was not a true fern but
a member of that large and ever-inereasing class, the Prerido-
sperms.  This opinion is based largely on negative evidence.
such spc»mngiu as have been deseribed may have containcd
microspores and the plant may have been heterosporons.  The
acewrrence of seeds In association with Glossopteris {ronds
recorded by more than onc writer®, though by no weans
decisive and possibl_y the resull of chance associasion, is favour-

! Tor figures see Zeiller (86) A. ; Zeiller {02), (08); Arber (05); Seward (97) A.
# Arber (03%) 7 Seward (07%). % Bunbury (61) PL x1.,

4 Zeiller (96) A. ¢ Oldham (97); Zeiller (97%).

 Sewnrd (97) A. (077 ; Arber (02% p. 205 Zeiller (96) A. p. 874

SO 32
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able to this view. Dr White! has suggested that the small
leaves deseribed by Zeiller? as Ottokaria bengalensis from Lower
Goudwana (Permo-Carboniferous) rocks of India, and sunilar
fossils recorded by himsclf from Brazil as O. grulis. may repre-
sent “ sporangiferons " organs of Glossopterds or Gangamopteris,
“both of which are probably pteridospermie.”  There is, how-
ever, no conclusive evidence in support of this suggestion.

The genus, whatever its position may be. has a4 special interest
for the geolugist and for the student of plant distribntion : it is
a characteristic member of a Permo-Carboniferons flora which
flourished over an enormous area, including India, South Africa,
—extending from Cape Colony to Rhodesia and German East
Africa® — Australia, and South America*,  This flora, known as
the Glossopteris flora, differed considerably in its component
genera from that which overspread Europe and North America
and some more southern regions in the Upper Carboniferous

and Pawian perieds.

The discovery by Amalitzky® of (lossopteris, and other genera
is flora, in the Upper Permian
stence of a

characueristic of the Glossopte
rocks in Vologda (Russia) demonstrates the
northern  outpost of the southern botanical province, and
Zeiller's discovery of the genus in the Rhaetic flora of Tonkin®
shows that Glossopteris persisted beyond the limiss of the
Palaeozoic epoch.  Dv David White™ has recently proposed to
re-christen the Glossopleris flora the Gangamopteris flora on the
ground that Gangunwpterds is strictly Palaeozoic in its range,
whereas Glossopteris persisted into the Mesozoic era: this is
pevhaps hardly a sufficieny reason for giving up so wel)
cstablished a title as the Glossopteris flora. A fuller acconnt
of this southern flora must be reserved for another volume.

! White (08) p. = Zeiller (02).
3 Potonié (00).

4 Seward (04% 1 Zeiller (977); Arber (03) p. 17: 1. White {07).
* Amalitzky (01) ; Zeiller (91 ¢ Zeiller (02).

7 D. White (07) p. 617 {footnote 2).
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.
Glossopterss Browniano, Brongniart).  Figs. 334—36.

The specific name Brownione is now applied to obtusely
pointed leaves which sometimes reach a length of 13 cin., bur
arg usually rather shorter.  In form and venation they closcly
resernble the leaves of the vecent genus dutrophyum and
species of Acrostichum. The comparatively broad midrih may

| ERN

e e

v

Tic. 334,  Glossopteris Lrowniana, Brongn, &, XNat size: B x 33,

be repluced in its proximal portion by severnl parallel veins:
from it are given off numerous lateral veins which form =
reticulum characterised by meshes approximately equal in size
and elongated in a direction parallel to the general course of
the secondary veins (fig. 334).
The drawings, originally published by Zeiller®, reproduced
in fig. 385 illustrate the venation and its range of variabion :
) For synenymy, see Avber (05) p. 45. 2 Zeiller (96) A,
R2—2
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the meshes are nsnally hexagonal and arranged as shown in
figs. A and B. but accasionally (fig. 335. C) they follow a wore
steeply inclined conrse.

Small leaves with a more or JTess distinet ideib, 2—3 em.

in leugth, supply transitional stages between foliage- and scale-
leaves, In the trine scale-leaves spreading and oceasionally
anastomnosing veins take the place of the midrib and lateral
veins of the ordinary frond. McCoy! in describing seme
Australian specimens of (flossopterts in 1847 spoke of scale-like
ed with the large
i bowever, Zeiller?

appendages of the rhizome which he com
rapnenta of derostichun and other ferns, Tow:

©

Gloxsopteris Browniana, Brongu.  (After Zeiller.

who first rec and ade-
yuately described them; additional figures of scale-leaves have
heen published by Mr Arber® and by myself. The import-
ance of these small leaves has been considerably inereased by
My Avbers discovery of associated sporangia which, as he

amsed the leaf-nature of these scales

suggests, were probably borne on their Jower concave surface.
The sporangia (fig. 336) are compared by Arber with the
"rmicro-sporangia of recent Cycads and with the Palacozoic
sporangia described by Zeillevas Discopteris Rullii (hig. 2506, D) ;
the latter are distinguished by the well-defined group of thicker
walled cells representing the annulus of true fern sporangia.
We know mnothing as to the contents of the Glossopteris

' McCoy (47). :  Zeiller (66) A.
¥ Arber (05) ; {05%). + Seward (97) & ; (07).
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sporangia, whethtr they contained microspares or whether they
are the spore-capsules of a homoesporous plant.

The rhizome of Glossopteris Browniana has been described
in detail by Zeiller, who first dewonstrated that the fossils
ent.

originally assigned by Rovle® to the genns Vertebrario repre
the stem of this and, as we now know, of some other species of
Glossapteris.  Vertebraria occurs in abundance in Perme-Car-
boniferous strata o association with Glossopteris: the differences
between Australian, Tndian, and South forins, thongh expressed

Tre. 336, Glossopteris Lrowniana, Brongn, Sporaugia. (x30). Afier Arher

by specific names, are insignificant. The stems are usually pre-
served in the form of flattened, single or branched, axes sometimes
bearing slender branched roots and characterised by one or two,
or less frequently three, longitadinal grooves or ridges (fig. 337)
from which lateral grooves or ridges are given off at right angles,
dividing the surface into more or less rectangular areas ¥ e or
more in Jength,  The surface of these arens is often slightly
convex and in some specimens the outlines of cells may Dbe
defected.  Mr Oldham has deseribed some interesting examples

! Royle (38).
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of Vertebrariu from India in which the longitadinal and grans-
VOTSE GTOOTES Qe 0Ce upled by a dark browu fmrugmuus xubahncc‘
or by the carbonised remains of plant-tissues (fig. 338, C. D).
1n wansverse section, a Verlebraria cast appears to bf divided
ino & pumber of wedge-shaped segments radiating from a
figured specimens of Verfe-
2 fronds stid) artached.

common centre,  J'rofl Zeiller!
brarig with portions of Glossopte

Yin, 337, Vertebraria indica, Royle. Nat. size. (After Feistmantel )

The rhizome of Glossopleris, as represented by the Vertebraria
casts, is aptly compared by Zeiller® with that of the recent
Palypodiaceous fern Onoclea strathiopterss. Scetions of the
recent stem (fig. 33%, E, F) show that the form is irregulariy
stellate owing to the presence of promineut wings whict
anastonose laterally at intervals as shown by the examinatior
The leaf-traces are derived from the

of a series of sections.
Fig. 338 (B und A) represents some

steles of adjacent wings.
¥ Zeiller (06) A. ? Zeiller (96) A
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what diagrammatically a longitudinal and trapsverse view of a
Vertebrariu: the radiating arms represented in the transverse
section (fig. A) are the stem ribs or wings and the segments
between them are intrusions of sedimentary wmaterial.  The
rectangnlar areas characteristic of the surface of a Vertebraria
ave the intruded segments of rock: these are separated ag
intervals by transverse grooves. which mark the cowrse of

Fro. 338 A, B, Vertebravio indicn.  [Afier Zeiller.)
C. L. V.indica. (Nnt. After Oldham.)
L. P, Ouoclea strathiopteris. (=2, After Zeiller.)

vascular strands given ofi'at each anastomosis of the longitndinal
wings to supply the leaves,

Mr Oldham, who discavered the connexion between Glosso-
pteris and Vertebrarie independently of Dr Zeiller, does not
agree with the interpretation of the structural featuves of the
rhizome which Zeiller bases on a comparison between Vertebrarie
and Onoclea struthiopteris.  Oldbam? deseribes Vertebraria as

! (ldhawm (7).
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consisting of a central axis* joined to an outergrind by a series
of radial septa” the spaces between the septa being divided

Fra, 889, (lossopteris fronds attached to rhizome. (From n specimen lent by
Dr Mohlengraaff. Considerably reduced.)

into chanibers by transverse partitions. His view is that the
rhizawe of Glossupteris was a tylindrical organ and not an



XXVII] GLOSSOPTERIS 505

irregularly wing@d axis like the stem of Unoclee. Zeiller! has
replied in detail to Oldham's interpretation and adherces to his
original view, that the vhizome consisted of a solid axis with
radial wings or flanges which at intervals anastomos
versely in pairs at the nodes. It may, however, be possible that
the spaces between the longitudinal and transverse grooves on
a Vertebraria axis, which have been filled with the surrounding
rock, were originally occupied in part at least by secondary wood,
and the transverse strips of carbonaceous material® lying in the
grooves way represent medullary-ray tissue and accompanying
leaf-traces.  The longitudinal striations seen jn some specimens
of Tertebraria on the areas between the grooves may be the
ible without the aid
of more perfectly preserved material to arrive at a satisfrctory
coneeption of the structuru! features of a complete Glossopteris

d trans-

hipressions of wondy tissue. It is impo

rhizome.
In the specimen of Glossopteris Browwiana shown in
339 severn] leaves are attached to an axis which shows

fig.
voue of the surface-features of Vertebraria. I am indebted
to tliv kindness of Dr Mohlengraaff of Delft for the loan of this
specimen which was obtained from Permo-Carboniferous rocks
in the Transvaal. An axis figured by Etheridge® from an
Australian locality bears a tuft of Glossupteris leaves, possibly
. Browniana ; in place of the rectangular areas characteristic
of Vertebraria it shows transversely clongated leaf-scars or, on
the internal cast, imbricate rod-like projections which Etheridge

suggests represent vascular bundles.

Glossoptevis andica, Schimper. Figs. 840, A, 341

It is a guestion of secondary importance whether or not
the fronds which Brongniart spoke of as a varety of Glossopteris
Brownwiena sbould be recognised as specifically distinet. The
careful examination by Zeiller of the venation characters has,
however, afforded justification for separating G. Browuiana and
G.indica. We must admit that the slight and not very constant

¥ Zeiller (02). * Zeiller (02) Pl v. fig. 7. * Ethenidge (94).
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differences in the size and forw of the meshes*produced by the
anastomosing of the lateral veins are characters which cannoy

ﬂ;\xg\\x‘,‘\\\s\ =
AN

SN

(4 nat. size.),
(Nat. size.) From Arber,

Fro. 340, AL Glossopreris indica, Schimper.
B, Glossopteris angustifolia, Brongaiart.
after Feirtmantel.

be recngnised as having more than a secandary value, though, as
1 matter of convenience, we employ shem as aids to determina-
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tion.  The arvbithary separation of sterile leaves, which differ by
small degrees from onc ancther in form and in the details of
venation, by the application of specific names is a thankless
task pecessitated by custom and convenience ; it is, however, idle
tQ ignore the artificial basis of such separation.  Mr Arber has
recently  published, in his valuable Glossopteris Flora, an
analytical key which serves to facilitate the deseription and
determination of different types of frond™

The large leaves of Glossopterts indica, reaching a length in
extreme cases of 40 cm. and a breadth of 10 em, are characterised
by a rather greater regularity in the arrangement of the

Fra. 841, Glossapteris fndica. Schimp. (- [0 From Avber, after Zeille

nieshes and by the greater parallelisin of the upper and lower
sides of each mesh (fig. 341) and by less difference in size
between the venation meshes than in G. Broumiana, the leaves
of which are usually smaller.  The relatively thick epidermis
consists of rectangular cells with stomata in  depressions®
The scale-leaves®, rather larger than those of 7. Browwiuna,
are tore or less rhomboidal with rounded angles and reach
a length of 15—6 cun. and a breadeh of 15—
rhizome is practically identical with that of (7 Browniana,
This species ocenrs in great abundapce in the Permo-
Carboniferous rocks of India, Australia, and in various parts of

cm. The

T Arber (05) p. 47, = Zeiller (9G) A. p. 368, fig. 13.
¥
@ Zeiller (02): (03). + Oldham (97).
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South Afcica, und elsewhere. It has been retognised also by
Araalitzky ? in Upper Permian beds in Russia and by Zeiller in
the Rhaetic series of Tonkin®,

Glossopteris «ngratifoler. Brongniart.  Figs. 340, B 342,

Tt ix convement ta retain this designation for lincar fronds
with an acute or obtuse apex and o venation-reticulum
comnposed of Jung and narrow meshes (g, 340, BY. It is by no
means unlikely, as Arber suggests, that the same plant may
have produced leaves of the . iadica type and narrower fronds
which conform to (7. angustifolic. In his description of some

Fre. 342, Glossopteris gngustifolin vay. tarniopteroides, |

Tndian specimens of G. dndice, Zeiller draws attention to the
variation exhibived in regard to the extent of anastomosing

between the secondary veins: some examples with v

ry fow

than
as usually defined®.  The venation shown in
e of what is almost certainly
s leaf of the 7. angustifolio type. This specimen,
which was discovered by Mr Leslie in the Permo-Carboniferous
sandstone of Vereeniging (Transvaal), has been referred to 2
variety of Brongniart’s species as (. angustifoliv var. taeniopte-
roides® on account of the almost complete absence of any eross-
connexions. The reference to Glossopterss, which my friend

cross-connexions agree more closely with Zaeniopteris
with Glossopterds
fie. 342 illustrat

an extreme ci

a Glossopte

' Amalitzky (01). ¢ Zeiller (03) PL. xv1,
4 Zeillex (02). + Sewsrd nnd Leslie {08) p. 113,
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Dr Zeiller suggerted, is amply justificd hy the form of the leaf
as o whole, by the angle at which the lateral veins leave the
midrib, a feature in contrast to the wider angle at which the
tateral veins are usually given off in Zeeniopterds (figs 1, 332),
and by the similarity to the Indinn specimens already mentioned,
Several nuthors have described leaves or leatlets nnder the generic

Fia. 845, Llechuorylon taldragarense, Eth
xylem. (After Etheridge. A x

seale-leaves ; «r, secondary
C much enlarged.)

name Megulopteris' from Carboniferous and Permian rocks
which bear a close resemblance to the

South African variety,
but in some eases at least Megalopteris is known to be a pinnate
and not a simple leaf.  The leaf figured by Jack and Etheridge
as Tuentopteris sp.* from Quevnsland may also be an example of
) Dawson (71) A. Pl xvii.; Vantaine and White (80) p. 11: White (95)
p. 815; Arber (05) p. 307, PL xx.
¢ Jack and Etheridge (42).
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Glussuplerds. Comparison may be made also with the Palaeozoic
leaves described in the first instance by Lesquereux and miore
vecently by Renanlt and Zeiller as species of Lesleya® (fig. 5347).

Dlechnorylon talbragarense, Etheridge.  Tig. 343,

Under this name Btheridge® d
from the Permo-Carboniferous Coal-Measures of New South
Wales, which he regards as a fern, comparable, in the possession
of a cvlinder of secondary xylew, with the recent genus
Stotryehium and with Lyginodendron and other members of
the Cycadofilices. The slender axis (1—3 mm. in diameter)
appears to consist of a zone of radially disposed  tissne
(fig. 343, C, ), which is probably of the nature of secon
xylem, enclosing a pith and surrounded externally by imperfectly
preserved remnants of cortex. Unfortunately no anatomical
details could be made out, but the general appearance, if

lge’s

escribed some  specitons

wot due to inorganic structure, certainly supports Etheric
determination. The stem bove at intervals clusters of lincar-
lancealate leaves (reaching 12 mm. in length) in close spiralx
(fig. 343, A and B): the leaves are characterised by a strong
widrib and forked secondary veins. Small “pyriforin™ bodies of
the nature of seale-lenves oceur in association with the fronds
(fig. 343, B, s). !

In his description of this interesting plunL,ELheridge quotes
an opivion which T expressed in regard to the comparison of the
stemn with those of Botrychivm, Lyginodendron, and other
genera.  No satisfactory evidence has been found as to the
natuye of the fructification.  Alshough the leaves of Blechmoaylon
are much smaller than those of Glussapterds, I am now disposed
o regard the geous as closely allied or even generically referable
1o Glossopteris.  The crowded disposition of the leaves is like
that in Glossaplerds, shown in fig. 330 und io the figures published
by Etheridge and by Oldham ; the assaciation of scale-leaves
and foliage-leaves is another feasure in common,  The absence

Y Tesguereax (79) A, PLoxxv.; Renault and Zeiller (38) A. PL xxusr. See
YA .
* Etheridge (99).
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of a reticnhim of anastomosing veins can no longer be considered
a fatal ohjection to the suggestion that the Australian tvpe
may be a species of Glossopteris. If vhe view that Blechnorylon
1 not a distinet genus is correct. the ocemrrence of secondary

Ti6. 344, Glossapterss retifera.  {Nat. size.  Trow Arber, alter Feistmantel.)

xylema is favourable to the opinion already eapressed that
Glossopteris is miore likely to be a Preridosperm than a true fern,



312 PTERIDOSPERMS, ETC. fch.

The data at present available render it adwisable to retain
Mr Etheridge's nwine: the comparison with Glussopterds tacks

confirmation.

Glossupteris retirera, Feisy, g 344

Ta some (Glossopterts leaves the anastomosing secondary
anple represented

veins foria a coarser rveticulum, as in the
in fig. 34+, The nmme G. retifera was given by Feistmantel!
similar forms have been deseribed

to Indian fronds of this type
as (7. conspicua and . Tatei. The type ilustrated by G. retifera
i recorded also from Permo-Carboniferous rocks in Zululand?,
Natal, the Transvaal, Cape Colony, and the Argentine.

Gangamopteris.

In 1847 McCov® deseribed a leaf-fragment from Perno-
Carboniferous  rocks in New  South Wales as Cyelopteris
men of this species, which is now

angustifulin.  The type-spec

in the Sedgwick Museum, Cambridge, has been re-de hed
by Mr Arber’.  Subsequently”™ McCoy instituted the generic
nawme (Gangumopteris for leaves, like that previously referred

by him to Cyelopterss, from the Bacchus Marsh Sanudstone of
New South Wales, but he did not publish a diagnosis of the
genus until several years later®. Feistmantel’, who has
deseribed many  species of  Gangamopteris from the Lower
Gondwana strata  of ludia, slightly medified the original
The genus is represented by sterile fronds only.

dingnasis
We know nothing of the stem, and such evidence as is available
1o regard to the form of the fertile leaves is of a clreumstantial
kind. 1t is, however, highly probuble that Gungamopteris is
not a true fern but a Preridosperni,

Leaves simple, sessile, varying in shape: ohovate or spathulate, broadly
lanceolate or rarely linear; the apex is usually Llunt (fig. 345) but
onadly gradually tapered.  In general appearunce a Ganganopteris
Jeaf is similar to that of Glussopteris indica, the chief distinction being the

! Feistmuntel (80) Pla. xxviu. A., xLr A. ¥ Sewarad (07).
3 McCoy (47). 4 Arber (b & McCoy {80) p. 107 (fontnote).
& McCoy (75). 7 Feistmantel (79).
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absence of & midrib. , Gangamopteris leaves are on the whole larger than
those of Glossopteris; many of them reach a length of 20 ¢m. aud some of
the large Indian fronds are nearly 10 em. long. The venation of Geangant-
apterls shows a greater uniforniity in the size and shape of the meshex
than that of Glossopteris. The middle of the Jamina, especially in the
lower part, ix occupied by a few vertical veins from which lranches curve
upvards and outwards towards the edge of the lamina.  The secondary
veins ure connected by frequent anastomoses and agree very closely with
those of Glossopteris.  The Lunina becomes narrower towards the base,
whiclt is either euneate or jn some cases slightly anricnlate (Bg. 345).

As I have elsewhere painted out?, the presence or absence
of a midrib is not in itself a character of real taxonomic
importance.  In the recent fern Scolopendrivm vulgare the
frond has a promnent midrib, while in 8. nigripes there is no
wedian rib.  Mr Arber has expressed the opinion that “it is
extremely doubtful whether the genus Gongamopteris should
The retention of the two names

not be merged in Glussopteri:
is, however, convenient, and it would tend to confusion were
we to carry to Its logical conclusion the view that the recognised
on between the two genera may not be a nark of

distine
generic difference,

(fangamopteris 1s confined to Palacozoic strata, a fact which
Jeads White? to speak of the Gangamopteris rather than of the
Glossopteris Flora, It occurs in Sonth America, South Africa,
Australia, and India, extending as far ®orth as Kashmir; it has
vered by Amalitzky in Permian rocks of Russiat,
The Russian rocks in which Glossopteris and Gangamopteris
were found are no doubt of Permian age. In Australia, South
Africa, Brazil and Argentina, and in the Indian Coal-fields,
Gungamopteris is a characteristic genus of Lower Gondwana
rocks,  Thes re usually spoken of as Permo-Carbon-
iferous in order to avoid the danger of attempting on insufficient
data a precise correlation with Luropeau formatiuns.

Feistmantel speaks of Gungumupteris as mosi abundant in
the Talchir-Karharbari beds, though it is represented also in
the averlying Damuda series. In Australia che genus occurs in
rocks which correspond in position and io their plant fossils

1 Seward and Woodward (05) p. 2.
2 Arber (024 p. 14. 8 White, . (07). < Arber (G3).

5 Il 33
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with the Talchir-Karharbéri beds of India; Similarly, in South
Africa and South America the Gangamopteris beds are homao-
taxial with thase of Tndia and Australia. The leaf described
by Carruthers® from Brazi) as Noeggerathia obovata (the type-
specimen is in the British Musewn) is no doubt specifieally
identical withGuangamopteris cycloptervides Feist.*  Tn a paper
by Mr Hayden on Gangamopteris beds i the Vihi Valley,
Kashmir, evidence is adduced in support of the conclusion that
the rocks ave “ not younger than Upper Carboniferous and may
belong to the base of that subdivision ar even ta the Middle
Iv woudd seem that Gangamopteris was a

Carboniferons®,
very widely spread genus during the latter part of the Carbon-
iferous period in the vast Svuthern Continent to which the
name Gondwana Land is often applied, and that it flourished in
the Southern Flora during at least part of the Permian period :
with ather members of the Glossopteris Flora it migrated to the
North where it has been preserved in Permian rocks of Northern
Russin.  The Glossopterts Flora must have had its birth in the
Southern hemisphere.  The conclusion scems inevitable that

the leaves of Glossopterds and (Fangamopterss in the shales and
sandstones of India, South Afriea, South Awmerica, and Australia
are relies of the vegetation of a continent of which these regions
are the disjuncta membra.  Darwin wrote to his friend Hooker
it 1881, “1 have sometimes speculated whethor there did not
exist somewhere during long ages an exsrerncly ixoated conti-
nent, perhaps near the Sonth Poled” It s probable thar
Gungumopleris is one of the genern which flourished on this

continent.

Gangqumopteris cyolopteroides, Feistmantel”.  Fig. 343.
[B76. Feistmantel, Records Geol. Sury, [ndia, Vol 1y, PL i p. 73,
The specimen represented in fig. 345 illustrates the characters
of this commonest representative of the genus.

) Carrathers (69%) p. 9, Pl. vi. fig. 1. : Sewnrd (03} p. 83
# Hayden (07); Seward (07%).

4 Darwin (87) A. Vol. m. p. 248,

5 For synonymy, see Arber (05} p. 104
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From Arber, after

t.  (Nat. size.

Feistmantel.)
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Gungumopteris koshmirensis, Seward.

1905, Seward, Mem. Geol. Rurv. India, Vol. 1. Men. ji.

This type agrees closelv with G. eyclopteroides in size and
i the form of the leaf, but it is distingunished by s flavter
farm of the arch formed by the lateral veins, by their greater
inclination to the margin of the lamina, and by the more
acutely pointed apex of the lamina,  This species, though not
very sharply distinguished from G. cyclopteruides, is important
as coming from beds which have been assigned on other than
palacobotanical evidence to an Upper or possibly a Middle

Carboniferous horizon’.

We have no definite information in regard to the nature of
the r of Gangamopteris, but such evidence as
there is snpports the view expressed by Dr White®and shared
by some other anthors that Gangamopteris and Glossopteris
should be assigned to the Pleridosperms.  Despite the abun-

sroductive orgi

dance of Gangamopteris leaves, no fertile specimen has been
discovered. This negative evidence may prove to be as correes
as that which led Stur® vo exclude Newropteris, Alethopteris and
Odontopteris from the ferns. The only evidence of a positive
kind is vhat farnished by Dr David White in his recent Report
on the Palaeozoic Flora of South Brazil. This author describes
some small Aphlebia-like leaves under two new generie names
Arberiat and Derbyella®. The differences hetween the two sets
of specimens, so far as can be determined from the reproduc-
Jons, are slight, and 5t is by no means

tions of imperfect 1mpr
clear that a distinction of generic ravk exists. Thess scale-
leaves are on the average about 2 em. in length; the lamina is
oval or rounded and has more ar less prominent lobes. In
Derbyellu there are indications of anastomosing veins. The
specimens referred o Arberio minosica are, as White points
out, very similar to the fossl described by Feistmantel frowm
Lower Gondwana rocks of lodia as probably a portion of an
inflorescence of Noeggeruthiopsis®.  TFeistmantel’s specimen s

} Seward and Smithb Woodward (05); (07°).

= Whits (04) pp. 473, 453, “ Swor (89) p. GBY.

4 White (08) p. 5337, PL. vur figs. 5-10. d Ihid. p. 543, P). 1z, figs. 1-8.

# Feistmentel (80) I'1. xxvu. fig. 4.
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represented in fig. 346 the curled lobes may have originally
borne seeds. In the Brazilian examples the abroptly truncated
lobes “bear evidence of separation frow reproductive bodies.”
An important point is the association of these seale-Jenves with
Gongamopteris fronds and with gymnospermons seeds of the
Stmaropsis type.  On the leaves assigned to Derbyelle aurita
circular depressions occur at the base of the lobes which are
described as probably due to sporangia.

Dr White's discovery gives us inercased confidence in

expressing the view that Gangamopteris bore its reproductive
organs on specialised leaves very different from the sterile
fronds: it also strengthens the suspicion that the genus is a

member of the class of seed-bearing fern-lilke plants.

Tie. 346, Arberia sp. (=Nocggerathiopsis of Feistmantel). (Nat. size.  After
Feistmantel. )

Lesleya.

This generic designation was instituted by Lesquereux! tor
simple oval-linear leaves from the Coal-Measures of Penn-
sylvania,  The leaves so naumed are probably generically
identical with the specimen doubtfully assigned by Brongniart?
to tie Conl-Measures, and niade by him the type of the genus
Cannophyllites on the ground of a resemblance to the leaves of
the recent flowering plant Canna. Fig. 347 illustrates the
form of a Lesleya leaf fromi the Coal-basin of Gard, named by

¢ Lesquevenx (0) L. p, 1425 PLovxw ) 2 Drongniert {28) A. p. 129,
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Grapd’Bury L. simplicinervis®, a type in whi¢h the veins are
frequently unbranched and not repeatedly forked as i most
examples of the genus (fig. 320, C).  The features of the genus
are, the oval-lirear or lanceolase shape of the presumably sinple
frond. its entire or, In vne species ab least (L. Deloronds, Zeill.),
finely dentate margin, the stout rachis giving ol at a very
seute angle numerous dichutumously branched secondary veins,

Fic, 847, Leslya simplicinervis, Grand'Bury. (Rednced : afler Grend Eary.)

In L. Delufondr (fig. 329, O), described by Zeiller® from the
Lower Permian of Autun, the frond may reach a length of
more than 20 em. and a breadth of &cm.  Similar species are
represented by L. ensis® from the coal-field of Corveentry,
and L. grandis* from Upper Carbonifercus rocks of North
America. The genus is characteristic of Upper Carboniferous
and Lower Permian strata: the form of the leaf and the direction

! Grand'Ewry (00) A. Pl vim. fig. 5. ? Zeiller (00) p. 166, PL. xur. fig. 2.
¢ Renanlt and Zeiller {88) A. Pl xxtn. fig. 6. 4 Lesgaereux, loc. cit.
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of the secondary, veins suggest comparison with Glossupterss,
but in Lesleya there are no cross-connexions between the veins.
Nothing is known as to the fructification, a fact which naturally
evokes the opinion that the genus i

< a Pteridosperm! and not o
true fern.  Some years before the discovery of Pheridosperis,
Grand Enry? suggested that Lesleya might be a Gymnosperun |
his opinion being based on the woody nature of the rachis and
on the simple venation of Lesleyn stmplicinervis.

Neuropteridium.

In their monagraph of fosil plants from the Bunter Scries
of the Vosges, Schimper and Mougeot® deseribed some pinnate
leaves of ferns as species of the genus Newropterts. In 18G9
Schimper® placed these in a new sub-genus Newropleridium, in
order to draw attention to the fact that their fronds appear
to be simply piunate and not bipinnate o {(ripinnate as in

Neuropteris. The type-species of Neuropteridium is N. grandi-
Solia Sch. and Moug. from the Bunter Sandstones of the Vosges,
The genus includes Triassic Enropean species and the widely
distributed Permo-Carboniferous species from Brazil® originally
described by Carruthers as Odontopteris Plontiona. 1t 1
probable that <ome Carboniferons plants, particularly species
from the lower members of the formation, referred to the genus
Cardiopteris, are not generically distinct frors the Indian and
southern hemisphere tyvpe Newropteridium validum (= Odon-
topteris Plantiana).

s

Fronds pinwate, linear; a broad rachis bears pinuules which may be
cither semicircular or broadly linear with an entire or lobed margin.  The
longer pinnules may exceed 6 cm. in length. The pinnules agree with
those of Neuropteris in being attached by the median portion of the lamina
and wot hy the whole base, which is more or less auriculate. In some
cases the repeatedly forked veins diverge from the ceuntre of the pinnule
base ; in others there is a midrib which persists for a short distance only,
and in some species the more persistent median vein gives the segiments a
closer resemblance to those of Newropteris. Fructification unkuown, with
the exception of obscure indications of sporangia (?) on the fertile Jeaves of
a Triassic specics.

! White {05%) p. 381, 2 Grand’ Eury (30) A, p. 803,

3 Schimper and Mougeot (44 A. 4 Schimper (G4) A. p. 447.

5 Carruthers (694).
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salidum, Feist. Nat, size. From the Karbarbiri
From arber, after Feistmantel.



Lt
[}
—

XX v11] NEUROPTERIDIUM

Newropteridinme validum (Feistmantel,  Fig. 348,

1869.  Odontopterds Plantiana, Carruthers, Geol. Mag, Vol vi . 9,
PL vi 3.
1878, Newropteris valide, Feistinantel, Mem. Geol, Surv, India, Foss,
Flor. Gondwana Syst., Vol. 11 p. 10, pl. m—vi.
vO1880. Newropteridium validum, Feistiantel, [bid. 2, p. 84,

The specimen represented in fig. 348 illustrates the main
features of Newropteridivm validum.  This species is referred to
by Dr White® as N. Plantianun on the ground of priority, and
with a view to perpetuate the name of the English engincer
Nathaniel Plant who discovered the species in a Brazilian Coal-
field in the provisee of Rio Grande do Sul. Feistmantel’s specific
name is however retained as being much better known. An
examinagion of Mr Plant’s specimen in the British Museum
led me® 1o speak of the Brazilian species as identical with
N, walidum deseribed by Feistmautel from Lower Gondwana
rocks of Indin. Zeiller* had previously drawn attention to the
resemblance between the two sets of specimens.  The frond of
N validum may exceed 50 em. in length. The lower pinnules
may be entire and semicircular in form while the upper and

larger segments, which may reach a length of 5 or G e, are
characterised by broad lobes (fig. 348).

This type is represented in the flora of the Talchir-
Karharbirl seri Gondwara) of Indi in Permo-
Carboniferous rocks of Brazil and Argentine
sandstones of Vereeniging on the borders of the Transvaal

, and 1o the

and Cape Colony. It is a characteristic member of the Glassop-
and occurs in association with Glossopteris and

teris Flors
Guangamopteris.

Neuropteridium intermediwm (Schimper).  Fig. 349,

This species has been figured by Schimper and Mougeot™
from the Bunter of the Vosges and more fully described by

) See Arber (03) p. 116 ; Seward (03) p. 85.

* White (08) p. 483. 3 Seward (03) p. 83, + Zeiler (95) p. 616,
# Feistmantel (79). ¢ Kurtz (94).

7 Schimper and Mongent (34) A, Pl xxxvro,
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is shown in fig. 330 on a slightly reduced scalr, was originally
figured by Schimper from an unusually good example in the
Strassburg Museum.  Schimper's drawing hardly does justice
to the original specimen.

A frond hearing rather nuwrrower pinnules, alternately
placed on the rachis, which Fritsch has described as Cardiopteris
Hochstetterit var. francomce from the Culm of Thuringia, bears
a close resemblance to Newropleridivm validum but differs in
the entire margin of the pivnules.  An Upper Carboniferous

T

After Schinper.)

Fio. 350, Cardiopteric yrondosa (Goepp.). (] unt. size.

species from Russia deseribed by Grigoview? as Nearopteris, ef.
cordata var. densinenra, represents another form of similar habit,

Schuster? has recently proposed a new generic name
Ulvopteris for a fragment of a pinna from the Coal-Measures
of Dudweiler in Germany bearing large pinnules, which he
compares with those of Cardiupteris and species of Rhacopteris.
The specimen appears to be indistinguishable from some of

! Grigoriew (38) DL 1. ) ? Schuster (08} p. 194.
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those already re&erred 11 ns conforming to Newrupteridinm, and
it is difficult to recognise any reason for the creation of a new
generic pan,

We cannot hope to arrivee at any satisfactory decision in
regard to the precise affinity between Newropteridium validune
and species referred to Curdiopteris and other genera so long as
portions of sterile fronds arve the only tests ar onr disposal. It
is diffieult to determine whether a specimen consisting of an
axis hearing pinnules represents a large pinna of a bipinnate
frond or if it is a complete pinnate leaf.  There is, however,
no adequate reason  for supposing that  the  presumably
pinnate fronds from the Gondwana Land rocks are generically
distinet  from  the Lower Carbonjferous Eurapean species
Curdiopteris frondosa.  Granting the probability that both
sely allied to one another, the

genera are Pteridosperins and ¢
o generic names may be retained on the ground of long usage
and in defanlt of satisfactory evidence contirmatory of generic
identity. Cardiopteris would thus stand for a type of frond
characteristic of the Lower Carboniferous strate of Europe,
while Newropteridivm is retained for the Southern species
N. validune, and for others from the Trias of the Vosges,

Aphlebia.

This name was proposed by Presl' for lavge leaf-like
impressions having a pinnate or pinnatifid form and characterised
by a confused irregular type of venation, or by a fine snperficial
striation or wrinkling which simulates veins,  Gutbier had
previously described similar fossils as Fucoides, and  other
authors have described Aphlebine as species of Rhacophyllunm,
Schizopteris, and vther genera® The term Aphlebia is retained.
not us denoting a distinct genus but (i) as a descriptive name
for detached leafv structures similar to those figured by Presl,
which are now recognised as [aminar appendages of the petioles
of ferns or fern-like fronds, and (i) as an epithet for highly
modified pinnules which frequently occur at the base of the

! Presl. in Sternberg (38) A.
4 For synonymy, see Zeiller (88) A. p. 301
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primary  pinnae  of Pecopteroid and Sphetiopteroid fronds
(g Ductvlothecy plumosa, fig. 293)%

Modified pinnules, similar in their reduced and deeply
digsected famina to those represented in fig, 293, are frequently
found at the base of the primary pinnac of Palaeozoic species of
Sphenapteris and other genera of Peridosperms or ferns including
wmembers of the Coenopterideae. Potonié
types of Aphlebiae in his paper on these organs. A striking
case has recently been deseribed by Zeiller in a French Upper
Carboniferons species, Nphenopteris Mathett®, It would scem
that the larger examples of Aphlebie are mare frequently
associated with the compound leaves of Pteridosperws than
with those of Ferns®.

As examples of the larger types of Aphlebiac veference may
be made to dphlebia erispe (Gutb.)®, which reaches a length of
nearly 60 co. and has the form of a more or less triangular
pinpate leaf divided inte decurrent deeply lobed segments, to
a similar species represented by A, Germari (= Schizopteris
luctuca Cermn,)® which simulates the leaves of endive (Cichurivm
endivia L.), and to some large forms figured by Grand Eury ™ as

* givesa list of various

species of Schizopterds,

Aphlebiae such as shat figured by Kidston® as Hlacoph yliam
crispum, with narrow ultimate scgments, might easily be
mistaken for the impressions of an alga.

The terw Aphlebia may be applied also to the Cyelapteroid
pinoules on the petioles of some species of Neuropteris, Odonto-
])im‘i.s- and Archaeopteris. Goebel® has referred to the application
by Potonié¢ and other authors of the termy Aphlebioid to the
pinnules which serve as bud-protecting organs in recent fronds
of Gleichema (fig. 220, p. 280); be expresses the opinjon that it
is supertluous and misleading to make use of a special desig-
nation for structures which are undoubtedly wodified pinnules.
In the case of fossils it is, however, convenlent tu employ
the term A phlebie as a descriptive name for modified pinnules

' Page 406, 2 Potonié (08) p. 162. 3 Zeiller (06) Pls. v, vi1.
< Arber (06). * Renault and Zeiller (88) A.; Zeiller {88) A. I't. v,
¢ Renaolt and Zeiller (88) A, Pl xxiv. 7 Grand'Eery (90) 4. PL xix.

# Widston (911 PL xxx¥. * Gosbel (05) p. 818,
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or stipular stritures which cannot be connected with definite
species of fronds. It is clear that some Aphlebiod leaflets, such
as those of Dactylotheca, served as protective organs for the

v

i

Fua. 353, Seale-leal of Gumnera manicata. (Slightly reduced. M.S.)

unexpanded pinnae’, and in all probability the large Aphebiae
served the same purpose as the fleshy stipules of Angiopters
and Marattia which cover the uncoiled fronds.  The pinnatifid

1 See p. 400, fig. 298 ; Potonie (08) niso fivures a young [rond of Dactyls-
theca plumose partially covered by Apllebine.
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scale-leaves of considerable size (fig. 351) whish ocour in the
leaf-axils or as ochrea-like stipules on the frouds of Gunners
(a tropical and subtropical Dicotyledonons geous) bear a very
smblance to some Palaeozoic Aphlebiae, e.g. Aphiebia

il seale-leaves may be

re
spie (Gutbh.).  The rece 5
regarded as similar in function as in formn: moreover the delicate

coiled fronds of Palacozoic Pteriduspernis or ferns, like those of
en kept moist by a

some recent flowering plants, may have be
secrction of mucilage. The pionatifid ssipules of Marattia
Srasinea (fig. 241 B, p. 317) resemble certain fossil Aphlebiae,
and the wrinkled surface of the recent stipules presents an
appearance similar to that which in some fossil fortus has been
crroneously described as veining. It is not improbable that
mantle-leaves of such recent ferns as Polypodivm quercifolium
(fig. 234, M, p. 30:3) are comparable with some fossil Aphlebiac
which may have served as humus-collectors for Palaeozoic

epiphyte
The filiform appendages on the petioles of the recent fern
Hemditelia cupensis (fig. 235, p. 304) have often been compared
with the aphlebioid leaflets of fossil fronds.
Potonié who has discussed the nature of Aphlebiae r
iges of a once continuous lamina, which (urmul a

gards

themn as ves
winged border to the branched axes of wore primitive forms of
fronds. It is possible that the pinnules between the pinnae on
the rachis of Archaeopteris and the Cyclopteroid leaflets of
Neuropteris and Odontopteris may have the morphological
significance attributed to them by Potonié. In some cases
it is probable that the Aphlebiace, whether vestiges or not,
served the purpose of protecuing either the whole frond
individual pinnac. Aphlebiae, though especially characteristic
of Palacozoic leaves, are occasionally met with in the form of
mwodified pinnules at the base of the primary pinoae on
Mesozoic ferns, e.g. in Comopteris hymenophylloides’.

In some fern fronds the lowest pinnule of each piona
differs in shape or size from the normmal ultimate segments,
but it would be almost atfectation to extend the nse of the
verm Aphlebie. to such pipnules. The Jurassic species

! Seward (00) Pl xx1. fig. I.
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Cladophlebis lobsfolic (Philly is o case in point’. In this
fern, which some authors speak of. without sufticient 1eason,
as Dicksonda Lobifolia®, the lowest pinnule is large and hifferent
m shape from the others.

Fie. 852, A, Sphenopteris obtusiloba. Pinnule. (Enlarged. After Zeiller.)
B, C. 8. obtusiloba. (I nat. si After Zeiller.)
D. Pecapteris arborescens. (Slightly enlarged.  After Zeiller.)
K. Sphenopteris furcata (= Diplotmema furcatum). (Slightly en-
larged. After Zeiller.)

Sphenopteris.

Sphenopteris is one of the many generic names which we
owe to Brongniart®. It is the generic designation used for a
great: number of Palaeozoic and later fronds, most of which are
those of true ferns while some Palacozoic specics ure undoubeed
Pteridosperms. The genus, which 1s purely provisional, includes

Y Ibid. p. 145. * Raciborski (94) 4. PL. x1. ? Brongainrt {22) A,
s 1 34



530 PTERIDOSPERMS, ETC. Tou.

members of widely differcnt families possessing pinnules of the
same general type,such as is represented in some recent species
of Davallia, Asplenium, and other ferns.

The fronds of Sphenopteris mny he bipinnate, tripinnate, or quadri-
his may be dichotomously branched or the branching may
wracteristic of most recent ferns.  The pinnules
usiderably in shape even in a single frond, but the
: the Iulwd l.mmm, contracted 'md uft&u We

yinmates the
be of the pim:
are smadl;
<'l\iz-x' vlmr:wt

)»(: dirwded into a few l:)m:z)‘\' )'mmdm) lnl.:

lumnm m (fig.
ccted into linear or cuneate segents (fig. 352, A, B, E).

deeply diss

Examples of Sphenopturaid leaves have already been
dueseribed woder the genera Coniopterds, Unychiiopsis, Ruffordia,
vie.  Among the numerons examples of Sphenopteris species
from the Carbunifercus rocks mention may be made of Spheno-
pteris obtusiloba Brogn.! (fig. 352, A—C), which occurs in the
Middle and Lower Coal-Measures of Britain® This type 1s
characterised by the ahnost orbieular, oval or triangular pinnules
which may reach a length of 15 wn.: they are occasionally
entire, but more usually divided into 3 to 5 rounded lobes. The
forked veins radiate frown the base of the pinnule.  The rachix
iy be dichotomonsly branched.  Fruetification unknown.

The species S, furcate Brongn.®, characteristic of the Middle
and Lower Conl-Measures of Britain tfig. 332, E), is referred
to under Stwr's genus Diplotmemat in which 1t 15 includerd
by some authors sololy because of the dichotomuwus habit of
branching of the pinae.

The pinna represented in Ky 353 illustrates a similar type
of pinnule. Thisspecies, which is very comnion in the Calciferous
Nandstone of Scotland, was described by Lindley and Hutton
s Sphenopteris uffinis®,

The fronds of Splhenopleris affinis were discovered by
My Peach®in a fertile condition, but he regarded the reproductive
organs as those of a plant parasitic on the Sphenopterss fronds.

¢ For synonymy, see Kidston (86) p. 65. 2 Kidston (94) p. 2068,
s Zeiller (85) A. p. 147, 1 Kidston (B6) p. 80. 4 See p, 585.
@ Lindley and Hutton (51) A. 2 v Peach (78).
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Kidston! sabstituted Stur's gevus Calymmnatotheea for Sphena-
plerts on the ground that the sporangia figured by Peach
nneder the name Staphylopler’s Peachii bear a close resemblance

Y. 333, Sphenoptevis aginis, Lind, and Hutt, ¥rom the Caleiferous Sandstone
of Burdiehouse (Seotland). (Sedgwick Museum, Cambridge.) M.S.

to the orgs

ns which Stur described as valves of au indusium in
hix species Calymmatotheca Stangeri®. An examination of Stur's
I Kidston (87) p. 145, 2 This species will be described in Vol. .

B—z
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Benson and by Prof. Oliver and Dr Scott

specimens by Mis
tion of the appendages at the

has confirmed Stur's interpre
tips of the fertile pinnae as valves of an indusial or cupular
strueture. The superficially similar bodies on the fertile pinnae

of S, agfinis ave however true sporangin, and cannot legitimately
be included in the genus Calymmatotheca as deseribed by Stur,
For this reason Miss Benson institutes a new genus Telangtune,
the type-species of which, T. Scotti from the Lower Coal-
Measures of Lancashire, is based on petrified material. The
Scoteh species Splhenupterss affinds (= Calynmatotheca affinis of
Kidston) is also transferred to Telangiune: the sporangia are
considered by Miss Benson to be microsporangia. This with other
species s no doubt correetly included in the Preridosperms.
A complete frond of Sphenopteris affinis, showing a regular
dichotomy of the main axes, is represented by an admirable
deawing in Hugh Miller’s Testimony of the Rocls®

Some of the Palacozoic species of Sphenopteris probably
represent the fronds of true ferns, but others are known to have
been borne by Pteridosperms. S, Hoeninghansi (fig. 290, C,
p- 399) is the foliage of Lyginodendron, and Scott? speaks of
three speeles, S. dissecta, S. elegans, and S. Linkii as the leaves
ol Heteranginvm.  Grand'Eury? has recorded the ocenrrence in
French Coal-Measures of seeds in association with other

Sphenapteroid fronds.

Mariopteris, Diplotmema, Palmatopteris.

The discovery of sporangia on the fronds of several Pa-
lagozoic species of Sphenopteris and Pecopteris has led to the
institution of new generic names, which indicate an advance in
knowledge beyond the stage implied by the use of those
provisional designations based solely on the forrn and venation
of the pinnules. Other names have been created by authors in
place of Sphenopteris and Pecopteris on the ground that a
striking feature in the mode of branching of fronds is sufficiently
important to justify generic recognition even In the absence

I Tienvon (04). ¢ Milfer (37, Frontispiece.
# Seott (054 p. 44, + Grand'Eury (05%).
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of fertile specitgens. As examples of designations based pri-
manily on the branch-system of compound leaves, the gencra
Muriopterdss, Diplotmema. and Palmatopteris may be briefly
considered (fg. 334 A—C) Dr Kidston' is of opinion that the
creation of new genera for purely vegetative characters of frond

is of no real advantage, and he prefers to retain the uolder
provisional names for species known only in the sterile conditiou,
On the other hand, if we are sufficiently familiar with specitens
large enongh to enable us to recognise a well-defined morpho-
logical character, it may serve a useful purpose to cmploy a
generic designation for features which may have a phylogenetic
value. A comparative examination of Palacozoie, Mesozoic, and
recent. compound fronds, including both Pteridosperms and truc
ferns, brings to light certain distinguishing features character-
istic of the older types which, as Potoni¢ maintains®, point to
the derivation of the pinnate habit from a primitive dichoto-
mous system of branching.  For a more complete discussion of
this question reference should be made to Potonié's suggestive
papers.  Among vecent ferns Matoniu ard  Dipteris, two
survivals from the past, afford instances of fronds with a
branching system of the dichotomous type.

Similarly, in Gleicheniu, Lygodium, and more rarely in
2)

species of Polypadiaceae (eg. Davallia vcwleata. tig.
dichotomy is a striking feature of phe fronds. In the grear
majority of recent ferns the fronds have aussumed a pinnate
habit.  Among Palaeozoic fern-like fronds dichotomous branch-
ing of the wain rachis and of the pinnae is much more comman.
Potonié draws attention to several ather features which
distinguish  Palacozoic fronds from the majority of later
species: the frequent oceurrence of pinnules borne directly on
the main rachis (fig. 354, Dy, and of mndified pinnules or
Aphlebiac ou the vachis and petiole, are characters to which he
attributes an evolntionary significance.  The main point is thar

cawination of leaf-form affords evidence in

o comparative

favour of the view that the modern type of frond, with it~

naked rachis bearing two rows of pinnae, has been derived trom

a less specialised type in which the distinction between the
¥ Kidston (01%) p. 101, 5 Potonié {95) 5 (94).
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parts of she leaf is mnch less evident. The prmitive leaf was
probably a dichotomously branched axis provided with a
cuntinuous lamina which eventually became ULroken np into
separate Jobes or pinnules.

As the dichotomy of the frond became Jess regular, a pinnate
‘ arly scen in many Palacozoie types
which constitute eonnecting links between forked and pinnate
fronds (fig. 354, D). The Aphlebiac may be remnants of the
onee-continuous layiina on the petiole, and the normal pinnules
borne on the rachis may be regarded as the attributes of frunds
iu which the division of physiological labour had net reached

the stage which characterises the leaves of recent ferns.

Mariopterss.

This name, which is due to Z
Palacozoic fronds characterised by a double bhifur

e, is applied Uy him to
tion of the
rachis of the primary pinnae.  Mariopteris nourivata (= Peco-
pteris muricata Schloth.) may be taken as the type of the genns
This species is common in the Lower and Middle Coal-Measu
of Britain and rare in the Upper Coal-Measurest Tt
described by Kidston?® as one of the most polvniorphic und
widely distributed Coal-Measure speeices. The pinnules as
secn 1n fig. 364, B, are of the \phmupum\d type. No fertile
are known, but it is significant that Grand Buyy?
has recorded the association of Martopteris muricato and seeds.

The wain rachis gives off alternite naked branches, each of
which bifurcates at its apex into two short naked axes, and these
are again forked, the ultimate branches having the form of
bipinnate pinnac provided with large Sphenopteroid pinnules
(Bg. 354, B). Zeiller includes in Alariopteris some species
which Stur® referred to bis genus Deplotmema.  Possibly some
of the Patucozaic fronds with a zigzag rachis may have been
climbers like Lygodiun.

1 Zejller {T9%). = Kidston {0%) p. 193.
2 For synonymy, se¢ Kidston (Q3) p. 771.
¢ Grand’Eary (08). ® Sty (75) A p. 120,
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. LDriplotmema.

This generie nane is emploved by Zeiller’ and other authors
i1 more restricted sense than that in which it was originalv

Pabmatopterix.

Mariapteris. (A, B, after Potopit.)

Diplotmema Zeilleri, Stur.  (After Zeiller.)

D, Zeilleri. Pinnule. (> After Zeiller.)

Neuropteris macrophylla.  (British Museum .

N. macrophylla. Pinuule, (Slightly enlarged. After Kidston.)
heterophylla.  Pinnule. (Slightly enlarged. After Zeiller.)
Scheuchzeri.  (Slightly reduced. After Kidston.)
Alloiopteris Essinghii. (Enlarged. After Potonié.)

nsed by Stur. The Upper Carboniferous species Sphenopter
Surcata Brongn, (fig. 352, 1) may serve as the type.  This species
occurs in the Middle and Lower Coal-Measures of Britain<

1 Zeiller (79%); (88) A. p. 142, * Kidston (94) p. 240.
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The wain rachis gives off branches as in Mqriopterss, but in
Liplotmema each naked lateral branch is forked at its apex
into two opposite pinnae bearing deeply dissected Sphenopteroid
pinnules.  Zeiller' and Stur have recorded fertile specimens
of Diplotmema, but in noe case have actual sporangia heen

A

Fri. 355, A, Cephalotheca miredilis, Nagh, Fertile pinmae, [Partially re-
stored.  After Nuthorst.)
B. C.mirabilis. Sterile pinoule. Nat. size. (After Nathorst.)

discovered.  In the species Diplotmema Zedlleri Stur (fig. 2‘)4
C, C" two Aphlebiae oceur at the base of each secondary axis®,
It has been pointed out by Potonié that in Diplotmenma furcatum
the equal dichotomy of the lateral branches is not characteristic

s Zeiller (88) A, p. 147. * foid. Pl, xv1.
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of the frond asta whole.  Tn the case of hranches higher on the
rachis the dichotomy becomes unegual and the torked axis is
gradually replaced by a siwple pinna (fig. 354, &) For this fype
of frond, Potonic¢ proposed the generic name PDalmatopieris in

place of Diplotmema, which L discards. The long compara-
bively slender rachis of . fureata suggests comparison with
the liane species of Lygodium'.

Cephalotheca.

This genus was proposed by Nathorst? for some peculiar
bipinnate fertile tronds from the Upper Devonian rocks of
Bear Island. The pinpac bear slender forked ultimate seg-
ments yepresented by a few detached fragments (fig. 355, B),
associated with the rachises. The fertile pinnae are given off
in opposite pairs from the main axis over which they are
concrescent (fig. 355, A). A mop-like cluster of sporangia is
borne on the lower surface and close to the base of a fertile
pinna : the exannulate sporangia are compared with thioss of
Scolecopteris. Nathorst compares Cephalotheca with a Belgian
species of Upper Devonian age described by Crépin® as
Rhacophyton condrusorum and by Gilkinet' as Sphewnopteoris
condrusorum. A similar fossil is also described by Baily# as
Filicites lineatus from the Kitorkan Grits of Ireland,

The position of Cephalotheca cannot be definitely deteriained
from the available data, but it is more probable that it wis

a seed-bearing  Pteridosperin and not o true fem. Zeiller®

has recently expressed the same opinion.

Thinnfeldia.

The genus Lhinnfeldic. founded by Ettingshausen in 18527
on sowe Hungarian Liassic specimens, though frequently in-
cloded in the Filicales, cannot be sald to occupy that position
by virtne of any well-authenticated filicinean features. It is by

1 Potoni¢ (92). * Nathorst {02) p. 15.
¥ Crépin (73). Previously described by Crépin (74) as Psilophyton.
 Gilkinet (75}  Nathorst (02).

& Zeiller (09%) p. 20. 7 Ettingshaunsen (32).
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go means iaprobable that many of the species ceferred to this
genus are closely allied to Palaeozoic Pteridosperms.
Thinnfeldia may be bricfly defined as follaws

Fronds simple and pinnatifid, pionate or bipinnate: rachis broad and
asionally dichotomously branched.  Pinnules often fleshy ar corinc
braadly liuear, entire or lobed, provided with a midrib fram which simple
or forked secondary veins are given off at an scute angle : or the laminae
ay b short and hroad withaut a midrib and traversed by several
)th divergent and forked veins.

isfactory evidevce of reproductive organs bas so far heen

adduced,

"The genus is chiefly characteristic of Upper Triassic. Rhaetic,
and Jurassic floras, though it was in all probabilits represented
in Permian floras.  Several species. muny of which mre value-
Jess, are recorded also from Cretaceons and Tertiary formations.
Search should be made for fertile specimens or for evidence
as to the association of seeds with Thinnfeldia fronds.

Some Permian fossils from Kansas which Sellards’ has
made the type of & new genus, (flenopteris. appear to be
indistingnishable generically from leaves of Lower Mesozoic
age universally recognised as typical examples of Thivnfeldia.

Thinnfeldin odontupteroides (Morris Figs. 356—135%.

This species as regards the shape and size
ol the ultimate seginents and their venation. Tt s a type of
extended geographical range characteristic of Rhaetie or Upper
‘I'rassic rocks In Anstralia, South Afiica, Tudia, Sonth America,
and various Enropean localities.

a very variab

Frond bipinnate ; the broad rachis may be dichotomously branched.
Pinnules with a thick Jaminn which may be almost semi-circular in form,
deltoid, broadly oval or Droadly linear, and often confluent at the base.
Short and broad piunules cceur on some fronds directly attached to the
wein rachis Letween the pinnae. The longer and narrower pinnules
56, C), resembling those of the Palaeozoic genus dlethopteris, have u
well-defined midrib, while the -smaller segments are characterised by
several slightly divergent veins which spring directly from the rachis
(fig. 356, A). Epidermal cells polygonal or, above the veins, rectangular
in shape ; stomata, which are slightly sunk, occur on both the upper and
lower epiderrais. Fertile specimens unknown.

Sellards (00). ? For synonymy, see Sewaré (03) p. 52,
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The portion of a lobed pmnule shown in fig. 356, B,
illustrates o form of segnient intermediate between the linear
type with a midrib and a row of shorter pinuules without
a median vein. Fig. 356, D, represents another instance of
vanation in the arrangement of the veins in segments of
different sizes.  Varions specific and generic names have been
assigned to Thinpfeldia fronds of Rhactic age on the ground of
the occurvence of pinnules Jonger and parrower than those

2

0/
L

)

Y, 356, A= Do Thinugeldia odontopteroides (Marris).
Ptilozamites. (E. after Nathorst.)

usnally associated with . odontoptervides; but in view of the
range of vaviation met with in a single leaf it is advisable ro
extend rather thau to restrict the boundary of what we arc
pleased to regard as a specific type.

The name Thinnfeldio luncifolic has heen applied by
Morris to thssils from Australia which wmay be identified with
T. odontoptervides, and the same desiguation is cmployed by
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Szajnocha and by Solins-Laubach! for Rhaetic specimens from
South America. Similar fronds arc deseribed by Geinitz® as
Llannfeldia  tenuinervis  from Argentine Rhaetic  strata.
Udontopteris macrophylle Carran, I. faleate Ten.- Woods, Gler-
chenia lineate Ten-Woods, and  Curdiopteris Zuberi Szaj.
afford other examples of what are probably elosely allied forms

Fra, 357, Thinnfuldia odontopteroides (Morris).  # nat. swe.

Some exceptionally Jarge examples of 1% vdentopleroides are
figured by Feistmantel* from the Hawkesbury series of New
South Wales tn which the bipinnate frond has a breadth of

! Solma-Loubach and Steinmana (99) Pl x1v. fig. 2; 8zajoocha (881
¢ Geinitz (T6) Pl 1. % Seward (08) p. 95. ¢ Feistmantel (90) A. PL xxiv
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25—30en. A $pecimen from the Molteno beds of South Afvica,
probubly of Rhaetic age, represented in fig. 857, illustrates a
smaller leaf with pinnules of the linear type. some of which
are partially divided into shorter pinnnles with forked veins,
The example represented in fig. 358, from Cyphergat (S. Africa),
shows two equal branches of a rachis with small contiguous

segnients,

Fra. 858, Thimuicldia odontopteroides. From a speeimen in the British Museun
(v. 2490). 1} nat, size.

Some specimens figured by Zeiller! from the Rhaetic strata
of Tonkin as Pecopteris (Bernonillin ?) sp. may be portions of
Thinnfeldin fronds, and the large leaves which he refers 1o
Ctenopteris Swrreny differ but slightly from the Anstralian
specimens described by Feistmantel as T. odontopteroides.

1 Zeiller (03).
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Thinnfeldia vhamboidales, Ettingshausen.  Iigs. 359, 360, C.

TUnder this name Ettingshausen described the type-specimen
of the genns from Lower Lins strata at Stelerdorf in Bungary,
He assigned the plant to the Coniferae on the ground of a
resemblance of the pinnules w the phylloclades of Phylloctadus.
Tlannteldia rhomboidulis bears a close resemblance to I odon-
tuptervides, but the pinnules are usually Jonger and narrower,

as shown in the English specimen from the Lower Lins of

Fi, 359, Thinufeldin rhomboidalis, Ettings. Slightly reduced. From an
Euglish Linssic specimen in the Dritish Maseum. [M.5.]

Dursetshire representod in fig. 359, The darker margin of the
pinnu\cs shown in fig. 360, (. zives the impression of a revolute
lumina, but a wicroscopical examination points to a thicker
cuticle ab the edge of the segments.
The species is recorded from Jur;
many, Italy, India, Australia, and clsewherc!,
Palaeohotanical literagure contains mumerous  records of

1¢ rocks ol France, Ger-

1 For references, see Seward (04} p. 31
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Jurassic, Cretaccons and somc Tertiary species referred to
Thinufeldia, but many of these are probably not genervieally
identical with 1. edontoptervides or T rhowboidalis. Mr Berry!
in o poper on The Americun species veferved fv Thinnfeldio
concludes that the genus is “a rather indefinite one...and
hadly in need of revision”  He regards the Middle and Upper
Cretaceous American species as Conifers related to Phyllocludus
and probably forming a link Dbetween the Podocarpeac and
Taxeae: for these formis he proposes the generie nane Profo-
phyllocladus.  The opinion has been expressed elsewherc® that
this * prohlematieal®” genus rests on an unsatisfactory basis:
the available data do not justify the use of a nawe which
implies the existence in North American Cretaceous flors of
a type reluted to the New Zealand and Tasmanian Conifer
Phylloclodus.  We are not i a position to assign a single
species of Thinnfeldia to the Filicales or the Gymnosperms.

A leaflet from Jurassic rocks of Poland figured by Raci-
borski® shows what this author regards as the impression of a
circular sorus: no sporangia have been found. A specimen
in the British Museum® which is said to come from Rhaetic

beds in (ueensland, shows a row of contiguous polygonal
prominences on each side of the midrib which resemble the

sori of a fern: but until sporangia are diseovered we cannot

determine the precise nature of thie apparently fertile frond.

A species deseribed by Foutaine® from the Potomac beds
(Wealden-Jurassic) of North America as Thinnfeldia variabilis
affords a good example of a plant which cannot be identified
with any degree of confidence either as a fern or a seed-bearing
type. Mr Berry draws attention to the former application of
this name by Velenovsky to a distinet Lower Cretaceous
Bohemian species and proposes for Fontaine's plant the name
L. Fontainei . he maintains that no one has doubted the fern-
nature of the Potomac plant. 7. weriabilis may indeed be a
fern, but the evidence is not such as to preclude legitimate
doubts as to the correctness of this suggestion. Solms-Laubach?,

Y Berry (03). * Seward {04) p. 31, s Hollick and Jeffrey (08) p. 24.
+ Raciborski (U4) A, Pl xx. figs. 1, 23 Zeiller (00%) p. 98.
3 v, BUA0, ¢ Fontaine (89) Pls. svin. xviu

7 Solmis-Laubach (91) A. p. 131,
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@
i referring to Schenk’s view that Lhinufeldi~ and s allies

1y represent a gronp infermediate between Ferns and Gymno-

sperons, admits that it is a poessible supposition . he js, however,
inclined to consider Lomatopteris and Cycadopteris, * genera
especially  comprable with Thinnfeldia as ware probably
ferns,

Atothis point we may conveniently consider a serics of
genera which occupy an equally nncertain position and bear
avery close resemblance to Thinnfeldia.

Tre. 800, A, Lomatopteris jurensis. (1 nat. size.  After Kurr.)
L. L. Schimperi. (% nat. After Salfeld.)
C. Lihinnfeldia rhomboidalis, Ett. (Slightly enlarged. British

Mugeum. No. 52672.)

Lomatopteris.

The geperic name Lomatopterds wus proposed by Schimper?
for some bipiupate fronds originally deseribed by Kurr? from
Jurassic vacks of Wirtemberg as  Odontopteris (1) jurensis
(fig. 360, A). I have elsewhere expressed the opinion® that
this German species may be identical with Thinnfeldia rhow-
boidalis Ett. Kurr's type-specimen, a portion of which is
reproduced in fig. 360, A, consists of a frond or large pinna

1 Sehimper (B9) A, p. 472, N ¢ Kurr (45) DL 1. fig. 1.
¢ Seward (04) p. 80
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characterised by a prominent and bLroad rachis giving off
alternate lincar pinpae bearing hl\m\‘lv\' rounded, contiguous
and basally conercscent pinnules having a thick or revolute
border and a central vib.  The Jateral veins are visible in the
ultimate segments of Kurr's fossil,
several species, which he re

Saporta’ has described
ers Lo Schimper's genus, from
French Jurassic strata: it is, however, diticult to recognise
some of the examples represented in his illustrations as speci-
tically distinet forms. This author notices the resemblance of
Lowmatopteris to Thinnfeldia, not only in habit but in the
structure of the epidermal cells®,  In Lomatopteris and in
Lhinufeldia the cells have straight and not sinucus walls
and the slightly sunken stomata are surrounded by a ring
of epidermal cells.  Salfeld® has recently described portions
of fronds from Jurassic rocks of South-West Germany, which
Le identifies as Lomatopterss jurensis. He disagrees with my
view that Lomatopteris does not differ sufficiently from Thinu-
feldia to be accorded generic autonomy, chiefly on the ground
that the folded-over vdge of the pinnules is a distingnishing

feature of Loematopteris. There is, however, no difference, 1o
appearance at least, between the leaflets of some species of
Thinnfeldia, e.g. T. rhomboidalis from Liassic rocks of England®,
and those referred to Lomatopteris. In a later paper, Salfeld®
some Portlandian fragments, from North Germany as
Lomatopteris Schimperd, identifying them with a Wealden fossil
of somewhat doubtful affinity, which Schenk® makes the type
of his epccies. The Portlandian specimens are described as
tripinpate, with thick decurrent obtusely terminated pinnules
with a revolute edge. The general form of the frond is very
similar to that of L. jurensis. Salfeld publishes a photograph
of a large specimen which he describes as fertile and a drawing
of a piece of a pinna: the latter is reproduced in fig. 360, B.
He speaks of sort oeeurring in two rows, probably attached to
latern] veins, in the groove between the midrib and the revalute
edge of the lamina. The sporangia are described us * nicht

deseribes

U Saports (78] A. * Schenk (67) A. + Salfeld (07) p. 192,
5 Sewar (04) p. 34, fig. 2, PL 1w, S Salfeld (09).
¢ Schenk (76) PL.

8. 11, 35
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nither bekannt’.” An examination of the . figures reveals
vothing as to the vature of the “sori” The specimens are
considered by Salfeld to afford decisive evideuce against the
view that Lomatopteris and Thinnfeldia ave generically identical.
Nothing has so far been publislied which constitutes a vahid
argument in favour of retaining Schimper’s generic name,

Cycadopteris.

Lomatopteris.  As Sohns-Laubach® points ong, the snpposed
sori of Cyeadupterds deseribed by Zigno are not convineing.
There appear to be uo satisfactory reasons for separating

ibed

Cyeadopteris from Lomatopteris, nor do the fronds «

under these names exhibit any ifmportant differen
Thinnfeldia.

Ptilozamites.
t

specimens from the Rhaetic Conl-beds of Seania and assigned
it to the Cyveadophyta.  The species Ptidozemites Heerd may be
taken as a representative type.  The [eaves are linear and
mple shown on a much reduced

le series of

Nathorst® founded this genus on a rema

simply pinnate. In the
seale in fig. 361 the frond is 53 cm. long and 2°1 ¢m. broad.
The upper edge of each pinnule is straight ov slightly concave;
the lower edge is rounded; the veins are slightly divergent
and dichotomously branched (fig. 336, X, p. 3). In some of
Nathorst's specimens the broad rachis is forked as in many
Thionteldias.

As a comparison of fig. 856, A and E, shows, the pinaules
of some specimens of Thinnfeldio oduntoptercides are identical
with those of Pldozamites. lu the latter genus the rachis is
ejther unbranched or occasionally forked, while in Thimn/feldic
the branching way be of the dichotorous or pinnate type. In
Ptilozamites the seginents appear to be always without a mnid-

! Sulfeld (04) p. 34. . : Zigmo (56} 4.
 Solms-Laubsch (91) A. p. 114, + Nathovst (79).
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rib, white a madian vein frequently occurs in those of Thinn-
JSeldia. There can be little doubt as to the very close alliance
between the Rbaetic species referred to these two genera.  The
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Fra, 361, Priluzamites Heori, Nath. (3 nat. size.  After Nathorst)
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name Plilozamites should perhaps be retained for such long
and nparrow fronds as that shown in fig. 361: no species
fncluded in Thinnfeldic is known in which the rachis reached
so great a length withont branching. The babit of Ptiloza-
mites Heert predisposes one in favour of Nathorst's opinion
that the fronds are Cycadean: we have no information ip regard
to the nature of the 1-eprnducti\'c Organs.

Ctenopteris.

This pame was instituted by Saporta’, at Brongniart's
snggestion, for Liassic species charucterised by pinnules like
those of Thinnfeldic, but distinguished by the bipinnate habit
of the frond.  Saporta compares the genus with the Palacozoic
leaves known as Odontopterds, and with Italian Jurassic plants
referred by Zigno to his genus Dichopteris.

The name Clenozamates is applied by Nathorst? to the type
of frond which Saporta, Zeiller, and other authors refer to
Ctenopteris.  Nathorst instituted Clenozowmites for fossils agree-
ing in the form and venation of the pinnules with his genus
Ptitizamites but differing in being bipinnate and not pinnate,

Fronds of Ctenopteris are characteristic of the Jurassic and
Rhaetic series; they are known only in the sterile condition.
As Zeiller® says, Clenopteris may be a wember of the Cycado-
filices, an extinet gronp founded on Palaeozoic plants corn-
bining Cyendean and Filicinean characters, and some of which
are now known to be Pteridosperms. It is probable that the
genus Is not a true fern: it is more likely to be a member
of the Cycadophyta or of some generalised extinct group.

Chenopteris cycadea (Brongniart).  Tig. 362,

1828, Filicites cycadea, Brongniart, Hist. Vég. foss, p. 387, PL cxxix
1832, Odontopteris cycadea, Berger, Verstein. Coburg Geg. p.
Pl o

1873, Cleropteris ryrodea, Saporte, Pal. Frang Yol 1 p 335
Pls. xL oxeo

! Saporia (79) A. p. 852, ¢ Nathorst (78) p. 122, 3 Zeiller (03} p. 52,
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. Frond bipinotte, broad ruchis giving off branches at an acute angle:
pinnules hroadly linear, \lightly falcate, with several slightly divergent
forked veins,

A frond very similav to the Lower Lins specimen from
‘Dorsenshire represented in fig. 362 was described by Leckenby
as Clenis Leckenbyi (Bean MS)) from the Inferior Qolite of
Yorkshire!. Leckenby recognised the possibility of a Cycadean

Fro. 362, Clenopteris eyemien, Brongn. (4 pat, size.) From s specimen in
1he British Mnsenm.  [MLK.]

affinity, but regarded the bipinnate habit as an objection. The
branched fronds of the Australian Cycad Bowenie supply an
answer to this objection. Several good examples of Ctenopteris
cycadea are figured by Schenk® from Rhaetic rocks of Persia.
Zeiller's Tonkin Rhaetic species, C. Survant®, affords a striking
illustrasion of the difficulty of drawing a clear line of separation
between Ctenopteris and some species of Thinnfeldia.

! Leckenby (64} A. P x. fig. 1 Seward (04) p. 36,
* Sebenk (87). . $ Zeiller (08) Pls. vi.—m1,
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Ctenopteris s in all probability very closely related to
Thinnfeldio, and Ptilozamates.

Dichopteris.

This genus was proposed by Zigno! for some large specimens
from the Jurassic plant-beds of Northern Italy.

The bipinnate leaves are characterised by the great breadth of the
his which is dichotomously branched in the distal region (fig. 263): the
linear pinnae reach a cousiderable length. Pinuules relatively swmall,
oblong and slightly contracted at the base; the decurrent and confinent.
lamina formis a parrow wing to the main axis, Veins slightly divergent
and forked, as in Ptidozamites.

Dichopteris vistanice, Zigno,  Fig. 363,

A specimen of this species jn the Padua Mnseum has a
total length of 83 cm. It has been clsewhere snggested? that
a fragment figured by Zigno as a fertile example of this type is
probably part of a lrond of the Osmundaceous fern Tudiles.
Sinee this opinion was cxpressed I have had an opportunity
of examining the actual specimen at Padua: the circular
patches described by Zigna as sori appear to be irregularities in
the matrix and not an origrinal feature.

Brongniart? instituted the genus Pachypteris for some
iperfectly preserved English Jurnssic fossils from Whitby,
which he described as P. lanceolute.  Specimens have since
been deseribed* from the Inferior Oolite rocks of the Yorkshire
Brongninrt deseribed the pinnules as being without
veins or as possessing ooly a mideb. It is almost certain that
the apparent absence of veins in most specimens® is due to the
fleshy nature of the segments and that the species P. lonceolata
should be transferred to Dichopters.

Krasser® has described a species from Cretaceous rocks of the
island of Lesinn, off the Dalmatian coast, as Pachypteris dal-

! Zigno (56) A, Pls. xu1. xm1, * Seward (00) p. 170.
# Bropgniart {28) A. p. 48, - ¢ Seward (00) p. 171.
# Saporta (78) A. p. 868. ¢ Krasser (93).
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matiea which i# very similar in habit to the English specimens
and to Zigno's Dichopterts vistonica. One of Krasser's specimens
is practically identical with Dichopteris lanceoluts (Brongn.),

Yii. 863, Dichopteres risianice, Zigno. (§ nat. size. After Zigno.}
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while in others the small pionules are replaced<in some of the
piunae by a continuous Jatoina with a few distal serrations.
The latter form a link between the Dichopteris and Thinafeldio
type of segment. Krassor gives a full résumé of opinivns
expressed by other authors in regard to the position of Pachy-
(= Dichopterds) and decides in favour of a Cyeadean

pleris
alliance,

A Trench Jurassie plant which Saporta’ wade the type of a
new genus Scleropterts, and described as S, Pumelid, appears
to be indistinguishable fron Dickopterds.

Dichopterss, though conveniently retained as a distinct
genns, agrees so closely, in the broad and forked rachis and in
the fleshy pinnules. with Thinafeldin that it wounld seem reason-
sble 10 regard the two genera as members of the same gronp.

Several authors have drawn attention to the striking
resemblance in form and venation between the fronds of the
Palacazaic genus Odontopterss and those of Ctenopteris and
Thinnfeldia. In Odentopteris, as in Neuropteris, another Palae-
ozoie genus, the rachis occasionally bifurcates as in Thinnfeldia
and Dichopteris, and the ultimate segments of some species of
Cdontopteris (fig. 366, A) are practically identical with those of
Thinnfeldia and Ftilozamites.

Odontopterts is probably a Pteridospera.  There s mno
adequate reason for suppesing that this group of plants which
played a prominent part in the Permo-Carboniferous floras was
no longer in existence during the Mesozole era.

Odontopteris.

Brongninrt® instituted the genus Odontoptercs for compound
fronds from the Coal-Measures characterised by pinnules at-
tached by the whole breadsh of the base and traversed by
numerous forked veins. Gdouloplerds is very rare in British
Carboniferous rocks and “appuars to be restricted to the Middle
and Upper Coal-Measures™”

t Saporta (78) A. PL sty - * Brongniart (28) A, p. 65

 Ridston {017 p. 196,
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Fronds large, Vipinnate or tripinate, the wain rachis, which may be
dichotomously branched, bears long lmear pinnac swith broadly linear or
deltoid pinnules, acute ar blunt, attached by the whole of the base; the
lower margin of the lamina, which is usaaliy entire and rarely lobed (e.g.

Frc. 864,

A, dlethopteris lonchitica (Schloth.). ) nat. size.

B. Mariopteris muricata (Sehloth.), x2.

C. Odontopteris cf. alpine (Presl). 1 nat. size.

D. 0. cf alpina. Portion of pinna eularged.
(A—D. From phetographs by Dr Kidstow.)
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Odoutopteris osmundaeformis)l, is often decurrent on the'axis of the pinna.
The basal pinnule of each pinna is frequently attached by a contracted
base, and the lamina may differ in form frons that of the normal segments.

Fig. 565. Gdontapteris minor, Brougn. (Rather less thun & net. size. Afte
Zsiller.) {Tke piunules are omitted in the right-hand brench.]

' Potonié (93) A. P1. xv.
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Pinnules often o®ur ou the main rachis, and i sorae species the petiole
bears modified pinnules which are larger than the nltiruate segments of
the pinnae and in some cases Cyclopteroid in shape. The pinnules are
traversed by numerous dichotomounsly branched veins; if a midril is
present it dies out in the basal part of the Jamina. In sowe species
{genus Mironeura) pinnules of the Neuropteroid type, characterised by a
well-defined midrib, oceur in association with typical Odontopteroid
pinnules on the same pinna.

The specics represented in fig. 364, C, D, from the Middle
Coal-Measures of Barnslev, Yorkshire, illustrates the form and
venation of the Odontopteris type of pinnule.  Another species,
0. Reiclkiona Gutb., is also recorded by Kidston from the Lower
Coal-Measnres of Lancashire.  Some unusually good specimens

of the typ-sprcies of the genus Oduntopteris minor, Brongn.,
have been fignred by Zeiller? from the Cloal-Measures of Blanzy
(fig. 365) which show the dichotomy of the 1wain axis and the
oceurrence of Aphlebiae on the petiole. The late Dr Wei
divided Odontopteris intn two sections, Nenopteris and Miro-
newra, the pinnules of the former having the form shown in
fiz. 364, D1 while in species of the latter sub-genus some of
the pinnules are identical in form and venation with those of
Neuropteris except, that they are attached by the whole breadth

of she base. Zeiller* employs Mironewra as a generic designa-
tion. In an Amcrican species . Worgheni Lesq.” the pinnules

bear numerous hairs like those on some species of Neuropteris
(fig. 373, p. 570). The large size of the fronds of Odontopteris sng-
gested to Weiss® that they were borne on the stems of tree-ferns,
but Grand'Eur
of central France led him to picture the plant as bearing a tuft
of leaves on a short subterranean stern.  Renault and Zeiller,
on the other hand, obtaincd evidence in the Coimmentry Coal-
field of fronds borne on elongated stems which grew on the
ground and were supported by stronger plants.  Stur” was the
first to suggest that Odontopteris shonld be excluded from the

s” examination of specivens in the Coal-beds

! Kidston (89) p. 409,

* Zeiller (06) Pls. xts.—xx1.; (004) p. 100, fig. 75, 5 Weiss, C. E. (70).
4 Zeiller (06) p. 90. % Lesquereax (R0) A. p. 131 Weiss (70).
o Weiss (69) p. 87 7 Gran@Eury (77) A. Pl A,

£ Renault nud Zeiller (88) A. p. 219, * Stur (¥4).
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ferns.  Grand’Eury’s’ supposed fertile pinnules' of Odontopterds
do not atford any satisfactory evidence of the sporangial nature
of the sinall swellings which he figures at the ends of the veins.
This author pointed out several years ago that the petioles of
some species of Odontapterts possess the anatomical features of
Myelvaylon, a type of leaf-stalk which is now known to belong
to Preridosperms.  In a recent paper Grand’Eury? records the
agsociation of Oduntopterds fronds with sicall secds (Odontuptero-
carpus), a discovery which leaves listle or no donbt as to the
Previdospermic nature of the genus.  The fronds of Odontopteris
are very similar in habit to those of Neuropteris. another
Pteridospermic genus.

The similarity between some Odontopteris and Thinnfeldia
leaves, to which aftention has alrendy been called, is well 1llus-
trated by 0. genwing Grand’Eury®, a pinnule of which is repre-
sented in fig. 366, A, Odontopteris is a fairly widespread genus
in Upper Carboniferous and Lower Permian rocks,and is recarded
abwo frow Treassic strata: it is represented in the Coal-fields of
North Awmerica and in several parts of Euvope®,

In some fronds included in Odontopteris the pinnae are
cliaracterised by a broad irregularly Iobed lamina which also
forms a winged border to the rach Examples of this form are
afforded by Odontopterss Browni Sew.” from the Burghersdorp
Series (Triassic /) of Caple Colony, and (/. Fischert desevibed by
Brongniart® from the Permian of Russia. The Russiau species
would perhaps be more appropriately placed in the genus
Callipteris, as Weiss™ suggests: the absence of venation in
O. Browni renders generic identification unsatisfactory.

! Grand'Eury (77) A PL xim. ¢ Grapd'Eury (08).

* Renault and Zeiller (88) &, PI. xx1v,

3 Weivs, C. E. (69): Goeppert (64) A.; Potomi¢ (93) A, (04): Lesquereux
(80) A, p. 124; White (99 p. 125,

& Seward (0¥) p. 97, Pl vu

¢ Brongninrt, in Murchisen, Verncail, and Keyserling (45) Pl A,

7 Weiss, C. F. \70) p. 871,
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Callipteris.

Brongniart’ instituted phis genus for certain species of
supposed ferns previously referred to the genera Pecopterds,
Alethopteris, and Newropteris.  Collipteris is a characteristic
Permian plant which is almost certainly a Preridosperm.

Fiu. 366, A.  Odontopteris genuina (Grand'Eury). (< 2. After Renault and
Zeiller.)

B. Callipteridium gigas (Gutb.). . After Zeiller,)

C. Callipteris Pellati (Zeill.). (x1§. After Zeiller.)

D. C.lyratijplia {Goepp.). [x1j. After Zeiller.)

Zeiller has pointed out that such descriptions of fertile specimens
as have been written are unsatisfactory. A few years ago, bow-
ever, Grand'Eury ? recorded the oceurrence of seeds in association
with Callipteris fronds in the Autun district, and in some cases
they were found attached to the pinnae and rachis.  The seeds
are ovoid or spherical (5—10mm. broad) and smaller than

U Brongniart (49) A. p. 24, * Graad’Eury (06).
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those of Neuropter's. The drawings of fertile segments pub-
lished by Weiss! afford no indication of reproductive organs.
Potonié® figures some pinnules of Callipteris conferta in which
the thick lamina is covered with sinuous grooves probably
made by some insect larva imilar markings
may have been wistaken for the remains of sori.  The occur:
rence of Callipteres fronds recorded by Weber and Sterzel®
In association with Medullosa stems in the Lower Permian
of Saxony is in accordance with Grand'Eury’s conelusion.

: as he suggests

Fronds reaching I wetre in length, bipiunate or tripinnate, wmain
rachis frequently eshibiting a combination of dichotomous and piong
branching,  Piunae linear, usually crowded, decurrent an the rachis ;
pitnniles au the lower side of the pinnae wre continued on to the r
Pinnules of the Pecopteroid type, entire or slightly lobed. or of the
Sphenopteroid type and more or less deeply dissected 366 C, D), the
lamina of adjacent pinnules conerescent 5 on the lower pinnne the
lamint may be continnons ax in an Alethopteris pinnmle. A nidrib
extend almost to the bluntly rounded apex of the ultiate segments,
ple, or forked veivs, the lowest of which arise directly
in the Sphenopternid forms the lateral veins ave given

1

giving off obligue
frou the rachi
off at a more acute angle.

A striking feature of the genns is the occnrrence of pinnules
on the main rachis, as in Odontopteris.  Zeiller has wisely
extended the apphication of Callipteris to fronds possessing this
character irrespective of the entire or lobed form of the
ultimate segments.  He found among the nuwerons examples
of the genus obtained from Autun® and Lodéve® transitional
forms connecting such species as C. conferta (fig. 367) and
C. Peblatd Zeill. (fig. 366, C) in which the Pecopteraid pinnules
are slightly lobed, with C. lyratifolia (Goepp.) (fig. 366, D),
. flabellzfera® (Weiss), and C. Bergeront Zeil), characterised by
deeply lobed Sphenopteroid segments.

Callipteris conferte (Sternberg)’.  Fig. 367.

1723, Scheuchzer, Herh. Diluv. Pl 51, fig. 3.
1826, Neuropteris conferta, Steroberg, Flor. Yorwelt p. 17,
1849, Cullipteris conferta, Brongniart, Tableau, p. 24.

T Weiss (69) Pla. vi. v, ? Potonit (93) A. PL 1. fige. 1, 2.

* Weber and Sterzel (86) p. 99.° ¢ Zeiiler (90) p. 84. o Feiller (989%).
# For figures of this aud other species, see Potonié (07}

7 For synonymy, see Zeiller (90) p. 87 and Potonii (07} p. 2.
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This polymorphic specics (fig. 867) is one of the most
characteristic Periian plants. The oval-linear pinnules, attached
by the whole base, occur on both pinnae and rachis; this
feature, the thick texture of the lamina, and the lincar, obliguely
set, pinnae render the fronds easily recognisable. The fronds
bore sceds.

Fia. B67. Callipteris conferta.  From the Parmian of Aschbach, Rhenish
Prussia (Beitish Museum, No. 89052).

In 2 recent account of some Permian plants from Germany,
Schuster! refers & portion of a frond to Callipteris confertu
(Sternberg) var. polymorpha Sterzel, which is characterised by
unusually large and polyworphic pinnales. Tu size and shape
the pinnules recall those of Neuropteridiwm validum Feist.

1 Schuster (08) P1. sur fig. 7.
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Callipteridium.

The name Callipteridinm, ereated by Weiss?as a sub-genus
of Odontopteris, is applied by Zetller and ather authors to a
few Upper Carboniferous apd Perinian species characterised by
the oceurrence of simply pinnate pinnae on the main rachis
between the bipinnate primary pionac. Single pinnules are
borne directly on the rachis of the primary pinnae between the
pnnate branches.  The form and venation of a typieal pinnule
ave shown in fig. 366, B.  Callipteridivm pleridium, orviginally
recorded by Schlotheim as Filicites pteridius? has been fully
deseribed by Renanlt and Zeiller from unusually large specimens
fouud in the Commentry Coul-field®. This species illustraces
the peculiar morphological featwres of the genus. The main
rachis of the tripinnate fronds, several metres long, shows a
combination of dichotomous and pinnate branching; from the
zigrag and forked axis are given off bipippate pinnae and,
hetween these, shorter pinnate branches.  The pinnules closely
resemble those of Callipteris conferta but reach a greater length:
the pinnules borne on the rachises of the lateral branches differ
from the others in their braader hase and more trizngulur larning,

No fertile specimens have been fuund, It is probable that
Callipteridinm was not a troe iern, and that White* is correct
in including it among the Pteridospenins.

Archaeopteris.

In 1852 Forbes® published a briel description of some
supposed fern fronds, found by the Geological Surveyors of
Ireland in Upper Devonian rocks of Xilkenny, under the name
Cyclopteris hibernico.  The Ivish specimens were wore fully
described by Baily®in 1858 Frouds of the same type were
referred by other authors to Cyclopteris, Adiontites or Noeg-
gerathio, until Schimper” proposed the generic name Palaco-
pteris on the ground that the fronds described by Forbes and

! Weiss, C. E. (70). ) # §chlotheim (20) A. p. 406.
# Renauly and Zeiller (88) 4. Pl xrx. + White (059 p. 888,
% Yorbes (63} p. 43, % Baily {(69) p. 75. 7 Sohimper (69) A. p. 478,
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Baily are distigguished by the nature of their fertile pinnae
from the sterile leaves included in Brongniart’s provisional
geous Cyclopteris. The carlier use of Palucopterts by Geinitz

Fuo. 868, drchaeopteris hibernica. (From a specimen in the Science and Art
Mugenm, Dublin, Rather less than } unat. size.)

8 L 36
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for an entively different, plant led Dawson' to institute the
genus Archacopleris. The genns Archacopteris may be defined
as follows:

Fronds bipinnate, reaching a considerable length (90 cm.): the stout
rachis bears long linear pinnae; sterile pinnules obovate or cineate with
an entire, lobed, fimbriate, or laciniate lamina traversed by divergent
dichotomously branched veins. The fertile pinnae usually oceur on the
loswer part of the rachis; pinvules with a much reduced lamina bear
nimerous fusiforin or oval exannulate sporangia (fig. 369, A, E, H), sessile
ar shartly ked, sivgly, or in groups of two or three, The base of the
cterised by a pair of partially aduate stipules (fig. 369, C', D),
and single pinnules or scales oceur in some species on the rachis Letween
the pinnae and on the petiale.

petiole ix

Archaeopteris hibernica (Forbes). TFigs. 368, 369, A—C.

The specimen from Kilkenny vepresented in fig. 368 has
a Jength of over 80 em. The upper pinnae bear numerous
imbricate obovate pinnules (fig. 369, A, B) with an entire or
very slightly finbriate roargin, while on the shorter lower
pinnae the ultimate segments are rednced to a slender axis
bearing numerous fusiform sporangia, 2—3 mm. in length,
Kidston® has pointed ont that sporangia occasionally occur
on the edge of ordinary pinnules, and he first recognised the
stipular nature of the scale-like appendages which Baily noticed
on the swollen petiole base (5 em. brondy of the lesh species
(fig. 369, C). Restorations of drchacopteris kiberwice have been
figured by Baily® and by Carruthers?, but the deseription of
the fertile pinnae by the latter author requires modification in
the light of Kidston's description of the Dublin specimens.

Awrchaeopteris is recorded from Upper Devonian rocks of the
South of Ireland, Belginm, Guermany, Southern Russia, Bear
Island, and Ellesmere Land in the Arctic regions, Canada,
Pennsylvania, and elsewhere.  Many of the specimens described
under different names bear a close resemblance, which in some
cases probably amounts to specific identity, to 4. hbernica.

! Dawson (T1) A. p. 45 {82].

2 Kidston (919 p Lo s (06) p. 424,
% Baily {(75) P1. xxvmu. + Carcuthers (72%) PL .,
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A. Jocksont orbginally deseribed by Dawson' and more recently
by Smith and White® from Devonian rocks of Maine, the
Canadian trpe 4. gaspiensis Daws, and some species Sgured
by Lesquereux® from Pennsylvania, are examnples of forms
which present a striking similarity in habit to the Irish species.
The Belgian Devonian fossils named by Crépin® Polaeopteris
liberuica var. minor ave regarded by him as probably identical
with Goeppert's species Cyclopteris Roemeriana from the neigh-
bourhood of Aachen. Heer recorded A rchacopteris Roemeriana
from Upper Devoniau beds in Bear Island, and Nathorst™, who
has published a wmore complete account of the Arctic forms,
draws attention to the resemblance of some of them to
A. ldbernica. A species deseribed by Schmalhausen® from
the Upper Devonian of Sonthern Russia as A, archetypus
(fig. 369, D) appears to differ from oA, kibernica in the slightly
less reduced lamina of the fertile segments.  This species has

been more adequately illnstrated by Nuthorst” from material
collected in Ellesmere Land : he is unable to eonfirm Schmal-

hausen's statement that the pinnac are spirally disposed.

The species 4. fimbriata (fig. 369, G) described by Nathorst
from Bear Island is characterised by the more deeply dissected
lamina of the sterile pinnules. In d. fissilis Schmal. from
Russia and Elleswere Land the lamina (fig. 369, E, IF) is eut
up into filiform scgments: a fertile pinnule of this species
is represented in fig. 369, B

Some sterile impressions figured Ly Krasser® from Palaeozoic
strata (Lower Carboniferons or Upper Devonian ¢) in the
province of Nanshan in China as Noeggerathia acuminifissa
are considered by Zeiller® to be portions of an Archaeopteris
or Rhocopteris frond.  The resemblance to the former genus
is however by no means close enough to warrant a reference
t rchaeopteris.  The sterile specimens deseribed by Stur
from the Culm of Altendorl as species of drchavopteres are

=™

! Dawson (71) A. = Smith and White (U3) p. 30,
3 Lesquercux (80) A. * Crépin (T4).
4 Nathorst (02). ¢ Schmathausen (4). 7 Nathorst (04).

% Krasser (00) P1. 1. figs. 7. ¢ Zeiller (03%) p. 27.
0 Stur (75) A. Pls. vitn, XIL xvi
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probably nov generically identical with the Irish and Arctic
The dichotomous branching of the rachis in 4. Tscher-
maki and 4. Dowsont is o feature unknown in Archacopteris.

species.

Tre. 569.

Archacopteris hibernica, Fertile pinna. Doblin Geological
Sorvey Museum. (Reduced. After Kidston.)

A. hibernica, Pinnule. (Slightly enlarged. After Carruthers.)
A, hibernica, Base of petiole. (Dublin Museum. After Kidston.)
4. archetypus.  Base ol petiole: Ellesmere Land, (After
Nathorst. § nat. size.)

d. fuwsilis. Sporapgie. (Slightly enlarged. After Schmal-
hausen.)

d. fixsilis. Sterile pinuule. Ellesmere Land. (Slightly en-
larged. After Nathorst.)

A. fimbriata. Bear lalund. (After Nathorst. £ mat. size.)
Archacopteris sp.  Ellesmere Land. (After Natborst. § nat.
8izg.}

In the absence of fertile pinnae the separation of Archaeopteris

fram Rhaconferds ik hv no meank easv.



XK VIT) NEUROPTERIS 565

Archaeoptelis was regarded by Carruthers as a fern closely
allied to recent species of Hymenophyllaceae, but this conelu-
sion was based upon an interpretation of the fertile segments
which Kidston?® has shown to be incorrect. The Jatter author
regarded the prescnce of stipules and the structure of the
exannulate sporangia as cvidence of a Marattiaceous alliance.
In a later reference to Avchucopteris, Kidston expresses the
opinion that the geous is not a true fern but a member of the
Cycadofilices or Pteridosperms, a view shared by Grand'Eury®
and doubtless by many other palacobotanists. The sporangia
of Archacopteris appear to be of the smwe type as those of
Dactylotheca (fig. 200, E, p. 399).  Schimalhanscn gave expression
to his disagreement with Nathorst and other authors who
referred Archaeopterts to the Marattiaccae by proposing the
distinetive group-name Archaeopterideae.

There can be little doubt that the reproductive organs of

A rchaeapteri.
plant bore seeds.  The sporangia are larger than those of any
known fern and, as Kidston points out, they are similar to those
of Crossotheca which he has shown to Le microsporangia of the
Pteridospern Lyginodendron.  The presence of stipules in

sa far discovered arve microsporangia, and that the

Archaeopteris hibernica, A. fimbriato, A. archetypus (fig. 369,
D) and probably throughout the genus does not materially
affect the question of taxonomic plsition. Stipules are a
characteristic feature of Marattiaceae and, in a reduced form,
of Osmundaceac, but similar appendages are borne at the base
of the petiole of the Cycad Ceratozamia. The occwrrence of
Aphlebiae on the rachis of drchacopteris is a feature shared by
the fronds of Neuropterts and other Preridosperms.

Neuropteris.

The fronds for which Brongniart® created this genus,
though suspected by Stur in 1883 as wrongly classed among
the ferns, have only recently been shown to be the leaves of
Pteridosperms. As yet only one case is recorded in which

1 Kidston (88%). * Grand'Eury (08). * Brongnisrt (22) A.
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Tenvopteris pippae oceur in organic connexich with sceds?,
ut it is almost certain thab the genus as a whole must be

Fro. 870.  Neuropteris frond with Cycloperix lcaflets. English Coul-Mensures.
{From & block given to mo by Ar Carruthers, A.C.§.)

! Kidston (05%.
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placed 1n this®gencraliscd group.  Renault! pointed out that
the petioles of Neuropteris fronds from Autun had the apatomical
features of S yelozylon (petiole of Medullosa). Since Kidston's
important discovery of seed-bearing pinnae of A" heterophylla,
Grand’Eury® has recorded the association of Neuropteris fronds
“with seeds in French Coal-fields. By some of the older nuthors
Neuropteris was compared with Osmunda becanse of a similarity
in venation. In the frequent dichotomy of the frond and
in the occurrence of pinnules on the rachis, Neuropteris closely
resembles Udontopteris®: there can be little doubt as to the
close relationship of the Pteridosperms possessing these two
types of foliage.  Neuwropteris may be defined as follows:

Fronds reaching a considerable size, probably in some cases a Jength of
10 metres?; bi- or tri-pinnate: the rachis may be dichotomously brunched
(figs. 354, D 370} : both rachis and petiole bear single pinuules, those on
the latter frequently differ from the normal leaflets in their larger Cyelo-
pteroid laminac (fig. 37 Pinunules entive, rarely slightly lobed, broadly
linear, attached by a small portion of the base, which is nsually more
or less cordate. In N Grangerd Brongn. the pinnules are attached by
a short pedicel®.  The midrib always dies ont before reaching the Llunt o
pointed apex of the lamina and gives off at an acute angle numerous
secondary veins characterised by their arched course and repeated forking.

Potonié deseribes the secondary veivs of the pinnules of
Newropteris pseudogigantea® as oceasionally anastoraasing, a
featurce which may be regarded as a step towards the reticulate
venation of the closely allied genus Linopterts.

Renault? deseribed some petrified pinnules of Newropteris
in which the mesophyll shows a differentiation into upper
palisade tissue and Jacunar tissue below; the lower epidermis is
infolded at intervals where grooves (probably stomatal) oceur
like those on the leaves of an Oleander (Nertww oleunder).

The rachises of Neuropteris fronds are described by Grand'-
Eury under the generic name Auwlacopteris®.

' Repalt (76). 2 Grand'Eury (08). * White (99) p. 128.
+ Grand'Eury (77) 4. p. 122 & Zeiller (90) PL. xu. fig. 6.
¢ Potonié (99) p. 113. 7 Renonlt (82) A, Vol. 11, ; Zeiiler (90) p. 139,

3 Grand'Eary (77) A. p. 105,
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Newropteris heteraphylla, Brongniart). Figs. 354, E; 371.
This species is charncteristic of the Lower Coal-Measures
of Britain; 1t occurs also 1n the Middle Coal-Measures and is
a common type in Upper Carboniferous rocks in various parts
of the world.  The fronds are large and tripinnate, the rachis.

Fie. 371 Newropteris heteraphylle. From a specimen in the Moanchester
Musenm. } uat. size. M.S.

is often dichotomously branched and Cyclopteroid pinnules
taay occur on the peticle.  The pinnules, 5—20 mm. i length
nnd 3~-8 mm. broad, have a rounded apex (fig. 354, E, p. 535).

As shown in fig. 371 which represents u primary piona, the

t Brongniart (22) A. Pl n. fig. G, For synonymy, see Kidston (08) p. 778;
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small pinoules’on the lower branches are gradually replaced in
the upper portion of the specimen by faleate segments.

Neuropteris macraphyile, Brovgniart', Figs. 354, D, D"; 372,

The rachis of the large fronds of this species illustrates the
dichotomous habit of many Neuropteris fronds, also the oceur-
rence on the peiiole of large Cyclopteroid pinnules (cf. fig. 370).
The wned) piece of a pinne reproduced in fig. 372 shows the
slender attachment of the segments, the bluni apex, and the

Fio. 372, Newropteris mocrophylla, Brongn.
Trom a photograph by Mr Hemingway.

Neuropteroid venation.  Single pinnules of this species may be
distinguished from those of V. Scheuchzeri by the blunter apex,
the absence of the pair of small Cyclopteroid pinnules on ihe
same branch and by the absence of hairs. N mocroplylle is
characteristic of the Upper Coal-Measures of Britain.

1 For synonymy, ree Kidston (38) p. 354,
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Neuropters Scheuchsers, Hoffmann.  Figs, 354, 'F; 373,

Fragments of this well-known Coal-Measure species were
fignred by Schenchzer in his Herbarium Diluvianuwin' as Lithos-
moenda minor, and by Lhyed (Laidins®) as Phyllites mineralis as
carly us 1760, Newropteris Scheuckzerd, so named by Hoffmann
in 1826, is a tyvpe which many authors have described nnder
different names. Lesquereux?® figured it as N. kirsuta from the
Coal-fields of Pennsylvania, and under the same name it is
recorded Ly Fontaine and White? from Permian rocks of
Virginia. The oval patches on the surface of a pinnule de-
ori are certainly not of that nature.

seribed by these anthors
The same species is deseribed by Bunbwry® from Nova Scotia

¥ie. 373, Newropteris Scheuehzeri. From a specimen (v. 2000) in the British
Museum. § nat. size.

as N. cordata Brongn. var. angustifolic. For a full synonymy
of the species reference should be made to lists published by
Jidston® White? and Zeiller®.

The large tripinnate fronds are characterised by the long
linear- or oval-lanceolate pinnules (fig. 373)" with a pointed
apex and numerous bristle-like hairs on the lamina ; two much
smaller Cyclopteroid segmenis occur at the base of the pinnae
which are terminated by the linear leaflets (fig. 354, F, p. 535).

Neuropteris Scheuchzerd is characteristic of the Upper and
Middle Coal-Measures of Britain and is recorded from several

! Scheuchzer (1723) A. p. 120, Pl. x. Gg. 8.

2 Lhywd (1760) A. PI. v. fig. 190.

# Lesquerenx (79) A. PL v, 4 Fontaine and White (80) p. 47,

& Bunbury (47) PL xu. 9 Kidston (94) p. 957; (03) p. 40G.

7 White (99) p. 132, # Zeiller (88) A. p. 251, % See Vol. 1. p. 45,
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localities in North America and the Continent. Zalessky! has
reccutly recorded the species fimm the Uoal-Measures of Donete
The frequent occurrence of detached pinnules points to o
caducous habit. Even single leaflets can, however, be idensified
by their Jarge size, the pointed apex. and hairy luniva. The
"haivs are preserved as fine oblique lines simulating veins:
they were so described by Roewer® who took them for cross-

connexions between the secondary veins and referred the pin-
nules to Gutbier's genns I yopteris.
Another example of Nrarupteris with hairy pinnules is

deseribed from the Connnentey Coal-field by Renanlt and
Zetller as N. horridu®  The oval-lipear. bluntly rounded,
pinnules are characterised Ly n median band of hairs on each
surface and a narrower strip at the edge of the lamina

Cyclopteris.

This generic name was created by Brongniars in 38284 for
specimens which he believed to be complete single lea
orbicular or reniform shape similar to those of Trichomanes
renzforme. The lamina is traversed by numerous dichotomonsly
branched veins which spread from the centre of the base.

Tt was suspected by Lindley and Hutton® that certain
Cyclopteris leaves belonged to tht frond of a species of
Neuropteris, and some years later Lesquereux ® concluded that
Brongniart's genus was founded on orbicular leaflets of Newro-
pteris. Iu 1869 Rochl” figured a specimen of Neuropteris
bearing Cyclopteroid pinnules on its rachis. Tt is now univer-
sally admitted that Cyclopteris is not a distinet genus and that
bhehspecimcns so named were borne as modified pinnules on the
main rachis of Newropteris and Odontopteris. It s, however,
convenient to retain the name for detached leaflets which
cannot be referred to the fronds on which they were borne. A
specimen found by Mr Hemingway in the Upper Coal-Measures

¢ Zalessky (07) Pl xxrv. fig. 5. s Zeiller (58) A. p. 231

3 Tenault and Zeiller (88) A. p. 251, Pl xxxx, ¢ Brongniart (28) A. p. 1.
5 Lindley and Hutton (33) A. p. 28.

¢ Leaquerenx (66) A. 7 Roehl (69).
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of Yorkshire and described in 1888 atfords a stFiking esample
of the large size attained by what was probably a frond of
Newrupterss. The plece of main rachis reached a length of
over 120 c. and bore five pairs of Cyclopteris pinpules, some
of which were 7cm. long and 3em. broad. The complete
frond must have reached a Jength of at least 4 metres. Fig. 370
shows some typical Cyclopteroid leaflets on the petiole of a
Neuropteris frond.

Linopteris.

The Upper Palacozoic fronds included in this genus are
more familiar as species of Dictyopteris. Potonié? has, however,
pointed out that the creation of this name by Lamouroux in
1809 for a genus of Brown Algac which is still retained, makes
it advisable to fall back upon the designation Linopteris.
Gutbier ® proposed the genus [Ncfyopters in 1835: Linopteris
was first used by Presl® in 1838, The fronds so named are
identical with species of Neuropteris except in the anastomosis
of the secondary veins; Linopterss bears to Neuropteris the
same relation as Lonchopteris bears to Alethopterds. As in
Neuropteris, Cyclopteroid pinnules ocenr on the petioles of Lino-
pterds, but the veins form a fine reticulum. Grand'Bury® records
the association of Linopleris Brongniarti with secils belonging
to the genus Hewagonocarpow, a fact which points to the
Pteridosperm nature of the foliage.

Some fertile pinnules of Linopteris Schutze! (Roemer) are
described by Zeiller® from Autun as bearing on the under
surface of the lamina two rows of long and pointed sporangia,
probably united in groups. The presumption is that these are
microsporangia.

- Fig. 374 is a reproduction of a careful drawing, origioally
published by Zeiiler”, of a pinnule of the type-speciraen of
Gutbier's species Linopteris nevropteroides. Thisspecies differs
from Linopterts obligua, instituted by Bunbury* for specimens

%

' Seward (S¥). * Potoni¢ (99) p. 153 (note). 2 Guthier (85).
4 Pres), in Sternberg (38) A. ® Grand'Eury (04).

¢ Zeiller (90) PL. xr. 6g. 9. °

7 Zeiller (99) p. 46. * Bonbury (47) A. p. 427,
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obtained by Lyell! from the Coal-Measures of Nova Scotia, in
the smaller size of the meshes. Linopteris obligua oceurs in the
Upper and Middle Coal-Measures of Britain; it is recorded by
Zeiller from Asia Minor, by Lesquerenx® from Pennsylvania,
and by other authors from several European localities. The
pinnules frequently occur detached from the frond and like
those of some species of Neuropteris were caducous.  Livopteris
is rare in British strata.

SN

== e
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F16.374. Linopteris neuropteroides, Gutb. (Pinnule of type-specimen. Enlarged.
After Zeiller.)

Alethopteris.

The name Alethopteris, instivuted by Stcmbcrg"‘, is applied
to compound fronds often reaching a considerable size, exhibiting
the following features: °

The linear pinnnles arc attached by the whole breadth of the base,
with the lower edge of the lamina decurrent and usually continuous with
that of the next pinnule (figs. 290, A, p. 399: 375).  The ultimate segments
are entire, with an acute or rounded apex and often characterised by a fair
thick lamina convex on the upper surface. From a prowinent mid
continued to the apex of the pinnule, umerous simple and forked secondary
veiny are given off at a wide angle, the decurrent portion of the lamina
being supplied by veins direct from the axis of the pinna.  In the npper
part of & froud or primary pinna the pinuules may be replaced by a
continuous, Jobed, or entire simple lJamina, The majn rachis occasionally
exhibits dichotomous branching, but the fronds are for the most part
coustructed on the pinnute plan.  Single Cyclopteroid pinnules* occur on
the petiole of some species of the genus.

1 Lyell (45) A. Vol. i1 p. 202, * Lesquereux (80) A, p. 146,
¥ Sternberg (26) A. ¥ Grand’Eory (04).
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In certain species of Alethoplerds the pinmales appear to
have been deciduous as in Didymochlaena among recent ferns®.
A piece of cusicle from the upper surface of a4 pinnule of
Alethopterys Grandint (Brongn.) figured by Zeiller # shows very
clearly the polygonal form and straight walls of most of the
epidermal cells, those above the veins being almost rectangular:
The position of the sunken stomata is revealed by small cireular
spaces surrounded by a circle of cells.

The absence of fertile specimens of this common geous of
Upper Carboniferous plants led Stur® to exclude it from the
ferns.  Although no seeds have so far been fuund in organic
connexion with an Alethopteris frond, it is certain that some
species, probably all, represent the foliage of Pteridvsperis.
Renault was the first to describe petrified specimens of Adletho-
pteris fronds exhibiting the anatomical structure of Myeloaylon
(eat-axis of Medullose). The caleareous nodules from English
Cuul-scams contain numerous fragments of the Myeloxylon
type of rachis bearing Alethopteroid pinnules.

The constant wiation of the fronds of Alethopteris
lonchitica and Trigonacarpon seeds naticed by Mr Hemingway
in the Coal-Measures of Yorkshire led him to regard the species
as seed-hearing @ it has since been recognised as the foliage of
the Pteridosperm Medullosa anglica®,

Grand’Eury® has recorded the associution in Freoch Coal-
fields of species of Alethopteris with Trigonecerpor and Puchy-
testu seeds.

Alethopterss lonckitica (Schlotheinn.  Figs. 364, A: 290. A.

This species, described by Schlotheim in 1820 as Filicites
lonchiticus and previously figured by Scheuchzer?, is abundant
in the Middle and Lower Coal-Measures of Britain®. It is
chavscterised by large tripinpate fronds, probably quadripinnate
in the lower part, bearing primary pinnae of a more or less

) Grand'Eary (00) A.  ® Zeiller (90) PL. 1x. fig. 6, A, © Stor (88).

¢ Scott (07) p. 206 ; Scott and Meslen {08) p. 132,

o Grand'Eury (04)

¢ For syponymy, see Kidston {03) p. 772: Zeiller (88) A.

7 Schenchzer (1723) A. PL 1. fig. 4. 8 Kidston {£14) p. 245.



xxvi) °® ALETHOPTERIS 575
>

trizsngular forry divided into pinnate branches replaced in the
apical region by linear segments. The pinnules, §—30 ram. long
and 3—35 broad, are linear- or oval-lanceolate with an obtuse
apes; the npper margin of the lamina is slightly contracted as
the base, while the lower edge is decurrent.

Fi6. 375.  Alethopteris Serlii (Brongn.). Frow s specimen in the York Museum.
2 pat. size.

dlethopterts Serlii (Brongniart)'.  Fig. 375,

This species, figured by Parkinson in 1811, closely re-
semnbles 4. lonchitica, but is distinguished by the maore crowded
and relatively longer pinnules which are joined to one another
by a narrow connecting lamina (Fig. 375). The secondary
veins in A, Seplii are rather finer and more numerous, Grand’-
Tury* records the association of the seed chl:ylesla with fronds
of this species in the Coal-Measures of St Etienne.

1 For synonymy, see Kidston (94) p. 506; (03) p. 800; White (89) p. 117.
2 Grand'Enry (04).
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A. Serlid is very abundant in the Upper Coal-Measures but
rare in the Middle Coal-Measures of Britain'.

Lonchopteris.

This name was proposed by Brongniart® for sterile fronds
from Upper Carhoniferous rocks which are practically identical
with species of Alethopteris, but differ in the reticulate venation
of the pinnules. Tt has been pointed out in a previous chapter®
that Lonchopteris is usually used for Palacozoic species, the
Wealden leaves, which were placed in this genus by Brongniart,
being transferred to Wewchselia.

There can be little doubt as to the close relationship of
Lonchopteris with Alethopteris: both may be referred to the
Pteridosperms.  Lonchapteris rugosa Brongn.* (fig, 290, B, p. 399)
and L. Bricei Brongn,, both British species, are fairly common
in Upper Carboniferous strats. In L. rugosa, a Biddle Coal-
Measures species, the: anastomosing secondary veins fortm poly-
gonal meshes (fig. 200, B, p. 399) swaller than those of L. Brices.

Pecopteris.

Reference has already been made to this genus in the
chapter on Marratiales, so far as regards certain species of
fertile fronds the sporangia of which resemble those of recent
Marattiaceae, It is, however, by no means safe to assurue that
such Pecopteris fronds were borne on stems having the anatomi-
cal characters of ferns.  The sporangia in some at least of the
species may have contained iaicrospores. In one Upper Car-
boniferous species usunlly referred to Pecopteris, P. Pluckenett,
Schlot., Grand'Eury has recorded the occurrence of seeds on
the pinnules of the ordinary fronds. This species will be
referred to in Volume 1il. The substitution of such generic
names as Ptychocarpus, Asterotheca, Hawlea, Dastylotheca
and others for the purely provisional desigonation Pecopteris
indicates a step towards a conclusion as to natural affinity.
The probability is that Pecopteris, as applied to Palaeozoic

! Kidston {94) p. 245. ¢ Brongniart (28) A. p. 59.
3 FPoge 494. + Kidston (94) p. 696, ¢ Grand'Eury (06).
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species, in me:nv\' cases stands for the compound fronds of
true ferns, but the possibility of the inclusion of those of
Pteridosperms in the sane category is by no weans excluded.
The designation Pecopteris may conveniently be retained for
sterile bipinnate, tripinnate, or quadripinnate fronds bearing
pionules having the following churacteristies :

Lamina short, attached to the rachis by the whole of the base and at w
wide angle, with the edges parallel or slightly converging towards the
asvally blunt apex: adjacent pinoules may be continuous basally 1:\ i
narrow lamina. A well-marked 1midrib extends to the ay
simple or forked Jateral veins almost at right angles (fig. 352, D, p. 529).

Hydathodes like those on the leaflets of Polypodium rulgare aud other
recent ferns! are occasionnlly seen at the ends of the lateral veins of
Pecopteris pinnules.

In addition to the examples of Palacozoic fronds with
the Pecopterts form of pionule referred to in chapter Xx11, the
species Pecopteris arborescens may be briefly described.

Pecopteris arborescens (Scblotheim)®  Figs. 352, D: 376.

The species named by Schlotheim Filicites arborescens iu
1804 is chamcteristic of the T'pper Coal-Measures and is
recorded also from Permian strata.

Fronds large ; the rachis, which may reacly a breadth of 3 ., gives off
long ovoid-lanceolate pinnae in two alternate rows (fig, 376); pinnules
small, 15—4 mn. long and 1—2mm. broad, contiguous, with rounded
apex, attached approximately at right angles; the upper surface of the
lamina is slightly couvex and may be hairy® The fertile piunules,
identical in shape with the sterile, bear groups of ovoid esamnulate
sporangia (synangia). The midrib extends to the apex of the pinuule and
gives off simple veins at o wide angle (fig. 352, D).

Our knowledge of the reproductive organs is very meagre.
Grand'Bury described the synangia as consisting of 3—35
sporangia borne on a central reeeptacle; sporangia have been
described also by Stur?, Renault and Zeiller’, and Fotonié®,

) Potomié (92%); (93) p. 54, 2 For synouywy. see Kidston (53) p. 366,

3 Zoiller (40) p. +5; Potonie (33) A. p. 57.

3 Germar (44) Ply. xxxe, ¥xxvr, > Kidston (88} p. 366,

# Btur (83). 7 Reunult and Zeiller (88) A, p. 196,

& Potomic {43) A. p. 48,

8. 10,
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but no fertile British specimens are recorded.  Stur places this
species In the genus Scolecopteris, and Potonié regards the
sporangia found by him on Permian fionds, which may be
identical with Pecopleris urborescens, as conforming to those of
the dsterotheca type. Tt is impossible 1o decide on the evi-
dence available whetler this specihos i a Preridesporm or a
fern, but there ix o natural inclination i doubtful cases to give
preference to the first of these two choices.

Fie. 376, Pecopteris arborescens {Schioth.).  From the Upper Coul-Mensures of
Radstock. From a photograph by Dr Kidston. Reduced.

The numerous fronds from Carboniferous and Permian rocks
described as species of Pecopterts exhibit a considerable range
of variation in the form of the pinnules. In many species the
pinnules are of the type represented in fig. 352, D; in others
the lamina of the ultimate segments is slightly contracted at
the base and the secondary veins are given off at a more acute
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angle, as in.Pecupleris polymorpha, Brongn.! In Pecopteris
wwuita, Brongn.. already described as Ptychocarpus wnita:, the
pinnules are joined together except in the apical region.  Some
fronds included in Pecopteris possess pinnules in which Peco-
pteroid and Sphenopteroid features are combined; P. Sterzeli,
" Zeill® and P. Pluckeneti, Schlot. are exanples of fronds in
which the pinnules are lobed as in Sphenopteris, but the base
of the lamina is only slightly contracted and the venation is not
that of typical Sphenopteris species.

The species to which Potonié has applied the generic name
Alloiopteris* also illustrates the hmpossibility of drawing a
sharp line between Pecopteris and Sphenopteris. The fronds
already described in chapter xxv. under the designation

Corynepteris bear piunules with a contracted base; in some
species the lamina is lobed, but in others (fig. 854, G) it is
entire with a midrib nearer one edge than the other. The
species which Potonié assigns to dl{oiopterds, like many other
Sphenopteroid and Pecopteroid fronds, are characterised by
the ocenrrence of an abnormal pinnule (aphlebia) at the base
of each pinna (fig. 354, G, p. 535). Young fronds of Pecopteris
are occasionally met with showing very clearly the circinate
vernation of the pinnae as in the leaves of Clycas and A ngiopteris

represented in fig. 220, p. 283, The genus Spirepterts was created
by Schimper® for coiled unexpanded fronds of fossil ferns ; it is
however supertluous to apply a distinctive term to specimens
of this kind.

The designation Pecopterts is employed chiefly for leaves
of Palacozoic 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 specics have also been referred to Pecopteris, but most
of these are more appropriately included in Bronguiart's later
geous Claduphlclis. The pinnules of Cladophiebis, as Brongniart
pointed out, are intermediate between Pecopteris and Newro-
pleris . they are usually attached by the whole breadth of

1 Zeilier (00°) p. 88. * Page 397.
4 Repault and Zeiller (38) A. p. 178, Pls, v.—vm.  Aute, p. 419.
+ Potonié (02). # Schimper (69) A. p. 688.

37—2
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the base, as in Pecopteris. but the more acute’ origin, more
arched form, and wmore frequent dichotomy of the lateral veins
are features shaved by Newropteris.  As a rule, Mesozoic sterile
fronds with straight or folded, entire or dentate pinnules ave
of the Cladophlebis type: this genus is especially characteristic
of Rhaetic and Jurassic floras, Examples of Cladophlebis
pinnules are shown in figs. 256, 257 (pp. 340, 342). Ib is to
be regretted that authors do not make more use of the generic
pare Claduphlebis in describing  sterile fronds, instead of
following the misleading and unscientific praciice of employing
such genera as Pterds, Asplenies, and others on wholly insuffi-
cient grounds.
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Carrathers, W. 27, 130, 187, 163, 171,
175-181, 271, 380, 874, 401, 514,

562, 565
Cash, W. and J. Lomax 154
Castilloa 181
Caulapterm 872, 413, 421, 422
anglica 421
gigantea 424
peltigera 410422
Saporta: 421
tessellata 90

cooan

Cephalotheca 29, 587

C. mirabilis 586, 587

Ceratopteris 303

C. thalictroides 297

Ceratozamia 565

Cheirolepis 84

Cheiropteris palmatopedata 300

Cheirostrobeae 12

Cheirostrobus 7-12, 14, 15, 21, 24

C. pettycurensis 8

Chiropteris 431

C. spatulata 481

C. Williamsii 431

C. Zeilleri 430

Chodat, R. 280, 281, 316

Chorionopteris gleichenoides 476

Christ, H. 293

Christ, H. and K. Giesenhagen 319

Chrysodium lanzacanum 350, 378

Cladophlebis 343-346, 579, 580
Albertsit 344

. Brownii 349

. denticulata 332, 335, 340-346

. Dunkeri 349

. koraienxis 349

¢ obifolia 529

C. virginiensis 340

Glathraria 203

C. Brardi 198, 224

Clathropteris 385-589

C. egyptiaca 388, 339

C. meniscoides 386, 387

C. platyphylla 387

C. whitbyensis 988

Clepsydropsis 448-450

C. untigua 444, 446, 449

Coenopteridene 363, 432472, 526

Coniapteris 867, 968, 409

C. urguta 370, 371

C. hymenophylloides 866-370, 528

C. lunzensis 367

C. Murrayana 867

C. quinqueloba 370

Corda, A. J. 08, 69, 105, 346, 347, B54,
374, 422, 448, 176

Corynepteris 469, 470, 578

C. coralloides 445

C. stellata 463

Cotta, C. B. 412, 443

Coward, K. H. 221

39—2
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Crematopteris 523
Crépin, F. 27, 537, 563
Crossotheca 3406
Cryptomcria 36
Ctenis Leckenbyi
Ctenopteris 548-550

C. cycaden 548, 549

C. Sarrani 541, 544
Ctenozamites 548

Cyathea 205, 313

C. dealbata 344

C. Imrayana 313

Cyathca sinuata 245

C. spinulosa 294
Cyatheaceae 294-206, 365-
Cyatheites 866
Cyathocarpux dentatus 404
Cyathotrachus altus 898
Cycadophyta 484

Cycadopteris 644, 516

Cycas 138

C. Michelitzii 307

Cyclopteris 560, 561, 560, 571-572
C. angustifolia 512

C. hibernica 560

€. Roemeriana 563

Cyclostigma 251

australe 259

densifolium 257

. Griffithsi 251, 233

. hercynivum 257

. kiltorkense 231, 255, 257

. minutwn 231, 235
Cyparissidium 80

Cyperus papyrus 230
Csekanowskia 67

75, 403

ananao

Dacrydium 36

D. cupressinum 75

D. Kirkii 75

Dactylotheca 396, 404-106, 507, 565,
576

D. dentata 404

D. plumosa 399, 400, 404—40¢

Danaea 321, 898

D. microphylla 410

D, trichomanoides 300

Danacites B8, 485

D. Heeri 410

D. sarepontanus 898, 400

Danaeopsis 407

INDEX

D. Hughesi 409 ¢
D. marantaces 408
D. Storrsii 845 <
Darein, C. 103, 301, §14
Davallia 28, 293, 296, %66
D. aculeata 299, 300, 855, 533
D, concinna 204
Dawes, J. 8. 180, 137, 133
Dawson, Sir J. W. 26-29, 177, 257,
346, 476, 563
Debey, M. H. and C. von Ettings-
hansen 860
Dechenia. Roemeriana 257
Dennstaedtiinae 296
Derbyella 516
D. aurita 517
Dichopteris 550
D. lanceolata
D. visianica 550
Dicksonia 293,
D. antarctica 1
D. Bertervano 295
Diicksonia comtifalia 294
D. culcita 294
D. Johnstrupi 389, 370
D. lobifolia 529
Dicksonites Pluckeneti 366
Dictophyilum 380-385
D. acutilobum 381
D. exilr 381-383, 386
D. Fuchsi 385
D. Nathorsti 883, 385, 387
D. Nilssoni 362
D. rugasum 380, B88-355
Dictyopteris 571, 572
Dictyozylon 220
Didymachiaena 574
Didymopleyllum Schollini 124
Didymaosorus comptonifolivs B35
Diplolabis 438, 434, 446~449, 465
D. esnostensis 447, 448
D. forensiz 444—446
Diplotmema 851, 580, 58B-537
D. furcatum 529, 586
D. Zeilleri 585, 536
Dipteridinae 298, 380-894
Dipteris 808, 812, 881, 390, 898, 894,
593
. bifurcata 298
. conjugata 297, 296, 384
“D. Lobbiana 298




INDEX

D. quinquqftlrc‘ula\ 297

D, Wallichii 297, 289
Discopteris 402, 403

2. eristate 402, 403

D. karwinensis 402, 403

D. Rallii 340, 500

D. Schumanni 402
Drymaoglossum carnoswne 304
Drynaria juscia 411
Dunker, W. 390

Eichweld, E. & 326, 820

Frndagenites 412

Engler, A. 282

Equisetales 10, 15

Etapteris 435, 463

E. Scotti 444, 462, 463

Etheridge, B. 505, 510

Bttingshausen, C. von 23, %04, 376,
537, 542

Eufilicineae 283-316

Fuphorbia 196, 231

Euplorlites vulgaris 196, 198

Ea-Sigillarise 203

Eusphenopteris fenella 407

Farwer, J. B. and T. G. Hill 318,
418

Favularia 198, 208

Fée, A. L. A, 301

Feistmantel, C. &4, 126, 136, 137,
846, 372, 409, 430, 484, J18, 540,
541

Feistmantel, 0. 430

Felix, J. 488

Ferns, fossil, 324-472

recent, 280-323

Ficaides verrucosus 281

Filicales 280472

Filicites arborescens 577

. cycadea 548

dubius 181, 496

lineatus 587

lonchiticus 574

meniscoides 386

XMiltoni 399

Nilssoniana 482

plumosus 404

ptericiue 560

Fitting, H. 72, 73

Flemingites 181

M e
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F. Pedroanusz 177

Fliche, P. 73, 90, 91

Flicheia esnostensis 448

Fontaine, W. M. 342, M3, 845, 352,
362, 368, 868, 378, Hid

Foataine, W, M. and I. C. White
424, 487, 570

Fri¢, A. and E. Bayer 874, 474

Fritel, P. H. 476

Tritsch, E. von 524

Forbes, E. 880, 560

Fucoides B26

Gangamopterts 512-517

G. cyclopteroides 514516

G. kashmirsnsis 516, 517

Gapgamopteris flors 181, 518

Gardiner, Stenley 43

Gardner, J. 8. 82

Gardoer, J. 5. and C. vup Lttings.
hansen 839, 850, 380, 3u4

Geinitz, H. B. 26, 79, 180, 174, 283,
102, 491, 540, 561

Germar, E. F. 63, 201, 265

Geyler, H. T. 378

Gilkinet, A. 28, 537

Ginkgo 307

G. digitata 376

Gleichenia 83, 311, 312, 351, 440, 526,

533

circinata 289

®unninghami 300

dicarpa 290, 310, 351, 854
dichotoma 290, 291

dubia 344

hantonensis 853

linearis 291

lineata 540

moniliformis 291

Gleicheniacene 288-291, 351-355

Gleichenites 351

elegans 353

G. gracilis 353

G. hantonensis 366

G. longipennis 334

G. microphyline 338

G. neurapteroides 851

G

G

G

G

R

@

. Nordenskioldii 854

. Rostefinskil 290, 863
. Zippei 354, 865
Lenopteris 538
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Glossopteris 304, 496-512

G. angustifolia 507, 508, 509

G. angustifoliv var. tacnigpteroides 508
G. Drowniana 496-507

G. conspicne 512

Glossopteris flora 161, 518, 514

G. indica 505-508, 512

G. longifolia 482

G. Phillipsi 480

G, retifera 511, 512

G. Tatei 512

Goebel, K. 301, 526

Goeppert, H. E.

351, 366, 283, 398
Goldenberg, F. 76, 77, 79, 86, 87, 126,

198, 208, 217, 231
Gomphostrobus 25, 26
Ganatosorus Nathorsti 866
Goniopteris unita 397
Gordon, W. T. 177, 447, 448, 471
Grodatae 285, 2908
Grammatopteris 434-436, 443, 471
G. Rigolloti 434
Grand’Eury, C. 137. 200, 204, 203,

226, 234-238, 852, 366, 34

426, 464, 4,

567, 572, 57
Gresley, W. 8.
Grigoriew, N, 624
Guan, Marcus 861, 392
Gunnera 528
G. manicata 527 .
Gutbier, A. von §23, 572
Gwynue-Vaughan, D. T. 113, 814, 827,

375, 461
Gypmnogramne reniformis 300

Haliserites Deckianus 27

Halle, T. G. 76-80, 83, §7

Halonia 128, 135-139, 148, 150, 138,
164

H. regularis 141, 158

H. tortuosa 186

Hapalopteris 406

Harcourt, C. G. V. V. 160

Harvey, W. H. 303

Barvey-Gibsor, R. J. 51, 54, 55

Haoghton, 8, 251, 255

Hausmannia 390-394

H. dichotoma 391, 892

H. Forchammeri 892

INDEX

4

H. Kohlmanni 374, 392

H. Richteri 393 ¢

H. Sewardi, 874, 393

Hawkshaw, J. 232, 238

Hawlea 398, 400, 401, 576

H. Miltani 899, 100

A1, pulcherrima 399, 400

Hayden, H. H. 514

Heor, O. 11, 25, 84, 257, 351, 354,
383, 868, 364, 375, 407, 410, 411,
474

Hegelmnier, F. 43

Helminthostachys 322, 434, 436

Hemingway, W. 79, 25

Hemitelia capensis 30

Hemitelites 366

Henry, A. 319

Hepaticae 308

IHeterangium 77, 851, 532

Hexagonocarpon 572

Hick, T. 157-159, 438

Hill, A. W. 42, 164, 286

Hill, T. G. 61, 63

Hofmeister, W. 36, 63

Holiick, A. 23, 474, 475

Hooker, Sir Joseph 40, 130, 246, 309

Hooker, 3ir J. and E. W. Binney 185

Hooker, Sir William 291

Hose, C. 291

Hostinelle 28

Hovelacqre, M. 111

Hutton, W. 256

Hydropteridene 280, 294, 473-4R3

Hymenophyllacene 294, 301, 3
484, 465

Hymenophyllites 863

. patentissima 864

H. Phillipsi 367

H. guadridactylites 365

Hymenophylium dilatatum 289

I, tunbridgense 204, 800, 815

H. waldenburgense 963

H. Weissi 364

H. Wilsoni 294

304, &2+

-Hymenopteris psilotoides 378

Inversicatensles 433

Isoetacene 88, 58-G6

Tsoetes BO-83, 46, 65-68, 72, 88-91,

<108, 175, 184, 191, 208, 217, 246,
269, 274, 277, 278
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Isontes Borya»ﬂ- [

. Braunii 68

. Chaffuti 68

. echinospora 58, 59

. hystriz 83, 60, 61, 65, 66
. lacustris 38, 58, 59, 61, 62, 66
. Scheuzeri 68

. setacea 68

Tsoetites 67, 68

1. Chagiuti 67

1. erociformis 67

Tsoetopsis 68

I. subaphylia 68

P ]

Jack, R. L. and R. Etheridge 509
Jahn, J. J. 28

Jamesonia 304, 312

Jeffrey, E. C. 113, 310, 312, 315
Jordan, R. 461

Juncus 58

Karsten, . 30)

Faulfussia 821, 434

Kerr, T. 164

Kidston, R. See note, page 604
Kidston, R. and J. Bennie 191
Kidston, R. and D. T. Gwynne-

Vaughan 267. 814, 326, 329, 334,
838, 846, 877, 461, 47
Kidstonia heracleensis 340

Klukia 348

. exilis 347-839, 870

Koorr, G. W, 124

Knorria 124-127, 174

K. imbricata 2

K. mirabilis 123

Inowlton, F, H. 350, 350

Kalbe, — 335

Kénig, C. 209

Erasser, F. 181, 861, 409, 410, 474,
550, 552, 563

Ruburt, B. 185

Kunze, — 307

Karr, J. G. 441, 544

Laccopteris 855-361, 411
L. Dunkert 561

. elegans 857

. Goepperti 357, 855
Muensteri 874

. polypodioides 558-861, 874

IR
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L. Woodwardi 860

Laminaria bulbosa 71

Lamouroux, J. 572

Lang, Y. H. 47, 49, 104, 195

Lavoisiera lycopodioides 40, 75

Leckenby, 1. 549

Leckenkya 353

Leiodermaria 198

Leiodermarieae 203

Leitgeb, H. 55

Lepidocarpon 58, 92, 271-270

T.. Lomuxi 272-275

L. Wildianum 274

Tepidodendron 7T-10, 27, 28, M, 40—

43, 55, 60-68, T1-77, 90-1 196,

199-201, 207-211, 217-22;

249, 267-270, 312, 331
aculeatem 142, 1

. anglicum 264

aystrale 178-181

brevifolium 175, 176, 222

eyclostigma 264

dichotomum 176

digcophorum 209

esnostense 99, 113, 139, 140, 266

liginosum 21, 139, 141-162, 169,

5,177, 191, 245, 262

L. gaspianum 27

L. Hercourtii 118, 189, 141, 148, 160~
162, 170-178, 182, 189, 191, 262,
206, 275, 333

L. Hic 101, 166, 161

. longifolium 97

. Losseni 253

. macrophgilum 171, 176

. mammillatum 266

mundin 241, 260-253

. nothwm 180

obovatum 199, 142, 154, 156

ofttonis 224

Peachii 201

Pedroanwm 177, 178

punctatum 871

rhodumnense 140, 266, 833

saalfeldense 141

selaginotdes 110

. Spenceri 192

Sternbergii 97, 98, 110

tenerrimum 260

. vasculare 109-123, 189, 145, 148,

152, 168, 166, 169, 188, 266, 884
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I.. Veltheimi 172

L. Peltheimionum 94, 89, 101, 125—
129, 184, 141, 171-178, 187, 188,
209, 222, 223, 243, 249, 255

L. vereenigense 105

L. volkmannignum 105

L. Williamsoni 141, 142

L. Worthent 200, 201

L. Wiikianwn 257

L. Wilnschionum 142,
187, 222, 223, 245

Lepidophloios 104-109, 138, 159, 142,
158, 154, 157, 170, 171

1. Dessorti 106

L. fuliginosus 141

L. laricinus 137

L. scoticus 106, 133, 136, 185

Lepidophyllum 181

Lepidospermae 273

Lepidostrobus 9, 39, 46, 60. 175,

181-192, 209, 248, 263, 272, 274,

496

. Bailyanus 257

. Brownii 189-191

. fimbriatus 46

. foliaceus 192, 183

. insignis 192, 193

. oldhamius 183

Olryi 248-253

ornatus 181, 187, 188

variabilis 187, 188

Velthetmicnwus 175 .

Wiinschinnus 171

Zeilleri 264

Leptophloeun. riombricum 180

Leptosporangiste Filicales 283-816,
824-394

Lesleya 510, 517-319

L. Delafond: 487, 518

L. ensis 518

L. grandis 518

L. simplicinervis 518, 519

Leslie, T. N. 105, 178, 258, 508

Lesquereux, L. 77, 201, 419, 510, 517,
568, 670, 571, 373

Teuthardt, F. 332, 843, 853, 408, 410

Lhywd, E. 570

Lignior, 0. 15, 28

Lindlay, J. 67, 82, 84

Lindley, J. and Y. Hutton, 128,
189, 135, 160, 209, 210, 221, 239,

152, 161-171,

B N

INDEX

249, 405, 421, 431 481 494,
571
Lindman, C. A, M_ 478
Lindsaya 811-318, 377
Lmnplens 567, 572, 578
L. Brongniarti 572
L. nreuropteroides 572, 573
L. abliqua 572, 573
L. Schutzei 572
Lithosmunda minvr 570
Logan, W. E. 228, 232
Lomatophloios macrolepidotus 182
Lomatophloyas ¥ unachmnm 162
Lomatopteris 544-
L. jurensis 544, i
L. Schimperi 546
Lomax, J. 4, 240, 260
Lomax, J. and F. E. Weiss 110
Lonchopteris 494, 576
L. Bricei 576
L. Mantelli 494
L. rugosa 576
L. virginiensis
Loxsoma 293,
Loxsomacene 29d
Lozsomopsis costaricensis 243
Lycapodizceae 33—49
Lycopodiales 7, 10, 14, 30-279
Lycopodites 28, Td-84
L. carbonaceu
Lycopodiopsis Derbyi 178
Lycopodites ciliatus 79
clongatus 79, 87
Sfalcatus 89, 70, 88, 84
Guthieri 79
lanceolatus 81-83
macrophylive 79, 80, 83, 171
Ailleri 28
Reidii 78, 79
. acanicus 98
squamatus 76
Stockii 78
suigsel 85
tenerrimus 84
. Vanuxemi 78
wictorias B4
Zeilleri 80
Lycopodium 17, 24, 30-51, 56, 60,
63-66, 74-78, 82, 83, 95, 194, 195,
<215, 251, 238, 268, 417
L. alopecuroides 92, 82

530,
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. alpinum 82, 4
annatinum 32 W

arboreum 78

casuaringides 35, 39

cermaem 81, 37, 39, 4149, 93,
85, 13, 217

clavatum 82, 40, 41, 46
complanatim 87

cruentun 32

Dalhousianuem 35, 88, 42

densum 40
dichotomum 34,

45, 41,

=

elongatum 87

erythracum 36

Jalcatum 83

inundatum 32, 43, 44
nunoawlarifolium 33, 38
obscurum 38, 39, 93
Phlcgmaria 39, 44, 43, 7
primaerum 86

rufescens 34-86

gaururus 41, 42

@
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. serratum 42

. squarrosum 36, 38, BY
. tetragonwm 35, 39, TG
. werticillatum 89

. volubile 35, 39
Lycopsida 812
Lycostrobus 88-91

L. Scotti 88-91

Bt

Lyginodendron 140, 221, 270, 460,
510, 532, 565
Lygodium 42, 287, 811, 440, 533,

534, 687
L. dichotomum 337
1. Kauljussi 850
Lyon, F. M. 57, 68

McCoy, Sir F. 180, 491, 500, &12
McNieol, Mary 461

Macroglossum alidae 321
Macrotaeniopteris 486

M. Feddeni 489

3. Wianamattae 489

Macrozania corallipes 582

. Fatwcettiae 382

Malaguio, M. 108
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Marattia 320, 408, 409, 417, 465,
465, 527

M. frazinea 817, 320, 528

M. Hookeri 850, 411

M. Iaulfussii 820, 397, 401. 411

Mavattinceae 516-321, 851, 852, 895,
411, 484, 447. 365, 576

Marattiales 816-321, 895411

Marattiopsis 407-409

Marattiopsis marantacea 358, 408, 409

M. Muensteri 320, 408, 409

Marion, A. F. 23, 26

Mariopteris 851, 533530

M. muricata 534, 353

Marsitia 478, 477-479

M. Andersoni 474

M. eretacea 474

M. Drummondi 474

Marsilia eclata 474

M. Nathorsti 474

Al perucensis 474

M. quadrifoliaty 473

Marsiliaceae 473175

Marsilidium 474

M. speciosum 474

Martin, W. 229

Marting, K. B. P. von 420

Maslen, A, J, 187, 149, 190

Matonia 291, 292, 298, 308, 316, 381,
420, 5]

M. pectinate 289~203, 300, 810, 314,
856 857, 362, 368, a8

M. sarmentosa 291, 310

Matonidium 63, 310, 335, 950, 361-
363

M. Althausii 362, 863

M. Gaepperti 862

M. Wiesneri 358, 868

Matonineae 291-203, 355-863

Medullosa 558, bG7

M. anglica 574

Megalopteris 509

Megalorylon 331

Megaphyton 413-415, 422

M. frondosum 422

M. ingigne 421

M. McLayi 422

Mellor, E, T. and T. N. Lealie 283

Jlertensides 352

Mesostrobus 195

AUetaclepsydropais 447-A150
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M. duplex 448400
Mettenius, G. 223, 424, 425
Miadesmia 92, 275-279

A membranacea 275, 276
Microcachrys tetragona 76
Microdictyon 360
Miller, H. 27, 28, 552
Mizoneura 555

Mixtae 285

Mohl, H. von 63
Mohiengraaff, G. A. T.
Mohria 287

Maoller, H. 392, 481
Monogramme 806
Morris, J. 185, 191, 539
Miinster, G. Graf zu, 24, 67-6%
Muscites faleatus 83

Myelozylon 556, 574

5065

Niigeli, K. W, von 35

Naiadacese 82

Naiadea acuminata Bl

N. lanceolate 8L

N. petiolata 81

Naiadite 82, 83

N. lanceolata 81

Naiadites acuminatus 81

Nathorst, A. G. See pote, page 609
Nathorstia 361, 410, 411
N. angustifolic 410

N. latifolia 410
Nephrodiwm filiz-mas 813
Nerium oleander 567
Newropteridium 519-
N, grandifolium 519
N. wtermedium 521-
N. Plentignum 521
N. validum BY0-523, 525, 550
N, Voltziy 528
Ncuro])taru 398, 516, 526, 528, 552,
, 556, 557, 565-572, 579, 580
N. cordata var. angustifolia 570

N. cordate vor. densinenra 524

. conferta 559

N. Goeppertiana 340

. Grangeri 56T

. heterophylla 851, 535, 563
hirsuta 570

horrida 571

macrophylla 635, 669
prundogigantea 567

N.
N,

INDEX

’
N. recentior 389 .
N. Scheuchzeri€35, 568-5T1
N. valide 520
Newberry, J. S. 431
Nilssonia 485
Nipa 304
Noeggerathia 428431,
N.

560
acuminifissa 568

N. fabellata 481

N. Jolivsa 429

N. obovata 514
Noeggerathiopsis 283, 516
Northampton, Marquia of 190

Odontapteris

560, 567,
of. alpin
Browni
oycadea
Fischeri 556
genuina 556,
Jurensis 544
macrophylla
minor 534, a7
asmundaeformis 554
Plantiana 519, 521
Reichiang 55t
Wortheni 535

Oldham, B. D. 497, 501, 508, 505,
Oldham, T. snd J. Morris 84
Oleandra 301

0. neriiformis 485, 492
Qleandridium 485, 486

O. lentriculiforne 492

Oligocarpia 404

0. Brongniarti 352, 864

O. Gutbieri 352

Oliver, F. W. 437, 448, 532
Omphalophloios 264286

0. anglicus 107, 264

Oncapteris 372, 378

O. Nettvalli 873

Oaoelea hebraidica 380

0. sensibilis B8O

O. struthiopteris 809, 344, 302, 308
Onyehiopais 369, 877-830

0. elongata 818

O. Mantelli 374, 378, 379

0. puilotoides 878

Ophioglossacene 321328, 434
Ophioglossales 427481

348

537

R R
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. P. dentata 389, 404

Ophioglosmum 12, 898 4258 P. denticulata 843
0. palmatum §23 P. exilis 348
0. pendulum 321 P. Huttontana 340
0. vulgatsm 321, 522 P. ligata 959
Oxnnmda 267, 341, 567 P. Miltoni 899

0. cinnamomea 286, 835, 389 P. Phillipsii 543
0. Claytoniana 314, 815, 433, 538 P. Pluckeneti 419, 426, 576, 579
0. lignicum 339 P, plumosa 899, 404
O. regalis 285, 286, 331, 45K, 342 P, polymorpha 579
0. Sturii 839 D. recentior 839
Osmundacese 255, 246. 508, 814, 315,  P. reticulata 49

324-346. 403, 400, 434, 148, 448, F. Kutimeyeri $43

461, 472 F. serra 404
Osmundites Do s P. Sterzeli 419, 426, 570

- Dunlopi 331- 7, 846 P, tenuis

. Kolbei 33— d7
. skidegatensi
. Sturii 839
Otopteris cuncata 48)
Otozamites Beani 807
Ottokaria sengalensis 498
Q. ovalis 498

occ;o

Pachyphloeus tetragonus 171
Pachypteris 550, 552

P. dalmatica 550

P. lanceolata 550

Pachytesta 574, 675

Palacojulus dyadicus 401, 402
Palaeapteris 360, 561

P, hivernica var. minor 503
Falmatopteris 538, §85, 537

P. Jurcata 537

Purapecopteris 898

P. ncuropteroides 898, 399
Parkeriaceae 297

Parkinson, J. 181, 231, 413, 575
Paullinia thalictrifalia 307
Peach, C. W. 530

Pecopleris, 298, 998, 494, 582, 541,
857, 576-580

abbreviata 399

arborescens 422, 529, 577, 578
bullatus 852

caespitose. 359

crenifolia 359

cristata 402

curtata 359

cyathea 422
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A undans 345

I wnita 397, 579

L. whitbiensis 339, 343, 344
F. Williamsonis 339

2. Zippei 854

Pelourde, F. 448
Ferhallow, D. P. 28, 78, 337
Petver, — 231
Phunerosorus 202

Phillips, J. 67, 348
Phrlobopteris Phillipsi 383
P. polypodioides 858

P. propinqua 358

P. Woodwardi 360
Phragmites 206
Phyli®chne clavigera 40
Phyllites nervulosis 383
Phyliocladus 542, 348
Phylloglossum 30, 31, 83
L. Drummondi 83
Phytolithus canceliatus 126
P. parmatus 129

P. verrucosus 231

Picea excelsu 94

Pilularia 67, 473

P. globulifera 478

P. minuta 473

P, pedunculate 475
Pinakodendron 264

P. musivun 268

Pinug 194

P. attenuats 134

P. clausa 134

P. excelsa 174, 182

P. longifolia 95, 98
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Plagiogyria 297

Flani, N. 177

Platyzoma 291

P. microphylla 812

Plewromeia $6-73, 91, 141

P, ovuling 68

P. Sternbergii 6810

Podocarpus 210

P. dacrydioides 75

Podoloma polypodioides 394

Puccilitostackys 91

P. Lang: 91

Polypediaccar 296, 875-380

Polypodium 844

P. Billardieri 802

F. carnosum 301

P. heracleifolius 383

P. oregonense 377

P. quercifolinm 297, 298, 302, 303
892, 528

P. rmdgare 301, 813, 577

Potoni¢, H. See p. 609

Prantl, K. 296

Presl, C. B. 127, 336, 390, 407, 477,
525, 572

Prestwick, J. 229

Primofilices 433

Protophylocladus 543

Protopteris 370-374, 390

P. punctata 373-875

P. Siernbergii 371

P. Witteana 374, 375 .

Protorkipis asarifolivs 390

Protosalvinia 476

Psaronieae 412-426

Psaronius 309, 872, 896, 412-426, 452

P. asterolithus 416

P, Irenlionvir 420

coalescens 416, 420

Cottar 415

. Cromptonenziz 418, 425

infarctus 415-421, 424

musasformis 416, 420

. Renaulti 418, 418, 420, 425

. Sterzeli 419, 420

Prendobornia 11

P. urstna 8

Ogilophyton 26-29

o, Dechianum 27

b, filiformis 24

o, princeps 26-29
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P. robusting 27, .,

Pailotacéae 12-%

Psilotales 17-29

Psilotiphyliwm 26

Pailotites 24, 25

P. Jilijormis 24

P. lithranthracis 25

P, wnilateralis 25

Prilotum 12-24, 26, 29, 237

P. complanatum 18

P. triguetrum 17, 18, 20

Prygmophylinm 481

Pteridospermaphyta 278

Pteridosperms 282, 393, 396, 403, 407,
426, 484-580

Pteridotheca 325, 375

P. Butterworthi 325

Pteris 812, 580

P. aquilina 305-309

P. arguta 344

Pteropsida 812

Ptilozamites 53¢

Ptychocarpus 397, 411, 576, 578
P. oblongux 347

P. unita 397, 400, 578
Prychoptarix 418, 414, 422-424

Rachiopteris entiqua $49

corrugata 430, 433, 460

cylindrico 438

dupler 447, 448

. hirsuta 486, 488, 442

. inaequalis 458, 454

. ingignis 456

irveqularis 453, 454

ramosa 486, 440

D 2ridemtaty 438

Raciborgki, M. 330, 841, 843, 858,
543

FRegnellidinm 478, 479

R. diphyilum 474, 479

Reinocke, F. 801

Reinach, P. F. 192

Rennnlt, B. See note, p. 604

Renaunlt, B. and C. Grand'Eury 219

Repanlt, B. and A. Boul':\e, 204

Renouwlt, B. and R. Zeiller 510, 555,
560, 571, 5717

EERE R

~ Nenaultia 384, 406

Renier, A. 188
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Rhacophyllum

R. crispum 526
Rhaciopterideac 449
Lhacophyton condrusorum 537
Rhacopteris 426, 430, 431, 525, 563, 564
R. flabellata 428

R. paniculifera 428
Lthizedendron oppoliense 375
Rhizomapteris 881

R. cruciata 888

R. major 383

R. Schenki 882

Rhodea 27, 129, 196, 251

R. moravica 364

R. patentissima 864
Rhytidodendran 251

R. minutifolium 251
Rhytidolepis 198, 203, 222, 237
Richter, P. B. 890, 492, 393
Rodway, J. 93

Roell, von 571

Roemer, F. 571

Rotularia cuneifolia 1

Royls, J. ¥. 501

Rudolph, K. 414, 417, 41&
Ruffordia B50

. Goepperti 549, 850

Sacceloma 420

S. adigntotdes 424
Sadleria 344

Salfeld, H. 545, 546
Sagenaria Bischofi 649

8. Veltheimiana 171
Sagenopteris 431, 477483
8. angustifoliv 478, 482
. bilobata 481

. cunsata 481

. grandifolic 482

. longijolia 482
Mantelli 4181, 482
Nathorsti 482
Nilsyoniana 4768
Phillipsi 481, 478-482
Phillipsi 1. pusillu 482
. rhoifolin 479482
Salvinia 475

. Allewi 25

auriculata 476
clliptica 475

formosa 476

notans 475
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wannG

S. reticwlata 25

Zeilleri 476

Salviniaceae 475-477

Sumaropsis 517

Saporta, le Margnis (k, Gl»—G
360, 980, 545, 540,

Schenk, A. 341,
363, 474, 482, 4

Scheuchzer, J. T.

Schimper, W. P.
376, 477, 486, 496,
560, 579

Schimper, W. P. and A. Mougeot 90,
519

Sahi:aeu 812

8. dichotoma 307

S. elegans 287, 307

S. pusilla 287

Schizaeacene 280,

523, 544,

287, $46-331

Sz'/ opteris 525

adnascens 404

pinnata 445, 464

5. lactuca 526

Schizostachys jrondosus 464

Schlotheim, E. F. von 413, 560, 574
577

Schmalhausen, J. 247, 503

Schaster, J. 539

Schwarz, E. H. L. 259

Scleropteris 578

8. Pomelii 552

Scolechpteris 401, 402, 426

S. elegans 400, 401

S. polymorpha 401

Scolopendrium wigripes 800, 518

S. vnlgare 513

Scott, D. H. See note, p. 609

Seott, Mrs D, H. 192, 460

Selaginella 17, 80-83, 89, 49-58, 74—
77, 85, 87, 88, 164, 215, 217, 268,
274278

S. apus 57

S. arabica 80

5. Berthoudi 84

S. caulescens 85

§. erythropus 53

S. grendis 50-53, 75, 81

8. inaequalifolia 54

8. lacvigata 54

8. lepidophylia 33

8. Murtensii 51, 53




622

8. revoluta 80

8. rupestris 52, 56, 57

5. spinoxo 81, 83, 50, 52, 58, 53,
278, 440

S, spinulosa 2%

S. Willdenowii 52, 58

Selnginellacene 32,

Sellaginellites T4-77, 85-88

S. elongatus 80, 87, &8

8. primacvus 80, 86-88

S. suissei 79, 85-88

Sellards, E. H. 486, 488, 533

Senftenbergia 847, 404

S. elegans 846, 364

S. plumosa 404

attock, 8. G.
ta 43, 44, 55, 61, 66, 6~

A . 109, 110, 128,
140, 170, 196-226, 230, 211, 234,
238-240, 248, ‘lﬁh—‘ll,‘) 421

8. Brardi 179, 180, 108, 200-203,
207. 210, 212, 213, 21, 224-926,
241, 261, 265-207

§. denudata 203

S. discophora 139, 204, 249

elegans 160, 197, 217-22¢

elongata 221, 222, 224

N. Eugenii 198

S. laevigata 195, 200, 202

S. lepidodendrifolic 200

S. McMurtriei 199

S mammillaris 198, 199

S. Menardi 224

5. minutifolia 251

S, aautans 224

8. venlinag 69-73

8. pachyderma 143

8. rimosa 244

S. rhomboidea 203

S. rugosa 197, 195, 200
8. scutellata 196, 195, 212, 221, 222
S. spinulosa 201, 212, 219, 224
S. Sternbergii (9

§. Taylori 209

8. tessellata 197

S. wvascularis 110

8. Vanuzemi T8

S. aylina 221

Uariophyliun: 200
SmaIIarwpsw 213, 214

S. Decaisnei 218

S. sulcata 214

INDEX

Sigillariostrobus 200 /215-217

5. bifidus 26

S. ciliatus 216 *

8. major 217, 226

S. uobilis 213

8. rhombibracteatus 216

8. Teighemi 215, 216

Simplices 284, 298

Smith, G. 0. and D. White 28, 663

Solenites Blurrayane 67

Bollas, Igerna B. J. 82, 83

Solms-Laubach, H. Graf zu.
note, p. 600

Speirocarpus 409

N. tenuifolius 382

Sae

49, 192-1y5, 263
S. fusignis 192-19
S. membranaceus 195
Sphenalepiditn 39
Sphenophyllales 1-16
Sphenophylostachys 1,
S. Dawsoni 1, 2, 6, 14
S, fertilis 4, 5, 12

k Ruwurl 1-3, 14
Sphenophyllum 1-7, 10-17,
8. cuneifalinm 2

. jertile 4

S majus 2, 3, 14

S. myriophyllum 2

S. plurifoliatum
S. trickomatosum
Sphenopteris 529-578

. affinis 530-532

arguta 367, 368

S, candata 404

8. condrusorum 537

S. coralloides 470

. cristata 402, 366

. dissecto 532

. elegans 632

. furcata 529, 530, 385
Hoeninghuust 582

. hymenophylioides 367, 368
. Linkii 682

Mantelli 378

Matheti 526

nephrocarpa 867
obtusiloba 529, 580

8. petiolate 446

. quinqueloba 370

. Kallii 826, 402

21, 440

I
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INDEX

Spirorbis 102-104
Sprengel, A. 412
Swngeria paradoza 30T
Staplylopteris Peachti 581
Stanropteris 483, 434, 48469
S, burntislandice 468, 469
K. oldhamia 444, 450, 465408
Steffensia silesiaca 404
Steinhauer, H. 126-125, 228, 22
Stenzel, C. G. 375, 417, 418, 433,
450-453
Sternberg, C. von 183, 110, 124, 126,
198, 413, 573
Sterzel, J, T. 866, 402, 412, 413
Stiehler, W.oda4
Stigmaria 66, 141, 153, 158
236, 261, 205
8. anabathra 231
B

226-247,

8o 1549, 174, 220-232,

-280, 240G, 247, 256, 261

5. ficoides minutt 235

S. flexnosa 239

S. inaequalis 174

8. radiculosa 137-160

S. rimosa 226

S. stellata 247

Stigmariopsis 205, 208, 233-289

S. anglica 285

Stokes and Webh, 494

Stopes, Marie C. 436

Strasburger, E. 898

Stromatopteris 291

Stur, D. See note, p. G0B

Nturielle 324

Sub-Sigillarize 203

Sudworth, G. B. 1M

Sykes, M. Gladys 23, 47

Syringodendron 196, 204, 205, 221,
226, 233, 238

S. esnostense 204

S. striatum 198

Szajrocha, L. 540

Taeniopteris 485494, 508, 509
. Beyrichii 494

. Carnoti 485, 488, 480

. Carruthersi 491

., corigeea 488, 490

" Daintreei 490, 491
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T.

gigantea 499

fmmiersa 492

Jgurata 485, 468

Jourdyi 489

fata 489

Lescuriana 487

major 494

marantacea 407, 408

mareyiaca 491

" missouriensiz 485

maltingrois 486169
Newberriana 488

spatulata 484, 490

superba 489

tenuinervis 489, 482

rirgulats 492

vittata 485, 489, 492-194
Tafalla graveolens 40, 75
Tansley, A. G. 16, 280, 310, 440, 446
Telangium 332

T. Scotti 532

Teratophyllum aculeatum 301, 405
Thamnocladus 27

Thamnopteris 326, 329-331, 334,337,838
T. Schlechtendalii 329, 880, 448, 453
Thaumatopteris 385

. Brauniana 385

T Muensteri 386

7. Schenki 385

Thevbroma 209

Thinnfeldia 537-552, 558

L. falkeata 540

. Foltainei 543

. lancifolia 539

. odontopteroides 538, 541-543, 1146
. Thomboidaliz 542-545

. tenuinervis 540

. variabilis 482, 543

Thoday, D. 6

Thomas, A. P. W. 12, 13, 17, 19, 23
Thomas, Ethel N. 239
Thompson, D'Arey W. 181, 204
Thyrsopteris 295, 296, 3G9

T. elegans 289, 294, 308, 363

T, elongata 378

T. Murrayana 867

T. ravinervis 36%

. schistorum 366

Tmesipteris 4, 12-25

7' tanuensis 17

Todea 267, 887, 341, 468

T. australis 946
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T. barbara 285, 266, 299, 314, 943, 839
1. hymenophyllordes 325

7. Lipaldi 823

T. superba 933

T. Wilkesiana 286

Todeopsis primacva 821, B4D

Todites & 43,

2. Roesserti 846

I, Williamsoni 332, 339-348, 352
Lracheotheca 437, 443

Trautschoid, H. und J. Acerdach 260
Treub, M. 807, 308

Trichomanes 293, 204, 303, 365, 452
T, Goebelianum 300

T. radicans 294, 315, 470
T.reniforme 300, 810, 211, 315,140, 571
T. scandens 311

Zrigenocarpon 574

Triletes 192, 215

Triplosporites 190

Tubicaulis 434436, 443, 471

T. primarius 443

T. solenites 485

T. Swtelifi 436

Tylophora radiculosa 157
Tympanophora racemose 367

T. simplex 367

Tlodendron 85, 128-133
209, 210, 231, 254,

U. minus 209

Unger, F. 180, 412, 446, 449

Urnatopteris 896, 407 *

Urophlyctites stigmariac 247

Variolaria ficoides 231
Velepovsky, J. 389, #472, 482, 543
Veronica 756

Vertebraria 497, 601-505

V. indica 602, 503

Vittaria 306

Volkmann, G. A. 124, 281

Walchia 25

Wanklyn, A. B55

Ward, L. F. 278, 369

Watson, D. M. 8. 181, 156, 161, 195,
261, 268, 278, 597

Weber, 0. snd J. T. Sterzel 558

INDEX

Weicl L
. erratica 495
W, Mantelli 494496
IV, reticulata 494

264, 324, 420, 430, 486,

Weiss, F. E. 98, 101, 102, 188, 139,
151, 154, 157, 182, 240-242, 245-
247, 261, 461

Welwitschia 278

White, D, 27, 24, 201, 264, 265, 346,
377, 464, 485, 498, 518, 516, 560

Wickes, W. H. §2

Widdringtonites 38

Wild, G. and J. Lomax 271

Williamson, W. C. Sec note, p. 608

Willimson, W. C. and D. H. Scott §

Witham, H. 160

Woodiwardia 359

Woudwardites 377

Wiinsch, E. A. 163

"

Xenophyton radiculosum 158
Nenopteri.

Yabe, H. 377, 481
Yokoynma, M. 349, 377
Young, G. and J. Birq, 83

Zalensky, M. 571

Zalesskya 326-330, 332, 837, 338, 461

Z. diploxylon 326-331

Z. gracilis B26-851

Zeiller, R. Seo note, p. 609

Zeilleria 407

Z. avoldensis 407

2. delicatula 407

Zenker, J. C. 401

Zigno, A. de 358, 890, 410, 478, 482,
546-560

Zypoptercne 443465

Zygopteris 418, 449

Z. bibractensis 458, 155

Brongniarts 460

Lacattii 468

peteycurensis 447

primaria 443, 444, 446, 451

. Roemer) 447, 448

scandens 450
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