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18. On t ~  OCCURRENCE Of DtOTYOZAMITE~ in ENGLAND, with 
REMARKS on EUROPEAN and EASTI~RN ]~ESOZOIO FLOm~S. By 
A~BER~ CaART.ES SEWARD, Esq., M.A., F.R.S., F.L.S., F.G.S., 
Fellow of Emmanuel College, Cambridge. (Read February 25th, 
1903.) 

[PLAT~ X~r.] 

AMONG several species of Inferior-Oolite plants recently collected by 
the Rev. John Hawell, M.A., F.G.S., and sent to me for examination, 
I found a few fragments of Dictyozamites, a genus of especial interest 
from the point of view of the geographical distribution of Mesozoic 
plants. Mr. Hawell obtained the plant~ from a bed of ironstone on 
the northern face of the Upleatham outlier, near Marske-by-the-Sea, 
in Yorkshire ; most of the material was dug out from an old heap 
of refuse thrown aside during boring operations, but the plant-bed 
was also investigated in 8itu? 

The locality is mentioned on the 6-inch Ordnance Survey-maps as 
M a r s k e  Q u a r r y ;  it is situated 1 mile directly south of Marske, 
and about 500 feet above sea-level. This plant-bed occurs low down 
in the Estuarine Series, and is probably of Lower Estuarine age;  
but in the neighbourhood of Marske, Mr. Hawell informs me, 
there is apparently no distinct line of division between the Lower 
and the Middle Estuarine Series/- 

The generic name Dictyozamites was proposed by Oldham in 
1862 a for some pinnate fronds discovered in strata of laminated 
clay, converted by igneous agency into a poreellanous rock, at the 
eastern end of the Puchwara Pass in the Rajmahal Hills. The 
fragments represented in figs. 5-8 (Pl.  XV) were drawn from a 
piece of this rock in the British Museum (Natural  History) Collec- 
tion. 4 Morris, as joint author with Oldham of the first volume of 
the ' Fossil Flora of India,' referred the specimens to Gutbier's genus 
Dictyopteris, a term applied to certain Palaeozoic species agreeing in 
all respects, except in the reticulate venation of the pinnules, with 
the well-known genus Neurot~teris. Presl's generic term Lino2oteris ~ 
has been substituted by some authors for Dictyopteris. Morris 
instituted the species Dictyopteris falcata for the Rajmahal plant, 
describing certain specimens as D. falcata, var. obtusifolia/ T h e  
name Dictyopteris expressed Morris's view that the leaves were those 

Mr. Hawell kindly supplied me with this information, and I am indebted 
to him for generously allowing me to describe the specimens which form the 
subject of this communication. 

For the geolog, ical structure of this part of. Yorkshire, see Fox-Strangways 
(92). [Numerals m parentheses throughout this paper refer to the Bibliography 
onsp. 230.] 

Oldbam & Morris (63) p. 38. 
' Specimen No. 52546. 
s For a figure of I, inopteris, see Zeiller (00) p. 108. 
~' Oldham & Morris (63) pl. xxiv, fig. 2. 

Q. J. G. S. No. 234. a 
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of a fern, an opinion shared by Zigno, to whom specimens were sent 
for examination. The view usually held that  2Veu~.opteris is a genus 
of Ferns has not  as yet  been demonstrated by the evidence of 
satisfactory fertile fronds, and we should probably better express 
the botanical position of this provisional genus by including i t  as a 
member of that  important  Palmozoic class the Cycadofilices, than by 
retaining i t  among the Ferns. Oldham, on the other hand, was of 
opinion tha t  the plants referred to Dictyopteris were probably 
Cycads, and to give expression to this view he proposed the name 
Dictyozamite. for the fragments of Indian leaves which bore the 
closest resemblance, except in the venation of the leaflets, to the 
genus Otozamitea, adding the following diagalosis :m ,  Pinnis multi- 
nervis ; basi subauriculatis ; nervis dichotomis reticulatis.' 

In  an earlier paper, O|dham 2 mentioned the occurrence oJ~ 
D~t?/opte~'., but without any discussion as to the probable nature 
of the leaves referred to this 'peculiar  genus.' 

In  1877 Feistmantel "~ described additional specimens from 
Amrapara and Golapili L and substituted the name Dictyozamites 
ind~ua for Morris's Dwtyoloteri. falcata, including the forms 
originally separated as the variety obtusijblia. While Feistmantel 
was no doubt well advised in including the various forms under one 
designation, there was no need to discard Morris's specific name 
.falcata. In  justification of this change Feis tmsntel  pointed out 
that  the specific name indicus was appropriate as denoting that  
Dietyozamite~ is an Indian t y p e , ~ a  reason, in any case inadequate, 
which subsequent discoveries have rendered misleading. Another 
argument  was tha t  Morris's term implied tha t  the falcate form of 
the pinnm was a specific character, whereas for some specimens the 
descriptive epithet faleata was inaccurate. ~ 

In  1876 Feistmantel  published a paper in the ' Palmonto- 
g r a p h i c a ' ~ '  Ueber die Indischen Cycadeengattungen Ptilo#hyllum, 
MOLT., & Diayozamites, Oldh.,' 0 in which Dictyozamites indicus is 
thus defined : - -  

' Fronde simpliei, elongata ; foliolis alternmltibus; aut brevioribus et obtu- 
sioribus, aut long.ioribus ap ieemque versus ineurvatis vel faleatis. ; solum, media. 
parte basis insertm aut sessilibus--aut paulo peduneulatls---anguhs basahbus 
distincte aurieulatis; uno foliolo terminante. Nervis crebris, media basi 
eggredientibus, marginem versus irradiantibus--areolas formantibus. Areolis 
mediis elongatis subparallelis~areolis apieem marginemque versus brevioribus 
--polygonalibus.' 

The pinnm shown in figs. 5-8  (P1. XV) are identical with the 
smaller forms of Dictyozamites as figured by Feistmantel  from the 
Sripermatur Series 7 in the neighbourhood of Madras, which may 
be included stratigraphically in the Ra.~mahal Group. 8 The longest 

10ldham & Morris (63) p. 40. ~ Oldham (60) p. 320. 
Feistmantel (77) pp. 69, 70 & pl. xlvi, figs. 7-8. 

4 Feistmantel (77'0 p. 18 & pl. ii, figs. 5-6. 
Feistmantel (76) pp. 19 & 20. ~ Ibid. p. 18. 

7 Feistmantel (76) pl. vi, figs. 4 & 5. 
8 R. D. Oldham's edition of Medlieott & Blanford (93) p, 182. 
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pinna is slightly over 2 centimetres in length and has a breadth of 
4 millimetres ; the veins, not always accurately represented in 
Feistmangel's plates, are dear ly  defined. Most of the leaflets are 
imperfect, bu t  in a few eases (P1. XV, fig. 6) one is able to see that  
they were attached to the raehis by a small portion of the lamina 
occupying an approximately-median position on the basal end;  the 
edges of the base are very slightly lobed. 

On the same poreellanous slab numerous fragments of other 
fronds occur, which I am unable to distinguish from Williamsor~ia 

39ecten. 
The next  contribution to our knowledge of Oldham's genus was 

made by Dr. Yokoyama, t who recorded the occurrence of the Indian  
type at Ozo in the Province of Koga and at Ushimari in the Province 
of Hida in Central Japan. Most of the Japanese specimens are 
referred to a variety of the Rajmahal  type--Dictyozamites indicus, 
var. distar~s ; but a new species was insti tuted by Yokoyama, under 
the name D. grossinervis, for a form of pinna characterized by a 
coarser form of reticulation. 

In  1889 Prof. l~'athorst published a p a p e r '  Sur la Prdsenee du 
Genre Dictyozamites, Oldham, dans les Couches jurassiques de Born- 
holm. ' :  The specimens, collected by Herre A. F. Carlson in 1885, 
in the neighbourhood of Hasle in Bornholm, were named by Prof. 
Nathorst Dictyozamites Johnstrupi. This species agrees in the habit  
of the frond with the Indian form, but differs slightly in the shape 
of the pinnae and in their manner  of a t tachment  to the rachis of 
the frond. Mr. Hawell 's discover)" at Marske affords proof of the 
occurrence of Oldham's genus in a second European region of rocks, 
of approximately the same geological age as those of Bornholm. 

D i s t r i b u t i o n  of the  Genus  Dictyozamites  in  t he  Ju ra s s i c  
Per iod .  

Dictyozamites falcatus (Morr.) .................. Rajmahal Series of India. 
Dictyozamites falcatus (Yforr.), vat dislans, ~ Gentral Japan. 

Yok ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .j 
Dictyozamites falcatus (Morr.), vat'. grossi- 

nervis, Yok. a .................................... j Central Japan. 
Dictyozamites Johnstrupi, ~ath ................ Bornholm. 
Dictyozamites ttawelli, sp. nov . . . . . . . . . . . . . . . .  England (Marske; E. Yorks). 

In  the absence of reproductive organs i t  is impossible to speak 
with confidence as to the affinity of the genus. I t  has long been 
customary to include fossil fronds, which agree in their  pinnate 
method of branching and in the form and arrangement of the pinnte 
with the leaves of modern Cycads, in the class Cycadales. The 
monotypic Australian genus JBowenia is the only existing Cycad in 

Yokoyama (90) pp. 53, 55, pl. vii, fig. 10, pl. x, figs. 4-10, & pl. xi, fig. 5. 
2 Nathorst (89). 
3 I have reduced Dr. Yokoyama's species D. grossinervis to the rank of a 

variety, as the small fragments with the coarser type of venation seem to me 
to be more appropriately distinguished by the term grossi~ervis, used as the 
designation of a variety, than as defining a distinct species. 

a 2  
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which the fronds are bipinnate. In  some instances we possess 
information as to the nature of the stems which bore the fronds, 
and we are familiar with various types of Cycadean inflorescences. 
The genus Wil~iamsonia is represented by the Jurassic species 
W. gigas (L. & ]I .)  and W. pecten (Phill.), characterized by pinnate 
fronds closely resembling those of certain forms of modern Cycads ; 
in the case of the former species we have some evidence as to the  
nature of the stem, which in external form was practically identical 
with the stems of Macrozamia or Encephalartos among existing 
genera. 1 I have elsewhere 2 shown that Williamson's opinion, 
expressed in his important  memoir published in 1870, 8 as to the 
organic connection between the fronds originally named Zamia gigas, 
L: & H.,  and the peculiar reproductive shoots named by Carruthers 
Williamsonia, 4 is confirmed by the evidence of specimens in the  
Yates Collection in the Paris Natura l  History Museum. 

I t  seems clear that  the smaller form of Williamsonia, figured by 
Leckenby in 1864, 5 represents a reproductive organ of the plant 
which bore fronds previously known as Pterolohy~lum pecten, L. & H., 
and now referred to the genus Williamsonia. 

Prof. Nathorst  has clearly demonstrated an organic connection 
between a third type of Williamsonia, IV. anf/u~tifolia, l~ath., and 
leaves formerly placed in the genus Anomozamite~. 6 

We have therefore sufficient evidence to justify the opinion, 
founded at first on the external resemblance of vegetative structures, 
that  certain of the Cycad-like fronds of Mesozoic age have their 
nearest  living representatives in the Cycadace~e. On the other 
hand, there are numerous forms of pinnate leaves which we 
are as yet unable to associate with either stems or reproductive 
organs, but which it is reasonable to regard as fronds of Cycadean 
plants. Prof. Nathorst  has recently suggested the term C y c a d o -  
p h y t a  7 as a convenient designation for fossil Cycadean plants 
known only as isolated leaves. The morphology of the flowers of 
some of the Mesozoic Cycads differs in so marked a manner from those 
of recent forms, that  it has been necessary to place them in a 
separate d iv is ion~the  Bennet t i ta les--of  which the English species 
Bennettites Gibsonianus, Carr., s represents the typical example. 

No specimens of the English Williamsonia have so far been 
discovered of which it is possible to make an anatomical examination ; 
but  it is clear tha t  the type of reproductive shoot represented by 
Mr. Carruthers 's genus is very closely allied to, if not generically 
identical with, s 9 Other fossil reproductive organs are 
known which present a sufficiently close agreement with those of 
modern Cycads to war ran t  their inclusion with them in a separate 

1 Seward (008) p. 179. a Seward (97) p. 274. 
3 Wflliamson (70). 4 Carruthers (70). 

Leekenby (64) [Palwozamia pecten] pl. ix, i~g. 4 a. 
6 Nathorst (80) & (02) pp. 9 et seqq. 7 Nathorst (02) 3. 

Carruthers (70) ; Solms-Laubach (90). For an account of thePmale organs 
of Bennettites, see Wieland (99) (992) & (01). 

9 Seward (95) pp. 146 et seqq. 
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division, the Cycadales. We may, therefore, as Prof. Nathorst has 
suggested, employ the term C y c a d o p h y t a  as a group-name for 
Cycadeau plants, comprising the two subdivisions Cycadales and 
Bennettitales, the distinguishing characters of which are furnished 
by the reproductive structures. In dealing with the numerous fossil 
leaves which are in all probability Cyeadean, but cannot, through 
lack of evidence, be referred to one or other of the two subdivisions, 
we can best express our opinion as to their probable taxonomic 
position, and at the same time our ignorance as to their precise 
affinity, by speaking of them as members of the Cycadophyta. 

CYCADOPHYTA, Nathorst. 
[Kongl. Svensk. Vetenskaps-Akad. ttandl, vol. xxxvi, no. 4, p. 3.J 

Genus DIC~YOZAMIT~S, Oldham. 
[.Mem. Geol. Surv. India, Pal. Indica, ser. 2, vol. i, p. 40.J 

Fronds pinnate, similar in habit to those of Otozamites; pinn~e 
sessile, or with a very short stalk, disposed in two alternate rows, 
and attached to the rachis either by the middle or by the lower 
half of the base. The basal free portion of the pinn~e is usually 
slightly auriculate. The central portion of the lamina of the pinn~e 
is occupied by veins which follow a longitudinal and approximately- 
parallel course, and are connected one with the other by oblique 
anastomoses; the veins of the median region give off branches 
which curve obliquely upward and downward to the margin of 
the leaflet, and by repeated cross-connections with one another 
divide the lamina into numerous polygonal meshes or retieula. 

Stems and flowers unknown. 

DICTYOZAMITES HAWELLI, sp. nov. (P1 XV, figs. 1-4.) 
Fronds pinnate ; pinnm crowded, sessile, in two alternating rows, 

attached by a small portion of the lamina slightly below the 
middle of the base to the upper face of the rachis. The pinn~e are 
broadly linear in shape, and taper gradually to a bluntly rounded 
apex; the upper margin of the base is slightly auriculate, the lower 
margin rounded or very slightly auriculate. 

Veins numerous; those in the median region are approximately 
parallel to the edges of the pinna, and from them branches are 
given off which pass obliquely upward and downward towards 
the margin of the lamina. 

The material from )Iarske consists of small and imperfect pieces 
of fronds, but is sufficient to form the type of a distinct species, 
distinguished from Dictyozamites falcatus (Morr O by the relatively 
greater breadth of the segments, their more linear instead of a 
faleate form, and by the attachment to the rachis being slightly 
below the middle of the pinna-base. From the Japanese type 
D. Hawelli differs in the more crowded arrangement of the seg~nents 
and in their blunter apices 
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Dictyozamites ,/ohnstruld is characterized by the more strongly: 
curved pinn~e, with more sharply-pointed apices, and by their 
manner of attachment to the rachis. 

P1. XV, fig. 1. This specimen shows clearly the crowded arrange- 
ment of the pinme, and their manner of attachment to the axis of 
the frond. The upper face of the rachis is hidden by the bases of 
the pinnse, as in the frond of Otozamitcs. The upper edge of the 
pinna-base is distinctly aurieulate, while the lower edge appears to 
be merely rounded or very slightly lobed. The most complete 
pinna is 3 centimetres long and 11 millimetres broad; in the 
venation-characters the species agrees with the other types of the 
genus. 

Fig. 2. This drawing gives an end-view of the lowest pinna 
of the specimen represented in fig. 1, and shows the small and 
narrow oval area ~t by which the leaflet was attached to the 
surface of the rachis ~-, agreeing in this respect with the method of 
articulation of the pinnse of E~,cephalartos and certain other recent 
Cycads. The scar or attachment-area, a, is situated slightly below 
the middle of the pinna-base. 

Fig. 3. In this fra~o, ment the venation is shown with great 
clearness ; the most complete pinna has a length of 3"8 centimetres, 
tapering gradually towards the bluntly rounded apex. 

Fig. 4. This enlarged drawing of a portion of one of the pinnm 
shown in fig. 3 illustrates the characteristic venation of the genus. 

DICTYOZAMITES FALCATUS (MorrO. (P1. XV, figs. 5-8.) 
Fig. 5 represents a portion of a frond, drawn three times natural 

size, showing the form and manner of attachment of the bases of 
the pinn~e. 

Figs. 6 & 7 illustrate the short, broad, and slightly-faleate form 
of the pinnm of a small type of the Indian species. Fig. 7 is 
drawn natural size. 

Fig. 8. A single pinna enlarged to show the venation, which 
agrees closely with that of Dictyozamites Hawelli. 

COMP&RISOK OF THE JAPAI~-ESE, INDIAN, J~ORNHOLM, AI~D 
ENGLISH MESOZOIC FLORAS. 

It  is of interest to compare the Mesozoic floras of Japan, India, 
Bornholm, and England, in each of which Dict?/ozamite8 is repre- 
sented. The resemblance of one flora to another is usually obscured 
by the use of different generic or specific names for plants, which 
are either identical, or represent closely-allied members of the same 
family. This diversity in nomenclature is, to some extent, the 
result of geographical separation ; an author naturally hesitates to 
assign the same specific name to plants from India and Europe 
unless the evidence as to identity is convincing. On the other 
hand, wide separation in space has often been allowed to exercise 
a misleading influence in the determination of species. Another 
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reason for the use of different names for plants, which are either 
specifically identical or very closely allied, is to be found in the 
individual preferences of authors in the choice of possible generic 
designations for a particular plant. 

In  order to obtain a clear idea of the botanical relationship of 
one flora to another it  is essential to devise some method by which 
distinctions, either imaginary or exaggerated, between plants re- 
corded by different writers under distinct names may be eliminated. 
As a standard of comparison we may take a list of the plants 
described from the Infe r io r -0o l i t e  rocks of Yorkshire, and by 
adopting an uniform system of nomenclature, and regarding as 
representative species types that  are either specifically identical or 
distinguished by characters that,  so far as we can judge, are not of 
generic rank, we shall be in a better position to furnish an answer 
to the ques t ion--how closely do the widely separated floras of 
Japan and Western Europe resemble or differ from one another ? 

In  the following lists (pp. 224-26)  I have therefore made use of 
specific names in a wide sense. In  taking considerable liberties 
with the nomenclature of other authors, I do not necessarily mean 
to express disagreement with them as regards their  interpretation 
of affinity, but  my aim is to avoid the danger of allowing slight 
differences--whether of specific rank or n o t - - t o  obscure the broad 
relationships of floras. The method of comparison is adopted 
primarily for the purpose of inst i tut ing a botanical comparison, 
rather than with the view of expressing an opinion as to relative 
age or stratigraphical position. The data on which the lists are 
founded have been supplied by the works of Geyler, 1 Yokoyama,= 
and Nathorst  a in the case of the flora of Japan, but the flora with 
wi th  which we are more especially concerned is tha t  described by 
Dr. Yokoyama in his earlier paper of 1886 ; by Oldham & Morris 4 
and by Feistmantel  5 ibr the Indian species; and by Bartholin, ~ 
MSller, ~ and Hjorth  ~ for Bornholm. 

The welcome memoir by Dr. MSller on the flora of Bornholm 
deals only with the Pteridophyta, but  we may look forward to a 
completion of his valuable investigations at an early date. [Since 
this paper on Dictyozamites was read, Dr. MSller's second memoir 
on the Bornholm Flora has been published; see M611er (03) in the 
Bibliography, p. 231.7 

In  order to avoid misunderstanding, the names employed by the 
authors of the floras of Japan, India, and Bornholm are added in 
square brackets in cases where their  nomenclature or determination 
does not agree with that  which I have adopted. The init ial  letters 
Y, F, N, B~ and M (Yokoyama, Feistmantel,  5Tathorst, Bartholin, 
and M511er), placed after the specific names in the last three 
columns, serve as a guide to the ' F loras '  from which the species 
are quoted. , 

1 Gevler. (77). ~ 2 Yokoyama (90) & (95). 
a Nathorst (90): * Oldham & Morris (63). 
6 Feistmantel (77) & (77-~). o Bartholin (92) & (94). 
7 MSller (02). ~ Hjorth (99). 
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/ 

EN6~AND. I JAPAN. INDIA. BORNHOLM. 

EQUISETALES. I 

Eguisetites eolum~aris, t The equisetaceous plantlCf. Eg~isetites rajmaha.tlCf. :Equisetites eolum~. 
Brongn.  ]named by Dr. Yokoyamal lensis. F. , aris. 

|Equisetum ushimarensel . [~quisetum Muensteri 
!agrees closely with the! / and E.  of. Lyelli. M.] 
European Wealden spe- [ The stems of Equi.  
'eies J~uisetites Butch- "setites figured by Barth- 
ardti, D~mk. ~ olin and MSller bear 

a resemblance to the 
smaller tbrms of ~ .  eo- 
ttumnaris. 

LYCOPODIALES. t 
LYLeOTodltes faleatus, ICf. LyeOl~Odites sp. LCeopodites falcatus L falcatus M. 

�9 & H. ! (The fragments figured [Oheirolepisgraeilis~F.] I " " 
by Prof. Nathorst ~ ap- 
pear to be too small to 
!identit~ with any cer- 
ta inty . )  

FILICALE8. 

Mato~ddium Goappertl 
(Ett.). 

Laceopteris pol#laodi, i ......... 
oides (Brongn,). 

iS. Woodwardi (Leck.)... ! ......... 

Todites Vc'illiamsoui ~Cf. Todites W illian~oni. 
(Brongn.). [ Aspleuium ,whitbiense 

I (Bron~pL). Y.] 
I Co~iopteris hymenovh el.l? Coniopteris hymeno- 
t loides (Brongn.)." ' I phylloides. 
I ~,[i)ieksonia ~wphrocarpa. 

C ~uinffueloba (Phil i )  

] i (Seln'mp.). 

I i ' (This Wealden type3 is  hardly distinofishable 
:from C. ar#uta.) 
[Peeolateris exilis. Y.  

P. Geyleria~a. N.] 
et h 1 

Kluk ia  exilis (Phill.). 
l~u~)Ourdia Ovep?erti 

nk.). 
Clado?hlebis dentieulata Cf. Cladol)hlebis deuti 

(Brongn.). eulata. 
f Aslalenium dista~s. Y.] 
CladoThlebis sp. N.] 

O1. lobifolia (Phill.) . . . . . . . . . . . . . .  

~ph_enojoteris prineeTs, . ........ 
PresI. 

Laccopteris polypodi. 
oides. M. 

L. Woodwardi. 
[Microdictymt Wood- 

wardi. M.~ 

Coniopteris hymenophyl. ConioTteris hqme.wlahyl- 
loides, loides. ' 

[ ]K#menolohyllites Y~u~.l[SphenoTteris hymeno. 
bu~'yanus. F. ; Sl?heno- ] 19hylloides and 1)irk. 
pteris arguta. F.] ] souia ~iu.qelii. M.] 

if. Cladophlebis arguta. Cf. Cladophlebis ar#uta. 
_Peeolateris lobata. F.] [ Thaumatolateris #ra~- 

Us. M.] 

......... Dict~ol)hyllum ruffosura. 
" D. ~lue~ste~'i ; D. aeut~ 
~obum ; 1). lVilssonia.M. 

?ladophlebis denticulata Cf. Cl. denticulata. 
Alethopteris indiea. F.~ " C1. nebbensis. M.J 
Asplenites maerocar- 
pus.  F.J 

......... :ladoThlebis lobifolia. 
Dicksonia lobifolia.M.] 

......... ~henoTteris 2rinceps. 
Acrostichides Tr i~ .~s .  

I Seward (94) r'. 29. ~ Nathorst  (90) pl. ii, fig. 3. 
3 Seward (94) p. 100 & pl. vii, fig. 3. 
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ENGLAND. JAPAN. 

-I 
FILICA~ES (cont.). i 

8phenopteris ~ i l l i am.  I 
soni, Brongn. I 

STh. Murrayana i 
(Brongn.) 

T~niopteris vittata i ......... 
(Brongn.). 

T. major, L. & H . . . . . . .  ! ......... 

i 
SaqenoTteris PhilliTsi I 

(Brongn.). 
-Paeh1/pteris laneeolata 

(Brongn.). 

CYCADOPHYTA. 
~itl iamsonia ffigas 

(L. & H.). 
IV. peeten (Phill.) ......... 

~dnomozamites 2Vilssoni 
(Phill.). 

Otozamites JBeani (L. & 
H.). 

O. ~unburyanus, Zigno. 
O. graphieus (Leck. ex 

Bean MS.). 
O. aeuminatus (L. & H.). 
O. Tarallelus, Phill. .. 

INilssonia, el. sehaum- 
burgensis (I)unk.). 

(Probably identical with 
Dunker's Wealden 

O. obtusus (L. & H.), var. 
oolitieus. 

O. ~'eistmanteli, Zigno. 

2Vilssonia eomTta (Phill.) 

2V. mediana (Leek. ex 
Bean MS.). 

2~. tenuinervis, Nath. 

species)) 

Of. ~ .  tenuinervis. 
[I~ilssonia orientalis, 

I-leer. Y.] 

INDIA. BORNHOL~t. 

Cf. T~niopteris vittata. ~f. TwnioTteris vittata. 
[ An#ioTteridium ensis. -T. tenuinervis, Brauns. 

F.] M (pars).] 
Cf. T~niopteris major. ~,f. Twniopteris major. 
[Maerotwniopteris eras- T. tenuinervis. M 

sinervis and 21[. ovata. (pars).] 
F.] 

..... :... SagenoTteris Philli/Tsi. 

Cf. PachyTte~'is laneeo. Paehypteris laneeolata.M" 
] lata. 
; [ D iehopteris ellorensis.l [ C~/eadol~teris hereto. 
; F.] ] phyUa. M.] 

!Cf. IVilliamsonia ffiffas. I 

~ ~ .  T~et~. I 
F l~tiloph$llum acuti. 

- folium, t ' t .  cutehense, ! 
and el. Otozamites t 
aeutifolius. F.] 

. . . . . . . . .  

! OtozamitesTarallelus. F. 
ECf. also O. Oldhami. F.] 

Cf. O. ~eistmanteli. 
i~O. benhalensis and O. 

abbreviatus. F.] 
Cf. _Nilssonia eomTta. 
E PteroThyllum prineeps. 

I F'] 
? Cf. ~ilssonia mediana. 
[l>teroThyllum Carte. 

rianum & ~ t .  propin- 

t quum. F.] 

i 

J 

L 

ICf. Anomozamites _~ils. 
soni. 

[? _Nilssonia Muensteri 
Schimp. B (pars).] 

CL Otozamites .Beani. 
tO. obtusus. B.] 

Of. O. ~'eistmanteli. 
[0. l~eglei. B.] 

Cf. 2Wilssonia comTta. 
[ tV. polymorTha , Schenk 

B (Tars).~ 

Nilssonia tenui~ervis. 
[.N-. polymorTha. B 

(pars).~ 

I Seward (95) p. 53. 
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ENGLAND. JAPAN'. 

CYC/kDOPHYTA. (COnt.). 

C~enisfaleata (L. & H.) . . . . . . . . . .  

Ptilozamites Leekenbyi 
(Leek. e.v Bean MS.). 

Dioonites 2Vaghorsti, ......... 
Sew. 

Podozamites laneeolatu~ 
(L. a H.). 

G I N  KGOALES. 

',Ginkgo digitata 
(Brongn.3. 

6L whitbiensis, Nath. 
J~aiera .qraeilis, Bunb. 
B. l_Andle!/ana (Sehimp.). 
lB. Philli1~si, Nath.  
Beania flraeilis, Carr. 
C~ekano~askia Mur- 

rayana (L. & H.). 

CO~ZFERXLEa. 

Arauearites PhillipM, 
Carr. 

Pagiophyllum H~'illiam - 
soni (Brongn.). 

! 

CheiroleTis setosus 
(Phill.). 

Bravhy~hyllnm mamil -I 
late, Brongn. I 

Taxites zamioides (Leek. 
ex Bean MS.).  [ 

__ 

INI}ZA. 

[May x 903, 

BOR~HOL:~. 

Cf. Dioonites -Nathorsti. 
-Zamites proximus. F.-I 

P~lozamites laneeola tus.[ 

(~inkgo dicitata. Y. I 
A species totaled by Dr. / 

Yokoyama 6~ink.qo~dium 
Nathorsti, an a|mndant 
Japanese type, probably t 
a member of the Gink- 
goales, is not represented4 
in the Yorkshire flora. 

Cf. CteMs faleata. 
[ Ctenis Nathorsti. M.] 

Cf. I)ioonites -hrathorsti. 
][? PteroThyllum Brau- 
[ nianum,'  Gcepp. B 
/ (par,).3 

(kinkr di.qitata. B. 

, i . 

. . . . . . . . . . . . . . . . . .  Ozekanou,sk~a Mur.  
~ raya~ta, 
E cz. ,~gida. B.] 

......... ICf. Arauearites 1)hil- 

EA. cutche~zsis. F.] 
. . . . . . . .  Cf. Pagiophfllnm 1Vil. Cf. Pagiophyllum Ifril- 

liamsoni, liam~oni. 
E Cheirolepis, ef. M~en, ~1 ~. laere#rinum. B.j 

steri. F.~J t 

......... Cfi Braehyphyth~m ma -I 
millare. " I 

~l~ehinostrobus indieus,: 
I B.  ra,jmahalensis, &c.i 

......... ] Taxites zamioldes. 
fIT. Tlan~r F.] ! 

Japau. 

In has been pointed out in a previous publication that several of 
the Mesozoic species described by Geyler, 1 Yokoyama, '~ and Nathorst 3 
are probably identical with European Wealden species. The flora 
including Dictyozamites, with which we are chiefly concerned, is 
referred by Dr. Yokoyama to the Bathonian stage of the Inferior 

1 Oeyler  (77). 2 u  (90) & (95). 
:~ Nathorst  (90). 
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Oolite ; the plants described by Prof. Nathorst and in a later paper ~ 
by Dr. Yokoyama were obtained from different localities, and pro- 
bably belong to an uppermost Jurassic and Lower Cretaceous horizon. 
As regards the later floras, which contain several Wealden species, i t  
is of interest to note the absence of Weivhselia Mantelli (Brongn.), 
a species abundantly represented in the Wealden vegetation of 
Europe.: 

Ind ia .  

The Rajmahal Series of India, with which alone we are imme- 
diately concerned, contains, as Feistmantel pointed out, several 
forms which bear a close resemblance to types of Rh~etic age, and 
there can be little doubt that  this flora should be referred to a 
somewhat lower horizon than the Inferior-Oolite flora of England. 
In  spite of its slightly more ancient facies, the Indian flora, as a 
whole, exhibits a close agreement in its composition with that of 
Yorkshire. 

In the foregoing lists I have substituted the generic name 
Williamsonia for certain pinnate fronds from the Rajmahal Series, 
which it has been the general custom to include in Morris's genus 
Ptilol)hyll~em. The use of the latter term, as one denoting Cycadean 
fronds peculiar to Indian floras and distinguished, by the manner of 
attachment and arrangement of the pronto, from European leaves of 
similar habit, has been one cause of exaggerating the differences 
between Indian and Western floras. �9 Feistmantel, in his paper of 
1876, 3 speaks of Ptilophyllum, like Dict!/ozamites, as an Indian 
genus, and the practice has been to regard species so named as 
essentially distinct from European types. In the British Museum 
Catalogue published in 1900, ~ I expressed the view that there is 
no difference, between the abundant fronds from the Inferior Oolite 
of Yorkshire formerly known as Pterophyllum 2ecten, L. & H., and 
certain Indian species referred to Ptilol~hyllum. This conclusion 
is based on the examination of several specimens of the Indian 
fronds and their comparison with the Enghsh forms. Ptilophyllum 
cr and Pt. acut~folium of Feistmantel appear to me, not 
merely generically but specifically, identical with the English 
species, and this opinion derives support from the association of 
both the Indian and English leaves with specimens of reproductive 
structures of the Williamsonia-type. There is no need t o r e :  
capitulate the facts bearing on the probable connection between the 
small form of Williamsonia, named by Prof. •athorst W. Leckenbyi, 5 
and the fronds of_Pterophyllum pecten, L. & H. ; a conclusion arrived 
at by Mr. Carruthers in 1870, 5 and adopted by several authors. This 
question, as well as a fuller comparison of the Indian and European 

1 Yokoyama (95). 
3 Feistmantel (76) p. 5. 
5 Nathorst (80). 

2 Seward (94) & (002). 
4 Seward (003) p. 192. 
6 Garruthers (70) p. 694. 
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fronds, is dealt with more fully in my Jurassic Catalogues, from 
which one sentence may be quoted : - -  

' A careful examination of Morris's type-specimen of Ptilophyllum vutchense 
(in the Museum of the Geological Society of London), and of several other 
Indian specimens in the British Museum, has convinced me that a generic 
separation of the Indian and European fossils serves to mislead, and indicates a 
distinction which does not exist.' 1 

Morris's type-specimen is represented in the accompanying figure, 
approximately three times the natural  size. tks regards the arrange- 
ment of the pinnte and the form of their bases, the specimen presents 
the closest agreement with Williamsonia 2)ecten. In  some fronds of 

Ptilot~h~ll,em ctache~e of :Morris 
[--!  Williamsonial)ecte~ (L. & H.)~. ( • 3.) 

Type-specimen. 
(Geological Society's Museum, .No. 9941 .) 

IV. pecten the pinnte 
have broader bases, 
with the upper edge 
more or less auri- 
culate ; a similar 
variation is seen also 
in the Indian f ronds/  
The following defi- 
nit ion of Ptilo:phyl- 
lure as given by 
Morris contains 
nothing tha t  is not 
equally applicable to 
the fronds of Wil- 
liamsonia p~ten :-- 

' Fronds pinnate, 
pinnaJ closely approxi- 
mated, linear, laneeo- 
late, more or less elon- 
gate, imbricate at tile 
base, attached obliquely ; 
base semicircular or 
rounded ; veins equal, 
slender, parallel.' a 

B o r n h o l m .  

The flora described by Bartholin, and more recently by Dr. MSller, 
includes several English types from Inferior-Oolite rocks, but the 
occurrence of other fbrms identical with, and closely allied to, 
Liassic and Rh~etic species leads me to assign it to a somewhat 
lower horizon than that  of the Yorkshire plant-beds. 

The foregoing lists do not include any of the extra-Brit ish plants 
which cannot he closely matched by species from the Yorkshire 
s t rata  as tabulated in the first column. I f  we examine the complete 
lists of Japanese, Indian, and Bornholm plants, disregarding such 

Seward (003) p. 193. 
See Feistmautel (76) pls. i-iv, and Seward (003) pl. iii & text-figs. 31-34. 

3 Morris (40) expl. of pl. xxi. 
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species as are founded on inadequate evidence, with a view to 
discover the chief distinguishing features which they exhibit, as 
compared with the Jurassic vegetation of England, we find very little 
indication of any but minor differences. The Bornholm flora is 
essentially of the same general botanical type as that of Yorkshire, 
the chief distinguishing features being due to the greater resem- 
blance, as regards certain types, to such Rh~etic floras as those of 
Franeonial  and Scania-~; but these differences are rather  of the 
nature of the relative representation of particular families, than 
of a kind that  one would expect to find had the vegetation of the 
two regions flourished under different conditions. Taking the two 
European floras together, and contrasting them with those of Japan 
and India, we note the prominence of the Matonine~e 8 (Matonidiumt 
LaccoTteris ) and the Dipteridin~e, ~ DictyoThyllum and Protorhipis 5 
(including species of Hausmannia of MSller), as contrasted with 
the apparent absence of these families of Ferns in the Eastern floras. 
Similarly the Ginkgoales 6 are not represented by any species which 
we can assign with confidence to either Gins or Balers in the 
Indian flora. One of the genera recorded from India, and not 
represented in the floras of Yorkshire or Bornholm, is Cycadites, but 
the Rajmahal forms of this genus may well t)e identical with a 
European species, Gycadites rectangularis, which occurs in the Liassic 
strata of England and in the Rh~etic flora of Franconia. 

In  all the floras Cycadean plants play an important part. With 
regard to Will~amsonia we have proof of its occurrence, in both 
India and Western Europe, supplied by the presence of reproductive 
organs ; but the other Cycadophyta common to the different regions 
are represented almost solely by vegetative fragments. 

/~ striking agreement, as regards the Ferns represented in the 
Eastern and Western floras, is clearly brought out in the foregoing 
lists. The Conifers of India and England agree in including repre- 
sentatives of Araucarites, but ibr the rest a comparison as regards 
family or generic identity is almost impossible in the absence of well- 
preserved cones. Such vegetative specimens as occur in the four floras 
appear to be of similar type, and we are justified in the conclusion 
that there is no evidence of any striking contrast bet~veen the Coniferee 
of the East  and the West. The character of the vegetation of the 
world from the Upper Triassic Period to the Wealden seems to have 
been remarkably uniform and constant in its main features. On a 
future occasion I hope to discuss in greater detail the distribution 
and composition of the various floras of Mesozoic type. The marked 
contrast exhibited by the Palaeozoic vegetation on the one hand, 
and the Tertiary vegetation (including that of the greater part. of 
the Cretaceous Era) on the other, to that which flourished through 
the whole Jurassic Era is a striking fact, well worthy of more 
critical and extensive consideration than it has so far received. 

1 Schenk (67). 
3 Seward (99). 
'~ Seward & Dale (01). 

2 Nathorst (78) (782) & (783). 
See also Zeiller (97). 

G Seward & Gowan (00). 
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CONCLUSION. 

The main object of this  paper is to record the  occurrence in the  
Jurassic  plant-beds of Yorkshire  of a genus  previously supposed 
to be confined to Japan,  India ,  and Bornholm.  A comparison of 
the  Lower  Jurassic flora from the  Ra jmaha l  Series of India  wi th  
European floras reveals a greater  s imilar i ty be tween the  vegetat ion 
of Eas tern  and Western  regions dur ing  part,  at  least, of the  Mesozoic 
Era  than  is usually admit ted .  The differences between Mesozoic 
floras of approximately  the  same geological age are for the most  
par t  few and unimpor tant ,  when  we consider the i r  wide geographical 
separat ion.  

Equisetaceous plants are practically ubiqui tous ;  several ferns of 
apparen t ly  the same species occur in the  far Eas t  and in Western 
:Europe ; Cycadaceous plants are represented by cosmopolitan types, 
a , d  the same may he said of  the  genus .Araucarites and other 
members  of the  Conifer~e. The most no tewor thy  exceptions are 
afforded by the  Mesozoic representat ives of the  two isolated recent  
ferns Matonia ~ and Dipteris2; these two  fami l i es - -each  wi th  a 
surviving genus---played a conspicuous par t  in the vegetat ion of 
the  Rh~etic and succeeding Jurassic periods in Europe and, to a less 
ex ten t ,  in Nor th  America,  but  we have no satisfactory records of 
their  existence in Ind ia  or Japan.  A similar  s tate of things is 
i l lustrated by the  Ginkgoales,  the class of which the maidenha i r  
tree of China aud Japan (Gi~dcgo biloba 3) forms the  solitary 
survivor ;  the  abundance of both Ginkgo and Baiera in Europe is 
in s t r ik ing contrast  to their  almost complete absence in India.  
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EXPLANATION OF PLATE XV. 
Fig. 1. Dict.~/ozamites Hawel/i, sp. nov. Natural size. 

2. D. Hawelli. Base of the lowest pinna shown in fig. 1 : a ---- surface by 
which the pinna was attached to the 1-achis; r -  rachis of frond. 
Enlarged three times natural size. 

3. D. Hawelli. Natural size. 
4. D. Hawelli. Portion of one of the pinn~e shown in fig. 3. Enlarged 

twice natural size. 
5. D.falcatus (Morr.). X 3. 
6. D..falcatus (Morr.). • 3. 
7. D. faleatus (Mort.). The portion shown in fig. 6 reprobated natural 

size. 
8. D. falcatus (Mort.). Single pinna, showing venation. • 3. 

[The specimens of D. Hawelli are from Mr. Hawell's collection, and are to be 
deposited in the British Museum (Nat. Hist.) ; the drawings of D. faleatus 
were made from specimen No. 52546 in that Museum.] 

D1scusstol~. 
The PRESIDm~T spoke of the geological interest of this paper, 

as giving a fresh example of a fact familiar to many palmonto- 
logists who had devoted themselves to a single and well-defined 
group of fossils, namely, the close similarity of the collective 
forms belonging to tha t  group occurring on about the same 
geological horizon in different regions of the globe. I t  was often 
a grave difllculty to decide whether the minor dissimilarities 
were of sufficient importance to warrant  the present distinctions in 
nomenclature. The resemblances and differences no doubt both 
existed, and neither should be ignored; but in most cases, as shown 
by the Author in the present instance, the resemblances were of the 
higher systematic consequence. The great similarity between the 
Mesozoic vegetation of the Eastern and Western regions pointed out 
by the Author was of extreme interest ;  and when one bore in 
mind the great contrast between the Permo-Carboniferous flora 
and the Mesozoic flora of the Northern Hemisphere, and the fact 
that  the Glosso~teris-flora had already appeared in the Southern 
Hemisphere in later Permo-Carboniferous times, the Author's 
views seemed to have a high theoretical significance. 

Dr. BLA~r0RD remarked that  the paper was of great interest, and 
expressed gratitude to the Author for l ight thrown on an important 
portion of the world's history. The history of the genus Dictyo- 
zamites commenced in India.  Some impressions of leaves in the 
Rajmahal Beds--shales interstratified with doleritic lava-flows-- 
were at first referred ~ a fern, Dictyoloteris, but subsequently were 
recognized as belonging to a Cycad and renamed Dictyozamites. 
The discovery of the same genus in the various regions recorded by 
the Author tended to l ink together the scattered occurrences of the 
Jurassic flora in the Northern Hemisphere. But this flora--or,  
rather, the Mesozoic flora as a whole, as defined by the A u t h o r ~  
appeared to have been of worldwide distribution, and, with the 
possible exception of a Devonian flora, to have been the earliest 
that  was known to have been generally distributed. Representatives 
of i t  had been found in South Africa and Australia, and recently 
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large collections belonging to it, made in Argentina, had been 
described by Dr. Kurtz and Dr. Bodenbender. Nor was this the only 
interesting fact about the plant-life of Mesozoic times. In Upper 
Palaeozoic days two very distinct floras co-existed : the Northern or 
Lepidodendron- and Sigillaria-flora of the British Coal-Measures, 
and the Southern or Glossopteris-flora of Australia, India, South 
Africa, and South America. Some slight intermixture of the floras 
existed in the two last-named areas ; none had been detected in 
Australia or India. But the earliest Mesozoic flora of Europe, the 
Triassic, which differed completely from the Permian, contained 
several forms characteristic of the Glossopteris-flora, and very pro- 
bably might have been derived from the latter. The Mesozoic flora, 
as the Author had pointed out, prevailed up to the earlier part of 
the Cretaceous Period, but was replaced in Upper Cretaceous times 
by the modern flora, abounding in Angiosperms ; and this flora had 
continued down to the present day. The Mesozoic flora was perhaps 
derived from the Southern Hemisphere ; but the origin of the 
Tertiary and recent flora was still one of the puzzles of Geology. 

Q. J. G. S. No. 234. 
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