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PREFACE

N the Preface to Volume III I expressed my thanks for help

given to me by many friends in the course of the preparation
of the subject-matter of Volumes IIT and IV, but Dr Secott has
again earned my gratitude by very willingly and to very good
purpose continuing the tedious task of reading the proofs. It is
also a pleasure to acknowledge the help received from the Staft
of the University Press.

Since the publication of Volume 111 Palaeobotany has been
deprived of the services of three senior investigators, Professor
C. E. Bertrand of Lille, Monsieur Grand Eury, and Mr Clement
Reid, men whose researches along different lines of inquiry have
played a prominent part in the progress of the seience during
the last few decades. By the death of Miss Ruth Holden, a
graduate of Harvard University and a Fellow of Newnham
College, Cambridge, Palaeobotany has lost an unusunally gifted
and promising worker: though a citizen of a country which was
then neutral her strong sense of duty led her to lay aside,
temporarily as we hoped, botanical research for work with a
British Medical Unit in Russia where she died in April of last
vear. Miss Holden's last contribution to Palaeobotany (°On the
Anatomy of two Palaeozoic stems from India’; Annals of Bolay.
vol. xxx1. p. 315, 1917) was published too late to be considered
in Volume 111

It it is possible to carry out my intention of supplementing
the descriptive treatment of plants, which forms the basis of
Volumes I-1V, by a general review of the Floras of the Past the
regults will be published as an independent work more intelligible,
I hope, to the general reader than the text-book which, with a
Certain sense of relief, is now brought to a conclusion.

A. C. BEWARD.

Boraxy Scroorn, CAMBRIDGE,
Moy, 1918,




POSTSCRIPT

TrrROUGH the death of Dr Newell Arber m June of last year ab
the comparatively early age of forty-seven Botany and Geology
have lost an able and indefatigable investigator. Since 1901,
the date of [ml\ﬁm tion of his first paper, he laboured ncessantly
and with suceess to advance palaeobotanical science. To his
activity the Sedgwick Museum of Geology at Cambridge 1s
deeply indebted, and through his personal influence several
younger men acquired something of their teacher’s enthusiasin.

The proofs of this Volume were passed for press in June,
1918, but owing to the exigeneies of war conditions publication
has been nnexpectedly and inevitably delayed.

A C. S

June 18, 1919,
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CHAPTER XIL.

GINKGOALES.

A. REcuxT.

[N the account of the Coniferae contributed to Die Natiir-
lichen Pflanzenfumilien! the genus Ginkgo, in accordance with the
Prevailing custom, was included in the Taxeae with Tazus, Ce phalo-
lazus, and Torreya. Eichler had previously referred Ginkgo, or
Salisburia, to a separate family, the Salisburyeae®, Hirase's
‘:“-“—*C'l\'f*l‘_\' of motile antherozoids in the pollen-tube of Ginkgo
biloba in 1896, ‘the most remarkable event in plant morphology
during the last decade of the 19th century,” confirmed the sus-
picion that the association of this ‘unicum de la création actuelle
With Tazus and other Conifers was inconsistent with a natural
scheme of classification. At a later date Engler adopted the
family-name Ginkgoaceae, and in his survey of the Embryophyta
Siphonogama the isolation of Ginkgo is emphasised by the refer-
ence of the (Ginkgoaceae to a special class, the Ginkgoaless,

Ginkgo biloba L. (Salisburia adiantifolia Smith) has a preeminent
claim to be described in Darwin’s words as a living fossil.” It is
Sometimes said to oceur in China as a wild plant, but there appears
to be no sufficient reason to believe that it would have escaped
extinction had it not been carefully tended as a sacred tree in
the gardens of temples®. Since its introduction into Hurope in
1730, Ginkgo has become familiar in cultivation in the northern
hemisphere and thus th rough man’s agency this monotypic genus
has been restored to regions where it survived as late as the
T'ﬂ't‘ir‘ll‘}‘ epoch.  In habit Ginkgo® resembles many Conifers and
1ts long and short shoots recall those of Cedrus and Lariz: the
short shoots may also be compared with the main trunk of a

' Eichler (89) p- 108, * Beward and Gowan (00) B, p. 113.

¥ 0 = ; .

Y Ellglt'!‘ (97) pp. 19, 341. ! Elwes and Henry (06) Vol. 1. p. 58.
For a full account of the genus, see Sprecher (07).

8. Iv
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Fra, 630. Lenves of Ginkgo biloba. (Slightly less than half natural size.)



XL] GINKGO 3

Cycad. The large thin leaves with long and slender petioles are
scattered on long shoots or crowded on slow-growing branches
covered with leaf-scars. These short shoots are occasionally
branched! and, as Tupper® states, they may branch within the
wood of the axis out of which they grow, a feature exhibited by
the Triassic Conifer Woodworthie. The deciduous leaves are
usually more or less deeply bilobed (fiz. 630, A, D, F) but those on
short shoots are often smaller, and the margin may be entire or
uneven (fig. 630, C). On young and vigorous shoots or on seed-
lings the lamina is often deeply divided into several cuneate
segments (fig. 630, E). In exceptional cases the lamina may
reach a breadth of 20 em. (fig. 630, A) though as a rule it seldom
exceeds half that size. The leaf-scars show two small cicatrices.
The considerable range in size and form of the foliage-leaves is
an important consideration in connexion with the determination
of fossil specimens. Two vascular bundles pass up the petiole:
4t the summit each divides and the two outer branches follow
the outer edge of the lamina, giving off a succession of forked
veins. Objection is taken by Prof. Johnson? to the statement that
there are two marginal veins on the lower edge of the lamina ;
he regards the ‘marginal’ vein as the product of the successive
fusions of the forked veins of the lamina as they pass towards the
leat-base, Whatever interpretation is adopted, the presence of
bwo broadly diverging marginal veins is a noteworthy feature,
and the correct explanation is probably that each is derived from
one of the two strands in the petiole and gives off a succession of
dit‘hut.omcmsly branched veins as it passes along the margin of
bhe leaf-blade. The presence of short secretory tracts at intervals
between the veins is a characteristic feature sometimes recognis-
able in fossil examples. Throughout the greater part of their
fourse in the lamina the veins are accompanied by a small number
ot reticulate transfusion-tracheids (fig. 631, G, #): these increase
N amount near the distal end of each vein and the water-con-
d_“‘—'ﬁng elements may be eventually replaced by a group of short,
Pitted, tracheidss, A group of large cells with brown contents
occurs above and below each collateral endarch bundle. The

! Seward and Gowan (00) B. PL rx. fig. 42, = Tupper (11) p. 376.

' :
Johnson (14) e by ¥ Sprecher (07) pp. 68—71; Bertrand, . E. (74).

1—2
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stomata, irregularly scattered over the lower epidermis, consist
of two guard-cells surrounded by 46 accessory cells which pro-
ject towards the centre of the stoma as blunt cuticularised papillae?
(lig. 636, ). The epidermal cell-walls arve slightly undulate®.
The distinetive form of Ginkgo leaves renders almost negligible
the danger of confusion with those of other Gymmosperms: but
impressions of certain Fern fronds, e.g. Lindsaya remiformis Dry.,
Pterozoraum (Gymnograsme) reniforme Mart., Trichomanes reni-
forme Forst., and Seolopendrium nigripes Hook. might be mistaken
for tmperfectly preserved specimens of Ginkgo.

Finkgo is dicecions. The male flowers occur in loose catkins
(fig. 631, B) borne on short shoots in the axil of a geale-leaf: each
microsporophyll consists of a short, slender, filament with a small
terminal scale or knob bearing as a rule 2 but not infrequently
3 or 4 elliptical microsporangia (fig. 631, A, A"). The microspores
recall those of Cyeads. Jeffrey® has recently called attention to
the occurrence of “wings’ on the microgpores of Ginkgo: these are
very slightly developed and hardly warrant the use of the term
wing ; they present the appearance ol very small shoulders giving
the spores a form similar to that of a brachiopod shell. The same
author expresses the view that Ginkgo presents striking resem-
blances to the Abietineae. It has recently been pointed out that
the microsporangia have a hypodermal layer of cells with thick-
ening bands comparable with the fibrous layer in the anthers of
Angiosperms?. Jeflrey and Torrey® claim that certain anatomical
features in the microsporangia of Ginkgo indicate a closer affinity
to the Abietineae than to any other section of the Gymmnosperms.
The vascular bundles of the microsporophylls end in transfusion-
tissue which passes almost imperceptibly into the mechanical
elements of the sporangial wall : a similar distribution of mechanical
tissue ocenrs in Abietineous microsporangia and there is the same
intimate relationship as in Ginkgo between the tracheary and
mechanical tissues. The female flower consists of a compara-
tively long peduncle borne in the axil of a foliage-leaf, with two

1 Strasburger (66) figs. 139—142; Sprecher (07) figs. 79—81.
* Bertrand, C. E. (74) PL 1. figs. 9, 10,

# Jeffrey (14) Pl xxmr. figs. 7, 8. * Stare (10).
i Jeffrey and Torrey (16).
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ovules at the summit, one on each side of the actual apex. Fre-
quently one of these is larger than the other. The occasional
oceurrence of abnormal female flowers is interesting from the
point of view of palaeobotanical comparison, In extreme cases

L

OO

sl
LN @

|

Fra. 631, Gingko bilobe. = A, A, B. Microsporophylls and sporangia. . Seed
with the outer fesh removed showing an exceptional, tricarinate (radiospermic),

form. T. Abnormal mesasporophyll; a, vegetative bud: ¢, collar. E, F.
Tracheids from a stem. G. Transverse section of w leaf-vein; px, proto-
xylem, #. transfusion-tracheids. (A. B, after Seward and Gowan; D), after
Fujii.)

the partially modified lamina of a foliage-leaf may bear marginal
ovules, the lamina being continuous with the collar (fig. 631, D, ¢)
at the base of the ovule. In other cases the peduncle may give
off several stalked ovules, as in the specimen described by Fujii!

' Fujii (96): Seward and Gowan (00) B. Pl 1x. figs. 1—5H; Sprecher {07) p. 138,
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and reproduced in fig. 631, D: the apex of the shoot is seen at a.
Fertilisation is said to oceur after the {all of the ovule, but Hirage
states that some seeds contain an embryo while still attached to
the tree. The seeds are comparable in size with large cherries;
the broad integument consists externally of a thick sareotesta
rich in secretory tissue but without a vascular supply, and an
mner sclerotesta which 1s usually two-angled (platyspermic) but
oceasionally three-angled and radiospermic (fig. 631, (). An
account has recently been published! of some remarkable examples
of Ginkgo seeds gathered from one tree: the stony coat showed 2,
3 and 4 ribs and many transitional forms. The sclerotesta is lined
by a few layers of.Joose cells which form a papery membrane in
ripe seeds. The absence of vascular tissue in the sarcotesta is a
character in which the seeds differ from those of Cyeads and
Taxads. At the base of the ovule is a single concentric strand
which splits into two branches and these pass through the shell
and divide into several bundles on the inner face of the integument
forming a continuous mantle* of short reticulate tracheids as in
the Palaeozoie seed Stephanospermum®.  The base of the ovule
is enclosed in a shallow cup or collar, a structure that is probahly
homologous with the lamina of a foliage-leaf but which has re-
ceived various interpretations. A suggestion has been made that
the collar may be homologous with the cupule of Lagenostome?.
The nucellus is joined to the integument except at the apex where
it forms a prominent cone in which a pollen-chamber is developed :
this chamber becomes roofed over by nucellar tissue and at a
later stage a blunt outgrowth is produced from the summit of the
prothallus, serving as a ‘tent-pole’ to support the roof of the
pollen-chamber. There are two or more archegonia at the apex
of the prothallus differing from those of Conifers and Cycads in
the shorter and more spherical form of the egg-cell and similar to
those in some Palaeozoic seeds. Tujii® draws attention to the
remarkable capacity for pollination exhibited by Ginkgo and
speaks of the conveyance of microspores over a distance of 500
to 1000 metres. Another fact worthy of remark in view of the
wide distribution of the Ginkgoales in the Mesozoic era, iz tha
v Affourtit and La Riviére (15). Sprecher (07) figs. 120, 147, 148.
3 Bee Vol. w1 p. 326, 1 Shaw, F. J. F. (08). ¢ Fujii (10) p. 216.
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germination of Ginkgo seeds after 40 days’ immersion in sea-
waterl. The embryo has normally two hypogean cotyledons
though three are not uncommon. Velenovsky? mentions a pecu-
larity, another indication of the isolated position of the genus,
in which seedlings of Ginkgo differ from those of other Phanero-
gams; the cotyledons are succeeded by two elongated scales with
a forked apex; the next higher leaves, in which a small bilobed
lamina is a characteristic feature, show at the base two divergent
prongs representing the fork of the lower scales. The lamina of
the foliage-leaf thus arises in the angle of the V-shaped distal
end of the earlier scale-leaf.

A microspore on germination developes 2—3 prothallus-cells
and the generative cell forms two large (110p x 80pu) spirally
ciliated antherozoids. After fertilisation the egg-nucleus divides,
as in some Cyecads, until 256 free nuclei arve formed?, but in Ginkgo
the subsequent production of walls results in a tissue, called by
Lyon?® the protocorm, which completely fills the ege; whereas in
Cyeas this tissue is massed at the base and in Zamia wall-formation
is also restricted. In Conifers the number of nuclei is much less
and the proembryo still further reduced. It is probably legiti-
mate to deduce from these facts that Ginkgo is in respect of its
embryogeny the most primitive of the (iymnosperms: in this and
other characters it is allied more closely to the Cyecads than to
the Conifers, Raxton® who has described the later stages in the
embryogeny of Encephalaitos draws attention to certain features
shared by that genus and Ginkge.

The leaf-traces arise from the stele as a pair of collateral bundles,
as in the Palaeozoic genus Mesoxylon, which pass up the petiole.
Annual rings ave fairly distinet though, as Nicol® recognised, less
0bvious than in Conifers. The walls of the late-summer tracheids
are hardly thicker than those of the spring-elements and the diffe-
fence between the early and late wood is often slight”. Circular
bordered pits occur either in a single or double row on the radial
walls of the tracheids and are fairly common on the tangential
walls. The pits may be separate or in contact, occasionally

f Ewart (08) p. 78. 2 Velenovsky (07) p. 457, fig. 291e.
Coulter and Chamberlain (03). 1 Liyon (04). Saxton (10%).
¥ Nicol (34) A. p. 147, 7 Nakamura (83) p. 25: Fujioka (13) Pl. xvim.
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glightly flattened and alternate, but usually opposite (fig. 631,
B, F). The pores of the pits are often crossed. Rims of Sanio
form a well-marked feature on the tracheal walls, and Jefirey!
points out that they arve clearly shown in the mature wood but
not in close proximity to the primary xylem or in the wood of the
reproduective shoots and leaves. True bars of Sanio frequently
ocour on the tracheids®. The secondary phloem consists of dis-
continuous rows of fibres in addition tosieve-tubes and parenchyma.
(‘haracteristic features are presented by the uniseriate medullary
rays: these are often 1- 2 or 1—5 cells deep and do not appear
to exceed 11 cells in depth; they are comparatively large and in
tangential sections of the wood present an inflated appearance.
There are 2—7 elliptical pits in the field of the ray-cells. Xylem-
parenchyma though not abundant occurs here and there among
the tracheids; the cells have thin walls and are larger than the
medullary-ray cells and characterised by the occurrence of stellate
caleinm oxalate ervstals®

B. FossiL.

i. Prrririenp WooD REFERRED TO THE (GINKGOALES.

The characters of the wood of Ginkgo bilobe summarised
above are in general agreement with those of many Conifers,
and such anatomical features as have heen described by authors
as more or less distinetive of the genus do not afford very trust-
worthy guides to the identification of fossil wood. The compara-
tively large size and rounded contour of the medullary-ray cells,
as seen in tangential section, though worthy of note as character-
istic features, are hardly satisfactory criteria when applied to wood
that may have undergone partial decay and been exposed to
influences affecting the original form of the more delicate tissues
befare petrification. -The untrustworthy evidence afforded by the
size of the medullary rays has been emphasised by Esgner? who
states that the ray-cells of Ginkgo arve larger than those in any
genus of Conifers, It has been claimed by Felix® that Ginkgo is

1 Jeffrey (12) p. H48. * Muller (90) Pl x¥v.

2 For anatomienl details, see also Kleeherg (85); Essner (86); Strasburger (91);
Seward and Gowan (00) B.: Penhallow (07); Sprecher (07); Burgerstein (08);
Tapper (11). I Essner (86). o Felix (94).
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an exception to the general truth of Essner’s conclusions and that
the Jarge dimensions and rounded form of the ray-cells are features
of diagnostic value, though in the Tertiary specimens compared
by him with the wood of Ginkgo the ray-cells do not appear to
differ appreciably in size or form from those of true Conifers.
Given well-preserved material, it is not improbable that in favour-
able cases the characters of fossil wood might furnish adequate
grounds for referring it to Ginkgo: the numerous obliquely ellip-
tical pits in each ‘field,” the swollen medullary-ray cells, and the
frequent crossing of the pores of the tracheal pits are the features
mentioned by (Gothan! who considers that the wood of Ginkgo—
though difficult to define precisely in an analytical key—may be
distingnished from that of Conifers.

Among the specimens of wood assigned to Ginkgo there are
none, so far as 1 am aware, that can safely be accepted as entirely
ahove suspicion. In 1850 Goeppert? proposed the generic name
Physematopitys® for some Tertiary wood that he believed to possess
the anatomical characters of Ginkgo biloba. Kraus* subsequently
recognised resin-cells in the wood of Goeppert’s type-species,
r ’]’L’-I-!‘W”'fiffup'ffy.s- salisburioides, and identified the specimeng as the
root-wood of a Cupressinozylon: he did not, therefore, include
Physematopitys in the list of woods contributed by him to
Schimper’s Traité de Paléontologie, but mentioned it as a synonym
of Cupressinorylon. Beust® and Barber® among other authors
adopt the same course. It has more recently been stated by
Kriiusel7 that Goeppert’s genus Physematopitys has the characters
of Protopiceozylon. Goeppert® afterwards deseribed a second
Species, Physematopitys suceinea, founded on a tangential section
of a piece of Oligocene wood from the Baltie amber, but the
data are clearly insufficient to justify its identification as Ginkgo:
Conwentz® includes the gpecimen in Pinus sucemifera.

Schroeter'® deseribed some wood from beds on the Mackenzie
river in North Canada, referred to the Miocene period, as Ginkgo sp.

l Gothan (05) p. 103. ¢ Goeppert (50) p. 242, Pl xuix. figs. 1—5,

© @onua, that which is blown out.

n Schimper (72) A. p. 370;

® Benst (83).

' Kran

15 (83); Schenk in Zittel (90) A, p. 871.
% Barber (98). ] (13),

* Goeppert and Menwe (83) A, p 32, 7L x. fiz, T4,

" Conwentz (90) A. p. 26. 10 Schroeter (80} p. 32, PL nir. fig. 27—29,
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on the ground of the large size of the medullary cells: no pits
are described either on the tracheids or on the medullary-ray cells
and the unusual size of the ray-cells may well be a pathological
or post-mortem phenomenon. The species Physemalopitys ex-
cellens described by Telix? from beds, probably Eocene in age, in
the Caucasus agrees with Cupressinozylon in the presence of rows
of resin-parenchyma in the wood, and the depth of the rays greatly
exceeds that in Ginkgo biloba. Penhallow?® described some caleified
wood from Upper Cretaceous beds in the Queen Charlotte Islands
as Ginkgo pusilla, but the reasons for assigning it to that genus are
not convineing. A fuller description of another specimen regarded
as the wood of a Ginkgo has been published by Dr Platen® under
the name Physematopitys Goepperti from material collected in
Miocene beds in Milam County, Texas. The relatively large size
of the medullary-ray cells is mentioned as the chief character on
which the determination was based.

It may be said that such fossil specimens as have heen referred
to Physematopitys ov Ginkgo have very little value as records of
the oceurrence of the genus Ginkgo: in view of the abundance of
leaves in Mesozoic and Tertiary strata that are hardly distinguish-
able from those of the surviving type it is remarkable —if the
anatomical characters of the genus afford in themselves a trust-
worthy basis of identity-that more satisfactory specimens have
not been found.

1. LEAvVEs.
GINKGOITES. Gen. nov,

It has been customary to use the generic name Ginkgo both
for the recent species and for fossil leaves from Mesozoic and
Tertiary strata, and in a few ecages for Palaeozoic leaves. In
certain instances, for example such leaves as those from the
Island of Mull and other Tertiary localities referved to Ginkgo
adiantoides (fig. 644) there can be no doubt as to generic identity
with the recent species and indeed, so far as concerns form and
venation, the Bocene leaves might well belong to Ginkgo biloba.
On the other hand even in the case of Ginkgo adiantoides we lack

L Telix (94) p. 107, PL 1x. fig. 4.

* Penhallow (02) p. 43, Pls, x171., X111 4 Platen (08) p. 143.
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the confirmatory evidence of flowers and seeds. From Wealden
and Jurassic rocks numerous leaves have heen described that in
s0mie cases ave practically identical with those of the living species,
but for the most part they are characterised by certain features
denoting at least a specific difference. For these and for other
Ginkgo-like leaves it would seem desirable to follow the usual
Custom and adopt a designation that does not necessarily imply
fven generie identity. A few examples of seeds and male flowers
are known from Jurassic strata bearing a close resemblance to
those of (finkgo biloba, but such specimens are not common and
some of the few that have been found, though probably belonging
%o the Ginkgoales, may not be correctly included in Ginkgo.
_I therefore propose to employ the name Ginkgoites for leaves that
1t is believed belong either te plants generically identical with
Ginkgo or to very closely allied types.

It is impossible in some cases to draw a sharp line between
the genera Ginkgo and Buoiera: typical examples of the latter
Senus are easily recogniged by their narrow, relatively longer,
and more numerous segments, but it is obvious that characters
based on the decree of division of & lamina and on the breadth
of the segments are at best unsatisfactory, and the inclusion of
Certain specimens in one or other genus is purely arbitrary.

A difficulty is presented by several types of Palaeozoic leaves
asf*igﬂﬂl:i by many authors to the Ginkgoales and referred to
GWAT,(/(.?pfr,yUum. Psygqwophyllivm, and other genera which, while
1Jeariug a general resemblance to the leaves of Ginkgo, cannot be
tegarded as evidence of the oceurrence of the class that is now
epresented by Ginkgo biloba. 1t has been suggested that Psygmo-
Phylum, Ginkgophyllum, Rhipidopsis, and certain other genera
should be included in a distinet group, the Palaeophyllales!, a
gtoup of which the affinities are unknown. Though the adoption
of a distinetive group-name has the advantage of indicating the
ab"‘—'en_i‘f‘ of any trustworthy evidence of relationship to the Ginkgo-
ales, it is open to question whether anything substantial is gained
by the use of a term suggestive of relationship between different
leaves that in themselves afford no clue as to the position of the
Parent-plants,

L Arber, E. A, N. (12) p. 405.
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The name (finkgoites as used in this chapter is restricted to
leaves that are regarded as records of the Ginkgoales, while the
genera referred by Dr Arber to the Palaeophyllales are briefly
described as fossils that may or may not be closely related to one
another but which cannot as yet be assigned to any place in a
natural system of classification.

The leaves discovered by Grand Bury in Permian Uralian beds
and described by Saporta as Salisburia primigenia® should pro-
bably be referred to the genus Psygmophyllum : like many other
suppused Palacozoic species assigned to the Ginkgoales or to
(finkgo they afford no satisfactory evidence of affinity to the
surviving genus.  Other examples of leaves from Palaeozoic rocks
described as species of Ginkgo or Salisburia on inadequate grounds
are described in the latter part of this chapter. The Rhaetic
leaves described by Brauns as Cyclopteris crenala and afterwards
referred by Nathorst, with some doubt, to Ginkgo ave described
in the account of Psygniophyllum?.

Ginkqoites obovata Nathorst.

Fig. 632 A shows the form of the specimen from the Rhaetic
beds of Seania on which Nathorst® founded the species Ginkgo

Fra. 632. A, Ginkgoiles obovata. B. Ginkgoites anfarctics. (Nat. size; A, after
Nuthorst; B, deawn from o spesimen in the University Museum, Brishane,)

! Saporta and Marion (85), p. 144
* Nathorst (86) p. 93. Pl. xx. fig. {

= See page £8,
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obovata: the obovate lamina is 56 cm. long with a maximum
breadth of 2:5cm.; the upper edge is partially torn and the
forked veins are about 3 mm. apart. Some dark patches between
the veins are probably, as Nathorst suggests, secretory sacs
similar to those in the leaves of Ginkgo. In shape but not in
venation this type resembles Ginkgodium Nathorsti Yok.! (fig. 659,
p. 62); except in the absence of a deep median sinus it 18, how-
ever, nearer to a species from the Jurassic of Dzungaria described
originally as Ginkgo Obrutschews® (fig. 642, p. 26).

Ginkgoites Geinitzi Nathorst.

The leat from the Rhaetic beds of Scania on which this species
was founded was originally referred by Nathorst® to Ginkgo but
subsequently transferred by him to Baiera ; it consists of a slender
stalk and a sub-triangular lamina deeply divided into 4—6 linear
truncate segments with 2 4 veins dichotomously branched near
the base (fig. 645, B, p. 38). An examinaticn of the original
‘:‘pm':imen leads me to prefer the designation Ginkgodles to Buzera,
[jhiﬂ species like many others from Rhaetic rocks is hardly dis-
tnguishable from some Jurassic types.

Ginkgoites antarctica Saporta.

. Under the name Salisburia antarctica Saporta® deseribed a
single leaf from Australia believed to be of Lower Lias age, but
no precise information is given with regard to the locality. Shirley®
hag also fioured a specimen as Ginkgo antarciica from rocks that
are probably of Rhaetic age at Denmark Hill, Tpswich (Queens-
land). The lamina of Saporta’s specimen is broadly obcuneate
ﬂn_d 3-5 em. broad, characterised by the presence of two marginal
veins like those in Ginkgo biloba from which forked branches are
given off. This leaf is practically identical with some of the
Smaller, entire, examples on the short shoots of the recent fype.
Thf? rather larger specimen figured by Shirley does not present so
“tf}]iing a similarity to those of the existing species. The lack of
definite information as to the prnvenauce_ of the type-specimen

s
4 Nt page 61. * Beward (L1) p. 46, Pls. mor. —v1.
Nathorst (78) B. p. 26, Pl. xur. fig, 17,

/P‘, Saporta and Marion (85) p. 142, fig. 71, A.; Ratte (88) Pl 1m0 fig. 1; Renault
(85) A, PL 11, fig, 19.

* Shirley (98) P1 1. fig. 1.
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is unfortunate, but whether or not Shirley’s fossil is identical
with Saporta’s specimen there would seem to be no reasonable
doubt that it should be included in the gents Ginkgoites.

Fig. 632 B is drawn [rom a photograph of a specimen in the
Brishane Museum which I recently had an opportunity of examin-
ing: it is from the Ipswich beds and is undoubtedly specifically
identical with Saporta’s type.

(Finkgoites digitata (Brongniart).

This widely spread Jurassic species founded on leaves from
the Yorkshire coast, was first figured by Phillips in 1829 as
Sphenopteris latifolia, but under the same name Brongniart? had
a year previously recorded a Carboniferous Fern. In 1830 Bron-
gniart® figured and deseribed another Yorkshire specimen as Cyelo-
pleris digitata : the generic name Cyclopteris was ado pted by Dunker
and other authors until Heer! drew attention to the very close
agreement between the Jurassic leaves and thoze of the Maidenhair
tree, a similarity that led him to adopt the generic designation
(rinkgo. Leaves hardly distinguishable from the Jurassic impres-
sions had previously been recorded from Tertiary rocks as speeies
of Salisburia or Ginkgo.

It is impossible to define precisely the several species of Gink-
goites founded on leaves: in the account of the recent species
attention is called to the range in leaf-form and its bearing on
the determination of fossils. All that can be done is to adopt
certain specific names as a matter of convenience, recognising
that the differences on which the classification is based are not
either sufficiently sharply defined or morphologically important
to be regarded as criteria of true specific distinctions. Many
authors have employed the specific name Huttoni, first used by
Sternberg, for leaves identical in size and outline with . digitata
but characterised by a deeply-lobed lamina; this difference is.
however, not greater than or even as great as differences met
with within the species Ginlgo biloba. To facilitate description
the designation Huitoni is retained as a form-designation for the
more deeply lobed examples included in the species (7. digitala (e.g.

! Phillips (29) A. P, yo. fig, 18, See Fontaine in Ward (05) B.p. 121,
* Brongniart (28) A, p. 51. * Brongniart (28%) A. p. 219, PL rxx bis, figs. 2, 3,
A Heer (812); (T7)i. p. 40. # Beward (00) B, p. 256.
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lig. 638). The number of Ginkgoites leaves from Jurassic strata is
considerable and the student who attempts to classify specimens in
a large collection under specific heads soon finds himself confronted
N an acute form with the constantly recurring difficulty of fixing
boundaries. As Knowlton? says, ‘In dealing with such an abun-
d_&uce of specimens and multiplicity of forms one must needs make
either many “ species” to accommodate this diversity, or only one
Or two, and in view of the known variation exhibited by the single
living species, the latter plan seems preferable.” In advocating this
use of specific names in a liberal sense T admit the probability or in-
deed the certainty that forms specifically distinet will be grouped

Fia, 63, Ginkgoiles digitate var. Hutioni. A leaf from the Upper Jurassic of

Helmsdale, Seotland.  (Stockholm Museum; nat. size,)

under ope designation. It is, however, clearly impossible in the
case of impressions of leaves of Ginkgoifes to impose limitations
baﬂlﬂ‘] on the form of the lamina, the degree of dissection, and similax
Variable features that cannot be accepted as trustworthy eriteria of
t“—“*_ﬁpecifir: distinetions, As material accumulates data may be
'ul'f‘ﬂ-‘?hed that will enable us to recognise characters of morpho-
Ogical significance : in-carbonised impressions from which cuticular
Preparations can he made the form of the epidermal cells and
the structure of the stomata may supply a valnahle aid to more
accurate diagnosis. The spacing of the veins is a feature worthy
of attention in the deseription of well-preserved specimens.

! Kuowlton (14) p. 55
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There is also a further difficulty in regard to terminology:
the employment of the two generic names Ginkgo or (inkgoites
and Buiera reveals a striking lack of uniformity among authors,
and the artificial nature of the characters determining the use of
one or other generic name necessarily lead to diversity in practice.
Ag with the definition of species within the genus Ginkgoifes, so
also the adoption of Ginkgoiles or Buiera is to a large extent the

TFic. 634.  Ginkgoites digitata. Leaf from Kap Bohemun, Spitzbergen.
(Stockholm Museum: nat, size.)

result of individual preference and merely expresses an attempt
to classify in an arbitrary fashion the numerous types of leaves
that in themselves afford no sure guide as to precise aflinity. The
South African, Rhaetic, specimen shown in fig. 635, I was originally
described as Baiera moltenensis® but it might equally well be referred

to Ginkgoites.
1 Seward (08) B. PL 1. fig. 4
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The leaves of Ginkgo digitata have a long slender petiole (fig. 634) ;
the lamina is semiorbicuiar or obeuneate, entire, or more or less
deeply divided into equal lobes, or irregularly divided into several

Fra, 635. Ginkgoites. (4 nat. size.)

A Ginkgoites adiantvides, Tertiary, Island of Mull.

B. @ pluripartiia, Wealden, North Germany (after Schenlk).
C. @ digitata, Jarassie, Japan (after Yokoyama).

D. G, digitata var., Huttoni, Jurassic, Australia (after Stitling).
F} . sibirica, Jurassic, Siberia (after Heer).
j"‘ . digitala, Jurassic, Turkestan.

- Gomultinervis, Lower Cretaceous, Gresnland (after Heer).
L. @ digiiale, Jurassic, Oregon (after Fontaine).

L@ digitata, Jurassic, Yorkshire.
.J.. . digilata, Jurassie, Seotland (after Stopes),
K G digilata, Jurassic (or Wealden), Franz Josef Land (after Nathorst).
I &L moltenensis, Rhaetic. South Alrica.

M. &, digitata, Jurassic {or Wealden), Spitzbergen (after Heer).

Segments

the number and size of the segments and the form of

their digt ' ‘ o4 . S
SLT '_ll&ta] ends, truncate or obtuse, vary within wide lmits
(figs. 635, 637, 639, ete.).

Numerous dichotomously branched
8. IV 5
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veing spread from the base of the lamina, the veins in the middle
of the leaf being generally about 0-8—1 mm. apart.

The stomata are practically confined to the lower surface of
the lamina. The epidermal cells are polygonal and the walls
slightly sinuous as in the recent species, and over the veins the
cells are longer and narrower (fig. 636, A). Many of the larger
epidermal cells have a cuticular ridge in the middle of the outer
wall, represented in the figure by a black line. The stomata agree
closely with those of Ginkgo biloba ; the two guard-cells are sur-
rounded by a group of subsidiary cells characterised by their

Fic. 636, Ginkgoites digitate; epidermal cellz (A) and stoma (B).
C. Stoma of Ginkgo bilobe in two planes. (A, B, drawn by Miss N. Bancroft.)

papillose heavily cuticularised walls overarching the stoma (fig.
636, B). The features shown in fig. 636 are not hrought out in
drawings from cuticles of the same specimen reproduced by Dr
Stopes! in her account of fossil plants from Brora: this may be
due in part to a difference in the level at which the stomata were
drawn. The stoma of Ginkgo biloba represented in fig. 636, C
illustrates the considerable difference produced by viewing a stoma
in slightly different planes?.

No seeds have been found attached to stems hearing leaves of
G. digitata, but seeds closely resembling those of the recent species

L Stopes (07) p. 380, 2 Seward (11) p. 47, PL v. fig. 62.
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Oceasionally occur in association with the foliage of this and otber
Jurassic species.  Male flowers! similar in habit to those of Giinkgo
biloba are also found in beds containing impressions of Ginkgoutes.
The abundance and wide geographical range of Ginkgoites
digitata precludes anything more thau a brief reference to some
"epresentative types selected in illustration of the range in form
and the widespread occurrence of the species in Jurassic floras.
The leaf represented in fig. 637 is an unusually complete
¢xample from the Middle Jurassic beds of Scarborough ; the lamina
is 3-8 em, deep and 6 em. broad,
f'_]lt‘ venation agrees with that of
Ginkgo biloba. A very similar type
of leaf ig figured by Heer from
Upper Jurassic (or Wealden) strata &
of :'J'l‘lit-zl)ergou as G. inleqriuscula®, ==
but with the proviso that it may |
be merely a variety of . digitata,
& view that Nathorst® has wisely
adopted. The latter author in
Speaking of the occurrence of .
digitata iy Spitzbergen states that
‘Sometimes the surface of the schists [shales] is as completely
“Overed with the leaves of Ginkgo as the soil beneath a living

Fia. 637. CGinkgoiles digilata.
(% nat. size,) M. 8.

Ginkgo tree may be in autumn?!’ In some specimens from
the Yorkshire coast the lamina is practically entire as in a leaf
from Searborough in the York Museum figured i 1900°. An
exceptionally large form is shown in fig. 638; the lamina, 8 cm.
oad, is divided into several short and comparatively broad
‘I’htuse or truncate lobes®. Tig. 639 shows a leaf from the
Stonesfield Slate, now in the Cirencester Mugenum: the lamina is
deeply divided into two broad cuneate lobes as in gome forms of
the recent species. The Stonesfield Slate SPECLINens were origii-
ally named by Buckman Noeggerathia (%) and later Stricklandia

: -:;reh page 51. * Heer (77} i. p. 44, PL x. figs. 7—9.
_ ? Nathorst, (g7) P: 15; for a diseussion of the age of the Spilzbergen beds, see
Nathorst (132, \ | |
* Nathorst (11%) p. 221
l’ a“:\ewurrl and Gowan (00) B. PL =x. fig. 54.
" Beward (00) PL . fig. 5.
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Fra., 638, Ginkgoites digitefo,  (Manchester Museum: nat. size.)

Fra. 639, Ginkaoiles digitate. (Cirencester Museum; nat. size.)
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“cunvinata'. A deeply divided obcuncate leaf, only 24 cm.
broad. is figured by Dr Stopes? from Jurassic strata (Lower Qolite)
on the Sutherland coast at Brora (fie. 635, J). The gpecimen
shown in fig. 633, also from the Sutherland coast. & few miles
north of Brora and of Kimeridgian age, illustrates the tvpe of
leaf that may be conveniently referred to Ginkgoiles digitata
var. Huttoni®. Heer's Jurassic species, Ginkgo Jaccardit, from
S\‘r"ltZt‘ﬂmu‘l is almost certainly Ginkgoiles digitaia.

Avetic regions and wnorthern. Ewrope and Asia.

The leaf reproduced in fig. 634 from a drawing made for me
m the Stockholm Museum through the kindness of Prof. Nathorst
Was originally figured by Heer? from Cape Boheman, Spitzbergen,
from heds aﬁsiy_;iled by Nathorst to the Upper Jurassic series.
Nathorst includes in this series strata agreeing in their fossil plants

With the Wealden of England and North Germany; the ‘Ginkgo
beds :

may be Portlandian or even younger. The veins in this
Specimen are approximately 1 mm. apart.

The leaf represented in fig. 640 is one of several specimens
collected by Dr Koettlitz in Franz Josef
Land trom heds that are probably Ju-
tassic,  The lamina is 2-5 em. in depth
4nd the veing are about (-8 mm. apart;
Tlhﬂ lamina hetween the veins shows a
e transverse striation, not shown in

the drawing, a feature occasionally seen - S
m ;i . s a : . Fri. 640, Ginkgoiles digitaiu
M mmpressions of Ginkgortes and due in ' g .

all i : : var. polaris. Franz Josef
L probability to the shrinkace of the Land. (Museum of the Geo-
mesophyll tissue into transverse bands®,  logical Survey, London;
*his - . : . nat, size.) M. 5.
1]“3 form of leat has been described as =
Gingko polaris Nath.” : 1t is smaller than most examples of Ginkgoites
1 50\\-'111--1 (04) B. P- 08,
112 Stopes (07) PI. xxvir. fig. 4, For a map of the Sutherland Coast, see Seward
{112), '
Seward and Banecroft (13) p. 886. 3 Heer (76) PL vvor fig. 20.
" Heer (77) i. PL x. fig. 2
" For simily
Seward (11 1

Ar transverse wrinkling, see Schenk (71) B. PL xxiv. figs. 7, 8:
. XL fig. 74; Heer (77) ii. PL x1. fiz. 1 &

- 'VJL\W‘Wt-nn and Teall (97) PL. xxxvim. figs. 1, 2; (98) PL xxx. fig. 3; Nathorst
W) PL 1. fig, 8 and Thowas (11) PL 1v. fie. 8.
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digitata and the veins are more crowded. For this type I suggest
the designation G. digitate var. polaris. Solms-Laubach® figures
an incomplete leaf from Franz Josef Land with a broader lamina
divided into geveral broadly rounded segments as in many British
specimens but with rather closer venation. A similar leaf from
the same locality is figured by Newton and Teall®. TFig. 635, K
shows a lobed leaf similar to that represented in fig. 640, described
by Nathorgt® from Franz Josef Land and compared by him with
G. sibirice Heer and &. flabellala Heer from the Jurassic of East
Siberia. A very small specimen gimilar in form to the larger
example shown in fig. 635, K was figured by Nathorst?, also [rom
Franz Joset Land, as Ginkgo polaris var. pygmaeqs. From the
west coast of Greenland Hartz described a leaf very similar to
some of the Yorkshire examples as Ginkgo (Batera) Hermeling®:
Hartz regarded the beds as Liassic or Rhaetie, and the occurrence
of shells pointing to a Kellaways horizon immediately above the
plant-beds suggests that the latter may belong to the Middle
Jurassic series®. Ginkgo digitata is vepresented also in Jurassic
gtrata in the New Siberian Islands by a leal figured by Nathorst
as Ginkgo sp. which agrees with the type G. digitata vaxr. Huttoni?,
and Krystofovie® has deseribed &, digitate from Jurassic beds i
Ussuriland at the northern end of the Muravjev-Amurskyj penin-
sula. Some good specimens are recorded from Bornholm®, of
Middle or Lower Jurassic age, as ¢. Huffoni which are identical
in form and size with British specimens.

North Awmerice,

Several examples of leaves of the ¢, digitata type and some of
the form Hufton: have been figured from Middle Jurassic rocks
in Oregon™ (fig. 635, H). Some particularly large examples are
named by Fontaine G. Hutlont var. magwifolia but these are not

Solms-Laubach (04) Pl 1. fig. 10,
2 Newton and Teall (97) PL xui. fig. 10:

3 Nathorst (99) p. 11, PL 7. figs. 8—19. 3 Ihed. PL 1. figs, &
% Hartz (96) Pl xix, fig. 1. % Johnstrup (83).

Nathorst (07) PL 1. fig. 20.

Krystofovia (10) PL nr. fig. 1.
Bartholin (94) p. 96, P1. x11, figs. 1—3: (10) PL m. figs. 9, 10,
1 Fontaine in Ward (03) B. Pls, xxx.—xxXXT11., XLVIL.

o
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Specifically distinct from . digitata. 6. digitata is represented in
Upper Jurassic or Wealden beds in Alaska ( Cape Lisburne)l.

Other Localities.

From Southern Russia Thomas? has recently described good
Specimens of Glinkgo digitata of Middle Jurassic age some of which
agree clogely with the large leaves figured by Fontaine from Oregon
as (. Huttoni var. mn,rpu‘]"'aiin . the specimens previously figured by
Eichwald? ag Clyelo pfe."islr')ice'.s-rr. from the same district are examples
f’{ . digitata. The species ig recorded also from Jurassic rocks
I Turkestan? (fig. 635, F), Chinese Dzungaria® on the west horder
of Mongolia, from the region to the east of Lake Baikal®, and from
Afghanistan?. The incomplete specimen figured by Feistmantel®
from the Ja balpur group of India as Ginkgo lobata. part of which
15 shown in fig. 643, A, agrees in the form of the lamina and in
venation with G. digitata - the veins in the middle of the lamina
are from -8 to 1 mm. apart. Feistmantel compares his species
With G digitata, and an examination of one of his figured specimens
leads me to assign it to that tyvpe; it is indistinguishable from the
Afghan specimen already quoted. The piece of a leaf figured by
.l“ei stmantel as Ginkgo sp. belongs to a similar leaf, but the venation
I8 finer and it may be identical with Ginkgo crassipes Feist.?

_ Leaves of the 6. digitala type are recorded from Jurassic beds
in Vietorial® (fie. 635, D) and from Japan? (fig. 635, C). Tuzson
has figured a bilobed petiolate leaf from Jurassic rocks in Hungary
as Ginkgo parvifolia'®; it is similar in form to most of the specimens
referred to @. digitata, but has relatively broader segments: it is

‘Mteresting as heing the first recorded example of Ginkgoiles from
Hun gary.

' Knowlton (14) PL x1av.

* Thomas, H, H. (11) p. 73, PL 1v. fie. 75 PL v fig: 2.

* Eichwald (65) Pl. 1v. fic. 6. 4 Seward (072) PL viw
Seward (11) PL 111, 1‘1._‘,'.;[), & Krasser (05) PL 11 fic. 3.

7 Seward (12) PL 1v. fig. 51.

* Feistmantel (771) P 1. fie, 1.

* See page 28, W Seward (04%) B. fig, 35,

" Yok yama (88) B. Pl xir, fig, 2. ' Tuzson (14) Pl xv. fig. 1.

5
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Ginkgoites sibirica Heer.

The specific name sibirica was given by Heer! to one of the
most abundant forms in the rich plant-beds at Ust Balei near
Irkutsk in Siberia; the specimens figured from Siberia as Ginkgo
sibirica (fig. 635, B), G. Schmidtiana, and G. lepida cannot be
regarded as well-defined species; they agree in the deep division
of the lamina into several linear segments with obhtuse or in some
cases more pointed apices. Heer draws attention to the re-
semblance between . sibirica and G. pluripartita from Wealden
rocks but, as he says, the venation is rather coarser in the Siberian
leaves and the segments are generally narrower in . sibirica.
Fontaine in his deseription of Jurassic leaves from Oregon appa-

" rently identical with Heer’'s 6. sibirica states that /. Schmadtiana
is a smaller form of the same species?, but Ward® points out that

as . Schmadtiana is deseribed on one page and @. sibirica is defined
on the following page the former designation must be preserved.
It may be urged that as the name sibirica is the more widely used
and familiar term, considerations of convenience should override
this meticulously strict interpretation of the rule of priority. A
revision of Heer’s Siberian material would, I have no doubt, result
in the reduction of his specific terms; on comparing several
specimens in the Museums of Copenhagen and Stockholm with the
illustrations in the Flora Fossilis Aretica 1 found that several of
the published figures are far from accurate. For the present the
most convenient course would seem to he the retention of Gink-
qgoites sibiriea for leaves similar to some of the more (‘ieep]_\,." divided
forms of G. digitata and to G. pluripartita, but normally character-
ised by a lamina divided almost or guite to the base into oblong,
obtuse or more or less acute segments. Leaves of the (. sibirica
type, using the term in the wider sense and including Heer’s
other species Guikgo Schmidtiana and @. lepida, are fairly common
in Jurassic rocks and oceur also in Cretaceous floras: they arve
recorded from Kimeridgian beds in Scotland? (fig. 641, A),
Jurassic strata in Siberia, China® (deseribed by Yokovama as

1 Heer (77) ii. p. 61. Pl vin fig. 6; PL . fig, 56; PL x1.; Heer (82)ii A. p. 16
Pls 17, %%

2 Fontaine in Ward (03) B. p. 125, Pl. xxx1rT. 3 Ibid. p. 126 (footnote).

4 Seward (11%) p. 679, fig. 9, A.
¥ Yokoyama (06) B, PL vir.: Krasser (05) PL 1. fig. 5.
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G. flabellata, also the similar leaves figured by Krasser as G. Schmidi-
9

“ha var, parvifolia), Turkestan?, and Western America?; also from
L Pper Jurassic beds in Japan? and Franz Josef Land* and from

Ginkgoites sibivica, B. Baiera Brauniana; from Upper Jurassic
(Kimerideian) beds on the coast of Sutherland.

Fre. 641,

Lower Cretac

; eonis beds in Canada’ A similar form of Ginkgoites
I8 recorp

ded from Jurassic rocks in Vietoria®,

[.f should he added that some Jurassic specimens described as
SPeC'_e‘q of Baiera, e.g. Baiera Plillipsi”™ Nath. are very near to
" $birica and in such cases the choice of Baiera or Ginkgoiles

18 e .
110t determined by any satisfactory standard.

[ Ginkgo digitata (Brongn.), Schmalhausen (79) A. p. 33, PL v. fig. 4 b.
Gingko sibirica Heer?, Ibid. p. 34, P1. 1v. fig. 2 b.]

Y e . . )
The Incomplete leaf-fragments from the Altai mountains re-

. ed by Schmalhausen to these species are too incomplete to be
etermined with

fe]-l-

d : - ; :
any degree of certainty. The precise age of the

I)Je‘ls ‘iS uncertain but, as Zeiller® has shown, they are probably

“fmian.  There is a certain resemblance hetween the specimen
Ireferr'"‘[l to Ginlgo digitate and some leaves from Permo-Carboni-
terous strata in Kashmir described as Psygmophyllum Hollandi®.

Seward (07%) PL vir. 2 Fontaine in Ward (05) B. PL. xxxurL

U_"}'l\ri' (77) B. Pl xxxt. fig. 6; Yokoyama (89) B. Pl xtv.
'.L\Q“'“"n and Teall (97) Pl. xxxvrmn.; Nathorst (99).

= !__)”-“':-'(m (85) PL 11. i Seward (042) B. p. 177.

! Beward (00) B. p. 270.
8 Zf'“l!—r ;gﬁ} A,

5]

&

# Seward (07) p. 59, Pl. xm. figs. 3—40.
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Ginkgoites whithiensis (Nathorst).

This name was proposed by Nathorstl for a leaf from the
Jurassic rocks of the Yorkshire coast in the British Museum similar
to some of the smaller forms referred to . digitate but characterised
by the deltoid form of the lamina, its deep dissection into six
more or less pointed segments, three on each side of a broad median
V-shaped sinus, and by the small size (1-5 em. broad and 2:5 em.
deep) of the lamina. It is hardly possible to decide whether this
and similar small leaves should be regarded as varieties, e.g. (. digi-
lata var. polaris, or assigned to a distinet species. Fontaine? com-
pares some leaves figured by him from Oregon as Giikgo sp. with
Nathorst’s species, but they are probably nearer to the examples
described by Nathorst and others as G, polaris. A small bilobed
leaf figured by Raciborski® from Rhaetic beds near Cracow as
(finkgo aff. whitbiensis is more likely to be a young leaf of the
Fern Hawsmannia.

B

Fra. 642.  Ginkgoites Obrutschewi, (A, nat, size.)

Grinkgoites Obrudschewi Seward.

This species, named after Prof., Obrutschew who made a col-
leetion of plants. from Jurassic rocks in Chinese Dzungaria® on
the western border of Mongolia (lat. 85° N. long. 45° E.), agrees
fairly closely with some forms of G digitate. The lamina is deeply

! Nathorst (80) A. p, 74; Seward (00) B. p. 261, PL ix. fig. 8
2 Fontaine in Ward (05) B. PL xxx1v.

4 Raciborski (91) PL 1v. fig, 13. 1 Seward (11) p. 46, Pls. on.—vIt
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bilobed and cach hall may be similarly divided: the segments
are obtuse and not truncate (fig. 642, A); the veins are approxi-
Wately 1 mm. apart. The walls of the epidermal cells are straight
and not sinuous ; the stomata (fig. 642, B) are practically confined
t0 the lower surface and are less numerous than in Ginkgo biloba.
The guard-cells are surrounded by a group of broadly triangular
cells with papillose, thickly cuticularised, inner walls, but the
OVerarching papillae are rather less prominent than in G. digitala.
It is interesting to find short secretory tracts at intervals in the
infercostal l'l?giblls of this species agreeing with those in the le.uw.)s
of the recent species. A leal described from Jurassic rocks in
Amurland 5 Ginkgo sp., of. G. Obrutschew® agrees closely with
the type-specimens.

Ginkgoites crassipes (Felstmantel).

This Upper Gondwana species (fig. 643, B) was described from
the Madras coast as Ginkgo crassipes®. An examination of the
'Y pe-specimens enables me to confirm generally the accuracy of
Fl}i‘“*t”l!lntu]'s ficures except in one point, namely the supposed
Présence of g median 1'5('1(;6 extending from the petiole through the
OWer third of the lamina, which gives the impression of a midrib:
thig i Merely a shallow groove that is clearly accidental. The
!Qil\-‘eg aIJI’(""»;' to be entire: the lamina is obcuneate and passes
mto a fairly stout petiole; the veins are occasionally forked and
APproximately (-5 mm. apart. The piece of lamina deseribed by
1‘0isT111a!1t(.[ as (finkgo sp.® may be specifically identical with this
Shecies,
Ginlgoites Pluripariita (Schimper).

This Wealden species was first deseribed by Dunker? as
{fty("h'}"["-""'-v-" digitata Brongn. and Ettingshausen® also regarded the
erman specimens as identical with the English Jurassic type.
Hchimp"r" proposed the name Baiera pluripartila because of the
decply divided lamina and the comparatively narrow segments:

! Seward (12%) PI. 1. fig. 9.
* Peistmantel (77) p. 197, figs. 6. T; (79) p. 31, Pls. xv., xv1.
a Feistmantel (79) PL xvz. fig. 12.

* Dunker (46) A p- 9, Pl 1. figa. 8, 10; PL v.-figs. 5, 6; Pl vi. fig. 11.
" Ettingshausen {(52) p. 12. Pl av. fig. 2.
* Schimper (69) A, p. 423.

{
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while substituting Ginkgoiles for Baiera, it is advisable to retain
Sclimper’s specific designation on the ground that the deep division
of the lamina appears to be the rule in the Wealden leaves whereas
in (. digitata the leaves arve usually much less deeply dissected and

Fic. 643. Ginkgoites lobata (A) and Ginkgoites crassipes (B).
(Indian Geological Survey, Calentta,)
have broader segments. The largest specimen is one figured by
Ettingshausen with a lamina 7-5 em. broad and 45 cm. deep:
there is generally a deep median sinus and each half of the lamina
is subdivided into relatively narrow obtuse or truncate ohcuneate
segments (fig. 635, B). Schenk! describes the epidermal cells as

! Schenk (71) B. p. 212, Pls. xx1v,, XXV, fiz. 7.
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Polygonal with straight walls; the stomata are surrounded by
56 accessory cells as in Ginkgo biloba and they are confined to
the Jower surface. Although there iz practically no difference,
48 regards form and venation, between this Wealden species and
5".”1\& of the Jurassic leaves referred to G. digitate var. Hultoni the
‘Ii_"“-i"‘t'ti\'f' specific name is retained for the reason already men-
floned.

Leaves of a very similar form are figured by Heer as Ginkgo

Heultineryist (fig. 635, ), from Upper Cretaceous (Cenomanian)
beds of West Greenland, and Buoiera arctica fron the Kome beds
(Urgonian) of West Greenland?.
. The specimen from the Atane (Cenomanian) beds of Greenland
h'g-“_r'm""‘-] by Heer as Ginkgo primordialis® appears to be an entire leaf
}:'_”'h a long petiole 2:5 mm. broad: the original impression in the
Stockholm Museum, too incomplete to serve as the type of a species,
shows 5 very imperfect lamina and a long axis that has probably
10 connexion with the leaf.

Gisan : : :
Tinkgoites adigntoides (Unger).

The Tertiary leaves on which this species was founded were in
the first istance described as Ginkgo biloba* and, as several writers
1ave pointed out, so far as regards form and venation there is no
{ﬁ’(?'lfl Feason for drawing a distinction between the fossils and the
1;‘;]\:; in: .f..hr} recent species. _ .ln & note pnhl'ishnrl- in 1913 Depaprfﬁ
}‘ hitely g dopts the name G4 nkgo biloba for Tertiary leaves which
‘“" tegards as specifically identical with Unger's species. In the
d]l.)fsepr:e of any satisfactory evidence as to the nature of the Tepro-
‘. UClive organs and in View of the considerable interval that
:(";p:::-ll;;lthr\Tr*1t1dn &.11(1 recent p[au_ts_. it is (rl(l:'u']'}' ina'f_{\,'i:;e}.ble
Cinkote lzx]mc]l.ix(' l(!E‘l‘:’FIT‘\'. In a.dnptm_g the generic designation
]‘Em;nis;;i m:‘r;ia]‘ of tfm-r_./gqu I am following the ('1‘15’00111 g(:!nerf{l!}'
t'hm:rhl 1} owc.xj.t111g11_1sl\.1n.‘l_.z ff_)ssﬂ forms by a s]_)cclal termination,
L"(‘,']l(‘_:i[-r]“-l-m-(' 18 no .1mplma.hoj_1 'r-llm:t- all species so uam_ccl are

ally distinet from the surviving tvpe. 1In proposing the
i, B. p. 46, PL vor, figs. 24 PL 1= fig. 35, For an account of the
JUhnﬁtru;:l::-gl'nfwf lif't': vse ]liilll’t--llfi(lﬁ on t.hg- eoasts of the Noursoak peninsula,
e J-&l'll-i }\th- and Schuchert (98),
g i-]_w,; :::l n B. p. .ir.. P]. 1, fig, :-‘.._
; Set:t.';:.:]_}a:-. L’»; P 100, Pl xxvin hg{. I.

Uner (86G) p. 99, " Depape (13).

' Heer (32)
Stratigraphy
sep :
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name Salisburio adiantoides for the Miocene leaves [rom Sengallia
in North Italy Unger! indicated their probable identity with
(tinkgo biloba L., the generally adopted name for the existing
species which Smith in 1797 proposed should be called Salisbuiia
adiantifolia®. The Miocene leaves from Sengallia figured by
Massalongo and Scarabelli® have an entire, irregularly crenulate
or a more or less deeply bilobed lamina very like that of Ginkgo
bilobe: the specimen named by them S. Procaceini® should also
be included in . adigntoides. The resemblance to the recent
leaves extends to the presence of short secretory tracts between
the veins, but these were referred by Massalongo to a fungus
which he named Selerotites Salisburiaeb.

The two specimens reproduced in fig. 644 from the Eocene beds
in the Isle of Mull illustrate the broad fan-like lamina that varies
from 5 to 10 cm. in breadth and may be entire, unevenly lobed or
symmetrically bilobed. The venation is identical with that of the
living species: the characteristic marginal veins on the lower edge
of the lamina are clearly seen in fig. 644, A. The preservation
of these British leaves deseribed by Mr Starkie Gardner® is
exceptionally good; they occur as purple impressions in white
clay interbedded with basaltic sheets in the cliffs of Ardtun Head
in the Island of Mull. Though perhaps on the average these
Eocene leaves from Mull are larger than those of the Maidenhair
tree some examples of the latter exceed in size any of the fossils.

Leaves identical with or very similar to the Italian and Scottish
specimens are recorded from both Tertiary and Upper Cretaceous
rocks in many parts of the world. Specimens collected by Dr Lyall
from Tertiary (Miocene or Eocene) beds on Disco Island off the
West coast of Greenland, lat. N. 70°, were deseribed by Heer? as
Salisburia borealis and he also speaks of them as Salisburia adian-
toides var. borealis®. An examination of the original specimens
in the Kew Museum and an impression in the Dublin Museum

! Unger (45) p. 211; (50) A. p. 392. * Smith, J K. (1797).

¥ Massalongo and Scarabelli (58) p. 168, Pl r. fig. 1; PL vr. fig. 18: Pl ym
fig. 2; Pl xxxix., fig. 12.
' fhid. p. 165, PL xxxIx, fig. 1.
@ Itid. PL 1. fig. 1. 8 Gardner (86) p. 99, Pl xx1.; (87) A.
T Heer (68) i. p. 93, PL 1. fig. 1; Pl xnvin fig. 4 .
5 Ihid. p. 183. . :
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collected by Sir Leopold MeClintock enables me to confirm Gard-
Ner’s view as to the identity of S. borealis and S. adiantoides.
Exa mples of G adiantoides were also obtained from Atanekerdluk?
on the Noursoak peninsula to the north of Disco Island. Heer

F[f: i 5 = .
- B, Ginkgoites adiantoides. From Eocene beds in the Island of Mull.

(British Museum, V. 1060.)

ﬁ”ll](—-

kerdly

5 @ very well preserved leaf with a long petiole from Atane-

thi tk which he refers to S. adiantoides. In a later account of
i

s flora he refers the species to Gunkgo. Heer regarded these

! Heer (68) i p. 57, PL uxxvir, figs, 9—12; PL xviw fig, 14,
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Greenland beds as Miocene, but it has been suggested that thev
may belong to the Eocene period?.

Heer? also described specimens of Ginkgoites adiantoides trom
beds, assigned to the Miocene period, in Sachalin Island. This

species has been obtained from the Laramie series, a thick succession
of brackish water strata deposited on both sides of the Rocky
Mountains “extending from Mexico far into British North American
Territory” and including both Upper Cretaceous and Lower
Tertiary strata® Leaves described by Lester Ward as Ginkgo
laramiensis* and regarded by him as intermediate between (7. adian-
toides and @. biloba are indistinguishable by any definite character
Irom G. adiantordes. Ward’s species is also recorded by Knowlton®
from the Montana formation, a series of beds formerly included in
the Laramie group, in Wyoming. Ginkgoites adiantoides oceurs
in Upper Cretaceous beds in British Columbia and specimens
deseribed as Salishuria pusilla® by Dawson, which 1 believe to
belong to this species, were found in the Upper Cretaceous of
Vancouver Island. From beds of the same age Penhallow? has
described some wood as Ginkgo pusille though it is not clear on
what grounds it is assigned to the genus Ginkgo.

It is interesting to find leaves of this type recorded from Lower
Plioeene beds at Saint Marcel-d’Ardéche in France® and from
Upper Pliocene beds in the Lower Main valley in Germany?®.

Tt is therefore abundantly clear that trees, apparently indis-
tinguishable as regards the form of the leaves from Ginkgo biloba,
flourished as recently as the Pliocene period in western Enrope
and in the Hocene period grew as far north as latitude 70°.

Records of seeds referred to (funkgo are very meagre and add
nothing of importance to our knowledge of Tertiary species. Some
pyritised seeds were described by Ettingshausen and (Gardner!®

1 White, 1. and Schuchert (98) p. 367,
2 Feer (78) v. p. 21, PL 1. figs. 7—10. :
8 Ward (87) p. 15, Pl xxx, figs. 5, 6; (85) Pl xxx1. pp. 4—6.
4 Thig. PL 1, fig. 4; Pl. xxx1. figr, 4.
® Knowlton (00) p. 31, PL 1v. figs. 7—10; PL v. fig. 5.
¢ Dawson (93) p. 56, Pl v figs. 11—14. Heer's species Ginkgo pusille is
founded on Jurassic leaves; Heer (77) ii. p. 61.
7 Penhallow (02) p. 43, Pls. x11., xnL ¢ Depape (13).
* Engelhardt and Kinkelin (08) p. 196. Pl xxur. fig, 18,
10 Ettingshausen (79) p. 392,
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from the London clay of Sheppey as Salisburic eocenica and
afterwards figured by Gardner as Ginkgo? eocenica. The
Speeimens [11..- 9 mm.) are smaller than the seeds of the recent
Species hut in shape and in the keeled shell there is a fairly close
tesemblance. The hard sclerotesta forms the surface of the fossils.

Similar seeds have been assigned to Ginkgotes adiantoides from
the Upper Pliocene of the Frankfurt district?, but neither the
German nor English specimens possess any interest as records of
Ginkgoites seeds.

Ginkgocladus. Ettingshausen.

‘ An imperfect leaf-like im pression described by BEttingshausen®
from Eocene beds in New Zealand was made by him the type of
& new genus Ginkgocladus and interpreted as a stalked phylloclade
Stmilar to those of the recent Conifer Phyllocladus, but because of
the presence of a slender stalk and the resemblance of the lateral
Veins to the venation of Ginkgo Ettingshausen suggested an affinity
t‘t., that genus, The existence of a midrib is, however, an important;
fl‘ flevence. Neither the New Zealand species nor similar fragments
h_m” Eocene strata in New South Wales (Ginkgocladus austra-
hr‘”"q’.”"'%) are of value as botanical records.

BAIERA, B un.

This generic name was first used by Braun® for some Triassic
m,m Jurassic Jeaves agreeing in shape with those of Ginkgoiles but
i']]'ﬂ':'i“glli“hé‘t] by the ,ércator number and less breadth of the linear
S‘fr‘-{m“-llt‘s. Braun’s definition states that the primary veins are
d“"h”r’m“mlsj." branched while between them secondary veins
form, irregular hexagonal meghes, Schenk® examined Braun’s
Rhaetic specimens and failed to discover any indication of the
Presence of secondary veins. In 1877 Heer? emended the original
definition of the genus: he refers to the presence of finer veins
between the main vascular strands and this feature is shown in

Gardner (86) p, 46, PL. 1x. figs. 31— 34.
Ezll!(*}h;lrdt and Kinkelin (08) p. 196, PL. xxnr figs. 1618,
. Ettingshausen (87) p. 39, P1. viw. fig. 19.
. é’f};ﬂ (88) p. 103, PL. vim. fig. 2. * Braun, C. F. W. (43) p. 20,
I,””Q;‘_: tenk (67) A. p, 432.  Schenk includes some of Braun's species of Baicra in
2 F Eenus Jeanpaulia which has since heen discarded.

]

1
2
3

Heer (77) ii. p. 51.
S, IV ’
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some of his figures: these interstitial ‘veins® probably mark the
position of hypodermal strands of stronger cells, a feature that is
not represented in recent or fossil Ginkgo leaves and is by no means
generally characteristic of Batera. Both Braun and Heer describe
male and female reproductive organs: Braun interpreted some
small specimens as sporocarps but these were recognised by
Schenk as young foliage leaves. The male organs are deseribed
by Heer as ‘amenta staminifera pedunculata, nuda, filamenta
filiformia, antherae

loculis 5—12, verticillatis. Semen drupae-
forme, basi cupula carnosa cinctum’ and compared with Schenk’s
Stachyopitys Preslii which that author afterwards regarded as
microstrobili of Baiera Muensteriana. Reference is made to

these and similar fossils in the account of examples of male
flowers!. Seeds have been referred to Baiers on evidence
furnished by their occasional association with leaves and by their
resemblance to those of Ginkgo. It has been suggested that
specimens deseribed from the Potomac group of Virginia and

Maryland as Carpolithus ternatus? and other species may be seed-
bearing organs of Baiera, but there is no satisfactory evidence in
support of this view. In all probability some of the associated
seeds belong to Baiera, also some of the microstrobili, e.g. Leuthardt’s
Swiss specimens described on a later page, but in the present
state of our knowledge it is preferable to regard these specimens
as reproductive organs that cannot he assigned with certainty to
any particular species of Badera or Ginkgoites.

Leaves assigned to Barera vary within wide limits as regards
size, the number of linear segments and their angle of divergence.
In many cases the leaves are petiolate though in geveral instances
the petiole is represented by a narrow basal region of the lamina
as in Psygmophyllum. 1t is stated by some authors that the veins
are undivided, but though dichotomy is less frequent in Badera
and may be absent in narrow parallel-sided segments it is by no
means rave. The difference in venation hetween such leaves as
(finkgoites digitata and typical species of Baiera. e.g. Baiera gracilis,
is mainly the result of the different form and degree of disseetion
of the lamina. The choice between Baiera or Ginkgoiles as the

1 Page 51.

# Fontaine (89) B, pp. 265 ete., Pls. 134 efe. ; Berry (11) p. 372.
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More suitable name for certain forms of leaf is not governed by

80y definite criterion : specimens described as Ginkgo sibirica,
G. lepida, @. conciinat, ete. are indistinguishable from leaves
eferred by authors to Baiera. - Similarly such a species as

: Li’”"”*"!)‘-’”"f! differs very slightly from some forms usually in-
cluded in the genus (zekanowskia.  Although leaves of Ginkgoiies
and Bajerg ay abundantly represented in plant-bearing beds we

know very little of the habit of the foliage-shoots: in a few cases
the :

I 15 evidence of the cccurrence of several leaves on a single
shost shoot (fig. 646): in Bumiera paucipartita, for example?, the
habit i the .\-u‘l_ue as that of Czekanowskio and Phoenicopsts, but
n view of the
attacheqd tq
alwayg
that iy

frequent preservation of Czelanowskia leaves still
an axis it is surprising that the leaves of Baera almost
Occur as detached specimens. The explanation may he
Ginlgoites and Baiera the foliage-leaves were borne on

oug and dwarf-shoots as in the recent species Ginkgo biloba,
Wherg

! a8 in (zekanowskia the leaves were confined to shoots of
l.nui ted growth as in Pinus. Some specimens described by Salfeld?
broniy g Solenhofen beds of Bavaria as Baiera? longifolic Heer
are inrerestin}’_f
brancheg bearing alternate leaf-like organs having the habit of
Baiery ;,ml;,“f;,,'f;'uh but subtended by a short and thick recurved

“Pinous Process. There 1s no means of deciding from the avail-
i‘thlo l'l'df(‘l'].

S e 18
dfﬂ'v'(ﬂ!()l)ﬂl
()g}r

in this conneéxion; they cousist of fairly stout

al whether the resemblance of the leaves to those of
41l expression of relationship or merely a cage of parallel
ent, nor have we anv means of determining the morpho-
of the leaves and the ":'l.Li)!f‘-:‘_ll(.lillL{ spines. The Solenhofen
l){a]lt dgrees in hahit with Sewardia [f:;f-fﬁu’{u‘ from the Wealden
of England anq is included under that genus. While relationship
etweer

Sewardia and Bajera is by no means excluded, it is clear
that the

species of the former genus differ considerably from
Ypica] Tepresentatives of Buiera and Ginkgoites.  Certain species

8 Baierq exceed in size the leaves of any example of Ginkgoites,
“C't':ll)]\.- IJ’

The

- Dummondsi, B. spectabilis, and others,
Specimens described by Fontaine and Berry from the
* Heer (77) i, PL xnr. figs. 6—8,
* Nathorst (75823 B, PL. xx1.
® Salfeld (07) B. p. 195. PL. xx. fig. 35 Pl xxr. fig. 1.
* Page 103,

¥>—
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Potomae group in Virginia as Badera foliosal, consisting of an axis
bearing ecrowded leaves with a deeply and rather irregularly divided
lamina and a comparatively broad and flat basal region, are not
typical examples of the genus but agree more closely in habit
with the older genus Dieranophyllum: their precise position
cannot be definitely determined.

The structure of the cuticles is known in a few species from
accounts published by Schenk?, Nathorst® and Thomas*; the
epidermal cells are sometimes characterised by fairly prominent
papillaec on the outer walls (fig. 647) and the stomata, more
abundant on the lower surface but present also on the upper
surface, closely resemble those of Ginkgo and Ginkgoites; the
guard-cells are slightly depressed and are surrounded by 5—6 sub-
sidiary cells with strongly cuticularised and projecting walls
(ig. 647). Nathorst® has drawn attention to the presence in
B. spectabilis of traces of some secreted substance in the mesophyll
recalling the secretory tracts in the leaves of Ginkgo.

Braun and other authors have included Baiera in the Filicales,
and attention has been called to the danger of confusing true
Fern-fronds with leaves of Baiera. Berry’s discovery of sporangia
on the linear segments of Baiera-like leaves from the Potomae
beds, originally referred by Fontaine to his genus Baieropsis and
regarded by him as Ginkgoaceous, illustrates the possibilities of
error in determinations founded on leaves alone. The fertile
examples of Baieropsis have been made the type of a new genus
Schizaeopsis®, other species of Fontaine’s genus being transferred
to the genus Acrostichopteris; they differ from Baiera in their
attachment to slender axes and are no doubt portions of compound
Fern-fronds. It is impossible to define with confidence the precise
geological range of the genus; leaves from Permian and Upper
Carboniferous strata agreeing with Baiera in the deep dissection
of the lamina have been assigned to the genus Ginkgophyllum
(Psygmophyllum) and compared with Saporta’s Ginkgophyllum
Grasserts (fig. 669, p. 87). In imperfect specimens it is not always
possible to draw a sharp line between Bajera and species of Psygmo-

! Fontaine (89) B. p. 213, PL xcrv. fig. 13: Berry (11) p. 372, PL max.

* Sehenk (67) A. PL vr. figs. 1, 2; PL 1x. figs, 11—13,
4 Nathorst (06). 4 Thomas (13%) p. 244, fig. 5

& Nathorst (06) p. 9, fig. 9. 8 Berry (11) p. 214; (112).
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Phyllusin,. There are, however, certain Permian leaves that are

t"{giﬁ'nﬂtely included in Baiera; the genus appears to have been
Widespread in Triassic floras, though more especially in those of
‘the Rhactic and Jurassic age. Baiera shares with Ginkgoiles an
‘Mportant position in the Jurassic vegetation of both hemispheres,
Ut in the Cretaceous period Baiera appears to have been a com-
Paratively rare genus and in the Tertiary floras it was entirely
"placed by members of the Ginkgoales with leaves of the type
.ant still survives. Baiera is clearly an older [orm than Ginkgoites ;
H; '8 not recorded from India and it has not been found in the
1e”‘-‘“'(_'ul‘hnnifm‘tms rocks of Gondwana Land. :
_Butera though unknown in a petrified condition may con-
ﬁd{'”ﬂ.‘-" be included in the Ginkgoales; the habit of the leaves,
! \® structure of the epidermal cells and such evidence as there is
with regard to the fertile shoots favour this conclusion. It must,
however, be added that the position of the Palaeozoic examples is
less firmly established.

B pois e . e
“ere virgimiana Fontaine and White.

This species, from Permian beds in Virginial, is based on 1m-
Perfect portions of laminae deeply divided into bifureate segments
‘:hth fruncate apices and several parallel veing; it agrees in the
(er. of the lamina and in the linear divisions with the type-
“Pecimen of Brongniart’s Fucoides digitatus® from Permian beds
of l\'la:nsfeld. a species which Geinitz® also recorded, but under the
generic name Zonarites. Potonié* and other authors, following
HG""_- transferred the species to Baiera. Heer’s combination,
‘?‘ "l".(l‘lfffrm. had, however, already been used by Schimper® for the
“Hrassic species usually called Ginkgoites digitata.

 Leaves of the form represented by B. virginiane may be closely
«;1:}:::: :‘;‘“‘[-‘!‘11‘1';‘1'5 Permian species (}'-a'n..la'_{;ul;fagﬂbr.m {P.syyn-r-J};}'ry!'i-fmr)

“Werti®. In the absence of the basal part of the lamina a com-
Plete diagnosis or accurate identification is imposgible. Some

authora .- " . & el e
1015 have referred fragments of similar leaves to the genus

) Fontaine and White (80) B. p. 103, PL xxxvir. figs, 11, 12.
) Brongniart (282 A. p. 69, PL 1x. fig. 1.

3 Geinity (62) PL xxx1. figs. 1, 2.

. 17"“‘-"“‘-" (93) A. p. 237, PL xxxar. fig, 2; PL xxxu. fig. 6.
] -"_-l'-hinll)t'l- (69) A. - 423, 6 Pii-g'.‘ R
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Schizopteris, e.g, S. Guembeli from Upper Carboniferous and Permian
stratal, but other Permian specimens assigned to Sehizopleris,
e.g. S. dichotoma and 8. trichomanoides® are generically distinet
and probably belong to Pteridosperms. B. virginiana and the
leaves veferred to Baiera digitata—possibly specifically with Fon-
taine’s type—represent Permian forms that agree closely with the

larger species B. Simmondsi, Heer's Keuper species B. furcata,
and with the larger examiples of B. Muensteriana (Presl) from
Rhaetic beds.
Baiera Raymondi Renault.

This French, Permian (Autunien), species® (fig. 645, A) differs
but little from B. wirginiana; the narrow cuneate leaf is divided

¢

Fia, 645, A, Buiera Rogmondi, B, Qinkgoites Geinitzi.
(Nat. size: A, after Renault: B, after Nathorst,)
into very regularly bifurcate narrow linear segments diverging at
a small angle. The largest specimen is 10-8 em. long, the bagsal
! Weiss (64) B, PL xu. fig.
2 Zeiller (06) B. PL 1. figs,

-1

: Goeppert (64) A, PL 1x, figs. 6, 7.
, 8, ¥ Renault (88) p. 324, fig. 48.
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Portion of the lamina is 5 mm. broad and the ultimate segments
With obtuse dpll es have a breadth of 2:5 mm. The venation is
“”Pel‘fet tly shown in the specimens figured by Renault and Zeiller’.
Baiera furcata Heer.

A type similar to B. multifida I‘un!’.. but characterised by the
More uniformly narrow segments (2—2:5 mm.), is deseribed by

Heey2 “and Leuthardt® from Keuper beds of Switzerland. Le uthardt’s
fl”]l[ﬂ

s show a single vein in the seements, a feature which may
be

a peculiarity of the species. It was in association with this
Species that Leuthardt found the male flowers referred to on
:lj-}l.JHlBI' 'lu—gf_-‘y |']_,‘
Buie

53).
ra pancipariite Nathorst.

of 10 e, . tLe ]clllllla 1S NArTOwW m](] cuneate, tlm ph dnldwi m‘m

hlim'“‘“' linear segments with obtuse apices. It differs from

7

Piv. 686,  Buiera paucipartite.  (After Nathorst; § nat. size )

* Zeiller (06) B. p. 202, PL xivim. figs. 1. 2.
* Heer (76) A. Pls. XxIx., XXX.. XXXVL

* Leuthardt (03) p. 7. Pls. m—iv.

! Nathorst (86) p. 94. Pls. xx.—xx11.
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B. longifolia Heer and other similar species in the smaller number
of segmen There is no petiole but the leaves are attached by
a narrow basal portion to a short axis (fig. 646). The occurrence
of several leaves on a very short scale-covered dwarf-shoot is an
interesting feature which affords evidence of relationship with
(zekanowskia and Phoenicopsis. Baiera paucipartita is deseribed
by Yokoyama' from Rhaetic beds in Japan and an imperfect
specimen from Rhaetic strata in New Zealand has been assigned
by Arber? to this species. In the case of imperfect leaves it 1s
impossible to distinguish specifically between many ‘species’ of
Baiera characterised by the division of the lamina into hilobed

linear segments.
Baera spectabilis Nathovst.

The leaves of this Rhaetic species from the south of Sweden?®
reach a length of 25 em.; the coriaceous lamina is obeuneate and
fan-like but narrower than the leaves of such a species as B. Sum-
mondsi, There is no well-defined petiole; the lamina is deeply
divided into two symmetrical halves each of which is further sub-
divided into bifurcate linear segments, and the strongly contracted
ultimate segments are a characteristic feature (fig. 647). The
basal region forms a stalk-like portion varying in length and, in
the specimens so far obtained, not exceeding 3 em. The veins
are parallel to the sides of the segments and on the average 1 mm.
apart; they are occasionally dichotomously branched. Stomata
oceur on both sides of the lamina but are more nuinerous on one
surface, presumably the lower; the guard-cells are slightly de-
pressed and surrounded by 5 6 subsidiary cells with thiekly
cuticularised papillose walls (fig. 647, B) as in Ginkgo. The epi-
dermal cells on the lower surface arve also papillose like those
described by Thomas in B. longifolia®. Several dark spherical and
spindle-shaped patches found by Nathorst between the cuticular-
ised layers are believed to be the remains of some resinous or other
substance comparable with that formed in the secretory tracts in
the leaves of Ginkgo and some species of (inkgoiles.

Baiera spectabilis is one of the larger forms of the species: it

I Yokoyama (05) PL . fig, 5. 2 Arber, E. A. N. (13) PL. vu. figs. 2, 3.
3 Nathorat (08), i Thomas (13) PL. xxv. figs. 3. 4.
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1‘1](._ 647
« A, Baiera speclabilis; B, stoma , D, epidermal cells and stoma of

Baicra nnmiea: ) <
Falangifolia. (A, B, after Nathorst A, $nat. size  C, D, after Thomas.)
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resembles B. pulchella, a Jurassic species described by Heer! from
East Siberia and by Bartholin? from Bornholm, but in typical
examples of B. pulchella the lamina is divided into two segments
only. Comparison may be made also with B. longifolia a Jurassic
species distinguished by its narrower segments. A specimen from
Bornholm referred by Méller® to B. pulchella is probably, as Nathorst
suggests, a piece of a B. spectabilis leaf.

Baiera Stmmondsi (Shirley).

The leaves described by Shirley* as Ginkgo Simmondsi from
Denmark Hill near Ipswich in Queensland, from rocks that are
probably of Rhaetic age, are of the same type as the leaf on which
Ratte® founded his species Jeanpaulia (?) palmata, which he after-
wards transferred to Sulishuria, from the Wianammata beds (Trias)
near Sydney. The precise age of the rich flora from Ipswich is
difficult to determine: a recent examination of several specimens
in the Brisbane collections led me to regard the plants as Rhaetic,
but further light on this question will be afforded by Mr Walkom
who is engaged in an investigation of the material. The Australian
leaves agree closely with Fontaine’s Triassic species, Buiera mndii-
fida®, from Virginia: the plant-beds of the Richmond coalfield
are correlated with the Lunz plant-beds in Aunstria?, the flora of
which has never been adequately illustrated. The specimens from
Virginia on which Fontaine founded his gpecies do not afford any
evidence of a true petiole and the basal portion of the cuneate
lamina is narrower than in the Australian leaves: it is, therefore,
not improbable that B. multifide is a distinet though very similar
species. Ratte’s name B. palmata cannot he vetained as Heer
had previously employed the same name for a Jurassic Siberian
form®: 1 have adopted Shirley’s designation in the belief that
there are no differences of specific value between the Sydney and
Ipswich specimens.

The leaf reproduced in fig. 648 is Ratte’s type-specimen in the
Australian Museum, Sydney: the whole leaf is nearly 30 em.
Y Heer (77) 1. p. 114, PL xx. fig. 3¢; PL xxu. fig, 1 : PL xxvm. fig. 3.

* Bartholin (94) Pl x1. fig. 5. 4 Maller (03) PL 1v. fiz. 19,

{ Shirley (98) p! 12, PL 11, 5 Ratte (87) PL xvii: (88).

o Fontaine (83) B. p. 87, Pls. x1.v.—XLVIL

i Berry (12). S Heer (77) ii. p. 115, Pl xxvor, fig. 2
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long and 23 em. in breadth: there are nearly 60 ultimate linear
Sgments with obtuse apices and, in the smaller subdivisions,

Baiera Simmondsi. (Anstralian Museum, Sydnoey; # natb. size.)

1) P
O—f ol - % T o g e o
> vems. There is a well-defined petiole and in outline the

Whole leaf is identical with typical examples of Ginkgo biloba.
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Fontaine speaks of the lamina of his species as reaching a length

of 25 em. ; both in the method of division and in the form of the

segments, B, mullifide agrees clogely with the specimen shown in

fig. 648. A similar form of leaf is figured by Solms-Laubach!
from Rhaetic beds in Chile as Buiera ? Steinmanni, but the lamina

only is preserved. Schenk’s B. taeniota® from the Rhaetic flora

of Franconia is another similar type.

Baiera stormbergensis Seward.

The specimens deseribed from the Stormberg series (Rhaetic)
of South Africa® are portions of leaves that must have reached a
length of 12 em. or more and a breadth of 10 em. The lamina is
deeply divided into broad linear segments which are further
subdivided into narrower distal segments. In the lower part of
the lamina the venation is comparatively coarse, but as the regult
of repeated dichotomy the veins are much more numerous in the
upper portion. This species may be merely a larger form of
Feistmantel’s B. Schenki? from the same beds, in which the lobes
are narrower as in B. longifolia Heer. B. stormbergensis resembles
Nathorst’s B. spectabilis from the Rhaetic of Scania, but the
segments of the South African leaves have a coarser venation.
Buiera Muensteriana (Presl),

This Rhaetic species, originally figured by Presl as Sphaero-
coccites Muensterianus and subsequently described by Braun as
Buiera  dichotoma, was named by Schenk Jeanpaulic Muen-
steriane.  Schenk® examined Braun’s specimens from Franconia
and identified the supposed sporocarps as partially expanded
segments of foliage-leaves. The leaves are petiolate and the fan-
like lamina is deeply dissected into hiturcate linear segments:
the veins are numerous and dichotomously branched. The epi-
dermal cells are elongate over the veins and elsewhere polygonal;
their walls arve straight or slightly sinuous. The stomata are of
the usual type. met with in Ginkgoaceous plants.

Batera Muensteriana cannot be distinguished by any definite
character Irom leaves that are veferred to B. gracilis: in the

! Solms-Laubach (99) P, x1v. lig. 1,

* Schenk (67) A, p. 26, PL v. figs, 1—4; PL v figs. 1, 2,

3 Seward (03) B. p. 64, PL. viw fig. 3.

! Feistmantel (89) p. 72, Pl 1L

=

& Schenk (67) A, p. 39, PL 1x.
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type-specimen of the latter species the segments are fewer than
I B, Muensteriana, but in some Jurassic forms (e.g. fig. 651)
this difference no longer holds good. This is only one among
several instances where Rhaetic and Jurassic ‘species’ cannot be
Separated by any constant differentiating feature. B. Muensle-
fana is recorded also from Persial and several European localities,
but it ig impossible to determine its geographical range apart from
that of Buiera gracilis.
Buaierq gracilis Bunbury ex Bean Ms.

The T_\*]j»e—slmi-ijnan] of this s],lt?t‘il?s-‘ from the Middle Jurassic
rocks of Yorkshire, as shown in fig. 649, is an impression of an

P it b . i ‘ .
L Doters issitis Type- Frc. 650. Baiera gracilis. (British Musecum, 39208.)
SBetimen o i .
by men of Ban bury (Bun-

J is v o

v Collection, Botany

No X ¥
L Cambridee).

Mperfect leaf with a fan-shaped lamina deeply divided into forked
Near segments?®; a betterexampleis reproduced in fig. 650. Bean

I Sehenk (87) B. PL v, fig. 44 Zeiller (05) p. 194
2 Bunbury (51) A. p. 182, Pl. x5 fiz. 3.
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veferred this type to Schizopteris but Bunbury, while adopting
Bean’s ms. specific name, substituted the generic designation
Buaiera. 'The leaves.are petiolate and the lamina is divided almost
or quite to the base into a varying number of linear segments
with obtuse apices. The veins, frequently indistinct, run parallel
to the edges of the lamina and there ave several in each sesment.
Leaves identical with or very similar to Baiera gracilis are
very widely distributed among Jurassic floras in both hemispheres.
Some of the specimens described by authors as Ginkgo lepida are
hardly distinguishable from Bunbury’s species: . concinna® Heer
from the Siberian Jurassic flora is another very similar form:
also Baiera tnevrvate Heer? from the Lower Cretaceous of (rreen-
land, B. angustilobe Heer?, as figured from Siberia and China,
B. bidens (Ten.-Woods)* from Queensland, B. eustralis MeCoy a nd
B. delicatula Sew. from Jurassic rocks in Victoria®, also leaves
vecently referred by Halle® to B. australis from the Lower Cretaceous
plant-heds of Patagonia. Baidera gracilis is recorded from Upper

Jurassic (or Lower Cretaceous) beds in Alaska?, hut leaves of this

!
Fra. 651, Baiere gracilis forma Mucnsteriana
( British Musenm, £ nat. size.) M. 8.

type are rare in the Jurassie strata of North America. The
Rhaetic species B. Muensteriana® (Presl) deseribed by Schenk from
Franconia and by other authors is a closely allied type which
I Heer (77) ii. PL xmr. figs. 6—8. 2 . (82) B. Pl xun fig. 6.
3 fbd, (78) ii. Pl ym. fio, 2; Krasser (05) Pl m fig. 10; Schenk (83) A. PL Lrn
fig, 1.
: ‘[ Tenison-Wonds (83)

¢ Halle (13) Pls. 1v., V.
& Schenl (67) A. PL ix.
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“4nnot always be distinguished from B. gracilis. The example
5]_10“‘11 in fig. 651 from the Yorkshire coast has been named B. gra-
Glis forma Muensteriana to denote its eclose resemblance to the
Rhaotic species. B.Guilhaumali? described by Zeiller from Rhaetic
T0¢ks in Tonkin is another similar form but the leaves are narrower
ind the apices of the segments more obtuse. On the one hand

& '_’?f’f‘f! gracilis approaches close to B. Lindleyana, a species charac-
;“‘ﬁ'lﬂizd by still narrower segments, and on the other it shades
Nto Ja

Bfl—.i:r_d

aves agreeing with Ginkgoites sibirica.
ra ft‘u:g{fﬁ;?,}r (Pomel).

Pomels deseribed this Jurassic species as Dicropteris longifolia
aud Heey substituted the generic name Baiera®. Tle leaves re-
Semble those of B. Simmondsi in the division of the lamina into
BArTow lipegy segments 2—Y9 mm. in breadth, but the leaf is
BArTower and cuneate: the segments have obtuse apices. Heer
-drf'?r""“ﬁ-‘ﬁ the veins as parallel and simiple, 3 -7 in each segment.
Wh this species Heer associates some male flowers similar to
t‘!“”‘j shown in fig. 654, also some detached seeds, but in neither
‘d“‘“ there any convincing evidence of connexion. The Siberian
“Pecies B (22 orded also by Méller from Bornholm,
;q Probably not a distinet type. Thomas® records B. longifolia
]'.S)m the Middle Jurassic series of Yorkshire and oives new facls
_\‘V_lﬂl_ Tegard to the structure of the epidermal cells: one of his
H_}J?C”"“?Hs of an incomplete lamina is 12 cm. long, the whole leat
lejlll“f :1:”1:‘;\? 1'5].7 ‘1" 1;1! 1(:-11,‘;llll.' . ,T]_l e .(’.I"lj(](‘ru.!a| ('f“]lsrl-m ve .’:.l.\'r‘.]‘:\—'
t“‘“nni . *‘ , those m.l the lower surface are a rranged in longi-
S lowe “]‘w and most of them have a prominent papilla; on
Stomaty ]_, ace the cells are more rounded or lh(*.‘{i'f,‘—’nnal and 1‘“""

© are much more numerous; each pair of guard-cells is

SUrron & - € | “ . :
J[]-|,{_|(~l] 1_)_\' & group of 5—6 subsidia L'y cells H"g- 647, (
) a8 iy Ginkgo.

kanowskiana®, ve

Krasser? records this species from Jurassic rocks
~ Sewarg (00) B, p. 264.
| Pomel (49
e NS (T7) 5, p,
85 6, 7. PI :
: i PL xv. fie
Y Ihid A :
ill}}) Pl "\ }_: ofi, Pl,
0y, St
» Thomas (13) p. 248, PL xxv. figs. 3, 4.

2 Zeiller (03) B. PL ©. figs. 16—19.
9

viL figs, 2, 35 PL v Pl 1= fese 1—115 PL x.

. figs, 4—8; Moller

I(I‘L\H?_-'pl- I.US} p. 18, PL 1. fis.
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in China but the photographic reproduction is unfortunately too
obscure to afford any indication as to the nature of the specimen.

Baiera Phillipsi Nathorst.

This Jurassic species! (fig. 652) illustrates the absence of any
definite dividing line between Baeire and Ginkgoites; it agrees
very clogely with . sibirica and _
with leaves assigned to 6. lepida
and other ‘species.” Fig. 652 is
drawn from Phillips’ type-speci-
men? which he named Sphenopteris
longifolia and afterwards trans-
ferred to Cyclopteris; his specific
name is not retained hecause Pomel
adopted it for a type subsequently
called by Heer Baiera longifolia®.
Krasser records B. Phillipsi from
Jurassic strata in Sardinia®. This
species shades into B. gracilis and
the very similar B. australis McCoy,
especially resembling some leaves
included by Halle? in the latter
gpecies,

Fre 652, Baicra Phillipsi. (York
Museum; # nat. size.) M. S.

Buiera Lindleyana (Schimper),

Leaves of this type were first figured by Lindley and Hutton®
as Solenites? furcata and transferred by Braun to Baiera.
Schimper? subsequently substituted Jeanpaulia and proposed the
specific name Lindleyana on the ground that Heer had employed
the designation furcata for a Rhaetic species of Baiera. Saporta
included this species in Trichopitys. Baiera Lindleyona is
characterised by the deep dissection of the lamina into very
narrow, filiform, segments and by the presence of a long and
slender petiole (lig. 653). Some forms of this type with rather
hroader segments are hardly distinguishable from Baiera gracilis.

1 Nathorst (80) A. p. 76, 2 Phillips (75) A. PL v fig. 17.
3 Seward (00) B. p. 270. 4 Krasser (13) p. 6.

5 Halle (13) Pl 1v., v.

¢ Lindley and Hutton (37) A. PL 209. 7 SBchimper (69) A. p. 683,
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Ina former account of this species’ I included the specimen 1_'0}.)1'0;
Yuced in fig, 661 (p- 66), also a similar specimen figured by Phillips?
a5 a distinct type, Baiera micro-
Phylla. The examination of addi-
flong] material collected from the
Yorkshire coast by Mr Hamshaw
Thomag Jeads me to substitute
(‘3“""’*'&H-rm'.a'ﬁ'iu for Basera as the
Moy appropriate name for the
]"’llntf-h of leaves represented in fig.
561 which is in all probability
identica] with B. microphylla as
figured by Phillips. In the case of
1”‘-’“'ﬂp]erv leaves it is by no means
8y to distinguish B. Lindleyana
frnm Czekanowshin microphylla ; but
W the latter the branches of the

BMing are separated by a smaller
ang N

le and if cuticular preparations
are

available the stomata afford a

Meang of differentiation: in Baiera
Th(_.
a

Zuard-cells are surrounded by Fra. 653. Baiera Lindleyana,
e - g T (British Museum; A, 39208; D.
“rcular group of cells, while in 5 o

1 Y A . i J P | -

Cekanorstia the subsidiary cells

e longer and narrower, forming a more oblong group.

Baierq Lindleyana is recorded also from Middle Jurassic rocks
i (‘hm'..‘sr-?al)z.unzu ria and from Upper Jurassic rocks in Scotland?,
S"’Jll'llg

i : N a s Blaale Hiila
Specimens described by Fontaine® from the Black Hills
(Lower Cret
Points gyt [
them ¢ p,
B"l'tie-rq

aceous) as (‘zekanowskia nervosa Heer are, as Berry
robably leaves of a Baiern, and 1 am disposed to refer
Lindleyana,

Brauniana (Dunker).
1 AR i ' R Taam

This Species’, represented by leaves from Wealden and Upper

J'”"’J-‘"-‘"if‘ rocks, agrees in the form and dissection of the lamina

g . 266. fig, 46 (p. 268),

~ Phillips (75 A, p. 200, fig, 9, 3 Beward (11) PL, 1v, fig. 44

P Q s

Seward (112) PL. v. fig, 105.
Fontaing in Ward (99) B. p. 685, Pl. 169, figs. 1, 2

‘ H(’”'-\- (11) p. 374. Dunker (46) A. p. 11, PL v, fig. 4.
S. 1y

+

1
Seward (00) B.
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with B. gracilis but is distinguished by the smaller dimensions.
The imperfect example shown in fig. 641, B from the Kimeridge
beds of Sutherland (Seotland)! illustrates the nnsatisfactory char-
acters on which specific distinetions are drawn in the case of
Baiera leaves agreeing in habit with B. gracilis. Better exam ples
are figured by Schenk? from the Wealden of North Germany.

Baiera spetsbergensis Nathorst.

This species, one of the smallest representatives of the genus.
is deseribed by Nathorst3 from Upper Jurassic rocks of Spitz-
bergen ; it is characterised by the very narrow but apparently
cylindrical segments and, except in its smaller size, resembles

B, Lindleyana.

iii. FLOWERS AND SEEDS.

Our knowledee of seeds assigned to Mesozoic and Tertiary
representatives of Ginkgo or to Baiera iz limited to casts and
impresgions of detached examples: no reproductive organs have
been discovered either in a petrified state or in connexion with a
foliar shoot. Reference has already been made to some small
Ginkgo-like seeds from the Hocene beds of Sheppey described hy
Gardner as Giikgo ? eoceriea. Many similar seeds are ficured by
Heer from Jurassic strata in Siberia and elsewhere, iIn most cases
as detached seeds but in a few instances horne singly or in pairs
on an axis resembling the peduncle of Ginkgo biloba®. Heer's
seeds are correlated with G. digitata, 6. sibirica and other species
but only on evidence afforded by association with leaves; they
are pregerved as oval nuts, sometimes enclosed in a carbonaceons
envelope possibly representing an outer flesh, and resemble Ginkgo
seeds in shape though they differ from them in their smallef
size (8—9 mm. long and 6—8 mm. in diameter): in some of the
Juragsic specimens the nuts have an apical healk. All that can
be said is that seeds similar except in their smaller size to those
of the recent species are not infrequently found in association
with different species of Ginkgoites.

L Seward (112%) p. 680.
¢ Schenk (71) B. p. 224, PL 1. figs. 9—14.

3 Nathorst (97) p. 53. PL o figs. 6—12.
" Heer (82) ii. A. p. 16, Pls. 1v,

; (77) il p. 67, PL xL.
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B o suggested that the seed-bearing shoots, \\L;L'L
cgested S hoie bbb Vi

Carruthers named Beanse, from Jurassic beds on the Yorkshi

coast may by ve belonged to a member of the Ginkgoales, but it is

equally probable that Beania is Cycadean and possibly
the seed-he :

at least '
aring axis of Nilssoniz. The genus is described in
! T N
Ch, XXXvigl,

1 2 1 d ) » 3 &
It is possible that gpeciimens from Cretaceous and
Juragsie roc)

s regarded hy Heer as male !1()\\79}‘8 & (T.T-jh]:"gmiffi
and other species, also specimens described by fam d,b
-"'}."Jl'!f(n’i./f(if.\' Bchmidiianus?. may bhe fertile shoots, which bore
seeds ang 1ot microsporangia, belonging to Ginkgoites or some
ot}

'€ member of the Ginkgoales: the natuve of these fossils is,
OWever,

Dame

& H) ?.}'i.r"f._r

uncertain and they ave described under the generic
Sten orachis.

Male Flowers.

a

v : R 1 ICTOS Op b
AR with seeds so also with regard to the microsporophyll

ot information is scanty and indecisive. Nathorst® first Huggesn]d
¢ =5 Py " orl-dhire "ABS10 dels
f_hat Some small carbonised bodies from Yorkshire Jurassic be

figured },. Phillips* as ‘unknown leaves’ are probably [ragments
of mala

flowers of some species of Ginkgoites. The spe'cmlell ni
which Phillips figured a small portion is shown in fig. 654, B; it
Congigts ot o sllﬁ.l‘ldtﬂ-f' axis with several short and partially broken
latery] branches bearing terminal groups of oblong bodies 4 .
](“Jng and 1 wide, 2 ;4 in each gronp: these suggest compa 1"1.4‘011
with Pollen-sacs with longitudinal dehiscence, and the habit OJ the
whole fertile shoot am.‘-,;ﬁ with that of a male flower of Ginkgo

nloba, 1y, the recent species the microsporangia are only about
=, Jopg but in the occurrence of two to four microsporangia
on g

single microsporophyll the resemblance between the fossil

and 'ecent form is fairly close®. Unfortunately it has not ])e?en

ssible tq make any ];I'Cl)ﬂ]'it.tim].‘:‘- of the cuticularised remains

Shou’in,‘l 111i(_'1'()3})('_>1‘(\>s.l and while the probability is that the oblong

bodies 4Te microsporangia it is not imponibls thae thoy axe meall

Seeds, A collection (,f"j(_leur.i(-af bodies showing what appears to

Bown edian line of dehiscence 18 illustrated in Part I of The Jurassic

"oy of Yorkshires. A larger specimen is shown in fig. 654, A;
: \:U]. UL p. 502, * Heer'(82) A, 21, Pl Ix, o 9

. -\“3HIUT‘-‘:I (80) A. p. 7. ¥ Phillips (20) A.: (75) A. PL V. fig. 23.

" See page 5. ¢ Seward (00) B. p. 260, fig. 45.

Po

4—2
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the axis is 2:3 ¢m. long and some microsporangia are seen in their
original position, while others are detached!, Tt is by no means
unlikely that these specimens arve portions of male flowers of
Ginkgoites digitata or of some other gpecies. but this cannot be
definitely settled until better material is available. Some Rhaetic
fossils described by Nathorst® as Antholithus Zeillert present a
certain resemblance to these supposed male flowers. One of

R

B

Fia. 654, Antholithus sp.  (Sedgwick Museum, Fio. 655. Antholithus Zeilleri.
Cambridre; A e x 143 Boea, 2 2.) A, drawn (After Nathorst;

by M. SBeward; B, drawn by L. D. Sayers.

Nathorst’s specimens from Seania is reproduced in fig. 655 twice
natural size; the photograph, for which T am indebted to Prof.
Nathorst who published it in 1908, shows a cuticular preparation
of the axis and microsporangia. The axis of Anlholithus is
dichotomously branched and hears terminal clusters of micro-
sporangia about 3-5 mm. long, usually eight in a cluster: several of
them have dehisced longitudinally and the apices whf]\' a slight
geparation of the two halves. In some of the sporangia Nathorst
found microspores with an average length of 40 43y agreeing
clogely with the spores of Ginkgo and recent Cycads. Nathorst
considered that Antholithus Zeiller: may be a male flower of some
Ginkgoaceous plant though a correlation with a Cycadean type is
by no means excluded. There ig, however, a general resemblance
between the English Jurassic specimens shown in fig. 654 and the
Rhaetic species; the latter is distinguished by a greater tendency

L Seward and Gowan (00) B. Pl 1x. fis. 28,
¢ Nathorst (08) p. 20, PL 1v.
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1:0“"@-‘3 a dichotomous habit of the axis, and in the Jurassic
“PeCimen we have no proof as to the nature of the  microsporangia.’
Arguments have recently been hrought forward! in favour of
‘egarding Antholithus Zeilleri as the male organ of the plant
f"}_ll(;lz bore the fronds known as Le’pa'r?(y;ffw-ié Otionis (Gopp.).
{}J']\'H:w}n‘- described by Go«;.*;.:pert as A r’-c(ﬁup(r'ri._\". ()Hmri-s‘ mu‘]‘ mlnde
@ Sthimper the type of a new genus Lepidopleris. Various
Ttﬂt“"‘“l"-ll‘rs have been made by authors with regard to the oceur-
Ib(:ll:;r:r trlmri on thif‘,_ iuteres“fing Rhaetic H])'r‘(lfit-‘ﬁ,‘}.ll.lt- Antevs
feru‘]'d:x “T ﬂ'l*“ 0\'1{_‘1{“11('9 thhm't.n ﬂ-clrluc&jc:i n i'a_vnur of a
) € type of frucfification is untrustworthy. t 18 now sug-
8ested that these Rhaetic compound fronds with thick linear
I,/I]i;;;"l:“ ‘Ff’@-h'll.sg t0 some ;5»#(]-136&1‘&11;; pl.au;t and that ‘-i'n,l-im.iii/m.s-
UM represents the microspore-bearing organ: there is no
l:;?:{:]n:: ‘l“”lrlllexinn. but ‘there.is a very close l'l’SGII?['JIRl]('D in the
- characters of Lepidopteris and Antholithus and the
;E:\:l ‘::f:’”}_.‘-' anunvi in beds containing the ijmuc].\;‘:. Nnt:h.nrst
S f*l;t Hfl'f;’l{ to resemblances ]fl(-“l’“:{‘,(-‘!! the cuticle f)f _-fnf.liﬂll.”( s
of An%e'\y‘\;] g -flu—'.’rrrllmll\'r.as. but aceording to T1‘.||e |El1,’€'[.' 111\'&31;1.-121.t1m|:‘-
therel 1:. , s ‘-l\ 1? 1 which it would appear that I\rui_hm'st 1810 s‘\fll'lpati.ly_
Lepig : ( oser correspondence as regards cuticular strueture with
Pidopteris.
'-]P.s:;-'i]}':.:lr]lsl.“jgﬁ]_l(]ed by J:;\ft‘]f'-hlﬁll‘ﬁf asr(']m:c'l.v a.]liet'l to his species are
of Hm_m-! ;) euthardt® from the Keuper of Basel as n:mi-e ﬂmv.ers
the Enn;li.‘.;]””;ml Hf.‘r?l': ’rh.ese appear to be-almust identical with
L(‘l't}lni-ﬁr[{ 1.7- urassic specimens; _t.he specimens reproduced I;:\-
plate 1}1;: .l[.‘:)j“-ﬂ.ﬁr of long axes—in one of those shown on .hl.t‘-
t‘(‘l'miu;l.l';.}:m 18 4'(:111. long —.w1th SJ.JC'IT ]a‘rcra].].) ‘ﬂucl_ms bearing
and 1.5 -;1 wups of three or Jefur nucmsporangm-l S lf'mﬁg
= mm. broad very similar to those shown in figs. 654. 655.
Pj_ﬂf:;?_.’f;()]g}j)ii1'isl'111 may a!sn ??e made \\-"ith S.chenk”s Stachyopity
- ‘rom the Rhaetic of Franconia which he subsequently

hi

l’l’:rral.('l

= e ax g . v

Pf-:l' L as the male flower of Basera Muensieriana Heer, a com-
'180) Wotn. = . . . :

i ! Previously made by Heer®. This type consists of an axis
AT = 5

g short laters] appendages terminating in oval bodies opening

' Antevs (14), ¢ Leuthardt (03) p. 9. PL 15
* Schenk (67) A. p. 185, Pl. xuav. figs. 9—12.
* Heer (77) ii. p. 52; Schenk (90) A. p. 261.
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at maturity into 10—12 spreading lobes each of which resembles
in appearance a microsporangium of Antholithus Zeilleri. No
spores have been isolated and, as Nathorst points out, the agree-
ment with the Scanian specimens is to a large extent superficial,

The Australian specimens, probably of Rhaetic age, described
by Shirley! from Tpswich, Queensland, as Stachyopitys annularioides
and 8. Simmondst require further investigation; they may be
allied to Stachyopitys Preslic Seh., though neither their morpho-
logical nature nor syvstematic position can be settled without fresh
data. Halle? describes some examples of a -similar kind from the
Jurassic beds of Graham Land as Stachyopitys, of. annularioides
Shir. and thinks it probable that they are portions of some (iymno-
spermous male strobilus, but, as he points out, the absence of any
member of the Ginkgoales in these southern beds 18 noteworthy.
Specimens similar to those deseribed by Schenk, Shirley, and Halle
are also figured from Rhaetic beds in South America as Sphenolepis
rhaetica® and from the Stormberg (Rhaetic) series of South Africa
as Stackyopitys sp.*

The generic name Ginkgoanthus has been adopted by Nathorst?
for a fragmentary specimen from the Upper Jurassic of Franz
Josef Land which he considers may be a male flower of a Gink-
goites; but the preservation is too imperfect to admit of satis-
factory determination. As regards terminology, in the present
state of our knowledge it is preferable to use the non-committal
designation Antholithus® for the KEnglish, Seanian, Swiss, and
Franz Josef Land fossils, leaving Schenk’s Stachyopitys Preslii as
a type apart. As regards the English and Swiss specimens, the
probability would seem to be that they are the mierostrobili of
some members of the Ginkgoales.

STENORACHIS.

This generic name” was first used by Saporta® for Nathorst’s
Zamiostrobus seanieus from Rhaetic and Liassic roeks in Scania®

1 Shirley (98) p. 13, PL xvi, 2 Halle (13) p. 88, PL vi. fig, 13.

4 Geinitz (76) B. p. 12, PL. m. ¢ Seward (03) B. p. 66, Pl 1x. fig. 2.

b Nathorst (99) p. 13, PL 1. figs. 33, 49.

8 Used by Nathorst in Linnaeuns's and not Brongniart’s sense; Nathorst (08
p. 23, ? grevds, narrow; payes, the backhone.
$ Saporta (75) A. PL oxvin; (79) A. p. 193.
® Nathorst (75); (97) p. 20; (02) PL 1. pp. 16, 17.
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and for 4 Liassic species from Belgium, S. Poncelels. Nathorst

-‘ill])S(}(IH(‘“t]\' adopted Saporta’s genus. 1 have elgewhere sugrested!
the applica ‘r:irm of Stenorachis to various species u_lesci‘ih‘erl by Heer
from Jurassic and Cretaceons beds as male flowers of Ginkgoaceae.
"Uthr’uﬁh there is no proof as to the morphological nature Oflthl‘-
Specimens included in this genus some of them, eg. S. SCAIRIOUS,
Present, the appearance of aﬂéd—beuring shoots though, as Nathorst
8 carefu] 1o point out, the seed-like bodies may not be true sei«_-(l:‘-.
M inclined +o regard Heer's supposed male flowers® (fig. 657 ). a8
JQSHHJI." fertile ,slu;;f-ts of some members of the Ginkgoales which

1

i . L R Ay e _'.-,
?“g“m”," bore seeds, but this view is merely tentative. Stenorachis

18 Plll])]r).\'erl 4s a designation for specimens consisting ol a eentr:

X8, generally fairly stout, bearing lateral appendages, \\‘11_61}101‘
43l or foliar cannot be definitely determined, either simple or
forkeq

and in some cases with terminal seed-like bodies but 115}:331‘?7
With 8 sma) distal swelling or a few spreading lobes as 1n S.
Schmidtianys (Heer)s. Some at least of the specimens included
M this genug ]n-ul_»‘al_ﬂv belong to Ginkgoaceous plants, though
N Tegard to others, r*._r/‘. S. scamicus, it should be remembered that

Nathorst inclines towards a Cycadean affinity. The genus Beania
Wig fmuulerl

JS le H.frr((,(lb_ ?T.}.
aATon
=

on specimeng similar in general habit to species of
but in Beania the appendages have a comparatively
terminal shield bearing on its adaxial gide two seeds.
-"s‘!eilr_a-rr!.r,:]).r'-ii SCaneus (Nathorst).

The type-specimen, first described in 1875 as Zamiostrobus
\Hicust and afterwards transferred to Stenorachis, is l'e;u'&sent.c-«]
by a Comparatively slender axis 10 cm. long bearing, at a wide
angle, sovery] lateral appendages, spoken of by Nathorst as
“POTophylls; these are spli;r into two divergent arms each of which
AT on the side away from the fork an oval, longitudinally
Striated, body described as thick and woody (fig. 656). The
2ure of these hodies is uncertain and Nathorst is inclined to

think they are not seeds; he suggests as an alternative mterpre-
fation that the

are embedded.

.l Seward (

v are laminar structures in which mierosporangia

The morphology of this Rhaetic and Liassie
]:” P 23. )
feer (77) ii. PL xu.5 (78) 4i, PL vi. fig. 8; (82) i, A. pp. 18, 21, Pls. vr., 15
€er(82) i1, A, P21, ! Nathorst (75).
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species referred by Nathorst to the Cycadophytal is, therefore,
uncertain. It is by no means certain that it has not an equal
claim to inclusion in the Ginkgoales; there are no substantial

Fio. 656. Stenorachis scanicus. (After Nathorst: A, nat. size; B, x2.)

grounds for such relationship, but the resemblance of this and
other species of Stenorachis to abnormal seed-bearing shoots of
Ginkgo biloba may be significant (ef. fig. 631, D, p. 5).

A similar but rather smaller type was described by Heer?®
from Upper Jurassic rocks in Spitzbergen as Carpolithes striolatus.
Nathorst® examined Heer's figured specimens and recogniged one
of them as an example of Stenorachis, agreeing in the possession
of forked appendages with 5. scanicus and bearing seed-like bodies.

The fossils deseribed by Shirley* from Rhaetic(?) beds in
Queensland as Beaniw geminate are similay in habit to Stenorachis
seanicus and differ from Beania gracilis Carr. in the absence of
distally expanded sporophylls.

Another Rhaetic species is described by Nathorst® as Stenorachis
Solmsi m which the ‘sporophylls” have a different form and are
characterised by a distal, erect, laminar expansion deeply divided
into two segments: no seeds or microsporangia have bheen found.
Stenorachis lepida (Heer).

The speciesfor which thig name hag been suggested was originally
regarded by Heer as the male flower of the Jurassic species Ginkgo

1 Nathorst (02) p. 16.

& Heer (77) i. p. 47, Pl 1x, fig. 17. 3 Nathorst (97) p. 20. PL 1. fig. 15.
4 Shirley (98) p. 16, PL. xx. & Nathorst (02) p. 17, PL 1. figs, 18—21.
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lepida (= Ginkgoites sibiriea) and. described by him under that
Bame!  Similar specimens are correlated by Heer with other
Species of Ginkgo leaves, and Ginkgo grandiflora® Heer is. repre-
Sented by supposed male flowers only. Similar though rather
2rger examples are deseribed by Heer from Jurassic beds in
Siberia g5 Antholithus Schmidtianus® and regarded as male flowers
of some member of the Ginkgoales, possibly Phoenicopsis: what-
ver the parent-plant may have been it is clearly a type closely
allied 4 those he refers to different species of Ginkgo. Fig. 657, B

Fig, Y57,  Stenorachis lepida. A, from Amurland: B, C, from Afghanistan.
(A, B, nat. size.)
HIJU\TS a

Afohan:. Fo i : . ; 1%
0 Shanistant which i undoubtedly of the same type as Heer's
SWopegy

edy of

specimen of Stenorachis lepida from Jurassic beds in

examples. One of Heer's specimens from the Jurassic
_ Amurland® is shown in fig. 657, A: a curved and fairly
:};rll;l”-\'is bears numerous, S]Ii.l'l-lllﬁ' 1‘_iie:'-|n'1c'.erf, appendages with

o expanded ends which in a few cases are more or less

tlefip; A = : : : g I
D Mitely hilobed. No remains of seeds or microsporangia are
regan:: ) ) i

. “eIVed, but the swollen ends of the appendages suggest the

Ory S . :

P 1er presence of some reproductive organs: some of the ap-

ndagas " : : :
lages gpe bilobed as in the Afghan example.

at 4] CCr states that some of his specimens hear 23 pollen-sacs

at th

1 € tips of the appendages, but the published figures atiord no

: ﬁo:.-r (77) i, P1. x1. * Heer (82) A. p. 18, Pl. v1. figs. 1—6.

5 g“d' B 21, Pl 1x, 4 Seward (12) p. 23, PL 1v. fig. 52.
Seward (12%) p. 28, PL. 1. fio. &,
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confirmation of this and an examination of some of Heer’s material
lent to me through the kind offices of Dr Zalessky failed to reveal
any indication of spores or sporangia. In Heer’s Antholithus
Sehimidtianus the lateral appendages ave said to bear 3—4 pollen-
gacs in a terminal whorl, but Heer also suggested the possibility
that these bodies are the segments of a calyx-like envelope, a more
probable interpretation. It may be that the terminal bodies are
homologous with the slightly expanded distal ends of the append-
ages in S. lepida and possibly with the collar at the base of the
ovules of Ginkgo biloba, which in the case of S. Selanadtionus has
the form of a lobed cupular organ which enclosed a geed. It is
noteworthy that Heer’s figures show a central scar surrounded by
the spreading lobes.

The incomplete Jurassic specimens from Victoria (Australia)t
described as possibly parts of a female shoot of a Ginkgoaceous
plant resemble Stenorachis lepida and should be referred to the
Balle Fenus.

A specimen like those represented in fig. 657 has been figured
by Krystofovie® from Jurassic rocks in Ussuriland as Ginkgo sp.
An imperfect fossil described from Jurassic beds in Australia ag
possibly a seed-bearing shoot of a Ginkgoaceous plant® should be
included in Stenorachis, as also Raciborski’s Txostrobus Siemirad-
zkit* from Rhaetic beds of Poland.

In no case have we any decisive evidence with regard to the
parentage or morphological nature ol the specimens referred to
Stenorachis, but any material that may vepresent fertile shoots
belonging to Ginkgoales or Cycadophyta should be described in
the hope that additional facts may be obtained.

ERETMOPHYLLUM. Thomas.

A genus founded’ on some well-preserved leaves from the
Middle Estuarine (Middle Jurassic) beds of Gristhorpe Bay on the
Yorkshire coast, and named Eretmophyllum from the paddle-like
form of the lamina®. Leaves oblanceolate to linear reaching a
length of 12 cm. and a breadth of 2 em.: in the type-species,

! Seward (042) B. p. 179, figs. 39, 40.
2 Krystofovié (10) PL . fig. 5. 3 Neward (04%) B. PL xix,
i Racibdrski (92) PL n. figs. 5—8.

o Thomas (13). i ¢perubr. o paddle.
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k. pubescens Thom., the leaf is from 7 to 10 em. long and 1-—3 em.
broaq ; the apex is rounded or retuse (fig. 658, B), the base tapering
@l‘t‘f-ﬂually towards the petiole. Veins 1—1:5 mm, apart, dicho-
mmuuxl.\' branched in the proximal part of the lamina and usually
Paralle] and simple except where they converge at the apex. The
‘-‘-].?nlenn al cells {1’1?'05-}1'\'(:(,} in the Yorkshire és]]-li'('i!"ﬁ} are polygonal,
With or without papillae (fig. 658, D) ; the stomata are characterised
¥ an enclosing group of subsidiary cells as in Ginkgo.

B

Tetmophyllum pubescens Thomas.

i "Qecreﬂ”;.'\' tracts occur between the veins of the smooth lamina
fh;l._'(l‘;!'ii"_\’. () like those in the leaves J
TJ{ ("_“"]"'ff”- The polygonal cells with
,St:mlght or slightly undulate walls
:];; (’Jh)al‘actvrisnrl by papillae (fig.
al_(;'}).ui..'lnni- on e-m,-h_ cell: these
U‘rw-p" IL'-u}a r]_x" conspieuous on the
“laH:] *.fI.Jlrlf'rnn.s; to which Th»e sto-

v are confined: the slightly
"l.f.‘]2-1.'e_\‘\_-s._a('] gt

stomata are in regular
Fowg .

. and the guard-cells are sur-
Younded pyv ¢

—7 subsidiary cells.
In ;

1 anothey species, H. whilbiense
‘Om Wi ‘
| .1‘1 W hithy, the surface of the
AMing whicl
1R ony

Is Toy el

1 maxy be 7em. longand
broad and slightly falcate,
are g L, and between the veins
¥ Blrandgy of

sibly elongated cells, pos-

dl‘.‘l}i]t.iu
Qering)

On })Uti

g the presence of hypo-
Stereome. Stomata occur
! Surfaces and the papillae

are conk Fre. 658, A, Eretmophyllum saigha-
d67}| - X W I i ¢
Al hnt‘d to the HH].J.:‘-?(II?U_‘\ cells. nenge. B—D, B, pubescens. D,
fre 7 _"'lﬂ‘f ﬁ,f_ll]l'e!fi bv Ettingshausen?! epidermal cells. (A, after Seward ;
m W : 3 ; ) after Thomas
a7 W ealden rocks as Cyclopteris B—D. after Thomas.)
s, A . . , 5 o~
o "tta, which Schenk?® sugeests may be a segment of a Gink-
X teg ot - C

» should probably be included in Eretmophyllum.

! Ettingshausen (52) PL v. fig. 1.
* Schenk (71) B. p. 213.
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Bretmophylhom saighanense (Seward).

This species (fig. 658, A), originally referred with some mi sgiving
to Podozamites® and compared with Yokoyama’'s Ginmkgodiuwm, 18
from Jurassic beds in Afghanistan. There can be little or no
doubt ag to its generic identity with the Yorkshire leaves. The
broadly linear lamina tapers gradually to a slender petiole and the
veins, 1 mm. apart, are simple except at the pmximal end,

Mr Thomas is certainly justified in his opinion that Eretmo-
phyllum is a member of the Ginkgoales. In shape the leaves
resemble Ginkgodium and differ but little from some Jurassic
specimens referred to Ginkgoites. They agree in venation, in the
presence of short secretory tracts, in the structure of the epidermal
cells and stomata with Ginkgo and species of Ginkgoites.  Eretmo-
phyllum is distinguished from Feildenia by its larger leaves, a
coarser venation, and a more definite petiole. Some leaves
figured by Fontaine? from Jurassic-Cretaceous rocks of Alaska
as Nageiopsis longifolia? Font. have little claim to be included 1n
that genus® and may perhaps be allied to Eretmophylivm.

1 Seward (12) p. 35, PL 1v. fig. 53.

2 Fontaine in Ward (05) B, Pl. xuv. figs. 1—5.
2 Berry (10) p. 194



CHAPTER XILI.

GF‘NERA BELIEVED TO BELONG TO THE GINKGOALES BUT
.\‘WI](‘H ON THE AVAILABLE EVIDENCE CANNOT BE RE-
FERRED WITHOUT HESITATION TO THAT GROUY.

GINKGODIU‘M. Yokoyama.

s ¢ P L 8
Yokoyama! defined the cenus as follows: °Leal coriaceous,
n‘t]m or lobed, gradually narrowed towards the base which 1s
t]u.]r:ke].wt]

: at its margin and gradually passes into a short petiole;
‘."E]]]_:;. -

Numerous, simple, parallel; interstitial veing very fine.’

® draws attention to the thickening of the lower margin of the
]m.m“".- a feature reminiscent of Ginkgo and to the course of the
V‘_)mﬂ which ryn parallel to the median axis of the lamina instead
of S]“'“c’h(‘fiu;z h'm-n the base as in Ginkgoites and Buiera. Gank-
Godiagy, resembles the Palaeozoic genus Whittleseya in the position
of the veins but the genera are urn]i]cul_\j to be confused; a com-
Parigon m ;

. ay also be made with the Jurassic genus Eretmophyllum
thg. 658

which has longer and narrower leaves with a coarser

Vengat; . _ : & ok

“8tlon,  We have no information with regard to the cuticular
Strue 3 i 1D v, \
o ueture, the nature of the supporting axes or reproductive organs.

'¢ supposed affinity to Ginkgo rests therefore on leaf-form alone.
Ging

godium Nathorsti Yokoyama.
" }
.l‘l]_{-

T W ; _ _
] Fan assigned by Yokoyama? to the Middle Jurassic series, but
12 Aopg Sugoe

type-species was founded on specimens from strata in

sts a somewhat higher horizon in the Jurassic

I"Btmn‘ Dome of the leaves are entire, obovate, and have a
G ’ - ” )
lklnmtc- distal end: others are cuneate and broader at the apex
Whie

B may be lobed, while in some forms the leaf is divided by a

! Yokoyama (89) B. p. 56.
* Ibid. p. 57, Pls. ., o, v, IX., XHL
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deep median sinus into divergent obtuse segments (fig. 654). One
leafl is described as 6-6 cm. long, 2:1 em. broad with thirty veins
and an interstitial ‘vein’ between
each pair: the interstitial “vein’
is due to the presence of an inter-
costal stereome strand. Thomag?
records this species from the
Bathonian series of Kamenka
in the south of Russia (fig. 659,
B). The specimens from Alaska
named by Fontaine? (finkgodium?
alaskense agree more closely with
Glinkgoites.

CZEKANOWSKIA. Heer.

Heer? gave this name {nf‘t«}r Fra, 659, Ginkgodiwm Nathorsh, (Nat.
size; A, after Yokoyama: B. after

(zelkanowski who discovered the :
5 . Thomas.)
specimens) to fascioules of long
and narrow, filiform, leaves with a simple or occasionally
forked lamina borne on a short supporting axis covered with
broader and shorter scale-leaves. The deciduous fascicules or
dwarf-shoots are similar to those of Phoenicopsis. Bunches
of Czelanowskia leaves with their short scale-covered supporting
axes resemble the dwarf-shoots of Pines!. Heer assigned to this
genus some seeds associated with the leaves, also what he believed
to be a male flower3, an example of a reproductive shoot of the
type described on page 57 as Stenorachis. There is, however.
no conclusive evidence as to the nature of the reproductive organs.
The venation is seldom shown on the carbonised laminae; some
leaves ave finely striated while on others there may be one or two
narrow ridges that represent veins, but as a rule the impressions
afford no indication of the venation. Czekanowshic was placed
by the author of the genus in the Ginkgoales, the short shoots
being compared with those of Ginkgo though, except in the larger
number of the leaves, they closely resemble the foliar spurs of

1 Thomaa (11) p. 75, PL 1v. figs. 9—11; PL vor fig. 3.

¢ Fontaine in Ward (03) B. p. 168, PL xuiv. figs. 3, 4

3 Heer (77) ii. p. 65. 2 Cf, Pinue flexiliz; Bot. Mag. Tab. 8467
Heer (82) ii. PL vr. fig. 7.
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o = s 3 . 4 nub . ,
Pines, The dichotomous branching of the lamina in some forms
18 another feature in whicl (zekanowskin resembles Boiera and

Ginkgo, a vesemblance which derives a certain significance from
fhe occurrence of stomata of the Ginkgoaceous type. Nathorst!
has deseribed the cuticular membranes of the superficial layers:
the epidermal cells have straight walls and the stomata, more
Mumerous on the lower surface, are accompanied by four or five
“"“"-‘Sidi:u-}r cells: these do not form a circular group as in Burera
and Ginkgoites, hut, as the result of elongation in the direction of
*:_-lle lon e axis of the leaf, the group is relatively long and narrow.
Cuticular preparations can often be made from the well-preserved
]?a"‘f"" that occur in great abundance in the shales of Gristhorpe
Bay and elsewhere on the Yorkshire coast?, and some particularly
goad examples were collected hy Prof. Obrutschew from Jurassic
"0cks in the Djair Mountains in Chinese Dzungaria®; these occur
“:iﬂl carbonised remaing of Ginkgoiles leaves I papery masses
"milar in the manner of preservation to the Palaeozoic paper
¢0al from Russia®, The epidermal cells of the Dzungaria (zek-
Wowslia, possibly identical with C. rigida but too incomplete to be
"]eterminﬂd with certainty, have straight walls and are relatively
l'.”“gZ the stomata are sv;‘—.lttm'(-‘d and appear as dark patches, their
darker colour being due to the thick cuticles of the two or three
.a'j‘l]"i“,‘l cells on the sides of the stoma ; the epidermal features are
SMilarto those described by Nathorst?, but in the Rhaetic specimens
Fom Sy

wia the heavily euticularised accessory cells are generally
More numergys, -

1t hag heen suggested by Jeffrey® that Czekanowskia may be
“raucarian in its affinities, but this opinion rests on the slender
e;\-l':'lelj‘r'e of association of Czekanowskia-like leaves in Middle
“Tftaceous vocks with a stem described as draucariopitys s0
Named hog
I“?btm-pg_ Such evidence of aflinity as we have would seem to be

n . . ) : ; o i =
! favour of relationship with Baiera and Ginkgo though decisive
11?11_-,1 are

ause of the association of Araucarian and Abietineous

not as yet available. The genus is very widely spread in

2

- : see also Seward (00) B. p. 278,

i h.ﬁw"”"i (0D) B. p. 278, fiz. 48. 8 Seward (11) p. 49, Pls. 1v., V., V., VIIL,
p Vol 1 p. g8, 5 Nathorst (06).

Jeffrey (07); Hollick and Jeffrey (09) B. p. 63, PL vi figg. 1—3.

L nree
B Nathorst. (04)
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Jurassic flovas and a few examples are recorded from Cretaceous
strata.

Czehanowskic Muwrrayana (Lindley and Hutton).

On the specimen shown in fig. 660, A Lindley and Hutton?!
founded the species Solenites Murrayana which they compared

A B
Fra. 660, A. B, Crelanowskia Murrayana. A, The type-specimen of Seolewites
Marrayena, Lind, and Hutt., from the Middle Jurassic plant-beds of York-
shire. (British Museum, no. 3685, no. V. 3684.)

with Isoefes and Pilularia. The type-speeimen is from the Middle
Jurassic plant-bed at Gristhorpe Bay on the Yorkshive coast.
They describe the narrow leaves as converging to a common

! Lindley and Hutton (34) A. Pl cxxn



] CZEKANOWSKIA 65
Point, but the actual axis is not preserved ; the lamina islongi-
tudina]].‘-" striated but no veins arve shown either on the carbonised
AMina or in the magnified cuticle figured in the original description.
0 the specimen reproduced in fig. 660, B the leaves are seen to
© attached to a short and relatively broad axis covered with
Scale-leaves, one of which is shown bent over on one side of the
ll“’*‘fl"fvslloot. The comparatively large size and the pendulous
BOsition of the scales are characteristic features of the genus which
a‘]‘f"_ well seen in fignres of Czekanowskia published by Nathorst!.
This Species was included by Saporta in Jeanpaulia and later
t:]m-'ﬂfel'l‘ed to Trichopitys, while Zignt® and some other authors
}Eg‘.j'n']e‘-[ Solewites Murrayana as a species of Isoeles. The com-
Paison with Jsoetes suggested by the form of the leaves is not

oy : o

i]]m out by the structure of the epidermal ecells. Phillips®
U174 - . - . . 0 . -
slired g gpecimen in 1829 as Flabellaria ? viminea: this specifie

gy ; > ; ]
N tne though employed before the publication of Murrayana has
Ot I = ; Cl . . ¥

Thef"ﬂ iuilﬂpr-er] by authors. Some of the specimens included
Y H -

@ &er 1 his account of the species . rigide should be referred
0

{0 | G ; — )
s -U‘icrrc.e.yrum, but in a previous description* of the species

- Went + . . oy - - -
i 0t too far in uniting €. Murrayana and C. rigida. In Czeka-
Qwskia N

s urrayana the leaveg, usually about 1 mm. broad but
80N : ;

o ut}'i];lif?ﬁ narrower, .wacl% a length of nfore ﬂjn-ln .]7 em.; they

jrmdrh’li_llllfll.md‘ and 1n T].H%; respect and in their shghtly greater
“th differ from (.. rigida.

. he species is characteristic of Middle Jurassic floras.

""ef;“"flsnaa'.s'l:e'r;r microphylle (Phillips).

F]“hf‘- specimen figured by Phillips® from the Yorkshire coast

Ta""fm microphylle is undoubtedly identical specifically with
U 1o

d, 8

e T‘[T‘f.u]uced in fig, 661, &.llld hoth were fornu-l.r]}'.iuclurl[-.l-l in
(2 mi-, -““Uf!_f/rurr_:-‘"'. The chief reasons 'I(?-r transferring th.e.m to
L’me: f“-'-'i‘r’wrz a rn,f.rhe more acute angle of divergence of the filiform

118, the difference in the shape of the leaves, the absence
'1r. * Petiole, and the occurrence of the leaves in a fascicle, a habit

Se

OWn by any typical examples of B. Lindleyana though not

1 T
; ,‘\_'“-lhumt (06) PL 11

0 BNO (56) A, p, 216, For other references, see Seward (00) B. p. 280.
Ph_"llipﬁ (29) A. PL x. fig. 12. 1 Seward (00) B. p. 270.

Phillipg (75) A. p. 200, fig. 9. ¢ Seward (00) B. p. 266.
8.1y

n
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unknown in the genus (e.g. B. paucipartita). Some specimens which
may be identical with this type were obtained several years ago
by Dr Nathorst from Yorkshire
but never fully deseribed: an
examination of his unpublished

drawings and of specimens col-
lected by Mr Hamshaw Thomas
convineed me that sopme forms
of Czekanowskia are more freely
branched and exhibit more varia-
tion in the breadth of the lamina
than T had formerly supposed.
In specimens of the type first
noticed by Nathorst some of the
segmentsare comparativelybroad
and fern-like, a feature that is
not seen in the leaves shown in

fig, 661. This species affords a

striking contrast to Czekanowshia

Fre. 661, Czebanowskia  microphyild
(Phillips). (British Musenm No. 34
leaves arve unbranched, and as 983 ; riut. size.)

Nathorst® suggests the name
Solenites might be revived for the unb -anched type; but in the

Murrayana in which the long

ahsence of any difference in the e}_:l(lvllll(ll characters, it would
geem undesirable to raise to generic rank a feature depending on
the simple or branched habit of the leaves of otherwise similar
leaf-fascicles.

Crzekanowskia rigida Heer.

This species, founded on specimens from Siberian J urassic
rocks?, is characterised by its branched filiform leaves horne on
short sh(lﬂ’['\ enclosed by scale-leaves, triangular or lanceolate i
form and in some specimens pendulous on slender stalks. Nathorst®
states that the epidermal structure of the scale-leaves 1s similar
to that of the seale-leaves on shoit shoots of Ginkge. The
characters of the stomata are mentioned in the account of the

L Nathorst (06) p. 11,
2 Heer (77) ii. p. 70: (78) il p. 7; (82) A, p. 19.
3 Natharst (06).
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gtnus. The leaves are generally slightly narrower than the
Unbranched needles of . Murrayana, but the habit of the dwarf-
Shoots is the same. The leaves often show fine striations; in
Most specimens there is no indication of clearly marked veins
though two or three vascular str ands are sometimes visible.
Heer oy very slender evidence refers to this species some seeds
4ud a ‘male flower.’
It is not always easy to distinguish between imperfect examples
of (. rigida and Buiera Lindleyana : the leaves of the latter tvpe
4re petiolate and the seoments diverge at a wider angle. Two
®aves with spreading bifurcate segments figured by Foutaine?!
rom Lower Cretaceous rocks in the Black Hills as Czekanowskia
ervosq Heer afford no indication that they were borne in clusters
“U dwarf-shoots but resemble the petiolate leaves of Buoiera
I‘ij‘-'—”("yr'rnff. Berry® points out a similarity between Fontaine’s
105-\‘”\' and Baiera foliosa Font. Heer’s type- specimens of C.
*ervosa from the Wealden of Portugal® are more Ill\l- Uzelanowskia
*aves. The leaves deseribed from Siberia as (. sefacea Heer?,
Hough narrower than some forms of (. rigida, arve probably not
Spp“'ifl"'u]i - distinet.

~€f.4mmr.&.,{m rigido is characteristic of Jurassic strata, and

0
‘Ceurs in Burope, including Greenland, also in Siberia, China, and
“dpan,

{07, ! i : el
*kanowskia dichotoma Heer and (', capillaris Newberry.

! The branched leaves described under these names® from
'“‘f"l“‘l,‘l"llls rocks in Greenland and North America are in most
“Ases not sufficiently complete to be assigned with certamty to
18 genug (-eflmnu skia; the examples figured by Hollick and
Jeffreys
]“5"]\ packed groups, but no specimens have been discovered
]”“”l“ any scale-covered supporting axis. While admitting the
Probgg, ility that these species and C. nervosa® from Wealden strata

from Middle Cretaceous beds as (. capillaris oceur in

* Berry (11) p. 374, 3 Heer (81) PL. xvi.
* Heer (77) ii. p. 68 (78) ii. p. 26; (82) A. p. 18

3 Heer (82) A. p- 8. Newberry and Hollick (95) p. 61.
Hollick and Jefivey (09), B. p. 63, PL vi. figs. 13,

* Heer (81) Pl xvn

Fontaine in Ward (89) B. p. 685, PL crxix. figs. 1, 2
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may be allied to Czekanowskia rigidae, such evidence as iz available
points to a maximum development of Czekanows kit in the Jurassic
period,

FEILDENIA. Heer.

In 1870 Heer! described some small linear leaves from Tertiary
strata in Spitzbergen for which he proposed the generic name
Torellia, defining it as follows: ‘Folia rigida coriacea, basin versus
angustata, articulata, tenuiter costata, costig interstitiisque sub-
tilissime striatis”  On the discovery by Capt. Feilden of additional
specimens in Miocene beds in Grinnell Land (81° 46" N.) Heer
published a further account of the genus and substituted Feildenia
for Torellin because of the previous use of the latter name by
Zoologists. Heer compared Feildenia with Podocarpus, Araucaria,
and other Conifers but, mainly because of the occurrence of a
leaf with a lobed lamina, he provisionally included the genus in
the Taxineae2. The leaves are usually found as detached speei-
mens but in one case several are spirally disposed on a stout axis
and one imperfect example shows at the base what appears to be
a scale-leaf, suggesting that leaves were also borne on shorl shoot#
like those of Phoenicopsis and Czekanowskia. - Heer lays stress
on the ribbing and striation of the surface of the Jamina as dis-
tinguishing features between Feildenia and Phoenicopsis, buf
Nathorst?, in his revision of the genus, expresses the opinion that
it is only in the tendency to a sickle-like form and a feeble expansion
of the slightly curved hase that Feildenia, at best an ill-defined
genus, can be distinguished from Phoenicopsis.

Feildenia rigida Heer.

This species, from Miocene beds of Spitzbergent and Grinnell
Land?, is represented by linear leaves 6—8 cm. long and 5—8 mmn.
broad at the widest part, usually rather nearer the apex than the
hase; the lamina is often slightly falcate and tapers gradually t0
a narrow hase. There are 8 11 veins for the most part parallel
but occasionally feebly convergent at the bluntly rounded apex.

1 Heer (71) iii. p. 44. 2 Heer/(78).1. p: 20,
3 Nathorst (97). p. 95,

1 Heer (71) id. p. 44, Pl vi, figs. 3—12; PL xvr. fig. 1.

5 Heer (78) i. p. 20, Pls. 1., 10, ViIL
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I""?ff(fetc‘ic;- Nordenskéldi Nathorst.

A
“ath
lan

species from Upper Jurassic rocks in Spitzbergen founded by
0rst! on leaves similar to those of F. rigida but smaller; the

ling, is generally 3—4 mm. broad and may reach a length of

45 e, There are usually six veins and as in other species finer
Ongitudinal lines pecur ?!;)et-woen the true veins. A few small
4Ves very similar to F. Nordenskoldi are described by Nathorst
48 F ‘f'?'["]ﬁli‘.ifr sp.2 from Franz Josel Land, probably of Wealden age.

Until further evidence is available it is impossible to fix pre-
‘fiﬁl*.l_\-' the position of the genus. Though often distinguished by
the s.ick]e;shape:'] lamina and the broad apical region from lmves.
of Podozamites it is not alwavs possible to separate the leaves of
the tyq genera.

PHOENICOPSIS. Heer.
ESMIOPHYLLUM. Lesquereux.

PhOenieopsis was founded by Heer? on linear leaves from
Middpe Jurassic strata in Siberia ; the leaves, in extreme cases 20 cm.
lgand v
SIX or mop
-ﬂ.'rja(

arying in breadth from 2 mm. to 2 em., cecurin clustt:‘.rs of
eand ‘ere‘n as many as twenty on very short and relatively
l axes covered with sinal[ scale-leaves. These dwarf-shoots
ere deciduous : the lamina is fairly uniform in breadth but tapers
Sdually towards the slender base and is usnally obtusely rounded
4t the dpex: the veins are parallel and very rarely dichotomously
Manched, The features on which species are founded are often
of litt]o Systematic value: they are the hreadth of the ]amina._l._hc
ATangement of the veins, the presence or absence of interstitial
veins Tp i very doubtful whether much confidence can be
Placeq on the occurrence of the so-called interstitial veins: in

Some Species of Phoenicopsis the parallel veins show no trace of
4 Stalley :

‘vein’ between them, but occasionally in a leaf of the
58]]_1(_—»

Species there are indications of interstitial ‘veins.” The
§ N o} the Tamina, ie alsa an sncerkain guide: well preserved
SPeeimens show that the leaves may reach a considerable length
4nd that the lamina gradually decreases in hreadth towards the
HATOW b ge, S]wcieshlmve been needlessly multiplied particularly

b Nathorst 107y o isx ce 1897

i s o T > Hooe (71) i . 40
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in the case of detached leaves which 1t ix often impossible to
determine even genericallv. The characters usnally employed for
the separation of different forms are conveniently shown in a table
published by Krasser!. There is no information available ag to
the epidermal structure of the various types of Phoenicopsis leaves,
nor have we anv data with regard to the reproductive organs. The
genng is generally ineluded in the Ginkgoales: the dwarf-shoots
agree closely with those of Czekanowskie which, in the structure
of the epidermis and in the bilurcation of the leaves, resembles
Ginkgo and Baiera. The precise position of Phoenicopsis cannot
be regarded as settled. The only evidence with regard to ana-
tomical struncture ig that furnished by Solms-Laubach? who
described petrified leaves from Jurassic rocks in Franz Josef
Land which are probably examples of Phoenicopsis; but, assuming
that they belong to this genus, the anatomical data are insufficient
to determine the position of the genus within the Gymmnosperms.
Incomplete and detached leaves agreeing in their venation and in
the form of the lamina with those of Phoenicopsis cannot as a
rule be distinguished from leaves of Podozamiles, Feildenia, or
even from narrow forms of Clorduites. The Jurassic specimens
from North Germany on which Salfeld® founded the genus Phyl-
laternia should probably be assigned to Pheendcopsis. Solms-
Laubach refrained from assigning the imperfect Franz Josef
Land leaves to Phoenicopsis because no dwarf-gshoots were found;
he employed the non-committal generic name Desmiophylium, a
designation that might with advantage be more frequently used
for specimans which cannot be proved to belong to Phoenicopsis,
Podozanites or other genera with similar leaves.
Desmiophyllum. Lesquereux established the genus Desinio-
phyllum* for some narrow sublinear leaves from the Coal Measures
of Pennsylvania similar to those of Poacordaites and attached to
an imperfectly preserved axis either singly or in small groups.
The type-species D. gracile is probably a species of Cordaites: the
name Desmaophyllum never came into general use until its revival
by Selms-Laubach in 1904 as a convenient term to apply to linear
1 Krasser (05) p, 612.

2 Solms-Laubach (04) Pls, 1., 11 3 Salfeld (09) B. p. 26, PL 1v. fig. 3.
¢ Lesqueréux (78) p. 322; (80) A, p. 556, Pl 82, fig, 1.
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leaves that in the absence of evidence as to the habit of the shoots
Cannot he assigned to more precisely defined genera such as

hoen iopsis or Podozamites. Nathorst! employs Desmiophyllun
I\.::rh:‘f““.‘ Phoenicopsis-like leaves fl‘f)ll_l. Jums:?ic rr)i_?.ks iu-the New
o ootan Islands which may be specifically identical with those
. eribed by Graf Solms from Franz Josef Land, which I propose

O eall I)rl.s*m-m};]ar_/].i'auu Solmsi. In view of the probability that
these | ¢

of aves belong to a species of Phoenicopsis, a brief description

thely et : :

hew structure may be conveniently inserted here.
.smmpff._g/i’ium Solmsi sp. nov.

i The collection of plants obtained by the Jackson-Harmsworth
WXhed:+ - . . .
Pedition (1894—96) to Franz Josel Land includes several

& "Q("- 3 - . . . .
PeClnens of matted linear leaves some of which are figured by
Il - G

EWton and Teall2,

1 ] Similar leaves collected by Nangen are
Yeseriheq b

Nathorst®., Subsequently Solms investigated the

Structyra o6 ! _
p] t.t-lll{! of the leaves ﬂ{[ll'l'i?(‘l bv Newton and Teall and the
Ot s B :
8raphs reproduced in fie. 662 were taken from sections of

}-1‘1@ silicifiaq
e largegt
hl‘nar'l:
G i

material in the Museum of the Geological Survey.
specimens reach a length of 10 em. and are 5—10 mm.
the veins are unbranched and there are six in a breadth of
]'l“j'fhrmui_]H'l'nlum' In ‘trans\‘ersn se(:.tirm the lamina 1& ()[Agﬂlhj]':
Mesop}, \_Hmi_‘dt']'l or, owing to the partial (.'l'lﬂapsl‘.ﬂf thf? mt.l*ll.:-usla

b e '[. l.t -i:s characterised by pmummn? ribs (fig. f':f?_-. A].I
thick_“:]"]'; ar bundles are collateral, enclosed m a gheath of 1'11.'(-]1u1
and, g alled cells: the xylem elements are spiral and scalariform

8§ 8 3 - % o AP B u
o Ry Solms states, the occasional preservation ol single rows of
Cirey gy bor

. dered pits and the oceurrence of lateral gieve-plates
]ill][lt to

hom & Gymmnospermous affinity. The mesophyll is fairly
. Oge 3 " m A s
: 2¥Neous and lacunar as shown in lig. 662, A and B: m the

gentig] section (
Vems an their a
cells are thick]
Stomg g, weré
SUrroundeg by

08¢ of Gin.A
fn'erau'(-hing

B) the lacunar mesophyll is seen between the
ssociated rows of rectangular cells. The epidermal
¥ cuticularised and papillose. In one section a few
found showing two dark guard-cells, 40 p long,
six faintly outlined cells (fig. 662, (') agreeing with
go and Ginkgoites, except in the absence of any
papillate subsidiary cells. This may, however, be
L Nathorst (07) p. 4. ;

* Newton and Teall (97); (98). 3 Nathorst (99).
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due to the section having passed slightly below the level of the
epidermal surface. The cells of the epidermis are short and have
straight walls.

Though we should not be justified in asserting that the leaves
named Desmiophyllum Solmsi are examples of Phoenicopsis, the
probability is that they belong to that genus. Phoenicopsis 18

Fra. 662,  Desmiophylium Solmsi. A, transverse sections of leaves; B, tangentit
section of the laming showing veins and mesophyll: €, stomata., (From
sections in the Museum of the Geological Survey, London.)

especially characteristic of Jurassic rocks and is best represented
in the Middle Jurassic series of Siberia, The genus is recorded also
from Spitzbergen?, Franz Josef Land, and Bornholm?®: a species.
P. Gunng®, has been described from Upper Jurassic rocks in Scot-
land, the only example of the genus in Britain. Feistmantel *

1 Nathorst (97), p. 16. 2 Mdiller (03) p. 30.
5 Seward (112) p. 681, PL 1x. fig. 35 ! Feistmantel (77) fig. O
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Fms figured an imperfect specimen from Upper Gondwana rocks
i India that may be correctly referred to this genus. Incomplete
leaves from the Rhaetic beds of Sweden deseribed by N athorst?
i Phﬁt’-’-??irfr?p-&-is’ ¢f. speciosa Heer may be examples ui the genus,
but the name Desmiophyllum would be more appropriate.

F16. 663, P]n)r.ln‘ru_,n.wi.-‘ specinsa.  (After Heer; 4 nat. size.)
Phoenjcopsis.

P]J.(Jﬁ il F‘r:u_ps 18 ‘g-j“_,{.,‘,__‘m.” Heer,

; In this Siberian Jurassic species® the leaves reach a length of
20 em. and a breadth of 78 mm.; there are from 15 to 23 veins

1 Nathorst (86) p- 96, Pl xxv. figs. 25, 26.
* Heer (77) il p. 112, Pls. XXIX., XXX.
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in the lamina and a faintly marked interstitial “vein,” probably
the impressien of a stereome strand, between each pair of veins.
In one specimen Heer found 21 leaves in a single cluster but
usually the numher on a single dwarf-shoot is smaller. Tt was
the superficial resemblance of a cluster of these leaves (fig. 663)
to the leaf of some Palms that suggested the name Phoenicopsis.
The leaves described by Heer as P. latior! are not distinguished
from P. speciosa by any very definite character. Examples of
detached leaves from Lower Jurassic rocks in Bornholm described
by Méller? as ¢f. Phoenicopsis latior may equally well be referred
to Podozaimniles.

Phoenicopsis angustifolia Heer.

The leaves are 4 mm. broad or lesg and have 6—38 veins without
interstitial veing®. This species is recorded from Russia?, Siberia,
China, and the Arctic regions, and leaves of similar type are
represented by Phoenicopsis media Krasser®, which is probably
merely a form of P. angustifolia®;- P. taschkessiensis Krass. from
China ; also Chinese specimens first deseribed by Potonié” without
a gpecific name and afterwards named by Krasser® P. Poloniet.

The species Phoenicopsis Gunni from Seottish Kimeridge beds
is a similar type with leaves 3

i mm. broad and 12 em. long with
eight veins and indications of interstitial * veins.’
t Phoenicopsis elongatus (Morris).

Morris? founded this species on a linear leal, now in the British
Musgeum, from the Jerusalem Basin (Trassic), Tasmania, which he
referred to Zeugophyllites, a genus founded by Brongniart on a
specimen from the Lower Gondwana rocks of India but never
figured. To the same species McCoy!® referred some broader
leaves from Permo-Carboniferous strata in New South Wales:
these were shown hy Ktheridge!t and Arber!? to he distinet from
Morris’s type and the latter author identified them with Noey-

L Heer (77) it p. 113, Pls. ZX1%,, XXX, 2 Moller (03) p. 31,

3 Heer (77) ii. pp. 51, 113, Pls. 1., 1., XXX,

1 Beward (072). Pl. vir fig. 69. 5 Krasser (00) B. p. 147, PL n1. fig. 4.
¢ Nathorst (07) p. 7. Seward (L1) p. 50.

7 Potonié (03). # Krasser (06) p. 23.

Morris in Strzelecki (45) B. p. 250, PL vi. figs. 5. 5 a.

yw (47) B. 1 Etheridee (93) p. 75. 12 Arber (02%) B. p. 17: (D3*

10 MeC
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hi ies that 1s w recognised
Jerathiopsis Goepperti (Schmal.) a species T]ku is nf_»]\\ 1 B,;”b)
38 identical with Cordaites (Noeggerathiopsis) Hislopi ( :
Feistiy: 1
- El8tmantel
. l ) ian pl: Yadozamiles,
Phyllites elongatus, assions the Tasmanian plant to Paodo
In 190327 o
and figured

- S '- S 5 A0
who reproduces Morris’s original figure of Zeug

. ie species it a Phoenicopsis
xpressed the opinion that this species is i Ph l.‘ ,\iif.q

Toich o 1getic) Series
some specimens from the Stormberg \Biagetic) ch a
° South Africa as Phoenicopsis elongatus. The leaves res

ength of more than 16 em.: the lamina is gradually t'ﬂ'.Pm.BLl “;
AN acumingte termination which may be the base, the {]lﬁlfll- E‘l]l:
8ving g hluntly rounded apex. The veins are parallel and’ T’mll—,’:;
Similar Jeaves = been deseribed by SBzajnocha nndlb} '\»u,j
from Rhaetic rocks in South America. In the absence "'.1' SI)BC]i]l..tlltl;j
attached tg gy axis it is impossible to speak with ('(Jllh(](']]‘ﬂ(‘[)ib. .-,
the “Ystematic position of the detached leaves, but they : M.'l :{
TOIY close resemblance to some of the European "'!‘\"i:l.ml’i?‘b (]
ane,”'p”ﬂ_-‘.,'_.;.. The oceurrence of these leaves in Australia, South

. . ‘o-lilee leaves recorded
‘Ixt]‘l{"*-““"[ South America and the Phoenicopsis-like leaves re
from Indias,

the latey v
it

, ¢ L micopsis I

T.-h()ll‘f]i not proving the existence of P/H_H;f{ !l of
= : ford some evidence

egetation of Gondwana Land, ;1‘;’[1"1(1 SOme. eVie

S 0cenrrence in the southern floras,

' Feistmante] (00) A, p. 150, PL. xxu fig. 6,

* Seward (03) B. p. 67, Pl. 1x. figs. 1, 9, !”'_ s
* Szajnocha (88) B. p. 19, Pl 1w fig. 4; Kurtz (03).
' Feistmantel (77) fig. 9.




CHAPTER XLII.
GENERA OF UNCERTAIN POSITIOX.

I'n this section are included several Pualacozoic genera most of
which have been assigned to the Ginkgoales on evidence which in
most cases is wholly inadequate.

Probably the oldest specimens referred to the Ginkgoales are
some lmperfect leaves from Middle Devonian rocks in Bohemia
described by Potonié and Bernard as Barrandeina Dusliana
(Krejé1)!, but there is no evidence of affinity to this or to any other
class of plants.

GLOTTOPHYLLUM. Zalessky.

This designation has recently heen proposed by Zalessky? for
Schmalhausen’s Permian species Ginkgo cuneate which has no
substantial claim to be regarded as generically identical with
(inkgo biloba. Zalessky considers that it may belong to the
Ginkgoales though the available data hardly Justify more than a
suggestion of possible relationship.

Glottophyllum cunealun (Sehmalhausen).

A Permian species from the Altai mountains® represented by an
obovate gpathulate leal 11 ¢m, long and 4 em. broad with a compara-
tively long “stalk’ counsisting of a narrow portion of the lamina:
the lamina is traversed by slightly spreading veins about 1 mm.
apart. In form this leaf resembles the genus Evetmophyllum? (cf.
fig. 658) and may be a species of that genus, but in the absence
of any information with regard to the epidermal features it is
inadvisable to adopt a name implying affinity to the Gin lkgoales.

' Potonié and Bernard (04) p. 45.

* Zalessky (12%) p. 28 (footnote).
 Schmalhausen (79) A. p. 34, PL 1v. fig. 5
+ Thomas, H. H. (13),
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GINKGOPSIS, NEPHROPS1S
GINKGOPSIS. Zalessky.

‘ Th]ﬂ gl?uet"i(', term Prg])osed hv Zﬂjessk_\'l for Sehm:tlhausvn.s
Crindgo Czekanowskii, but not defined by him, may be adopted for
“ertain leaves resembling those of Ginkgo but which there is no

Adequate veason for regarding as the leaves of a member of the
Ginkgoales, | |

Ginkgopsis Czelkanowshii (Schmalhausen) and Ginkgopsis muinulea
(N:Lthorst'].

The small leaves, or leaflets, described by Schmalhausen® from
the Permian of the Lower Tunguska river as Ginkgo Czekanowskin
3¢ more or less orbicular and the lamina, approximately 1-5 cm.
].”'0?“1,. is divided into several bilobed segments (fig. 664, C). Tt
2 b.‘.’ N0 means certain that all the fragments included in this
“Pecies are specifically identical: some bear a close resemblance
- Gi”‘_”%’"’ minuta Nath. from the Rhaetic of Scania, a type which
]l‘.‘ assians with hesitation to Ginkgo and compares with the leaves
“._i' Acrostichum pellatum. It is impossible without additional data
' determine either the systematic position of the specimens
Weluded in these two species or their morphological nature.
Tlm"“gh the kindness of Prof. Zalessky I have been able to examine
E.)hntf:’-e]-“'[‘hﬂ of some of the orginal material and, as shown in
tig (,iGJ“ C, the supposed Jeaves are bome on a rachis-like axis,
POssibly of some Pteridosperm, a circumstance which though not
PIoving that they are leaflets of a compound frond, favours that
interpretation,

NEPHROPSIS Zalessky.

A This name is proposed by Zalessky! for the leaves deseribed by
-‘a‘ti:-humlhnusols and Renault respectively as Ginkgo integerrima and
Ginkgo martensis on the ground that these Permian specimens do
n’{ft afford satisfactory evidence of close affinity to the genus
Ginkgo. The two sets of leaves are probably specifically identical.

Nephramoaie - =
Nephropsis wtegerrima (Schmalhausen).

In fig. 664, A, B, are reproduced two of the leaves from the
: Zulessky (122) p. 28 (footnote).
* Schmalhausen (79) A. p. 84, PL xvr. figs. 8—10.
3 Nathorst (86) p. 93, Pl xmm. fig. 112; PL xx. figs. 14—16.
1

Zalessky (122) p. 28 (footnote).
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Permian of the Lower Tunguska on which Schmalhausen founded
his species Ginkgo inlegerrima®; the characteristic features ave -
the transversely elongate form of the entire lamina, the spreading,
dichotomously branched, veins and the short and relatively broad
stalk-lilke basal portion of the lamina. As Zeiller2 says, this
species is probably identical with Ginkgo martensis® from Permian
beds near Toulon-sur-Arroux (Sadne-et-Loire) founded on a gingle
leaf 3 em. broad and 1-6 em. deep. Zeiller reproduces Renault’s
figure in his volume on the flora of Blanzy and Creusot® and states
that the specimen could not be found : he retains the name (finkego

C, Ginkgopsis Czelanowskii. A, B, Nephropsis iidegerrim, (From the
originals of Schmalbansen’s fignres, supplied by Prof, Zalessky; nat, size. )

but with the addition of a question-mark. The Permian leaves
differ from those of Ginkgo in the absence of marginal veing —though
this is of secondary importance —in the absence of a trye petiole,
in the form of the lamina and, from the majority of recent (finkgo
leaves, in the entire margin. The supposed leaves may be leaflets
of & compound frond or possibly bracts from some fertile shoot.

! Schmalhausen (79) A. p. 85, PL xv1. figs, 12—15.
% Zeiller (96) A, p, 475,

# Renanlt (88) p. 232, fig. 47 c.

1 Zeiller (06) B. Pl xuym, fig, 3.
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PSYGI‘I’[OPHY’LLUI\II. Schimper.

This generie name! was instituted by Schimper? for large
“Uneate legves (figs. 665--667) from Upper (Carboniferous and
®Imian rocks that had previously been included in Sternberg’s
fgf_"“‘m Noeggerathia: the type-species is Noeggerathia flabellata
_,[.‘1‘“‘-1- and Huytt 3 Psygmophyllum is thus defined by Schimper :
“olig Pinnatisecta, pinnis erecto-patentibus, e basi valde angustata
flabelliformig. longitudinaliter flabellatim plicatis, plus minus
Profunde pinnatisectis vel margine lobatis seun crenatis: nervis
Plurie dichotomis, erecto-radiantibus.’ Among other species
Feferpa by
and N,
figureq [
N

Schimper to Psygmophyllum are Noeggerathia expansa
cuneifolie from Permian beds in the e
Oy Kutorga®, Brongniart and later authors. In 1878
aportas pyj
Of Srongnigy
SPecies gya
Plerg,

lished a note giving the results of an examination
t's specimens: he expressed the opinion that these
portions of ecompound fronds comparable with Eremo-
: ‘liif(‘l'i‘li;"mm‘phnlngir-u]]_\' from Psygmophyllum fabellatwm
“-h.mh he regarded as a shoot bearing simple leaves. He also
Pomted oyt that in the Ural fossils the leaflets have a more or less
well define midrib in contrast to the regular flabelliform dicho-
Tomong Venation in the leaves of the English species, P. flabelli-

Forme: the latter he assigns to the genus Ginkgophyllum previously
€8k 1 g e ’ -y = 0 i
“Stablisheq for a Permian species, (. Grasserti®, consisting of an
aAx1g ]

Caring spirally disposed cuneate and deeply divided leaves
fig. 669) vo

T ry similar to some of the older Baiera leaves; while
Schirn ey

& genus Psygmophyllum is applied to the two Russian
Pecies P, erpansum and P. cuneifolium. Saporta included a

thirg 1 ies i ’
tird Ty Species n Psygmophyllum, P. santagoulourensis. An
“Xamination

“pansa in
|

Saporta iy

to

of some specimens of Brongniart’s Noeggerathia
the British Museum leads me so far to agree with
the opinion that some of the specimens referred
Y that Species are generically distinet from P. Jabellatim.
'\r"]“”f'l]h.wsen’s figures of the Ural species, which he refers to

: ¥oyua, o fan, # Schimper (70) A. Vol. 1. p. 192,

, “ndley and Hution (32) A. Vol. 1. Pls. XXVIIL—XXIX.
Soa f\'“h'rf—f‘l (44); Brongniart (15) B. P, E; Schmalhansen (87) Pls. 1., 1v.
. ._;%VIS() Arhey (12) p. 401.

" Saporta (78); (78%). (78%). ¢ Saporta (75),




80 GENERA OF UNCERTAIN POSITION [cur.

Psygmophyllum, show a considerable variation in the venation of
the leaves or leaflets: those represented in his Plate 1. figs. 8—101
agree with P. flubellatum while others differ in the presence of a
midrib (e.g. Schmalhausen’s Pl 1v. fig. 3). There has been con-
siderable confusion in regard to the determination of these Russian
specimens: as Arber says, Kutorga's Cyeclopleris gigantea® is
probably a true Psygmophyllum though other specimens subse-
quently referred to P. expansum should not be included in that
genus. Zalessky?® in 1912 proposed a new generic name Palanio-
phyllum for the Russian species but retained Psygmophyllwim for
a Mongolian Permian specimen which he named P. wmongolicum :
this fossil is clearly a portion of a compound frond with leaflets
like those of some forms of Pualacoptervs. In a later paper? this
author assigns Psygmophyllum mongolicun: to Palamophyllum, but
on his attention being called by Zeiller to Saporta’s note of 1878,
Zalessky® decided to abandon his proposed genus Palasmophiyllum
in favour of Psygmophyllum.

Confusion has also been caused by lack of uniformity in the
uge of the two generic names Psygmophyllwm and Ginkgophyllum.
The type-species of these genera I believe to be generically identical ;
they agree in the general form of the leaves, the lamina being much
more deeply divided in the type-species of Ginkgophyllum, also in
the decurrence of the narrow basal portion of the lamina, and bhoth
are probably shoots, though the morphological nature of these and
other types included in Psygmophyllum is by no means clear.

Arber retains both names: as a matter of convenience he
restricts Psygmophyllum to leaves that are entire or only slightly
lobed, e.g. P. flabellatum (fig. 665), and the more deeply dissected
leaves such as those of Psygmophyllum Grasserti (fig. 669) he refers
to Ginkgophyllum. This distinction is, however, purely arbitrary
and on the analogy of the leaves of Ginkgo biloba it would seem
preferable to include hoth deeply divided and more or less entire
leaves in the same genus. Cambier® and Renier prefer the name
Psygmophyllum to Ginkgophyllum on the ground that in the leaves

1 Schmalhausen (87). * Kutorga (44) PL 1w fig. 7.
# Zalessky (12) p. 38, PL vir. fig. &. 1 Zalessky (12%) p. 27.

5 This decision was communicated in a letter (October, 1913). A. (. 8.
& Cambier and Renier (10).
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assigned by some authors
veins like those in the la

though et m itse
Nime

ere are no marginal
to Ginkgophyllum there are n i
5 b . . v s obiect )
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leaf in the Hutton collection which was believed to be the specimen
reproduced on Plate 29 of the Fossil Flora. Fig. 665 represents
an impression in the British Musenm?! from the Newcastle Coal
Measures: the cuneate and partially torn lamina, 15 em. long, is
characterised by the very large number of forked veins, approxi-
mately three to a breadth of 1 mm. In this and another specimen®

Fra. 665.  Peygmophylium flobellatum.  (Brit, Mus, No. 40578
ca. % nat. size.) M, B,
it can be scen that the veins oceasionally anastomose, but this
feature is more clearly shown in some better specimens in the
Sunderland Museum?®. One of these is represented half natural
size in fig. 666. The leaves have no true petiole and are ztt-ta.c_het[i
to the axis by narrow decurrent bases. A careful examination ok
the specimen did not enable me to detect any satisfactory evidenc®

1 No. 40578. 2 No. 38927, 3 For other figures, see Arber (12).
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(.Jf the Sheathing nature of the leaf-bases described by Arber, but
It was on this

. s example that T noticed the anastomosing of the
Veins (fig. 666, A— (), a character not hitherto recorded in the
SRSl Phe Tuming is torn and it is difficult to determine the
fegree of original lobing. Dr Arber believes that such specimens
4 that mPPUduced in hg 666 are portions of a herbaceous plant

Fre. g,

S P-*.'ﬁl??m;th’:_ir:’hnn Mabellatum. A—C, anastomosing veins.
tom a spe

cimen in the Sunderland Museum I nat. size.) M. 8.
8 o | o - , il . _ " 7
q:'d quite distinet from Giinkgo. While agreeing with the latter
;atem‘ﬂlt I do not regard the shoot-nature as definitely de-
i = : :

I MStrated, though that is the interpretation usually accepted
i not mprobably correct. The habit appears to be identical

1
A good Specimen in the Manchester Museum also shows anastomosing veins.

6—2
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with that of the Permian species named by Saporta Ginkgophyllum
Grassertt (fig. 669) and his figure® of that type suggests a shoot
rather than part of a compound frond. Some species referred by
authors to Psygmophyllum ave certainly pinnae, while others bear
a closer resemblance to shoots with simple leaves. Until better
material is available we cannot determine either the morphological
nature or the systematic position of the various examples assigned
to this provisional genus.

Psygmophylluin Kolderupi Nathorst.

Nathorst® has recently founded this species, naming it after
Dr Kolderup, on specimens from Devonian strata in West Norway
-consisting of pieces of shoots, or possibly compound fronds,
bearing spirally disposed fan-like leaves or leaflets on long stalks
and reaching a breadth of 15 to 30 mm.; the veins are fine and
repeatedly forked. The habit appears to be similar to that of
Psygmophyllum flabellatum, but it is hardly possible to say whether
we are dealing with fragments of a frond or branches bearing

gimple leaves,

Psygmophyllum Kidstoni Seward.

This species, very similar to P. flabellatum, is founded on
specimens discovered by Mr Leslie in the Permo-Carboniferous
rocks at Vereeniging, South Africa®. The cuneate leaves reach a
length of 13 em. and in some cases are deeply divided into two
truncate lobes (fig. 667). The veins appear to be identical with
those of P. flabellatum though no definite anastomosing has been
detected. A photograph recently received of a new specimen
shows some indication of a few cross veins, but the occasional
anastomosing of veins should not he regarded as a feature of great
importance. The axis of this species is broader than any so far
found in the case of the English speeies, and the leaves are attached
by a similar decurrent hase. Incomplete leaves similar to P.
Kidstowi though probably not specifically identical are deseribed
by Dun® from Permo-Carboniferous strata at Sydney as Rhipt-

1 Baporta (84) PL 152, fig. 2.

¢ Nathorst (15) p. 25, PL 1. figs. 6—11; Pl 1 figs. 2—35.
3 Seward (03) B. p. 93. Pl, xmr.; Arber (05) B. p. 213, fig. 47.
i Dun (10) PL. 51.
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opsis ginkgoides var. Suessmilchi; they are probably referable
e Sygmophyllum.

P-—*‘?}gmo})}lyuum Williamsoni Nathorst,
A species! founded on imperfect leaves from the Upper Devonian
of Spitzbergen agreeing closely in shape and venation with P.
Habellatym, This is the oldest European example of the genus.
I!.l answer to an enquiry with regard to the venation Prof. Nathorst
Ndly informed me that he was unable to detect any definite
tr_a €68 of anastomosis and that the veins agree in their spacing
With those of p. fabellatum.

Fra. 667,

Psygmophyllum Kidstoni, Trom Vereeniging, 8. Africa
(3 nat. size.)

Poyg mophyllum majus Arber.

x ;ﬂhe large flabellate lfaa\rcs'z._ often more than 16 em. long and
J e, bhroad, representing this Lower Carboniferous or Upper
Devonia,n species from Newfoundland, are distinguished from
B flabellatum by their broader and less kite-like lamina and by
the coarser venation. The distal margin is almost entire or
characterised by hroad and shallow lobes: as in P. Williamsoni
10 axis oceurs with the leaves. As Arber points out, this species

* Nathorst (94) A. PL 1. figs. 1. 2; Arber (12) Pl xurr. fig. 4,
# Arber (12) p. 392, Pls. XTII.—XLIV.
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bears some rtesemblance to Psygmophyllum Brownii originally
deseribed by Dawson? as Cyclopteris Brownai from Upper Devonian
strata in Maine.

Psygmophyllum Haydeni Seward.

In 1905 some incomplete specimens were described from
Permo-Carboniferous rocks in Kashmir as Psygmophyllum sp.
for which, on the discovery of better material, a specific name was
proposed®, The leaves reach a length of 13 cm. and are charac-
terised by the division of the lamina into six or more ohcuneate

Frc. 668,  Psygmophyllum Haydewd, (Nat. size.)

segments, the divisions sometimes extending to the base of the
broad part of the leal (fig. 668). Tn the upper part of the lamina
there are three to four veins per millimetre but lower in the
lamina the veins are 1 mm. apart. Dr Arber? suggests that this
species should rather be referred to Ginkgophyllum or Rhipidopsis.
Psygmophyllum Hollondi Seward.

This less satisfactory species is represented by some imperfect
Jeaves from Carboniferous rocks of Kashmird. The lamina is

1 Dawson (63) PL xvu. fig. 6. 2 Seward and Woodward (05) B.
3 Seward (07°) B. 4 Arber (12) p. 400 (footnote). & Seward (07°) B.
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divided 1y 4 deep median sinus into two bilobed segments “”_d
es (.]UIM‘]\- with sotie species of Basera. B"\: some authors ﬂ]lj
Epecies would bhe included in Ginkgophyllum but, as already statec
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4 Zeneric differentiation.

P*‘I(H'mp]uﬂlum Grasserti (Saporta).

This p ermian s

P. fabe

pecies from Lodéve!, France, agrees clogely with
g ve » in their
Hatum, in the size and outline of the leaves ag also in

P, B60. l_;ﬂm.““-,Ph_f,‘r’l'frm Grasserti, (After Saporta; & nat. Blze.)
ethod of gt¢

achment to the axis,
iy

but it is distingunished by the
l&l(m of tlll’ s

amina into linear segments (fig. 669).

With simijay leaves, from the Permian beds of the Ural mountains,
1s figyured by 8

3
aporta as Ginkgophyllum kamenskianum?®. Johnston®
describeg 5 Species, Ginkgophyllum australe, from ©

A b'lL‘[;l&'h

Mesozoic® rocks
:lprut.n (75) p. 101K (84) PL 152, fig. 2.
* Saporta and Marion (85

) p. 144, fig.73, B; Saporta (82).
' Johnston (86) p. 178,

\
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in Tasmania which he compares with G. Grasserti Sap., but as he
gives no illustration of the fossil no opinion can be formed of its
frue nature.

Psygmophyllum kiltorkense Johnson (= Kiltorkensia devonica John.).

A species! recently described from the Upper Devonian grits
of Kiltorcan, Ireland, characterised by fan-shaped leaves T cm.
long and 5 em. broad, deeply divided into two symmetrical halves
each of which is again divided into two ribbon-like segments with
a Ginkgo-like venation. The leaves agree closely with those of
P. Grasserti in their general form and in the lobing of the lamina.
Johnson believes this type to be an ancestral form of Ginkgo
though there are no adequate grounds for such a view.

Psygmophyllum ? crenatuin (Brauns).

The close resemblance presented by the Rhactic leaves [rom
near Braunschweig, originally deseribed by Brauns? as Cyclopteris
erenata and subsequently figured by Nathorst® as Ginkgo ? erenata.
to some Permo-Carboniferous leaves ineluded in Psygmophyllunt
suggests aflinity with that genus. The obovate lamina, approxi-
mately 12 em. long, is slightly lobed on the upper margin and
contracted below into a stall-like basge; the forked veins are
nearly 3 mm. apart. Nathorst compares the species with Psygmo-
phyllum flabellatwm Lind. and Hutt., but the Rhaetic specimens
differ from the English type in their much coarser venation: in
the lobing of the lamina and in the coarse venation there is a much
greater similarity to the broader leaves described by Arber? as
Psygmophyllum magus, In view of the incomplete nature of the
material it is inadvisable to adopt the name Psygmophyllum
without reservation. An examination of Nathorst’s specimen in
the Stockholm Museum led me to regard it as more probably an
example of Psygmophyllum than of Ginkgo.

1 Johneon (14). Since this account was written Prof. Johnson has deseribed
additional material including stems and foliage [Johnson (17)] demonstrating the
aceurrence of repeatedly forked filamentons leaves [or leaflets] attached to slender
axes bearing also the broader form of lamina, The plant, which he now refers t0
a new genus Killorkensia, may well be a Pteridosperm with compound fronds and
dimorphie pinnules.

? Brauns (66) p. 62, PL. xorn fig. 8. % Nathorst (78).
4 Arber (12) p. 392, Pls. xpi—xLIv.
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Other records of Psygmophyllum.

Psygmophyllum  primigenivm  (Saporta). Some leaves dis-
Covered hy Grand’Eury in Permian rocks of the Urals were
described by Saportal as Salisburia primigenia and regarded as
the prototype of the surviving species. The original specimens
are unfortunately not available, but from the published figures
16 would seem that the species is of the same general type as
. flabellatum.

Reference has already been made to an American Devonian
Species referred by Dawson to Clyelopteris and recently transferred
t’?_ P sygmophyllum. A leaf or leaflet described by Dawson from
Gilboa, New York, as Noeggerathia gilboensis® affords a good
“Xample of a specimen that may be a Psygmophyllum leal or a
leaflot of 5 frond of the Noeggerathia type. Lesquerenx® considers

AWson’s specimen to be a pinnule of Palaeopteris. The same
rem‘%‘f]{ applies to Lesquereux’s species Noeggerathia obtusa® from
the Coal Measures of Pennsylvania included by Arber in Psygio-
Phyllum; it i probably a p.inua‘m frond.

_ The Russian species P. expansum and P. cuneifolivm are dis-
Ussed in the account of the genus. The species Psygmophyllun
‘)?h'ff“s (amb. and Ren. from the Westphalian of Belgium is now
‘fd“mt"d to be a leaf of Cordaites. A species described by Sand-
Jerger® from the Permian of the Black Forest as Ginkgophyllum
Minus has heen assigned by Sterzel” to Dicranophyllum. A leaf
B%i:fj }'{}' SL"]1nmlhm1$eu‘* from the Permian _uf East Rl..l..SSiH as

16 gigas is no doubt a Psygmophyllum allied to P. Kidstont.
fs t":lg‘illlﬁi‘ljt‘li‘igure('] by S(‘l‘%r‘nk from China as {:’injff:‘r;r_)pfi.;rﬂ?’rcm .
locslito d]:‘el.i.'?]c‘r.-tu determme_.and the Spec.uuens“i‘mm the same
P“i'lltqvmilt_su'l hed as P.“:‘/f{uir)]}h_n’ﬂ.z?f-.lu- a H}qushlnhw_m' are, as Zeiller

A. ; ﬂ;}nnml]es of a i:'ﬂ}u_l of the Eremopleris type. o
i”ll-“st-rqzt t; '.Bll.t- lruuny';er of examples have }'.mc-.n described to

ate the range of the genus and the unsatisfactory nature of
Saporta (82); Saporta and Marion {85) p. 145, fiz. T4
:3::1::11:':11.3) P- 463, Pl-. XVIL fig. 61 (7!.)..4. p. 46, PL XV fig. 172.

y ux (80) A p. 305. 4 Thid. Pl xuax. figs. 6
Cambier and Renier (10) PL vr fig. 1. i
Sandberger (90) p. 101.

Schmalbausen (87) PL. v. fig. 10.
* Schenk (83) A. p. 221, figs

R

o

7 Sterzel (07) p. 820,

. Ty 83 PL xzam. figs. 22—24,
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the material from a botanical point of view, Failing reproduective
organs or petrified specimens some useful evidence might be
afforded by an examination of the cuticular structure of well
preserved leaves.

RHIPIDOPSIS. Schmalhausen

Schmalhausen® instituted this genus for large petiolate oval
leaves from the Permian rocks of the Petschora district, charac-
terised by the division of the lamina into several ohecuneate or
obovate segments closely resembling in their form and venation
some forms of Psygmoplyllum especially P. Haydeni2. We have
no definite information as to the systematic position of the parent-
plant; the genus has usually been regarded as a representative
of the Ginkgoales on the ground of similarity in the leaves, but
while admitting that a whtmnslup between Rhipidopsis and
(Zinkgo i not improbable it is the safer course to regard Rhipidopsis
as a genus of Gymnosperms of uncertain affinity. Schmalhausen
attributes to Rhipidopsis some Samaropsis seeds?® found in assoecia-
tion with the leaves, and Kurtz?* states that he has found leaves
and “fruits’ in the Argentine. No proof of any connexion between
leaves and seeds has so far been discovered. The genus is recorded
from Russia, Sonth America, and India from strata that are
Permian or approximately Permian in age.

Rhipidopsis (fig. 670) is distinguished from Psygmophylluin by
the presence of a petiole and from most forms of that genus by the
deeper dissection of the lamina, as also by a more pronounced
difference in form and size between the several segments of the
lamina. Zeiller® has drawn attention to a close resemblance
between Rhipidopsis and a specimen figured by Schmalhausen
from the Artinsk Permian beds as Psygmophyllum expansim®.
Rhapidopsts ginkgoides Schmalhausen,

The type-species (fie. 670) is characterised by the large size
of the leaves which, according to Schmalhausen?, may reach a

Schmalhausen (79) A. p. 50, Pls. vi., v,

See p. 86, fig. 662,

Sehmalhausen (79) A. PL vrm, figs. 9—11.

Zeiller (96) A, p. 467. & Tlud. p. 471.
Schmalbausen (87) PL 1. fig. 10.
Schmalhausen (79) A. Pp..80, . Pls. vL.. vIIT,

oW ow
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][fng“' mcluding the petiole of 30 cm. and a breadth of 11 cm.

€ segments, 6—10 in number, are often free to the summit of
the petiole; they vary considerably in shape and size, the median
fMents are obeuneate with a broad rounded truncate margin,

Fig, 670,

Blipidopsis ginkgoides,
of Schmalhausen's figurcs supplied by Prof. Zalessky.)

(From a photograph of the original of one

While the |

g ateral lobes are obovate asymmetrical. The repeatedly
{)l‘]{crl ‘\"l"-i

ns are 1-—1-5 mm. apart in the lower part of the lamina
b myeh . ; : i
b much more crowded in the a pical region. The slender petiole




92 GENERA OF UNCERTAIN POSITION [eH.

reaches a length of 10 em. This species has been recorded from
the Argentine but no figures have heen published. Tt i8 not
improbable that the seeds of the Sumaropsis type associated with
the leaves in the Russian and Argentine localities may belong to
this genus, but proof is lacking,

Rlipidopsis densinervis Feistmantel,

This Indian species from the Raniganj group of the Damuda
series’ (Lower (fondwana) is founded on some leaf-impressions
very similar in size and form to Rhvpidopsis ginkgoides. The
presence of a petiole is shown on one of the figured specimens: the
lamina is deeply divided into about six ohcuneate segments that
appear to be irregularly lobed on the truncate margin. Rhipi-
dopsis densinervis is distinguished by its dense venation and by
a difference in size between the lateral and median segments less
than in the leaves of R. ginkgoides. Kurtz® states that some
specimens found by him in Permo-Carboniferous beds in the
Argentine may belong to this species.

Rhipidopsis gondwanensis sp. nov.

The specimens for which this name is pro posed were deseribed
by Feistmantel as Rhipidopsis ginkgoides® from the Barakar group
of the Damuda serics. My examination of the type-specimens
confirms Feistmantel’s statement that they agree closely with
Sehmalhausen’s Russian leaves except in their much smaller size :
the Indian leaves reach a length of 3 em. while in Schmalhausen’s
species the lamina may be 14 em. in length. In view of this
difference and the wide geographical separation of the two forms
it would seem preferable to adopt a distinctive name. The
lamina is divided, almost to the base, into 6—10 segments; the
larger are cuneate and the smaller ohovate and obtuse.

SAPORTAEA. Tontaine and White.

Fontaine and White* instituted this generic term for some in-
complete impressions of large leaves from Permian rocks in Virginia
having a broadly cuneate or suborbicular lamina characterised by
' Feistmantel (80) B. p. 121, PL xuvi. A.

* Zeiller (96) A. p. 467.
* Feistmantel (81) p. 257, PL 1. fig. 1; (86) Pl o, A, figs, 1, 2.
¢ Fontaine and White (80) B. p. 99, PL xxxvrm,
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a thickenod lower margin extending horizontally a short distance
On eithen side of the petiole and presenting the appearance of
being formed by the bifurcation of the summit of the leaf-stalk
at Tight-angles to its long axis. The lamina is irregularly dissected,
but from the published figures it is difficult to distinguish between
Original lobing and divisions due to tearing. The dichotomously
tanched veins spread through the lamina from the centre of the
base and are given off at a wide angle from the thick lower edge of
the lamina. In Saportaca grandifolia the petiole has a length of
10 em. and the rest of the incomplete leaf is 8 em. long and 9-5 em.
l"‘l'“ﬂ‘d: the second species S. salisburioides is represented by por-
tons of similar but smaller leaves with a glender petiole. While
COmparing these fossils with Ginkgo the authors of the genus call
attention to the peculiar features of the lower edge of the lamina
aud of the venation. The general resemblance in leaf-form hetween
Naportuea and Gainkgo is linrdly sufficient to warrant any definite
Statement as to relationship and this Permian genus must for the
Present he relegated to the class of Plantae incertae sedis.

DICRANOPHYLLUM. Grand Eury.

This genug was first described by Grand’Eury® who, before the

Publication of the full (lvscrip‘tim)‘uf the type-species, suggested
the substitution of Eotazites for Dicranophyllwm® the name finally
adopteds, The genus is fairly abundant in the Upper Carboniferous
rocks of France and oceurs also in Portugal, Belgium, and Germany
1t hag recently been recorded from England and is represented in
}he Coal Measures of the United States and Canada. It occurs in
.Pﬂ'uliﬂﬂ strata in Germany but with a few exceptions the genus
18 characteristic of Stephanian beds.
I The systematic position of Dicranophyllum is far from settled ;
'¥ Many authors it is considered to be a member of the Ginkgoales
and is compared also with the Taxeae. In all probability the
?r{t"n.usa is allied to the Cordaitales, though, as stated in the case of
{r“u:kuy-iﬂt f, it cannot be assigned to a definite position in the
Gymnosperms until we possess. fuller information with regard to
the reproductive organs or the anatomical structure.

! Compt. Rend. Vol. txxx. p- 1021, 1875.

z 2 Bixpavos, twn-puilﬂt‘nl.
Grand'Bury (77) A. p. 272, Pls. x1v., XX
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In habit Dicranophyllum resembles Lepidodendron; it is an
arborescent plant sparsely and irregularly though sometimes
dichotomously branched: the leaves are crowded and spirally
disposed, in some gpecies persistent—in the sense in which the
leaves of Araucaria are persistent—while in others they probably
fell at an earlier stage. The leaves (fig. 671) exhibit a wide range
in size, in the amount of lobing and the angle of divergence of the
gegments: there is no differentiation into a lamina and petiole
nor are there any short loliage-shoots as in Ginrkgo; the whole
leaf is represented by a narrow laming, in some species almost
spinous, which consists in the basal portion of a simple linear
‘stalk’ reaching in extzeme cases & breadth of about 7 num.,
attached by a decurrent base which persists as an elongated cushion
closely resembling the leaf-base on some Lycopodiums or the
projecting cushions of Picea (¢f. fig." 140, Vol. 1. p. 94). The
cushions are contignous and cover the surface ol a branch as in
Lepidodendron, but they are distingnished by the oceurrence of
the leaf-scar at the apex ol the cushion in contrast to its sub-
apical posttion in Lepidodendron. The typical form of the leaf-
base is shown in fig. 671, A, but in Dieranophyllum Beneckionun
Sterz. the transversely elongated leaf-scars are almost contignous
as in some species of Sigqllaria. At a distance [rom the base
varying in different species the lamina is divided into two, generally
equal, branches that diverge at an acute or wide angle, and in
most gpecies each arm undergoes one or more bifurcations in a
single plane. The whole leaf may reach a length of over 20 cm.
In the basal portion of the lamina there are two or more parallel
veing, but in branches in which the leaf-scars are well preserved
there is only a single vascular-bundle scar indicating a single
leaf-trace up to the base of the lamina. Each segment of the
lealf has usually two veins and the acutely pointed ultimate
segments have a median vein. The so-called secondary or inter-
stitial veins are no doubt due to the presence of hypodermal
stercome strands. The narrower Dicranophyllum leaves are very
similar to the deeply divided pinnae of Macrozamia heteromera
(fig. 671 ¢f. fig. 396, T, Vol. 111, p. 26). The branching of the lamina
is generally regular but in several instances the subdivision is
irregular (fig. 671, D). On young shoots the leaves may be
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nearly vertical but in most species they become widely extended
and lon older branches may be reflexed as in some T.;.\’L‘Uj)olf]s
(fig. 121, B, Vol. 1. p. 35). There is some evidence that t-h(?. pith
was discoid as in Cordaitest. The microsporophylls are said to
be borne in small ovoid strobili in the axils of foliage leaves, but

e ——

Fra, 671, Di(')'rrm.j,]ﬁ;ﬂhqm. gullicum, A, piece of a stem showing leaf-
cushions. B—), foliage-shoot and leaves. (After Grand'Eury.)

the only evidence as to their structure so far adduced is furnished
Y B imperfectly preserved specimen described by Zeiller®
associated with a shoot of Dicranophyllum robustum but not
actually attached; this consists of a small axis expanded into

! Renault and Zeiller (88) A. PL rxxr figs, 3. 4.
* Zeiller (78) Pl x. figs. 1« and 3.




96 GENERA OF UNCERTAIN POSITION [cm.

a radially segmented distal portion bearing some imperfectly
preserved ovoid bodies on its lower face which are probably
microsporangia. No spores are recorded. Zeiller compares this
sporangiophore with the microsporophyll of a Tawus. On some
stems small scale-covered buds occur immediately above the
attachment of a leaf; these are probably fertile shoots but we
have no definite information with regard to their structure. Some
specimens from Commentry! demonstrate the occurrence of small
oval ovules or seeds, 4 % 3 mm., along the length of ordinary
leaves (fig. 672), and seeds are sometimes found associated with the
basal portions of foliage leaves though noti in organic connexion
with them, except in an example described by Renault from
Autun as Dicranophyllum gallewm var. Parchemineyi®. Some
leaves of D. striactum?® arve described as enlarged at the base and
slightly concave as il to hold a seed, but if this supposition 1s
correct it involves the admission of two types of seed-bearing
organs within the genus. The more probable conclusion is that
the seeds were borne along the length of the lamina of the sporo-
phylls and on the expanded bases.

Some specimens from Lower Cretacecous beds in Virginia
described as Baiera foliosa® resemble Dicranophyllum, but in view
of the vast chronological gap between these beds and those in
which Dicranophyllum oceurs it is unlikely that the similanty
has any significance.

Dicranophyllum gallicum Grand’Eury.

This species, one of the two described by Grand Eury in 18775,
is the commonest representative of the genus; it is characterised
by persistent leaves with a base that is unbranched for a distance
of 15—20 mm. and then bifurcates into two equal or approximately
equal segments at an angle of about 307; these reach a length of
10~ 15 mm. and divide into two acute segments 8—10 mm. long.
There are three veins in the basal portion of the lamina, one of
which branches below the dichotomy, and each of the divergent
arms has two veins. The leaf-cushions are 2—3 times as long as

L Renanlt and Zeiller (88) A. Pl. nxx1. fig. 5.

2 Renault (96) A. p. 375. 1 Renault and Zeiller (88) A. p. 632,

4 Fontaine (89) B, p, 213, Pl. xcrv. fig. 35 Berry (11) Pl x.

5 Grand'Eury (77) A. p. 272, Pls. xty., xxx, Zeiller (80) A, Pl nxxvr. figa. 1, 2.
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broad and the median vein of the lamina is continued as a l;n.f\] .111
the middle of the persistent base. The sporophylls have the form
of foliage leaves and bear numerous

Ovules (fig. 672), This species is recorded
fromy the coal-fields of the Loire, Com-

Wentry, Gard, Brive! and elsewhere; it

Oecurs also in the Coal

Measures of
,Pn-pmg;dz_

The specimens described by Grand’-
Eury from Gard as D. tripartitum?, which

1_ had an opportunity of examining in the

N - & * s

Eeole des Mines, Paris, are not specific-

5|' : a Rl B H "

1 ]\ lll&llllglllshdh!‘ trom ). ‘[’WNH_‘”’ ! Fro, G72. Dicranophylbom gal-
A lil"'-'gf". decorticated stem of D. gallicrm licum. (After Zeiller from
m the Paris Collection recalls a decor- Renault; § nat. size.)

Fi(:ated stem of Je

i i Thite? fron s (Joal Measures
M perfoct Specimens described by White?* from the Coal Mea
of Missoyy

pidodendron. Some

1 as Dﬁ-(."ﬂ'lHJ);)!‘{#HH;JJ Sp. are lt-mnpare(! by him “'}ﬂl
s gallicnm: one of them consists of a forked foliage-shoot \.\'I.Th
short ang Tépeatedly bifurcate leaves illustrating the superficial
resemblan e between Dicranophyllum and Lepidodendron. .A.u-
Other specimen shows an irregularly branched leaf which might
0(|Ild-lf}~ well he referved to TJ'-"fr'f-m]"f"'!.-'-\'-

D ft‘rf:‘.u,rg_;fwﬁmu

Tl as fivst fipured by Gomes® as l',‘/”ff’;‘i.f(‘.\‘ ? 8p. on
the mroung of the similarity of the lamina to some fragments,
1‘-“1]1:.!1_)]_\‘- of -1:‘?]')i(lm‘le’n(h’oi(‘[ leaves, deseribed by Lindley and
Huttoys as (,'_w;.em»-.a- bicarinata and subsequently included b)-’_
Heep n his genus Distrigophyllum. In a note to his account of

Mesozoic plants from Portugal Heer® renames the plant Distrigo-
Phyllum, 1 '

lusitaniowm (H eer).
8 specieg w

":ff.HU-('lHu and com pares 1t with D{'(','r;unla](‘.'fuuh‘z y/rafftrfﬂ.m
e 13 X 3 3 Sl ik o
Urand E“".\'- De Tima? recognised the true nature of the speci
Meng from £l

1e Stephanian of Portugal and published a full
; Zeillor (992) 5, P 96,
.l (“.3-3,U.l'll]..:tl!“\_,r (90) A. p. 335, PL v1. figs. 12, 13.

; “.-hitr:{{.!!]) B.1p. 212. PL xir. fig, 10; PL pxxm fie. 1.
t tomes (65) p. 32, Pls, 1., Vi & Lindley and Hutton (32) A. PL xumn

|_‘[t‘s,'1' (76) A. p. 39. 8 Thid, (81) p. 11, fovtnote 1.
4 J.jn'm, de (88)

2 Lima, de (88) Pls. 1., o,

S, 1v
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description of the species. The leaves are 14 16-5 em. long and
2—4 mm. broad at the basge; the lamina is once forked and the
forks diverge at a very small angle as in D. longifoliwin Ren.
Exceptionally good specimens figured by Gomes and de Lima
show numerous long leaves spreading radially in the matrix from
a comparatively slender axis. In D. longifolivm the leaves are
given off at a much more acute angle.

Dicranophyllwm robustwin Zeiller.

This type! is similar to D. gellicum but the leaves are only
preserved in their basal portions; the lamina is 56 mm. broad
and bifurcates at a digtance of about 15 mm, from the base at an
angle of 20°—30°. Ovoid buds oceur in the axils of some of the
leaves. Tt was in association with this specimen from the Gard
coal-field that Zeiller found the microgporophylls already deseribed.
The surface shows particularly well-preserved large and slightly
depressed cushions 3—4 em. long and 4 —5 mm. broad.
Dicranophyllum Beneclianum Sterzel®,

In the form of the leaves this Permian species from Baden
closely resembles D. gallicum ; it is chiefly of interest beeause of
the almost complete absence of leaf-cushion; the leaf-scars,
characterised by their acute lateral angles, are almost contiguous
as in some species of Sigillarica.

Dicranophyllum Richiri Renier®.

In this Belgian Westphalian species the leaves are dichotomously
branched into two linear segments at an angle of about 60°; it
differs from D. gallicum in the single bifurcation of the lamina,
the wider angle of divergence, and in the feebler relief of the
leaf-cushiong.

Dicranophyllum anglicum Kidston.

This, the only British species, has recently been described from
the Westphalian beds of Staffordshire?. The crowded leaves,
350 em. long, arve dichotomously branched three or four times int0
slightly spreading linear rigid segments with a maximum breadth

1 Zeiller (78). ¢ Sterzel {07) p. 381, Pls. x1v,, %V,
3 Renier (07) p. 186, Pl xvu. figs. 3—7; (10%) Pl exvir

¢ Kidston (14) p. 170. PL x1v. figs. 3, 3 a.
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i f the lamina is about 7 mm,
of 1-95 mm The undivided portion of the lamina is
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Some fragments of forked leaves are figured l».‘l_'{- , ]:m the
the (gl Measures of China as Dicranophyllum la H”ﬂ is note
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specimens described by Schenk ]“)J Scoephi -k
D. @ngustifolium? are also too fragmentary to be ¢ :
frustwort),

¥V evide : reniis in the southern
" evidence of the occurrence of the genusin th
flora,

Dicranophytium  striar tm Grand Eury. letached leaves®,
This species like several others is founded on detac :
i vircumst.unc

Ay dis .'”('tinll
¢ that has led some authors to draw a disti
between

e with eaducous
Speetes with persistent leaves and those with cs

There is, however,
Species wepp
are Chﬂr

. : hat all
e » assuming that
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D-afc_)'a m,p])_yﬁq,m !"“.‘/ ;\fﬁ,[{-;,fm Renault.
In this Comme

thich reach 14 em. in
ntry species* the leaves, which reach 1
]E‘-Hgth, are ¢

haracterised by the very small angle of the d“l}'t’;%‘jn(;;
of the Segents, 3° as contrasted with a dn-e:_'ﬁﬁ‘“‘j ';l..-]{'l.
D, gallicum. The leaves arve almost erect al.l(! t\T].Cf:-" I'“. “,‘l]hj h =t
Tiy addition to D.,'r.;,-(,;-,u_r;};h_ﬂfﬁum Beneclianuin hT-(‘.I-Zl.I P:;ﬂﬁﬂ
scribed 5 second species, D, latifolium®, from the L_U.“M --fL-r}Hum
of Badep characterised by leaves similar to those of D. str
but generally Jonger,
a4 well-defined type.
Tvo Species

i aves and is not
The species is founded on leaves and is

6 g the Cloal Measures
are recorded by Lesquereux® from the Coal Meas
e = - ) =

! Schenk (83) A P 222, PL xna figs. 11, 12,

* Ibid. PL xyqg, fige. 17, 18. R ol fig, 2.
3 (,«'l",tlld'r‘:llf\-' (77) A, P. 275, Henault and /,l'J[.l‘.‘l (88) A. PL mxxr, fig

! Renauli and Zeiller (88) A, p. 631, PL rxxr. fig. 1.

* Stergzel (07) p. 391, PL xv. L 9—11.

% Lesquereus (80) A, pp. 5 4, Pls. Lxxxmn, pxxxyi,
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of Pennsylvania, but neither is represented by very satisfactory
specimens: Dicranophyllum dichotomum Lesq. is founded on a
dichotomously branched shoot hearing long and narrow leaves in
the apical region only and very similar in appearance to Lepudo-
dendron except in the branched lamina, The second species
D. dimorphum Lesq. is represented by leaves and brauches, which
however are not well preserved. The peculiar subdivision of the
apical portion of the laminae suggests a simple leaf with a fra ved
termination,

Dicranophyllum glabrum (Dawson).

Under this name Dr Stopes! has recently described a well-
preserved leaf from the Westphalian series of New Brungwick.
The specific name was first applied by Dawson?® to specimens which
he referved doubtfully to Psilophyton. The type-specimen ig 9 em.
long and 3 mm. broad at the base and the lamina 15 repeatedly
hranched. This specimen bears a close resemblance to the leal
from Autun described by Renault as Trichopitys Milleryensis®.

The imperfect specimens deseribed by Dawson® from Devonian
rocks in Queensland as Dicranophyllwm australicum and sub-
sequently figured by Jack and Etheridge® consist of a slender
axis, 3 mm. wide, with elongate leaf-bases bearing leaves 3 mm.
long with two widely divergent apical segments like those charac-
teristic of the sporophylls of Gomphostiobus, The fragments have
no claim to he included in Dicranophylluwim.

There has been confusion between Dicranophylluwm and Gowi-
phostrobus®: as shown by drawings 1'1’[)1'(“?11('9(] hy Potonié? of

‘4})('(‘1]“(’]]‘» of (um:p/}rm‘mlmx from the Permian of Thuringia, there
is n close resemblance in habit between the two genera, but in
Gomphostrobus the foliage-leaves ave lalcate aml entire, while the
bifurcate sporophylls differ from the leaves of Dicranophylluin in
their widely divergent and small apical fork.

1 Stopes (14) p. 79, PL xvor, fiz. 47.

* Dawson (62) p. 316: for other references, see Stopes lac. cdl

3 Renault (96) A. p. 378; (93) A, PL mxxxim. fig. 2.

4 Dawson (81) A. p. 306, PL xmr. figs. 15, 16.

3 Joek and Htheridge (92) B. p. 49.

8 Sehenk (90) A. crroneously includes Sigilluriostrabus bifidus Geinitz, (73)
Pl 1m. figs. 5—7, in Dicranophylluvin.  See also Sterzel (93) A. p. 111,
i Potonié (93) A. Pl xxvor figs. 1. 2
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A foliage-shoot described by Renault® from Autun as Pinites
p"""'“!'c"ﬂ\“{'?.v though too imperfect to be identified, is worthy of
totice as possibly an eaamp!n of Dicranophyllum or T'r arixn;nh;; :
It consists of an axis 3 mm. in diameter bearing numerous spirally
‘llhpused leaves 3 em. lnnl‘r harely 1 mm. broad and triangular in
section, at an angle of 45°. The leaf-cushions are elongate and
“1“'1“'(] ¥ prominent. It is, however, impossible to decide whether
thig ’wﬂt] should be referred to the Lycopodiales or to the Gymno-
Sperms, There is no evidence that the leaves are attached to
short shoots and the nse of the generic name Pinifes cannot be
Jnstified by any trustworthy test.

TRICHOPITYS. Saporta.

Saporta? proposed the generic name Trichopitys in 1875 for
S0me shoots from the Permian beds of Lodéve bearing long, narrow,
and ‘l‘ff‘[ﬂt divided leaves; he defined the genus as lollows:
"Folig verosimiliter lls{l[I.L cartilagineaque, dichotome partita
h‘ml‘ll“’ pedato-partita, petiolo p]m- minusve elongato, sursum
n lacinias 1 —6, anguste lineares, uninerviasque dissecta®’ Many
hdlli’()]’)f]ta’ﬂl‘jfh have followed Saporta in regarding T'richopitys
48 a member of the Ginkgoales, but the evidence in support of this
View is by no means conclusive. The only species so far described
that affords any information with regard to the habit or fertile
shoots of the plant is the type- species T. heteromorpha (fig. 673).
A fairly stout branched axis bears leaves varying considerably in
size and form : they may be long and filiform, .11)pa,10nﬂv rigid,
fimple op deeply lel(ted or short and entire, and in some cases
resembling the leaves of certain smaller species of Baiera except
n the ]qu regular forking of the lamina. In the axil of some foliage
leaves are short, simple or hranched, axes bearing seed-like bodies
Ongmdﬂv described as buds and afterwards regarded as seeds.
A specimen figured by Zeiller* from Lodéve (fig. 673) shows a
branched axillary shoot bearing several small ovules comparable
With an abnormal ovuliferous shoot of Ginkgo (cf. fig. 6

* Renanlt (96) A. p. 377: (93) A. PL xxxim f
* Sapaorta (75) p. 1020,
8 Ihid. (84) p. 263, PL com. fig. 1.
4 Zeiller (00?) B. p. 254, fig. 182,
'iliotheek
nistituut voor aardwstenschappan
t2pestizan 4

-0 Utrecht
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Renault! has figured a portion of a large leaf from Autun as
Trichopitys Milleryensis which may belong to the closely allied
genus Dicranophyllum; it is 12 em. long and 3 mm. broad at the
base: the narrow basal part of the lamina has three parallel veins
and forks into two arms, each of which again branches into
divergent linear segments. The leaf is'larger and broader than
the leaves of T'. heteromorpha and agrees very closely with those of
some gpecies referred to Dievanophyllum : the fact that the branch-
ing of the lamina is not absolutely regular cannot be accepted as
a constant difference between Dicranophyllum and Trichopitys :
the leaves shown in fig. 671, which were found attached to un-
doubted Dicranophyllum hranches, are no more regular in the

Fre. 673, Trichopitys heferomorpha. (After Zeiller: § nat. size,)

forking of the segments than T. Milleryensis, and a leaf recently
figured by Dr Stopes? from New Brunswick as Dicranophyllumn
glabrum (Daws.) bears a elose resemblance to Renault’s figure. Tn
some cases the more regular dichotomy of the leaves is a charac-
teristic of Dicranophyllum, but it is not a constant feature. Some
imperfectly preserved specimens figured by White3 from the Coal
Measures of Missouri as Dicranophyllum sp. bear irregularly
branched leaves which are hardly distinguishable from some of
those on Saporta’s type-specimen of Trichopitys heteromor pha.
! Renanlf (93) A. PL nxxxm. fiz. 2; (96) A. p. 378.

* Btopes (14) p. 79, Pl. xvor. fig, 47.
* White (99) B. p. 272, PL xur fig. 10; Pl nxxmm. fig, 1.
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In the present state of our knowledge it 1s impossible to give a
satisfactory definition of the genus or to state precisely on what
grounds it is separated from Dicranophyllui. In Trichopilys,
a8 represented by T. heteromorpha, the leaves are more variable
i form than in Dicranophyllum and less regular in the subdivigion
of the lamina; there are no persistent leaf-bases like those of
_‘T‘}i‘"“'!uiﬂpﬁyﬂwm‘ but this is a character that could not be seen in
Miperfectly preserved or partially decorticated specimens. A more
important difference would seem to be that in Trichopitys the -
seeds are horne on special axillary shoots, while in Dicravophiyllum
they oceur on ordinary leaves. Such evidence as we have suggests
that Trichopitys is a Gymnosperm possibly allied to the Cordaitales
and Ginkgoales, but the facts hardly justify its inclusion in either
group.  Its affinity to Dicranophyllum cannot be definitely deter-
_!r‘lmed though in all probability the two genera are clogely related
i not indeed generically identical.

Saporta included in Trichopitys two Jurassic species, T. lacini-
@, originally referred to the genus Jeanpaulia, and T. Lindleyana*;
In the latter species he included the specimens doubtfully assigned
by Lindley and Hutton to Solenifes as Soleniles ? furcata®. These
ﬂ'm_l other Jurassic leaves that are referred by some authors to
Tre‘cpré.‘g s are usually regarded as examples of Baiera®: there are
N0 adequate grounds for believing them to be closely related to
the Permian Trichopitys.

Zeillert records a fossil from Triassic beds in Madagascar that
hie thinks may be an example of Trichopiys.

SEWARDIA. Zeiller,

_This generic name was proposed by Zeiller in place of Withamia
Whlc-.h. in ignorance of its previous use, 1 emploved for some
specimens from the Wealden rocks of Sussex. The inclusion of
& second species, Sewardia longifolia, necessitates an extension of
thf—‘. definition of the genus to include spinous branches bearing
spu:all_v disposed leaves or leaf-like organs, either orbicular and
enjc-u'e or fan-shaped and deeply divided, in the axil of recurved
SPIMous processes.

; ‘gs'al""—“'t'*l (84) Pl onv. figs, 1-—9. ¢ Tindley and Hutton (37) A. PL 209,
* Beward (00) B. p. 266, s Zeiller (112) p. 234
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Sewardia latifolin (Saporta).
1848, Olozamates latifolia Brongniart, Tableau, p. 106,
1872, Sphenozamites latifolius Schimper!, Traité, Vol. 1. p. 163.
1875.  Cyeadorachis armata Saporta, Plant, Jurass. p. 196, PL 117 fig, 1.
1895, Withwmia armats Seward, Wealden Flora, Vol. . p. 174, PL 1,
figs: 1, 2; PL v. fig. 1.
1900, Sewardia latifolio Zeiller, Eléments Paléobot. p. 233,

This species is vepresented hy woody axes, about 1 cm. in
breadth reaching a length of 50 em., from the Wealden beds of
Sussex, hearing more or less orbieular, entire, leaves or leaf-like

A.
Fie, 674, Sewardia lutifolic. Axis (A) and single leaf (B). (British
Musenm; § nat. size,)

organs, 6 em. or more long, in the axil of stout recurved spinous
processes (fig. 674, A, B). The leaves are gessile and the venation
is of the Cyclopteris type. Spinous axes of the same form had
previously been described by Saporta from Kimeridgian rocks in
France as Cyeadorachis armata, but these show no indication of
leaves and were regarded as Cycadean. In a letter written to me
in 1895, shortly before his death, the Marquis of Saporta? suggested

! See also Saporta (75) A. p. 188, Pls. 112, 113,

2 Seward (95) A, p. 175.
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the generic name Aeanthozamites as a substitute for Cycadorachis
I view of the new data afforded by the English material, but it
“eemed preferable to adopt some provisional name which did not
mply affinity to the Oycads. The leaflets described by Saporta
A8 Nphenozamites latifolius are apparently identical with those
found in the English beds, but none of the French specimens were
Attached to g sui)pm"ring axis, The relation of spines and “leaves’

Shgoests that the latter mav be phylloclades borne in the axil ol
nod

ified spinous leaves, but their morphological nature cannot
be '

determined. In this connexion attention may be called to

Dioncophylium Tholloni Baill, & West African shrub which bears
on the long s
pair of strong revolute hooks at the apex: in the axils of these
leaves ape short shoots with larger leaves without hooks. It is
Suggested! that the apparent lamina of the hooked leaves is a
Winged potiole, the hooks representing lateral leaflets,

hoots leaves 2—31 inches long each of which has a

Sewariio Jr]?r‘g?:}“m'm (Salfeld).

; This species was deseribed by Salfeld® from the Solenhofen
reds

; (Upper Jurassic) of Bavaria as Baiera ? longifolic Meer: 1t
IS founded on by

anches nearly 30 cm. long bearing large fan-
shapad deeply diy

nded leaves, or leaf-like organs, in the axils of

?’Ie('m“"“‘-] spines similar to those in S. latifolia. The ‘leaves’ are
Identica]

[ in habit with those of some species of Baiera, but we
1ave

I no information with regard to the structure of the epidermis.
D Visw of the uncertainty as to the morphological nature of the
leavey op their rel

ationship to leaves of Baiera, it is inadvisable
10 adopt a gene

ric title that implies affinity to the Ginkgoales.

* Sprague (16). ¢ Salfeld (07) B. p. 195, Pls, xx., xxI.




Fra, 674%  Sequoin sempervirens, Near Crescent City. California. (From
& photograph by Professor A, Henry.)

CHAPTER XLIII.
CONIFERALES (RECENT).

Tue Coniferales, by far the largest section of the Gymnosperms,
present considerable difficulty to the student of fossil plants.
There is great divergence of opinion with regard to the relative
antiquity of the several families, and their position in an evolu-
tionary series. The Abietineae are by some botanists regarded
as the most primitive: on the other hand, and this 18 the view
that in my opinion receives most support from the available
evidence, it is held that the Araucarineae are both the most
primitive and the oldest representatives of the Coniferales. Until
recent years the study of fossil Conifers has suffered neglect and
little help has been afforded by palacobotanists to the solution of
the morphology of the ovulate shoots of the different genera, a
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Problem that has long exercised the ingenuity of investigators.
The view expressed by Jeffrey! that recent work on fossil Conifers
corroborates the interpretation of the seed-bearing scales as
Mmetamorphosed shoots is based on facts furnished by a study of
Vegetative organs, which in themselyes do not afford any decisive

Fiz. 675, A, B, Phyliacladus trichomansides. C. P. hypophylla. D, B, Megastro-

i’ﬁu’_-‘ and sced of Phyllocladus alping; a. arillus. [A—C from specimens in
the British Museum; D, E, after Miss Rohertson (Mrs Arher.)]

e‘-"lrienee as to the morphology of reproductive shoots. In view
of these considerations it is important that an attempt should be
Made, even at the risk of disproportionate freatment, to give a
general account of recent genera which, though necessarily far

L Jeffrey (10) p. 331.
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from complete, may afford assistance to students prepared to
undertake a critical study of the fragmentary records of the rocks.

(fonifers arve trees or shrubs exhibiting a fairly wide range in
habit; the ‘great ones of the forest’ such as the Sequoias (fig. 674%),
the sugar Pines (Pinus Lambertiana) and Douglas Firs (Pseudotsuga
Douglasii) of the Rocky Mountains, Tazodium mucronatum® of
Mexico, remarkable for its enormous bulk, the tall and slender
Cypresses, the less formal Podocarps of the southern hemisphere,
the shrubby Junipers, the dwarf Dacrydium lazifolivin® of New
Zealand aflord examples of recent types. In most species the
leaves are small and crowded, not infrequently dimorphie, and in
Phyllocladus (fig. 675) reduced to inconspicuous and caducous
seales subtending phylloclades, Agathis is exceptional in having
narrow ovate leaves reaching a length of nearly 20 em. (fig. 695)
and a similar but smaller Jeaf is characteristic of some species of
Podocarpus (fig. 676). The presence of long and short shoots is
a striking feature of Pinus, Lariz, Pseudolariz, Cedrus, and
Sciadopitys: the short shoot, as Goebel says ‘takes no part in
the construction of the permanent skeleton of the treed” The
whorled arrangement of leaves characteristic of several Cupres-
sineae and the Callitrineae is not a constant feature and, as in
Lycopodium, both whorled and spiral foliage may occur on the
same shoot.

(fonifers are monoecious or dioecious ; the microsporophylls and
megasporophylls are borne spirally or in whorls on separate shoots,
and in some genera on separate trees, except in the case of abnormal
bisporangiate strobilit, Proliferous cones are not uncommon in
some genera: the prolonged axis of the cone of Cryptomeria
japonica shown in fig. 677 bears microstrobili in the axils of the
small leaves. The microstrobili are for the most part construeted
on a uniform plan; they are usually short-lived, small shoots, and
each microsporophyll often consists of a slender axis bearing two
microsporangia on its lower surface and prolonged as a small
upturned distal expansion. In Pinus the sporangia dehisce
longitudinally, while Abies (fig. 684, B) affords an example of

L Gard, Chron. Nov. 26, 1892, p. (48.

* Hooker, J. D. (52) PL 815. 3 (GGoebel (03) p. 444,

+ For examples see Sterzel (76): Eichler (82); Worsdell (04); Bartlett (13):
Shaw, W. R. (96); Robertson (06); Renner (04); Bayer (08); cte.
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ttansverse dehiscence. The microstrobili of Cedrus are similar
but longer. In Torreya (fig. 684, D), Tazodivm, Widdringtonia,

Pra. 676. Podocarpus latifolin. (§ nat. size,) M. 8,

Fie. 677, Cryptomeria joponica, Proliferous cove.  (Nab. size.)

and g ; y . .
d some other genera there are 4—6 microsporangla on each

SDoy = : ; i

Porophyll. In Arawearia and Agathis there may be as many as
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10—20 sporangia, longer and relatively narrower than in other
genera and attached by one end, in contrast to the more complete
union of sporophyll and sporangium
in Pinus. In Arauearia Muelleri and
A. Rule: (fig. 678) the microstrobili
reach a length of 25 em.: in 4. excelsa
and A. Cookir they are much smaller
(fig. 679, A, B). In Tazus 4T spor-
angia are radially disposed on the
inner face of a flat distal expansion.
The microstrobili of Cumninghamia®,
Pseudolariz®, and Keleleeria arve borne
in nmbels, while in Cryplomeria and
Tazodium® they occur in spikes. The
microspores may he winged or wing-
less: in the Abietineae there are as a
rule two conspicuous wings or bladders
(fie. 684, B), but the spores of Pseudo-
tsuga arve wingless and in Tsuga both

types oceur. In  Microcachrys* the
wings vary from 2 to 6 (fig. 684, C)
and i Dacrydium® and Podocarpus® gy, 678, Microstrobilus of

(‘hg 684, A) there are 2 or 3 small Aravcaria ercelsa (A) and

bladders. In Tawus, Cephalotazus, i e g o
= : S . g Seward and Ford; A, nat.

Torreya, Sciadoplys, the Cupressineae, Gibay B, % not, sizel)

and some other Conifers there are no
prothallus cells: the microspores of the Abietineae are character-
ised by the occurrence of 2, or oceagionally 3 or 47, evanescent
prothallus cells (fig. 684, B): in Dacrydiwm there are 4 6 prothallus
cells: in Microcachrys 3 or 4; in Podocarpus (fig. 684, A) as many
as 8, while in Araucaria 15 cells have been recorded and as many
as 30 nuclei. The two male gametes are non-motile.

The term Conifer though appropriate as regards the majority
of the plants so styled is misleading in the case of several genera

1 Biebold (70) Pl cmi. 2 Bol, Mag. Jan, 1908,
3 Gard. Chron, Nov, 25, 1893, p. 659.
4 Thomson (09). 5 Young (07).

¢ Jeffrey and Cheysler (07); see also Thibout (96); Burlingame (08); (13);
(15); Sinnott (13). 7 Hutchinson (14).
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which possess ovulate shoots differing widely from cones as the
term is generally understood. The cones of Araucaria (figs. 680,
681) and Agathis reach a considerable size; those of Araucaria
_B?'du-'iihfil_. similar to some cones of Encephalartos, may be 28 cm.
I diameter and in some species of Agathis® they exceed 11 cm.
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5679, A, Avqucaria Cookii var, lizurians. B, A, Oookii. C, Arauearie Cookii,

mierostrohilus. D, B, draucaria Muelleri, part of a microstrobilus and & single
i,p‘m"l)h-"'“? ps, microsporangia. F, Araucariu Montans, branch. (After
Seward and Ford.)

and are 14 em. long. The cone-scales of Agathis are flat, woody
s?.ruc-turcs bearing a single ovule (fig. 682): in Araucarie the
single seed is emhedded in the scale, and a more or less prominent
appendage, the ligule, forms a characteristic feature (fig. 683, 1).

1 Gard. Chron. April 14, 1894, p. 465,
* Seward and Ford (06) B.
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Fia. 680. draveria brasiliensis, cone. (§ nat. size: from a specimen |
in the Royal Gardens, Kew.) |

F1a. GBl. Araucaria Cunninghemyi, cone, (After Seward and Ford:
1{ nat. size.)
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The cone-scales of some species, e.g. A. Cookii, A. excelsa (fig.
683, A, D) are flat and laterally winged, while in A. brasiliensis
the thick distal ends closely resemble those of the seed-seales of
some Pines: the cone-scale of 4. imbricatq is larger and deeper,
and that of 4. Bidwillii broad and woody (fig. 683, B, €). In
Pinus, with cones reaching a length of 2 feet, the mature scales
arc apparently simple like those of the Araucarineae: the distal
end is broad and rounded (P. stlvestris) with a central umbo or,

Fio. 682. A, Agathis Moorei, cone-seales; s, scar of seed. B, Agathis loranthifolia,
section of ovule showing integument, nueellus, and megaspore with three
archegonia, also part of the cone-soale with & projection close to the base of
the ovule. (After Seward and Ford.)

as in P. Coultert, the umbo is prolonged as a strong recurved spine,
while in P. excelsa (fig. 704) and P. Cembra the scales are flatter
like those of Picea. In the young Pine cone each scale is clearly
4 double structure consisting of a lower portion, the bract or
carpellary scale, and an upper portion, the ovuliferons scale,
bearing two ovules. Inthe course of development the seminiferous
scale alone increases in size, and the bract-scale is hardly visible
in the ripe cone or is represented by a small remnant. In Abies,
Lariz, Pseudotsuga the dual nature of the scales is obvious at

8 IV 8
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maturity, the bract-scale usnally extending beyond the edge of
the seminiferous scale (fig. 705), in Abies bracteate reaching a
length of bem. In Sequoia (fig. 702 B) the cone-scales show no
outward sign of a double structure, but each scale contains two

Fic, 683, Cone-scales of Araucaria Cookii (A), A. imbricata (B), A, Bidwillii (C).
and 4, excelsn (D, B); L ligule. (After Seward and Ford.)

sets of bundles, the lower being normally orientated as in a leal

and the upper vascular strands inversely orientated (¢f. fig. 684, R).

The occurrence of these two sets of bundles is often guoted in
support of the view that the double cone-gcale of the Abietineae
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represents the lowest term of a series, the upper end of which is
represented by the scales of Agathis which have lost all external
signs of their supposed dual nature and retain only the inversely
orientated hundles as evidence of their descent from an ancestral
type in which the ovuliferous and bract-scales were separate
organst. The scales of such genera as Sciadopitys, Athrotawis,
Cryptomeria (fig. 684, 8, N, M), on this hypothesis, occupy an
intermediate position. The seminiferous scale of the Abietineae
is considered by many botanists to be a leaf or leaf-like organ
borne on an a xillary shoot subtended by a bract, and it is believed
that the simple scale of Agathis has been produced by the
gradual fusion of two originally distinct organs. The ligule of
Araucaria is held to be the outward and visible sign of the semi-
niferous scale that has almost lost its individuality, and with this
lignlar relic are homologised the upper half of the scale of Sequoia,
the deeply toothed upper part of the scale of Cryptomeria (fig.
684, M), the rounded ridge on the abaxial side of the seeds in
Athrotaxis (fig. 684, N), the membranous outerowth on the scales
of Cunninghamia (fig. 684, K, m), and the seminiferous scale of the
Abietineae. It has been pointed out in support of this hypothesis
that two vascular bundles are given off from the axis of a Pine cone,
one of which forms the bract-scale bundles and the other the
vascular supply of the seminiferous seale?,

In a recently published paper on the vascular anatomy of the
megasporophylls of Conifers by Miss Aase® additional facts are
given with regard to the origin and behaviour of the vascular
bundles of the cone-scales. In the upper part of a cone of Pinus
maritima the bract-supply arises as a single bundle at the base of
a gap in the stele, and the bundles of the seminiferous scale are
given off from the sides of the gap above the point of origin of the
bract-bundle: in the lowest sporophylls, on the other hand, the
bract and seale-bundles have a common origin. A separate origin
for bract and seminiferous scale-bundles is recorded in several
Abietineae and in some other Conifers. The origin of the vascular

. For references to literature on the morphology of cones, sco Coulter and
Chamberlain (10); Worsdell (04); Rendle (04): Lotsy (11); also Celakoysky (82);
Kramep (83): Bayer (08); Aase (15).

* Worsdell (99). e
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Fic, 694. A, B, C, mierospores of Podocarpus Totara (A), Pinws Laricio (B), Micro-

cachrys tetragona (C). D, L, microsporophylls of Torreya californica (D) and Abies
allia (B). Megasporophylls efe. of Podocarpus spicata(F) ; P Tolara (). 0, yviile ;
P. wneritfolin (H); P. imbricaty (T), o, ovule; Cunninghamia sinensis (K),
o, mem hrane; Cryptomeria (L, M), N, O, megastrobilus and seed of Athrofawis
lazifolia. P, megasparophyll and seed of Daerydiwm Balansae: o, epimativm.
Q. seed of Cupressus sempervirens. R, 5, megasporaphyll of Sciadopitys; o, ovu-
liferous seale: b, bract-scale. T, megasporophyll of Microcachrys 1. e pimatinm.
V., seed of Torreya: i, i, integuments; a, vascular strands. [After Burlingame
(A), Coulter and Chamberlain (B), Thomson (C), Gard. Chron. (D. N, O),
Kirchner, Loew and Sehréter (B, Q). Pilger (F, H, P). Gibbs (G, T), Eichler
(K—M, 8), Worsdell (R, T), Oliver (V).]
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supply of the double cone-scale is, however, not constant even in
the same cone, and in Arewcoria Bidwillii* each cone-scale is
supplied by two separate strands from the vascular axis though
in other species a single bundle enters the cone-scale and divides
later. Tt would appear, therefore, that the single or double origin
of the lower normally orientated bundles and of the upper set of
inversely orientated bundles is far from constant, and the data
derived from anatomical study do not afford a satisfactory means
of determining the morphological nature of the cone-scales. Tt is
held by Jeffrev and his school that the Abietineae represent the
oldest members of the Coniferales and that the Araucarineae are
a more recent development, the apparently single cone-scale of
Arauearia and Agathis being derived from the double cone-seales
of the Abietineae. Some botanists, c.g. Vierhapper?, while
believing that the seminiferous scale of the Abietineae is an organ
belonging to an axillary shoot subtended by a bract-scale and that
the eone-seales of other Conifers are also double structures, whether
or not externally divided, regard the Araucarineae az earlier in
origin than the Abietineae, If the cone-seales of the Arancarineae,
to take the extreme type, are in origin double and homologous
with the obviously double cone-scales of the Abietineae it is more
logical to recard the Abietineae as the precursors of the Araucari-
neae. The evidence afforded by fossils in my opinion lends strong
support to the greater antiquity of the Araucarineae, and I venture
to believe that no adequate reasons have been given for regarding
the cone-scales of the Araucarineae as other than simple leaves
bearing ovules. If, as seems probable, the Coniferales are mono-
P]-{\]P‘cl(? in origin the cone-scales of the different families are in
all probability variants of a common type and, in opposition to
the view which is most in favour, 1 regard the double cone-scales
of the Abietineae and the corresponding organs of other Conifers
which afford evidence of a double structure as derivatives of a
simple form of sporophyll strictly comparable with the sporophyll
of a Lycopodium, the placental outgrowth assuming an increasing
degree of indiv iduality in the different lines of evolution illustrated
by various types of strobilus. It is noteworthy that the transition
from iulmw* leaves to megasporophylls in the Araucarineae is

L Worzdell (99). ? Vierhapper (10},
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often very gradual in contrast to the much more sharply defined
break between leaves and scales in most of the Abietineae and
many other Conifers. The cone-scales of the Abietineae are
recognised as more complex and more recent developments, the
seminiferous scale being an excessively enlarged placental out-
growth from a megasporophyll, while in the intermediate types
such as Sequoia, Cryptomeri

7, and others the separation between
the two parts of the cone-scale is much less complete!, This
morphological question is too complex to discuss fully in a
general summary: students should, however, be warned that
several botanists do not agree with the opinion that is here
expressed. Tt is at least fair to add that the views expressed
by Prof. Jeffrey and his pupils with regard to the relative positions
of the Araucarineae and the Abietineae in an evolutionary series
are stated with an assurance which is misleading to those unfamiliar
with the nature of the evidence?

In Saxegothaea (fig. 685), Dacrydium (fig. 684, P), and some other
genera each ovule is surrounded by a cup-like integument (fig. 684,
T a), formerly called the arillus but recently styled the epimatium?:
this is by some authors considered to be the equivalent of the
seminiferous scale.

This inadequate account may serve to call attention to a complex
morphological problem which has an important bearing on questions
connected with the relative positions of the several genera, It would
he out of place to enter fully into this difficult subject, but it is one
that demands careful attention by students of extinet types.

The number of seeds borne on each scale is an important
feature in the recognition of genera. In the Abietinese each
scale usually bears two seeds though it is not uncommon to find
single-seeded seminiferous scales such as those of Pinus mono kgl
(fig. 686, A—C) in which there is a deep cavity showing that the
seed was partially embedded in the supporting organ. Such a
scale might, as a fossil, be easily mistaken for an Araucarian cone-
scale. In Cumninghamia there are three seeds to each scale (fig.
684, K); in Athrotazis and Cryptomeria 3—6; in Sequoia 5; and

! Eichler (81).
* For a recent discussion on the origin and velationship of the Araucarineae see

Burlingame's paper (15%) which appeared after this chapter was written.
3 Pilger (03) p. 16.
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|
Fre. 685, Saregothaca conspicun. Section of ovale: #, nucellus: i, miegument ;
&l, stigma-like apex of nucellus; o, epimatium; ¢, young megaspore,  (After
Stiles,)
{

Frc. 686. A—¢, Pinus monoplylla, cone-scales with two seeds (A), one seed (B),

and in distal view ((). D, E, Tazodium mucronatum, cone in surface-view (D)
and section (E); & seed, F, Tarodium distichum, scale. (From specimens in
the British Museum.) M. S.
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n Sciadopitys T—9.  Tig. 686, H represents half a cone of Tazodium
in which the distally expanded woody ends of the scales are tightly
joined by their edges and form a hard case enclosing as in an
ovary several angular seeds, the slender stalks b.ﬂing- shrivelled
and inconspicuous. The cones of the Cupressineae and Calli-
trineae are characterised by a whorled arrangement and a com-
paratively small number of the scales. Tn Cupressus the cones
are oval or gpherical and each seale bears 6 20 seeds: in the
Callitrineae the cones are valvular (figs. 703, 762, B—1D)) and the
scales vary from 2 to 3 in Clullitris and from
7 to 8 in Weddringionie. The small cones
of Sazegothaea consist of one-seeded mega-
sporophylls which become fleshy and par-
tially concreseent (lig. 687); in Juniperus
the strobilus has the appearance of a berry;

in Microcachrys™ the leaves pass gradually
into the single-seeded verticillate megaspo-

rophylls, each with two wvaseular strands?!
(fig. 684, T) and an epimatium, @, on one side

of the ovule; in the ripe cone the mega-

sporophylls are fleshy but not connate as in °
Sazegothaea®  In Dacrydivm the megaspo-

rophylls differ but slightly from the foliage

leaves in some species, e.q. in D. Balansae

(fig. 684, P) a single leaf at the apex of a

branch bears an ovule partially covered by

a hood-like epimatium. In Torreya® a very

short shoot in the axil of a leaf bears two

bracts and each subtends an ovule and two

pairs of bracteoles. The seeds of T. cali-
Jorniea, which may be 4 em. long, are enclosed by a thick integument
differentiated into a sarcotesta and “sclerotesta surrounding a
ruminated endosperm (fig, 688): there is a ring of vascular bundles
at the limit of the free part of the integument and this is regarded
by Oliver? as homologous with the tracheal plate at the base of

Fid. 687. Saxegothaea con-
spieun,  (After Stiles.)

L Worsdell (99),
* tiles (08); Norén (08); Tison (09): Bof. Mag. Tab. 8664 (1916).
* Robertson (04); (07). * Oliver (02); (03).




XLIIT | SEEDS 121

the nucellus of Cycadean sceds. The portion of the Torreya seed
(lig. 684, V) below the free part of the nucellus hag, a ceording to
Oliver, been produced by the intercalation of a new basal region
that has pushed up the chalaza. Cephalotazus® has plum-like seeds
similar to those of Torreya. In Phyllocladus® (fig. 675, E) an ovule
enclosed in a papery epimatium oceurs in the axil of a suceulent
bract, and in Tuzus a terminal ovule is borne on a short shoot

Fra, 688, Tor seetion of seed; o arillus: 2 vascular

issne; ter zone of integument in which the hard shell will be formed:
% inner part of integument: e, wall of megaspore; @, nucellus: ps pro-
thallus. (After Oliver.)

without any megasporophylls.  Tn Podocarpus® the megasporo-
Phylls are few and a part or whole of the reproduetive apparatus
is fleshy : the strobilus of P. Totara (fig. 684, () consists of 3—4
bracts two of which are usually fertile. Similarly the strobilus
of P. dmbricata is formed of 2— 4 bracts with swollen bases forming
the receptacle: in the section shown in fig. 684, T, one bract is

Y Gard. Chyon. Oct. 14, 1895, p. 717. * Robertzon (06).
* Pilger (03); Brouks and Stiles (10); Stiles (12): Gibbs (12): Sinnott (13).
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fertile and its apex overtops the ovule, while a second bract is
sterile. Fig. 684, H shows the strobilus of P. nerdifolia in which
the lowest bracts are leaf-like and the swollen bases of the upper
braets are fuged with the axis and each other to form a receptacle
analogous to the flower-axis of dnacardium. P. spicate has a
long loose strobilus bearing several ovules (fig. 684, F); and in
P. Nagi a single seed occurs on an axillary branch bearing small
decussate scales: the flesh of the seed is formed from the epi-
matium, and the sclerotesta from the integument.

The seeds of Conifers vary greatly in size and shape: those of
some species of Pinus and several other Abietineae have a large
wing while others are wingless. The absence of a wing in a fossil
seed does not neeessarily denote an original feature. The seeds
of Cedrus, Abies, Picea, Pseudotsuge, Keleleeria and Tsuga are
winged. Gliick! cally attention to differences in the relation of
geed to wing in certain Abietineae: in Picee the base of the wing
covers the seed like a spoon; in Abies, Lariz, and Cedrus the seed
lies in a pocket formed by the enclosing wing, while in Pinus the
wing embraces the seed like a pair of pincers. In Agathis (fig.
682, A) there are two very unequal wings. The much smaller seeds
of many Conifers have 2—3 wings: in Cupressus they are more
or less equal (fig. 684, Q), in Libocedrus and Fokienia markedly
unequal; in Fitzroye and Cunwinghamia there are 2—3 wings.
Our knowledgze of the relative vitality of Conifer seeds is meagre?,
and from the point of view of the possibilities of dispersal further
research is desirable. The viviparous habit of Rhizophora and
other Mangrove Dicotyledons, believed by Guppy?® to be a primitive
feature, is recorded in Podocarpus Makoyi®.

The relation between nucellus and integument is less uniform
in Conifers than in Cycads. In some genera, eg. Agathis (fig.
682, B), Dacrydium, Phyllocladus, Fitzroya, Callitris and a few
others the nucellus is free from the integument to the base; in

Podocarpus the relation is variable; in Pinus and other Abietineae,
in Torreya (fig. 684, V) and some other genera the nucellar ‘apex
alone is free. The free summit often has the form of a steep cone:
in Araucaria® and to a greater degree in Swregothaen (fig. 685, st)

1 Glilck (02) p. 402, ¢ Coker (09). 3 Guppy (06).
! Lloyd (02). & Reward and Ford (06) B.
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this protrudes through the micropyle: in Fitzroya patagonica the
prolongation of the integument as a micropylar tube with a stiema-
like terminal expansion is particularly striking. There is no
regular pollen-chamber as in Cycads and Ginkgo, but in Pseudo-
Isuga® a two-storied chamber, a nalogous to the pollen-chamber, is
formed by a kunee-like bend in the integument. A peculiar type
of pollination characterises draucaria: the MIETOSpores germinate
on the ligule or on the megasporophyll and their tubes grow over
or into the scale-tissues on their way to the ovule2. The archegonia
of Conifers usually occur at the apex of the prothallus and are few
in number, they are separated by a few layers of cells (Abietineae)
or form a compact group (Cupressineac). In some Podocarps
there may be as many as 14, in Tazodium 34, in Agathis 60,
irregularly distributed on the sides of the prothallus, In Widdring-
fomia® 100 archegonia are recorded occupying a lateral position; in
dctinostrobus® Saxton has discovered groups of laterally placed
archegonia. In Sequoia® the archegonia are also numerous and
not confined to the apex. It is an open question whether or not
the greater number and irregular digposition of the archegonia
are primitive features. The oceasional occurrence of lateral
archegonia in Pinus may be a revival of an older habit.
Classification.

The result of recent research into the morphology and life-
histories of genera demand certain changes in the generally
adopted grouping. The following classification is an attempt to
give clearer expression to the inter-relationships of existing
genera®.  Arnoldi” proposed to withdraw Sciadopitys from Sequoia,
Tazodium, and other members of the Taxodineae as the type of a
Separate family: he also suggested the isolation of Segquoia. The
more recent work of Coker® and Lawson? favours the removal of
Tazodium and Cryptomeria to the Cupressineae. Mivake's re-
searches! point to a similar affinity in the case of Cunninghamia.
The genera Athrotaxis, Fokienia, and Tatwania ate placed tenta-
tively in the Cupressineae. The family-name Callitrineae, first

! Lawson (09). * Thomsoen (07); Eames (13); Burlingame (13); (15).
? Saxton (10). 4 Thid. (13). * Shaw, W. R. (96): Arnoldi (01).
* See also Saxton (132). # Arnoldi (01): Lawson {10); Radais (94).

& Coker (03). ¥ Lawson (04). 10 Miyake (10).
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used by Masters, has been revived by Haxton! to give expression
to the digtinetive characters of Cellitris, Widdringlonia, and
Actinostrobus. Saxton’s work on Tetraclinis leads him to assign
it to the Cupressineae. Pilger® makes Phyllocladus the sole genus
of Phyllocladoidese, while Miss Robertson® includes it in the
Podocarpeae though recognising leanings towards the Taxineae.
It should be stated that the changes in classification suggested
are based mainly on characters of the gametophyte though
anatomical and vegetative features have not been entirely
neglected *.

L. ARAUCARINEAE. Adgathis, Araucaria.

II. CUPRESSINEAE. Cupressus, Chamaecyparis, Libo-
cedrus, Thuya, Juniperus, Fitzroya, Diselma, Thujopsis, Taxodium,
Glyptostrobus, Cryplomeria, Cunninghamia, Taiwania, Fokienia,
Athrotazis, Tetraclings.

TII. CALLITRINEAE. Callitris, Actinostrobus, Widdring-
tonida.

1V. SEQUOIINEAE. Sequoia.

V. SCIADOPITINEAE. Sciadopitys.

VI. ABIETINEAR. Pinus, Cedrus, Luriz, Pseudolariz,
Picea, Tsuga, Abies, Pseudotsuga, Keteleeria.

VII. PODOCARPINEAE. Podocarpus, Dacrydium, Micro-
cachiys, Acmopyle, Pherosphaera, Saxegothaen.

VIII. PHYLLOCLADINEAE. Phyllocladus.

IX. TAXINEAE. Taaus, Torreya, Cephalolazus.

The order of the families is not intended to indicate their
natural sequence in an evolutionary series, though the Arau-
carineae are considered to be the most primitive. As certain
authors have suggested, Sazegothaea is probably closely allied to
Araueario, but this is not indicated in the order adopted.
Geographical Distribution.

The distribution of the Conifers®, though too wide a subject
for more than a hrief notice, 1s of great interest {rom a palaeonto-
logical point of view. The ABIETINEAK, comparable in their
present dominant role with the Polypodiaceae among the Ferns,

L Saxton (10%): (13%). 2 Pilger (03). 5 Robertson (06).

4 Hor other views on classification. see Vierhapper (10).
5 Druade (90); Engler (80); Graner (94); Hildebrand (61); Vierhapper (10)
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are the most widely spread: for the most part restricted to the
northern hemisphere, they are not unrepresented south of the
equator. Punus reaches the tree-limit in the north and extends
as far south as Formosa®, 8iam, the Malay region, the Philippines?,
8. Africa, and the West Indies. Picea has a similar distribution
in the north and reaches to the temperate regions of the southern
hemisphere. Abies ranges from Europe and Algeria to Siberia,
the Himalayas, Japan, and Formosa. Lariz flourishes in northern
Europe and Siberia, Canada and the northern United States, the
Himalayas, and Japan. T'suga is more especially a North American

Fia. 689. Arausaria imbricate on the Andes, Argentina, (From a photo-
araph by Dr Wieland.)

genus, but it occurs in the Himalayvas and in J apan. Pseudotsuga
is characteristic of N.W. America and is recorded from Formosa.
Pseudolariz is a native of N.E. China and Formosa. Cedrus®
occurs in Algeria, Moroego, Syria, Cyprus, and the western Hima-
layas. The distribution of the ARAUCARINEAE affords a
striking example of the contrast between the present and past
range of a family. Araucaria oceurs in Brazil, Chile and Argen-
tina, in Australia, New Caledonia, New Ghuinea, the Pacific islunds.
Agathis is confined to the Australian and Malay region, New Zea-

! Hayata (10). * Foxworthy (11). 3 Hooker, J. D. (62).
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land, New Caledonia, and the Queen Charlotte lslands. The two
trees of Arawearia Bidwilliv shown in the Frontispiece are survivors
of a forest on the hills of Queensland. The photograph reproduced
in fig. 689, for which I am indebted to Dr Wieland®, illustrates the
habit of drauwcaria imbricate on the eastern slopes of the Andes
in South-West Argentina where the trunks reach a diameter of
two metres. There are few existing trees comparable with these
venerable types in the impression they produce of the lapse of
ages and the vicissitudes of a dwindled race.

CUPRESSINEAE. Cupressus eccurs in North Ameriea in-
cluding the Californian coast and Mexico, in 8.1, Furope, temperate
Asia, China, and Japan. Chamaccyparis extends to the Sitka
Sound and flourishes in China, Japan, and Fermosa. Libocedrus,
one of the few genera met with in both hemispheres, has a dis-
continuous digtribution; it oceurs in California, Chile, Japan,
Australia, New Zealand, New Guinea, and New Caledonia.  Thuya
flourishes over a wide area in North America and occurs in the
Far East, Juniperus is charvacteristic of temperate regions in
both the old and new world and is represented in the Canaries,
the Azores, Somaliland, and Mexico. HFitzroya is confined to
Patagonia and Chile; Diselma to Tasmania. Thujopsis is ex-
clusively Japanese, Tazodium is a native of Texas and Mexico,
while Glyplostrobus is a closely allied genus in China. The mono-
typic Cryptomeria lives in China and Japan; Cunninghamie in
China and Tormosa. Tatwania and Folkienia have recently been
deseribed from Formosa and Bast China respectively. Athrotaris
is confined to Tasmania and Telraclinis to North Africa.

CALLITRINEAE. Callitris oceurs in Australia and New
(aledonia ; Widdringtonia grows in equatorial and South Africa
and in Madagascar; Actinostrobus i8 restricted to West Australia.

SCIADOPITINEAE. Seiadopitys is confined to South Japan.

SEQUOTINEAE. Sequoia is confined to the Pacific coast of
North California; S. sempervirens the species with “the stronger

hold upon existence’ extends into Ovegon, while S. giganten forms
groves in the valleys of the Sierra Nevada.

PODOCARPINEAR. Podocarpus, one of the more successful
genera, is essentially a southern type: in Africa it extends from

L Wicland (16), p. 224.
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Cape Colony through Tast Africa to Abyssinia; it oecurs in
S. America from Patagonia to Brazil and replaces Pinus on the
mountains of Closta Rical: in the West Indies, Malaya, in the
Himalayas, China, Japan, Formosa2, Tasmania, New Zealand, New
Caledonia, the Fiji Islands and New Guines, Dacrydium has also
a fairly wide range in the southern hemisphere, but Jike the other
wembers of the family, except Podocarpus, it does not cross the
equator; it is abundant in the Malay Archipelago® and oceurs in
New Zealand, Tasmania, New Caledonia, New Guinea, and one
species grows in the Chilean swamps. Saregothuea is a monotypic
genus in Chile and demopyle an imperfectly known New Caledonian
genus.  Pherosphaera® occurs in New South Wales, Victoria, and
Tasmania; Microcachrys, like Athrotazis, is Tasmanian. Phyllo-
oladus has a wide range in Tasmania. New Zealand, Borneo,
New Guinea, and the Philippines.

nome questions of exceptional interest from the point of view
of the geographical distribution of Conifers in the Pacific region
are ably discussed by Mr Guppy in the second volume of his
admirable book Observations of @ Naturalist in the Pacific between
1896 and 1899. He deals especially with Agathis, Podocarpus,
and  Dacrydium, and his remarks illustrate the importance of
taking into account palaeohotanical data in any general discussion
of the problems suggested by the present and often discontinuous
range of existing genera. ‘If,” he says, ‘there is a real difficulty
n applying our canons of plant-dispersal to the distribution of
Dammara [Agathis], it is merely the same difficulty that has so
often perplexed the hotanist with other Coniferous genera in
continental regions, such as, for instance, the occurrence of Pinus
excelsa on the far-removed mountains of the Himalayas, and the
existence of the Cedar in its isolated homes on the Atlas, the
Lebanon mountains, and the Himalayas. Such difficulties largely
disappear if we regard the present distribution of the Coniferae ag
the remnant of what it was in an ancient geological period?.’

TAXINEAE. Tazus is chiefly a northern hemisphere genus:
it occurs also in North Africa, Persia, India, the Philippines and
the Far East, and extends from Newfoundland to Pacific North

' Harshberger (11) p- 304, ¢ Ditmmer (12). 3 Stapf (96).
! Groom (16). ¢ Guppy (06) p. 300.
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America, Mexico, and Florida. Torreyae has a more restricted and
less continuous range in China, Japan, Florida, and California.
Torreya tawifolic 1s almost extinet; it is separated by over 3000
miles from the other American species 1'. californica and the Pacific
separates the latter from the two species in China and Japanl.
Cephalotaxus lives in central China, Japan, and India.

Anatomrcal features.

The anatomy of Conilers, more especially from the point of
view of the identification of families and genera, has long oeccupied
the attention of botanists, and although much has heen done in
the divection of more intensive study, the limits within which
anatomical features may be safely used are still but vaguely
defined. . Jeffrey® goes so far as to claim for the anatomical
characters of plants a taxonomic value equal to that assigned by
zoologists to the anatomical features of animals. Though often
extremely useful, in many cases anatomical characters do not
reveal more than an affinity between a fossil specimen and a group
of recent genera. Statements are often based on insulficient data
and many authors have not appreciated the range of variation
in the vegetative shoots of a single tree. Attention has been
drawn to the fact that anatomical features are especially variable
m hranches, and several authors have shown that characters to
which importance has been attached are much less constant than
has usually been supposed: many leatures, frequently accepted
as trustworthy criteria from the point of view of identification,
oceur sporadieally in other genera than those with which they are
usually agsociated. In the following summary attention is directed
to the comparative value of different characters, and prominence is
given to possible sources of error in inferences based on anatomical
features.

The wood of a Conifer consists only of tracheids, with or without
resin-canals, and xylem-parenchyma and is characterised by
narrow medullary rays usually one-cell broad. For convenience
in deseription it is proposed to speak of the wood of the Conifer
type as pyenoxylic® in distinetion to the Cycadean type of
wood which is styled manoxyliec. The presence or absence of

1 Berry (08%) p. 648. 3 Jeffrey (05) p. 1.
3 wuervds, compach; pards, porous, loose in texture,
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well defined rings of growth should be noted and attention paid
to the breadth of the late summer (‘autumn’) wood : Goeppert !
considered the breadth of annual rings a character of im porftarce,
but Kraus? and others have shown that this is of little significance,
In the Cupressineae (in the more restricted sense) it is probably
frue that the rings are gencrally though not invariably narrower
than in Abietineae: in roots the later wood is smaller in amonnt
and there is a more sudden transition to the spring-wood than in
stems®, Though as a rule there is a considerable difference in

the thickness between the walls of the spring and summer frache .
in Podocarpus Nagi® the difference is slight. In some species
of Arawcaria the rings are absent or teebly marked, & fact noticed
long ago by Nicol®, and in other Conifers, e.q., Widdringtonie
Juniperoides and Tetraclinis® there may be no definite rings; in
. Libocedyus macrolepis® there is but little difference in the thickness
of the SPri

r

v and summer tracheids. Tt is. however, impossible

to say to what extent this is an inherent tendency and how far it
reflects the influence of external conditions: it may be that the
frequent absence of rings in Arauecarian wood is explicable on the
hypothesis that this family iz the oldest and most closely related
to Palaeozoic types, which are almost invaria bly characterised by
an absence of rings: the habit of forming well defined spring- and
late summer-wood may have been acquired at a later stage®. The
interest of annual rings is rather biological than taxonomic and it
18 chiefly in connexion with fossil plants as tests of climate that
attention has been directed to this feature?,

The genus Taaus is peculiar in having no resin-ducts in the
cortex or stele of stem and root or in the leaves, In some genera
Yesin-canals are a constant feature in the secondary wood, .4
Linus, Picea, Lariz, Pseudotsuga; while in other Abietineae
“anals do not usually oceur in the xylem. This distinetion is,
howeyer, by no means constant and, as Jeffrey10 has shown, the

Y Goeppert (50). ® Kraus (64) . 146,

* Gothan (10) p. 11: Penhallow (07) p. 31; von Mohl (62).

¥ Fujioka (13). ® Nicol (34) A. p: 139,

* Conwentz (90) A, P38y '

” Fujioka (13) p- 213. * Thomson (13) p. 33; Gothan (07) p. 25.

! Seward (92) B; Gothan (08%); Antevs (16): (17).
=0 Jefirey (03); (05); ete.: Penhallow (07) pp- 123 ef seq,: Jotes (132).
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great majority of Conifers which are normally without resin-canals
in the wood have the power of producing them in response to
traumatic stimuli. In Cedrus, Pseudolariz, and Tsuga resin-
canals are usually confined to the primary xylem of the root but
wounding induces the development of eanals in other parts of the
wood. In Cedrus, however, both horizontal and vertical trau-
matic canals may occur whereas in other Abietineae the traumatic
canals are only vertical!, Resin-canals may occur in the first-year
wood of some species of Abies (fig. 690, B) and in Sequoua qiganted
they are present in the first-year wood of vigorous branches and
in the peduncles of cones, but do not normally occur in the later
wood. In S. sempervirens canals are as a rule absent and are
developed only after wounding (fig, 690, A). In the Araucarineae

Josians MasiaticaC ot urain
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Fia. 600. A, Sequoin sempervivens. B, Abies sp. showing traumatic canalg in the
wood. (After Jeffrey.)

resin-canals are absent nor are they produced in injured stems:
this failure to produce canals in response to disturbances set up
by wounds is considered by Jeflrey to be an indication of the
relatively late evolution of the family. Pinus, with abundant
canals, is regarded as one of the more primitive types; Abies,
with very few canals in healthy specimens but readily producing
them on wounding (fig. 690, B), is regarded as a slightly later
product of evolution, while Sequoia sempervirens (fig, 690, A) in
which traumatic canals alone occur ig still further removed from
the original stock, and the Araucarineae, which are considered to

1 Jefftrey (05) p. 25.
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have lost the power of reversion retained by Sequoia and Abies,
are placed higher in the evolutionary series. The vestigial signi-
ficance of resin-canals iz by no means generally admitted. Pen-
hallow! holds, and 1 believe rightly, that they are not primitive
features: their occurrence in the young shoots of certain species
and in the peduncles of cones but not in the older wood may, as
Gothan? suggests, be correlated with a greater need of protection.
Kirsch® considers that the development of canals in young wood
and in peduncles may be connected with the relatively greater
abundance of food in those recions which, in his opinion, would
induce a greater production of parenchyma and secrefory passages.
Moreover, if the oceurrence of canals in the axis of a female cone
of Sequoia gigantea is attributed to the retention of an ancestral
character, why do not canals also occur in the axis of the micro-
strobili? The facts demonstrated by Jeffrey and his pupils arve
of great interest, but considered by themselves they may equally
well be interpreted as favouring the ereater specialisation and
thore recent development of those genera in which the production
of resin-canals is a normal character.

The structure of the epithelial cells is employed as a taxonomic
character though, as Conwentzd suggests, it is not a very satis-
factory eriterion and in petrified tissues it is often difficult to

distinguish between true thick walls and walls thickened by
secondary deposits. Tn Pinus the walls of the cells lining the
Canals are frequently thin® but in some species thick ; Loriz and
Picea have thick-walled epithelial cells. The occurrence of tyloses,—
the parenchymatous cells that invade the cavities of water-con-
dueting elements,—has generally been regarded as the monopoly of
Angiosperms: though unknown in recent Ferns they oceur in some
extinet types. Chrysler® has shown that tyloses are produced in
the tracheids of Pinus, apparently as a consequence of wounding.
Tyloses have also been found in some fossil coniferous woods.

The arrangement of the bordered pits on the radial walls
of the tracheids is the character to which most attention has
been given. 1In the Abietineae they form either single or double,

L Penhallow (07) p. 150, ? Gaothan (D7) p. 40.
# Kirsch (11); Thomson (13) p. 38, See also Burlingame (152).
' Conwentz (90) A, p. 45, ¥ Groom and Bushton (13).

* Chrysler (08) B. p. 204.
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Fre, 601, A, Arancaric Bidwillii, tracheids from the cone-axis. B—D, F, dgalhis
bornensis; B, wood of branch, multiseriate pits and, at the ray, sealariform pits;
(¢, tangential section; D, radial section of branch showing transition from
alternate and opposite o scalariform pits; T, pits and rudimentary Sanio’s
vims. B, draucaric Cookii, radial seotion of root. G, H, Lariz americand,
radial section of root. (After Thomson.)
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and occasionally three or even four, rows (fig. 691, H): they are
circular and not contiguous and the pits of a double row are as a
rule on the same level; they are opposite and not alternate. This
type of pitting oceurs also in all the other families except the
Araucarineae though in Agathis opposite pits are not unknown?
(fig. 691, D) and Conwentz? states that he has =een separate and
circular pits in the tracheids of recent species. The occasional
occurrence of pits in clusters and not in opposite pairs has heen
described in Pinus Merkensis®: this is a feature characteristic of
the tracheids of some fossil types, e.g., Cedrozylon transiens Goth.
In Agathis and Aravearia there may be 1-—3 rows and as many
as 5 rows on the tracheids of cone peduncles (fig. 691, A). The
pits are contiguous and fattened, and those of adjacent rows are
alternate and hexagonal®. Thomson has ealled attention to the
occasional occurrence, especially in the region of the rays, of

transversely elongated or sealariform pits in the tracheids of
Aravcaria, A single series of flattened pite and
even the oceasional oceurrence of alternate hexa-
gonal pits are not infallible eriteria of an Aran-
carian affinity : in Dacrydium the pits of a double
tow may be alternate though rarely contizuous,
anc this is the case in some other genera, while in
Stazegothaea® (fig. 692) the pits are as a rule uni-
seriate and often flattened. Worsdell® describes
circular and separate pits in the cone-scales of
dravcaria and Thomson records alternate bi-
Seriate pits in the cone-axis and early wood of
the Abietineae. Flattened pits are described in

Podocarpus polystachya™ and 1 have seen similar
Pits in the wood of Torreya californica and several Fic. 692. Tracheids
; of Suxegothoed con-
. . 2 spicua. (After
Size of the bordered pits though worthy of notice Stiles, )

18 not in itself a feature of much value. As Nicol

fagt pointed out, in Aravearic they are larger than in Taxus; in

other conifers other than the Araucarineae. The

Linus they are larger than in Araucaria: Kraus® speaks of the

2 Jeffrey (12) PL. vi. fig. & * Conwentz (92) p. 36.
# Groom and Rushton (13).
! Tor good figures, see especially Thomson (13).

* Stiles (08) b Worsdell (99). i Gerry (10). 8 Kraus (83).
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Araucarian pits as small (9—12-8 ) in contrast to the broader pits
(up to 21p) of the Abietincae, those in Cupressineae being inter-
mediate in size. There may, however, be considerable difference
in the size of the pits in a single type'. The oceurrence of spiral
thickening bands in addition to bordered pits is characteristic of
the Taxineae, but spiral bands occur sporadically in the secondary
tracheids of other Conifers, e.q., Phyllocladus, Lariz leptolepis,
species of Abies and other Abietineae?, also in some species of
Cupressus®. In Pseudotsuga spiral bands may occur in all the tra-
cheids of an annual ring. Some authors assert that the arrangement
and grouping of the bands in a tracheid constitute a character of
generic value, but there is not complete agreement on this point™.

The walls of tracheids frequently exhibit well marked spiral
patterns®, due to an entirely different cause, which, especially
in some petrified woods, closely simulate spiral bands. In the
process of decay enzyme-action may etch into prominence the
striation or spiral method of wall-construction: but the gpirals
are steeper than those of the true thickening bands. The presence
of xylem-parenchyma, though of diagnostic value, is too uncertain
and variable a character to be used with great confidence. In
young shoots of Sequoia xylem-parenchyma may be absent th ough
it is present in older branches®. Such parenchyma oceasionally
oceurs in Abietineous wood?, but it is generally considered a charac-
tervistic feature of the Cupressineae though in the wood of some
members of that family it is not always obvious. The presence
of drops of Tesin in the cells which form vertical series in different
parts of the wood, or only in the late summer wood, may render
the xylem-parenchyma conspicuous both in transverse and longi-
tudinal sections. Rows of parenchyma oceur in the wood of
Abies pectinata®, also in Podocarpus and Dacrydivm.  In Tazodim®
the thick horizontal walls of the cells are a characteristic feature.
Wood-parenchyma is rare in the Araucarineae and, as Penhallow!®

1 Schenk in Schimper and Schenk (90) A. p. 848,

2 Bailey (09). 1 Jomes (12); (13).

t Gathan (05) p. 54; Penhallow (07) p. 41; Burgerstein (08) p, 104; Kraus (83)
p. 103 Nakamura (83).

5 Krang (88): Gaothan (05). 5 (lonwentz (92) p. 35.
7 Burgerstein (06): Bailey (09). 8 Kny (10).
9 Schroeter (80) p. 30. 10 Penhallow (04).
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pointed out, tracheids with horizontal patches of resin may be
mistaken for resiniferous parenchyma; but true parenchyma
occasionally occurs?

Attention has been called to the diagnostic value of the hon-
zontal thickening bands which on staining, and often in fosil
wood, stand out as conspicuous features on the tracheids of the
great majority of Conifers (fig. 693, C). Many authors speak of
these bands as bars of Sanio?, apparently overlooking the fact that
this term (Sanio’s “Balken’) was used by Miiller® for the horizontal
bars previously desciibed by Winkler? on the tracheids of draucaria
brasiliensis (fig. 693, T). Groom and Rushton® have also called
attention to the inaceurate use of the term Sanio’s bars and they
suggest the more appropriate expression Sanio’s rims for the
persistent margins of the primordial pit-areas which appear as
horizontal lines between the bordered pits. An American author
goes so far as to claim that “by far the most reliable criterion for
diagnosing coniferous wood is the occurrence of the bars [rims]
of Sanie%.’ But if, as Jeffrey and hiz pupils assert, Sanio’s rims
are present on the tracheids of all Conifers except the Araucarineae
the diagnostic value of this feature is exceedingly small. Jeffrey?
has shown that in the first-year wood of Araucaria and in the cone
of A. Bidwillii the pits are not always contiguous and rims of
Sanio may then be present. Moreover, as Thomson?® states, the
darkly stained lines between contiguous pits on some Araucarian
tracheids (fig. 691, F) may be regarded as feebly marked rims of
Sanio. Tt is not surprising that in the case of tracheids with 2—3
series of contiguous hexagonal pits, which leave no free surface®,
Sanio’s rims are not represented?.

The most recent contribution to our knowledge of the rims of
Sanio is by Mr Sifton™ who deseribes them in petioles of Cyecas

1 Jeffrey (12) p. 536 2 Gerry (10).

* Miiller (90), 1 Winkler (72).

5 GGroom and Rushton (13). See also Rushton {16).

® Holden (13) p. 252; (13%). 7 Jeffrey (12) Pl v1. fig. &

¥ Themson (13) p o Gothan (10) p. 32.

10 Tn a recent paper umll- d ‘Gliding growth and bars of Sanio” (Grossenbacher.
Amer. Journ, Bot. vol. . no. 10, 1914) the expression * bars of Sanio’ is employed in
an unusual sense and not in accordance with the ordinary usage of the term hars,
Or rims, of Sanio.

1 Sifton (15).
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revolufa. Jeffrey regards the occurrence of Sanio’'s rims in the
cone-axis of Arawcaria as a vestigial phenomenon. He failed
to find any rims of Sanio in the cone-axes of Cycads and this
negative evidence was regarded as favourable to his view that the
rims in the Araucarineae are derived from the more fully developed
rims in the Abietineae. Sifton shows that the rims on the tracheids
of Ciycas revoluta agree closely with those in the xvlem of the
Araucarian cone-axes and with those in the cone-axis and root ot
certain Pines. On the assumption that roots and cone-axes are
lilely to retain ancestral characters, the resemblance of their rims
to those found in the Araucarineae supports the view that the
Abietineae are descended from ancestors which had rims of Sanio
of the Araucarian or Cycadean type. The conclusion is that the
shorter rims in the Araucarineae and on the tracheids of the cone-
axis and root of the Abietineae rvepresent the primitive form, the
broader rims met with in the Abietineae and most other Conifers
being later developments.

The pitting on the walls of medullacy-ray cells has in recent
years received speeial attention: in some Conifers the horizontal
and tangential wally arve strongly pitted (fig. 693, A, ), and this
feature is clearly seen in both radial and tangential sections as
also, in the case of the horizontal walls, in transverse seetions
(fig. 693, D, E, F). In most of the Abietineae the pits on the
horizontal and tangential walls are a prominent feature while on
the other hand in some Abietineae the pitting of these walls is
feebly developed: to this type of pitting Gothan' has given the
name Abietineous pitting, In the great majority of recent
genera other than members of the Abietineae the horizontal and
tangential walls are smooth (fig. 693, I, O) ; but there are exceptions.
The ray cells in the cone-scales of Agathis ave pitted and species
of Juniperus®, Libocedius decurrens and Fitzroyo also exhibit a
form of Abietineous pitting. Gothan points out that in some
Junipers and a few other Cupressineae the pits in the tangential
walls differ in detail from the typical Abietineous form and that
the pits in the horizontal walls are much less distinet than in the
Abietineae : there is, however, no very clear distinction between

1 Gothan (05) p. 43,
2 Ihid. pp. 43, 45, lig. 7; Stopes (15) p. 63,
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693, A, Adbies Veilchii, medullary vay. B, Pinus silvestris, medullary-ray
tracheid. (. Abies balsamea, pits and Sanio’s rims. D, B, Pits in medullary-ray
cells in Abies homolepis. F, Pits in tangential wall of ray eell of Juniperus
virginiana. G, H, K, L, M, N, 0. Pits in medullary-ray cells (radial view) in
Cedrus atlantica () ; Tozodium distichum (H); Podocarpus andina (K); P. salivi-

folia (L) ; Glyptostrobus (M) ; Sciadopitys (N); ap, spring wood ; &, summer wood ;

Thuya gigantea (0). 1, Bars. b, in tracheids of draucarin brasiliensis. P. Spiral
bands in tracheids of Torreya nucifera. (A, N, after Nakamura; B. D—H,
K, L, P, after Gothan; C, after Gerry; I, after Winkler; M, after Kraus;
O, after Penhallow.)
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his Juniperoid and Abietineous types. Each medullary-ray cell is
longer in a radial direction than the breadth of a single tracheid
and statements as to the number of pits on the radial wall of a
ray cell have reference to the area bounded laterally by the
vertical walls of a tracheid: this area may be designated the field
(‘ Kreuzungsfeld ": ‘aire mitoyenne’). It is, however, incorrect in
many cases to speak of pits on the radial walls of medullary-ray
cells, and if pits ocour they are never hordered: in the Abietineae
the walls are pitted, but in most other Conifers the pits seen in the
field belong to the tracheids in contact with the rays. But in view
of the general use of the expression medullary-ray pitting it weuld
be inconvenient to discontinue the current terminology. There is
a difference of opinion as to the value of medullary-ray pitting as
a criterion of affinity, and it is probable that Gothan over-
estimates the taxonomic significance of this character. Within
certain limits the pitting on the walls of medullary-ray cells is
undoubtedly important, but a comparison of sections of the wood
of a collection of genera shakes one’s confidence in the conclusions
based by some authors on the form and number of the pits in the
field. In the Abietineae a single large simple pit (‘Eipore’)
occupies the field in some species of Pinus but the same type
oceurs also in Seiadopitys!, species of Podocarpus® (fig. 693, K, N),
Microcachrys, Dacrydivm, and Phyllocladus®, The Araucarineae
are usually described as having several (2—6) oblique pits in each
field and as a rule no pits in the horizontal and tangential walls
of the ray cells, but Thomson? states that the bordered pits in the
field of Arawearia and Agathis are confined to the tracheids and
an examination of maeerated tissue confirms the absence of pits on
the walls of the ray cells. A similar absence of pits characterises
some other Conifers. Gothan has suggested the term Cupressoid
pitting for Conifers in which the field in the spring-wood contains
bordered pits with a fairly broad pore in a more or less horizontal
position, a type of pitting found in some Cupressineae as also in
Sequoia and certain other genera. He applies the name Podo-
carpoid pitting to woods in which the field shows bordered pits

! Nakamura (83); Saporta (84) Pl exxxvmr.; Fnjioka (13).

Kleeherg (85),

# Schenk in Schimper and Schenk (90) A. p. 855.
* Thomson (13) p. 30.

2
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with a narrower pore occupying an obliquely vertical position,
a form of pit well shown in some species of Podocarpus. In the
Podocarpineae and in most of the Cupressineae the tangential
and horizontal walls of the ray cells are unpitted. An examination
of sections of species of Thuya and some species of Cupressus
reveals the presence of pits in the field with an almost vertical
pore, and the variation in the breadth of the border and in the posi-
tion of the pore is too great to admit of more than a restricted and
cautious use of this anatomical feature as a means of distinguishing
genera or even families. Tt is by no means easy even in sections
of recent woods to observe with accuracy the structure of the ray
pits: in many cases they are more or lesg bordered, but the greater
- distinctness of the pore often leads to the neglect of the fainter
border. Moreover the small medullary-ray pits may be con-
verted into large pits by the action of fungal hyphae. The large
pits of some Pines, Seciadopitys, ete., represent one extreme;
intermediate types are represented by Cedrus, Tawodium, and
Clyptostrobus, while in Juniperus and several other genera the pits
are smaller and more numerousl.

The depth of the rays as seen in tangential section is a feature

to which much attention has been paid, but this is a very variable
and comparatively unimportant character®. In a single species
of Abies the depth varies from 1 to 63 cells®. Many authors in
describing fossil wood state the number of rays per square milli-
metre of a tangential section. Characters such as these may
undoubtedly be useful in certain cases if used in conjunction with
others, due allowance being made for the range of variation within
the limits of a single stem. A more important feature is the
occurrence of broad rays containing horizontal resin-canals such
as those of Pinus, Picea, Lariz, and Pseudotsuga. Another useful
criterion is afforded by the association of horizontal tracheids
(fig. 693, B) with the parenchyma of a ray usually at the upper
and lower margin but sometimes, e.g., Pinus canariensis?, in the
middle. The occurrence of such tracheids was formerly regarded
as a trustworthy distinguishing feature of the Abietineae with the
exception of Abies and Pseudolariz, but they are now known to

L Penhallow (07). * Essgner (86); Barber (98).
3 Fujioka (13). * Strasburger (91) p. 21,
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occur in Abies’ and several members of other families. Chrysler®
states that Cledrus differs from Abies in having ray tracheids mixed
with marginal parenchyma, and at the limit of an annual ring the
marginal tracheids may be replaced by shadowy cells or ghosts
of cells. The tracheids may have smooth walls as in Cedrus,
Tsuga, Lariz, Pinus Strobus, or, as in other species of Punus
(*Hard Pines’), their walls are characterised by irregular ingrowths
or pegs. Weftstein® states that in Picea omorica horizontal
tracheids though common in the main stem do not occur in the
rays of branches. De Bary* recognised tracheids in the rays of
Seiadopitys : they have been recorded also in Juniperus, Cupressus,
T'huga, Sequoia® and, as the result of wounding, in Comminghamia®.

The ocemirence of idioblasts in the form of irregular thick-
walled elernents is characteristic of the pith and cortex of Arau-
caria, but similar cells are found in the pith of Torreya nucifera.
Podocarpus neriifolia, Dacrydium cupressinum® and Cliryyptomeria.
In some cases, e.q., dbies magnifica®, Picea omorica, horizontal
rows ol thick-walled cells form diaphragms in the pith. The
structure of the secondary phloem has received relatively little
attention and owing to its comparatively rare preservation in
fossils it is less important to the palacobotanist. In the Cupres-
sineae the recular alternation of tangential rows of hard and soft
bast is a characteristic feature, while in the Abictineae the phloem
consists of sieve-tubes and parenchyma with a few scattered
stone-cells. The absence ol albuminous cells in the medullary
rays of the phloem region in the Araucarineae is noteworthy and
Thomson? states that he found none in Podocarpus.

The structure of the stomata in the leaves of Conifers is fairly
uniform: their distiibution should be noted thoueh this in itself
18 not of much value as a distinguishing feature. They may be
confined to regular bands (Abies, ete.) or grooves (Lorreya, ete.,
fig. 694, B), or irregularly distributed. The position and number
of resin-ducts is often a useful guide: to quote one example only,
in the leaves of Aguthis and Araucaria (fig. 694, C) the duets

! Thompsen (12), * Chrysler (15).

# Wettstein (90) p. 511,
* De Bary (84) A. p. 490.  See also Tassi (05} quoted by Vierhapper (10).
¥ Gordon, M. (12): Jones (132). & Jeffrey (08).

7 Kubart (11%) 8 Jeffrey (05). ? Thomson (13) p. 31.




XLIIT | ANATOMY OF LEAVES 141

oceur between the veins, but in the leaves of some species of
Podocarpus (fig. 695, 1), externally indistinguishable from those
of Agathis, the duets are below the veinsl. Caution must be ex-
ercised in using the number of resin-ducts as a diagnostic charaeter.
Sehroeter® draws attention to the occasional absence of ducts in
Picea excelsa leaves while in others 1 or 2 are present. In most
leaves there is some mechanical tissue immediately helow the
epidermis either as scattered fibres or a continuous layer, but in

Fra. 6494, Leaves in transverse section. A, Cephalotarus Portunei. B, Torreya
agristica s {, transfusion-tissne. (. draucaria imbricata: t. transfusion-tissne
D, Pinus monophylla: e, endodermis, B, Cryptomeria japorica. F, Cedris
Libaniz e, endodermis; m, medullary ray.

Tawws and Torreya there is none. The occurrence of branched
idioblasts is a striking feature in the mesophyll of dgathes, Araw-
caria, Sciadopitys, and Podocarpus. The infoldings of the walls
of the chlorenchyma are especially characteristic of Pine leaves
(fig. 694. D) and they occur also in Cedirus (fig. 694, V), Pseudo-
laria and some other genera. The structure, extent, and position
of short isodiametric tracheids in association with the conducting
tissue is an important feature. This tissue, the elements of which

1 Seward and Ford (06) B. * Hehroeter (97).
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are usually termed transtusion-tracheids?, is regarded by some
authors as homologous with the centripetal wood of Cycadean
leaves (Vol. 1. p. 31) and Bernard definitely adopts the term centui-
petal xylem. Jeffrey?® and, more recently, Takeda?® do not attach
a similar morphological significance to the short tracheids, and
they are probably justified in their sceptical attitude. The
transfusion tracheids are often reticulately pitted: in many leaves
they form conspicuous flanges on the sides of the vascular bundles
(fig. 694, B, C, t) or they may more or lesg encircle the vein. 1In
some leaves, e.g., Aravcaria, it is noticeable that the amount of
transfusion tissue (fig. 694, C, {) Increases as the vein is traced
towards the leaf-apex until the long and narrow elements may be

entively replaced by a group of short transfusion-tracheids.
Another type of accessory tracheid is oeccasionally met with,
namely elongated tracheids traversing the mesophyll between the
veing and the edge of the lamina. This is geen in the long and
narrow leaves of some Podocarps?,

The anatomy of cone-scales is too wide a subject for adequate
treatment in this sketeh. 'The general rule is that in each seale
there arve two sets of vascular strands, a lower set of normally
arientated bundies and an upper inversely orientated series. In
some cone-geales, e.g., drauwcaria, concentric vascular strands are
a prominent feature. The taxonowmic significance of the ana-
tomical characters of cone-scales has been discussed by Radais
and more recently by Miss Aase®, to whose accounts the student
is referred.

Tt has been shown that characters whieh it has been customary
to associate with a definite type of wood may oceur sporadically
in several other Conifers; but this does not invalidate conclusions
based on the prevalent occurrence of such features in a given
specimen. It is untrue to say that contiguous and alternate pits
are the monopoly of the Araucarineae and it is incorrect to assert
that in Arancarian wood the pits are never separate. Similarly

1 8o named by von Mohl; see Wordsell (97): Bernard (04) B.; Carter (11).

2 Jeffrey (08%)
¥ Takeda (13): see also Thomson (13).

For further details with regard to leaf-anatomy, see Thomas, F. (66); Ber
trand, C. E )3 Mahlert (85); Stritbing (88); Daguillon (90).

& Radais (94): Sinnot (13); Aase (15).
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the pits on the medullary-ray cells, whatever relative value we
may assign to this character, are in many cases of considerable
assistance even though we are not prepared to follow Gothan to
the full extent of his trust in the taxonomic importance of medul-
lary-ray pitting.

Dr Groom?® has described the northern evergreen Conifers as
architectural xerophytes having xeromorphic leaves with a xero-
phytie structure. He discusses in his remarks on the Ecology of
Conifers the correlation of the characteristic wood-structure and
the xeromorphic leaves, the cause of the survival of the Coniferae
in competition with Dicotyledons, and other questions of interest
to the student of the evolution and past history of the group.

Short summary of the characteristics of recent Conifers®,

ARAUCARINEAE. There is a close agreement in the structure of the
wood in the two members of this family. Attention has already been called to
the normal type of pitting of the tracheids and to certain exceptional forms.
The oceasional tendeney towards o sealariform type of pitting (fig. 691, D) is
an interesting point. Pits are fairly abundant on the tangential walls of the
xylem-clements. In the wood of Agathis robusta® vertical rows of parenchyma
are said to be fairly abundant. Annual rings not infrequently absent or
feebly developed. Medullary rays one-cell broad, rarely double, usually
7—15 cells deep; but in dravcaric the depth may reach 26 cells: the ray cells
occasionally present a digtended appearance in tangential sections of the wood
{ef. Ginkgo biloba). The persistence of the leaf-traces in the old wood of
Avauearin is a striking feature* considered by Lignier to possess diagnostic
importance: Jeffrey® states that traces are much less persistent in some
Young stems. In drauearia each trace arises as a single strand, but in Agathis
it leaves the perimedullary region as a double bundle®,

;I_l'}lrrﬂf[._\‘ |_Jjg. (95). Leaves se ar .~:]i_g]n|_\' pvtirﬁlnts.’. G]_)posil,e_, sub-
Opposite or, on the main axis, spiral; ovate, broadly lanceclate (4. loranthi-
Sfolie, 13 « Som.; 4. macrophylla 17 » 5em.). Resin-canals between thie veing;
transfusion-tracheids fairly abundant, but less prominent than in Areucaria.

The almost spherical megastrobili (fig. 696) are very charaecteristic; they

L Groom | 10).

* In addition to the fext-books on Conifers by Beissner, Veitch, and the account
M Die Natirlichen Pilanzenfamilien the student should consult the Report of the
Conifer Conference, Jowrnal of the Reyal Hertieultural Sociefy, Vol x1v. 1892,

¥ Noclle (10).

" Thiselton-Dyer (012): Seward and Ford (06) B.

5 Jeffrey (12) p. 565. ¢ Phomson (13) p. 15.

.
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Fre. 695. A, Aguthis Moorei. B, O, Agathis vitiensis. D,
Podocarpus Maotleyi. (After -\\nlld unnJ lfm(] ; nat. size.)

A

Fic. 696. Agathis Moorei (A) and Agathis australis (B) cones. (After Seward
and Ford; A, 1 nat. size; B, § nat. size.)
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bear a elose superficial resemblance to Cedar cones but the latter are
relatively narrow and often more or less flattened at the apex!. Bommer?
calls attention to the resemblance of Agathis cones ta those of the Dicotyledon
Dammaropsis kingiana (Moraceae).

Arauecaria. (F

ntispicce; figs. 678681, 680, etc.) The falcate tetra-
gonal leaves of 4. ercelsq illustrate one type of leaf that is seen in its smallest
form in A. Balaisae (4—5 % 2-5 mm.). In 4. Bidw:illii (fig. 697) the leaves

are subsessile and the flat lamina may reach a length of 7 em. : in 4. Housteinii

Fra, 697.  Araucaria Bidwillii. (After Seward and Ford; nat, size.)

the ovate-lanceolate leaves may be 10em. by 1 om.  Dimorphism® in the foliage
of a single shoot iz not uncommon. The striking difference in some species
between the juvenile and adult foliage is illustrated in fig. 698. In the broad-
leaved species (Calymben section) resin-canals oceur betw
C) and in the Hutacla section, ¢

n the veins (fig, 694,
s A. eweelsa, the canals are scattered.  Strobili

and cor

e-seales of Aranciria are deseribed in an earlier part of this chapter

(see page 113).

I Tliche (96).
2 Bommer (03) B, PL x. figa, 164, 165.

* Masters (91); Bommer (03) B. PL v. fiz. 23; Siebold (70) Pl cxr.

8. IV 10
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CUPRESSINEAE. The ahsence of resin-canals in the xylem is a feature
ghared by other families; but in the oceurrence of xylem-parenchyma in
different regions of the wood the Cupressineae differ as a rule from the Abie-
tineae, though this iz not a constant distinguishing character. The pits in
the field vary from 1 to 6 or 8 in some gene

i, e, Lavodiwmn and Glyplo-

strobus®: Gothan® applies the term Cupressoid to medullary-ray pits character-

Fra. 698. Arawcoria excelsw. A, Mature form. B, Seedling. (f nat, size.)

ised by an upper and lower border (fig. 693, H) but, as pointed out on a previous
page, the position of the pore is by no means constant and in Tavodiwm the
ray pits are fairly large and almost simple.

Cupressus and Chamaceyparis. By Beissner? and many other authors hoth
names are used in a generic senge, thongh Masters regards Chamaecyparis as
a subsection of Clupressus. One distingnishing feature is the presence of more

1 Kleeberg (85). * (Gothan (05) p. 47. 3 Beissner (91).
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than 2 seeds on each cone-scale of Cupressus.  The leaves are whorled, in
4 ranks, and appressed to the axis (fig. 699). The young foliage of Cupressus,
Thuyn, and other genera (fig. 700), which in the adult state has the form of
scale-leaves, consists of spreading linear leaves: individuals in which this

enile foliage persists are often spoken of as species of the *genus® Refinospora,
Cones oblong or globular, composed of a few pairs of scales with peltate distal

Ria. 604,

Cupressus Maenabiana. (From Rendle and the Gardeners’ Chronicle.)

Thuya. Very similar to Cupressus in the habit of its bi- or tri-pinnate
shoots. The cones of $—10 decussate scales are distinguished from those of
Cupressus by their elongated, oblong, form and by the upwardly directed
Scales with thickened apices in contrast to the more horizontal and peltate
Stales of Cupressus: there are 2 seeds to each scale, winged (sect. Futhuju)
Ot wingless (sect. Biota).

Libocedrus, Foliage shoots often broader than in Thuyes in L. decurrens
the appressed, flat, leaves are characterised by a long decurrent portion and

' 10—2
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in L. Donianae the whorled arrangement is less obvious. There is a large
canal below the midrib of the leaf as in Thuye and Cupressus. The cones
(4—6 wvalves) are longer and relatively narrower than in Thuya; seeds un-

A

o

1. 700, A, Young plant of Libocedrus decurvens; o, cotyledons; pr, primordial
leaves; fr, transitional leaves. B, Branch with adult (ad) foliage. (After
Rendle, from Veiteh. )

equally winged, Junipervs. The polymorphism of the shoots is especially
striking; the leaves, 2—3 in each whorl, being small and appressed, spinous

and spreading, or flat and linear. The very narrow leaves of J. Subing
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differ widely from the broader, flat and sharply pointed léaves of J. drupacea.
There is a resin-canal near the lower surface! or, in some species, e.g., J. oxj-
cedrus, there may be no canal.  The more or lesy globular or elongated fleshy
strobilus eonsists of 1—4 whorls of megasporophylls,

Fiizroya and Diselma. In some examples of F. patagonica the leaves are
short and crowded and slightly faleate, in others more spreading; while in
Diselma Archeri® the shootz resemble those of some Lycopodiums. The
leaves are in alternate ternary whorls and there is a single canal below the
vein. The cones consist of 3 alternate trimerous whorls

and the fertile scales
bear a variable number of winged ovules. Thajop Shoots similar to
those of Thaye but the decussate leaves are rather larger®, Cones narrow,
consisting of &

clavate seales with 5 small winged seeds on each scale.
Tazodiuni. The slender deciduous shoots, 8— 10 cm. long, bear. 2-ranked

linear leaves 2 em. long, acute and lanceolate, also small leaves 10—17 mm.

long and barely 1 mm. broad. Circular depressed branch-sears are a charac-
teristic feature of the leafless shoots. Glohular cones® composed of a few
peltate sc:
scale be

s« with an irvegular crenulate upper margin (fig. 686, D—T) each
Dl

slightly wing

Il

seeds. The almost leafless spikes of micro-
strobili are a noteworthy feature. The wood of Tavodium closely resembles
that of Seguoia sempervirens: the thicker horizontal walls of the xylem-
parenchyma are quoted by Gothan as a characteristic feature® of Tawodiuin.
Lingelsheim® says that this distinction is not valid; he states that simple pits
oceur in the cross-walls of the xylem-parenchyma of T'exodium but not in the
cells of Sequoin. Pits are, however, present in the parenchyma of both these
genera, (lyplostrobus. Similar in habit to Tazodiwm, but the leaves are not

2'1';\11|{--d"’; the cones
with Fat
of the

Cryptomeria. Foliage-shoots (fig. 677) as in Areweario excelsa: o large

more pyriform; the seeds are smooth and narrow
al wings. The comparatively large circular pits on the radial walls

v cells are characteristic®,

resin-canal oceurs be 1(w. Tlu midrib of the laterally compressed leaves (fig. (G894,
E). The cones have 2 ate seales characterised by the deeply cleft
comb-like upper portion (Jlg. 684, M). The xylem-parenchyma is said by
Fujioka to be confined to the region between the spring and summer woaod :
the pits in the field are variable in position and the breadth of the pore may be
vertical or oblique.

Cunninghamia. Leaves densely spiral and spreading, narrow, lanceolate,
acuminate and serrate, 2:5—5 em. long, with a narrow decurrent base: a large
canal helow the midrib. Cones ovoid-globular, 4 em. long, composed of
broad thin seales with a serrate edge and a fimbriate membrane on the abaxial

Kirchner, Loew, and Schriter (06) pp. 293, 314

* Hooker, J. D. (60) PL xevim. 3 Tujioka (13).
v Gard. Chron. Nov. 25, 1893, p. 657,
5 (Gothan (06); (09). ¢ Lingelsheim (08),

~

Masters (00). 8 Kleeberg (83).
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side of the 3 wingefl seeds (fig. 684, K). Branch-scars occur on the stems?!,
Tatwenie. This genus® has the habit of Cryptomeria and cones recalling
those of Cunninghamio and Tsuga: each scale bears 2 seeds.  Folienia. The
single species® iy, in certain respects, intermediate between Cupressus and
Libocedrus; the cones are globose like those of Chamaecyparis and each
scale bears two unequally winged seeds; the foliage is nearly identical with
that of Libocedris

Fra, T01.  Athrotacis cupressoides.

Athrotazis. (Figs, 684, N, O; 701.) Leaves short, loosely spreading
and slightly imbricate (4. selaginoides?), similar to those of dreucaria excelsa.

! Lotsy (11) p. 51. * Gard. Chron. Feb, 4, 1911.
* A second species has recently been described by Hayata (17)
1 Baker and Smith (10) p, 305 {and photograph).
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more appressed and smaller, decussate or in elose spirals (. cupressoides) or,
in 4. lawifolia!, more like the foliage of Sequoia giganten. The apex of each
cone-scale has a sharp point at the distal end. Tefraclinis (Gg. 703, B). This
genns, which occurs in Algeria and Moroceo, and is usually placed next to
Callitriz and TWiddringtonia, has recently heen transferred by Saxton® as the
vesult of his work on the life-history of T\ articulata, to the Cupressineae: he
believes that the Callitrineae were derived from the Northern Cupressineae
through some type resembling Tefraclinis. The Hattened foliage-shoots

vesemble Saficornic and bear 4-ranked small leaves; the cones consist of
4 nearly equal decussate seales, cach seale having 2 seeds with unequal wings.

SCIADOPITINEAE. Sciadopitys. The single species is characterised by
the long and rigid *double needle’ reaching a length of 12 cm. with a broad
furrow on the upper surface and a deeper groove on the lower face. My
Boodle® has recently described an example of concrescence in needles of Pinus
Lavricio Poir. var. nigricans Parl, which points to the probability that a morpho-
logical similarity exists between the double needle of Seiadopitys and abnormal,
fused, lepves of Pinus. Reference is made by Boodle to other possible views
that have been advanced with r
needles, The oblong woody

rard to the morphological nature of Seiadopitys

sones, 7 x 4 em.* are fairly easy to identify by
the rounded and reflexed upper margins of the scales (fig. 684, 8); there ave
9—13 s with a narrow wing, on cach cone-scale.

SEQUOIINEAE. Sequoin. Attention has already becn called to some

of the ana

features, The oval pits on the ficld (2—6) have an upper
and a lower horder though the pore is not infrequently obliquely vertical,
Anatomically the wood of 8. sempervirens is eongidered by Gothan® Lo agree
more closely with that of Peradinm then with 8. gigenten. The leaves of
8. gigantea (= Wellingtonia) are 3-angle
on the fertile shoots

«d and decmrrent, -5 mm. long; those

are broader, shorter and imbricate. 8. sempervirens
bears 2.anked linear, sessile, but not decurrent leaves with an abruptly

Spinous apex. There is & resin-ganal below the midrib and transfusion-
tracheids form conspicuous lateral groups. The cones of the two species are
of the same type, bul those of . gigunfeq are Jarger and oceagionally reach a
length of 9—10 cm. (fig. 702).

CALLITRINEAE, The foliage-shoots, similar to those of some Junipers

ave characterised by short decurrent scale-like leaves in alternate ternary

d of a few
valvate seales.  Aetinostrobus® (fig. 703, A). The very small leaves in ternary

or decussate whorls; the ovate or globular cones are compc

whorls have a free apex and the slender shoots closely simulate those of some
species of Veronics and Themnea depresse (Bruniaceae). The 6 gone-seales
are oblong, acute, and the base of the cone is invested by 6 rows of erowded
sealos which gradually pass into the foliage-leaves: each scale has 2—3 winged

1 Qard. Chron. Jan. 31, 1891, p. 147. 2 Saxton (13%); (13%).

* Boadle (15). i Biebold (70) PL enx

® (Gothan (06); (09). See also Jeffrey (03); Jordon (12).

® Baxton (13).
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seeds.  Clallitris.  Similar in habit to Tetraclinis (fig. 703, B): in some forms
(C'. arborea) the small leaves are closely appressed to the axis; €. glawea? shows
a considerable range in the form of the leaves, and in €. rhomboidalis the

Frd, 702 A, Seguoin giganiea. Shoot with cones. (Nat. size.)

shoots are especially slender. Saxton?® points out that the tracheids have a
single row of separate pits and draws attention to the oceurrence of horizontal

! Baker and Smith (10) p. 118.
* Baxton (10%); (102). The wood of the Callitrineae requires more thorough

investigation.
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bands above and below each pit.  Cones usually spherical, reaching 2-5 cm.
in length, with 6 smooth or tuberculate valves. In C. Mueleayana the cones
are pyramidal and have 6—8 valvesl.

Widdringtoniz. The adult foliage-shoots hear rather longer leayes in
decussate pairs®; the twigs are eylindrical and not flat ag in Thuaye. In
quickly growing shoots the leaves may he spiral; they have no hypodermal

Fie. 702 B.  Sequoia giganiea. An unusually large cone.
(British Museum : nat. size.)

layer like that in the leaves of Callitris. Spirally thickened tracheids oceasion-
ally ogeur in the wood. The cones consist of 4 decussate thick and warby
valves, cach scale hearing 7—8 winged seeds.

ABIETINEAE. Pinus. The needle-like leaves on short shoots are a

striking feature. In P. silvesiris and many other species each short shoot

1 Baker and Smith (10, 2 Rendle (96).
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A B

Fra. 703. A, Actinostrobus pyramidalis, B, Tetraclinis articulate. (After Saxton.)

Fia, 704, Pinus excelse, cone and foliage-spur.
(From & photograph by A. Howard.)
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bears 2 needles p'lnu convex in section. In P. monophylla (fig. 694, 1) each
sharp-pointed eylindrical leaf 4 cm. long. Three-
s but not in Europe.
. P. Strobus, P. excelsa

shoot has usually
needled Pines occur in N. America and the Himalay:

In 2. Cembra, P. peuce (the only European exampl
(fig. 704), P. Loraiensis, cte., the short shoots bear 5 uurdlm and each is trian-
gular. Thomson?! regards the dwarf-shoot of Pinus as a derivative of a longer
shoot with spirally disposed needles: he has recently deseribed examples of
': warf-shoots in recent Pines bearing an abnormally large number of leaves.
n.f g .

yot= with 3 leaves are ot uncommon: in P, excelsa wounding
dwarf-shoot.

cansed the development of as many as 15 1 sedles on a sin
Jeffrey, on the other hand, rexards the spur-shoot as a primitive attribute of
the coniferous stock. The length of the leaf varies considerably and may
in iz gene rally entire. but in P. Clembra the :l[.‘i'."rll

reach 30 em.; the mar
bortion is fis serrate. The structure of Pine leaves? is well known, but
v distinetion from the
sd endodermis (fig. 694,

reference may be made to the twin bundles in hard Pir
single

and in the soft Pines®, the presence of a well-del

D, &) and the infoldings of the chlorenchyms 1, There are two types of cone,
al end of the 1.\'00(‘[_\' seminiferous

that of the Piaaster group in which the dist
seale is more or less pyramidal and has a central nmbo (cf. fig. 785). prolonged
I some speeies, P. ponderosa®, P. Jeff) '8 ete., into a shorf recurved spine

spinous process, Another type, illus-

“l" in P. Coulteri, into a large cux

trated by the Strobus group, is distingnished by the flatter imbricate scales
With the umbo at the tip of the free rounded margin (fig. 704), The cones of
{ Picen. 'The variation in the size and form of
cones from the same tree in Pinus evcelsa is worthy of notice from a palaeo-

the latter type rese smhble those o

botanical sts
Cedrus. The more slender needles of Cedrys, most of which oceur in

Clusters on short shoots, are approximately triangular in section (fig. 694, I)
and have a single bundle and two canals next the lower epidermis. The
persistent leaf-bazes resemble those of Tsuga and Picen (fig, 706, B, D). Canals,
theuch nat nor nally present in the wood, are induced by wounding ; xyvlem-
Parenchyma r
but less prominent than in Pines and some other genera. The deciduous

acenr in the late summer-wood and ray-tracheids are present,

Nature of the mature cone-scales would lead one to expeet their preservation
a8 fossils. A characteristic feature of the cones is the presence of radially
:lvisl'omrtl lines normal to the edge of the sporophylls®, Lapiz.. The narrow
linear degurrent leaves, keeled on the lower surface, have a regin-canal close
' Thomson (14).

£ Zang (04) empts to classify Pine leaves on the basis of anatomy.

8 Wor anatomical features of hard and soft Pines, see Holden, R. (13%); Jefirey
and Chrysler (06).

j Kirchner, Loew, and Schroter (06)

* Gard. Cheeon. Nov. 15, 1890, pp. 561,

% Ibid. March 23, 1889, 7 Bommer (03) B. Pls, 1., 1v.
Fliche (96) p. 86.

. 188, 222, ete.
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to the epidermis at each angle. There is a single vascular bundle but no
thick-walled hypoderm. Bailey* notes the ocourrence of wood-parenchyma
on the outer face of the summer-wood. The persistent subglobose or more
elongated cones, reaching a length of 10 em. (fig, 705, G), are in most species
characterised by the large size of the bract-scales like those of Abies and
Pseudolsuga. Bommer calls attention to the superficial resemblance of Larch
cones to the fruit of Pelrophila diversifolia® (Proteaccac). Pseudoloriz
resembles Larie in habit (fig. 705, A, B); the male strobili are umbellate;
the leaves lincar lanceolate and up to 7 em, long. The cones are ovate and
bear loosely imbricate, pointed deciduous seales; the bract-seale is shorter
than in Lariv. Picea. The short and narrow leaves are tetragonal or more

or less flat in seetion: a canal occurs below the vein or there may be two lateral
resin-ducts. The persistent bases of the leaves form prominent pegs (fig. 706,
D). The eylindrical or oval cones, reaching 16 em. in length, consist of leathery,
concave imbricate scales: the bract-scales are concealed®. The stem of a
variety of P, excelsa (var. tuberculatn)®, characterised by large conieal tubercles
of cork, bears a close resemblance to that of Xanthorylum (Rutaceae)s, Tsuga.
The leaves are flat, decurrent (fig. 706, B), similar to those of Tawus, Abies, and
some species of Picea; but there is a single vesin-canal below the yein and the
lamina is petiolate and not sessile as in Seguoie sempervirens.  In some cases
the lamina is finely serrate.  The cones closely resemble those of Picen except
in their smaller size; the bract-seales are usually concealed, but in 7. Paf-
tondwna® they are longer and reach & length of 7-5 om,

Pseudotsuga.  The leaves resemble those of Tsugs, but there are two
lateral canals and the lamina is attached by a narrow base to a s
minent leaf-c

lightly pro-
shion (fig, 706, ¢8). The wood is like that of Luariz but the
tracheids often possess spival bands, and xylem-parenchyma occasionally
oceurs. Resin-dnets are present in both normal and injured stems. The
eones, 5—10 ¢m. long, resemble those of Tsuge but differ in the 3-pronged

conspicuous hract-scale; they are pendulous and the scales are persistent.
Keteleeriq.  Shoots similar in habit to those of dbies: leaves flat, a canal at
each angle.  Cones similar to those of Pinus Cembra: microstrobili wmbellate.
Abies.  Leaves usually flatter than in Picea and often larger; the apex may
be notched though this is not a constant feature?. There is no persistent
leaf-baze (fig. 706, A). Two lateral canals® are generally present in the leaf,
but in sgome species the canals are median®,  Transfusion-tracheids may form a
ring round the phloem (A. magnifice). Cones large (in A, aobilis 25 = 10 em.)
and in mogt species the bract-scales are conspicuous (fig. 705, C, F). The cones

1 Bailey (09). 2 Bommer, loc. cit. PL 1x. figa. 167, 168,
? For figures illustrating the range in form of cones, see Kirchner, Loew, and
Schriter (06) pp. 1562, 153,
4 Schriter (97) figs. 24, 26.
¥ Barber (92). 8 Gard., Clron, June 3, 1893, p, 659,
7 Kirchner, Loew, and Schriiter (06) fiz. 26, p- LUR
8 Ibud, p. 90. * Elwes and Henry (06) p. 717.
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Fra, 705. A, B. Short shoot and cone of Pseudolariz Kaempferi. C, Abies bracieata,

showing the long bract-seales. 1), B, Abies concoler, cone-scale; b, bract-
i, cone-soale: b, bract-scale. (G, Lariy Griffithi;
(C—F. from the Gardeners’ Chronicle.) M. .

scale; . seed.

b, bract scale; s, see

s s - - o - g ‘ E it -
Fic. 706. Branches of Abietineac. A, Abies pectinata. B, Tsuga canudensis.
€. Psendotsuge Douglasii. 1), Picen excelsn, B, Cedrus Libani. F, Larie
europaea, (. Pseudolaric Kaempfers. (After Rendle from Veitch and after

Engler and Prantl.)
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of some speeies with concealed bract-scales, e.g., 4. wiolacea!, 4. Webliana?,
A. concolor (fig. 705, D, B), ave hardly distinguishable from those of Piceq and

the larger cones of Tsuga. while those of Abies amabilis resemble Cledar cones,

PODOCARPINEAE. The wood agrees with that of the Cupressineae
in the presence of xylem-parenchyma, but Gothan® states that the pores of
the bordered pits on the radial walls of the medullary rays in the region of
the spring-wood are narrow, elliptical, and vertical (fig. 693, K), while in the
Cupressineae the pore is horizontal (ef. fig. 693, H), a feature that is not
sufficiently constant to afford a trustworthy criterion. Podocarpus.  Leaf-
lamina linear and short (2. nivalis, ete.) as in Toxus, longer and broader (in P.
elatus reaching a length of 29 em. and 2 em. broad), as in Cephalotayus (fig.
394, A) and the pinnae of Cyeas small appressed and scale-like (P. cupres

L)

or ovate and provided with several veins (P. Nagi, 6 = 2 om,, P. Wallichiana.
13—15 = 35 cm.). The leaves are opposite in the section Nageir (fig. 707),
scattered in other species. Tison* has shown that in the broad-leaved species
only one vaseular bundle is given off from the stele and this branches in the
petiole. not in the cortex as in Agathis. The leaft of P. wmacrophylla®
(7—6 em. % 7 mm.) represents a fairly common type: short reticulate tracheids
oceur on each sideof the vein and elongated tracheids extend from the midrib to
the leaf-edge. Theve are three canals near the lower surface, but in some speeics
only oneis present. P. formosensis® (fig. 707) has leaves like those of P. Nagi,
but more rigid, thicker, and smaller; the epidermal cell-walls are thick and

5 cells surround each stoma (fig. 707, a, b). The presence

elongated and 4
of hypodermal mechanical tissue distinguishes Podocarpus leaves from those
of Torreya, and another characteristic feature is afforded by the two kinds of
accessory tracheids in place of the ordinary transfusion-tissue in the great ma-
jority of leaves. Reference has already been made to the “cones.”  Ducrydiuin.
The dimorphism of the foliage-shoots is illustrated in fig. 708, The very
simple type of megastrobilus is a striking feature (fig. (84, P). .IJ.'[r'f‘r_:(‘rrr_‘l‘tr.','.;.
Leaves small, appressed, in decussate pairs”. As in Dacrydiwm there is
a single canal below the vein. Gothan notices the frequent ocourrence of a
single large pit in the field of the rays., The fleshy mulberry-like cone is
a peculiar feature. Sawegothreq (fig. 687). Lindley5, the author of the genus,
deseribes this Conifer as having the male flowers of a Podocarp, the cones of
an Agathis, the fruit of a Juniper, and the habit of Tazus, There is a canal
helow the vein, also lateral transfusion-tracheids but less numerous than in
Podocarpus. The oceurrence of pits in the horizontal walls of the ray cells
is a character in which Saazegothaen differs from the genera (‘()i:l[Jl'i'\.“f’dAllll(]l‘J‘

the general term Cupressinoxylon®. The cones have already been described.

v Gard, Chron,. Dee. 27, 1890, 2 Ihid. Oct. 3. 1801,
3 (zothan (05) p. 47. 4 Tison (12) PL 1v. fig. 2.
5 Stiles (12). & Ditmmer (12).
Haoker, W. J. feones Plandarum, 1843.
8 Veiteh (00) p. 158; for figures, see Gard. Clhiron. June 22, 1889, p. 782.

See p. 186,
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Fre, 707. Podocarpus formosensis. A, Folinge-shoot. a, b, Epidermis with
stomata. (A. after Nimmer; } nat. size.)
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Acmopyle. This generic name was given to an imperfectly investigated New
Caledonian Conifer formerly known as Dacrydivm Pancheri. The sessile,
decurrent, faleate leaves on the lateral branches (1—1-6 em. x 2:5 mm.) are
a charaeteristic feature, those on the main axis being small and scale-likel.

Fra. T08. A, Dacrydiwn elatum. B, Dacrydivm araucarioides. (From specimens
in the British Museum. )

Pherosphaera. © The vegetative shoots resemble those of Microcachrys and

some Lycopods.  The genusis peculiar among the Podocarpineac in the absence

D

strobili, composed of 2—35 one-

of an epimatium. Sinnott® regards the meg
seeded scales, as ‘ the last step in reduction,” but the difficulty is to discriminate
between simplicity as a primitive and as a reduetion-phenomenon. Phylio-
cladus (fig. 673). The cladodes have a central rib and several vascular

1 Pilger (03) p. 117. Mr Sahni (Emmanuel College, Cambridge) has in prepar-
ation an account of demopyle hased on material collected in New Caledonia by
M Compton,

2 Binnott (13) p. 733 see also Masters (93) p. 6: Hooker. J, D,, leon. Plant., 1882,
PL 1383 Baker and Smith (10).
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strands, and stomata ocenr on hoth surfaces’. The small megastrobili
consist of spiral or decussate scales, each with one seed.  Miss Young® mentions
the oecurrence of tracheids with spiral bands: a single large pit occupies the
field of a ray-cell as in Dacrudinm Franklini®. 'The seed in the early stage of
development shows signs of a ruminated endosperm.

TAXINEAE. The occurrence of spival bands in the secondary tracheids
is a family-character but similar tracheids are not uncommon in other Conifers.
Tuzus. The difference in leaf-form and in the arrangement of the foliage is
well illustrated by Kirchner and Schrister®.  The leaves have recurved marging,
a mucronate acute apex, and a small median vein, Torreya. In habit this
genus resembles Tazus but the leaves are longer (6 om. in 7' californice);
there is a resin-canal below the vein and two conspicuous stomatal grooves on
the lower surface with papillose epidermal eells (fig, 694, B): the midrib is nob
prominent. Cephalotarus. Leaves linear, more or less falcate, reaching a
length of 12 em. in €. Henryi (fig. 709), with a prominent midrib and one canal

o
e

Fra., 700, Cephalolarus Henrygt. | British Museum ; 4 nat. size.) M. S.

{fig. 694, A): there are no stomatal grooves. Seeds like those of Torreya in
size and in the thick feshy sarcotesta and inner shell; the endosperm is not
ruminated. Rothertd has described an interesting departure from the usual
structure in the stem of €. karaing (according to Beissner = C. pedunculata
var, fustigiate): a resin-canal occupies the centre of the pith and several short
tracheids ocenr internal to the edge of the xylem-cylinder. There do not
appear to be any anatomical characters apart from the spiral bands of the
secondary tracheids by which the Taxineae can be distinguished from some
Cupressineae and other Conifers: xylem-parenchyma is said to be present
in hoth spring and summer wood of Cephalotacus drupacen, while it is unrepre-
sented in Tawus euspidate and Torreya nucifera®; the pits in the field vary
in number and may be simple or bordered and in the latter case the pore is
obliguely vertical.

1 Robertson (06); Bernard (04) B.; Stiles (12).

* Young, M. 8. (10). 3 Gothan (05) p. 55.
* Kirchner, Loew, and Schriter (06) p. 69.

2othert (99). 5 Tujioka (13)
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Sources of ervor in the determination of fossil Conifers.

The determination of fossil Conifers is one of the most dillicult
tasks of the palacobotanist. Itis comparatively seldom that well-

preserved cones are found in organie
connexion with the twigs that bore
them and the cones rarely exhibit those
features which are the best guides to
affinity. Excessive trust in superficial
similarity has [requently led to the em-
ployment of generic names suggesting
relationships which are thoroughly mis-
leading. In comparing fossiland recent
forms authors arve apt to confine their
attention to the better-known types,
forgetting that it is often with the less
familiar and geographically restricted
genera that extinet plants are most
closely allied. Even the data supplied
by petrified wood are often insufficient
to enable the student to do more than
refer a specimen to some comprehen-
sive genus based on characters shared
by several recent genera. Though it
is as a rule easy to distinguish between
the wood of a Conifer and that of
Cycads and Dicotyledons, the agree-
ment hetween the xylem elements of
many Cycads and those of the Arau-
carineae is sgufficiently close to afford
opportunity for error. The homo-
geneous structure of the secondary
wood of some Magnoliaceous genera,
e.q., Trochodendron and Drimys' (fig.
710), closelysimulates that of a Coniler,
but the medullary rays are approxi-
mately equal in breadth to the tra-
cheids and the cells are more elongated

Ju

L Groppler (94): Solereder (99) p. 345 (08) p.
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Free, TLO. Diinys Winteri. Trans-

Ve section of part of a stem.

¢, pith; f, perieyele fibres;
¢. cambium.

See also Jeffrey and Cole (16).



XLI1L ] SOURCES OF ERROR 163

vertically than in the rays of a Conifer. Attention has already been
called to the difficulty of distinguishing between the foliage-shoots
of some Conifers, Dic otyledons and Lycopodiaceous p[autb The

e, T11. A, Veronica Heclori: B. Callitris oalearata: C. Veronica Cupressoides ;
D, Athrotazis cupressoides: B, Crassuln lycopodiaides, M. 8.

twigs reproduced infig. 711 are e xamplesof Iulwll’.uinl'f resemblances,

and similar instances are cited by Bommer. The Conifer Podocarpus

dacrydioides was described by Banks and Solander as Lycopodium
11—2
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arboreum ;. Dacrydivin Bidwilliit, D. Franklini and D. araucarioides
(fig. 708, B) recall some species of Lycopodivim, and D. cupressinum?,
a dimorphic species, may simulate Lycopodium tetragonum. The
long, linear, distichous leaves of some species of Podocarpus and
Cephalotazus might, as fossils, be confused with the pinnate leaves
of Cycas; further, as Bommer points out, the leaves of Podocarpus
Blumei resemble those of Agathis and the seeds ave similar to those
of Dehaasia medio (Lauraceae). The Cupressus type of shoot
oceurs in Baccharis scolopendra as in other Dicotyledonous plants
(fig. 711). The presence of a midrib in a linear Tawws-like leaf
though usually easy to recognise is not always obvious, e.g.. in
Torreya nucifera the midrib cannot always be distinguished on
the upper face of the leaves. The recurrence of a similar habit
in many Conifers renders difficult the identification of vegetative
shoots, particularly as in fossil specimens the precise method of
attachment of the leaves, their texture, and other features are
frequently unrecognisable. The tendency to dimorphism in
many genera is another difficulty: examples of dimorphic shoots
are afforded by Dacrydiwm lazifolivin, D. Kirkii, D. elatium (fig. T08.
A), Juniperus chinensis, Araucaria excelsa, Callitris glavea, Podo-
carpus cupressina®, P. ambricata, Thuya occidentalis, ete.  Allusion
has been made to the considerable variation in the length of leaves
on a single branch of different Conifers: in such a form as Crypio-
meria joponica var. spirahs Sieb. and in similar varieties of other
genera the spirally twisted leaves, reminding one on a small scale
of the “wind-blown” Acanthus leaves on a Byzantine capital,
constitute a feature which might be regarded asg of taxonomic
importance. The investigation of the cuticular membranes of
Conifer leaves, as yet but little attempted, may supply useful
criteria &s in the case of Cyveadean fronds.

L Pilger (03) fig. 4 A. * Kirk (89) Pls. xvr., xix.
3 Bennett and Brown (52) PL x



CHAPTER XLIV.
CONIFERALES (FOSSIL).

Tre task of deciphering the fragmentary remains of Conifers
1s particularly difficult and no branch of palaeobotanical research
males greater demands upon the patience and self-control of the
student. As Saporta says, ‘Aucune étude n'ouvre des perspec-
tives plus étendues, mais ancune aussi n'exige plus de réserve et de
tatonnements’.” The determination of impressions of ill-preserved
vegetative shoots is often impossible and it is regrettable that many
authors have been too ready to employ generic names denoting
identity or close relationship with recent types on wholly inade-
guate grounds. A recent writer thus sums up the situation
created by an excessive faith in superficial resemblances and a
lack of familiarity with existing representatives of the group:—
“Where a knowledge of reproductive parts is lacking, chaos reigns
supreme.” It may be added that impressions or casts of cones in
many cases do not afford any real assistance. A comparison of
the various forms of foliage-shoots and strobili met with among
recent Conifers demonstrates the danger of placing confidence
in external resemblance as a guide to affinity. It is seldom that
reproductive organs are well enough preserved to enable us to
recognise features of primary systematic value. Though little
has so far been done to test the value of epidermal characters as
aids to identification, such results as have been obtained? favour
the conclusion that this line of investigation promises to be less
fruitful for Conifers than for Cycadean plants. Petrified wood of
the Conifer type is abundant in plant-bearing strata from the later
Palaeozoic rocks upwards, and considerable pains hawe been taken
to utilise to the full this source of information. Within wide
limits anatomical characters are undoubtedly valuable, but the
Tecent tendency to subdivide comprehensive genera, which are

! Baporta (62) p. 300, * Holden, R. (15%).
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recognised as embracing several recent genera, into genera implying
a limitation of affinity within narrower bounds has, T venture to
. think, been carried too far. The Investigation of fossil eoniferous
wood, in spite of the disappointing quality of the data from the
systematist’s point of view is well worth attention. An examina-
tion of fossil wood from different geological horizons brings to
light many striking instances of a mixture in single plants of
features now characteristic of distinet genera. It is the generalised
forms that throw light on the nature of the changes produced in
anatomical structure in the course of evolution. The older and
more generalised types are of special importance to the student of
phylogeny. The very difficult question as to the stock from which
the Conifers are derived is too wide to be adeg uately discussed in
a general treatise. It is probable that the Coniferales are mono-
phyletic, the Araucarineae being the oldest representatives of the
group while the Podocarpineae are a closely 1elated series. The
widely held view that the Araucarineae are descended from Cordai-
talean ancestors is by no means definitely established: it rests
mainly on anatomical evidence and the arguments based on a
comparison of the reproductive shoots are far from convineing.
On the other hand those who favour a Lycopodiaceous anecestry
for the Coniferales are confronted with difficulties which, though
I venture to think they are not insurmountable, have not been
adequately met'. The suggested linking up of the Cordaitales,
through types in which the cylinder of secondary xylem is sup-
plemented by separate primary strands of vascular tissue, with
Lyginopteris and other Pteridosperms leads to the inclusion of the
Coniferales among the descendants of an ancient Filicinean stock,
but here too the chain of evidence is incomplete particularly as
regards the lack of data as to the nature of the reproductive organs
of several Palaeozoic genera founded on anatomical characters.
The problem is still unsolved: the discovery of additional
types and a more thorough comparative study of such data as we
possess may gnable us to see more clearly the paths along which
evolutionary tendencies have operated, but the absence of records
of the vegetation of pre-Devonian times deprives us of the means
ol following to their common source the different phyla of vasenlar

' For a useful summary of argnments sce Burlingame (15).
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plants which in the Permo-Carhoniferous era had already advanced
far beyond the simple ancestral forms which the botanist seeks
but rarely finds.

The various examples of fossil genera founded on the anatomical
features of vegetative organs are dealt with in a separate section
and not included with impressions in the deseriptions of the several
families, partly on the ground that it is rarely possible to demon-
strate a connexion between the two sets of records and in part with a
view to give a more connected account of the results so far derived
from a study of petrified wood. Cross-references to anatomical
structure are given in the deseriptions of vegetative and repro-
ductive organs when there appear to be sound reasons for assuming
a generic or family connexion. The classification of woods 18 at
best provisional and the generic characters are far from constant.
The main point is that the student cannot afford to neglect this
line of enquiry if he desires to obtain a comprehensive view of
the changing combinations of structural features preceding their
distribution among existing genera.

A comparison of recent Conifers and Cyeads with their Mesozoic
representatives brings out very clearly the fact that while on the
one hand the modern Cycads differ widely from the Cycadean
type which played a prominent part in Mesozoic floras, recent
Conifers on the other hand agree closely in their main features
with their Mesozoic ancestors. The Cyecads as we know them now
are a more recent product of evolution than the Conifers though
it by no means follows that the Conifers in the wide sense are

the more ancient group.

Fossrn Gyuyospervous woon (Coniferales).

The earliest attempts to identify petrified wood are summarised
by Goeppert!, Knowlton2, and other authors. Tuidius (Lhwyd)?
at the end of the seventeenth century employed the general desig-
nation Lithoxylon, and the termination -zylon is still used in generic
names applied to fossil wood in conjunction with some prefix im-
plving agreement in the more important anatomical features
with some recent genus or family. For woods exhibiting a
combination of characters unknown in existing genera a distinctive

L Goeppert (50). * Knowlton (89%): Gothan (05). 4 Lauidins (1699) A.
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prefix is employed, e.g., Xenoxylon, and some authors make use
of a name, e.g., Woodworthia, which does not indicate that the
diagnosis is based on anatomical features. Conwentz! adopted
the method of adding the prefix Rhizo- to generic terms for wood
believed to belong to roots, and Felix? and Lignier® have emploved
the prefixes Cormo- and Clado- for stem- and bhranch-wood respec-
tively. It is, however, seldom that such differentiation is posgible
and it is questionable whether it is wise to attempt refinements of
this kind. Barber?, in his critical paper on a species of Clupressino-
aylon, calls attention to Strasburger’s description of an old mori-
bund stem of Lariz with root-like characters and Gothan3 speaks
of a branch of Pinus silvestris with root-attributes. The differences
between branches and the main stem are not sufficiently known
even in the more familiar types to justify the use of the prefixes
Cormo- and Clado- in deseriptions of fossil specimens.

The scientific study of fossil wood began with Nicol® and
Witham whose work was rendered possible by methods of section-
cutting first employed, according to Nicol, by a Mr Sanderson. a
lapidary.  Opinions expressed by Nicol on methods of investi-
gating petrified wood are still pertinent, after a lapse of 80 years:—
‘To pronounce with certainty whether a fossil Conifer be essen-
tially different from any known individual of the recent kind, it
would be requisite to have a thorough knowledge of the structure
at least of all the different tribes of recent Coniferae: and yet
several distinct fossil genera have been indicated by a person who
has examined, and that too very superficially, only three slices of
three recent Pines, differing not essentially from one another.’
In recent years the tendency has been towards a more detailed
study of anatomical characters such as the distribution and form
of the pits on medullary-ray cells. The facts recorded in the
Chapter on Recent Conifers illustrate the difficulty of arriving at
a thoroughly satisfactory classification of anatomical features that
may serve as criteria in the identification of recent genera: even
i the case of well-preserved fossil wood we have as a rule to rest
content with a generic name denoting a combination of characters
met with in more than one existing genus. Moreover, as already

1 Conwentz (80) A. 2 Felix (82). # Lignier (072).
' Barber (98). & Gothan (05) p. 19. ¢ Nicol (34) A. p. 141.
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shown, recent work has tended to reduce the taxonomic value of
certain characters such as the oceurrence of ray-tracheids which
are more widely distributed than has generally been supposed.
In this connexion a word may be added with regard to some
common sources of error in anatomical investigation. There is
the obvious danger of confusion between features due to petrifying
agents or to decay before petrification and those present in the
living tree: the thickening of cell-walls, e.g., those of medullary
rays, has been shown in some eases to be a pathological pheno-
menont, The partial obliteration ol bordered pits by decay may
cause them to appear separate though origmally in contact (fig.
175, B, Vol 111 p. 257). The recognition of pits on the tangential
and horizontal walls of medullary-ray cells is often very difficult, and
negative evidence may be misleading. It is by no means always
a simple matter to distingnish between true canals and canal-like
spaces formed by the destruction of groups of tracheids (e.g.,
Pityozylon eiggense; fig. 725). In one cage it has been shown
that leaf-traces traversing broad medullary rays were mistaken
for horizontal resin-canals®. The spiral lines frequently seen on
the walls of petrified tracheids caused by the divective influence on
the structure of the membrane of the course of enzyme-action may
simulate the spiral bands characteristic of Taxus, Torreya, and
Cephalotazus. These are a few of the pitfalls in the path of the
palaeobotanist, but despite the diffieulties and the frequency with
which imperfect preservation prohibits complete diagnosis, the
investigation of fossil wood is well worth the attention of students
equipped with an intimate knowledge of recent Conifers. The
unpromising nature of the material may be a deterrent, though
lignitic and other specimens not thoroughly petrified are amenable
to special treatment?®,

In the account of recent Conifers attention is called to the sig-
nificance of rings of growth : the subject has recently been exhaus-
tively treated by Antevs? and students should consult his memoir
in the Progressus rei botanicae for veferences to the literature. The

1 Gothan (07), p. 25.

* Penhallow (00) p. 76; Thomson and Allin (12).

4 For methods, see Jeffrey and Chrysler (06); Hollick and Jeffrey (08) B.
Gothan (09); Sinnott (09).

! Antevs (17).
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subject is interesting and beset with difficulties but well worthy
of more thorough treatment than it has so far received. Though
petrified Coniferous stems are usually represented by the secondary
wood only, the phloem and cortical tissues are sometimes preserved
and afford useful information. Examples of petrified phloem and
other extra-xylem tissues are described by Lignier and other
authors. In his deseription of silicified plants from Franz Josef
Land, of Lower Cretaceous or Upper Jurassic age, Solms-Laubach?!
includes some pieces of Coniferous bark showing patches of peri-
derm alternating with secondary phloem consisting of sieve-tubes.
phloem-parenchyma, and fibres, also some stone-cells, Some of
the sieve-tubes are shown in fig. 718, B, with well-preserved sieve-
plates, a feature very rarely preserved. There is not enough wood
associated with the phloem and periderm to serve as a means of
identification, but Solms-Laubach speaks of the bordered pits on
the tracheids and the pits of the medullary rays as indicating
Pityoxylon or Cedroxylon.

A new generic name Veetia has been instituted by Dr Marie
Stopes? for a mass of petrified phloem which she compares more
especially with the phloem of recent Conifers: while recognising that
the specimen cannot be assigned with confidence to a particular
group of Gymnosperms 1 venture to think it is almost certainly
a portion of a Cycadean stem.

Reference has already been made in the section devoted to
the anatomy of recent Conifers to the relative importance and con-
stancy of diflerent characters from a taxonomic point of view and
this question need not be further considered. The method of
classifying coniferons wood in gemeral use is based on a scheme
proposed by Krans®, A modified form of this scheme was pub-
lished by Schenk?* and more recently Penhallow®, Jefirey, Lignier.
Gothan, Dr Stopes, and other authors have considerably extended
our knowledge. Dr Gothan®, whose memoir on the anatomy
of Conifers eontains much valuable information, employs several
generic names denoting identity with recent types, and while
admitting the great advance made by him and other workers in

! Solms-Laubach (04). * Btopes (13) p. 247. See p. 419, Vol. 1L
¥ Kraus in Schimper (72) A, p. 363.

* Schimper and Schenk (90) A. p. 860.

5 Penhallow (07). 4 Gothan (05).
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this field, it is difficult to avoid a suspicion of overstraining
the significance of certain anatomical minutize heyond the lmits
of safety.

The great abundance of petrified wood in strata ranging from
the late Palaeozoic through the Mesozoic and Tertiary formations,

Fro. 712, Section of the north face of Amethyst Mountain, Yellowstone Park.
(After Holmes.)

often in places which have yielded few other plant fossils, is in
itself a strong incentive to research in a department of palacobotany
that has suffered from superficial work and hasty conclusions.
Petrified tree-trunks are among the most impressive monuments
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of former ages: the petrified forests in the desert east of Cairol:
the vast accwmulation of Triassic stems, some reaching a length of
200 ft. and 7-—10 ft. in diameter, over an area of 10 square miles
in Arizona County?®; the succession of Tertiary forests in 2000 ft.
of voleanic sediment exposed on the sides of Amethyst Mountain
in the Yellowstone Park?® (fig. 712): and on a smaller scale the
Jurassic trees in the Portland quarries are a few of many striking
examples of the wealth of material.

CLASSIFICATION OF ¥ossin CoNIFEROTS WooD.

A, Aravearian pitting on the tracheids.

I. DADOXYLON. (Including draucariozylon of Authors.)

Bordered pits on the radial walls of the tracheids, if uniseriate
flattened above and below, when in two or more rows alternate
and polvgonal; separate and cireular pits, though rare, may occur.
Rims of Sanio usually absent though their occasional occurrence
on the secondary tracheids in the cone-axis of recent species of
the Araucarineae shows that they are not entirely foreign to wood
of the Araucarian type.

Xylem-parenchyma ahsent or rare and may be represented by
resiniferous tracheids. Medullary rays uniseriate, rarely double:
horizontal and tangential walls smooth; there may be 1—15
small pits in the field, though whether they actually belong to the
walls of the ray cells or to the adjacent tracheids has not been
definitely determined in fossil species. The pits are simple or
bordered, cireular or elliptical.

Resin-canals are absent both from normal and wounded wood.

Palaeozoic to Recent.

B.  Putting on the vadial walls of the tracheids of the common
Coniferous type ; the pils are separate and civeular and, if in two
or more rows, opposite. Contiguous and more or less flattened pits
occur spasmodically on the tracheids of the wood of the genera included
wn this section.  Well-developed rims of Sanio wsually occur on the
tracheids,

1 Unger (59),
* A good example of an Arizona tree-trunk is exhibited in the Plant-Gallery of
the British Museum. See Ward (002).
¥ Knowlton (99); Holmes (78); Seward (11%) p. 60, fiz. 6.
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ll. CUPRESSINOXYLON. (Including Glyptostrobozylon and
Taxodioxylon.)

Xylem-parenchyma scattered through the wood and not con-
lined to any particular region, often containing resin; the trans-
verse walls may be thick and pitted. Medullary rays uniseriate,
horizontal and tangential walls smooth (unpitted); there are
generally several small pits in the field though in some species
referred to this genus there may be a single pit. In the region
of the spring-wood the pore of the apparently bordered ray-pits
is more or less horizontal; but the form and position of the pore
are variable.

Resin-canals absent except in wounded parts of the wood.

Jurassic to Recent.

I1II. TAXOXYLON.

The same anatomical features as in Cupressinozylon except
that the tracheids of the secondary xylem have spiral thickening
bands. Tertiary to Recent.

IV. MESEMBRIOXYLON. Gen. nov. (Including Podocar-
pozylon, Phyllocladoxzylon and - Paraphyllocladozylon.)

Xylem-parenchyma usually present and scattered, but.it is
not so characteristic a feature as in Cupressinozylon.

Medullary rays usually uniseriate; the pitting is confined to
the radial walls as in Cupressinozylon but in the region of the spring-
wood the pore is oblique or more or less vertical: in the summer-
wood the pits in the field are indistinguishable from those of
Cupressinowylon.  There are often several pits in the field but in
some species there may be one or two large simple pits in the field.

Resin-canals present only in wounded parts of the wood.

Jurassic to Recent.

V. PARACEDROXYLON.

A genus of doubtful affinity. DBordered pits on the tracheids
usually separate; no rims of Sanio.

Xylem-parenchyma confined to wounded regions. Medullary-
ray cells pitted only on the radial walls except in the injured parts
of the wood where the other walls may be pitted. There are 4—6
circular, apparently bordered, pits with an oblique pore in the
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field. In the characters of the normal wood this genus agrees

most closely with Cupressinoxylon and Mesembriozylon.
Cretaceous.

VI. CEDROXYLON,

In some species included in this genus contignous and fAattened
bordered pits are fairly common on the radial walls of the tracheids.

Xylem-parenchyma, if present, confined to the late summer-
wood.

Medullary rays uniseriate; all the walls are pitted ; tracheids
may be present in the rays though they are usually absent. There
are 1—6 or rarely more pits in the field, either simple or apparently
bordered. Resin-canals confined to wounded regions.

Jurassic (Triassic species doubtful) to Recent.

VII. PITYOXYLON. (Including Piceoxylon and Pin riplon. )

Though in the great majority of cases the tracheids of the
secondary xylem have no spiral bands, the presence of such bands
in the recent genus Pseudotsuga shows that this feature may oceur
in wood of the Pityozylon type.

Resin-canals present in the normal wood. Medullary rays of
two kinds, uniseriate rays consisting of parenchyma and, in many
cases, ray-tracheids, also fusiform rays with horizontal resin-eanals.
The walls of the ray-tracheids are either smooth or irregularly
dentate. All the walls of the medullary-ray cells are pitted;
there may be one large simple pit in the field or several small,
apparently bhordered, pits.

Jurassic to Recent.

VIII. PROTOPICEOXYLON.

Similar to Pityoxylon except in the absence of horizontal
regin-canals in the normal wood; such horizontal canals as occur
are regarded as traumatie,

Cretaceous to Tertiary.

C. Genera in which Arauvcarion features, especially as regards
the tracheal pitting. occur in association with characters met with in
recent Abietineae.  The genera included in this section afford examples
of generalised types and do not resemble recent forms so closely as do
the other genera.
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IX. WOODWORTHIA.

Araucarian tracheal pitting; annual rings feebly marked.
Short shoots and a subtending leal are present in the secondary
wood. Resin-canals absent.

Medullary rays uniseriate; pits confined to the radial walls,

Triassic.
X. ARAUCARIOPITYS.

Similar to Wooedworthio in the possession of short shoots and
in the pitting of the tracheids though separate and circular pits
also occur. Vertical resin-canals abundant in wounded regions.

Medullary rays uniseriate; all the walls pitted.

Cretaceous.
XI. PROTOCEDROXYLON. (Including Metacedroxylon.)

Bordered pits on the radial walls of the tracheids in 1—3 rows,
usually of the Araucarian type but separate pits also occur. No
rims of Sanio and no resin-canals.

Xylem-parenchyma usually absent. Medullary rays generally
uniseriate; all the walls pitted; 1—3 circular, simple, pits in the
field.

Jurassic.
XII. XENOXYLON.

Tracheal pits large, generally flattened above and below though
not always, often transversely elongated. Resin-canals absent.

Medullary rays uniseriate; pitting confined to the radial walls;
usually one large simple pit in the field.

Jurassic (Triassic?).
XIIT. ANOMALOXYLON.

When uniseriate the pits on the tracheids are usually contiguous
and flattened ; if biseriate the pits are opposite; separate pits also
ocCur.

True resin-canals absent, but canal-like spaces lined with small
cells oceur in some large medullary rays and constitute a charac-
teristic featme,

Medullary rays uniseriate; pits confined to the radial walls;
2—3 circular simple pits in the field.

Jurassic.
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XIV. THYLLOXYLON.

Tracheal pitting partially Araucarian.

Xylem-parenchyma at the end of a year's growth. No true
resin-canals, but the central parenchyma of some of the broader
rays is replaced by a canal-like space often filled with tyloses.

Medullary rays uniseriate: all the walls pitted.

Jurassic.

XV, PLANOXYLON.

Wood with well-marked annual rings, resin-canals usually
absent ; tracheids with 1—3 rows of alternate hexagonal bordered
pits on the radial walls and in the late wood there may be a single
row of separate pits. Xylem-parenchyma occurs only between the
spring elements and the last-formed tracheids of the previous year.
Medullary rays almost entirely uniseriate; all the walls pitted.

Lias to Cretaceous.

I. DADOXYLON [and Araucarioxylon].
The anatomical characters implied by the expression *wood of
the Araucarian type’ are enumerated in the Chapter on Recent
Conifers, and in Chapter xxxur reference ig made to the impossi-
bility of drawing a clear line of division between the wood of
Araucarian plants and that of certain members of the Cordaitales™.
The name Araucarites was used by Goeppert® for fossil wood of
the Araucarian type, but the previous use of this name by Presl
for impressions of foliage-shoots and cones renders unsuitable its
application to wood apart from the fact that Adroucariles at once
commits an author to a determination implying an affinity which in
many cases cannot be demonstrated. Endlicher’s non-committal
genus Dadoxylon® has been widely used, especially for Palacozoic
wood having the characters of Arauecaria or Cordailes. This
designation leaves open the question of precise systematic position.
In 1882 Kraus? instituted the genus Araucariozylon, a name which
has been widely adopted for fossil wood both from Palaeozoic and
later formations. The practice of limiting Dadowylon to Palaeozoic
species and reserving Araueariozylon for Mesozoic and Tertiary
1 See p. 248, Vol. uL * Goeppert (45).
% Endlicher (47). ! Kraus in Schimper (72) A. p. 370.
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wood has already been criticised!: it is pointed out that the appli-
cation of an age-test is scientifically unsound and cannot fail to
be misleading. Although it is probably true that species of
Dadoxylon from strata later than the Rhaetic series are in the
majority of cases Araucarian, we have no adequate grounds for
definitely naming such types Araweariozylon in the sense of
membership of the Araucarineae. Similarly some Palacozoic
species of Dadoxylon may well be more closely allied to the Arauca-
tineae than to Cordaites: Dadoxylon valdajolense (Moug.)? and
D. Rhodeanum (Goepp.)® have both been referred to Walchia: the
latter species is included by Tuzson in the genus Ullmannites. We
do not know the lower geological limit of the Arauearineae, nor
do we know when the Cordaitales became extinet. Tuzson?
subdivides wood of the Dadoxylon type into several genera in-
cluding Pyenophyllum, to which is referved Dadozylon Brandlingii
(Lind. and Hutt.), Ullimannites applied to the type recently
named Eristophyton Beinertianun by Zalessky and previously in-
cluded by Scott in Calamopitys, also to Dadoaylon Rhodeanum
and D, savomicum, Pagiophyllites, including P. Fkeuperianus
(Goepp.), and for Tertiary species the term Arawcarites is used.
This nomenclature, based partly on age and in part on a supposed
connexion between the wood and foliage-shoots, is opposed to
sound principles and in some cases is at variance with the true
character of the species. When evidence is available in support of
% reference either to the Araucarineae or to the Cordaitales the
Qualitying terms Cordaioxylon or Arvaucariorylon may be added
':lf'[f‘l' Dadozylon. Such a species as Dadoxylon permicum Merck.?
18 one of many examples of a Dadoxylon that cannot be more pre-
Cisely identified. Dadozylon australe Crié® from Triassic rocks in
New (aledonia must be included in the same category. This
Species is founded on wood showing well-marked rings of growth ;
there are two or more rows of alternate polygonal pits on the radial
Walls of the tracheids and the medullary rays are uniseriate and
3—15 cells in depth. Crié's species should not be confused with

I See p. 249, Vol. 1. Ree also Giothan (05) p. 14; Potonié (02) p. 229,

* Fliche (03): Mougeot (52) A.

? Potonié (99) B. p. 294 ; Gothan (07) p. 17; Tuzson (09) p. 34.

! Tuzson (09) p. 17. 5 Mercklin (55) p. 53.

 Crié (89) p. 5, Pls. 7., TIL, V.

s 1V 12
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Dadozylon. australe Arber! based on Palaeozoic wood from
Australia: the substitution of Dadozylon for Araucariozylon, the
name used by Crié for his New Caledonian species, necessitates
a new specific designation for Arber’s type, which it is proposed
to rename Dadozylon Arberi. Trom Liassic beds in Yorkshire
Miss Holden® has described a species as draucarioxylon sp. which
she suggests may be one of the oldest representatives of the Arau-
carineae or perhaps a Jurassic example of Cordaites: the latter
identification is supported by a relerence to the recorded occurrence
by Lignier of an Artisia® in French Jurassic beds, a test of affinity
that eannot be accepted as satisfactory.

There remains for consideration the debated question as to the
value to be attached to the occurrence of contiguous and flattened
pits as an index of Araucarian affinity w hen this feature is associated
with a type of medullary-ray pitting foreign to Dadoaylon. 1In
Gothan’s genus Xenowxylon® the tracheids have usually large
flattened pits, but the pits on the radial walls of the medullary-
ray cells are very different from those characteristic of Arauca-
rineous wood. It is, moreover, not uncommon to find instances of
contiguous and alternate pits on the tracheids of a stem in which
the more usual type is the Abietineous arrangement. Gothan®
lays greater stress on the nature of the pitting on the walls of
medullary cells, but Jefirey® has discovered typical Abietineous
ray cells in the cone-axis of draucaria and Agathis. Miss Holden”
goes 80 far as .to maintain that the only feature which holds
absolutely is provided by the rims of Sanio: these are invariably
absent in Conifers with Araucarian affinities except on the first
few tracheids of the cone-axis of Araucaria and Agathis. This
author records as Araucariozylon sp.® a wood (described on a later
page) from New Jersey possessing opposite pits on some of the
tracheids. also rims of Sanio. We cannot lay down any definite
rules with regard to the sporadic variation in tracheal or medullary
pitting or as to the relative value to be assigned to one or other
character., The statement by Thomson?® that the ray cells of such

1 Arber (05) B. p. 191, text-figs, 40—43.

2 Holden, R. (132) p. 540, P1 x1. fig. 28, 4 See p. 248, Vol. uL

t See page 248, Vol, 1, i (Jothan (05}, 8 Jeflrey (12).

T Holden (14) (132) p. 544, Sce also Sifton (15).

8 Holden (14) p. 171 ® Thomson (13).
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Araucarias as he examined have no pits even on the radial walls
leads one to suspect the accuracy of some of the many recorded
instances of fossil Arvaucarian wood with medullary-ray pits; but
this does not affect the value to be attached to the presence or
absence of well-defined pits on the vertical or horizontal walls of
medullary-ray cells. It is generally true that in the ray cells of
Abietineae these walls are pitted while in the Araucarineae they
are unpitted, and it is equally true that the predominance of
alternate and contiguous pits on the tracheids is evidence of Arau-
carian affinity. Though generally absent from Araucarian wood
xylem-parenchyma occasionally occurs in stems otherwise iden-
tical with the usual Araucarian type. The genus Araucariopsist
Was instituted by Caspary for specimens distinguished from most
examples of Dadoxylon by the presence of seattered xylem-paren-
chyma but, as Gothan® points out, a distinctive name is super-
fluous; the type-species of Araucariopsis, 4. macractis, should be
transferred to Dadoxylon ; in the possession of xylem-parenchyma
it agrees with Dadozylon seplentrionale Goth. from Spitzbergen.
The importance attached by Jeffrey and other American authors
to the presence of Sanio’s rims on the tracheal walls is, T venture
to think, greatly overestimated. The determination of fossil wood
18 to a large extent a question of relative values. There is clear
evidence, and it would be surprising were it not so, that in several
extinet types there are combinations of character pointing to less
sharply defined boundaries than those which delimit existing
families and genera. It is in the conclusions drawn from general-
ised types that authors differ. An outstanding fact is the pre-
dominance in Palacozoic stems of the Araucarian form of tracheal
pitting which is unquestionably a much older type than that
Charvacteristic of the Abietineae. The following definition is based
on specimens agreeing in the sum of their characters with recent
T—\r:tur-m‘ineae‘ but there are various genera described by Jefirey,
Miss Holden, and other authors and believed by them to be more
or less closely allied to the Araucarineae which are not provided
for in the definition. These genera are treated separately as
Seneralised types and the decision as to the nature of the evidence
L Caspary and Trichel (89) p. 81, Pls. x1v,, XV,
2 Gothan (10) p. Y.
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they afford with regard to the phylogeny of the Araucarineae and
the Abietineae must be left to the individual student.

Annual rings occasionally well marked but not infrequently
abgent or indistinet. Tracheids with uniseriate and more or less
flattened hordered pits or with two or more rows of alternate
polygonal pits on the radial walls. The alternate disposition,
even if unaccompanied by flattening and the polygonal contour
of the pits, is a Dadoxylon feature if it is the dominant arrangerment
and not a sporadie occurrence. Bordered pits occasionally oceur
on the tangential walls but they are smaller and comparatively
rare. Rims of Sanio abgent. Xylem-parenchyma usually absent
or feebly developed; resiniferous tracheids occasionally present.
Medullary rays uniseriate, very rarely double, homogeneous, 130
or as many as 50 cells deep; walls comparatively thin and without
pits on the herizontal and vertical walls; the radial walls may show
1-—15 small pits, the oblique pore being occasionally enclosed in a
feebly developed border. In view of the entire absence of pits on
the ray cells of at least some recent Arancarias the structure of the
ray cells in fossil stems requires careful revision.

In the following brief descriptions of species of Dadozylon a few
examples are chosen to illustrate the wide geological and geo-
araphical range of fossil wood of this type, but it must be remem-
bered that in many cases no positive statement can be made with
regard to the nature of the parent-plant beyond the facts afforded
by the anatomical characters of the stem. Evidence bearing on
the geological age of the Arancarineae is discussed in the course
of the description of genera founded on vegetative shoots and
reproductive organs. Species of Dadozylon from Carboniferous
and Permian strata have already been described in Chapter xxxirr.
as more probably referable to Cordailes or at least to the Cordai-
tales, and it is not by any means impossible that some of the
Dadoxylons recorded from Triassic or even higher strata may
belong to Cordaitalean species rather than to the Araucarineae.
The evidence afforded by petrified wood in conjunction with that
-derived from vegetative remains lends probability to the view that
Araucarian plants existed at least as early as the later Palaeozoic

1 Spe, in addition to Kraus and other anthorities, Lignier (079).
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age. The lack of satisfactory knowledge with regard to the mor-
phology of the reproductive organs of such genera as Walchia,
Voltzia, and other plants closely resembling living Araucarias in
the habit of their foli.-me;-—;-:f'umn precludes any definite statement
as to the precise degree of relationship between these and other
types and existing Araucarineae, though it is certain that the
Araucarineae were at least foreshadowed before the close of the

Palaeozoic era.
Dadozylon keuperianum (Goepp.).

This species?, from Franconia and Wiirtemberg, is considered
by Schimper® on the ground of assoeiation to be the wood
a Volizia, and Tuzson® adopts the generic name Pagiophyllites
implying relationship with Pagiophyllum: he includes in D.
keuperianum the species Araucarioxylon wiirtembergicum Kr. and
A, thuringiewm Born*., The tracheids of D. keuperianui have
One or more rows of contignous and more or less flattened pits:
the medullary rays are uniseriate and 2—50 cells in depth;
Tuzson figures 2—4 circular simple pits in the field. Though
Possibly belonging to Volizia or Pagiophyllum this wood is best
tetained in Dadoxylon. Other Triassic Dadoxylons are deseribed
by Wherry?® from Pennsylvania: he records Araucariorylon vir-
Yinianum, a species described by Knowlton® from Potomaec beds,
and 4. vanartsdaleni: in both forms the tracheal pits are com-
Pressed and alternate, the rings ol growth indistinet, and the
Medullary-ray cells are said to have no pits. Reference has
already been made to a Triassic species from New Caledonia,
D. australe (Crieé).

Dado wylon «r’p{r’n!r'[c,n't{rfﬂ Gothan.

This species?, founded on material believed by Gothan to be
Triassic in age, ll.lb the following characters:—Annual rings often
distinet macroscopically but microscopically showing little con-
fast between spring- and summer-wood ; hordered pits in a single
Y0W and separate or polyzonal and in two alternate rows; they are
oftey arranged in stellate clusters as in some species.of Cedrozylon.
2) A, p. 384.

Goeppert (81) p. 42. * Schimper

fu?wunmﬂ» p. 30, fig. 5. + Schimper (72) A. p. 384.
" Wherry (12). ¢ Knowlton (89%), PL vin figs. 2—5.

Gothan (10) p. 8, PL. w figa. 4—8, PL . fig. 1.
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Medullary rays uniseriate, reaching a depth of 30 cells, 2—4
elliptical oblique pits in the field: wood-parenchyma, often with
dark contents, is not uncommon. (othan emphasises the abund-
ance of xylem-parenchyma as a character in which this species
differs from typical Dadoxylons.

Dadozylon mahajambjense (Fliche).

Fliche! described this species, from Liassic strata in Madagascar,
under the name Araucariozylon: the radial walls of the tracheids
have two rows of contiguous and alternate pits; the medullary
rays are uniseriate, usually 8—16 cells deep, and small circular
pits oceur on the radial walls.

Dadozylon diveseence (Lignier).

An Oxfordian species from Normandy characterised by leaf-
traces larger than those of Avaucaria imbricala and, as Lignjer®
states, suggesting leaves comparable in size with those of Cordailes.
The tracheids have 1—4 rows of pits and the medullary rays are
8—11 cells in depth.

Dadozylon argillicole (Bichwald), recorded from Moscow®, is
another example of a similar type of wood, and many other in-
stances might be quoted in illustration of the wide distribution
of vegetative organs in Jurassic beds agreeing anatomically with
the Araucarineae.

Dadoxylon (Aravecariozylon) novae zeelandiae* (Stopes).

A Cretaceous species from Amuri Bluff, New Zealand?®, founded
on a piece of decorticated stem 8 em. in diameter preserved partly in
silica and in part in a caleareous medium. The small pith, not more
than 1 mm. in diameter, is imperfectly petrified: the tracheids
of the secondary xylem, which shows well-marked annual rings.
have biseriate, alternate, hexagonal, pits; there is no xylem-paren-
chyma. An interesting feature is the oceurrence of fracheids on
each side of the medullary rays with thicker walls and containing
dises of resin: these resiniferous tracheids, similar to those de-
scribed by Thomson® and other authors, afford particularly good

! Fliche (05) p. 350, PL x. fig. 1.

* Lignier (07%) p. 257, PL xvir. figs, 10—13. 3 Hichwald (68) PL v. fig. 12.
4 The specific name is given by Dr Stopes as novae zeelandii.

& Stopes (14%) PL xx. 8 Thomson, R. B. (13),
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examples of this type of element. The uniseriate medullary rays
are usually 3—4 cells deep and are described as having 5—6
bordered pits with oblique pores in the field. In view of Thomson’s
conclusion with regard to the absence of pits on the ray cells in
recent Araucarineae and considering the form of the pits as shown
in Dr Stopes’ drawing it may be doubted whether the pits actually
belong to the walls of the ray cells.

Dr Stopes comments on the scarcity of Araucarian remains
recorded from New Zealand and adds a brief account of some
Tertiary wood described by Ettingshausen! as draucaria Haasti,
a species founded on foliage-shoots which, without any adequate
reason, it is surmised belong to the petrified wood. The latter 18
poorly preserved: Dr Stopes examined the type-specimen and
found that the bordered pits on the tracheids are circular and not
compressed; she expresses some doubt as to its Araucarian
affinity, but renames the species Araucariorylon Ettingshausent.
A specimen of wood from Amuri deseribed by Ettingshausen as
Dammara Oweni® appears to be undoubtedly Arancarian.

Dadozylon sp. (Holden).

An interesting type of stem-wood has been described by Miss
Holden® as Araucariozylon sp. from the Cretaceous lignites of
Cliffwood, New Jersey, which shows Araucarian characters in com-
bination with certain anatomical features not usnally associated
with Araucariozylon. The tracheids for the most part have
alternate compressed pits; the medullary rays consist of thin-
walled cells and there is no xylem-parenchyma. Near the inner
edge of the wood the tracheids are characterised by bordered pits
in opposite pairs and rims of Sanio ocenr between adjacent pairs.
The specimen is said to supply the only missing link in the chain
of evidence pointing to the derivation of the Araucarineae from
the Abietineae. Opposite pits ave figured by Miss Holden in tra-
cheids from the cone-axis of Araucaric Bidwillii and, as stated else-
where, Sanio’s rims are not unknown in Araucarian wood. I have
adopted the name Dadozylon because the characters as a whole
are consistent with that designation though it might be contended
that a new name is desirable to indicate the occurrence of unusual

! Ettingshausen (87) p. 154, Pls. ir. figs. 1, 23 vi. figs, 12,
2 1bid. p. 16, PL vi. figs. 13—15. 3 Holden, R. (132).
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features. The occurrence of opposite pits and rims of Sanio in the
vounger portion of the xylem is regarded as evidence in support
of the view that the stem, while in the main Araucarian, exhibits
features indicative of the origin of the Araucarineae from the
Abietineae. The presence of opposite pite in wood in which the
normal arrangement is alternate is not surprising if it is admitted
that the Coniferous pitting is derived from an earlier scalariform
type. Tven in stems in which the alternate or opposite pitting
is well established it is not very uncommon to find occasional
departures from the normal pattern. This Cretaceous stem is
one of many generalised types, and the arguments based on the
admixture of characters in favour of the greater antiquity of the
Abietineae do not present any insuperable difficulty to the opposite
view namely that the Araucarineae preceded the other families of
the Coniferales,
Dadoxylon (Aravcariozylon) breveradiatum (Lignier).

This species from the Cenomanian of Normandy! affords one
ol the few examples ol the preservation of phloem, cortex, and pith.
Lignier adopted the generic name Arawca-
riocaulon: he deseribes the tracheids as
having 1-—3 rows of pits, crowded and alter-
nate but not flattened. The medullary rays
are very short, 1—3 and rarely 4 ecells in
depth; there are said to be 8—15 pits in the
field (fig. 713). Resiniferous parenchyma is
abundant as in the wood referred by Caspary
to a special genus Araucariopsis® and N Wi, 713, Dadowylon (Ar-

I)r'lﬂﬂ?’f‘-ﬂh??‘?— ."s'ﬁ‘IH/EN-l’f"l-('“’”f-f" (}Utll The }_)h]()mn auearicxylon)breveradi-
: alwn,  (Alter Lignier,)

includes well-preserved sieve-tubes and the
cortex is characterised by numerous sclerites, an Araucarian
feature. This species appears to be an aberrant type the position
of which is by no means clear.

Among other Cretaceous species are Dadoxylon albianum®
(Fliche) from L’Aube; Dadozylon Danizii Pot.* from beds pro-
bably of Upper Uretaceous age in East Africa, without definite rings
L Lignier (07%) p. 290, PL x1x. 2 See page 179.

3 Fliche (97) p 8, figs. 2—4, * Potonié (02) Pls. 1., 11,
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of growth and with a single row of contiguous pits on the tracheid
walls;  Dadozylon wirginianum (Knowlton)! from the Potomae
series ; Dadoxylon barremianum (Fliche)? from the Lower Creta-
ceous of France; Dadoxylon noveboracense (Ioll. and Jeff.)? from
the Middle Cretaceous beds of Staten Island ; Dadoxylon Zuffardii
Negri® from middle Cretaceous rocks in the Gulf of Tripoli: Dado-
xylon tankoense (Stopes and Fujii)® from Upper Cretaceous beds
in Japan; Dadoxylon madagascariense (Fliche)® from Madagascar.
Dadoxylon (Araucariozylon) kerguelense sp. nov.

In 1881 Goeppert” mentioned some wood received from Kergue-
len Island from Baron von Schleinitz, probably of Tertiary age,
under the name draucarites Schleinitzi et Hookert, but, as Gothan®
points out, it is not clear whether he refers to one or two species
and as there are no figures or full description Goeppert’s designation
cannot stand.
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Fre. T14.  Dadoxylon (Araucarioxylon) kerguelense,  (British Museum.)

The sections on which this Kerguelen species is founded are in
the British Museum?; they show the following characters :—

Annual rings narrow, often 15—20 tracheids broad, the summer
Wwood being frequently represented by only two rows of elements.
There are 1 or 2 rows of bordered pits on the radial walls of the

! Knowlton (80?) PL v

3 Hollick and Jeffrey (09) B. p. 58, PL xxT.
5 Stopes and Fujii (10) PL 1. figs. 17, 18.
¢ Fliche (002) p. 472, fig. 1.

* Fliche (00) p. 18.
i Negri (14).

* Goeppert (8

). ® (Gothan (08) p. 13  Sections V. 8388, V. 8390.
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tracheids, contiguous, alternate, and olten slightly (attened
(fig. 714, B). The medullary rays have usnally 5—8 elliptical
pite 1 the field (fig. 714, A).

Dadozylon (Aravcariozylon) pseudoparenchymatosum Gothan.

A species from Tertiary or possibly Upper Cretaceous rocks
in Seymour Island (8. lat. 64° 16"t agreeing closely with the wood
of recent Araucarineae. The annual rings are distinet; there are
1—2 rows of pits on the tracheids 10—12p in diameter; the
medullary rays, 2—10 cells deep, are usually uniseriate and there
are several small oblique pits in the field. Cross-bars? (Miiller’s
‘querbalken’) like those deseribed in Araucaria brasiliensis oceur
in some of the tracheids.

Dadoxylon Doeringii Conwentz® is a Patagonian species of Sub-
Oligocene age characterised by distinet annual rings; rays up to
40 cells in depth, with 1—2 pits in the field. Among other Ter-
tiary species are Dadoxylon aegypliacum Unger?, recorded from
several localities in the Libyan desert; Dadoxylon Robertianwm
(Schenk)® of Tertiary or possibly Cretaceous age from the pro-
vince of Nagpur, India; Adraucariozylon koreanum (Felix)® [rom
Korea, characterised by the occurrence of a single row of con-
tinuous pits on the tracheids, is referred by Gothan to the genus
Xenoxylon and regarded as identical with X. latiporosum?.

II. CUPRESSINOXYLON. Goeppert.

The name Cupressinoaylon® or, as written by Kraus, Cupresso-
aylon?, is usually applied to fossil wood exhibiting the following
features :—Annual rings well defined, often narvow; vertical rows
of parenchyma, often containing resin and recognisable by their
dark contents even in transverse section (fiz. 715, A), seattered
through the spring- and summer-wood. Bordered pits on the
tracheids usually separate and circular and if in more than one row
opposite; medullary-ray cells generally characterised by the
presence of several small pits in the field. Used in this sense

1 Gothan (08) p. 10, PL 1. figs. 1216,

? See page 135. 3 Conwentz (85) p. 16.
T Unger (69); Schenk (80) p. 3, Pls. 1., 11

o Schenk (822). & Felix (87) p. 518.

" Gothan (10) p. 23. # Goeppert (50) p. 196.

9

Kraus in Schimper (72) A. p. 374,
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Cupressinoxylon denotes wood similar to Cedroxylon except in the
areater abundance of xylem-parenchyma and its occurrence in
the spring- as well as in the summer-wood. The nmiedullary rays
afford another distinetion which according to some authors is more
trustworthy than the presence or distribution of the xylem-
parenchyma. Gothan!, who uses Cupressinozylon in a more
restricted sense, lays stress on the pitting of the medullary cells
as a distinctive feature: the pitting is confined to the radial walls,
or in other words there is no Abietineous pitting in Cupressinozylon
in the stricter sense. The medullary-ray pits have a broadly
elliptical pore which is more or less horizontal at least in the
spring-tracheids—the Cupressoid type in contrast to the Podo-
carpoid type in which in the spring-wood the pore is narrower and
more vertical, though in some Podocarps the bordered pits are
replaced by large simple pits: in the summer-wood the difference
between the Cupressoid and Podocarpoid type disappears. In
Cupressinozylon the medullary rays are uniseriate and not very
deep though the depth is a variable character. Lignier® states
that 60—150 rays oceur in 1 square millimetre, another feature
of doubtful value. In some species included in Cupressinozylon
the pitting of the tracheids is partly Arvaucarian as it also is
in certain types of Cedroxylon. The presence of Sanio’s rims,
though not mentioned by many authors, is regarded by Jefirey
and some other American botanists as an important character
to be expected in all Coniferous wood other than that of the
Araucarineae. It is clear that unusually good preservation is
essential for the recognition of such features of the medullary-ray
cells as Gothan includes in his definition of the genus; unless the
tissues are well preserved the generic separation of Coniferous
types except within very wide limits is impossible. The name
Cupressinozylon may conveniently be restricted to wood having
the usual type of tracheal pitting though pits of the Ara uearian
type may occur locally, with medullary rays in which the pitting
is confined to the radial walls and generally with several fairly
small and apparently more or less definitely bordered pits in the
field, the pores in the spring-wood being elliptical and more or
less horizontal. Resin-canals absent except in wounded regions

I Gothan (05) p. 39. 2 Lignier (072) p. 245.
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of the wood: xylem-parenchyma normally abundant and not
restricted to’ the end of the year's growth. The photographs

B

Fra. 715, Cupressinowylon sp. Lough Neagh, Treland; p, xylem-parenchyma.
(British Museum; A, V. 8248, B. V. 8253, €. V. 8257.)

reproduced in fig. T15 of sections of a piece of petrified wood from
Lough Neagh'in Ireland, probably of Upper Tertiary age, illustrate

1 See vol. 1. p. 80.
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very clearly the appearance of xylem- or resin- parenchyvma ag
seen in transverse, radial and tangential section. The presence
of dark contents renders these cells conspicuous in transverse
section (A) and both contents and cross-walls are seen in the longi-
tudinal sections (B, €). In fig. 715, B, the opposite and scattered
bordered pits are shown on the radial walls of the tracheids with
an occasional tendency to an alternate arrangement. Goeppert
tounded his species Pinites Pritchardii? on wood from Lough Neagh,
the generic name being altered by Kraus to ('ﬂ.rprm.srm.;yhm ;

Kraus? enumerates 46 recent species of Conifers with wood of
the Cupressinoxylon type and Beust* mentions 37 species, As
used by most authors Cupressinozylon includes members of the
Cupressineae (in the wide sense as used on page 124). Podocar-
pineae, Abies Webbiang, and some other recent genera. As
already stated Gothan has essayed the difficult task of defining the
genus in such a way as to restrict the wood g0 named to a smaller
number of recent Conifers, recogniging as distinet genera certain
species previously included in Cupressinozylon, e.g., Taxodiozylon
(= Cupressinozylon Sequoianum Merck.3), Podocarpozylon (= C.
Hookeri Arb.%), Xenowylon (= Cupressinosylon Bearberi Sew.,7):
these and other species formerly included in upressinozylon ave
distributed among genera not always well defined but instituted
with a view to increase the value of fossil species considered in
relationship to recent types.

[Paracupressinoxylon. Holden. ]

Miss Holden® has proposed a new generic name, Paracupressi-
nowylon for wood which agrees with Cupres Mnuifﬂuu in having
Xylem-parenchyma scattered through the year’: growth but
differing in the Abietineous pitting of the mednl]ﬂl‘v ray cells and
in the absence of Sanio’s rims. In Parac upressinozylon are in-
cluded two species, P. cedroides and P. cupressoides, both Jurassic
and the latter also Cretaceous in age, which appear to differ too
Much from one another to be referred to one genus. Both species

! Goeppert (50) p. 220. # Kraus in Schimper and Schenk (72) A, p. 376.
3 Kraus (64). 4 Benst (85).
3 Mercklin (55) PL xviL. & Arher (04); Gothan (08) p. 7.

 Seward (04) B. p. 60, Pl. v
* Holden, R. (132) p. 537; (14) p. 173.
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are regarded by the author of the genus as undoubted repre-
sentatives of the Araucarineae, a determination that is hardly con-
sistent with the affinity implied by the generic name. The species
P. cupressoides, from Yorkshire and the Cretaceous lignites of
New Jersey, is characterised by the restriction of pits to the radial
wall of the medullary-ray cells, the absence of Sanio’s rims, the
presence of scattered xylem-parenchyma, and by the occurrence
both of scattered and crowded pits on the tracheal walls. Morve-
over in this species the phloem shows an alternation of hard and
soft elements, The affinity suggested by these features would
seem to be to Cupressinozylon. On the other hand, Paracupres-
sinoaylon cedroides, founded on material from the Yorkshire coast,
is characterised by the Abietineous pitting of the medullary-ray
cells, an admixture ol scattered and compressed bordered pits on
the radial walls of the tracheids, scattered xylem-parenchyma, no
alternation of hard and soft bast, and by the absence of any
sclerous cells in the pith. This species also illustrates the occur-
rence of resin-canals in wounded regions of the wood. The refer-
ence of both these species to the Araucarineae, chiefly because of
the absence of Sanio’s rims, though consistent with the principle
that this character is all important, implies the neglect of other
characters, more especially the nature of the medullary-ray pitting,
which in the case of recent Clonifers are unquestionably of taxo-
nomic importance. The species P. cedroides should not, in my
opinion, be included with P. cupressoides in one genus; it is pro-
hably more closely allied to the Abietineae than to any other
family. It should, however, be remembered that pitting of the
horizontal and tancential walls of medullary-ray cells is a feature
that is not confined to the Abietineae: 1t oceurs also in some recent
Junipers and the extinct genera Protocedrozylon and Thylloxylon.
Cupressinozylon liastnum Lignier.

This Liagsic species’ from Orne, France, is founded on the wood
of a pentarch and hexarch root: the bordered pits on the radial
walls of the tracheids are usually in one row, oceasionally in two
opposite series; smaller pits occur on the tangential walls; medul-
lary rays 1

5 cells deep with a few ovoid-oblong pits, often simple

1 Lignier (072) p. 306, Pl xx1. figs. 58—61; PL xxur. fig. 83.
] I = 3 £
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and rarely bordered, in the field. Resin‘cells are abundant.
Lignier suggests that if the genus Cupressinozylon is subdivided
this species might be referred to Glyptostrobozylon, though the
medullary-ray pitting is not consistent with the characters of that
genus,
Cupressinoxylon veclense Barber.

Founded on hoth stem and root wood from the Lower Green-
sand of the Isle of Wight and described by Barber! with a thorough-

Fra. 716. Cupressinogylon vectense. Transverse section of branch-wood showing
a compound ring. (After Barber.)

ness of detail rarely met with in accounts of petrified wood. Dr
Stopes? has recently re-described this species, adding a figzure of the
medullary-ray pitting. Annual rings well marked, often illustrat-
ing the oceurrence of compound rings of growth (fig. 716) which
are discussed in detail in the original account: bordered pits in a

! Barber (98) Pls. xxmn—xxry.
* Stopes (15) p. 169, text-fig. 50; also text-figs, 48, 49, and Pl xv.
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single row, rarely double in the roots, free and eircular in branches,
olten contiguous and compressed in roots; tangential pits common.
Medullary rays usually uniseriate, 1—16 cells deep, pits confined
to the radial walls, usually 1 but sometimes 2—4 oval and oblique
pits in the field. Resin-canals absent; resin-parenchyma in
vertical rows, abundant and scattered. The pith consists of pitted
parenchymatous cells separated by intercellular spaces: in the roots
the rows of tracheids pass directly into the cells of the pith: in
the branches they terminate in small groups of cells irregularly
arranged.

Cupressinozylon MeGeer Knowlton.

This is one of several species from the Potomac lignites included
by Knowlton! in Cupressinoxzylon. The annual rings are well
marked ; the tracheids have 2—3 rows of opposite and cirenlar pits
on the radial walls and small bordered pits are abundant on the
tangential walls. The uniseriate medullary rays, 2—49 cells deep,
have 1-—2 oval apparently simple pits in the field and resin-
parenchyma is abundant. Gothan® has deseribed some wood of
Lower Cretaceous age® from King Charles Land as Cupressinoxylon,
cf. U. McGeei, agreeing with Knowlton’s type in the medullary-ray
pitting ; there are 2—4 simple pits in the field, elliptical and hori-
zontal: an indication of a border was seen in some of the pits in
the region of the summer-wood. but the general absence ofa border,
if an original feature, is a difference between this wood and that
of recent genera included in Cupressinozylon. There is no Abie-
tineous pitting on the ray cells.

— The species Cupressinozylon luecombense deseribed by Dr
) ¥

Stopes? from the Lower Greensand of the Isle of Wight closely
resembles C'. vectense, but it has stone-cells in the pith, the tracheids
are larger and there are usually 3— 4 pits in the field in place of 1
or sometimes 2—3 in U, vectense; moreover in the latter species
the pits of the ray cells are more uniform in size.

! Knowlton (89%) p. 46, PL 1. fig. 5; PL mr. figs. 1—5.

* Gothan (07%) p. 19, fig. 10.

¥ Gothan speaks of the King Charles Land fossils as Jurassie, but the beds have

since been shown to belong to the Cretaceous system, See Burckhardt (11).
1 Stopes (15) p. 180, text-figs, 51—3a53.
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Cupressinoxylon cryptomerioides Stopes.

A species? founded on a small branch from the Lower Green-
sand of Kent showing the lollowing features:—the primary
xylem, composed of spiral and scalariform elements, also tracheids

Fig, T17.  Cupressinoxylon Hortii. Radial scetion showing the pits of the medullary

? )

rays, myp; the pits on the *.l'lr-hv-iti-e! and the wood- arenchyma, rp,  (After Ntopes. |
E ! I I 5 !

with small eircular pits, forms projecting wedges in the perimedul-
la ry region; there are no resin-canals and resiniferous parenchyma
have two circular pits in the field, a feature regarded by Kraus as
Indicative of affinity to Glyptostrebus®. The cortex contains large

s abundant; the medullary rays, generally 2-—3 cells in depth,

1 Stopes (15) p. 186, Pls. xvr., xviL,, text-figs. 54. 55,

2 See page 198
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resin-canals. Dr Stopes draws attention fo certain features,
particularly the pitting of the medullary-ray cells and the structure
of the cortex, in which this species resembles the genus Cryplo-
Werv.

Cupressinozylon Hortii Stopes.

This Lower Greensand species! from Bedfordshire is distin-
guished from other types by the very numeraus medullary rays,
often separated from one another by a single row of tracheids,
which are both uniseriate and multiseriate, the same ray exhibiting
both forms at different heights. The rays attain a depth of 80
cells and there is generally one large oval or circular pit in the field
(fig. T17) though two are occasionally present. This species is
hardly a typical Cupressinozylon and Dr Stopes points out that
the large single pit in the field is snggestive of Podocarpozylon: it
affords another illustration of the impossibility of identifying the
majority of fossil woods within narrow limits.

Cupressinorylon Holdenae sp. nov.

A species of Eocene age from the London Clay of Faversham
in the Cambridge Botany School collection characterised by well-
defined annual rings and the presence in some but not all the bands
of summer-wood of resin-canals (fig. 718, C) which vary in size,
some of the larger being formed by the confluence of smaller
adjacent canals, The presence of rather thick-walled, pitted, cells
lining the canals or in close association with them is a characteristic
feature. Tyloses occur in some of the canals. The large number
of canals in each row suggests their development in response to
traumatic stimuli. The bordered pits occur in single, separate,
yows or in double and opposite rows with rims of Sanio occasionally
preserved. In a few places the pits of a single row are in contact
and slightly flattened. Resin-parenchyma oceurs in vertical rows in
both spring- and summer-wood. Medullary rays uniseriate, reach-
ing occasionally 30 cells in depth: the tangential and horizontal
walls are unpitted and on the radial walls the pits are preserved
only in a few places; there appear to be 2—4 fairly large simple
pits in the field. The crowded series of canals (fiz. 718, C) are
identical with the traumatic ducts deseribed in Sequoia sempervirens®

1 Stopes (15) p. 194, P, xvin text-figs. 56—58, * Jeffrey (03).
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and Abies (cf. fig. 690, B, p. 130). The absence of Abietineous
pitting in the ray cells, the distribution of the canals, and the
presence of scattered rows of xylem-parenchyma are features
indicating affinity to Sequoia sempervirens. The preservation is
not sufficiently good to warrant any definite statement with regard
to the pits on the radial walls of the ray cells: the absence of a
border is in contrast to the pits in Sequoia, but the apparent lack
of a border may be due to imperfect preservation or to decay.
Miss Holden, who carefully examined the sections, called my atten-
tion to the occasional occurrence of obscure and narrow cells of
unequal breadth on the edge of some medullary rays bearing a
resemblance to the ghost-like ray-tracheids described by Thomp-
sont,

Cupressinoxylon Koettlitzi sp. nov.

Silicified wood is by no means uncommon in the Franz Josef
Archipelago and several specimens have been found in talus-heaps
and in basaltic lavas. The age may be Upper Jurassic, Cretaceous,
or possibly Tertiary. A radial longitudinal section of a piece of
wood is figured, though not named, by Newton and Teall? and
without a full description. The following account is based on
sections cut from the same block in the possession of the Geological
Survey, which was collected at Northbrook Island by members of
the Jackson-Harmsworth Expedition. The species is named after
Dr Koettlitz, the geologist of the Expedition®. Annual rings
narrow and distinet: there are no resin-canals and no clearly
preserved xylem-parenchyma, though in a few places there are
indications of what appear to be elongated cells containing a dark
substance. Itis noteworthy that in some recent Cupressineae resin-
parenchyma is not invariably present. The bordered pits on the
radial walls of the tracheids are variable in their arrangement ;
they occur in single rows (fig. 718, E), contiguous and sometinies
slightly flattened or more or less widely scattered, also in double
rows with an opposite or occasionally an alternate disposition,
There are a few pits on the tangential walls of the tracheids and rims
of Sanio are seen in places on the radial faces. The medullary
rays are 1—25 cells deep, uniseriate and very rarely two-cells

L Thompson (12).

* Newton and Teall (67) p. 508, PL xL1. fig.

1 Koettlitz (98)
13—2

[
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broad; 2—4 small cirenlar or oval (simple ?) pits in the field, but
none on the tangential or horizontal walls.

-4

R /

-

Fig. TI18. A, D, Cupressinovylon polyoninatum. B, Phloem showing sieve-plates
(Franz Josef Land)., C, Cupressinoxylon Holdenae, ¥, Cupressinoxylon Koetl-
litzi. (A, D, Dublin Musenm; B, E, Geological Survey Museum, Jermyn

Street ;- ¢, Cambridge Botany School.)

Clupressinoxylon polyommatun Cramer,
The petrified wood on which this species' was founded was
obtained [rom Banksland, from Miocene rocks, N. lat. 74° 40/,

1 Ceamer (68) p. 172, Pl xxx1v,, XXXV., XXXVIL
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long. 122°W., during the voyage of H.M.8. Investigator in 1851.
Through the kindness of Prof. Johnson T was able to have sections
cut from Dr Cramer’s specimen in the Dublin Museum,

Annual rings clearly marked: summer-wood narrow. The
most striking feature is the irregular distribution and unusually
large number of small bordered pits on the radial walls of the
tracheids. The pits vary in size and have an average diameter
of 13-7TTp; they are usually separate but occasionally those of a
single row are in contact. There are frequently as many as 3—4
rows (fig. 718, A) and occasionally 5 opposite and separate pits,
a feature suggesting comparison with Pinus Merkusii!, but in that
species the pits of the three opposite 1ows are in contact. Rims
of Sanio are occasionally present. Rows of narrow parenchyma

ocenr in different regions of the wood. Medullary rays uniseriate,
1—16 cells deep, with 2—4 sumple large oval pits in the field
(fig. 718, D); there are no pits on the other walls of the ray cells.
The pitting in the field is very similar to that in Tewodium and
Cupressinozylon (Tavodioxzylon) Taxodiz (fig. 720, A, B).
Cupressinoxylon taxodioides Conwentz.

Under this name Conwentz?* deseribes some wood, probably of
Pliocene age, from California which he compares with Sequoia
sempervirens. He speals of one stem 22 metres long and with a

maximum digmeter of 3—4 m. ; the bordered pits are in 1-—2 rows
on the radial walls and small pits occur on the tangential walls;
the medullary rays are usually two-cells broad and have 3—4
generally elliptieal pits in the field apparently simple and arranged
in a horizontal row. The rays are usually 15—20 cells deep but
may reach a depth of 56 cells, Resin-parenchyma occurs in
vertical rows but it is not stated whether it is confined to any
definite region of the wood.

Schmalhausen’s species Cupressinoxylon (Glyptostrobus ?) neosi-
biriewin®, characterised by medullary rays 13—20 or even 40—48
cells deep, and 1—2 cireular or oval pits in the field, though com-
pared by him with Glyptostrobus, cannot safely be regarded as more
nearly allied to that genns than o some other members of the
Cupressineae.

1 Groom and Rushton (13) p. 484. 2 Conwentz (78) Pls. X111, XIV.

3 Schmalhausen (90) PL 11. pp. 44—49; Gothan (05) p. 50.
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Many of the species included by authors are not described in
sufficient detail to satisfy modern requirements with regard to the
structure of the medullary rays and other characters. From the
point of view ol geographical distribution reference may be made
to Cupressinozylon antarcticum deseribed by Beust! from Kerguelen
Land.

[Glyptostroboxylon Conwentz.]

This generic name was first employed by Conwentz?® for wood
from sub-Oligocene beds in Argentina which he described as
Glyptostroboxzylon Goepperti: no figures accompany the deseription
and it is hardly possible to determine with accuracy the precise
affinity of the specimen. The annual rings are said to be distinet,
the pits on the tracheids uniseriate and contiguous; resin-paren-
chyma oceurs, and the medullary-ray cells have large circular pits
on the radial walls. It is suggested by Gothan® that this species
should be transferred to Podocarpoxylon, though in the medullary-
ray pitting it differs from typical representatives of the Podocar-
pineae. Kraus! described the pits in the radial

walls of the ray cells of Glyptostrobus as large @ i @

and eircular and in a Tertiary specimen from

Niederwallstadt, named Glyptostrobus tener Kr., @ @

he figures the pits in the field as simple (fig. = ,

T19Y; these are said to be 1-—8 in number and all@Qjeoy

they are arranged in horizontal series, a feature l Q0 8
ollJoo|83

e

characteristic of Tazodium.

Sections of wood of Glyptostrobus hetero- ’
phallus which T have examined show 2—8 pits
in the field but there is a distinet border and the
pore is narrow and oblique or in the spring-wood
the pore may be broader and almost horizontal.
Xylem-parenchyma is scattered through the wood and the thick
transverse walls are pitted. Gothan believes that the medullary-ray
pitting of Glyptostrobus is distingnishable from the Cupressoid type
by the increase in the breadth of the pore as the ray cells are
followed from the summer- to the spring-wood and by the fact

Fia, 719. Cupressin-
axylon tener (Kraus).
(After Kraus.)

! Benst (85) PL v. * Conwentz (85) p. 13.
3 (lothan (08) p. 9. 1 Kraus (64) p. 195, PL v. fig. 12.
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that the pits in the region of the spring-wood may be simple.
The same author! points out that this type of medullary-ray
pitting oceurs in Cumninghamia. The impression produced by
an examination of the recent Glyptostrobus is that this so-called
Glyptostroboid pitting is not a sufficiently well-defined type to
serve as a trustworthy diagnostic character. The medullary-ray
pitting in the region of the summer-wood is similar to that in some
species of Podocarpozylon (= Mesembrioxylon), while in the spring-
wood the pits in the field are rather of the type associated with
Cupressinozylon and the scattered xylem-parenchyma is ancther
characteristic of the latter genus. There would séem to be no
adequate grounds for regarding the two fossil species referred to
Glyptostrobozylon as more nearly related to Glyptostrobus than to
certain other recent genera. The retention of the name Glypto-
stroboxylon is inadvisable in that it implies an affinity which 1s not
supported by satisfactory evidence.

CUPRESSINOXYLON, sub-genus TAXODIOXYLON Felix.
The generic name Tazodiowylon was applied to a Tertiary
species from Hungary, originally referred by Felix® to Rhizotazo-
diozylon, on the ground of a resemblance in structure to the wood
of the recent genus Taxodium. Schenk®, who examined the type-
specimen, confirmed this comparison. Tazodiozylon has been
adopted for fossils agreeing with the wood of Tuxzodiunt and

Sequoia sempervirens: Sequoia gigantea, on the other hand. agrees
_more closely with typical species of Cupressinoxylon. Tazodio-
aylon, while similar in most respects to Cupressinozylon, is said to
differ in the medullary-ray pitting, the pits in the field being
almost simple and elliptical with their long axis horizontal in con-
trast to the more definitely bordered pits of the Cupressoid type.
This distinetion is, however, not entirely satisfactory : in the wood
of Taxodium the pits in the field are rather large and, though often
simple, they occasionally present the appearance of pits with a
well-developed border and the pore may be almost vertical or
horizontal. In the recent species, as in some fossil examples,
the tendency of the pits to arrange themselves in one or two

L Gothan (05) p. 49, 2 Telix (84) p. 38
3 Schimper and Schenk (90) A, p. 872,
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horizontal rows is a characteristic feature. The characters of
Tazodioxylon. may be summarised as follows:—Annual rings
distinet; bordered pits on the radial walls of the tracheids in 1—4
rows, circular and separate and, if in two or three rows, opposite :
rims of Sanio present. Medullary-ray cells pitted only on the
radial walls; pits in the field, 2—8 in number, often arranged in
horvizontal rows (fig. 720, A), sometimes fairly large, simple, or
bordered and horizontally elliptical. The thick walls of the xylem-
parenchyma (fig. 720, B) arve characteristic of Tazodiwm and
Taxodioxylon and this character has been quoted as a trustworthy

KT
H1

A B

Fie. 720. A, B, Cupressinoxylon (Taxoldioxylon) Taxodii. €, Cupressinoxylon (Taxo-
diozylon) Sequoianum. (A, B, after Gothan: C, after Mercklin.)
distinetion between Twwodivm and Sequoia sempervirens though,
as already pointed out, this is not a safe test!. In Glyptostrobus
fieterophyllus the transverse walls of the xylem-parenchyma are
also thick and pitted and this tissue in some species of Clupressis
exhibits precisely similar features. It is in certain inconstant
features that Tawodiozylon differs from Cupressinozylon. In
several instances the oceurrence of wood relerred to Taxodiguylon
in beds containing impressions of foliage-shoots like those of
Taxodivm and Sequoia sempervirens strengthens the conclusions

based on anatomical characters.

1 See page 149,
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Cupressinoxylon (Tawodiozylon) Twrodic Gothan,

In his description of the Tertiary beds at Senftenberg Potonié!
identified some of the wood as Tazodium and compared the de-
posits with those of a Tazedinm-swamp. Gothan? has given a
fuller description of the wood. which is characterised by xylem-
parenchyma with thick transverse walls (fig. 720, B) and fairly
large elliptical pits in the field; in the region of the spring-wood
the medullary-ray pits have a horizontal pore and in the late wood
the pore is said to be vertical. The bordered pits on the vertical
walls of the xylem-parenchyma have a vertical pore in the summer-
wood but it is horizental in the spring-wood.

Cupressinozylon (Tarodioxylon) Sequoianum Mercklin.

Gothan?® recognised thisspecies, originally described by Mercklin®
from an unknown locality, in Tertiary beds in Germany associated
wrens. The walls

v

with foliage-shoots agreeing with Seguota sempe
of the xylem-parenchyma are thinner than in C. Tawodii; there
are 2—7 apparently simple pits in the field (fig. 720, C) in one or
two horizontal rows. There may be three rows of opposite pits on
the radial walls of the tracheids. It may be that C. Sequotanuni is
the wood of a Sequoia. A closely allied species is represented by
Cupressinozylon wniradiatum Goepp.® from Briihl afterwards
6 ag Rhizocupressinozylon from Tertiary beds

recorded by Conwentz
in Silesia. Schmalhausen” has described some interesting speci-
mensg of wood from Tertiary beds in Russia as Cupressinoxylon
Sequoianum characterised by the possession of elliptical simple
pits in the ray cells (from 2 to 6 in the field) of the transversely
elongated form characteristic of Taxodioxylon. Xylem-paren-
chyma is fairly abunddnt and the tracheids are peculiar in
having three or rarely four bordered pits on the walls as in some
recent Pines.

Another example of wood of the Tazodiozylon type is afforded
by T. palustre deseribed by Felix® from Tertiary rocks in Hungary
and recorded also from sub-Oligocene beds in Silesia. Gothan?®

! Potonié (96); see also Eberdt (94). 2 Gothan (06) p. 164.

3 Ihid. p. 165; (09) p. 518. ! Mercklin (35) p. 65, P xvir,

? Goeppert (50) p. 203, PL xxviL ¢ (Conwentz (80) A. p. 25, Pls. 1v., V.
? Sechmalhausen (83) PL xm. 8 Felix (82) p. 278; (84) p. 38

" Gothan (10) pp. 40, 43, PL vi.
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assigns to Tazodiozylon two specimens from Tertiary strata in
Spitzbergen and it is probable that the wood may belong to plants
which bore the twigs described by authors as Taxodvum distichium
and Sequoia Langsdorfii.

The name Tazodiozylon is retained as a seetion of Cupressino-
@ylon and not ag a separate genus on the ground that the characters
on which it is based do not appear to be sufficiently distinctive or
constant to warrant its recognition as a well-defined generie type.

III. TAXOXYLON. Unger.

Unger! gave this name to fossil wood characterised by the
presence of spiral bands in the secondary tracheids, a feature
especially associated with the recent genera Taxzus, Torreya, and
Uephalotazus, but by no means unknown in other Conifers®,  The
name, in the form Tazoaxylum, was substituted for Tawiles em-
ployed by Goeppert® for some species of Tertiary wood. Apart
from the presence of spiral bands Tawozylon agrees with Cupres-
sinoaxylon, though according to Lignier the medullary rays are
deeper in the latter genus.

Taxoxylon scalariforme (Goeppert).

This Tertiary species, originally described by Goeppert from
HMungary as Tawites scalariformis, was renamed by Unger Tawozylim
Goepperti. According to Schenk? it is the only species among
those recorded by Goeppert which should be retained in Taxoxylon,
the spiral pattern of the tracheids being due to the presence of true
bands and not, as in the other species, the result of enzyme action
on the wood which produces a spiral striation closely simulating
gpiral bands. The bordered pits on the tracheids are cirenlar and
separate; the medullary rays are uniseriate and from 1 to 10 cells
i depth; there are no resin-canals.

Goeppert’s species Tazites Ayckii (after Herr Aycke) of Ter-
tiary age was retained by Kraus?® as an example of that genus but
afterwards transferred to Cupressinoxylon on the ground of the
absence of true spiral bands in the tracheids. Lingelsheim® also

1 Unger (47) p. 33. ¥ See page 134,

4 Goeppert (40). 1 Schimper and Schenk (90) A, p. 859,
® Goeppert (40) p. 188; (80) p. 244 Kraus (64) p. 197,

¢ Lingelsheim (D8) p. 27.
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states that there are no true spiral bands in Geoppert’s supposed
Taxoxylon. The Permian species Tazozylon ginkgoides Ren.* and
Grand Eury’s Upper Carboniferous species T. stephanense® are
probably founded on wood of the Araucarian type in which the
tracheids show spiral striation.

An Aptian species Taxozylon anglicum Stopes® is referred to
that genus because of the occurrence of a spiral marking on the
tracheids which the author of the species believes to indicate the
presence of true spiral bands in the wood of recent Taxaceae, and
because of the groups of 3—4 bordered pits in the fields of the
medullary rays.

There are no resin-canals in the wood ; the tracheids have a single
row of circular pits on the radial walls and occasional rims of Sanio
are preserved. There are 1—6 pits in the field and the presence of
a border is regarded by Dr Stopes as an argument in favour of the
tracheal nature of some of the medullary-ray elements, though the
appearance of the cells does not afford any substantial ground for
interpreting them as other than parenchymatous elements.

An examination of the type-specimens convinced me that the
spiral markings on the tracheids are not true bands like those of
recent Taxineous wood and the pitting of the medullary-ray cells
is in itself by no means a trustworthy ecriterion. There are, 1
venture to think, no good reasons for referring this wood to the
genus Taxoxylon.

IV. MESEMBRIOXYLON. (Gen. nov.

This generic name? is proposed for fossil wood exhibiting
certain features associated with several recent genera which have
a southern distribution. It is intended to replace Gothan’s two
genera Podocarpoxylon and Phyllocladowylon, types differing from
one another in features which, as Dr Stopes® points out, are too
inconstant to justify the retention of both designations. Moreover
the nse of Gothan’s names implies affinities to recent genera which
there are no adequate reasons for assuming. In this instance, as
in many others, the anatomical characters do not enable us to

! Renault (85) p. 163
2 Grand'Bury (90) A, p. 317; Gothan (05) p. 68.

3 Stopes (15) p. 204, PL x1x g
U ueonuBpwds, southern. i Stopes (15) p. 210.
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assign fossil species to a position within the Coniferales sufficiently
definite to be denoted by the use of a name implying close rela-
tionship to a particular genus as distinet from a group of allied
types.

Podocarpozylon. This name! has been applied to wood agreeing
in structure with recent species of Podocarpus and Dacrydium
more closely than with other Conifers. As generally understood
the genus stands for wood without resin-canals, possessing xylem-
parenchyma not necessarily confined to a particular region of
the year’s growth. In Podocarpouylon aparenchymatosum Goth.
xylem-parenchyma is absent. The bordered pits on the tracheids
are in 1—2 rows and, if in two series, the pits are opposite or sub-
opposite (Podocarpozylon Sechiwendae Kub.); vims of Sanio are
present. There is no Abietineous pitting in the ray cells; the
pits in the field are typically Podocarpoid, that is there are few in
the field and these appear to be bordered and characterised by
an elliptical or linear pore which is oblique or more or less vertical.,
The medullary-ray pitting next the summer-wood does not afford
a satislactory means of separating Podocarpozylon and Cupressino-
aylon, but in the region of the spring-elements the Podocarpoid

type is a distinguishing feature ol Podocarpoxylon, though as
stated in the account of recent Conifers the position of the pore
is by no means a constant character, On the other hand, the pits
in the field may be large and simple as in Seiadopitys, some species
of Podocarpus, in Phyllocladozylon, Xenoxylon and some other
geners.

Phyllocladoxylon. This name was given by Gothan? to wood
similar to Podocarpozylon but differing ehiefly in the oceurrence of
large, simple pits in the field [*Eiporen’], a feature shared with
Seciadopitys and some species of Podocarpus, by Microcachrys,
Dacrydivim, and Pherosphaera. The tracheids have 1—2 rows of
hordered pits on the radial walls, scattered and circular, but not
infrequently contignous and fattened, and if in two rows they may
be alternate. There ate no clear indications of Sanio’s rims in
the specimens figured by Gothan and Schenk. There are no resin-
canals and no xylem-parenchyma. Phyllocladozylon agrees closely
with Xenoxylon®, but in Phyllocladoxylon the tracheal pits are often

L Gothan (05) p. 48 & fbid, p. 55; (10) p. 37. ¥ See page 238.
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separate and are smaller than in Xenozylon. The pits on the
medullary-ray cells are also smaller, though it is doubtful if this
is a constant character. Miss Holden? has instituted a new generic
name, Parephyllocladoxylon, lor two specimens of wood from
Jurassic rocks on the Yorkshire coast which do not appear to
differ from Mesembriozylon in any respect calling for generic
recognition. In Paraphyllocladozylon eboracense, from the Oolite
of Scarborough, the tracheids have usnally scattered and circular
pits on the radial walls and pits are also abundant on the tangential
walls: in Paraphyllocladowylon arawcarioides the pits on the radial
walls are always closely compressed and flattened. There is no
Abietineous pitting and there may be one or occasionally two
large simple pores in the field like those in Xenowylon and Mesem-
brioxzylon (= Phyllocladozylon of Gothan) but smaller than those
of Xenowylon. Xylem-parenchyma is absent, but some tracheids
have apparent cross-walls that are believed to be resin-plates.
Miss Holden recognises the close resemblance of her species to
Gothan's Phyllocladozylon, but & new name is emploved on the
ground that the absence of Sanio’s rims shows that the wood of
the Yorkshire plants is Araucarian. The absence of Sanio’s rims
cannot be confidently regarded as an original feature and, assuming
this negative character to be a real one, it does not differentiate
the specimens from those described by Gothan; Gothan’s figures
afford no evidence of the presence of Sanio’s rims in his species of
Phyllocladozylon. TIf the Yorkshire stems are Araucarian so too are
those from King Charles Land and Seymour Island2. In one of
Miss Holden's species the tracheal pitting is not of the Araucarian
type, while in the other it is Araucarian’ the pitting of the medullary
rays is opposed to an affinity to any recent Araucarian Conifer.
Both of the Yorkshire species are therefore transferred to Mesem-
brioxylon: their anatomical characters indicate that they are
generalised types which cannot legitimately be included in any
family based solely on existing Conifers. While recognising that it
is not always easy to draw a definite distinetion between Xenoxylon
and Mesembriozylon the two names may be conveniently retained,
the former being used in a much more restricted sense than the
latter, Mesembriozylon is applied to woods in which the general

! Holden, R. (13%) p. 536, PL xxx1x, figs. 7—10. 2 Gothan (07%); (08),
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features are similar to those associated with Cupressinozylon, but
the xylem-parenchyma may not be always present and the medul-
lary-ray cells have one or two large simple pits, or two or more
smaller bordered pits, in the field, the pore being rather vertical
than horizontal. Mesembriozylon undoubtedly includes species
which if additional data were available would be assigned to
distinet genera. Apart from the probability that anatomical
characters were even less restricted in their range through different
types in former periods than they are in existing genera, the
impossibility of discriminating between certain closely allied
recent Conifers points to the advisability of employing designations
for fossil woods in a wide sense and thus avoiding the danger of
misleading students in search of material on which to base con-
clusions with regard to the relative antiquity of existing genera.
Mesembriozylon sp. (—? Podocarpozylon sp. Gothan).

This wood from Bathonian rocks in Russian Poland?! affords
an example of the difficulty of distinguishing clearly between
Podocarpoxylon and Glyptostroboxylon : the bordered pits on the
radial walls of the tracheids are separate or contiguous and
slightly flattened; xylem-parenchyma occasionally occurs; there
are usually two fairly large circular simple pits in the field (fig. 722,
(!). The systematic position of this wood cannot be regarded as
well established.

Miss Holden? has recently deseribed two specimens from the
Jurassic beds on the Yorkshire coast as Podocarpozylon sp. but
the evidence in support of affinity to the Podocarpineae is not by
any means conclusive. In one specimen there is no xylem-
parenchyma and in the other parenchyma oceurs at the end of the
year's growth. The pits on the medullary rays are described as
piciform, 1—2 in the field. The anatomical features described
hardly afford adequate reasons for assigning the wood to Podo-

carpoxylon rather than to Cupressinoxylon.
? Mesembriozylon sp.  (Thomas).

A specimen of imperfectly preserved wood from Jurassic rocks
in the Izium distriet, in South Russia, described by Thomas® as

1 Gothan (062) p. 456, fig. 5. ¢ Holden, R. (13%) p. 542, PL xv. figs. 31, 32.
& Thomas, H. H. (11) p. 80, Pl, v. figs. 5—7.
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Phyllocladozylon sp. may perhaps be included in Mesembriozylon
though the preservation is hardly sufficiently good to admit of
accurate determination. The bordered pits on the tracheids are
cireular and separate, about 15 in diameter; the medullary vays
have one or rarely two large simple pits in the field.
Mesembriozylon iwoburnense (Stopes).

An Aptian (Lower Greensand) species from Bedfordshire
founded on two blocks of secondary wood and referred to Podo-
carpoxylon. The tracheids have 1—2 rows of bordered pits, the
pits in two series being opposite: Sanio’s rims are present. Resin-
parenchyma is abundant all through the wood; the medullary
rays are for the most part 3 cells deep but vary from 1 to 25; there
18 one large cireular or oval pif, or sometimes two, in the field,
and a narrow border is occasionally preserved. This species is
near to M. Schwendae but there are fewer pits in the field in the
HEnglish type.

Mesembrioxzylon bedfordense (Stopes).

This Aptian species® is especially characterised by the arrange-
ment of the bordered pits on the radial walls of the tracheids; the
pits are uniseriate and occur in chains of 3—10, the border being
flattened above and below by contact (fig. T21,7): the narrower
parts of the xylem-elements are often without pits. Xylem-
parenchyma is scattered through the wood and the medullary-ray
cells have an oval or nearly circular large pit, sometimes with a
border (fig. 721, m, p), in the field. The contiguous pits constitute
an Araucarian feature though similar pits oceur in Cedroxylon and
in some other genera.

Mesembriozylon Gothani (Stopes).

Dr Stopes regards this species?, from the Aptian of the Isle of
Wight, as highly suggestive of the genus Phyllocladus. The
medullary rays are generally 2—4 cells deep and there are 1—2
large oval simple pits in the field. Xylem-parenchyma is sparsely
seattered through the wood, and stone-cells occur in the pith.

! Stopes (15) p. 211, PL xx. text-figs. 60—63.

* Ibed, p. 223, PL xx1. text-fig. G4.
3 Ibid. p. 228, text-figs. 65, 66.
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Fia. 721, Mesembrioxylon bedfordense. Radial section showing groups of adjacent
pits on the tracheids, t; the medullavy-ray pits, m, and a few with a border, 3
n, narrow part of a tracheid. (After Stopes.)
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Mesembriozylon Schwendae (Kubart).

This species is recorded from Attersee in Upper Austria and
though probably of Tertiary age it may be derived from Cretaceous
strata’. Xylem-parenchyma is present; the bordered pits on the
radial walls of the tracheids arve in 1—2 rows, usually separate but
if contiguous not flattened ; if in 2 rows opposite or sub-opposite;
the medullary rays reach a depth of 13 cells: there are generally
1—3 pits (fig. 722, A, B) but occasionally as many as 5in the field;

oo
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Fig. 722. A, B, Mesembrio rylon Schwendae,  C, Mesembriovylon sp. (A, B, after
Kubart; C, after Gothan.)

they are bordered and the pore is obliquely vertical, though this
feature is inconstant and in some places the pore is eircular or the
bordered pit may be replaced by a large simple pit. Sclerous cells
occur in the pith.

Mesembriozylon aparenchymatosum (Gothan).

In this Tertiary species, included by Gothan in Podocarpoxylon,
from Seymour Island ® there is no xylem-parenchyma; the medul-
lary-ray cells have 1—2 elliptical-circular pits in the field and the
Major axis is oblique. The evidence as to affinity is far from con-
clusive.

1 Kubart (11%) PL. o text-figs. 1—10.
* (zothan (08) p. 8, PL 1, figs. 9—11.
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Mesembriozylon sp. (Gothan).

Gothan? deseribed some wood as Phyllocladozylon sp. which
he originally stated to have been derived from King Charles Land,
but Nathorst pointed ount that it came from Scoresby Sound in
Fast Greenland, N. lat. 70° 50’. The pits on the tracheids are in
1—2 rows, about 16 » high, and smaller than in Xenoxylon ; they
are scattered or contiguous and flattened, hut more often separate;
the medullary rays are composed of a small number ol cells and
there are 1— 2 simple pores in the field.

Mesembrioxylon antarcticum (Gothan).

In this Tertiary species from Seymour Island, included by
Gothan in Phyllocladoaylon?, the bordered tracheal pits are generally
uniseriate and separate; the pitting of the medullary-ray cells 18
like that in Mesembriozylon sp. (fig. 722, €). In the account of
this wood Gothan points out that the similar pits on the walls of
the medullary rays of Seiadopitys are smaller than in the fossil
type; in coutrast to the tendency towards a vertical elongation
of the ray pits in some recent Podocarpineae those of M esembrio-
aylon are usually more horizontally stretched as in Phyllocladus

and some species of Pinus. Gothan compares Cupressi owylon

Hookeri Arb.® with Mesembriozylon antarcticum, but the former is
distinguished by the smaller pits on the ray cells and by the
occurrence of xylem-parenchyma. It is noteworthy that, as
Gothan statest, the only recent South American Conifer possessing
large simple pits in the medullary-ray cells is Podocarpus andina,
while on the other hand there arve several Australian genera
agreeing closely with the Seymour Tsland species in the character
of the medullary-ray pitting: from this it is concluded that in
Tertiary times there was a closer connexion between the South
American and Australian regions than at the present day, an
inference which, though not improbably correct, rests on slender
evidence in this particular case.
Mesembrioxylon Miilleri (Schenk).
This species from Pliocene strata in New South Wales, was
described by Schenk? as Phyllocladus: the pits on the tracheids
1 Gothan (07%) p. 9, fig. 23 (05) p. 6 (footnote).
2 Ihid. (08) p. 4, PL 1, figs. 4—8. § Arher (04). 4 Gothan (08) p. 25.
5 Sehenlk in Schimper and Schenk (90) A. p. 873, ligs. 424, 425.
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are repregented by Schenk as widely separated and the single pits
in the field are narrower and more oblique than in other examples
of the genus. The impression made by these species, formerly
referred to Phyllocladozylon and distinguished from one another
by no very well-defined characters, is that they agree with certain
recent Podocarpineae and with Seiadopitys more closely than with
any other recent Conifers; but in the absence of any definite
evidence with regard to foliage or reproductive organs it is im-
possible to select any one existing genus as the modern repregenta-
tive of the Arctic and South American fossil species. If the
absence of Sanio’s rims is accepted as a criterion of affinity, some
species of Meseinbrioxylon would be included in the list of types
allied to the Araucarineae, but even assuming that the preservation
of the wood is such as to admit of their recognition, were they
present, their absence does not nullify the evidence afforded by the
tracheal and medullary-ray pitting.

! Mesembrioxylon Hookeri (Arber) (= Cupressinozylon Hookery
Arber).

A species' founded on a splendid specimen of silicified wood
nearly 9 ft. long and with a diameter of 3 ft. from Tasmania
exhibited in the Geological Department of the British Museum.
The stem was discovered early in the nineteenth century in Ter-
tiary basaltic lava on the Macquarie plains. Dr Arber quotes
Sir Joseph Hooker who gives an interesting account of the method
of preservation of the decorticated wood. The annual rings are
well marked and narrow: the tracheids have usually a single row
of cireular and scattered bordered pits on their radial walls and
smaller pits are abundant on the tangential walls. BSanio’s rims
are clearly shown on some of the tracheids. The medullary rays
are generally uniseriate and in exceptional cases reach a depth of
over 20 cells. Arber speaks of the occurrence of a small simple
pit on the radial wall of the ray cells; an examination of the sec-
tiong in the British Museum showed that for the most part the
pitting on the ray cells is not preserved but in some places a single,
fairly large, simple pit ocenrs in the field. Resin-parenchyma is
present in both spring- and summer-wood.

1 Arber (04).
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It has been suggested by Glothan® that this species should be
veferred to Podocarpoaylon : the pitting of the medullary-ray cells,
though seldom preserved, seems to differ from the typical Cupress-
inoxylon form. 1t is therefore referred though with some hesitation

to Mesembrioxylon.

V. PARACEDROXYLON. BSinnoftt.

Paracedrozylon scituatense Sinnott. The generic name Para-
cedrozylon® was instituted for this Cretaceous species from Seituate,
Massachusetts. in order to indicate its resemblance to Cedroaylon
as defined by Kraus, more especially as regards the pitting of the
tracheids and the absence of resin-canals and xylem-parenchyma
in the normal wood, and to show that in some features it differs
from that genus, namely in the absence of Sanio’s rims and in
the smooth and thin unpitted horizontal walls of the medullary-ray
cells. Tn typical species of Cedroxylon xylem-parenchyma 13
present and the tracheal pitting alone is not a distinguishing
feature. The annual rings are broad and not well defined ; resini-
ferous parenchyma is restricted to wounded regions. Groups of
thin-walled cells, which it is suggested may be abortive resin-
canals, though there is no evidence that this is the case, and thick-
walled parenchyma oecur in the wounded tissue. The tracheids
have a single row of bordered pits, generally circular. The medui-
Jary rays, 2—12 or more cells in depth, are pitted only on the radial
walls and there are 4—6 circular pits with an oblique slit-like pore
in the field. The occurrence of bands of much thickened and
pitted parenchyma is regarded as evidence of wounding: canal-like
gpaces occur in the traumatic tissue. Moreover in the affected
regions the medullary-ray cells often show pitting on their hori-
zontal and tangential walls,

Sianott regards the absence of Sanio’s rims as indicative of
Araucarian affinity while the traumatic phenomena are interpreted
as Abietineous characters. The genus rests on a slender basis:
except for the absence of xylem-parenchyma the normal wood
differs very slightly from Cupressinozylon and it is not disti nguished
by any well-marked features from Mesembrioxylon.

Jeffrey® has described the axis of a Geinitzia cone from the

! Gothan (08) p. 7. 2 Sinnott (09). 3 Jetirey (11).
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Mataram formation as exhibiting the features of Parace-
droxylomn.

VI. 'CEDROXYLON. Kraus.

This generic name was instituted? for fossil wood agreeing with
Cupressinozylon in the arrangement of the pits on the tracheids
and in the absence of resin-canals, but differing in the scarcity or
absence of xylem-parenchyma. As defined by Schen <2, Cedroxzylon
stands for fossil wood agreeing generally with that of recent species
of Cedrus. Abies. and Tsuga with or without tracheids in the
medullary rays. Brongniart’s genus Eleoxylon® is included by
Schenk as a synonym of Cedrozylon. The chief distinguishing
character of Cedrozylon as compared with Cupressinozylon, as
used by some authors, is the more restricted occurrence ol xylem-
parenchyma; in Cedrozylon it is confined to the end of each year’s
wood whereas in Cupressinozylon the parenchyma is not so limited
in its distribution. A closer examination of different types of
wood included in Cedrozylon shows that the xylem-parenchyma
is an unsafe gnide: Barber? states that he found more xylem-
parenchyma per square millimetre in Cedrus wood than in Cryplo-
meria (a genus included in the general term Cupressinoxylon) and
Lignier3 speaks of the absence of parenchyma in some species of
Cedrozylon. Gothan®, who has discussed the distinctive features
of these and other genera in considerable detail, points out that
in Abies Webbiana xylem-parenchyma is abundant as in Clupress-
inowylon, while in some Cupressineae the parenchyma is so scarce
that it is often difficult to discover. It is clear that a test based
on the presence or distribution of xylem-parenchyma is unsatis-
factory; the application of such a test would lead to the inclusion
of both Abietineous and Cupressineous genera in one generic type.
In typical cases the distribution of xylem-parenchyma is none
the less a useful character, but Conifers with parenchyma scattered
through the vear's growth are not confined to types usually in-
cluded in the comprehensive genus Cupressinoxylon: many Podo-
carps and some other genera not members of the Cupressineae
possess abundant parenchyma in the wood. The structure of the

! Kraus in Schimper (72} A. p. 370. * Schimper and Schenk (90) A. p. 862.
 Brongniart (49) A. p. 76. & Barber (98) p. 332
3 Lignier (07%) p. 245, % (Gothan (03) p. 45.
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medullary-ray cells affords an important distinguishing feature.
In Cedroxylon they are charactevised by the occurrence of pits on
all the walls as in Abies, T'suga, Cedrus, Lariz, Picea, Pseudolariz,
while in wood of the Cupressinoazylon type there is no Abietineous
pitting but only pits on the radial walls. Another distinguishing
feature, mentioned by Lignier,—whether important or not is open
to question—is based on the greater number of medullary rays
per square millimetre in Cupressinomylon.

The characters of Cedroaylon may be briefly summarised as
follows:—Annual rings well marked; bordered pits on the radial
walls of the tracheids usually circular and separate and il in more
than one row, opposite, but in some species the Araucarian type of
pitting also oceurs (fig. 723), the pits being contignous and alternate
or sometimes arranged in stellate clusters. Xylem-parenchyma
typically confined to the end ol an annual ring, but sometimes
absent; medullary rays generally uniseriate and composed ex-
clusively of parenchyma though horizontal tracheids may oceur;
pits on all the walls of medullary-ray cells as in the Abietineae;
on the radial walls there may bhe 1- 6 apparently simple cireular
pits in the field. There are no resin-canals except as the result
of injury.

Cedrozylon transtens Gothan.

This species from Upper Jurassic rocks in Spitzbergen! and
from Lower Cretaceons beds in King Charles Land? illustrates the
admixture of opposite, separate, and contignous, alternate, pits
in the same wood (fig. 723, A, B); stellate groups also occur
(fig. 723, A), an arrangement occasionally seen in some recent Pines,
e.g., Pinus Merkusii®. The Arancarioid type of pitting is charae-
teristic of the spring-wood where it is agsociated with the more usual
opposite and separate arrangement. Smaller separate pits occur on
the tangential walls of some of the tracheids. Resim-canals are
absent, though a solitury example is recorded by Gothan. The
medullary rays have several small pits in the field, also pits on the
tangential and horizontal walls ; the xylem-parenchyma is confined
to the end of the year’s wood ; the cross-walls are pitted (fig. 723, B).

I Gothan (10) p. 38. PL vi. figs. 11—13,

2 Thid, (072) p. 26, figs. 14, 15; Pl 1. fig, 1.
3 (iroom and Rushton (13) PL xxv, figs, 47
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Gothan makes no mention of Sanio’s rims. The Abietineous
te over the Araucarian, the latter being limited

features predomin
to the local oceurrence of polygonal and alternate bordered pits.

e
o
-
CLEa
Q'L

Fie. 723. A, B, Cedrowylon transi . Cedrowylon blevillense. (A, B, after

Gothan: O, after Lignier.)

Wood of similar type was described by Schroeter! from King

Charles Land as Pinus (Laric) Johnsent: resin-canals, possibly
due to wounding, oceur in the summer-wood. The medullary rays

are 1—18 cells deep and there are 1—3 simple circular pits in the
field: all the walls of the ray eells are pitted. As in Cedyoxylon
transiens the Araucarian type of pitting is represented on some of
the tracheids.

Cedroxylon Hornei Seward and Bancroft.

An Upper Jurassic species from Helmsdale2, Sutherland, a
loeality from which Hugh Miller recorded numerous specimens of
fossil wood which is still abundant on the beach immediately north
of Helmsdale. The annual rings are well defined: the bordered
pits are usually in a single row on the radial walls of the tracheids,
occasionally in contact and flattened; double rows of opposite
pits are not uncommon. Xylem-parenchyma is confined to the
late wood. Medullary rays, 1—26 cells deep, generally 8—I12,

1 Schroeter (80), PL 1. figs 1—8.
¢ Qoward and Bancroft (13) p. 883, text-fig. 5; Pl. 1. figs. 22—25.
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and uniseriate; there are 2—4 simple or faintly bordered circular
pits in the field and pits occur also on the tangential and horizontal
walls.

Fie, 724, A, Brachyphyllum enthiense; stoma. B—N, Cedrovylon Hornei,
(After Seward and Baneroft,)
Cedrowylon cedroides Gothan.
In this species from King Charles Land?, probably Lower
Cretaceous, the pitting of the tracheids is in the main of the usual
Coniferous type and not Araucarioid, though in places the pits are

! Gothan (07%) p. 23, figs, 11—13.
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alternate and form stellate groups. The medullary rays, reaching
a depth of 30 cells, show very clearly the Abietineous pitting and
there are 4—b5 simple circular pits in the field. The occasional
occurrence of single large pores in the field would seem to be due,
at least in part, to the destructive action of fungi. Xylem-
parenchyma oceurs in the summer-wood. The structure agrees
with that of the wood of Cedrus, Pseudolariz, and Tsuga; the
Abietineous features are relatively more conspicuous than in
Cedroxylon transiens in which the tracheal pitting is more Arau-
carian,

Cedroxylon maidstonense Stopes.

In this wood!, from the Lower Greensand of Kent, the rings
of growth are well marked; the bordered pits on the radial walls
of the tracheids are usually uniseriate and Sanio’s rims are dis-
tinctly preserved. Xylem-parenchyma is absent or very rare and
there are no resin-canale. The medullary rays are seldom deeper
than 10 cells: there are 4—6, or occasionally more, oval or
cireular pits in’ the field and some have a slit-like pore and are
bordered ; pits are clearly shown on the tangential walls of the
ray cells.

Cedroxylon pottoniense Stopes.

This species® of the same geological age, from Potton in Bedford-
shire, differs from C. maidstonense in the comparative abundance
of xylem-parenchyma: the medullary-ray cells show very clearly
the Abietineous type of pitting.

Cedroxylon blevillense Lignier.

In this species from the gault of Bléville (Seine-Inférieure)®
the tracheal pits are usually uniseriate and separate but if in two
rows they may be either opposite or alternate. The pits in the field
are small, numerous, and have an oblique pore (fig. 723, C). The
tangential walls of the ray cells are sometimes pitted. There is
no resiniferous parenchyma. The characters afford another illus-
tration of the impossibility of drawing any clearly defined line
between Cedrozylon and allied generic types.

1 Stopes (15) p. 149, PL xm. text-figs. 41—43. 2 Jbid. p. 154, text-fig, 44.

3 Lignier (072) p. 267, PL xvom. fige. 15—17; Pl. xxr. fie. 66; Pl xxm. fig. 72:
Pl. xxur. fig. 87.
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A Triassic species described by Wherry!® as Brachyoxylon penn-
sylvanicwm may, as that author suggested, belong to Cedroxylon :
the tracheids have 1—2 rows of pits, usually separate but sometimes
alternate and hexagonal as in Cedroxylon transiens and C. Hornei;
no description is given of the medullary-ray pitting or of any
x.ylen1—11;11'0}1(‘]1}-'111:1. There are no adequate grounds for referring
this Triassic wood to Cedrozylon. Several species of wood from
Triassic and higher horizons have heen assigned to Cedroxzylon,
but in many casges the descriptions fall short of modern standards
and accurate determination is impossible. Crié* describes a
species, C. australe, from the Trias of New (aledonia though
his figures and descriptions do not afford satisfactory evidence
in support of this reference. Schenk® mentions Cedroxylon
pertinar (Goepp.) as the oldest representative of the genus and
speaks of it as Rhaetic, while Gothan refers the species to a Juras-
sic horizon. A species founded by Goeppert and described by
Mercklint from Jurassic_rocks of Russia, Pinites jurassicus, may
be a Cedroxylon: the bordered pits are usually separate and
opposite hut sometimes in contiguous groups. Mercklin states
that small thick-walled cells, often with dark contents, occur at
the outer limit of each ring. A specimen deseribed by Felix® as
Cormocedroxylon jurense from the Braun Jura of Galicia is com-
pared by him with Pinates jurensis. Fliche® records, though with-
out. complete diagnoses, some French Lower Cretaceous species:
the tracheids of Cedroxzylow retieulatum Sap., from the Albian of
I Aube, are characterised by pits which are usually separate but

S

may be contiguous and flattened. Cones closely resembling those of
Cedrus oceur in the same beds. This author gives partial descrip-
tions of C. burremianwi Fliche? from the Lower Cretaceous of
Haute Marne and a Cenomanian species C. manekildense Fliche®,
but in neither case are the data adequate.

C. matsumurae Stopes and Fujii? is an Upper Cretaceous
Japanese species with 1—2 rows of tracheid-pits, generally opposite

! Wherry (12) PL 1v. 2 Crié (89) Pls. 11.—v.

¥ Behimper and Schenk (90) A, p. 871.

1 Mercklin (55) p. 48, PL vor. figs, G—10. 3 Telix (82) p. 264.

* Fliche (97) p. 7. 7 Ihid. (00) PL 1. fig. 1.
8

Ibid. (96) Pl xv. fig. 3.

Stopes and Fuajii (10) p. 42, PL 1. fig. 10: PL 1v. figs. 20—23.
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but sometimes alternate though not contignous. The medullary
rays, b—12 or rarely 20 cells deep, arve imperfectly preserved.
Another species, €. Yendoi 8t. and Fuj. from the same locality is
also founded on material that is insufficient for accurate deter-
mination. Sporadically occurring resin-ducts are regarded as
tranmatie.

Among Tertiary species reference may be made to Cledrozylon
affine Kraus® from Sicily, without resin-parenchyma and charac-
terised by usually two large simple pits in the field: €. Hoheneggeri
Folix® from the Kocene of Moravia figured by Schenk as from
Cretaccous strata; C. Hermanni Sch.t, an incompletely described
species from Assam, probably of Tertiary age.

VII. PITYOXYLON. Kraus.

Kraus® included in this genus some of the species previously
referred by Goeppert to Pinifes: others he assigned to Cedroxy
Pityoxylon is distinguished from Cupressinozylon and Cedrozylon

Lo,

by the normal occurrence of resin-canals in the wood and by the
presence of horizontal tracheids in some of the medullary rays.
Within the limits of the genus the following differences ocenr in
the characters of the medullary rays and the resin-canals :—the
walls of the ray-tracheids are smooth or provided with dentate
ingrowths; the pits on the medullary-ray cells are large and simple
or smaller and apparently bordered, and there may be one or
several pits in the field; the parenchyma of the resin-canals has
thin or thick walls. As generally employed Pityoaylon includes
species exhibiting anatomical features met with in Pinus, Picea,
Lariz, Pseudolsuga, and some other Abietineac. Gothan® makes
use of two generic names, Piceorylon and Pinuzylon, to denote the
possibility of more precise comparison with recent types than is
implied by Kraus's more comprehensive term. Piceozylon 18
characterised by thick-walled epithelial cells lining the resin-canals,
by small pits in the ray cells, spiral tracheids in the summer-wood,
the absence of teeth in the ray-tracheids, clearly marked Abietineous

L Stopes and Fujii (10) PL 1v. figs. 24—26.

2 Kraus (83). 3 Felix (82) p. 268
i Schenk (82%) p. 355. 5 Kraus in Schimper (72) A. p. 377.

¢ (Gothan (05) p. 102,
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pitting in the ray cells, and by the oceurrence of numerous pits in
the tangential walls of the summer tracheids.

Pinuxylon is used by Gothan in preference to Pinoxylon, the
name adopted by Knowlton?! for wood in which there are no resin-
canals in the medullary rays. TIn Pinurylon the walls of the
epithelial cells are thin, rarely thick; the medullary rays have
large simple pits in the spring-wood : there are no spiral bands in
the tracheids. The horizontal tracheids have smooth or dentate
walls and the Abietineous pitting is much reduced. The distinctions
on whieh these two genera are based are thusg not very clearly
defined and it is only in particularly well-preserved material
that the two generic types can be recognised with certainty.
Dr Stopes® follows Jefirey and Chrysler? in n“rgu(lmlr Gothan’s
twofold division as unnecessary.

In the majority of species referred to Pilyorylon the published
information is insufficient for a sub-division in Gothan’s sense and
as a rule the generic name stands for wood of an Abietineous type
which eannot be assigned with confidence to any one recent genus.
The question of the antiquity of the Abietineae has been confused
by the too liberal use of the term Pinites by Goeppert and some
other authors for stems which have no claim to be placed in the
genus Pilyorylon. Jeffrey and Chryslerd, who follow previous
authors in quoting Piniles Conwentzianus Goepp.?, described as a
Carboniferous species from Waldenburgh, as evidence of a Palaeo-
zoic Pinus-like wood, state that the species receives ‘full confir-
mation from the description of a similar type, Pityozylon chasense
Pen® from the Permian of Kansas’ Goeppert and Stenzel state
that Pinutes Conwentzianus was found on a rubbish-heap (“Halde®).
but Goeppert apparently entertained no doubt as to its Carboni-
ferous age. Through the courtesy of Prof. Frech of Breslau T was
able to examine the original sections and convinced mysell that
the wood is Abietineous: the rings of growth are well defined:
horizontal tracheids occur in some of the rays and the tracheal
pits, 1-—2 rows, are widely separated, though occasionally the pits

I Knowlton in Ward (00) B, p. 420. 2 Stopes (15).
A Jeffrey and Chrysler (06), * Ihid. p. 13.
5 Goeppert and Stenzel (88) p. 54, Pls. X1, xim.
& Penhallow (00) p. 76; Thomson and Allin (12).
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of a single row are in contact and slightly flattened. Feeling
sceptical as to the Carboniferous age of the wood 1 wrote to Dr
Conwentz who confirmed my doubts with regard to the value of the
evidence as to the geuh»}zicul horizon. Thomson and Allin have
shown that Penhallow’s Pityoxylon cannot be accepted as trust-
worthy evidence of the occurrence of a Palaeozoic Abietineous
type. Pityozylon chasense is not an Abietincons species; it 18
founded on Dadoxylon wood devoid of annual rings and without
resin-canals traversing the medullary rays.

The fragments of wood from the Muschelkalk of Recoaro
fignred by Schleiden and Schenk?! as Pindles Goeppertianus afford
no evidence of Abietineous affinity beyond the occurrence of
separate bordered pits on the walls of the tracheids.

Pityoxylon eiggense (Witham).

The petrified wood first named by Witham?® Pinites elggensis
and afterwards® referred by him to the genus Peuce was originally
recorded by Macculoch in 1814 from below the massive a nd pre-
cipitous ridge of pitchstone which forms a striking feature above
the basaltic lavas of the Sgurr of Eigg in the Inner Hebrides.
Lindley and Hutton * and Nicol® also gave short deseriptions of the
structure and Miller® in the Cruise of the Betsey alludes to a fossil
trunk as ‘an ancient tree of the Oolites.” The wood occurs with
{ragmental sedimentary rocks below the pitchstone and not
actually in situ; Mr Harker’s thorough examination of the island
led him to the conclusion that the wood and associated rock-
fragments are derived from Jurassic (Oxfordian) strata and were
carried up by volcanic agency”. Mr Harker tells me that he has
never seen the Pityoxylon with any undoubted matrix adherent;
it ocenrs with wood of a different type (Dadozylon) which is em-
bedded in a white sandstone agreeing exactly with the Great
Estnarine Sandstone of Eigg in which similar wood has been found
in place. It is, however, possible that Pityoxylon did not come

! Schenk (68) Pl v. figs. 4—7. * Witham (31).

3 Ibid. (33) A. Pls. x1v., XV, i Lindley and Hutton (33) A. Pl xxx.

& Nicol (34) A. p. 154. & Miller (58) p. 37.

? Harker (06) p. 55: (08) p. 52. In these memoirs Mr Harker discusses the

carlier conclusions of Sir Archibald Geikie as to the geological history of Eigg and
gives references to previous notices of the fossil wood; Seward (112) p. 652
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from the same source as the Dadozylon wood. Though probably
Jurassic, a Tertiary source is by no means ruled out.

Kraus! transferred Witham’s species to the genus Pilyoxylon
and that name is used by Schroeter? and Schenk ®. The speeimens
on which the following account is based are most of them in the
British Museum. Annual rings elearly defined, usually 115 mm.

Fre. 725. Pityozilon eiggense: ¢, resim-panal in a fusiform medullary ray.
YO i : ) 2
(British Museum, 51427, 51641, 51727.)

broad ; the reduction in diameter of the summer-tracheids extends
over several rows, the transition being much more gradual than
in some types of Coniferous wood. A characteristic feature is the
occurrence of more or less circular patches where the fracheids
have been destroyed with the exception of a single tracheid or a

! Kraus in Schimper (72) A, p. 378. ¢ Schroeter (80) p. 13.
& Behimper and Schenk (90) A. pp. 855, 874,
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small group in the centre of a clear crystalline matrix. Some of
these patches simulate resin-canals, a fact which led Schenk to
deny the existence of true canals. All stages of decay are shown,
from the partial obliteration of a circular group of tracheids to
" the destruction of the group, one central element being left, or to
the formation of a eanal-like cavity (fig. 725, A). It 1s often
difficult to decide whether a clear space in the wood is a canal o1
the result of post-mortem changes, but there is no doubt as to the
oceurrence of some true secretory canals in different regions of the
wood. There is very little parenchyma accompanying the canals.
The medullary rays are of two kinds, uniseriate, 1—13 cells in
depth, though usually about 6 cells in depth, and lenticular rays
with a central canal (fig. 725, C, ¢) identical with those in a modern
Pine. Tig. 725, D shows part of a vertical canal with some
parenchymatous lining in continuity with a horizontal canal in a
broad medullary ray. Several small pits occur on the tangential
and horizontal walls of the ray cells, and the radial walls, which
are less clearly preserved, occasionally show 1—3 elliptical pits.
In radial section the upper and lower cells of a medullary ray are
often distinguished by their less uniform breadth and resemble
in this respect ray tracheids. A careful examination of sections
revealed the existence of bordered pits in the tangential walls of
these elements and confirmed their tracheal nature®,

The bordered pits are generally single and sparsely scattered on

€

the radial walls of the tracheids; occasionally the pits are in
contact and a few double and opposite rows occur. An interesting
feature i¢ the occurrence in some tracheids of a biconcave patch
of some brown substance agreeing closely with resinous deposits
described by Penhallow?. 1f this species is from Jurassic strata
its close resemblance to recent types of Pinus is a fact of consider-
able interest.

Pityoxylon Ruffordi Seward.
This species? 18 founded on a specimen of wood obtained by
Mr Rufford from Wealden beds at Ecelesbourne on the BSussex

1 T am indebted to Miss Ruth Holden for calling my attention to this feature
and for other ass

tance in the examination of the sections.
2 Penhallow (04) p. 526.
@ Seward (93) A, p. 109; (96) p. 417, Pls. 11., 1L
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coast: the sections on which the deseription is based are in the
British Museum. Annual rings well marked, varying in breadth
from 1 to 3 mm. ; resin-canals are abundant both in the spring- and

il
i
| g

?% |

Fie. 726.  Pityorylon Sewardr. Radial seetion showing tracheids, tr, in o medullary
ray; e, parenchyma of the ray with simple pits. (After Stopes.)
antumn-wood and horizontal canals occur in the lenticular medul-
lary rays: some of the canals are occupied by large rounded cells
like tyloses. The bordered pits on the radial walls of the tracheids
form single or double rows; in the latter case the pits are generally
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opposite but stellate groups also occur as in Cedrozylon lransiens
Goth. (fig. 723, A) and several other species. The uniseriate
medullary rays reach a depth of 30 cells: there are usually 2—4
oval or eireular pits in the field.

A similar type of stem is represented by Putyoxylon Nathorsti?
(Conw.) from the Lower Cretaceous of Sweden.

Pityowylon Sewardi Stopes.

This species® is founded on a petrified branch, not less than 18
em. in diameter, from the Lower Greensand ol Kent. It exhibits
the usual features characteristic of the genus; the wood containg
horizontal and vertical canals with thin-walled epithelial cells. The
medullary rays are larger and more abundant than in most Coni-
ferous woods and horizontal tracheids (fig. 726, ¢r) occur inter-
spersed with the parenchymatous cells, ¢, as well as on the upper
and lower margins, an arrangement in which the fossil beais a
striking resemblance to the recent species Pinus monticola®,
Pityoxylon Benstedi Stopes.

In this Lower Greensand species? from Kent the resin-canals
often contain tyloses as in P. Nathorsti Conw. and the epithelial
cells have very thick walls, a feature suggesting comparison with
the genus Lariz. The medullary rays show well-marked Abie-
tineous pitting (fig. 727, @) and ray-tracheids (7f) occur. ~ Rims of
Sanio are shown in fig. 727 between the circular bordered pits,
tr. The difference between the tracheal and ordinary parenchy-
matous elements of the rays, as represented in fig. 727 from a
drawing by Dr Marie Stopes, is not very clearly defined and in the
upper ray shown in the figure part of a tracheid is seen abutting
laterally on parenchymatous ray cells, the only difference between
them being in the form of the pits, a criterion which is largely
dependent for its value on the state of preservation. Dr Stopes is
inclined to regard this species as most nearly allied to Laria.
Pityoxylon statenense Jefirey and Chrysler.

A gpecies from the Middle Cretaceous of Staten Island® found
in association with the short shoots described by Jefirey and

! Conwentz (92) p. 13, Pls. r.—m.. vr., viL

* Stopes (15) p. 95, Pls. 1v., v. text-fige. 23, 24. & Ihid. text-fig. 25, p. 103.

' Ibid. (15) p. 105, Pls. v.—vII, text-fizs, 26, 27.

? Jeftrey and Chrysler (06).

8. 1V 15
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Hollick as Pinus triphylla, ete. The anatomical features are as
follows :—annual 1ings narrow, not clearly marked owing to the
walls of the summer-tracheids being thinner than in recent species
of Pinus: xylem-parenchyma confined to the periphery of the

Fic. 727. Pityorylon Benstedi. Radial section showing the fracheal pitting.
rt, ray-tracheids; p. ray cells with large pits; @, typical Abietineous pitting
of end-walls of medullary-ray cells, (After Stopes.)

resin-canals which oceur in any part of the wood and are often
filled with tyloses. The tracheids have a single row of pits not
contiguous or. flattened; the pits on the tangential walls are
confined to the summer-tracheids; both linear and fusiform
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medullary rays occur, the latter with horizontal resin-ducts, There
are no ray-tracheids. There is usually one circular or elliptical
pitin the field. A second species [rom the same locality, Pityozylon
scituatense, differs only in some unimportant features from P. staten-
ense. These fossils differ from recent Pines as also from Picea,
Pseudotsuga, and Lariz in the absence of ray-tracheids. In the
restriction of bordered pits to the tangential walls of the tracheids
of the summer-wood they agree with the soft Pines, but though
this character is generally lacking in harvd Pines, Jeffrey and Chrys-
ler point out that in some haid Pines without pits on the tangential
walls of the tracheids of vegetative shoots the summer elements
of the cones have tangential pits. The oceurrence of bordered
pits on the tangential walls of the late wood and the absence ofray-
tracheids are regarded by the authors of the species as ancestral
features.

Pityoxylon protoseleropilys (Holden).

A Middle Cretaceous species® from New Jersey, referred by
Miss Holden to Pinus, showing the following features:—annual
rings well developed; linear and fusiform medullary rays, hori-
zontal and vertieal resin-canals, bordered pits uniseriate and scat-
tered on the radial walls of the tracheids; none on the tangential
walls. Rims of Sanio are present. There are 1—2 pits in the
field with a lenticular pore and cireular border; the other walls
of the ray cells are abundantly pitted. Ray-tracheids occur on
the margins of the medullary rays and rarely interspersed with the
parenchyma; their walls are denticulate as in recent hard Pines.

The presence of horizontal tracheids in the medullary rays is
an important character: in Pilyoxylon scituatensiformis (Bailey)?,
another Middle Cretaceous species, ray-tracheids are present but
they have smooth walls and are not met with in the first 10—15
rings of wood, whereas in P. protoscleropitys they occur even in the
wood of the first year. In this connexion the presence of ray-
tracheids in Pilyorylon eiggense is noteworthy at least if that species
15 from a Jurassic source,  Pilyoxylon protoseleropitys is considered
by Miss Holden to be ‘probably the earliest form with all the
characters of a modern hard Pine, yet retaining certain ancestral

1 Holden (13%).

2 Bailey (11).
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features, as the association of primary and fascicular leaves, the
latter borne on brachyblasts subtended by a foliar trace.’

Miss Holden! has also described from New Jersey two species
which she compares with Prepinus, namely Pityozylon Joliosum
and P. anomalom.

Pityozylon Nathorste (Conwentz).

Under the name Pinus Nathorsti Conwentz® described in
considerable detail specimens of petrified wood from the Senonian
Holma sandstone of Sweden, also a cone and two detached needles.
The rings of growth agree with those of stems and older branches
in the gradual increase in the thickness of the tracheid-walls in
passing from the spring to the late summer elements. The bor-
dered pits on the radial walls of the tracheids are uniseriate and
separate and none were found on the tangential walls. Both
horizontal and vertical resin-canals oceur, several of them with
well-preserved tyloses: the epithelial cells are thin-walled and
unpitted as in Pinus silvestris. 1t may be that the abundance of
tyloses is connected with the presence of fungal mycelia as in
wood of Hevea stems recently described by Mr Brooks?®. The
medullary ate uniseriate, generally 5—T7 cells deep, also tusiform
and with resin-canals: the preservation is not sufficiently good to
admit of any definite statement as to the occurrence of horizontal
tracheids.

Pityoxylon zezoense (Suzuki).

This Upper Cretaceous Japanese species was described as
Abiocaulis zezoensis®, but in view of the occurrence of features
suggesting comparison with Pinus as well as with 4 bies the more
comprehensive generic name iz preferable. In the presence ol
pits on the tangential and horizontal walls of the medullary-ray
cells and in the pitting of the tracheids this wood conforms to the
Abietineous type. There are no ray-tracheids: the pitting on
the radial walls of the ray cells agrees in part with that in Abwes
and in some of the cells there are large circular pits like those of
Pinus. Normal resin-canals are present in the second ring only.
others being interpreted as traumatic. Xylem-parenchyma is

I Talden (133), ¢ Conwentz (92) p. 18, Pls. .—u1., v1,, VII.

3 Brooks and Sharples (14). ¥ Suzuki (10).
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sparsely distributed. There would seem to be little difference of
importance between this species and wood referred to Cedroxylon.

The number of Cretaceous examples of Pityorylon might be
considerably extended: for an account of French species reference
should be made to Lignier and to Fliche.

Pityosylon Pseudotsugae (Gothan].

Gothan described this species, from South Nevada and prob-
ably of Tertiary age, as Piceoxylon Pseudotsugae': it is interesting
as a type of Pityoxylon agreeing closely with the recent genus
Pseudotsuga in the presence of spiral bands in the tracheids. There
are both vertical and horizontal resin-canals and the ray cells have
Abietineous pitting. Xylem-parenchyma occurs nexv the summer-
wood and the epithelial cells have thick walls, features in agree-
ment with Gothan's genus Piceoxylon. Bailey® points out that in
the absence of spiral bands in the ray-tracheids the fossil species
resembles Pseudotsuga Douglasii, while in Pseudolsuga macrocarpd
the tracheids of the rays have spiral bands.

Fritel and Viguier® have deseribed a species from Eocene beds
in the Paris Basin as Piceozylon Gothani in which some of the xylem-
tracheids have spiral bands.

Pityoxylon pulehrum (Cramer).

A Tertiary species® originally described from material collected
by Sir Leopold MacClintock in Banksland as Cupressinozylon
pulchrum. A piece of wood in the Dublin Museum labelled *from
Ballast Bay, Baring Island, given by Sir L. MacClintock”™ agrees
very closely with Cramer’s type-specimen, & nd as the resemblance
extends to most of the anatomical characters, I believe it to be
the material on which C. pulchrum was founded. The chief
difference is that the Dublin wood has resin-canals as in the
specimen described by Cramer as Pinus MaeClurii (?) Heer®:
in €. pulchrum no resin-ducts are recorded. On the other hand
in the sum of ite characters the Dublin specimen agrees much
more closely with C. pulchrum. Annual rings well marked ;

! Gothan (063). 2 Bailey (09) p. 54,
3 Pritel and Viguier (11) p. 63.

i Cramer (68) p. 171, PL xxxiv. fig, 1: Pl, xxxvr figs. 6—8.
> Thid. Pls. XXXV, XXXVL
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bordered pits large, approximately 25u in diameter, in 1—2
opposite rows, sometimes -in contact and slightly flattened.
Medullary rays uniseriate, 1—14 cells deep, also fusiform rays
containing a horizontal canal: 2 or 3 large oval pits oceur on the
radial walls of the ray cells and in a few cases pits on the tangential
walls. Ray-tracheids with bordered pits oceur on the edges of the
medullary rays.

Among other Tertiary species reference may be made to Pify-
owylon parryoides Goth.' from the Braunkohle of Rheinland, so
named from its resemblance to the North American Pinws Parrya.
characterised by horizontal tracheids with smooth walls and thin-
walled epithelial cells; also Pityoxylon pineoides Krans? a Sicilian
Tertiary species without ray-tracheids,

Pityoxylon succinifer (Goeppert).

This species from the Oligocene amber beds of the Baltic coast
was lirst named Pinites succinifer® and several years later fully
deseribed and admirably illustrated as Pinus suceinifert. Tt
aflords a striking illustration of the possibilities of amber as a
petrifving agent and shows several features of anatomical interest,
The roots are represented by pieces of wood in a pathological
state: the tracheids have 1-—38 rows of pits on their radial walls
and some of them contain tyloges; the walls of the ray-tracheids
have dentate ingrowths. The stem and branch wood is more
complete. Sieve-tubes and sieve-plates are exceptionally well
preserved and both cortex and pith tissues are represented. The
tracheids have 1-—2 rows of separate pits: a spiral sculpturing
on the walls of the tracheids was mistaken by Menge for the
spiral bands characteristic of the Taxineae and he named the
species Tazorylum electrochyton. Conwentz describes tyloses in
the tracheids, also a crescentic pateh of parenchyma in the wood
passing into a mass of resin®, a feature occasionally seen in recent
wood. The medullary rays have 1—4 pits in the field; both ray-
tracheids and horizontal resin-canals oceur and in some cases

L Glothan (09) p. 523, figs. 3—5.

* Kraus (83) p. 83, PL n figs. 1—3.

* Goeppert (41) p. 39; Goeppert and Berendt (45) A, p. 61,
Conwentz (90) A. p. 26, with numerous plates.

Ihid, (89); (90) A. p. 48; cf. Hollick and Jeffrey (09) B. PL xx1. fig, 4,

1

&



XLIV] PROTOPICEOXYLON 231

rays are said to consist exclusively of tracheal tissuel. Pine
needles and cones have been obtained from the amber heds.

The Fossil forests of the Yellowstone Park include examples
of Pityoxylon trees some of which have been deseribed by Knowl-
ton? and Felix®, but unfortunately the anatomical details are not
as a rule well preserved. The most striking exposure of the
Tertiary (probably Miocene) trees is ou the slopes of Amethyst
mountain (fiz. T12), where a succession of forests is represented
throughout the 2000 ft. of strata. Felix deseribes a species,
Pityoxylon fallax, chiefly interesting from the point of view of a
comparison between the stem and root wood of the same tree:
the elements of the root ave in general larger than those in the
stem. Knowlton gives an account of P. Aldersoni and P. ame-
thystinuim, species which may be identical: the pits on the tracheids
and medullary rays are seldom preserved, but the occurrence of

hoth vertical and hotizontal resin-canals is clearly shown.

VIII. PROTOPICEOXYLON. Gothan.

Protopiceoxylon exstincluimn Gothan. The generic name Prolo-
piceozylon Was proposed for some Lower Cretaceous wood from
King Charles Land* possessing Abietineous characters, intermediate
between Cedrozilon and Pityoxylon in having only vertical resin-
canals, at least in uninjured wood. The anatomical features of
the type-specimen are complicated by-the occurrence of additional
resin-canals in wounded portions of the stem. It is difficult to
determine the precise extent of the traumatic influences, but
the presence of callus-wood healing a wound leaves no doubt as
to the correctness of Gothan's conclusion that certain features
are abnormal and due to the effects of wounding. Tn the species
P exstinctum ave also included specimens from Spitzbergen?®
and some of the material on which Cramer® founded his species
Pinites cavernosus: the later specific name is not retained on the
ovound that the original diagnosis is incorrect and it was only
after examining sections of the type-specimen that Gothan recog-
nised the true nature of Cramer’s species.

i Clonwentz (90) A, PL x. fig, 2.

s Knowlton (99) p. 763, Pls. ¥L—CVIIL, OXTL—CXV., CXVIIL, OXIX.

3 Pelix (96) p. 254 s (othan (072) p. 32, figs. 16, 17; PL 1. figa. 2—6.

5 (Gothan (10) p. 15. Pl. . fies. 5—8; PL i figs. 1—4, 6—8. & (‘ramer (68).
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Protopiceoxylon exstinctum shows the following characters:—
annual rings well marked; vertical resin-canals oceur in the wood
but there are no canals in the medullary rays except a few of
unusually large diameter in wounded areas; there is no xylem-
parenchyma apart from the resin-canals. Tracheids with 1—2
rows of bordered pits on the radial walls, separate and ecircular,
also contiguous and flattened, opposite, or sometimes alternate:
in the occurrence of the Araucarian type of pitting on some
tracheids this species agrees with several types of Mesozoic wood.
Medullary rays uniseriate, characterised by well-developed Abie-
tineous pitting; on the radial walls there are 24 circular and
bordered pits in the field. No undoubted ray-tracheids were
noticed ; numerous small pits occur on the horizontal walls of paren-
chymatous cells associated with the resin-canals. The pith consists
of parenchyma with thin sclerenchymatous diaphragms.

The horizontal canals, presumably traumatic, in some of the
medullary rays resemble in their large size those in Anomaloxylon
but in that genus there is no Abietineous pitting on the medullary-
ray cells: similar canals are described by Jeffrey! in wounded
wood of Cedrus and other Conifers. In the occurrence of vertical
canals only in the normal wood Profopiceoxylon is intermediate
between Cedrozylon, which has no canals, and Piccoxylon and
Pinuaylon of Gothan (= Pityoxylon of Kraus), the fossil represen-
tatives of such recent generd as Larixz, Picea, and Pinus, in which
both vertical and horizontal ducts occur. Gothan holds, and
probably with good reason, that vertical canals preceded those
in the medullary rays and regards the fossil species as a primitive
type.

A species from the Black Hills described by Knowlton? as
Pinoxzylon dacotense agrees with Protopiceoxylon in having only
vertical canals, but it is not clear whether they are normal or
traumatic: Piceoxylon would seem to be the more appropriate
designation for Knowlton's species.

Protopiceoxylon articim sp. nov.
This species is founded on a specimen from Cape Flora, Franz

Josef Land, probably Oxfordian in age. Annual vings are distinet

1 Jeffrey (03); (05).

2 Knowlton in Ward (00) B. p. 420, Pl. cr.xx1x.
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and, narrow: several oval or circular spaces are conspicuous in
transverse section, some being true canals and others the result
of decay. There are 2—3 opposite rows of bordered pits on the
radial walls of the tracheids. Partially destroyed rows of resin-
parenchyma occur which probably belong to secretory canals.
The uniseriate and comparatively deep medullary rays, 20-—30
cells, are characterised by rather thick and pitted horizontal and

Fic. 728.  Protopiceozylon arcticunt.

F1c. 729. Protopiceoxylon Hd-
wardsi. Longitudinal view
of the thick-walled, pitted,
opithelial cells of the resin-
canals. (After Stopes.)

(Cambridge Botany School.)

vertical walls (fig. 728); 4—5 small simple pits occur on a few of
the cells and on the upper and lower edges of some of the rays are
empty elements of unequal breadth which in all probability are
ray-tracheids. The wood agrees in the presence of vertical
canals only and in the structure of the medullary rays with Profo-
piceoxylon exstinetum Goth. In Gothan's species there are 2—4
bordered pits in the field, but the absence of a border in
the Franz Josef Land wood may be a consequence of imperfect
pregervation.
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Protopiceoxylon Edwardsi Stopes.

Founded on a branch from the Lower Greensand of Sussex.
showing 17 annual rings, having the following characters!: a large
pith nearly 3 mm, in diameter composed of parenchyma without
stone-cells: tracheids with usually one row of cirenlar borderved
pits; vertical canals in the summer-wood and associated with
a small amount of resiniferous parenchyma: medullary rays
uniseriate, with Abietineous pitting and 2—4 more or less circular
pits in the field. The small size of the resin-canals is a character-
istic feature, also their thick-walled pitted epithelial eells (fig. 729).
The species differs from Gothan's P. exstinetum in the smaller
diameter of the canals, the absence of traumatic horizontal canals.
and in the greater number of the vertical secretory passages.

IX. WOODWORTHIA. Jeffrey,

Weodworthia arizonica Jeffrey, This genus® is founded on
specimens from the Triassic petrified forest of Arizona character-
ised by the occurrence of short shoots in the secondary wood com-
parable with those in the stem of draucariopitys. In the type-
specimen the annual rings are not very clearly defined: the pitting
on the tracheids iz definitely Araucarian. The medullary rays
are uniseriate, 2—9 cells deep: they appear to have pits only on
the lateral walls.

On the surface of the wood are several small scars and a few
larger ones, the former representing short shoots subtended by a
leaf-trace: the shoots are not infr equently branched as they pass
through the secondary xylem, a feature recorded also in Gimkego®.
Jefirey describes the short shoots as havi ing a limited existence
and disappearing in the wood at a comparatively short distance
from the pith; they have no rings of growth, a character associated
with short-lived leaf-spurs in recent species but a feature in which
they differ from those of Ginkgo. The leaf-traces subtending the
short shoots, in contrast to those of Arawcaria, are not persistent
throughout the secondary wood. Jefirey regards this fact as an
argument against the view that the persistence of the traces in
Araucaria is a primitive character; but it is worthy of note that

1 Btopes (15) p. 81, Pl 1, text-figs. 17—22.
# Jeffrey (10?), Pls. xXX1,, XXXII. & Tupper (11).
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the leaves accompanying the shoots of Woodworthia are not
strictly comparable with those of the foliar organs of recent
Araucarias which have no short shoots in their axils. Jeflrey
regards the short shoot as a primitive attribute of the coniferous
stock and its occurrence in the stems of Woodworthio and Arav-
cariopilys is held to be evidence in support of the interpretation
of the seminiferous scales of Abietineous genera as metamorphosed
short shoots, an interpretation which is open to question. The
presence of short shoots is not a monopoly of the Abietineae and
their presence in a stem may be regarded as a point of contact with
Ginkgo as well as with Abietineous plants. Attention is called
elsewhere to the probability that foliar spurs like those of Pinus
arve specialised forms of ordinary shoots. However we may
interpret the characters exhibited by Woodworthia, the genus 18
an interesting example of an extinct type lustrating the combina-
tion with Araucarian characters of a morphological feature that
is no longer represented in the Araucarineae.

X. ARAUCARIOPITYS. Jefirey.

A genus founded by Jefirey! on a stem from the Middle Cre-
taceous beds of Staten Island, New York, showing on its decorti-
cated surface scars of short shoots and in the structure of the wood
hoth Abietineous and Araucarian features.

Araucariopitys americana Jeffrey. The bordered pits on the
radial walls of the tracheids are often contiguouns and flattened

though in places separate and cireular. usually arranged as a single
row. All the walls of the ray cells are pitted as in the Abietineae.
The larze number of vertical resin-canals (fig. 758, C, D, page 323)
in a single tangential row is regarded as evidence of traumatic
origin. This conclusion is based on the fact that when canals are
present in wood that is known to have been wounded they occur
in crowded tangentially arranged rows in contrast to their sparser
distribution in the normal wood. There are no canals in the
uninjured tissues of Araucariopitys. Diaphragms of selerous cells
oceur in the pith as in some recent Abictineae. The short shoots
are shown in tangential section of the stem and stated to be accom-
panied by a subtending leaf. '

L Jeffrey (07) Pls. xxXviir —XXX.
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It is suggested by Jeffrey that Arauwcario pitys may be the stem
of Heer's genus Czekanowskin®, but there is no proof of a connexion
and evidence afforded by Czekanowskhia favours an alliance with the
Ginkgoales.  draucariopitys is regarded by Jefirey as ‘unquestion-
ably Araucarian’ though ‘nearer in structure to the Abietineae
than any other known Arancarian genus living or extinct.” The
chief Araucarian feature would appear to be the occurrence of
flattened tracheal pits, but Jeffrey points out that not only are
the pits in a single row and sometimes separate, but even when
mn double rows the pits may be opposite. The other characters.
e.g., the pitting of the medullary-ray cells and the pregence
of resin-canals, are more Abietincous than Araucarian® In
view of the occasional occurrence in Abietineous genera ol con-
tiguous and alternate pits on the tracheids it is open to doubt
whether there are adequate grounds for agsuming a definite
Araucarian affinity. Arawecariopitys is one of several genera
described by Jeffrey and other American authors exhibiting
features shared by recent Avaucarineae and Abietineae which are
claimed as evidence of the greater antiquity of the Abietineous
type. In this genus the balance of evidence would seem to be in
favour of an Abietineous alliance, the tendency towards an Arau-
carian pitting of the tracheids being reminiscent of ancestral
types in which that character was more pronounced.

XI. PROTOCEDROXYLON. (othan.

Protocedroxylon araucarioides. Gothan. The type-species of
the genus founded on Upper Jurassic wood? from the Hsmarks
Glacier, Spitzbergen, is one of the most striking examples of a
group of generalised types from Upper Jurassic strata especially
from the Arctic regions. The generic name emphasises the Abie-
tineous characters while the specific term gives expression to the
presence of Araucarian features. The following account is based
chiefly on the description by Gothan, and a few additional facts
are taken from an account of some specimens from Liassic and
Oolitic rocks on the Yorkshire coast by Prof. Jefirey? and Miss

Holden®,
1 See page 6G3. * See also Gothan (10) p. 30.
8 Gothan (10) p. 27, Pls. v., v1, 1 Jeflrey (12) p. 533, PL L figs. a, b.

¢ Holden (13%) p. 538, PL xr. figs. 17—21.
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Annual rings well marked ; bordered pits on the radial walls of
the tracheids in 1-—3 rows; in the Spitzbergen wood these are
from 20 to 24 g in height, dimensions larger than in recent Arau-
carineae, and in the type-specimen the pitsare always contiguous,
more or less flattened and alternate—that is Araucarian; in the
English specimens the pits when in a single row are often separate
and circular but equally often contiguous. Jeflrey points out
that the alternate pits when in more than one series are less
crowded than in Araucarian wood. There are no Sanio’s rims.
The medullary rays are uniseriate and characterised by Abietin-
eous pitting on the horizontal and tangential walls: on the radial
walls there are 1—3 circular, apparently unbordered, pits in the
field. Xylem-parenchyma is practically absent. An interesting
feature is the abundance both in the Spitzbergen and Yorkshire

material of tyloses in many of the tracheids, a feature occasionally
met with in recent Conifers! as in some other fossil specics. The
pitting of the tracheids in the type-specimen may be described as
exclusively Araucarian, but in the English specimens separate
pits also occur though on the whole the Araucarian type is domi-
nant. The pitting of the medullary rays is on the other hand
definitely Abietineous. The American authors, particularly Miss
Holden?, consider that the absence of Sanio’s Tims suffices to tip
the balance on the Araucarian side. On most of the tracheids
the crowding of the pits precludes the occurrence of Sanio’s rims
and in other cases their absence is not necessaiily an original
feature. Abietineous pitting is recorded by Jefirey in the cone-
axis of an Agathis and it has also been found in Arauecaria; but
in the Araucarineae it is very exceptional: its occurrence as a
constant feature in Prolocedrozylon may be regarded as an indica-
tion of Abietineons relationship. No substantial assistance is
afforded by impressions in Spitzbergen rocks: the abundance of
Elatides is consistent with the occurrence of Araucarian wood, but
impressions of Abietineous Conifers afford at least as strong an
argument in favour of the oceurrence of Abietineous wood.
Protocedroxylon scoticum (Holden). This species, described by
Miss Holden? under the generic name Metacedroxzylon from Coral-
lian beds on the Sutherland coast of Scotland, is founded on a piece

! See page 178. * Holden, R. (15).
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of stem showing 75 rings of growth. There are no resin-canals
and no xylem-parenchyma ; the tracheids have uniseriate bordered
pits on the radial walls only and they are almost invariably com;
pressed by mutual contact; the presence of a torus is a feature
characteristic of the Abietineae and not of the Araucarineae.
Bars of Sanio are present but there are no 1ims of Sanio. Tyloses
are abundant in the tracheids. The medullary rays are 2—20
cells deep, generally uniseriate though occasionally biseriate: the
pitting is of the Abietineous type. In the abundance of tyloses
and in other characters the wood resembles Protocedroxylon
araucariwides Goth. a species transferred by Miss Holden to
Metacedrozylon, but it differs in the absence of tangential tracheal
pits and in the oceurrence of biseriate medullary rays.

Some fossil wood, which is not very well preserved, from
Middle Cretaceous rocks near Tefren in the Gulf of Tripoli is de-
scribed by Negri as Profocedroxylon Paronai. The tracheal pits
where biseriate are often alternate and compregsed ; rims of Sanio
are absent: the latter feature, deduced from negative evidence,
and considering the state of preservation, is surely of little value,

The presence of Araucarian pitting on the tracheids in several
Jurassic species is far {rom surprising in view of the prevalence
of that type of pitting in Palaeozoic stems; moreover an ad-
mixture of characters is a natural result of progressive develop-
ment. It is a matter of opinion with 1egard to the relative value
of tracheal or medullary-ray pitting whether Protocedroylon
should be placed nearer to the Araucarineae or to the Abictineae.
Miss Holden?® discards the name Protocedroxiylon for Metacedroaylon
on the ground that the former implies Abietineous affinity, a fine
shade of difference that hardly gives adequate expression to her
conclugion that < Melacedrozylon areucarioides cannot be other
than an Arvaucarian Conifer.”

XII. XENOXYLON. Gothan,

Gothan® instituted this generic name for some Upper Jurassie
wood, originally deseribed by Cramer? from Green ITarbour,

! Negri (14) p. 340, PL v. figs. I—fi; PL vi. figs. 1—3,
® Holden, R. (14) p. 538 ® Gothan {05) p. 38.
& Cramer (68) PL xr.; Schroeter (80) p. 7.
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Spitzbergen, as Piniles latiporosus in order to give expression to
the combination of distinctive features in both the tracheal and
medullary-ray pitting. The most striking characteristics are the
very large size of the bordered pits of the tracheids, the occasional
(X. phyllocladoides) or constant (X. latiporosum) occurrence of
contiguous and vertically flattened and transversely elongated
pits on the radial walls, the absence of pits on the transverse and
tangential walls of the medullary-ray cells, and the presence of
large simple pores on the lateral walls. There is no“definite
evidence as to the nature of the foliage. though Nathorst* has
suggested a possible connexion between Flatides and Xenoxylon.
Xenozylon would seem to have been widely distributed in later
Jurassic floras.

Xenoaylon conchylianum Fliche.

Fliche? refers to Xenoaylon a piece of wood from the Muschel-
kalk of the Vosges characterised by (i) the occurrence of uniseriate
bordered pits compressed above and below and occupying the whole
breadth of the tracheids and (i) a single elliptical pit in the field.
The regularity of the pores in the medullary-ray cells and the fact
that they are most clearly shown where the preservation is best
favour the conclusion that they are an original feature. The
medullary rays are usually from b to 10 cells in depth. There are
no resin-canals and no xylem-parenchyma: Fliche states that the
pits on the tracheids are rather less flattened than in X. lali-
porosuin and they occupy. a greater breadth of tracheal wall. The
photographs accompanying the description are unfortunately too
gmall to show the important characters., The annual rings are
faintly marked and the summer elements are confined to 4—5 rows,

Despite the resemblance between this Triassic species and those
previously described it is by no means certain that Fliche's species
is generically identical with the younger types. Large simple
pores occur in the medullary-ray cells of recent Conifers belonging
to different families, and it is not uneommon to find the bordered
pits on the radial walls of tracheids in contact and slightly flattened
in wood normally characterised by circular and separate pits. In

L Nathorst (97) p. 42
* Fliche (10) p. 232, Pl xxm1. figs. 4—0.
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this connexion it is noteworthy that Fliche states that the pits in |
his wood are occagionally cireular.
Xenoxylon latiporosum (Cramer).

Gothan’s examination of the specimens on which Cramer
founded this species® enabled him to confirm the main points of
the original deseription: he regards Cramer's species Piniles
pauciporosus as identical with the type-species with which he also
identifies draveariozylon koreanum Felix®,  Xenoxylon latiporosim
is characterised by the large size of the pits on the radial walls of
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Fra. 730. A, Xenowxylon phyllocladaides. B, C, Xenozylon latiporosum.

(A, after Gothan; B, C, after Cramer,)

the tracheids, 20—40u broad and 15—20pg high, their vertically
flattened form (fig. 730, B) and their occurrence in one or two con-
tiguous rows, the pits of double rows being generally opposite, The
medullary rays are uniseriate, reaching 17 cells in depth, character-
ised by the narrow form of the cells, the absence of pits on the
horizontal and vertical walls and by the presence of large simple
pores on the lateral walls, usually one pore in the field (fig. 730, C)
which it almost fills, or occasionally two; there is no xylem-

! Giathan (10) p. 23, Pls. 1v., V.

* Felix (87) PL xxv. fig. 1.
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parenchyma but tylose-like cross-walls oceur in some of the xylem
elements.

The nature of the pitting led Kraus®' to include Cramer’s
species in Araucariozylon and Miss Holden?, who records this
species from the Yorkshire coast, regards the ahsence of Sanio’s
rims as evidence of Araucarian affinity. The medullary-ray
pitting is, however, very different from that in recent Araucarineae
and the absence of Banio’s rims may well be a natural consequence
of the crowded arrangement of the tracheal pits.

Xenoxzylon phyliocladoides Gothan,

This species, founded on material from the Bathonian of
Ruszsian Poland?®, differs from X. latiporosuin in the not infrequent
occurrence of separate and circular pits on the tracheids: in it are
ineluded specimens from Liassic rocks at Gallberges near Salzgitter
in Germany described by Conwentz* as Arauwcarioxylon latiporosum
(Cram.) and, with some hesitation, Cupressinoxylon Barberi Sew.®
from the Yorkshire coast. The tracheal pits are uniseriate,
flattened or separate and circular (fig. 730, A), or in two rows,
enerally though not invariably opposite; they vary in size from

o
22 % 30p to 24 x 36 ; the medullary rays are generally less than
10 cells deep and in pitting agree with those of the type-species,
This species i recorded from Poland, Spitzbergen, King Charles
Land® Yorkshire, and Germany.

Though similar to Arauegria and Agathis in the flattened con-
tignous pits, Xenowzylon differs in the elliptical form of the border
and pore, also in the oceurrence of separate and circular pits and
in the occurrence of opposite pairs. In the form of the pits on the
tracheids Xenoxylon resembles the Palaeozoic species Dadowylon
protopityoides Fel.” and pits of similar form oceur in the wood of
the recent Magnoliaceous plant Drimys Winteri®. TFrom the
Abietineae the genus is distinguished by the restriction of the
medullary-ray pitting to the radial walls, though the large pores

! Krang in Schimper (72) A. p. 384,

* Holden, R. (14) p. 536, Pl xxX1X. figs
§ Qothan (062) p. 454, fig. 4; (10) p. 36, PL vi. figs. 9, 10, ete.

1 Conwentz (82) p. 170

* Seward (04) B. PL vmi.; Holden, R. (14) p. 535.

& Gothan (08%) p. 10, figs. 3—9.

7 Felix (86) A. PL v. fig. 4. S Groppler (94) Pls, 1., 1.

S, IV : 16
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(fig. 730, C) in the field resemble those of some Pines and other
Abietineae as also those of Sciadopitys (fig. 693, N): in Xenoaylon
there are no resin-canals and no xylem-parenchyma. Gothan
considers that while differing in the sum of its characters from any
other type of Conifer, Xenowylon shows most resemblance to
Gothan’s genus Phyllocladozylon (— Mesembriozylon Sew.)*, a genus
including fossil species which suggest affinity not only with Phyl-
locladus but with other members of the Taxaceae. In his account
of Xenoxylon phyllocladoides from King Charles Land Gothan
describes instructive examples of the effect of the action of fungal
hyphae on the structure of tissues. The genus may be described as
a generalised type exhibiting features shared by the Araucarineae
and Taxaceae.

XITI. ANOMALOXYLON. Gothan.

Anomaloxylon magnoradiatum: Gothan, Gothan proposed this
name for some Upper Jurassie wood from Spitz-
bergen? which cannot be definitely assigned to a
family-position: its most striking feature s the
oceurrence of large spindle-shaped medullary
rays containing a large ‘canal.” or spaces lined by
i single layer of cells (fig. 731). The rings of
growth are well marked, the summer-wood
being composed of a very few rows of tracheids

in abrupt juxtaposition to the larger spring
elements, a character associated with roofs.
There are no vertical resin-canals and no regular
or typical horizontal canals. Xylem-parenchyma
is tare or absent. The bordered pits on the
radial walls of the tracheids are in 1--2 rows,
separate and eircular or, more frequently, con-
tignous and more or less flattened but, if in two :

sl Herne Tl | 1 T 731 dwomalo-
rows, not alternate. e medullary rays are  .on  magnoradi-
nniseriate, generally H—T cells deep, or in places  afum. Medullary
forming broad and deep spindle-shaped areas "“-"”3'”—’;‘]'1“’4 :""
. o e A o iy . S cells and
either empty or containing 2 large circular canal- oo conal (After
like passage. These peculiar rays, as seen In a  Gothan.)
tangential section of the wood, are a conspicuous feature and are

1 See page 203. 2 (fothan (10) p. 10, PL 1. figs. 9—11; PL 1x figs. :
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often lined by a layer of small cells (fig. 731). In the presence of
these large medullary rays Anomaloaylon resembles Thylloxylon, but
in the latter genus the rays are smaller and more uniform in 8ize.

Gothan discusses the nature of these medullary rays and inclines
to the view that they agree more closely with abnormal or traumatic
formations in certain Conifers than with any normal structures.
There are no pits on the horizontal or tangential walls of the ray
cells and there are 2

3 simple circular pits in the field.

The general impression gained from an examination of Gothan’s
photographs is that no true canals occur, and that the peculiar
medullary rays owe their form to partial decay of abnormal
patches of parenchyma possibly produced as the result of wounding.

Though on the whole nearer in structure to the Taxodineae!
than to any other family Anomalozylon is a type which ecannot
be assigned to a definite position.

XIV. THYLLOXYLON. Gothan.

Thyllozylon wrrequlare Gothan. The generic name Thylloxylor
was given to a single species of Upper Jurassic age [rom iSpitz-
bereen? on account of the oceurrence of tiillen-like parenchyma
in horizontal canal-like spaces in some of the larger medullary
rays., The wood is characterised by separate bordered pits'in the
summer tracheids and 1—2 rows of alternate contiguous, Arau-
carioid, pits on the spring elements; xvlem-parenchyma occurs
only at the end of the year'’s growth. The medullary cells have
Abietineous pitting and there are 2—3 small circular, apparently
simple, pits in the field, or occasionally only one in the region
of the late wood. The rays are uniseriate or 2—3 cells broad and
some medullary rays closely resemble those of certain Abietineae
possessing horizontal resin-canals; but in Thyllozylon there are no
true canals. The central parenchyma of some of the broad rays
is replaced by a canal-like space and these spaces are often filled
with spherical tiillen-like tissue, a leature shared with Anomalo-
xylon, but in that genus there is no Abietineous pitting on the
medullary-ray cells. There are no vertical resin-canals.

L That is Athrotaris, Cryplomeria, Seguoiw, Tazodium, and Seciadopilys, genera

which are now (see page 126) assigned to different families.
2 Gothan (10) p. 34, PL v1, figs. 2—8.

16—2
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XV. PLANOXYLON. Stopes.

Dr Marie Stopes® has recently instituted this generic name for
a plece of Coniferous wood from Middle (or Upper?) Cretaceous
rocks in New Zealand and in it she also includes the Liassic species
Araucarioxylon Lindleii (Witham). The genus is a striking ex-
ample of a combination of Araucarian and Abietineous characters?,
and, as Dr Stopes points out, it resembles in this respect Cedrozylon
transiens Goth, and other generalised types.

Planoxylon Hectori Stopes. The type-specimen, from Amuri
Bluff, New Zealand, is part of a stem 150 vears old or more. The
rings of growth are well marked; the tracheids have 1—3 rows of
alternate and hexagonal bordered pits on the radial walls and there
may be a single row of separate pits on the elements at the end of
an annual ring. The medullary rays are nearly always uniseriate,
1--24 cells deep but usually from 3 to 9 cells in depth; all the
walls of the ray cells are pitted and there are 1-—2 vertical rows of
three pits in the field in the neighbourhood of the spring tracheids
and generally a single vertical pair in the region of the late weod.
Xylem-parenchyma appears to occur only between the spring
tracheids and the latest formed wood of the previous vear. Like
many other fossil stems this species indicates the existence of
Conifers with typical Araucarian pitting on the tracheids and
equally well defined Abietineous pitting on the medullary-ray cells.
1t 1s especially interesting as showing the presence in the southern
hemisphere of a type very similar to Cedroxylon transiens and other
species recorded from high northern latitudes.

Planozylon Lindleii (Witham).

This Liassic species from Whitby was originally referred by
Witham? to the genus Peuce; subsequently included in Araucario-
aylon* it has recently been transferred by Dr Stopes to her new
genus Planoxylon®. The pitting of the tracheids is essentially
Araucarian; there are 1—3 rows of alternate hexagonal pits on
the radial walls, but the pitting of the medullary-ray cells, as
Dr Stopes has shown, is typically Abictineous.

1 Btopes (16)

* mhardopns, to wander; suggesting that “the forms comprising the genus were

moving from one position to another in a systematic sense.’

a

# Witham (33) A. p. 58, Pls. 1x., xV. 1 Seward (04) B. p. 56, Pls, v, viL.
& Stopes (16) pp. 118, 120, text figs. 6, 7.




CHAPTER XLV.
CONIFERALES,

SH00TS, CONE-SCALES, ETC.

Tue majority of the vegetative and fertile shoots, cone-scales,
seeds, ete., selected in illustration of the past history and geographi-
cal distribution of the Coniferales are deseribed under the different
families enumerated on page 124, Under each family are included
not only specimens which, with a fair amount of confidence, can
be assigned to a family-position but also genera of doubtful
affinity which it has been contended afiord evidence ol greater or
less value in favour of an alliance with the family under which
they are described. The inclusion of certain genera in a chapter
or section devoted to a particular family does not necessarily mean
that they show clear evidence of relationship to that family:
many of the genera might with equal propriety be relegated to
Chapter L, which is devoted to Coniferales incertae sedrs,  On the
other hand some eenera included in that category would by other
authors be given a place in the Araucarineae or some other family.
I have endeavoured to state the different views expressed by
authors with regard to the affinity of imperfectly known genera,
but in many instances the available data do not afford any trust-
worthy evidence of relationship to existing types.

ARATUCARINEAE.

DAMMARITES. Presl
PROTODAMMARA. Hollick and Jefirey.

The distinetive characters of the recent genus Agathis (Dammara)
are briefly deseribed in Chapter XLIIL Fossil records bearing on
the past history of Agathis are more meagre and more difficult of
interpretation than those relating to Araucaria. The evidence
at present available points to the greater antiquity of Araucaria
at least as regards the type of cone characteristic of that genus.
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On the other hand the type of foliage-shoot represented by existing
gpecies of Agathis—without taking into account the Palaeozoic
leaves assigned to Cordaites, some species of which bear a close
superficial resemblance to those of certain examples of the recent
genus—is widely represented in Rhaetic and Jurassic floras by
Podozamites®. There is, however, no proof that Podozainites was
nearly related to Agathis, and, indeed, such information as we have
with regard to the reproductive organs of that genus does not
point to any very close Araucarian affinity. Fossil wood gives
no help towards a distinetion between the two members of the
Araucarineae nor do impressions of vegetative shoots materially
aid us.

Palasobotanical literature contains a few records of leaves
referred to Dammara ov Damimarites but in no case is there any
conclusive evidence of generic identity of the fossils with the
recent genus. Leaves from Lower Cretaceous rocks in Bohemia
described by Velenovsky and by Fri¢ and Bayer? as Dammaro-
phylluam striatum and D. bohemicum exhibit a close agreement in
shape and venation with those of some species of Agathis, though
they differ but slightly from some forms of Podozamites, e.g.,
P. Reinii Geyl. (fig. 814, p. 4566). Other leaves that may belong to
plants similar to Agathis are represented by Dammarites caudatus
and D. emarginatus Lesq. from the Dakota series®: these, prob-
ably specifically identical, forms present, as Lesquereux says, a close
resemblance to Agathis robusta. 1t is impossible without additional
data to determine the true position of these and similar leaves
though it is permissible to regard them as possible examples of
the foliage of Conifers closely allied to Agathis. Similarly, some
detached leaves from Cretaceous and Tertiary strata veferred to
Podozamiles may well be more akin to Agathis especially in view
of the fact that Podozamiles is essentially a Rhaetic and Jurassie
genus. The leaves figured hy Saporta* from Lower Cretaceous
beds in Portugal as Podozamites ellipsoideus agree closely with
those of Agathis. Tn the case of separate linear leaves like those
described by Hollick® from the Cretaceous of Long Island as

1 See page 447. ® Frit: and Bayer (01) B. p. 96.
8 Lesquereux (91) p. 32, PL 1 figs, 9—11.

4 Saporta (94) B, PL xxxm. fig. 5; PL xxxv, fig 12.
@ Hollick (12) P1. 163, figs. 2, 3.
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Podozamites lanceolatus the term Desmiophylluin would be a more
appropriate generic designation, the name Dammarites belng
adopted for broader forms. This distinction is purely arhitrary
and it must be admitted that there is no substantial justification
for the use of a generic name implying affinity with Agathis.
Unless there are adequate grounds for assuming generic identity
of detached Tertiary and Cretaceous leaves with Podozamiles it
is inadvisable to make use of that designation. As Schenk? points
out Velenovsky's Tertiary species Podozamites miocenicus may be
a leaf of Agathis or possibly a Podocarpus.

Danvnarites Bayeri Zeiller.

This name was given to some oval-lanceolate leaves from Upper
(retaceous beds in Bulgaria varying in length from 10 to 12 cum.
and from 15 to 30 mm. broad agreeing closely with Heer’s Podo-
zamiles marginatus from the Cenomanian of Greenland but wisely
excluded by Zeiller® from that genus, though on grounds which
are no longer cogent if the interpretation of Podozanites impressions
as shoots and not pinnate leaves is accepted.

TEttingshausen® records two species of Danvmarites  from
Tertiary rocks in New Zealand: Dammarites Owend includes in
addition to leaves a cone-scale, the impression of a cone, and some
petrified wood of the Araucarian type. There is no proof that
these disjuncta membra belong to the same plant though it is not
improbable that they are parts of a Conifer closely allied to
Agathis. Ettingshausen’s second species D. wnivercis is lounded
on a leaf and a supposed cone-scale of doubtful value.

The data furnished by leaves alone are of little value. In
addition to the cone deseribed from New Zealand by Ettingshausen
other examples are recorded as species of Dammarites but without
any satisfactory evidence of affinity to the recent genus, e.g..
Dammariles albens Presl® from the Quadersandstein of Bohemia
and D. erassipes Goepp.® These two species are united by

1 Sehimper and Schenk (90) A. p. 279.

& Zeiller (05%) p. 17, PL vi. figs, 8—11.

8 Tttingshausen (87) p. 15, PL 1. figs. 2024,

¢ Sternberg (38) A. PL nir.; Corda in Reuss (46) B. PL xuymr.; Goeppert (50)

p- 237; Schimper and Schenk (90) A. p. 279, fig. 293 b,
3 @oeppert (50) Pl xvuv. fig, 65 Corda in Reuss (40) B.
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Velenovsky under a single type which he calls Krannera mirabilist
from a name suggested by Corda: additional examples superior
in preservation to those previously figured ave illustrated in
Velenovsky’s memoir on the Bohemian Cretaceous Gymnosperms.
Velenovsky regards the supposed cones as stems bearing crowded
woody scales which originally had long Cordaites-like leaves at-
tached to a transverse ridge just internal to the thickened distal
ends: there appears to be no absolute proof in support of this
connexion between secales and foliage-leaves, but one specimen
figured shows portions of leaf-like organs attached to two of the
scales, though these may be petiolar and not pieces of laminae.
Reference is made elsewhere to the Krannera leaves. 1t is probable
that, as Velenovsky believes, the supposed cones are stems similar
to tuberous Cycadean species but it is doubtful if they were pro-
vided with leaves of the type included in Kramnera mirabilis.
Schmalhausen?® figures a Tertiary cone from Russia as Dammara
Armaschewskii which in the form of the distal ends of the scales
resembles Araucaria brasiliensis and species of Pinus, but some
detached scales agree closely in shape and in the possession of a
single seed with those of Agathis. Small detached cone-scales
of Tertiary age, deseribed by Schmalhausen® as Dammara Tolli
from the New BSiberian Islands,
(fig. 7T32), may be allied to dgathis ;
they agree generally with those of
D. borealis and other western types.
It is, however, from detached cone-
scales obtained from Cretaceous

Fra. 732, Dammarites Tolli. (After

<3 g 1 LI b - 1 sy -
strata in Greenland and some Selimialhavssis HAE, slie.

Kuropean localities but especially
from the Eastern United States that the most promising in-
formation has been gained. Titcheock first recorded these scales
from Martha’s Vineyard and spoke of them as “seed-vessels’ of
some Coniferous plants?, but it was Heer® who compared them
with the cone-scales of Agathis. The latter author described
several examples. from Cenomanian strata in West Greenland as
Dammara borealis, D. microlepis, ete.

U Velenovsky (85) B. p. 1, Pls. 1., 1v. & Schmalhausen (83) p. 313, PL XXXVIL

8 Ihid. (90) p. 14, PL 1. fig. 19. 4 Hollick (06) p. 38. & Heer (82).
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Dammarites borealis (Heer). Though it is clearly impossible
to define with any precision the limits of species based on detached
scales varying consider rably in size and shape, several types have
been recorded, particularly from different localities on the Atlantic
(oastal plain of North Americal. The larger forms may con-
veniently be included in Dammarites borealis Heer and smaller
forms are illustrated 1)\ Protodammara speciosa F Holl. and Jeff.2
It is probable that these two types are generically identical, but
the name Protodammara implies the presence of certain structural
features while Heer's species 18 founded on
casts or impressions. A specimen of the
latter species from Greenland is shown in
fie, 733, the scale is 22 mm. broad and
is characterised by several parallel lines,
either vascular bundles or resin-canals, and

the white patches represent some exuded
Fis. 733. Dommarites ho-

realis. Come-scale from
amples are more elongated basally and are [sdlokunenak,  Weoat

identical in shape with the smaller seales Greenland. (Stockhalm
from Staten Island seen in fig. 758, E, F Mugewm;: nat, size:)
page 323. Fossils of similar form were des( xibed by Heer from
the same locality as Eucalyptus Geindlzii®,  Krasser® and some
other writers have retained the generic name Ewucalyptus on the
sround of association with Bucalyplus-like leaves. Hollick speaks
of scales like D. borealis as “among the most abundant and charac-
teristic remains found in the Cretaceous deposits of Ameriea and
Europe3’: he adds that the name Dammarites is chosen for the
sake of convenience rather than from a conviction that 1t represents
their true weneric relationship. Newberry in describing this type
from the Amboy clays states that some of the seales have grooves
corresponding to the dark lines in fig. 733, filled with dll'l}')t-‘lﬁ
and anatomical evidence derived from Prolodammara supports the
view that the cone-scales were rich in resinous substance. Both

resinons material. Other Greenland ex-

Hollick (87) PL x1. figs. 5—8: (06) p 97: Newberry and Iollick (95) p. 46,
2 Hollick and Jeffrey (06) p. 199, P 1. figs. 5—13; Pl. 1. figs. 1—8.
3 Heer (82) p. 93.
1 Krasser (96) B. PL. xvL fig. 6.
 Velenovsky (89) PL 1. figs. 28, 20.
& Newherry and Hollick (95) p. 47 and see also Berry (07).
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large and small cone-scales are recorded by Whitel, Berry?,
Knowlton, and especially by Hollick from several places on the
Atlantic Coastal plain, Knowlton's species Dummariles acicu-
laris® is probably identical with D. borealis. As examples of
smaller forms reference may be made to D. northportensis®, D.
minor®, and the scales now included in Protodammara. These
numerous scales oceur as detached specimens and without seeds,
but their resemblance to the cone-scales of Agathis and the ana-
tomical features exhibited by the lignitic examples described hy
Hollick and Jefirey afford strong arguments in favour of an
aflinity to Agathis. We have no proof as to the nature of the
vegetative shoots of the parent-plants. Newberry states that in
the Amboy clays the scales occur in association with shoots like
Heer's Juniperus macilenta, in some cases, apparently, attached.
On the other hand Krasser considered the association of the speci-
mens from Moravia, which he called Bucalyptus Geinitzii, with
dicotyledonous leaves as evidence of original connexion.

Protodanumara speciosa Hollick and Jeffrey,

It is probable that these scales® are generically identical with
the larger forms veferred to I). borealis and other species, e.4.,
D. cliffwoodensis™, but until anatomical evidence is obtained a
distinction should be recognised. The ty pe-specimens were found
at Kreischerville, Staten Tsland, New Jersey, in Middle Cretaceous
beds, and the species is thus defined :—kite-shaped cone-scales
from 4 to 6 mm. long by 4 —6 mm. broad above, abruptly narrowed
from about the middle to the base (fig. 768, I, ¥, page 323),
rounded, incurved, and apiculate above; resin-ducts five or more,
extending down the lower surface of the limb: seed-scars three in
number, erescentically arranged above the middle and ApPpProxi-
mately in the broadest part of the scale, with the central one higher
up than the laterals. Near the base of a scale there is a single
vascular bundle with the xylem uppermost: at a higher level a
single strand with reversed orientation is given oft and the original

! White (90) p. 97. * Berry (03) PL xpvm, figs. 8—11.
* Knowlton (05) PL xv. figs. 2—5,
! Hollick (04) p, 405, P1. Lxx. figs. 1, 2. ® Thid. (12) PL 1. figs. 35—37.

¢ Hollick and Jellrey (06); (09) B. p. 46, Pls. 1v., X., X1v.—XVTL.
“ Hollick (97) P1. x. figs 5—S8,
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bundle divides into three. In the lower portion of the scale there
are seven resin-canals and above these is a band of transfusion-
tracheids surrounding and connecting the vascular bundles. In
median longitudinal section a scale shows a terminal spinous
process similar to that in the scales of (lonites Juddi* (fig. T34);
on the adaxial side of this the scale is swollen and internal to the
swollen part is a small pit marking the position of the middle of
the three seeds. The upper surface of the scales is covered with
periderm and stone-cells occur in the ground-tissue. In anatomical
characters Protodammara resembles the scales of recent Arauca-
rineae more closely than those of any other Conifers, and in the
absence of a definite licule and in the relation of the seeds to the
scale the fossil scales are similar to those of Agathis. In the
description of a Scotch Upper Jurassic cone, Conttes o uddi,
attention is called to a close resemblance in anatomical features
to Protodammara. The American seales occur in association with
shoots of the type represented by Brachyphyllum macrocarpuii
Newb.2 (=B. crassum) (fig. 758, @), an association noted also in
other localities than Kreischerville. The structure of these shoots
is described under the genus Brachyphyllum?®, but as regards the
scales the important point is that if this association means original
connexion. the habit of the parent-plant was wholly different
from that of any recent Agathis or Araucaria. Brachyphyllum
macrocarpum is regarded by Hollick and Jeffrey as certainly
Araucarian. Wood of the Araucarian type is also found in associa-
tion with the Protodammara scales and the Brachyphyllum shoots.
Considering the cone-scales by themselves, their position would
seem to be next to Agathis though they differ in bearing three
seeds in place of the single seed in the recent genus: the number
of seeds borne on the larger scales such as D. borealis is not known.
Protodammara affords an interesting illustration of the co-existence
of characters now characteristic of the Araucarineae with others
no longer exhibited by members of that family: assuming a con-
nexion between Brachyphyllum macrocarpum and the cone-scales,
the habit of the vegetative shoots furnishes a further illustration
of a wider range in the morphological featuves of fossil Conifers
allied to existing Araucarineae.

! See page 252. * Hollick and Jeffrey (09) B. p. 33 4 See page 322,
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Conites Juddi Seward and Baneroft.

This name was given to partially petrified cones of Upper
Jurassic age collected by Hugh Miller on the North-east coast of
Scotland!: the fossils though differing in size and to some extent
in form are included under one specific term but distinguished as

g
Fic, 734, Conites Juddi, A, forma v; ab, space where & section was cut; &, seed.

B, forma a; s, spaces, probably resin-canals, filled with crystalline materials
and simulating seeds. €, foring 8; ab, ridge.

Jorma ‘o, B. y, and 8 (fig. 734). The type-specimens are in the
Royal Scottish Museum, Edinburgh. Spirally disposed thick
scales are attached by a comparatively narrow base to a thick
! axis and the individual scales agree closely in shape with those
deseribed as Dammarites borealis and with smaller forms referred

t Beward and Baneroft (13) p. 873, PL 1. figs. 9—12; Pl 1n. figs. 14—21,
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by Hollick and Jeffrey to Protodaminara. The parenchymatous
tissue of the cone-scales contains several thick-walled idioblasts
and the resin-canals and spaces form a conspicuous feature. A
series of vasenlar bundles runs radially through the scale, but no
evidence has been obtained of the oceurrence of a double set of
rascular strands like those in Prolodasmiara. The seeds—the
number of which, whether one or more, cannot be determined-—
lie in a depression near the proximal end of the scales and there

Fra. 735. Conites Juddi, forma w; cone-seale in median section; /, ligule; s, s,

(?) resinons material; b, vascular bundles. ( % 6.)

The uppermost scales on the two cones shown in fig. 734, B and C,
llustrate the striking similarity to such detached scales as those

is a ligule on the abaxial side of the seed or seeds (fiz. 736, B, 7).

of Dasmmarites borealis: the raised patches, s, s, simulating seeds,
are formed by a crystalline substance filling cavities in the scales
and probably corresponding to the resin-duets which form a charac-
teristic feature in the secales of Dammarites and Protodammara.

A cone-seale from the specimen represented in fig. 734, B shows
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in longitudinal section (fig. 735) a large cavity in the lower part of
the scale containing at each end a dark pateh of some secreted
substance s, s; above this is a vascular strand »b, extending into
the distal end of the scale near which is a ligular outgrowth I, and
below this is a depression on the upper face of the scale in which

Fii. 736, Coniles Juddi, forma 3. A, Longitudinal section of cono: a. xylem,
d. seed, e, [, cone-goales, B, Seale in longitudinal section; e, vasenlar bundle ;
i, periderm;: b, palisade-tissue: 4 lignle; s, seed, (After Seward and Baneroft,)

a seed was originally situated. The cones shown in fie. 734, B, C,
have lost their seeds and indicate a persistent habit in contrast
to the cones of Agathis and, presumably, the cones which possessed w
scales like Dammarites borealis. The cone seen n fig, 734, A, is
probably younger; the scales are more crowded and in one of
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them is the cast of a seed, s. One of the scales, 1-7 cm. long, of this
cone is represented in section in fig. 736, B: a vaseular bundle, e,
runs through the length of the tissues towards the hlunt spinous
distal end above which is a prominent hump and next to this a
ligule, I, close to the depression in which the seed, s, was situated.
Below the wvascular bundle, ¢, a band of periderm surrounds a
central avea of decayed tissue, @, . Next the lower surface at
b are a few layers of palisade cells, a characteristic feature. The
specimen shown in section in fig. 736, A, is described as forma 8:
the secondary xylem, #, of the axis is not sufficiently well pre-
served to throw any light on the nature of the tracheal pitting.
The large (white) cavities at first sight suggesting seeds near the
axis are bounded by periderm and correspond to the partially
destroyed tissue in fig. 736, B: a delicate structure, the nature of
which could not be determined, occurs in the cavity d, fig. 736, A.
In the seale e several smaller cavities are seen near the upper face
above the vascular strands and below the latter is a larger cavity:
similar cavities are shown in the scale f (fig. 736, A).

Cones similar to Conites Judde ave described by Velenovsky?
as Fricia nobilis and Sequoia fastigiata, both from Lower Cretaceous
strata, but it is impossible to say whether the resemblance has any
significance. In several anatomical characters the scales of
(:'.:1m'g'e,_~.- Juddi resemble those of Protodammara described hl‘\' Hollick
and Jefirey from Kreischerville. The only indication of pits on
the xylem tracheids in the Scottish cones was seen in the seale

shown in fiz. 736, B: the pits are for the most part uniseriate hut

asionally contignous though generally not actually in contact.
Large idioblasts and resin-cavities oceur in both the Scottish and
American cones, but in the former the occurrence of a ligule is a
distinguishing feature in which they agree with cone-scales of
recent Araucarias. In Arawcaric the seeds are embedded in the
substance of the scales while in the fossil species they are situated
in a depression on the upper face, a feature in which Coniles Juddi
agrees more closely with the cones of Agathis. In the sporophylls
of Clonites Juddi, which anatomically are close to those of recent
Araucarineae, characters occur which are now shared hetween
Arauearia and Agathis. The apparently small size of the seeds

1 Velenovsky (85) B, PL mw. fig, 6; PL vim. fig, 13,
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and their relation to the ligular outgrowth, as well as the occurrence
of separate bordered pits on the tracheids suggest comparison

(>1= bl

with the recent genus Cunninghamia, though the structure of the
scales is more akin to that of Araucarian sporophylls. The cowm-
bination of features which are now distributed among different
genera is to be expected in extinet types belonging to evolutionary
stages anterior to the divergence of characters along independent
lines. The main conclusion is that the affinities are Araucarian
though the morphological characters are such as to indicate a com-
bination of features no longer found in a single genus.

Cones exhibiling a close resemblance lo those of Araucaria.
ARAUCARITES. Presl
Araucariles sphaerocarpus Carruthers,

This species (fig. 737), from Inferior Oolite rocks at Bruton,
Somersetshire!, affords a good example of a large Araucarian cone
13 em. in diameter very similar in form to some recent species
(¢f. fig. 680 and fig. 681). The rhomboidal scales, 2 em. broad at
the distal end, are laterally winged as in dravcarin Cookii (fig. 638,
A) and bear a single seed embedded in the middle of the upper
surface: on the exposed distal ends is a transverse groove and on
some of the more complete examples a short rounded umbo is
seen below the groove; in some scales a transverse row of pits
marks the position of vascular bundles just below the transverse
depression.

Aravearites ooliticus (Carruthers),

This species was originally described by Carruthers as Kaida-
carpum ooliticum® from the Great Oolite of Northamptonshire and
regarded as an inflorescence of some Pandanaceous plant. Zigno®
translerred it to Pandanocorpum. An examination of the type-
gpecimen in the Northampton Museum led me to refer the cone to
Aravcarites®, The type-specimen (fig. 738) is a portion of 4 cone
9 cm. long consisting of a stout central axis covered with spirally
disposed deep pits bounded by a erystalline reticulum: the pits

! Carruthers (66) I'L x1.; Seward (04) B. p. 131; (113) p. 118, fig. 18.

= Carruthers (68) p. 156, PL 1x. ¢ Zigno (85) p. 3.
¥ Seward (96%) p. 216: (04) B. p. 135.
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Trg. 737.  Araucarites sphaerocarpus.

S.

v

&

Fie. 738,  Arawvcariles oolilicus.

[
St

(British Museum, 41.036: § nat. size.)

N

(After Carmathers; § nat. size.)




258 ARAUCARINEAE [CH.

being cavities in the proximal portion of the scales in which the
seeds were embedded. Numerous imbricate scales are attached
laterally to the central region and partially hidden in the matrix.
The scales are approximately 1-7 em. broad and slightly winged.
The single seed on each scale, the general form of the cone, the shape
of the individual scales, and the occurrence of sterile scales at the
base of the axis are features in which the fossil is practically
identical with recent forms. Fig. 739 shows a piece of a smaller

Fre. 739. Araucarites oolitiens, A, Seale in surface-view showing the projecting
end of a seed. B, Seale seen from the proximal end showing the sced-cavity.
€, part of cone, (Northampton Museum; nat. size.)

cone (in the Northampton Museum), of the same type; this specimen
shows the appearance of the scales in end-view (C), in surface-view
(A), and as seen from the proximal end with the seed-cavity (B).
In fig. 739, A, the base of a seed is seen projecting from the middle
of the laterally expanded scale. An oblong-ovate cone described
by Carruthers! from the Coralline Oolite at Malton, Yorkshire, as
Araucarites Hudlestond is probably another example of this species:
in one of the specimens of 4. Hudlestoni in the York Museum a
broad central region is occupied by a mass of pisolite to which
numerous cone-scales are attached. The secales are shown in
section and in several of them there is a single seed lying in a cavity
oceupying the proximal end of the scale precisely as in 4. ooliticus.
It is possible that A, ooliticus is specifically identical with 4. sphae-
rocarpus; it is at least a closely allied type.

The specimen figured by Lindley and Hutton® as Strobilites
Buclklandi appears to be indistinguishable from A. ooliticus.
Similar cones are illustrated by Araucarites Cleminshowi Mansell-

L Carruthers (77); Seward (04) B. p. 133.
* Lindley and Hutton (34) A. Pl ¢xxx,
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Pleydell' from the Inferior Oolite of Dorsetshire, A. sphaericus
(Carr.)?, originally referred to Cycadeostrobus, and other species.

Araveariles pippingfordensis (Ung.)® is a Wealden species first
deseribed by Fitton and named by Unger Zamiostrobus pipping-
fordensis but recognised by Carruthers as a cone closely allied to 4.
sphaerocarpus. Detached seales which may belong to this species
have recently been figured from the Wealden beds on the Sussex
coast. The cone described as Arawvcarites (Conates) sp. from the
same locality is possibly identical with A. pippingfordensis.
Aravcarites Brodiei Carruthers.

The specimens from the Stonesfield slate® on which this species
was founded are rather larger than the scales of A. Phillipsi: the
scale shown in fig. 740, 4,is 3 em. long and 1-7 em. broad; a raised
edge just beyond the single seed no doubt corresponds to the so-
called ligule on an Araucarian scale and the distal spinous process
is another feature shared with recent types.

Araucarites (Sarcostrobus) Pauling (Fliche).

A specimen described by Fliche® from Lower Cretaceous rocks
in the Haute-Marne, France, is made the type of a new genus
Sarcostrobus on the ground that the seeds are not so completely
covered by the tissues of the scales as in recent Araucarias. The
elliptical cone is 5-5 cm. long and 3-8 em. in diameter; in form,
in the stout axis, and in the shape of the single-gseeded cone-scales
it closely resembles the megastrobili of Arawcaria excelsa and

Jurassic species such as Araucariles ooliticus (Carr.) (fig. 738):

the small seeds are sunk in a cavity at the proximal end of the
scale, but Fliche states that/they are not covered on their upper
side by the substance of the scale. He is no doubt correct in
assioning the cone to the Araucarineae, but the slight differences
between the relation of seeds to scales referred to by Fliche do not
appear to be sufficiently important to justify the creation of a
distinetive generic name; moreover the preservation of the speci-
mens renders accurate description of details very difficult.

! Mansell-Pleydell (85).

* Carruthers (67%) p. 105; Seward (04) B. p. 138,

¥ Seward (13) p. 104.

U Carrnthers (692) p. 3, PL v. figs. 1—6; Seward () B. p. 137, PL 1, fig. 5;
Pl xr. fig. 2. 5 Fliche (00) p. 11, PL 1.

17—2
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Arancarites hespera Wieland. This type is described by Wie-
land! from a specimen obtained from Upper Cretaceous rocks in
South Dakota consisting of half an eroded cone bearing scales
with small seeds. Wieland's description, though brief and lacking
details, and the photograph support his conclusion as to the
Arancarian affinity of the specimen.

The generic name Doliostrobus was instituted by Marion? for
specimens of foliage-shoots from Oligocene beds in the Sonth of
France agreeing with Avavucarites Sternbergii, on the ground that
the reproductive organs exhibit leatures more like those charac-
teristic of Agathis than Araucaria, Laurent?® refers a small piece
of a foliage-shoot from the Aquitanian beds in the Puy-de-Déme to
Doliostrobus Sternbergii, though there is no information with regard
to the cones. Gardner? describes branches from the Bembridge
marls in the Isle of Wight ag Doliostrobus Sternbergii (Goepp.) and
accepts Marion’s conclusion as to the intermediate character of the
senus: the folinge-shoots, though rather more slender than those
from Bournemouth referred by him to Araucurie Goepperty, are
exactly similar in habit and cannot be distinguished by any feature
of importance. Gardner reproduces a drawing communicated by
Marion of a foliage-shoot bearing a terminal cone-axis from which
the scales have fallen, also several detached cone-scales, agreeing
closely in size and shape with scales of draucaria excelsa and other
recent species, and an i pression described as a seed with a
lateral wing. The supposed seed has, however, a terminal wing
and moreover it is as large as the detached scales: it is permissible
to suggest that it may be an imperfectly preserved cone-scale,
but without examining the actual specimen any definite assertion
would be hazardons. (ardner states that a reason for comparing
the scales with those of an Araucaria is that in Agathis the scales
are persistent, but as pointed out elsewhere® cones of Agathis
very readily fall to pieces and the scales easily become detached
from the axis. Having regard to the nature of the sterile shoots
the form of the cone, ag shown in a drawing published by Gardner
of a specimen sent to him by Ettingshausen from Hiring, and an

1 Wieland (082) p. 4, fig. L.
2 Marion (84). 3 Laurent (12) Pl v. fig. 7.
4 Gardner (86) p. 93, Pls. XXTT., XXITL. 5 Seward and Ford (06) B. p. 3539
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unconvineing specimen ol a winged seed figured from Marion’s
drawing, there would seem to be no valid reason for drawing a
distinetion between Doliostrobus and Araucarites or for regarding
Marion’s and Gardner’s fossils as intermediate between Araucaria
and Agathis. Attention has been called on a previous page' to
the danger of placing too much confidence in the resemblance of
foliage-shoots of fossil specimens to those of recent types, but in
this case the presence of cones and scales like those of Araucaria
supplies confirmatory evidence.

Pseudo-Araucaria. Fliche.

The generic name Pseudo-Araucaria was given by Fliche® to
several cones from the Lower Cretaceous beds of the Argonne
which he deseribed under three specific names, Ysendo- Araucaria
Loppinetti, P. major, P. Lamberti. Externally they are similar
to those of some recent Araucarias and in shape agree with cones
of Cedrus: a stout axis bears deciduous scales with two seeds, the
seeds of each pair being separated from one anot her by a median
ridge of the cone-scale which covers them laterally. The seeds
appear to bear a relation to the scale similar to that between the
single seed and the cone-scale of an Araucaria. The cone-seales
are slightly expanded laterally as in the Eulacta section of the
recent genus. Fliche's desgcriptions are unfortunately inadequately
Tlustrated and it is difficult to obtain a very clear impression of
the structural features. The most interesting peculiarity of these
cones is the occurrence of two seeds in each cone-scale agreeing
in their position on the sporophyll with the single seed of Araucaria:
the author of the genus regards 1t as a type intermediate between
the Abietineae and the Araucarineae.

Araucarian cone-scales.

The question of the lower geological limit of cones or cone-
soales of the Araucarian type is one which cannot be settled with
any certainty: there are many examples of vegetative organs
very similar in habit to Araucaria excelsa and allied species recorded
from Triassic. Permian, and to a less extent from Upper Carboni-
forous strata. also others which agree in the broader form of the

1 See page 162,
z Fliche (96) p. 70, PL vI. figs. 3—5; Pl v figs. 1. 2
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leaves with Araucaria Bidwilli and 4. imbricata; but the majority
ol these shoots are referred to such genera as Voltzia, Walchia,
Albertia, and Ullmannia. Tt is pointed out in the deseription of
these senera that there are reasons for believing them to have
Arancarian aflinities, though there is no definite evidence that any
of them bore cones exhibiting the same order of resemblance to
those of recent Araucarineae ag is the case with Jurassic and
Cretaceous types.

Aravearites Delafondy Zailler,

One of the very few Palaeozoic species of seed-bearing scales
that can reasonably be referred to the genus Adrawcarites is
A. Delafondi founded by Zeiller? on some detached scales from
Permian beds at Charmoy: the scales are broadly triangular
10—12 mm. long and 8—10 mm. broad, the base is cuneate and
truncate, the apical margin is rounded and has a small median
depression instead of the nsual spine. Tn the middle of the scale
is a shallow depression which contained a single seed 8—10 mm.
long and 2 mm. broad. Ag Zeiller gays, there is no absolute
certainty as to the affinity of this species but the scales are un-
questionably very similar to those of Mesozoic and recent species
of Arasicarites and Araucaria. Tt is suggested that the vegetative
shoots of Ullmannia frumentaria (fig. 750) from the same beds may
belong to the plant which bore cones with scales of A. Delafondi.

The occurrence of widely distributed Jurassic cone-seales,
bearing a single seed and agreeing very closely in their shape and
size, as also in the laterally expanded borders and in many cases
in the presence of a distal spinous process, with those of recent
species of Araucarie especially those belonging to the section
Eutacta, bears striking testimony to the former extended zeo-
graphical distribution of Araucarian plants. Tt has been pointed
out in a previous chapter that a single seed occasionally oecurs on
the seminiferous scales of recent Pine cones (fig. 686, B), but in the
scales now under consideration the occurrence of a single seed is
a constant feature and moreover the form of the scales is identical
with that of such species as Araucaria excelsa and A. Cookii. The
number of names given to the fossil scales is but a rough index of

1 Zeiller (06) B. p. 215, PL L. fig. 1.
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the number of actual species: it is obviously impossible to decide
with any assurance how much value should be attached to differ-

ences in size or to slight variations in form, but the main point is

that cones and cone-scales of the . Araucarian type are among the
most familiar Jurassic fossils. The following selected examples
are chosen in illustration of this statement and reference to others

will be found in some of the sources quoted in the footnotes.

Araucarites Phillipsi Carruthers.
‘ Carruthers! described this species from the Middle Jurassic
rocks on the Yorkshire coast: the 1\'1)14-\];“[ imen is in the Leckenby
| collection in the Sedgwick Museum, ( ‘ambridge. The scales are

Fre. 740. 1. Arawcarites Milleri (Upper Jurassie, Seotland); 2, A. Jeffreyi (Cree

tioeous, N. America); 3, 4. Rogersi (Wealden, S. Africa); 4, 7, A. Brodiei
(Middle Jurassie, England): 5, A. Hiberleinit (Middle Jurassic, Germany)s
6. Araucarites sp. (Middle Jnrassio, Australin): 8, A. eutchensis (Middle
Jurassic, India); 9, A. Phillipsi (Middle Jurassic. BEngland). (Slightly
educed: 1, 3. 4, 6, 7, 9, after Seward; 2, after Berry: 5, after Thiselton-
Dyer; § after Feistmantel.)

), and in shape gimilar

to those of the cone already described as Aravcarites oolitcis

cuneate, nearly as long as broad (fig. 740,

(Carr.).

Examples of French Jurassic cone-scales are afforded by
-'J:'/r-tr-m'(’f{u’ Moreauara quj),"’, {rom ("urallian beds near ?':T ﬁ[lhllﬁl
L Carrathers (692) p. 6, PL 1. figs. 7—9: Seward (00) B. p. 285, PL x. fig. 4.
2 Saporta (84) p. 425, Pls. CLXXXIV., OLXXXV.




264 ARAUCARINEAR [ O

and other localities, similar to those of 4. Brodier (fig. 740, 4, 7)
but reaching a length of 4-5 em., kite-shaped and provided with a
terminal spine; also dvaucarites microphylla Sap.* represented by
foliage-shoots and cone-scales; the shoots bear linear-lanceolate
leaves similar to these of Arauwcaric Bidwilli but smaller, and the
scales are of the Butacta type.  Avaucarites Falsani Sap.® is founded
on twigs similar to those of dravecaria excelsa and scales character-
ised by stout terminal spines. Both Adrawecarites Falsani and A.
microphylla are trom Kimeridgian strata in Ain.

German cone-seales hardly distinguishable from some of the
British and French examples are deseribed by Sir William Thisel-
ton-Dyer® from Solenhofen as Araucarites Héberleinii (fig, 740, 5).
Salfeld ficures some detached scales from the Malm of South-
West Germany as Arawcaria? which are undoubtedly Araucarian
cone-scales agreeing closely with A. Milleri from Scotland (fig.
740, 1).

Aravcarites Rogersi Seward. The scales of this species (fig.
740, 3)* from the Uitenhage (Wealden) series of Cape Colony reach
a length of 3 em. and the straight distal margin bears a median
spine; thereis no indication of a ligule. A specimen in the British
Museum collected by Atherstone and referred to by Tated shows
several scales still in their natural position. This type bears a
striking resemblance to some of the Indian specimens described
by Feistmantel and ig similar to the North American Neocomian
species A. wyomingensis Font.

Araveariles macropterus Feistmantel and 4. cutchensis Feist.
Several examples of typical Araucarian cone-seales are figured
by Feistmantel from Upper Gondwana rocks in India. The
scales described as A. macroplerus® ave distinguished by their
large size; specimens from the Rajmahal series reach a breadth of
5 em.  The scales of 4. eutehensis™ vecorded from the Cuteh flora
(fig. 740, 8) and elsewhere are smaller, but in some cases it is

L Saporta (84) p. 431, Pla. LXXXVI., CLXXXVIT
Ihid. p. 439, Pls, CLXXXVI., OLXXXVIT
Thiselton-Dyer (72).

Seward (03) B, p. 37, PL v1. figs. 4—7.

» Tate (67) p. 147. % Feistmantel (77%) p. 186, Pl vom, figs. 9—12
T 1bid. (767) p. 62, Pls. vi—ix., x11.; (82) PL 1,

& @ g



XLV] ARAUCARITES 265

impossible to draw any sharp line between the two species; they
agree very closely with both British and French Jurassic ty pes.

Araucarites culchensis Feist. is recorded by Halle! from the
Upper Jurassic flora of Graham Land. The scales exhibit a con-
siderable range in size and shape and more than one type may be
represented. They are always more or less cuneate and have a
narrow truncate base:; some of them show broad lateral wing-like
extensions: the distal end is nearly truncate and bears a nariow
linear appendage. As Halle says, the scales closely resemble those
of A. Brodiei Carr.

(lone-scales from Jurassic rocks In Victoria2, Australia, de-
seribed as Araucarites sp., A and B, demonstrate the ocourrence of
cones with scales almost identical with 4. Phillipsi and other
European forms. There is a comparative searcity of Arancarian
cone-scales in Jurassic and Cretaceous strata in North America bub
some examples are recorded. Araucariles wyomingensis Font.2 from
the Lower Cretaceous of the Black Hills is represented by broadly
cuneate scales 1-2 em. long and with a maximuam breadth of 9 mmn.
and a broad beak at the apex bearing seeds 4—5 mm. long.
Larger cone-scales are deseribed by Berry* from Middle Cretaceous
rocks in North Carolina as Araucarites Jeffreyi (fig. 740, 2).  These
acales are associated with the foliage-shoots referred to dravcarites
Bladensis and the two may belong to one plant. The same author
also figures a specimen from the Upper Potomac series as Avran-
cariles patapscoensis® from Virginia.

Foliage-shoots.

There are numerous examples of foliage-shoots among Mesozoie,
and to a less extent Palaeozoic, strata which bear a striking resem-
blance to branches of recent species of Araucaria, especially
species of the Eulacta section. but in many cases confirmatory
evidence such as would be afforded by reproductive shoots 18
lacking. The practice adopted by some authors of referring

L Halle (132) p. 72, PL vim. figs, 3—10.

2 Seward (042) B. p. 181, figs. 42, 43.

3 Fontaine in Ward (99) B. p. 669, Pl. ouxmr figs. 1—9.
s Berry (08) p. 258, PL xvr.; (14) p. 20.

s Ibid. (11) p. 399, Pl rxxvir. fig. 5.
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impressions of vegetative branches to the genus Araucarites solely
on the ground of similarity in habit and leaf-form to the recent
genus is not in accordance with sound principles, though in some
instances the implied relationship may be a reality. Pending
more satisfactory evidence many of the sterile Aravearia-like
shoots ave referred to Pagiophyllum, while branches of similar
habit bearing oval cones are included in the genus Elatides.

An example of a Palaeozoic fossil which has been assigned to
Araucariles on slender grounds is afforded by drauecarites Oldhami
Zeiller.

Aravearites Oldhami Zeiller.

The specimen from the TLower Gondwana rocks in India to
which this name is applied! consists of an axis bearing spirally
disposed lanceolate-acuminate leaves reaching 4-5 em. in length,
slightly contracted at the base and longitudinally striated:
portions of the axis show rhomboidal and feebly convex areas
separated by narrow scars where the laminae have been broken off.
As Zeiller says, the resemblance of the shoot to a hranch of Arau-
ecarie imbricata is very close, but considering the age of the heds
and the absence of any Araucarian cone-scales from rocks at this
horizon in India it is questionable whether it is wise to adopt
the name Adrawcarites. It is not unlikely that a small specimen
figured by Feistmantel® from the Karharbari coal-field as possibly
a Fern rhizome is a portion of a leafless axis of Zeiller's species.
Aravearites ovatus Hollick.

This species from Cretaceous strata in New Jersey?® is founded
on fragments of sterile branches bearing elliptical-ovate leaves
resembling the foliage of draucaria imbricata and the fossil species
Avraucarites Nathorsti Dus. A very similar type is represented by
Araucarites bladenensis, described by Berrv?* ag Adravearia bladen-
ensts, from the Upper Cretaceous rocks of Carolina and Alabama :
the leaves are decurrent, ovate-lanceolate, about 1-6 by 0-8 em.
with a cuspidate apex and rounded base; there are 14—16 parallel

L Zeiller (02) B. p. 36, PL viu. fig. 6. * Feistmantel (79%) PL xum. fig. 6.

# Hollick (97) p. 128, PL x. figs. 3 a, 4.

* Berry (08) p. 255, Pls, xm,—x1v.; (14) pp. 19, 105, PL wu. figs. 6, 7; Pl x1x.
figs, 1, 2.
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veins and imperfectly preserved stomata occur in rows on the
lower surface. Berry compares the species with draucaria Tou-
casi fignred by Saporta® from Turonian rocks in the South of
France. Another species founded on a sterile shoot is Araucariles
Haleheri deseribed by Wieland? from Upper Cretaceous rocks in
Wyoming.

These and other examples that might be quoted. thongh re-
ferred to the Araucarineae on evidence that cannot be considered
conclusive, are probably correctly determined; the comparison
with Araucaria Bidwilli and A. imbricata suggested by the striking
resemblance of the leaves is supported by the occurrence of Arau-
.arian cone-scales in some of the localities.

Araucarites Sternbergii Goeppert.

This species was founded on sterile branches, from the rich
Focene flora of Hiring in the Tyrol®, practically identical in habit
with foliage-shoots of Araucaria excelsa and other recent species.
From the same locality Goeppert? figured an imperfectly pre-
served cone approximately 6 cm. long and 3 em. in diameter
characterised by imbricate, spirally disposed scales with reflexed
apices which he compares to a male cone of Araucaria imbricata
incorrectly spoken of as A. excelsa Goeppert suggests the possible
specific identity of 4. Sternbergii and A. Goepperti Sternb.: the
latter species was founded by Sternberg® on a Tertiary cone from
Hiring in the Tyrol. Ettingshausen® subsequently figured
several @ood examples of vegetative shoots of this type from
Hiring and described a subglobose come, figured by Gardner?,
which he refers to the same species: this author also records
A. Sternbergii from Bilin in Bohemia®, but under the generic
name Sequoia: in his account of the occurremce of the gpecies
in Carinthia® he adopts the designation Araucarites. Ettings-
hausen ficures a single cone-scale from Tocene heds in Styria as
Aravcarites schoeneggensis®® and compares it to the scales of

L Saporta (79) A. p. 198, PL xxvir., 2. 2 Wieland (082) p. 6, fig. 2.
3 Goeppert (50) p. 236, Pl. xu1v, fig. 1.
4 Thid. Pl xuiv. fi 5 Sternberg (38) A, Pl xxxx. fig. 4.

Ettingshausen (55) p. 36, Pls. ¥i1,, viiL. 7 Gardner (86) p. 96.
8 Ettingshangen (67%) p. 116, PL xIm. figs. 3—8,

9 Fhid. ( w0 Thid. (90) PL 1. fig. 93,
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A. Sternbergii. The latter speeies is recorded also by Massalongo?
from Eocene rocks in Italy and on imperfect evidence hy Heer®
from Switzerland. Gardner® describes several good specimens of
vegetative shoots from the Eocene flora of Bournemouth which
he names Aravcarites Goepperti Sternb. though the specific name
Sternbergit would be more appropriate
as that designation was first applied
to similar branches from Héaring and
A. Goepperts was founded on a de-
tached cone. Two small pieces of
larger specimens in the British Mu-
seum from Bournemouth are repre-
sented in fig. 741 in illustration of the
very close resemblance of the leaves
to those of recent species. Gardner
draws attention to the similarity of
some of the fossil examples to deci-
duous shoots of Arawecaria Cunning-
hamii : with reference to the absence
of cones or cone-scales he quotes the . 741, Avaucarites Sternbergii.
fact, communicated to him by an (British Museur, V, 523; nat.
observer in Madeira, that the foliage %%

of 4. Cunninghanii requires two or three days to sink while
mature seeds do not begin to sink before the fifth or sixth day,

so that in moving water shoots and seeds would mecessarily be
deposited separately.

Some of the fragments of branches described by Gardner as
Athrotaxis (?) subulato* may well belong to dvaucarites. 1t must
be admitted that in the case of the English specimens, as in many
others, the use of the generic name Araucarites is based on the
evidence of vegetative branches only, but Gardner correctly states
that in the shoots of similar habit referred to Cryplomeria the
leaves are straighter, and moreover the presence on some of the
shoots of the latter of persistent cones like those of Cryplomeria
Japonica constitutes a clear distinetion. Having regard to the
very striking resemblance of the widely spread Tertiary specimens

1 Massalongo (59) Pls, v.—vur. * Heer (85) A. PL xx1. fig. 5.
3 Gardner (86) p. 55, PL x1. fiz, 1: P xin 1 Thid. Pl x1.
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included in Araucarites Sternbergii or A. Goepperti to those of
A. Cunninghamii and other species the probability of generie
identity is such as to justify the retention of the designation
Araucarites,

Araucarites Haastii (Ettingshausen).

Ettingshausen® described this specles as Aravcaria Haastii
from beds at Shag Point, New Zealand, helieved to be of Focene
age; it is represented by sterile branches bearing crowded ovate-
lanceolate, acuminate, leaves apparently of leathery texture
reaching a- length of 5 em. and 2 em. or less in breadth. As
Ettingshausen says, they agree very closely with the leaves of
Arauecaria imbricata but like those of 4. Nathorsts Dus. they have
a less spinous apex than in the recent species. Some petrified
wood from Malvern Hills in New Zealand is referred by Ettings-
hausen to the same species but without any evidence of con-
nexion between the wood and the foliage-shoots. The same
author describes a branch similar in habit to 4 ravcaria excelsa,
from Shag Point, as Araucaria Danai?, but the specimen is too
imperfect to warrant the use of the designation Araucariles.
Arancarites Nathorsti (Duseén).

This species, described as A raucaric Nathorsti, is recorded by
Dusén?® from Punta Arenas on the Magellan Straits: the age of the
heds is believed to be Oligocene though the precise horizon has
not been determined. The material consists of fragments of
foliage-shoots bearing short and relatively broad leaves of leathery
texture, varying from linear to ovate; they agree closely with the
leaves of Arauearia imbricata, differing chiefly, as Dusén states,
in their blunter apices.

Arancarites imponens (Dusén).

Nathorst? first suggested a reference to Arauearia of the single
leaf on which this species was founded®: it was collected in a
marine voleanie tuff in Seymour Island and is probably of Lower
Tertiary age. The leaf is linear, 6 cm. long, and tapers gradually
towards an incomplete apex; it agrees in form and size with

1 Pttingshausen (87) p- 154, Pl . ¢ Jhid. p. 165, PL 1. fig. 18.
3 Psén (99) p. 105, PL x1w. 1 Nathorst (047%) B,

& Dusén (08) p. 11, PL 1. figs. 16, 17.
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leaves of 4. Bidwilli and A. brasiliensis, but the single impression
1s hardly sufficient to demonstrate the existence of Arawcarites
in this southern flova (lat. 64° 16" 8.). On the other hand the
occurrence of wood of the Araucarian type! in Seymour Island
in beds that are either Lower Tertiary or Upper Cretaceous
supports the conclusion of Nathorst and Dusén.

ELATIDES. Heer.

Heer? proposed this name® for some Jurassic Coniferous
remains from Siberia characterised by spirally disposed falcate
leaves (figs. 742, 743) and cones similar externally to those of
Picea, Abies and other Abietineae. The genus is based primarily
on the form of the cones and cone-scales. TIn the new genus
were included three species, B. ovalis, represented by oval cones
2-7 em. long and 6—7 mm. broad, E. Brandtiana characterised by
cylindrical cones, and E. falcata founded on vegetative branches
very similar to those of E. Williamsonis. Nathorst? has included
these three species in Elatides curvifolia (Dunk.) a Wealden
species abundantly represented in the plant-beds of Spitzbergen
(fig. 743). In the absence of cones it is impossible to draw any
satisfactory distinction between foliage-shoots belonging to Elatides
and those referred by authors to Sequoia, Pagiophyllum, and other
genera. It is therefore only in cases where cones are present
that the designation Elatides is admissible. The vegetative
characters ol Elatides ave those of Araucaria Cunninghamii, A.
execelsa, and allied species while the cones consist of flat imbricate
scales with narrower and more or less pointed or spinous distal
ends. There is some reason to believe that the cone-scales were
monospermic but the evidence is not conclusive and rests on a
single species. The data are insuflicient to fix definitely the posi-
tion of the genus, though it is in all probability a member of the
Araucarineae. Elatides is characteristic of Rhaetie, Jurassic, and
Wealden floras.

Blatides Sternbergry (Nilsson).

A Rhaetic species originally described by Nilsson from Rhaetic
rocks in the South of Sweden as Abies Sternbergis, subsequently
L Gothan (08). & Heer (77) ii. pp. 77—79, PL x1v. % éXarn, Fir.

# Nathorst (97) pp. 35, 538, Pls. 1., 1., IV., VL
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included by Nathorst® in Palissya Braunii but atterwards recog-
nised by him as a distinet species® and recently transferred to
Elatides®, An examination of specimens in. the Stockholm
Museum leads me to agree with the substitution of the designation
FElatides. Nathorst has also pointed out that some of the cones
from the Rhaetic of Franconia referred by Schenk? to Palissya
Braunii are of the Elatides type and distinet from cones of Palis-
sy which are characterised by their more open habit and by
other more important morphological features.  Elatides Sternbergin,
though similar in the habit of the vegetative shoots to E. William-
sonds from Jurassic strata, differs in the narrower and straighter
leaves which may reach a length of 2—3 em. and are either straight
or slightly eurved in contrast to the stouter and strongly [aleate
leaves of E. Williamsonis and E. cwrvifolia. A cone figured by
Nathorst® is practically identical in external form with one of
E. Williamsonis illustrated in volume 1. of the Jurassic Flora of the
Yorkshire Coast®. We have no knowledge of the structure of the
reproductive shoots and no evidence other than the habit of the
foliage-gshoots with regard to systematic position: it is, however,
probable that this Rhaetic species is closely allied to the later
Jurassic and Wealden types.

Elatides Williwmsonis (Brougniart).

This Jurassic species described by Brongniart? as Lycopodites
Williamsonis, was figured by Phillips® as L. wneifolius and by
Lindley and Hutton® under Brongmart’s name. The specimens
figured by the English authors are in the York and Manchester
Museums respectively. Schimper transferred the species to Pachy-
phyllum and it has usually been assigned to that genus or to
Pagiophyllum, the name substituted by Heer for Pomel’s Pachy-
phyllum, a designation now reserved for sterile shoots and there-
fore inapplicable to the present species which possesses cones
of the Elatides type. The vegetative shoots are monopodially

! Nathorst (78%) B. p. 28, PL 1v. figs: 1 —3.

* Ibid. (86) p. 107, PL xxny. fizs. 8—12; Pls. xx1v., X%V,

4 Ihid. (97)p 34; (08). -

* Sehenk (67) A, PL xr fig, 7. See also Solms-Laubach (81) A. p. 73

# Nathorst (86), PL xxv. fig. § & Beward (00) B. Pl x, fig. 3.

? Brongniart (28) A. p. 83. § Phillips (29) A. P vor. fig. 3.

* Lindley and Hutton (33) A. PL xour 1 Seward (00) B. p. 201,
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branched, the smaller branches being given off at an acute angle:
the leaves are crowded, fleshy, tetragonal and falecate (fig. 742),
agrecing closely with the foliage of the Futacta species of drauecaria
and with Cryptomeria. The megastrobili are eylindrical, approxi-
mately 6 cm. long and 2 em. in diameter, bearing imbricate, flat,
scales with narrow pointed distal ends resembling the free portion

Fra. 742, Blatides Willicmsonis. (British Museum ; nat. size.)

of the foliage-leaves. No specimens have been described showing
seeds attached to the scales. The more slender microstrobili,
2 em. long, bear sporophylls at right angles to the axis with tri-
angular upturned distal ends characterised by a median keel. In
the vegetative shoots this species closely resembles the Liassic
Pagiophyllum peregrinum? (fig. 744) (Lind. and Hutt.), but in the

1 See page 276.
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absence of cones the latter species is retained in Pagiophyllum.
Hrom the Wealden spécies E. curvifolia, E. Williamsonis differs in
its stouter and more crowded leaves though the differences are
slight both in the cones and vegetative shoots. In all probability
this species is represented in several Jurassic floras, but unless
cones are present specimens should be referred to Pagiophylluin.
Elatides curvifolia (Dunker).

Dunker? first described this Wealden type (fig. 743) from North
Germany as Lycopodiles and it was referred by Ettingshausen? to

Araucariles, the generic name, though probably correctly eXpress-

Fra. 743, Hlatides cwrvifolic.  (After Nathorst; nat. size.)

ing the position of the fossil Conifer, heing nsed without adequate
reasons. The identity of the cones discovered by Nathorst® in
the Wealden or Upper Jurassic beds of Spitzbergen with those on
which Heer founded the genus Elatides led to the adoption of that
generic term. Nathorst’s discovery of several fertile branches
Justifies his reference of Ieer's specimens from Spitzbergen
described as Sequora Reichenbachii* to Elatides curvifolia, as also
the employment of Dunker’s specific term for Elatides ovalis and
E. Brandtiana Heer. The cones of E. curvifolia are eylindrical or
oval and it is suggested by Nathorst that these forms might be
regarded as varieties, the oval form being spoken of as var. ovalis
! Dunker (48) A. p. 20, PL vir. fig. 9.

* Bttingshausen (52) P, 1.

* Nathorst (97) pp. 35, 58. Pls. 1., 1., Iv., VL.

Heer (75) ii. P1. xxxvr. figs. 1—8; Pl xxxvm. figs, 1, 2,

S. IV 18
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after Heer’s specific name and the eylindrical cones being distin-
guished as var. Brandtiana, but it is doubtful whether the retention
of these varietal names iz advisable. The cone-scales have pointed
apices and agree closely with those of . Williwmsoms. On a
specimen of a cone of this species from Kimeridge strata in
Scotland® one scale afforded evidence of the occurrence of a single
seed ag in Araucarin. Nathorst regards some smaller cones on a
branch from Spitzbergen as microstrobili and suggests that longi-
tudinal striae on the sporophylls may represent long microspor-
angia like those of Araucaria; but the preservation is too imperfect
to demonstrate the nature of the specimen. The vegetative
branches bear faleate leaves rather more slender and as a rule less
crowded than in E. Williamsonis: on older branches from which
the free part of the lamina has fallen there are leaf-bases or in some
cases an oval leaf-scar. This type is characteristic of Wealden
strata in Spitzbergen, North Germany, and other Kuropean
localities; it is no doubt represented by some of the impressions
of branches assigned to Sphenolepidinm Sternbergianum?®; 1t is
also recorded from Kimeridgian strata in the North of Scotland.

PAGIOPHYLLUM. Heer,

Heer? instituted this genus in place of Pachyphyllum, previously
adopted by Pomel® for a section of his genus Moreauia, on the
ground that the latter name had been applied to a member of the
Orchidaceae. Some of the species referred to Pagiophyllum have
also been included in Araucarites and Brachyphyllum. Tuzson®
instituted a new genus Pagiophyllites for petrified Mesozoie wood
having Araucarian features, the type-species being P. keuperianus
(Goepp.). but no evidence is furnished in support of a connexion
of this wood with foliage-shoots of Pagiophyllum. Schimper and
Saporta include in their diagnosis of the genus both vegetative
and reproductive shoots and consider Pagiophylban to be allied
to Agathis, Cunninghamia, and Araucaria. Certain species have
in recent years been transferred to Elatides because of the occur-
rence of cones conforming to Heer’s genus.

It has been suggested® that Pagiophyllum may most conveni-

! Reward (112) p. 684, fig. 10. 2 Ibid. (95) A. p. 2056; (11%) p. 685,
8 Heer (81) p. 11. 1 Pomel (49) p. 352,
5 Tuzson (08) P- a0, 8 Seward (l‘.’) P 41,
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ently be reserved for vegetative branches of Conifers (fig. T44)
Possessing foliage like that of Adraucarin excelsa and allied species,
which in the absence of cones cannot safely be referred to Elatides
or other genera hased, in part at least, on strobilar characters.
Pagiophyllum is essentially an artificial genus: as Solms-Taubach
says, “it is only in accordance with old custom to distinguish the
Ullmanniae of the Zechstein from Pagiophyllum?,” and it is equally
difficult to draw any clearly defined line between this genus and
some forms included by authors in Brachyphyllum. A Triassic
Species from Raibl originally referred to Voltzia heterophylla®
afterwards named V. Foeitleri by Stur®, Pagiophyllum Sandbergi
by Schenk* and figured by Schiitze® as P. Foetileri, has the habit
of a Brachyphyllum. This is one of many examples of sterile

shoots 'illu.’strating the arbitrary use of generic names for coni-
ferous remains which afford no definite evidence of their systematic
position. The Araucarian habit is in itself of little value as
evidence of affinity, but the abundance of petrified wood with
Araucarian features (Dadozylon) in strata yielding Pagiophyllum
shoots suggests an Araucarian alliance, and the fact that some
P”!)”f’-’!’}’-y’!}“”* shoots bear Elatides cones affording indications of
Araucarian characters points in the same direction. It cannot
be assumed that all Pagiophyllum shoots bore similar cones, and
1t 1s mainly on this acecount that the employment of Pagiophyllum
45 & provisional designation is recommended.

Pagiophyllum is widely distributed in Jurassic strata and
extends into Cretaceous and Tertiary rocks: it oceurs also in
Pre-Jurassic floras and has recently been described by Zeiller®
from the Permian of France. It should be recognised that this
extended use of the name is not in accordance with general practice,
but it is adopted on the ground that, as in recent Conifers so in the
case of extinet types, similarity in the habit of vegetative branches
f!()es Nnot necessarily imply close relationship as regards the more
tmportant characters of the reproductive shoots.

* Solms-Lauhach (91) A. p. 77.
* Bronn (58) p. 135, PL v
stur (68) p. 104,
Schimper and Schenk (90) A, pp. 276, 200,
Schiitze (01) PL vr. fig. 1.
¢ Zeiller (06) B. p. 219, PL 171,

T
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Pagiophyllum peregrinum (Lindley and Hutton).

This species, first named by Lindley draucario peregring’, was

founded on material from the Lias
of Lyme Regis in Dorsefshire®
It is possible that the generic
name chosen by Lindley correctly
expresses the position of the
species, but decisive evidence 1s
lacking. Vegetative shoots bear
crowded imbricate, spirally dis-
posed, leaves tetragonal in section,
broadly triangular, sometimes fal-
cate and more or less appressed to
the stem in the lower portion of
the lamina (fig. 744). There is a
distinet dorsal keel and occasion-
ally rows of papillae are visible
on the lamina ; the apex is obtuse
or acute. The leaves vary consi-
derably in size and shape. Zeiller®
describes the cuticle of the dorsal
and ventral surfaces of some
leaves on Permian specimens from
Blanzy: the stomata oceur in
longitudinal rows on the lower
face only, the guard-cells being
ugually at richt-angles to the long
axis of the leaf.

In habit this species agrees
closely with FElatides William-
somis, a Middle Jurassie type: it
oceurs in Jurassic rocks of Eng-
land, Franee, Germany, Italy, and
elsewhere, the oldest recorded ex-
amples being those described by

Fig. 744, Puagiophyllbum,  peregrinum.
(British Museun; naf, size.)

1 Lindley and Hutton (33) A, PL zxxxyin.
2 Seward (04) B. p. 48, Pl v.; Saporta (84) p. 383, Pla. 170176

3 Zeiller (06) B. p. 219,
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Zeiller from the Permian of France which He refers to Pagio-
phyllum in preference to Ullmanna, pointing out that the leaves
are relatively longer and less appressed to the axis than in the
shoots known as U. Bromni Goepp. (fig. 750, D, E). Triassic
speeimens from North Ttaly in the Bologna Museum named
Pagiophyllum Rotzoanum appear to be indistinguishable from the
English species.

It is unnecessary to describe other examples of the genus as
the Pagiophyllum type is illustrated by many Mesozoic and
Tertiary species referred by authors to Sequoia, Geinitzia, Elatides,
Sphenolepidium, and other genera. The important point 1s that
in place of generic names connoting definite forms of cone, the
designation Pagiophyllum should be adopted for all foliage-shoots
of a certain habit which afford no satisfactory evidence as to the
nature of the reproductive shootfs.

Pavtarozoic CONIFERS EXHIBITING CERTAIN FEATURES SUG-
GESTIVE OF ARAUCARIAN AFFINITY BUT WHICH CANNOT BE
DEFINITELY ASKIGNED TO THAT OR TO ANY OTUHER FAMILY
oF CONIFERALES ON THE EVIDENCE AT PRESENT AVAILABLE.

WALCHIA. Stemnberg.

The name Walchia® is applied to foliage-shoots, oceasionally
bearing terminal cones, from Permian and to a less extent Upper
Carboniferous rocks, which present a striking agreement in habit
with branches of Arawvecaria exeelsa and other recent Sp(i!f‘il‘ti of the
section Bulacta of Aravcaria. Information with regard to repro-
ductive shoots is very incomplete and we have little more than
circumstantial evidence as to the anatomical features of the stem.
In many cases the ultimate branches bear terminal cones similar
to the megastrobili of Elatides?, but it is only in a few specimens
that seeds are preserved on the cone-scales: in some species, €.4.,
W. frondosa Ren. and W. fertilis Ren. the fertile shoots appear to
be of a distinet type though the evidence is not wholly satisfactory.
Ff. is probable, as several authors have suggested, that the species
meluded in Walchia, were our information fuller, would be referred
to more than one cenerie type. The resemblanece of branches of
Walchia to the foliage-shoots of Lepidodendron, especially in the

L Bternberg (26) A, p. xxii. 2 See page 272,
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case of specimens too small to show the characteristic branching-
habit, has led to confusion between the two genera. It is often
very difficult to draw a definite line between Walchia and Ullmarnnua,
and in the absence of sporophylls the genus Gomphostrobus may be
easily confused with species of Walchia.

Foliage-shoots characterised by a pinnate arrangement of the
ultimate branches (fig. 745) attached at right-angles or obliquely
to an axis of higher order. Leaves spirally disposed, crowded and
imbricate, short and ovate or linear and spreading, usually tetra-
gonal and more or less falcate and decurrent. The dimorphism of
branches and differences due to age or position on the tree render
a satisfactory delimitation of species almost impossible though
a few fairly well defined types can be recognised with reasonahle
certainty. As Bergeron' says, in the absence of strobili the
separation of species represented ouly by sterile shoots is hardly
possible, Further reference is made to the features exhibited by
reproductive shoots in the appended account of a few selected
types. Information with regard to the anatomical characters of
Walchia is very scanty and is based on evidence afforded by the
assoclation of foliage-shoots and petrified wood or on inferences ,
drawn from unconvineing considerations. Among specimens
which may belong to this genus one of the more interesting is that
on which Mougeot? founded the species Araucarites valdajolensis.

The type-specimen, from the Permian of Val d’Ajol in the Vosges,
has heen refigured and eritically discussed by Fliche? though no
complete investigation of its structure has been made. The
cylindrical piece of stem, 9 em. in diameter, has a large pith and a
broad zone of secondary wood composed of tracheids, with two
rows of alcernate bordered polygonal pits, and narrow medullary
rays. It seems clear from Mougeot’s brief account and from the
description of other specimens by Fliche that the anatomical
features are Araucarian though we have no information as to
the structure of the inner edge of the xvlem, a region of special
Importance as regards comparison with other types possessing
a similar Araucarian pitting on the tracheids. The surface of
Mougeot’s specimen is characterised by numerous spirally dis-
posed, elliptical projections 5—7 mm. long and 3—4 mm. wide

! Bergeron (84). * Mougeat (52) A. p. 27, PL 1v. 3 Fliche (03).
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which Fliche regards as leaf-bases and compares with those on
Arancarian stems. While admitting the possibility that the wood
belongs to Gomphostrobus or some Cordaitean species Fliche con-
siders Walclia the most likely genus. The comparative closeness
of the leaf-bases would seem to be a difficulty: in stems as large
as the type-specimen of W. valdajolensis one would expeet to find
the leat-bases more widely separated and tangentially stretched.
1t is by no means unlikely that the supposed surface-features may
belong to a deeper zone of the eortex of a partially decorticated
atem; but in any case they do not suggest a stem of Cordaites or
Mesowylon. 1t 1s impossible to assign the species with confidence
to Walehin though Fliche may be eorrect in his opinion as to the
likelthood of that being its true position. The generic name
Araucarites implies a degree of affinity which has not been estab-
lished and the designation Dadoaylon would be more in keeping
with the facts.

Walchia is especially characteristic of Permian floras though
it has been shown to oceur in the Stephanian of several countries,
In Britain Walchia is recorded from a verv few Permian® and
Upper Coal Measures? localities. We cannot speal with confidence
as to the position of the genus: the striking resemblance in the
gystem of branching and in the foliage-shoots to certain species of
Araucaria at once suggests a possible affinity to the Araucarineae,
and this slender basis of comparison receives support from the
occurrence in a few instances of single geeds on the upper face of
sporophylls and from the Arauearian type of pitting in wood
associated with Walchia branches. It may fairly be said that
although proof is lacking there is a strong preswmption in favour
of regarding this Permo-Carboniferous genus as more nearly allied
to the Araucarineae than to any other family of Gymmogperms.

ll"l]‘ f('f} g'r'[ }J ?:‘ji {lfnrul s (H[-h]n‘rheim).

'his, the commonest species, was originally described by

afornis®: 1t oeeurs in both

Schlotheim as  Lycopadiolithes pi
Permian and Stephanian stratal, The pinnately branched shoots

L Vernon (12) p. 607. ? Kidston (02) B.
3 Schlotheim (20) A. p. 415, Pl xxu fig, La; PL xxv
1 F.g.Stefani (01) p. 111; Weiss, C. E. (72) p. 179: Heer (76) A. p. 57; Goeppert
236; Grand'Hury (77) A. p. 514,
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(fig. 745) are characterised by the more or less oblique insertion of
the slender branchlets and by the comparatively long, narrow,
faleate. decurrent leaves. The ovoid or eylindrical megastrobili
tapminal on the nltimate shoots bhear imbricate ovate-lanceolate
sporophylls, but their preservation is not such as to throw any
light on the structure of the seed-bearing organs. Zeiller? mentions
a cone from Lodéve (Permian) 10 cm. long and 1—1-2 cm. in
diameter, but the average length is less than this. A branch
firured by Potonié? from the Permian of Thuringia shows elliptical
leaf-eushions very like those on the larger stem described by
Mougeot as Araucarites valdajolensis. Potonié has drawn atten-
tion to the difficulty of distinguishing small specimens of this
species from W. filiciformis and W. linearifolia. and some forms
deseribed as W. smbricata and W. hypnoides are by no means
clearly distinguished from W. pniformis. In  W. filiciformis
(Schloth.) the leaves are characterised by the downward curve of
the lamina near the base though this in itself is hardly a decisive
eriterion. In W. linearifolia Goepp. the leaves are rather more
delicate and less [aleate, while in W. smbrieata they are usually
shorter, relatively broader, and more strongly imbricate and
incnrved. W, hypnoides (Brongn.) is 4 smaller form though. as

Kidston® sugeests, this may not be a specific character. Renault’s

species TW. fertilis® represents a similar form but with smaller
leaves, and each branchlet ends in a long and narrow sfrobilus
which affords no indication of the nature of the sporophylls.
Walchia filiciformas (Schlotheim).

This species, recorded from Permian and Stephanian beds, and
differing hut slightly from W. piniformis is important as supplying
more satisfactory evidence as to the nature of the megastrobili.
Z"‘i”(‘l“" has described a fertile specimen from the Permian of
Brive in which the ovate-lanceolate cone-scales (sporophylls) bear
on their upper concave face single ovoid seeds, 7—8 mm. long.
The strobili appear to be lax in the arrangement of the monospermic
sporophylls.

L Zeiller (06) B. p. 2 s 3, 5; Bergeron (84).

2 Potonié (03) A. P 3 Kidston (86) A. p. 15.
* Renault (96) A. p. 350: (83) A, PL nxxx. fig. 2.

* Zeiller (92) A. p. 99, PL xv. fig. 3.
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Walchia tmbricate Schimper.

In habit this typel closely resembles the foliage-shoots of
Arauearia Rulei on a smaller scale, the crowded leaves being
strongly incurved and imbrieate: it is readily distinguishable
} from Ullmannig Bronm Goepp. (fig. 750, D, ). A good example
I is figured by Zeiller? in which the branches are unusually large,
8 mm.—1-2 em. in diameter: the species oceurs in Permian and
Stephanian strata and is recorded by Kidston from the Upper
il Coal Measures of eentral England.

Walchia Sehneideri Zeiller.

: This species® from Charmoy is characterised by the long
filiform leaves, -6 mm. broad and 1-2 em. long, usually straight and
decnrrent. The ultimate branches, some of which bear compara-
tively long and slender cones, are oblique and alternate as in
W. piniformis. W. foliose Eich.* from the Permian of Russia is a
similar form but with less delicate leaves.

Walchia frondose Renault.
A species from the Permian of Autun having slender leaves n
rather shorter and more falcate than those of W. Sehneideri:

\ some of the branches bear a terminal globular bud superficially
resembling the ovuliferous shoot of Tazus. Tt is, however, not

\ improhable that the buds are purely vegetative hike those figured
by Bergeron on a specimen of W. piniforais.

SCHIZODENDRON. Hichwald. (TYLODENDRON Weiss.)

Prof. €. E. Weiss® instituted the generic name Tylodendron tor
cagts from Upper Carboniferous and Permian strata in Germany
which he deseribed as branches of a Conifer with spirally arranged
rhomboidal raised areas or pulvini each of which has a median
slit in its apical portion (fig. 746). The elongate, narrow, raised
areas (¢f. the medullary cast ol a Voltzia, which shows precisely
l similar areas, represented in fig. 748) were regarded as casts of leaf-
cushions and the slit was interpreted as a resin-canal,

| 1 Schimper (72) A. p. 239. ¢ Zeiller (06) B. p. 211, PL xuIx. figs. 1. 2.
i 3 [bid. p. 206, PL xuvo figs. 4. 5,

4 Eichwald (60) B, PL xix. fig. 1.

! 8 Weiss, C. E. (72) p. 182, Pls. xix., XX.
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Schizodendron speciosum (Weiss). One of the casts figured by
Weiss and assigned by him to this species has a length of 70 cm.
and at intervals of about 30 cm. shows periodic swellings where it
assumes a barrel-shaped form. Pieces of wood attached to some
of the casts were investizated by
Dippel who found that they agreed
anatomically with Araucarian stems.
Weiss considered his specimens to be
generically identical with casts figured
by Eichwald! from Russia as species
of Schizodendron and Angiodendron.
Potonié, while uncertain as to the
close agreement with some of Hich-
wald’s fossils, regarded Tylodendson
as identical with Fichwald's Sehizo-
dendron, and Zeiller?, in view of this
agreement, adopted the older name
Schizodendron. The latter author®
formerly believed Tylodendron, as
deseribed by Weiss, to be distin-
guished from Schizodendron by the
apical oceurrence of the slit on the
so-called leaf-cushion in contrast to
the basal slit in Sechizodendron, but
Potoniét proved that in both cases
the median groove extends up the

lower I)OT'Tii'rl] of each I)]‘(‘Jj('(‘l".iﬂf_' Fre, 746. Schizodendron specio-
area from its base and represents  swn. (Alter Potonié; § nat.
an out-going leaf-trace; he also %%

demonstrated that Schizodendron is a pith-cast, the tapered
areas being the inner ends of medullary rays. In some specimens
the casts afford some indication of a discoid pith. The relation
between the wood and the pith-casts is also very clearly shown
in a section of a petrified stem of Permian age [rom Prinee
Edward Island described by Miss Holden®. The true nature of

! Hichwald (60) B. Pl xvmL * Zeiller (922) A. p. 102.
% Ibid. (80) p. 263, P v. 4 Potonié (88).
# Holden, R. (13) p. 245.
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the Tylodendron casts is also shown in specimens from the Lower
Permian of Saxony in the Chemnitz Museum?®. Casts similar to
those described as Tylodendron and Schizodendron were recorded
by Schleiden in 1846 and referred to a new genus Endolepis: he
believed them to be easts of the pith-cavity of some Dicotyledonous
stem. KExamples of Endolepis have been described by Schenk and
more recently by Fliche? who discusses the history of the genus
and on the ground of priority adopts Schleiden’s name in prefer-
ence to Schizodendron. It is, however, preferable to retain
Schizodendran for the larger casts with periodic swellings. The
smaller type represented by Endolepis has in several instances
been found in connexion with the foliage of Velizie® (fig. 748) and
it is questionable if a special designation is needed. In the form
of the raised areas on the surface of the cast Schizodendron and
Endolepis appear to be identical : while suggesting the advisability
of retaining the former name I recognise that the Permian and
Triassic casts may belong to stems which are closely allied or even
aenerically identical,

The structure of the wood of Schizodendron speciosuim is of the
Avaucarian type; the tracheids have 1—3 rows of contiguous and
alternate pits on the radial walls and the medullary rays are
usually uniseriate. Potonié compares the pith-casts of the Palaeo-
zoic stems with those of recent species of draucaria and Agathis:
the pith of the recent species is much smaller but in both fossil
and recent mednllary casts there are periodic swellings where the
presence of sears, sometimes in a whorl or pseudowhorl?, marks
the position of branches. The pith-cast of a recent Cycad (fig. 398,
p. 29, Vol. 111.) bears a general resemblance to Schizodendron: 1n
Araucaria the medullary rays are narrower and so produce
narrower raised areas on a pith-cast.

Sehizodendron Cowardi (F. K. Weiss).

Prof. F. E. Weiss® has recently deseribed an interesting example
of Sehizodendron which throws some [resh light on structural
features. The specimen was found in Cheshire but not in sifu
and nothing is known as to its geological age: it consists of a

b Sterzel (00), 2 Fliche (10) p. 212, Pl8, x1x,, XX.

8 Seward (90), See also pa
¢ Zeiller (927 AL P1 xv. fig. 5. 5 Weiss, F. H. (13%).
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petrified barrel-shaped piece of pith with portions of the inmer
edge of the xylem-cylinder. “The surface-features agree with those
of S. speciosum, each rhombie area being divided for a third of its
length by a median groove. The pith is composed of thin-walled .
parenchyma with several secretory canals in the outer region;
patches of xylem are preserved in the depressions between the
lozenge-shaped areas showing the same anatomical characters as
those described by Potonié : internal to the secondary xylem are very
small groups of tracheids separated by 1-—2 rows of parenchyma
from the secondary elements, which pursue a sinuous longitudinal
course. These tracheal strands are, as Weiss points out, at least
superficially comparable with the primary xylem of such a type as
Pitys antiqua. The innermost elements of the secondary xylem
are usually scalariform and these pass gradually into tracheids
with two alternate rows of bordered pits often slightly polygonal.
The leaf-traces are formed of two endarch strands which coalesce
as they pass downwards and eventually merge laterally with the
secondary xylem.

Medullary casts with the external features of Schizodendron
might well belong to stems which are not identical in anatomical
characters, and from ecasts alone all that can be inferred is the
presence in the vascular eylinder of medullary rays with fairly
broad inner faces separated by prominent wedges of tracheids,
also the spiral disposition of leaves each supplied with a single
vaseular bundle given off from the lower angle of the xylem-
meshes. In the case of Schizodendron Cowardi the presence of
small strands of primary xylem suggests comparison with such a

ohvY

genus as Pitys or Mesopilys, while in the other examples there is
no indication of any xylem internal to the main cylinder. The
characters of the secondary xylem point to an Araucarian or
Cordaitean affinity and the pith agrees with that of Araucaria,
t}'mug]l in 8. Cowardi the presence of secretory canals is a Cycadean
feature. Bain and Dawson?, though they did not correctly inter-
pret the surface-characters of Schizodendron, referred to it as
representing decorticated branches of the Conifer Walchia. Sterzel
recorded the association of Sehizodendron with Walchio foliage-
shoots in Saxony, and Zeiller, who noticed a similar association

1 Bain and Dawson (85),
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in French Permian rocks, expressed the opinion that the casts
belonged to Walchia stems. In this connexion it is noteworthy
that shoots of Voltzia also possess medullary casts (fig. 748, A, B)
.with the superficial features of Schizodendron. Though we have
no proof of a connexion between casts and leaf-bearing branches,
it is probable that some forms of Schizodendron represent the pith-
casts of Walchia : if this view is correct it aflords another argument
_in favour of connecting Walchia with the Arancarineae, but how
close the connexion is cannot be definitely settled without further
evidence as to the reproductive shoots.

Sehizodendron, though not confined to Permian rocks, 18 most
abundant in beds of that age; it is recorded from several localities
in Germany?, from France, Russia®, and Canada while the British
specimen, though presumably from English rocks, was not found
i Sifed.

HAPALOXYLON. Renault.

Renault? instituted this genus for a cylindrical stem 2 em. in
diameter from the Permian of Autun characterised especially by
the parenchymatous structure of the secondary xylem. The
type-species, Hapalozylon Rochei, resembles Araucariles valda-
jolensis, a Permian species founded by Mougeot, in its spirally
disposed leaf-scars each with an elongated groove marking the
position of the leaf-trace. The solid parenchymatous pith is
surrounded by a narrow zone of 23 layers of tracheids with a
single row of bordered pits which Renanlt speaks of as primary
xylem: this forms the inner edge of a broad cylinder of homogene-
ous parenchyma traversed by uniseriate medullary rays 1-—3 cells
deep. The secondary-xylem elements are rectangular 7—8 times
as long as broad and without pits. Beyond the cambium is a
broad zone of secondary phloem consisting of a regular alternation
of well preserved sieve-tubes with lateral sieve-plates and paren-
chyma. The cortex contains some secretory sacs and is bounded
by periderm.

The inference drawn by Renault is that the leaves were small
like those of Walchia and each had a single vein. There is,
1 Seward (90), 2 Weiss, C. E. (72); (74); Potonié (88): (93) A. ete.

3 Schmalhausen (87) PL vin fig. 34,
1 Renault (96) A. p. 360; (93) A. PL LxxvL
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however, no definite evidence as to the nature of the foliage: the
stem structure represents a type previously unrecorded among
Gymnosperms, but comparable with the structure of the stem of
Aeschiynomene a recent genus of the Leguminosae.

GOMPHOSTROBUS'. Marion.

This generic name was instituted by Marion® for Permian
foliage-shoots from Lodéve bearing vegetative leaves similar to
those of Walchia and Araucaria excelse but distinguished by the
bifurcate form (fig. 747) of the relatively long sporophylls horne
in a crowded cluster on the apical region of the axis. Marion
referred Gomphostrobus to the Coniferales. Geinitz® had pre-
viously deseribed detached sporophylls from the Lower Permian
of Baxony, of the same type as those on which the genus Gomphostro-
bus was founded, as Sigillariostrobus bifidus. The Saxon specimens
are represented in the drawings published by Geinitz as distally-
forked seales bearing a single seed at the hase. Potonié?, who
examined the original fossils in the Dresden Museum—and 1 am
able to confirm his view—states that there are no undoubted
seeds but only a faintly outlined area near the proximal end of
each seale which no doubt marks the position of a seed or sporan
oium,

1873. Sigillariostrobus bifidus, Geinitz, Neues Jahrbuch Min. p. 700, P1. v,
figs. 5—1.

1890.  Dicranophyllum gallicam, Schenk in Schimper and Schenk, p. 266.

1890.  Gomphostrobus heterophyllus, Marion, Compt. Rend. ox. p. 892,

1891. Psilotiphyllum bifidum. Potoni¢, Ber. deutsch. Bot. Ges. Bd. 1x.

p. 256.
1892. Gomphosirabus bifidus, Zeiller, Bassin Houill. Perm. Brive, p. 101,
PL xv. fig. 12.
G(fm-p;if)a'lrubu.«- r'n;ﬁffn‘&' (Geinitz).

Potonié in his account of the genus and type-species repro-
duces Marion's original drawings showing a Walchio-like axis
with short falcate leaves bearing crowded linear and distally forked
sporophylls reaching a length of 8 em. in the apical region. The
sporophylls, which are bent to one side, giving the impression of
wind-blown foliage, consist of a simple lamina 85 to 25 mm. long,

! See vol. m. p. 26. ® Marion (90) A, & (leinitz (73).

! Potonié (93) A, p. 197 Pls. XxXviIL, XXVIIL, XXXIITL.
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with two divergent distal prongs varying considerably in the angle
of divergenece, a variation noticed also by Zeiller. On one example
(fig. 747, B) Potonié records the occurrence
of two sears; a lower scar, a, representing
the attachment of the lamina and a second P
b, which he attributes to a sporan-

gium,

The species, represented usually by de- c
tached sporophylls only, is recorded from /b
Lodéve, Brive, and other French localities’, A c
also from Permian localities in Germany. a B8

It was referred by Schenk to Dicrano- Wi 747. Gomphostrobns
phyllwm, but in that genus it is the foliage- bifidus; u, leal-scar; b,
]l\“ Ves illﬂl are ,l'(.”.‘l\.‘l(l 2{!".1 the]kn i,s 10 Teason sear of :“[J‘ll'éll‘l_‘_"lfiln 1s
¢. torn piece of tissue.
to assume any close relationship between (A, B, after Potonié;
the two imperfectly known types. If thescar ~ © Zeiller.).
at the base of the sporophylls marks the position of a seed a com-
parigon with the Araucarineae is suggested, and in this connexion 1t
is noteworthy that Sterzel? records the association of Gomphostrobus
with Dadozylon wood. Potonié, who at first overlooked Marion’s
paper, proposed the name Psilotiphyllum to give expression to his
opinion that the Permian plant is a Palacozoic member of the
Psilotales, a conclusion based on insuflicient evidence. We have
no definite information with regard to the nature of the organ
horne on the sporophylls, The same author compares the sporo-
phylls of Gomphostrobus with the leaves of Sphenophylhvm though
the verticillate disposition of the leaves of the latter genus is a well-
defined difference. It would seem, as Zeiller says, that Gompho-
strobus is probably allied to Walchia though its position cannot be
precisely determined without further data.

A recent examination ol gome specimens from Lower Gondwana
rocks in India described by Feistmantel® as Voltzia revealed the
oceurrence of some small distally forked leaves very similar to the
sporophylls of the Enropean Gomphostrobus.

L Zoiller (922) A. p. 101, PL Xv. fig. 125 (06) B, p. 213, Pl 1, figs, 6—8.
Sterzel (00) p. 6.
Feistmantel (79%) Pls. XX11. & a0q.
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VOLTZIA. Brongniart.

Brongniart! instituted this genus for foliage-shoots from the
Bunter sandstones of the Vosges, the name being chosen in com-
memoration of Voltz; he compared the branches with those of
Araucaria excelsa but added that the cone-scales bore three ovules.
The leaves show considerable variation even on the same axis,
a feature shared with Walchia and Ullmannia: the megastrobili
are characterised by a lax disposition and the fan-like, lobed or
crenulate form of the megasporophylls, which in the best preserved
type, V. Liebeana (figz. 748, C—F), bear three ovate seeds on the
upper surface. Many authors compare the Triassic genus with
members of the Taxodineae, e.g., Crypiomeria, and the Araucari-
neae: wood of the Arancarian type has been referred to Voltzia
though without proof of connexion with the vegetative shoots,
Gothan?, who favours a Taxodineous alliance, points out that
wood associated with Volfzia has Araucarian pitting on the
tracheids, thongh he adds that the oceurrence of typical Araucarian
pitting in stems possessing other characters foreign to the recent
Araucarineae justifies the eonclusion that the presence of alternate
polygonal pits on the tracheids is not necessarily proof of Arau-
carian affinity. An examination of some carbonised fragments
attached to cone-scales of V. Liebeana in the British Museum from
Gera revealed the oceurrence of uniseriate pits both separate and
in contact with one another. It is probable that Voltzia is related
to the Araucarineae though in what degree is uncertain. A recent
view® that TVoltzia affords an illustration of a generalised type
combining Araucarian and Abietineous features is in part based
on an assumption that the cone-scales are double like those of the
Abietineae. That the genus is a generalised type is probable,
but the data are insufficient to warrant a ny definite statement as
to which Coniferae are the nearest allies. The range of the genus
1s difficult to define: if we include the species V. keuperiana, also
Heer’s genus Leptostrobus, the geological range extends from the
Permian to Middle Jurassic floras. The typical species are charac-
teristic of Permian and Lower Triassic rocks. The similarity in
habit of Walchia, some species of Ullmannia, and Voltzia renders

' Brongniart (28) p. 448, Pls. xv.—xvir. * Gothan (10) p. 81.

? Holden, R. (13)
8. 1V 19
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exceedingly difficult the determination of sterile branches.
Further, the fact that the specimens of this presumably arborescent
genus are usually small branch-fragments sets a limit to our know-
ledge of the external features of the individual plants.

Voltzia heterophylla Brongniart.

The examination of numerous specimens from the Bunter
sandstone of the Vosges led Schimper and Mougeot to include

Vro. 748, Voeitzia, A, B, Voltzin heferophylle (B, medullary east). C—F, Vollzia
Liebeann. (A, B, after Seward; C—F after Geinitz. )

ander this name Volizia brevifolia and V. rigida of Brongniart®.
The Triassic species Voltzia helerophylla (fig. 748, A) is the best
known representative of the genus: the vegetative shoots agree
very closely with those of Araucaria excelsa and differ but little
from shoots of Walehia, some forms of Ullmannia, and Pagiophyl-

1 Brongniart (28) p. 446: Schimper and Mougeot (44) A. p. 21, Pls. 1., VL—IX.
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lum. Schiitze® has given a long list of references to records of
V. heterophylla, but in making use of such lists it should be remem-
bered that in the absence of reproductive organs the specific or
even generic determination of specimens resembling in hahit
Aravcaria excelsa is a hopeless task. The heterophylly of Foltzia
heterophylla is a striking feature: long linear obtuse leaves, 2—5
cm. long, oceur in close association with faleate decurrent foliage.
Small oval strobili characterised by crowded imbricate appendages
are figured by Schimper and Mougeot as male cones, but in no case
have any gporangia been detected: similar strobili are also figured
by Leuthardt® {from the Keuper of the Basel district. The mega-
strobili are longer and bear cuneate cone-scales, with 3—5 rounded
lobes on the upper surface, arranged in a lax spiral. The marginal
lobes of the scales are less deeply separated from one another
than in V. Liebeana (fig. 748, D—F). We have no satisfactory
information with regard to the nature or method of attachment
of the seeds. Saporta® figures a cone from Soultz-les-Bains
showing, as he asserts, the impressions of seeds, but the drawing
affords no definite evidence as to the relation of cone-scales and
seeds. Saporta regards the cone-scales as double, each consisting
of an ovuliferous scale and a bract-scale more or less completely
tused as in the recent genus Tawodivm. The assumption that the
scales are double rests on a very slender basis, and even in the
much better preserved specimens of V. Liebeana there is nothing
to indicate that the scale was double®.” In a recent paper Miss
Holden? speaks of Voltzia cone-scales as double in terms suggesting
a well-established fact, though this is by no means the case.

Blanckenhorn® and other authors have described specimens of
Voltzia heterophylla showing elongated leaf-cushions which they
compare with similar raised areas on the Permian casts on which
Weiss founded the genus Tylodendron (Schizodendron”), In the
latter genus the supposed leaf-cushions are casts of medullary
rays at the inner edge of the secondary xylem, and an examination
of Voltzia specimens in the Strasshurg Musenm® convineed me that

' Schiitze (01). * Leuthardt (03) p. 10, PL 1v.

* Saporta (84) PL 154, fig. 4. ¢ Solms Laubach (91) A. p. 68.

* Holden, R. (13) p: 251

* Blanckenhorn (85) B. PL xx. figs, 17

7 See page 282, & Seward (90).

20.

19—2
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the same explanation applies to Volfzia heterophylla.  Triassic
Volizia casts were referred by Schleiden to a distinet genus Endo-
lepis: examples figured by Schenk?! afford a good illustration of
their close resemblance to Schizodendron. The medullary casts
of the Triassic genus differ from those of Sehizodendron in their
smaller diameter and in the absence of periodic swellings: narrow
slits in the elongated areas mark the position of out-going leaf-traces
(fig. 748, B). A similar though larger form of cast is figured by
Miss Tolden? from Coburg and New Brumswick and referred to
Volizia coburgensis. Fliche® has deseribed a form from the
Muschelkalk of France with more slender shoots than in most
examples of V. keterophylla. Specimens from Swiss Triassic beds
figured by Heer* and Leuthardt?® as examples of this species are
too incomplete to be identified with certainty. Feistmantel's
Indian specimens® referred to V. heterophylla, which I have re-
cently examined, from Lower Giondwana strata, show a variation in
leaf-form suggestive of the Huropean species, but the determination
is open to question. A supposed cone-scale figured by Feist-
mantel resembles in outline the lobed scales of V. Liebeana. Some
very incomplete branches regarded by Feistmantel as pieces of
Albertia shoots are probably identical with the impressions assigned
to Volizia. On a few of the smaller Indian specimens I found
leaves 5 mm. long divided into two slightly divergent prongs,
a feature unknown in Volizie but suggesting Gomphostrobus or
small leaves of Dicranophyllum. Some small seeds ficured by
eiller? from the Karharbari beds of India as probably belonging
to Voltzio cannot be determined with confidence.

Voltzia walchiaeformis Fliche.

TFliche® gives this name to vegetative shoots from the Bunter
of the Vosges characterised by a Wealchia-like habit of branching,
the pinnately disposed lateral branches being given off at about
40°: theleaves are elliptical, short and broad, more or less appressed
and less spreading than in Walchia. It is, however, imposgible
without the confirmatory evidence of strobili to distinguish

L Yehenk (68) p. 80, PL vi. 2 Holden, R. (13).
8 Fliche (10) Pls. xvIIT., X1, i Heer (76) A, PL XXX,
5 Leuthardt (03) PL 1v, figs. 2—35. 6 Feistmantel (79%) Pls. XXIL—XXV.

7 Zeiller (02) B. PL v fig. 9. 8 Fliche (10) p. 198, PL xx1.
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clearly between certain forms of Walchia and Voltzia. A very
similar type is figured by Schiitze® as Widdringlonites keuperianus
Heer? from Stuttgart but with no justification for the use of a
generic name implying relationship with Widdringtonia. The
fragments of foliage-shoots on which Heer founded this species
are too small and of too common a type to be referred to a genus
implying any definite position in the Coniferales.

Volizia Liebeana Geinitz.

A Permian species®, characteristic of the Zechstein copper-
bearing beds of Gera and other localities, represented by foliage-
shoots (fig. 748, C), well preserved cone-scales, and strobili. The
vegetative branches closely resemble those of V. heterophylla and
Ullmanmnia selaginoides: there is the same inconstaney in leaf-form
as in the Bunter species. The strobili are also similar to those of
V. heterophylla: the largest example figured by Geinitz is 2-5 cm.
in diameter and Tem. long. The cone-scales (fig. 748, D—F)
have five lobes, deeper than in V. heterophylla, and the central lobe
is longer than the others. The occurrence of three seeds 1s a
characteristic feature; these are ovate, 5 x 3 mm., and have a
narrow marginal wing. From their close association with strobili
Geinitz identified some spherical seeds, formerly deseribed by him
as Cycloearpon eiselianum, as those of V. Liebeana. This author
figures an imperfectly preserved strobilus as a male catkin; it
resembles those of V. heterophylla, but no microspores have been
discovered. Heer describes some foliage-shoots and detached
lobed cone-scales from the Permian of Hungary as V. hungarica®:
the scales are similar to those of V. Liebeana but have slightly
narrower lobes.

Voltzia keuperiana (Schimper).

This specific name® was given to fertile shoots characterised
by long and lax strobili called by many authors V. eoburgensis
Schauroth®, a designation first applied to a cast resembling Lygi-
nodendron (cf. fig. 401, Vol. 11x. p. 37) from the Keuper of Coburg
and having no proved connexion with Voltzia. The strobili and

! Schiitze (01) PL x. * Heer (65) A. fie. 31; (76) A. PL xxx. figs. 4, 5.
? Geinitz (80) p. 26, PL v. 4 Heer (762).
* Schimper (72) A, p. 248, Pl LxxVI. 6 Schauroth (52) p. 540.
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megasporophylls constitute the distinctive features of V. keuper-
iana: Schimper figutes two strobili approximately 18 cm. long
characterised by fan-shaped scales; the lamina has a fairly long
stalk gradually passing into a broad rounded distal portion with
a crenulate edge, the sinuses between the numerous crenulations
being continued as grooves over the face of the expanded portion
of the secale. No information is available as to the seeds. The
similarity in the general plan of the strobili, apart from the clearly
marked distingnishing feature of the megasporophylls, points to
a generic affinity between this species and V. Liebeana and V. helero-
phylla.  Schimper states that the strobili of V. keuperiona ocour
in groups in contrast to the solitary cones of other types, and in
view of this distinction and the form of the cone-scales he employed
the generic name Glypfolepis for which ITeer substituted Glyplo-
lepidium? on the ground of the previous use of Glyplolepis lor a
fossil fish. Schimper refers to this species the wood named by
Goeppert Araucarites keuperinnus (= Dadozylon keuperianuwmn) but
there is no proof of actual connexion. Schenk® adopted the
generic name Voltzia and Potonié proposed a new term Voltziopsis®
to be used in a provisional and wide sense for Vollzia keuperiana,
Cheirolepis Escheri Heer, Heer's Leptostrobus® and Nathorst’s
Swedenborgia® (fig. 749), including species ranging from the Keuper
to Middle Jurassic strata in contrast to the Lower Triassic and
Permian range ol typical representatives of Folizie. The species
Cheirolepis Eschert, included by Potonié in his genus Voltziopsts,
was founded by IHeer on an imperfectly preserved scale from the
Lower Lias of Switzerland resembling the lobed cone-scales of
Cheirolepis Miinsteri Schenk®. The genus Cheirolepis was 1n-
stituted by Schimper? as a substitute for Brachyphyllum for the
Rhaetic species B. Miinsteri Schenk, the new name being chosen
hecause of the digitate margin of the cone-scales which are said to
bear single seeds. My former employment of Schimper’s generic
term for sterile branches originally named by Phillips Brachy-
phyllum setoswm® was hardly justifiable in the absence of sporo-

i Heer (77) ii. p. 72. * Schimper and Schenk (90) A, p. 290, fig, 199.
3 Potonié (90) B. p. 304, 4 Heer (77) ii. p. 72.

5 Nathorst (78) B. p. 30, PL xvr. figs. 6—12.
Schenk (67) A. p. 187, PL xuor. figs, 1—12,
7 Schimper (72) A. p. 247.

@

8 Seward (00) B. p. 204,
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phylls. The species Volizia recubariensis (Mass.) represented by
several vegetative shoots, imperfect cones, cone-scales, and seeds
in the Muschelkalk beds of Recoaro! illustrates the impossibility
in the case of sterile specimens of drawing any satisfactory line
between Voltzia and Pagiophyllum. Heer instituted the genus
Leptostrobus for strobili from Jurassic strata in Siberia agreeing
closely in habit and in the form of the megasporophylls with those
of Voltzia. The strobili, referred by Heer to three species, do not
exhibit any well-marked specific differences: the longest example,
L. crassipes, is Tem. in length and 1-5em. broad: the scaley,
7—8 mm. broad, arve entire at the distal margin or more or less
lobed and in some specimens the scales are hardly distinguishable
from those of V. keterophylla. Heer states that two-winged seeds
are borne on some of the scales though the evidence is not clear.
In a later account Heer? includes in Leptostrobus clusters of long
linear leaves apparently borne on short shoots and resembling the
needles of Pityites Solmsi Sew., Schizolepis Braunii, and Jefirey's
Prepinus. These leaves, described as L. rigida and L. angusti-
JSolia, though in close association with strobili are not actually
connected with them; they differ considerably from the short,
triangular, imbricate leaves shown in one of Heer’s figures imme-
diately below the fertile portion

of an axis of L. crassipes®. It
would he difficult to draw any M
generic distinction between Lepto-
strobus and Voltzia especially V. ?
keuperiana. B/
SWEDENBORGIA. Nathorst.
This genus? i founded on lax '
A

oval strobili bearing small cone-

scales with long stalks and a Fia. 749, Swedenborgin eryplomerides.

single seed (ig. 749, B). In the -‘1 Strobilus. B.'I‘e:’nle leaf. (After
3 ’ ; e Nathorst; nat. size.)

type-species, S. r"i'g”l."!.'.u4&‘1‘11?(‘-%'. the

cones reach 7 em. in length and the scales are divided distally

into 4 or b acute dicitate lobes. Nathorst compares the strobiki

! Schenk (68) Pls. viL ef seq. ¢ Heer (82) p. 23, Pls. vii., VIIT.
3 Ibid, (77) ii. PL xm, fig, 14, 1 Nathorst (78) B. p. 30, PL xvrL.
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with those of Cryptomeria and Voltzea but mentions the presence
of a single seed as an important distinguishing feature. To
unite Swedenborgia with Voltzie would be misleading, and there
is no valid reason for replacing Nathorst’s term by Potonié's
genus Vollziopsis.

Strobilites. Strobilites laxis Seward.

This name was applied to a lax strobilus, 30 em. long and 1-3 em.
broad at the base, from Rhaetic beds on the Orange River, South
Africal, which may be allied to Folizia, though in the absence of
seeds its position cannot be determined. The sporophylls consist
of a lamina with a rounded distal edge and a radially folded surface
attached by a short horizontal stalk resembling the seed-bearing
scales of Vollzia heterophylla, V. coburgensis, and to some extent
Heer's Jurassic Leptostrobus.

ULLMANNIA. Goeppert.

(loeppert? in his description of Ullimannia refers to the extensive
literature on the fossils from the Permian copper mines of Frank-
enberg on which the genus was founded: the most complete of
these earlier accounts is that of Ullmann. In habit similar to
Walchia, Ullmannia is represented by various forms of foliage-
shoots and impressions of buds and cones, but the data are in-
sufficient to settle its position in the Coniferales. Ullmannia
Bronni (fig. 750, D), the type-species, is practically identical in
leat-form and habit with the Mesozoie genus Pagiophyllm, while
the species U. frumentaria (fig. 750, A) agrees closely with such
recent Conifers as drancaria excelse and A. Bidwilli. The branches
bear spirvally disposed crowded leaves with a median vein and
numerous longitudinal striations on the lamina. The association
of impressions of foliage-shoots with wood having the Arancarian
type of pitting® affords contributory evidence, though by no
means proof, of Araucarian affinity. In the absence of any definite
information as to the structure of the reproductive shoots Ull-
manmie must. be left for the present as a Conifer which cannot be
assigned with certainty to a systematic position. Tuzson? uses

1 Seward (08) B. p. 101, text-fig. 73 PL v. fig. 3. ? Goeppert (60) . 185.
3 Solma-Laubach (84) PL 1 fig. 16; Schimper and Schenk (90) A. p. 275, figs.
190, 191. 4 Tnzson (09) p. 23.
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the generic name Ullmanniles for wood having the Araucarian type
of tracheal pitting which he believes to belong to Ullmannia, but
under the former genus are included types of wood that are not
generically identical and afford no evidence of connexion with
Ullmannia. Ullmannia is essentially a Permian genus especially
characteristic of the copper-bearing rocks of Frankenberg in
Hessen and Tlmenau in Thuringia; it is recorded also from France
and by Eichwald and Schmalhausen from Russia, the species

Fre. 750. Ullmannia. A—C, Ullmannia fromentaria. D, E, U. Bronni. (A, after
Cleinitz: B, (, after Solms-Laubach; D, E, after Potonié.)

U. biarmica Bich.l being represented by both sterile and fertile
branches. Imperfectly preserved impressions from the Permian
of Durham? have been referred to Ullmannia but no satisfactory
specimens have been discovered in English beds. The fragment
figured by Lindley and Hutton® as Voltzia Phillipsi may belong to
an Ullmannia.

1 Sehmalhausen (87) PL vr.

* Murchison and Harkness (64) p. 164; Kirby (64).

3 Lindley and Hutton (37) A. PL 195,
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Ullmanmia Bronni Goeppert.

The fragments of foliage-shoots on which Goeppert? founded this
species were described by some earlier authors as the Frankenberg
ears of corn and by Schlotheim as Poacites phalaroides. Bronn, who
first identified the fossils as Coniferous, named them Cupressites
Ullmanni. We know nothing of the structure of the reproductive
shoots. and the cones referred by Goeppert to this species have
since been assigned to the genus Strobilites. In habit and leaf-form
Ullmannia Bronnd is indistinguishable from certain Triassic and Ju-
rassic foliage-shoots referred by most authors to Pagiophyllum. The
leaves are imbricate (fig. 750, D, E); the lamina is oval or broadly
linear, elliptical, and characterised by longitudinal striations. Some
imperfectly preserved leaves examined by Solms-Laubach showed
clear indications of the presence of a midrib with lateral groups of
transfusion-tracheids, as in U. selaginoides and U. frumentaria.
Ullmannia selaginoides (Brongniart).

This and the following specieg, U. frumentaria, are founded on
vegetative shoots from the Permian of Ilmenau (Thuringia) and
both were deseribed by Brongniart as examples of Fucoides?. The
leaves of U. selaginoides ave longer than thoge of U/, Bronni. linear
and almost uniform in breadth, elliptical in section. There is a
single vascular bundle accompanied by wings of reticulate trans-
fusion-tracheids (cf. fig. 750, C) associated with parenchyma?,
As in the leaves of recent Conifers the transfusion-tissue persists
in the apical region of the lamina. There are 12 rows of hypo-
dermal fibres below the epidermis with sunken stomata and the
mesophyll consists largely of palisade-cells (¢f. fig. 750, B). The
stele of the shoot has a large pith with nests of dark cells enclosed
by a eylinder of secondary xylem consisting of tracheids having a
single row of separate circular pits on the radial wall and uniseriate
medullary rays 1—6 cells deep.

Ullmannia frumentaria (Schlotheim).

This species, originally named Carpolithes frumentariust, is the

commonest fossil in the [lmenau mines. The leaves are lanceolate,

! Goeppert (50) p. 185, PL xx. For synonymy, see Solms-Laubach (84):
Geinitz (80). ¢ Brongniart (28) A. Pl .
3 Solms-Laubach (84) PL mm. figs. 1, 4, 6, 15.
+ Schlotheim (20) A. PL xxvi. fig. 1  For figures, sce Geinitz (80); ete.
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acute, decurrent, and more or less falcate and like those of other
species characterised by longitudinal striae on the dorsal face
(fig. 750, A). Well-preserved impressions of this species in the
Dresden Museum bear a close resemblance to shoots of draucaria
Bidwilli and A. brasiliensis. Some specimens show laterally
attached oval cones, but it is not clear if these are reproductive
shoots or vegetative buds and nothing is known as to the nature
of the sporophylls. The seeds, Cardiocarpus triangularist, referred
by Geinitz to this species on the ground of association, cannot be
safely assiened to Ullmannia. In leaf-structure (fig. 750, B, ©)
U. frumentaria closely resembles U. selaginoides but the hypo-
_dermal fibres form oval strands instead of 1—2 layers. The
species has also been recorded from the Permian of France?.

Strobilites. Strobilites Bronni (Goeppert).

Under this- provisional name Solms-Laubach® deseribed the
problematical fossils from the Frankenberg copper mines which
Goeppert helieved to be the megastrobili and cone-scales of
Ullmannia Browni. In the absence of any satisfactory evidence
of connexion with the vegetative shoots on which U. Bronni was
founded it is better to follow Solms-Lauba c¢h in the adoption of the
non-committal name Strobilites. These star-stones (‘Sterngrau-
pen’) of the miners consist of more or less circular bodies bearing
some resemblance to the peltate cone-scales of Cupressus; they
occur either singly or in cone-like groups. No seeds have been
found attached to the scales nor is there any proof that they were
borne by a Conifer. The larger scales, 15—25 mm. in diameter,
are characterised by 8—12 radial ridges and a central depression
(? umbo), and to the under surface is attached a eylindrical stalk
usually in the centre but occasionally excentric. The scales are
sometimes found in almost spherical clusters and another form
deseribed by Solms-Laubach consists of a eylindrical cone-like
aggrecate 4 em. % 2 em. of rather gmaller seales without radial ribs
and characterised by a stout, rounded, peripheral border.

1 Geinitz (80) PL m. figs. 11—13.
* Zeiller (06) B. p. 219, P, L.
# Solms-Laubach (84).
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ALBERTIA. Schimper.
This generic name was given by Schimper to vegetative
branches from the Bunter of the Vosges agreeing in habit with
shoots of some species of Agathis but differing in the broader
insertion of the lamina. For Albertia Endlicher! substituted
Haidingera. Schimper and Mougeot? figure reconstructions of
both male and female cones and a single -cone-scale bearing a
median seed. Schenk? who examined the original specimens,
states that the supposed male cone is a young megastrobilus of
Voltzia, and Solms-Laubach?, who also examined the material in
the Strassburg Mnseum, considers that Schimper’s statement that
the seed-scale and cones belong to Albertia is *altogether arbitrary
and unsupported.” There would seem to be no reason for connect-
ing the cones figured by Schimper and Mougeot with the shoots
referred by those authors to four species of Albertia®.  Albertia lati-
folia is founded on branches bearing fairly large (2-5 % 1 cm.),
obovate, slightly decurrent leaves with numerous longitudinal stria-
tions. The branches described as 4. elliptica are not distinguishable
by any clearly marked feature from A. latifolia. Albertia Brawnii
has larger obovate leaves and 4. speciosa has broadly linear leaves
reaching a length of 45 em. There is a very close resemblance
between the shoots from the Bunter beds and those of some forms
of Ullimarmia especially U. frumentaria (Schlot.)®, and it is doubt-
ful whether any useful purpose is served by the retention of the
designation Albertia: the descriptions of the reproductive shoots
are misleading and rest on no substantial basis and the sterile
branches exhibit no characters by which they can be generically
separated from Ullmannia. The important point is that there are
no grounds for regarding the specimens usually referred to Albertia
as Araucarian other than the uncertain and untrustworthy evidence
afforded by a similarity to Agathis. The fragmentary impression
from the Karharbari beds of India assigned by Feistmantel” to
1 Endlicher (47) p. 303.
Schimper and Mougeot (44) A. PI. 1.
Schenk in Schimper and Schenk (90) A, p, 284
Solms-Laubach (91) A. p. 75.
Sehimper and Mongeot (44) A, Pls. 1.—v.
' Geinitz (80) PL .
" Feistmantel (79) p. 29, Pl xxvi. fig, 2.

m e W B
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Albertia is too imperfect to be determined: it may be identical
with those referred by the same author to Volizia.

The abundance and wide distribution of wood with Araucarian
features in Palaeozoic rocks though, for reasons already stated,
not admisgible as ]mmi of the oceurrence of nwmbmx of the
Araucarineae, at least shows the great antiquity and predominance
of the Araucarian type. There can be no reagsonable doubt that
much of the wood described in Chapter xxxmr as Dadozylon
belonged to Araucarian plants, more especially the examples
furnished by Mesozoic and Tertiary strata. In considering the
past history of the family the ev idence of the wood must be taken
into account.

The conclusions drawn from a survey of the fossil records are:
(i) the type represented by Araucaria is older than that now illus-
trated by Agathis. In other words Araucaria possesses features,
especially those associated with the megastrobili, which extend
farther back without departing far from the » existing type than is the
case with Agathis. (ii) The Araucarineae foreshadowed in the later
Carboniferous and earlier Permian periods were in all probability
established as a family in Rhaetic times, and in the Jurassic and
earlier Cretaceous pu]m]\ the Araucarimeae were almost cosmo-
politan and represented by numerous forms. (iil) Such evidence
a8 18 afforded by Tertiary records, though meagre and often in-
complete, points to the continued existence of the family in the
Northern Hemisphere at least in the older Tertiary floras.




CHAPTER XLVIL
CUPRESSINEAE.

Tue published records of fossil Conifers would seem to justify
the conclusion that the Cupressineae were widely distributed and
represented by a wealth of genera during the latter part of the
Mesozoic era particularly in the later Jurassic floras, but on closer
inspection of the material a student, having any familiarity with
the external [eatures of recent genera, cannot fail to recognise
the wholly inadequate nature of the dats on which the systematic
determinations are based. It is undoubtedly true that in the
later Jurassic and Lower Cretaceous floras Conifers agreeing
generally in habit and in the possession of appressed imbricate
leaves with such genera as Cupressus, Chamaecyparis, and Thuya
were among the most characteristic types: some have the leaves
in decussate pairs with an occagional tendency to a spiral phyllo-
taxis while others possess leaves of the same form but spirally
disposed. Almost all are sterile and when cones are present the
form and arrangement of the seales often suggest comparison with
recent types other than the Cupressineae. In the Chapter on
recent Conifers attention ig called to the inconstancy of leaf-
arrangement in certain species and to the close resemblance
hetween vegetative shoots of plants belonging to different families.
Fossil coniferous branches referred by authors to the Cupressineae
afford a gtriking illustration of the insufficiency of the evidence
on which sterile impressions have been named. This statement,
though primarily concerned with Mesozoic records, applies also
to many Tertiary species. The records of the rocks clearly show
that European Tertiary floras contained a considerable number of
Cupressineous types that are now eonfined to other regions, but

a critical examination of the older fossils leads to the conclusion
that in very many cases accurate determination of the aflinities
of sterile branches, superficially resembling existing members of
the Cupressineae, is impossible without additional information.
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In the absence of well-preserved cones or anatomical data it is
possible that a comparative examination of cuticular membranes
might furnish useful results. It is, however, only rarely that such
information can be obtained and the only safe course to follow is to
use, with greater freedom than has generally been the practice,
provisional generic names which do not imply affinities to recent
genera. Provisional names that have reference only to vegetative
features should be superseded by designations denoting characters
of greater taxonomic significance when the necessary information
is available. As a preliminary to the description of a few selected
types it may be useful to consider the sense in which some generic
hames have been employed and at the same ftime to state
whether the retention of certain names or their use in a modified
sense is advisable.

Thuytes Brongniart.

Brongniart! instituted this term for ‘Branches like those of
Thuya; fruit unknown.” The name, in the form Thuyiles, had
been used a few years previously by Sternberg and it was adopted
by Unger? as Thuites for both sterile branches and cones similar to
those of the recent genus. Thuyles has been widely used for
vegetative branches agreeing generally in habit with those of
Thuya or Cupressus and some other Cupressineae, but with the
exception of some Tertiary species the designation has reference
in nearly all cases to the form and arrangement of the leaves.
The employment of Thugles in this wide sense is open to criticism
on the ground that in accordance with the usual practice specimens
50 named would be considered to be more nearly related to Zhuya
than to any other genus. It is therefore proposed to adopt the
generic designation Thuites only for such specimens as afford
f"‘"i‘-l'c‘nCE of close affinity to the recent genus and to discontinue
1ts use for sterile shoots which suggest comparison net only with
T/wfﬂt- but also with Cugmressus, Libocedrus and other genera,

CUPRESSINOCLADUS. Gen. nov.
Goeppert’s term Cupressites® is retained for fossils which there
1Isreason for associating with Cupressus and should not be employed

* Brongniart (28) A, p. 109; Seward (04) B. p. 140.
= Unger (50) A. p. 346. 3 Goeppert (50) p. 183.
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in a wider sense. Bowerbank! adopted the form Cupressinites
for some fossil cones from the London Clay in order to avoid the
implication of affinity only to Cupressus which is suggested by
Cupressites. This generic name would be convenient for Cupres-
sineous branches had it not been restricted in the first instance to
cones: to avoid the revival of a term and its employment in a new
sense it is proposed to adopt the name Cupressinocladus for vege-
tative shoots agreeing in the habit of branching and in the predomi-
nance of a decussate arrangement of appressed leaves with recent
Cupressineae such as Cupiessis, Thuya, Libocedrus and similar
types, When cones are present which throw any light on generic
affinity some other term should be adopted. It will, however, be
found in practice that the choice of the most appropriate name is
exceedingly difficult; and no sharp line can be drawn between
certain specimeng which conlorm in part to Cupressinocladus and
in part to the characters of Brachyphyllum.

Palaeocyparis Saporta.

The published illustrations of Conifers included by Saporta® in
this genus afford examples of the inconstancy of leaf-arrangement
in a single type and demonstrate the impossibility of drawing any
definite distinetion between this genus and Thuytes as used by
Saporta. With one exception all the specimens from Jurassie
rocks referred by Saporta to his genus are sterile and in habit
agree with several recent genera of the Cupressineae particularly
Cupressus, Chamaecyparis, and Thuya. In Palaeocyparis are in-
cluded species previously referred to Echinostrobus, Thuytes, and
Athrotawites. The branching is in one plane; the leaves are stated
to be usually though not invariably decussate, more or less tri-
angular, appressed, and imbricate, rarely free at the apex of the
lamina. The supposed cone described in the case of Palaeocypaiis
%, u species from Upper Jurassic beds in France, is only 7
by 9 mm. and it is not clear whether it is a true cone or a vegetative
bud or perhaps a male flower. The genus is practically founded
on vegetative characters only. An objection to the retention of
Saporta’s term is that several of the specimens may legitimately
be included in a previously established genus Brachyphyllum.

1 Bowerbank (40) p. 51, * Saporta (84) p. 574, Pls, 202 ef seq.
8 Ibid. PL 214,

elegans
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THUITES. Brongniart emend.

As stated on a previous page it is proposed to limit this name to
fossils affording good evidence of close affinity to the recent genus
Thuya. Among the few examples that appear to fulfil this con-
dition are those described as Thuya oceidentalis L. suceinea Goepp.
and Biota orientalis Endl. succinea Goepp.? from the Oligocene
amber deposits on the Baltic coast. Schlechtendal?® records
Specimens from Oligocene beds at Weimar, consisting of shoots
With opposite pairs of leaves, on which a resin-canal is seen below
the apex, and the remains of male flowers, which he names Thuya
occidentalis var. thuringica.

CUPRESSITES, Goeppert.
("'"I'”'ff-*-?“:/fﬂ\.' MacHenryi Baily.

This name was given? to a piece of shoot of Cupressus-like
l__li'i]')it‘ from the Eoeene beds of Antrim. Baily’s figure, which
Gardner Sa¥s 18 inaccurate, shows the small scale-leaves as spiral,
but the specimens subsequently deseribed by Gardner® from
tbe same locality leave no doubt as to the decussate arrangement,
of the foliage., (Gardner adopts the name Cupressus Pritchardi on
the assumption that the fossil wood from Lough Neagh deseribed
1:)‘57 roeppert® as Pinites Pritchards belongs to the species which
turnished the Antrim specimens: the wood, subsequently referred
.f‘-n (_7nrpre.&-.s-f;.ur_;_.f::[."r,”"r" affords a ’{_\'||i(:ui example of that genus as
15 f.‘]e‘d.l.'l‘\“ shown by the photographs reproduced in fig. 715 (p. 188),
but there is no proof of -

, any connexion between it and the branches
from the Antrim leaf-beds. The shoots are characterised by
their slender pinnately

arranged branchlets with small decussate
leaves,

and the cones, about 14 mm., long, bear 10 hexagonal
Scales of the (,'q[.,.-f:_-;,g,,,; type very similar to those of (,-'Hfu'('.i,‘.ﬁ'h’(’-'\;'
taxiformas Vo = ot

Tt formis. No seeds were found attached to the cone-seales.
. 1& abundance of specimens in the Irish beds indicates that this
-“Upressineous species was a common teee in the forests which
! Gaeppert and Mense (83) A, p. 43, PL xv. figs. 199—208,

Lhid. p. 42, P, xv, fizs, 180—198.

Schlechtendal (02) Pls. 1.

! Baily, W. H. (69) p. 361, Pl xv. fip. 5.

(73;‘:1'1im-|' (86) p. 82, PL. xvr. fizs. 8. 0: PL xvi. fig. 1; Pl xIx.
Goeppert (50) p. 220. ? Kraus in Schimper (72) A. p. 376.
8. TV
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flourished on the western edge of Europe during the period of
voleanic activity responsible for the widespread sheets of lava in
the North-East of Ireland and the Western Isles of Scotland.
Clupressites taxiformis Unger.

This species was founded by Unger?® on sterile and fertile shoots
from Eocene beds in the Tyrol. Many of the sterile branches are
similarin the form of the linear leaves to Tarus, but other leaves
are appressed to the axis and free only at the apex, resembling on
a small scale those of Sequoia gigantea. The cones consist of
polygonal, peltate, scales probably verticillate and superficially
similar to the strobili of Cupressus: they are borne on shoots with
scale-like leaves. The species is recorded by De la Harpe? from
the Isle of Wight and several specimens are figured by Gardner?

from the Middle Bagshot beds of Bournemouth. The material
from the latter locality consists of sterile shoots with linear Taxus-
like leaves from 5 to 15 mm. long and occasionally, on the same
axis, smaller decurrent leaves, though generally the two forms are
found on different twigs. The cones oceur ouly
in connexion with the shoots bearing small ap-
pressed leaves: the specimen shown in fig. 751
has been re-drawn from one of Gardner’s figured
specimens®: it is characterised by peltate scales
with a central umbo and a wrinkled surface.

The evidence in favour of assienine all the i :
- : LS Fra. 761, Cupressiles
sterile shoots to the same species is not con-  irrmis. (From
vineing, though a gimilar combination is met  a specimen in the
British Musewm ;

with in the recent species Glyplostrobus hetero- ks
' nat. size.)

phyllus. 1f we confine our attention to the cones
they may reasonably be retained in the genns Cupressiles and
regarded as evidence of the existence in Western Hurope in the
Hocene period of a type closely allied to the genus Cupressus.
The position of the sterile shoots cannot be determined without
further investigation.

Y Unger (47) p. 18, PL vim. figs. 1—3; PL 1=, fizs, 14,

2 De la Harpe in Bristow (62) PL v. fig, 2.

3 Gurdner (86) p. 26, PL 1. figs. 1—13; PL v, figs, 13, 14; PL vir. fig. 8; Pl 1x.
figs. 22— 96, 2830,
1 Ibid, Pl 1x. fig. 27.
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‘ Another Tertiary representative of the recent genus Cupressus
18 that described from the Oligocene amber beds of East Prussia
as Cupressus sempervirens L. succinea Goepp. and Menge. This
species is founded on fragments of sterile shoots with a well pre-
served male flower showing very clearly the form of the gporophylls.
CUPRESSINOCLADUS. Gen. nov.

The following examples of Cupressineous shoots that do not
afford satisfactory evidence of relationship to any particular
Lecent genus are given in illustration of the desirability of employ-
Ing such a non-committal generic term as Cupressinocladus.

(1)  Species previously referred to Libocedrus.

The Cretaceous specimens from the Atane beds of West Green-
land deseribed by Heer? as Libocedrus erefacen are unaccompanied
by any cones and may equally well be compared with species of
T“?”’!irr: specimens from the Amboy clays, believed to be identical
with Heer's, are assigned to the latter genus by Newberry?®,
(.'Mpl‘e‘.s'.\".’:rmr_"y'r‘ufu.x- salicornoides (Unger).

A sterile piece of branch fignred by Lindley?* from Provence as
?:1"”'.’/” is probably identical with Unger's species recorded by
Paporta® from the same locality. The type-specimens on which
Unger founded the species Thantes salicornoides (fig. 752) are from
Eocene beds in Croatia® . they do not bear any mature cones and
cannot be assigned with confidence to any recent genus. The
flattened shoots bear appressed leaves in decussate pairs and the
decurrent lamina may reach a |

5 ength of 1-5 em. By later authors
:‘ Us species, recorded from Styria?, Bohemia®, Switzerland®, the
Dligocene beds of Bast Prussial®, Ttalyl, the Miocene of France
and from other localities?2, is spoken of as Libocedrys. but the few
examples of cones that have been figured do not exhibit with
Goeppert and Menge (83) A. p. 45, PL xve. figs. 218224,

H":l.:i' (52) i. p. 49, PL xx1x, figs. 1. 2; PL xvun fie, 14

Newberry and Hollick (95) p. 53, PL x. figs. 1, la.

In Murchison and Lyell (29) p. 208, fig. B.

Saporta (65%) p. 42, Pl 1. fig. 4. ¢ Unger (47) p. 11, P, 1.
Ettingshausen (70) p. 39: (88) p. 273,
Ibid, (672) p. 109, PL v

Heer (55) A. p- 47, Pl,
Goeppert and Menge
Massalonga (59) p- 153, PL v. figs. 2

]

o B @

oo
27—30,

1
11 3
12 Marty (08),

20-—2
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sufficient clearness morphological features that justify the con-
clugion that the specimens agree more closely with Libocedris
than with Lhuya or Lhujopsis. The present discontinuous dis-
tribution of Libocedrus (page 126) is favourable to the view that
it was formerly much more widely spread, but despite the very

Fic. 752, Cupressinocladus salicornoides.  (After Unger; nat. size.)

close resemblance between the sterile shoots of the Tertiary
Conifer to those of some existing species of the genus it would be
unwise to adopt the designation Libocedrus or Libocedrites.

Heer! described fragments from Miocene strata in Greenland
as Libocedrus Sabiniane mmcluding a supposed cone-seale, which
i8 too indistinet to be determined. To this species Beust refers
some petrified wood from the same locality. The sterile specimens
recorded by Gardner? from the Woolwich beds of Kent as Libo-
cedrus adpressa, though similar to L. salicornoides, are no doubt
specifically distinet: they are valueless as evidence of the existence
of Libocedrus. Taurent? also records the species from Aquitanian
beds in the Puy-de-Ddme.

! Heer (83) p. 58, Pls. LxX., 1XxXXV1, LXXxvI.; Beust (85) p. 40, Pls. m., v.
* Gardner (86) p. 25, PL 1. figs. 17—20. 3 Lautent (12) p. 69.
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(1)  Species previously referred to Thujopsis.

Chupressinocladus massiliensis (Saporta). The small twigs de-
seribed by Saporta from Provence as Thujopsis massiliensist and
compared by him with Thuya occidentalis are very similar to those
named by the same author T. europaea®: in neither case is there
any justification for the use of the generic name Thujopsis. Heer?
records T'. europaea from Miocene beds in Greenland and in a later
account adopts the name Biota orientalis on the ground of the
oceurrence of imperfect cones and elongated cone-scales comparable
with those of Biota (Thuya), but the figured specimens are too
indistinet to warrant the employment of the generic term Thuntes
i the more restricted sense advocated above. Goeppert and
Menge* refer some fragments from the Baltic amber beds to
Thujopsis ewropaea, but no reproductive organs are figured.

(iii) Species previously referred to Thuya or Thuites.

Several Jurassic and Lower Cretaceous specimens formerly
included in Thuites are now transferred to Brachyphyllum on the
ground that the choice of one or other of these names has fre-
quently heen determined by characters that are both inconstant
and of [little morphological importance. There are, however,
several examples of Coniferous shoots from Mesozoic and Tertiary
Strata that are clearly distinguished from such types as Thuiles
expansa (= Brachyphyllum expansum), in which the verticillate
arrangement of the leaves is not a well marked or constant feature,
by the very regular disposition of appressed leaves 1n decussate
paire as in recent species of Libocedrus and some other Cupres-
sineae: for this form of shoot the generic name Cupressinocladus
18 now adopted. g
Cupressinocladus valdensis Seward.

A species described as Thuiles valdensis® from a single specimen
from Wealden beds on the Sussex coast. characterised by decussate
appressed leaves with a comparatively long basal portion con-
creseent with the axis of the hranch and a free short triangular

' Saporta (65) p. 72, PL 1. fig. 6; PL1v. fig. 2.

= Ihid, (65%) PL 1. fig
a

b

=5

Heer (68) 1. p. 90, Pl v fig, 11; (75) iii. p. 7, PL © figs, 13—29.
Goeppert and Menge (83) A. PL xvr figs, 215—217,

Seward (95) A, p. 209, PL xx. fig, 6.

4

5
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apex, agreeing closely with some forms of Libocedrus and with the
younger branches of Frenelopsis. Though accurate determination
of the position of such specimens is impossible, they afford evidence
of the fairly widespread oceurrence of Conifers in Mesozoic and
Tertiary strata exhibiting a striking resemblance in habit to
recent Cupressineous genera.

Vegetative branches from Miocene beds in Spitzbergen and
Greenland referred by Heer! to Thuites Ehrenswaerdi and T.
Meriana respectively afford examples of specimens which would
be more appropriately included in the genus Clupressinecladus.
Similarly the fragments described by Goeppert and Menge as
Thuya Mengeana Goepp.? afford no convineing evidence of generic
identity with the recent genus.

(iv) Species previously referred to Juniperus or Juniperites,
Cupressinocladus ypnotdes (Heer).

The slender sterile branches from the Lower Cretaceons heds on
the West of Greenland described as Juniperus hypnoides® afford no
substantial evidence of relationship to Juniperus rather than to
some other member of the Cupressineae or Callitrineae. Specimens
from the same locality which may be specifically identical with
Juniperus hypnoides are deseribed by Ieer as J. macilenta®. The
leaves are very small and occur on the slender axes in opposite
pairs. Newberry records J. macilenta® from the Amboy clays
and states that cone-scales of Dammara are associated with the
loliage-shoots, though Hollick in a note to the description says
that he was unable to find any such scales with the vegetative
branches. Hollick and Jeffrey® fizure specimens from the lignite
beds at Kreischerville as J. hyproides and believed them to be
identical with those deseribed by Newberry as J. macilenta : they
also speak of the association of Danmara | Agathis| seales,

The Tertiary Greenland species J. terfiarius and J. gracilis?,
founded by Heer on sterile branches, are equally unsatisfactory as
Heer (71) dii. p. 38, PL an. figs. 25, 26; (82) i. PL .

Goeppert and Menge (83) A, p. 44, PL xvr, figs. 211—214,
Heer (82) i. p. 47, PL xurv. fig. 3; Pl xnvr fig. 18.
t Ibid. Pl xxxv. figs. 10, 11.  Newberry and Hollick (95) PL x. fig. 7

L
% Hollick and Jefirey (09) B. p. 61, PL v. figs. 5, 6,
" Heer (83) p. 57, Pls. 1xx., o11., cvI.

1
a
3




XLVI] ECHINOSTROBUS, ETIC. 311

records of Conifers closely allied to Juniperus, and the same 1'enlzark
applies to Juniperites eocenica described by Ettingshausen' from
Hiring in the Tyrol. A single male flower figured by Goeppert
and Mﬂengoﬁ from the Baltic amber as Juniperus Harlmannianus
may be O-orrectly referred to that genus though other recent genera
are not excluded.

Eehinostrobus Schimper.

Proposed in the first instance by Schimper?® for Unger's ;’Jﬂu'—m
laxites lycopodioides, this term was adopted for several sterile
shoots such as those named by Brongniart Thuyles expansus,
characterised by the possession of decussate leaves like those.{d
Thuya and Cupressus with others agreeing more closely with
Brachyphyllum. As the name has reference to the spinous nature
of the cone-scales, and as it is now agreed that Unger’s earlier name
Athrotazites may be appropriately employed, Echinostrobus 1s dig-
carded.

Phyllostrobus Saporta.

This generic name was given by Saporta* to an Upper Jurassic
fertile shoot with whorled leaves of the Thuites form bearing a
single cone compared with those of Libocedrus. The impression
conveyed by Saporta’s figures is that the preservation of tlhr} cone
1§ too imperfect to warrant the institution of a new generic term.
Condylites Thiselton-Dyer.

This name applied to specimens from the Solenhofen slates®
has reference to the elbow-like insertion of lateral branches: the
foliage is like that of Brachyphyllum, and the cones, which are
imperfectly preserved, are compared with those of Thuya. As in
the cage of Saporta’s Phyllostrobus the cones are too obscure to
admit of any satisfactory description.

Athrotazites Unger.

This name was proposed by Unger® for a branched cone-bearing
shoot from Solenhofen agresing in vegetative characters with
! Ettingshausen (55) PL v. fig. 6.
* Goeppert and Menge (83) A. p. 39, PL xav. figs. 1566, 157.
Sehimper (72) A. p. 330. 4 Baporta (84) p. 635.
Thiselton-Dyer (72). ¢ Unger (49) PL v. figs. 1, 2

g &

#
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specimens previously figured by Sternhberg as Caulerpites. The
speeimen in the Munich Museum on which the type-species Athro-
taxites lycopodioides was founded was examined and re-figured by
Schimper! and by Saporta (fig. 753, C)2: the former author
substituted for Athrotazites a new genus Echinostrobus in order to
avold the implication of relationship with Athrotazis which he
was not prepared to accept, and without adequate reason altered
Unger’s specific name lycopodivides to Sternbergii. Saporta, who
believed Unger's type to be intermediate between Athrotazis
and Cryptomeria as regards the features of the cones, retained
Schimper’s designation Echinostrobus Sternbergii.  Unger3 in sub-
sequent accounts of Solenhofen plants extended the application of
Athrotazites to sterile shoots, and this course was also followed by
Thiselton-Dyer? who expressed agreement with Unger as regards
the resemblance of the fossil cones to those of the recent eenus.
In accordance with the principle advocated on a previous page it
is suggested that Unger's generic name should he retained only
for specimens which afford evidence, other than mere resemblance
of foliage-shoots, of affinity to the recent genus Athrolawis: this
use of Unger’s term has recently been adopted by Halle®. Most
of the sterile specimens referred to Athrotuaites by Unger and other
authors should be transferred to Brachyphyllum.

Athrotazopsis Fontaine,

Fontaine® instituted this name for some fertile Coniferous
shoots from the Potomac formation similar in habit to gpecies in-
cluded by Saporta in his genus Palacocyparis and to the genus
Tlutes but bearing cones different from those of Athrofarites
lycopodioides. Berry? subsequently reduced the number of Fon
taine’s species and pointed out that some of his specimeng are
indistinguishable from shoots included in Sphenalepidium, a con-
clusion to which I had been led® by a comparison of Wealden
specimens of Sphenolepidium Kurrianum with Fontaine’s figures.
Some of the Potomac examples agree in vegetative characters with
the genus Brachyphyllum. TIn the absence of any substantial

L Schimper (74) A. PL Lxxv. fig. 21,

® Saporta (84) PL 199. 8 Unger (52); (542),

1 Thiselton-Dyer (72). ¥ Halle (13) p. 40,
¢ Fontaine (89) B. p, 239, 7 Berry (114) & Sewarrd (95) A. p. 202,
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grounds for assuming any direet relationship between the Potomac
Conifers and Athrotaxis, and in view of the fact that the American
specimens can be accommodated in previously instituted genera,
there are no good reasons for retaining Fontaine’s name,

ATHROTAXITES. Unger emend.

The Tasmanian genus Athrotaxis (page 150) is one of the existing
Conifers of which our knowledge of morphological features is very

-,

B

A
.

A, B, D, Athrolarites Ungeri.  C, Athrotaxites f_i;r’r.'prlrﬂ'irl"’l'-f“*. (A, B, D,
after Halle: A, nat, size. C, after Saporta: nat. size.)

Fia. TH3;

]"""U'Nete: its restricted range and the striking resemblance of
the vegetative characters to those of many Jurassic species in-
cluded in Brachyphyllum suggest antiquity, but palaeobotanical
records have furnished very little evidence of value in support of
this conclusion. It is however probable that like several other
plants now confined to the southern hemisphere Athrotaxis is a
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survival of a type of Conifer which was widely spread in Jurassic

floras.

Athrotazites  lycopodioides Unger (— Echinostrobus Sternbergis
Schimp.).

Reference has already been made to the vegetative characters
of this Upper Jurassic species from Solenhofen®. Tn the crowded
imbricate leaves and in the blunt stiff branches it agrees very
closely with Athrotaxis cupressoides: the globular cones (fig. 753,
(), though incompletely preserved, also exhibit in the comparatively
small number of cone-scales and their thick spinous distal ends a
distinet similarity to those of the recent genus. Nothing is known
of the seeds.

Athrotaxites Ungeri Halle.

This gpecies?, founded on fertile specimens [rom the San Martin
flora of Patagonia, probably of Upper Jurassic or Wealden age,
is practically identical with Unger's type: the branches are more
slender and the globular cones, 10—15 mm. in diameter, appear to

be of the same type. The cone-scales have a cuneate base and a

thick spathulate distal end prolonged into a short pointed apex
(fig. 753, A, B): the thickening of the scales close behind the apex
recalls the form characteristic of recent cones (ef. fig. 684, N, p. 116).
As Halle says, the vegetative features (fig. 753, D) of this and the
preceding type are those of Brachyphyllum.

In his memoir on British Rocene Gymnogperms Gardner?
referred to Athrotaris some of the foliage-shoots and eones from
Bovey Tracey in Devonshire which had previously heen included
in Sequoia Couttsiae Heer: the reasons for the change of genus are
by ne means adequate. Mr and Mes Clement Reid® in their recent
investigation of the Bovey Tracey material, which they refer to
an Upper Oligocene age, made a careful examination of numerous
Sequoie fragments inclading a comparison of fossil enticular
membranes with the epidermis of both Sequoia and Athrotaxis
leaves: they were unable to discover any evidence of the presence
of representatives of the latter genus. Gardner also assigns some

1 Bee page 312; Unger (49). 2 Halle (13) p. 40, Pls, 11.—v.
3 Gardner (86) p. 80, PL vi. figs. 1—9; PL x. fies. 6—9.
* Reid, C. and B, M. Reid (10) p. 171,
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pieces of vegetative organs and in one case a cone to Athrotazis,
but the evidence on which the species Athrotaais (1) subulata 18
tounded has little value.

BRACHYPHYLLUM. Brongniart.
Brongniart? proposed this name for a Jurassic species, Brachy-
phyllum mamillare, founded on sterile branches characterised by
pinnate branching in one plane and spirally disposed appressed
leaves with a thick lamina of triangular, conical, or hexagonal form.
He afterwards® extended the term to other Jurassic species and
called attention to the striking resemblance of the fossil shoots to
those of Athrotaxis. The pl,u}fn_uraph of Athrotaxis cupressoides
shown in fig. 701 (p. 150) affords a very good idea of the habit of
Brachyphyllum. Specimens in which the pinnate ramification is a
conspicuons feature are more like shoots of Thuya or Cupressus, and
on the smaller branches the leaves may assume a decussate arrange-
ment. Ou older branches the leaves are often hexagonal and more
or less convex, while on the branchlets they are more triangular or
conical and are free at the apex, which in some forms is bent out-
wards from the axis (fig. 756). In mearly all cases specimens
referred to er-]rypbgﬁu_m are sterile and, except in examples
where the presm‘\':‘ltion of the cones i too imperfect to afford any
evidence of morphological characters, it is suggested that the
generic name should be reserved for sterile branches and regarded
a8 purely provisional. As Saporta! points out in his account of the
genus, considerable confusion has been caused by attempts to
fl‘s*’igﬂ Species to several positions in the Coniferales on wholly
msufficient evidence. Ungerd figured a fertile specimen from the
Rhaetic vocks of Franconia, which he referred to Brachyphyllwi
speciosum Miinst., and this was re-figured by Schenk® as Pal 1SSy
aperte, though as others have pointed out the cones are very
different from those of Palissya: as Nathorst? says, they have the
characters of the genus Elatides, and the same is true of some cones
fignred by Saporta® and assigned by him to Brachyphyllum. The
name Elatides 18 regerved icju'-s]wr-inmns characterised by a certain
! Gardner (86) p. 43, Pl x1.  * Brongniart (28) A, p. 108, 2 Jbid. (49) A. p. 69.
1 Baporta (84) p. 310. 8 Unger (49) PL v, figs. 3, 4.
¢ Schenk (67) A, PL xLm. figs. 1—13. 7 Nathorst (97) p. 34
® Baporta (84) P 165, fig. 1: PL 167, figs. 2, 3; PL 171, fige. 7—9
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type of cone (fig. 742) and although typical examples of the genus
bear leaves differing in their greater freedom from the axis from
the more concrescent foliage of Brachyphyllum, it is not possible
in all cases to draw a definite line between the two forms of shoot.
Until a few years ago nothing was known as to the anatomical
teatures of Brachyphyllum but the researches of Hollick and Jefirey?
have partially made good this deficiency : these authors investigated
the structure of Brachyphyllum macrocarpum Newh. (= B. crassum)
(fig. 758, (i) from the Cretaceous beds of Kreischerville and demon-
strated a close resemblance in some characters to recent Araucarias.
They fully recognise that it would be unsafe to assume the presence
of similar anatomical features in other species, though it is reason-
able to expect the occurrence of such characters in many species
not yet found as petrifications. Other examples of shoots of
the Brachyphyllum habit furnishing information with regard to
anatomy are B. eathiense Sew.? and Bane. and a Japanese species
originally described as Yeonia vulgaris by Drs Stopes and Fujii®
and since transferred to Brachyphyllum. As the great majority of
specimens veferred to Brachyphyllum give no anatomical infor-
mation the generic name is usually applied to fossils exhibiting
only external features; it is a form-genus. The introduction of
anatomical characters, based on the examination of a very small
number of examples, into a general definition might seriously
mislead students with regard to the affinities of species known
only as impressions. On the other hand as some species of Brachy-
phyllum  exhibit anatomical features of diagnostic value the
definition of the genns may he extended, in certain cases only, to
include the information furnished by such examples as those de-
seribed on pages 322 -328.

The inclusion of some species, e.g. the well-known type usually
referved to Thuiles, T. expansus, in Brachyphyllum is a change
which may be regarded as retrograde, but an examination of
specimens of that type shows the impossibility of recognising any
constant verticillate disposition of the leaves such as would justify
the adoption of Cupressinocladus or some other name implying

! Hollick and Jefirey (09) B, p. 33,
# Seward and Baneroft (13) p. 869.
4

Stopes and Fujii (10) 7. 23; Jeffrey (10%),
I ] F ; ¥ (107
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affinity to recent Cupressineae. By slightly extending the use of
Brachyphyllum we avoid the danger of giving a false impression of
affinity and lighten the task of dealing with material which is of
secondary botanical importance.
Brachyphyllum expansum (Sternberg).

In transferring this widely spread Jurassic species, founded by
Sternberg on a specimen from the Stonesfield (fig. 754), Oxlord-

F1a. 754,

‘Brachyphylium expaneum. F1G. 735. Brachyphylbum expansuni.
(Sedgwick Musenm, Cambridge. ) (Figured by Feistmantel as Echino-

elrobus expansus.)

shive, as Thuites expansust, from Thuites to Brachyphyllum the
application of the latter name is extended to include Coniferous
shoots in which the decussate arrangement of the leaves is more
apparent than in the majority of species usually rveferred to

! Sternhers (23) A, p. 38, PL xxxvim. figs. 1, 2. For synonymy see Seward (04)
B, p. 142,
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Brachyphyllum. Schimper?! included Sternberg’s species in Eehino-
strobus and Saporta?® adopted the designation Pealaeocyparis. The
small amount of evidence with regard to the structure of the cones
does not afford an adequate reason for retaining the generic name
Thauites.

Specimens from Jurassic rocks in India described by Feist-
mantel® (fig. 755) as Echinostrobus expansus, superficially at least
very similar to the European Thuites expansus, have recently been
examined by Miss Holden®. The epidermal cells of the small
decussate leaves are irregular in shape; the stomata are scattered
but there is an astomatic area down the centre of the lamina.
The stomata are sunk and have four accessory cells. Miss Holden
points out that the epidermal features of this Indian type are
different from those of Brachyphyllwin macrocarpwm, B. Miinster:
and B. affine® in which rows ol stomata alternate with strands of
sclerenchyma: this difference is legitimately used as an argument
in favour of retaining the generic name Thuwites rather than em-
ploying Brachyphyllum. It is, however, as a rule impossible to
obtain any information with regard to the cuticular features, and
from the external characters of impressions of foliage-shoots we
cannot draw any satisfactory line between specimens referred
to Brachyplylluin and Thuites. Miss Holden’s work affords an
illustration of the possibility of employing epidermal featires as
a means of separating shoots which in habit appear to belong to
one generic type. 5o far as 1 know we have no data with regard
to the epidermal structure of the Eurepean Thuites expansus and
we cannot therefore say whether the Indian species are identical or
not with those included in the same species from other regions,

In habit Brachyplyllum expansuin agrees with B. mamillare and
other types as also with recent species of Thuya and Cupressus: in
some examples the branchlets are crowded and in others the
ramification is much more open; the small appressed leaves are
broadly triangular or longer and relatively narrower than in such

L Schimper (72) A, p. 333. * Baporta (84) p. 600, PL 209,

3 Feistmantel (76%) p. 69, Pls. 1x., x.

! Molden, B. {15%) p. 221, PL x1. figs. 2, 5, 6. The specimens examined were
kindly sent to the Cambridge Botany School by the Direotor of the Indian Geo-
logical Survey.
® Hollick and Jeffrey (09) B.; Sehenk (67) A.
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Species as B. mamillare or B. crassum: the apical portion of the
lamina is free and may be slightly falcate. In a few cases globular

Fre, 756 n g1 1
G. 756,  Brachyphyltum copansum?. (The original of Feistmantel's Pachyphylhomn
heterophyllum. Caleutta Museum, Geol, Sury. India; nat. size.)

cones occur on the foliage-shoots characterised by spirally disposed
cales: in a specimen from the Stonesfield slate described in 1904
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each cone-scale has a funnel-like ecavity near one edge and the
upper side of the cavity is radially ridged’. No seeds have been
found in connexion with the cones. The male flowers are longer
and narrower and consist of numerous sporophylls attached at
right-angles and expanded distally into a peltate lamina. The
specimen reproduced in fig. 756G is the original of Feistmantel’s
Pachyphyllum heterophyllum?® from Indian Jurassic beds: on the
stouter axis there are spirally disposed triangular leaf-bases while
on the smaller branches the leal-lamina is preserved and appears
to be thick, sub-faleate, and tetragonal. This specimen is in my
opinion indistinguishable from that shown in fig. 7565, which
Feistmantel figures as Echinostrobus expansus® and both agree
superficially at least with European examples of Brachyphyllum
CEPANSUNL.

Brachyphyllum mamillare Brongniart.

This specific name? has been applied to specimens from many
Jurassic localities and it might well be extended to others regarded
by authors as distinet species. An accurate specific determination
of the numerous Brachyphyllum shoots is indeed hopeless without
other characters than those afforded by impressions and casts. In
habit the species resembles Athrotawis cupressoides: the branches
are given off at a fairly wide angle: the leaves are small, fleshy,
and more or less triangular with a median dorsal keel and usually
spirally disposed. There has been some confusion between this
species and Sternberg’s Thuites expansus: the specimen from the
Yorkshire coast figured by Lindley and Hutton® under the latter
name, now in the Manchester Museum, is undoubtedly identical
with Brongniart’s species. There is a considerable difference in the
degree of freedom of the upper part of the lamina from the axis;
in some specimens the leaf is almost entirely concrescent with the
axis and in others the leaves are more open and attached only by
the basal part of the lamina.

Feistmantel figures several specimens of Brachyphyllum from
Indian Jurassic localities under different names, many of which
appear to be indistinguishable superficially from B. mamillare.

1 Seward (04) B. PL 1x. fig. 4.

2 Feistmantel (79) Pl xt. fig, 4. 3 Ibid. Pl x1. fig. 2.
3 Brongniart (28) A, p. 109, ® Lindley and Hutton (35) A. PL cuxv,
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Among these are some of the shoots referred by him to E(-ﬁ.u'g.{u.iji'rr')fm..e
expansus' and others described as E. J'r'IJ'Hrffﬁl‘l![“i?.,\'!.\'.Ft’lb‘t: and
E. rhombicus®. An examination of some of the figured Specimens
referred by Feistmantel to Pachyphylium (= Pagiophyllum) peri-
grinum (Lind. and Hutt.) leads me to include them at least pro-
visionally in B. mamillare. The generic distinetion between the
f‘”‘l‘l.l—gexierzu Brachyphyllum and Pagiophyllum is by no means
always clearly marked. “

Among many European examples of the Brachyphyllum umfu.'f-
lare form of ('n'_.»nif(‘r. reference may be made to the illustrations
by Saporta of the French Jurassic specimens referred to b’mr‘flw-
Phayllm, Moreauanum Brongn., B. nepos Sap. and a form with
more slender branches, B. gracile®

Zeiller* records specimens of foliage-shoots with cones supex-
ficially resembling those of Seguoeia from Lower Jurassic beds in

Madagascar which he assigns to Brachyphyllum and compares with
B. H[{[Jr}s.

er'prb ylhum spinoswin Neward.

A Wealden species? founded on several well preserved specimens
from the coast of Sussex characterised by the possession of short,
ﬂl“lﬁl%]ikt‘, lateral branches clothed with fleshy leaves with a
longitudinally striated lamina of the usual Brachyphyllum type.
Two or three of these spinous shoots occur at the same level on t.hc
Parent-axis. The stouter branches are covered with gpirally dis-
posed polyeonal leaf-hases, while on the more slender branches the

broad and short leaves assume a more or less regular decussate
disposition,

In leaf-form and branching-habit this gpecies agrees
clogely

ith several other exa mples of the genus, but the spinous

shoots are a distinetive feature.

Brachy Phyllwm obesum Heer.
This species originally described fr
in Portugal® is represented in the P

referrad by Fontaine? to

1

om Lower Cretaceous strata
otomac formation by specimens
Brachyphyllum erassicaule, and there are
Feistmantel (762) Pl 1. figs. —0; PL x. fiss. 3, 4.

Ihid. (79) PL xm. figs. 2, 10; (82) PL 1. fig. 6.

Saporta (84) Pls. 165—172,

Seward (95) A, p- 215, Pl. xva.
Fontaine (89) B, p- 221, PL c. fig. 4;
s IV

3

4 Zeiller (00) p. 3.
(81) p. 20, PL xvr,
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many specimens recorded both from Jurassic and Cretaceous rocks
which differ in no important features from Heer’s
type (fig. 757). An examination of branches of
s Cupressus Lawsoniana shows

the recent specie
a considerable difference in the form of ramifi-
cation depending on the development of nume-
rous or few lateral shoots, and such differences
afford an argument against the use of distinctive
names such as B. obesiforme and others adopted by
Saportal! for Portuguese specimens. Apart from
the absence of thornlike branches this species is Tiw. 757. Brachy-

hardly distingnishable from B. spinosum. phyllivm obesun.
' {After Heer; nat.

BRACHYOXYLON. Hollick and Jefirey. size.)

This generic name wag ]_'l],'ll]'llfl%("'t']- for pieces of wood from the
Middle Cretaceous beds in Staten Island originally regarded as that
of the plant which bore the foliage-shoots described from the same
locality by Hollick and Jeffrey as Brachyophyllwm macrocarpuin,
but as the result of further study it was recognised that Jacik of
proof of any connexion between wood and shoots necessitated a

new genus?,
Brachyoxylon notabile ollick and Jeflrey.

The tracheids of the xylem have separate pits usually in a
single row, but they are oceasionally flattened and very rarely
there are two alternate rows of polygonal ]Jits (fig. 758, A).
Normally there are no resiniferous cells in the xylem though these
oceur in wounded specimens. The medullary rays are said to have
numerous pits on the radial walls. Jeffrey has deseribed in detail
the wound-reactions of Brachyoxylon®: fig. 758, B represents part
of a transverse section showing a mass of resiniferous pa renchyma
and a row of resin-canals stretching tangentially from the wounded
area. Wood exhibiting the same normal and traumatic features 18
mentioned by Jeffrey from Martha’s Vineyard and the Potomac
formation. It is pointed out that Brachyoxylon differs from typical
Araucarian wood in the frequent occurrence of cireular and separate
hordered pitsand in the power of developing trauma tic resin-canals.

1 Saporta (94) B. p. 176, Pl xxxT.
2 Hollick and Jeffrey (09) B, p. 54, Pls. X1, X1v. & Jeffrey (06).




Fria. 558, A, B,
B, traumatic resin
resin-canals; D, sec

(%7), see page 250,
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tion of stem.

Srackyorylon notabile: A, tracheids of the secondary xylems:
nals, C, D, Arawcariopitys americang; (, traumatie

B, T, Protodwmmura specinsn, cone-scales

G, Brachyplhylhon crassum. (After Jefirey.)

21—2
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In the combination of the Araucarian and the commeon type of
tracheal pitting Brachyozylon agrees with some other genera of
Mesozoic woods, e.g. species of Cedrozylon, and in the formation of
traumatic resin-canals it resembles Abies and other genera of
Abietineac as also Sequoia. Jefivey’s view is that Brachyoxylon is
undoubtedly Araucarian though in its wound-reactions it differs
from the present representatives of the Araucarineae: in this
respect he considers the genus to hold the same relation to recent
Araucarineae as Sequoia holds in respect of its power of developing
resin-canals in response to injury to other allied genera in which
no such reaction occurs. Admitting the Araucarian arrangement
of pits on some though by no means on all tracheids, the sum of
characters hardly warrants the inclusion of Brachyoxylon in the
Araucarineae: as in several other Mesozoic genera there is in some
degree a mixture of characters indicative of a generalised type and,
while Jeffrey sees in this combination evidence of the derivation of
Araucarian Conifers from an Abietineous ancestry, I venture to
regard the spasmodic recurrence of the Araucarian type of pitting
as a partial persistence of characters inherited from an ancient
Araucarian stock.

Miss Holden! has described some wood from Cliffwood, New
Jersey, which she relers to Brachyorylon, differing from that
described by Jeffrey in the presence of fibres in the secondary
phloem, a feature associated generally with Cupressineae, Taxo-
dineae, and the Podocarpineae. In the Clifiwood material the '
medullary rays are said to have smooth walls, a feature in which
they differ from those of the Abietineae.

BRACHYPHYLLUM. Brachyphyllum crasswim Lesquereux.

This name was given by Lesquereux® to a large branched
vegetative shoot from the Dakota group, and for specimens,
believed by Hollick to be identieal with Lesquereux’s species, from
the Amboy clays Newherry proposed the name macrocarpum®: this
specific name was not published and in the Amboy clay mono-
graph? the designation Brachyphyllum crassum is adopted. The

1 Holden, R. (14) p. 171 ¢ Lesquereux (91) p. 32, PL 1. fig. 5.
3 Holliek in Newberry and Hollick (93) p. al (foatnote).
3 Newberry and Hollick (95) p. 51, PL v figs. 1—T.
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same name was given by Tenison-Woods! to a form of Brachy-
Phyllum from Queengland in 1883, the vear in which Lesquereux
published the name Thuifes erassus® for the Dakota specimens
afterwards transferred by him to Brachyphyllum. Neither author
gave an illustration of the type-specimen and the Australian type
18 still unfigured, but Lesquereux’s type is illustrated in the Dalkota
Flora. Tt would therefore seem reasonable to retain the specific
name erassum rvather than to adopt the designation macrocarpum
revived by Hollick and Jeffrey. This species was found in the
Middle Cretaceous beds in Staten Island in a condition which
enabled Hollick and Jefirey to supply important information with
regard to anatomical characters. In their preliminary account?® of
the foliage-shoots these authors included in Brachyphylluwm macro-
carpum some wood exhibiting well-defined characters suggestive
of Araucarian affinities, and .T¢:1’f1‘e_v4 in another contribution speaks
of the wood as that of Brachyphyllum. Tn a subsequent description
of the Staten Tsland material the authors® state that they are no
longer in a position to affirm that the fragments of wood belong
v Brachyphyllum. This change of view is important as it was from
the characters of the wood that some of the arguments in favour of
an Araucarian affinity of the species B. macrocarpum were derived.
The structural features of the foliage-shoots alone, though in some
espects agreeing with those characteristic of recent Araucarineae,
are not known in sufficient completeness to settle definitely the
Precise position of the species. -
: The foliage-shoote have triangular, appressed, leaves identical
In the form of the lamina with that in many Juragsic gpecies of
B*‘f”‘f’f-yphylimn (fig. 758, (), and in the method of branching as
also in the shape of the ultimate branchlets the specimens agree
With typieal representatives of the genus. The branches have a
]f.u‘,r_{e pith containing nests of sclerous cells: external to the vascular
tissue is a ring of resin-canals and a deep-seated periderm, beyond
which are other canals belonging to the adnate leaves. Strands of
stereome ocenr ilnlru?qli;ﬁelf below the epidermis and thege are
tesponsible for the longitudinal striations which often characterise

' Tenison-Woods (83).

* Haollick and Jeffrey (08) p. 200.

* Hollick and Jefirey (09) B. p. 55.

2 Lesquereux (83) p. 32.
8 Jefirey (06).
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impressions of Brachyphylium leaves. Tn the younger branches the
vageular tissue consists of separate bundles and a gap is formed on
the exit of the single leaf-trace: the trace divides in the outer
cortex into a number of fine strands ‘which finally become lost in
a continuous band of transfusion-tissue’ beneath the palisade
parenchymal. No details are given with regard to the pitting of
the tracheids or the structure of the medullary rays, but the
authors state that the phloem showed no indication of the presence
of any thick-walled fibres. In a later paper Jeffrey? states that in
older stems of Brachyphylium crassum the pits are flattened by
mutual contact though in younger branches this feature is often
not distinguishable. A single specimen is described as probably
a cone of Brachyphyllum®: this is, however, much smaller than
any cone previously recorded in connexion with Brachyphyllum
shoots and the anatomical data do not furnish any proof of its
morphological nature.

The species is recorded from the Magothy formation®, (lifiwood,
and from the Raritan formation; Berry also describes a large
example from the Woodbine formation, Texas, as B. macrocarpun
var. formosum® It is practically impossible to distingnish the
present species so {ar as external features are concerned from such
species as B. obesum Heer, B. crassicaule Font. and others®.
Brachyphyllum eathiense Seward and Bancroft.

The type-specimen of this species was originally figured by
Miller as an “imbricated stem’ from Upper Jurassic rocks in the
North of Scotland?: it consists of a branched shoot bearing ui
places some broadly triangular imbricate leaves with longitudinal
ridges on the surface of the lamina. The pith includes some
scattered thick-walled elements: no information of importance was
obtained as to the structure of the vaseular tissue of the stele. The
short fleshy leaves have a well-protected epidermis succeeded by
palisade-tissue and groups of hypodermal fibres while the rest of
the mesophyll consists of parenchyma with secretory sacs and

1 For figures, see Hollick and Jeffrey (09) B. 2 Jeffrey (10%) p. 770

¢ Hollick and Jefirey (09) B. p. 37, PL 1%, figs. 5, 6; PL x1. fig, 3; Pl x1v. fig. 3.
4 Berry (05) p. 443 (06) p. 168: (113) p. 81.

5 Thid. (12%) p. 392, Pl xxx. ¢ Seward (95) A. p. 218,

7 Beward and Bancroft (13) p. 869, PL 1. figs. 2—4.
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portions of leaf-traces, The most striking feature is the occurrence
of reticulately pitted, isodiametric tracheids, closely resembling
those in recent Araucarian leaves and in Brachyphyllum crassuin.
Stomata were found on some of the leaves agreeing in the possession
of four accessory cells (fig. 724, A, page 216) with those described
by Jeffrey® and Thompson?in B. erasswin. Though comparable with
Araucarian leaves in the structure and distribution of the frans-
fusion-tissue and in the branching leaf-traces, there is hardly
suflicient evidence to warrant any positive statement with regard
to the relationship to recent genera of the American and Qeottish
species,

Brachy phyilum vulgare (Stopes and Fujii).

In their account of Upper Cretaceous plants from Hokkaido,
Japan, Drs Stopes and Fujii® instituted a new genus Yezania for
some petrified shoots which they suggested should be placed in a
special family of Gymmosperms. The specimens of foliage-shoots
1.}19}‘ described as Yezonia vulgaris and for a cone, which they con-
sider may belong to the vegetative branches, the generic name
Yezostrobus was proposed. The slender foliage-shoots hear appressed
leaves, pparently spirally disposed, agreeing closely with those of
recent Cupressineae in their form and relation to the axis: but in
the abgence of impressions their surface-features cannot be clearly
determined, Anatomically the shoots agree very closely with
Brachyphyllum erassum: the pith contains groups of sclerous cells;
’fhe leaf-traces branch repeatedly in the base of the leaf, and trans-
fusion-tissue is abundant in the mesophyll. The secondary xylem
shows uniseriate separate pits on the tracheids, and the medullary
rays are 1-—2 cells in depth. Jefirey? drew attention to the striking
1?9'3913‘]J11111Ct? between Yezomia and Brachyphyllum crassum and
m“.‘f justified his substitution of Brachyphyllum for the new genus.
DT, Stopes®, while agreeing with this conclusion, points out that
ﬂjldem(" furnished by fructifications can alone settle the question
of generic identity; she states that the supposed cone attributed
I)‘?ﬁ Hollick and Jefirey to Brachyphyllum differs widely from
Yezostrobus which may be the cone of the Japanese species. The

.I Jeffrey (10°%) p. 768, PL nxv. fir. 6.
3 Stopes and Fujii (10) P 23,
* Btopes (113)

* Thempson (12%) Pl vi. fig. 12
1 Jefivey (10%).
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American cone may, however, be a vegetative bud, and nothing is
known as to its seed-bearing appendages. Yezostrobus has not been
proved to have any connexion with the foliage-shoots of Brachy-
phyllum. Disregard ing the two cones, there can be no doubt as to the
very close similarity between the Amevican and Japanese shoots.
TAXODITES. Unger.

This generic name, adopted by Endlicher! from Unger, is
employed for fossil species believed to be nearly related to the
recent genera Tawodium and Glyptostrobus. Reference is made in
the chapter on Coniferous woods to supposed examples of these
genera. The separation of the two recent Conifers is based on
teatures which cannot be applied to fossil impressions and even in
the case of the existing types Beissner?, following Bentham and
Hooker, does not accept the Far Hastern species referred by
Endlicher to Glyptastrobus as representatives of a distinct genus,
but includes them in Towodium. Heer describes some [ragments
of shoots from the Lower Cretaceous of Gireenland as Glyptostrobus
groenlandicus®, but these are of little or no value as trustworthy
records, Similatly his species G. intermedius from the Patoot heds?
founded on dimorphic, sterile, shoots affords no substantial evi-
dence of affinity to Tazodium or Glyptostrobus.

Tazodites europaeus Brongniart.

This species was first described by Brongniart® from Tertiary
beds in Greece. The branches bear leaves varying in size and form,
some being appressed and triangular while others are more elongate
and freer from the axis: the oval or globular cones, with a maximum
diameter of 15 mm., consist of 18 20 scales agreeing in their rounded
crenulate edges and radially grooved surface with those of Glyplo-
strobus. Brongniart states that this species oceurs also in Germany,
Bohemia, and at Oeningen. Heer® figures good examples of vege-
tative shoots and cones as Glyplostrobus europacus from Oeningen:
the scale-leaves are decurrent and the oval cones have semi-
circular scales with 6—8 grooves (fig. 759). This is deseribed as
one of the commonest fossils in the Swiss deposits and, as Heer

L Endlicher (47) p. 278. ? Beissner (91) p. 148,

3 Heer (75) ii. Pls. XV, XX., XX, 1 Ihid. (75) ii. PL wir.
* Brongniart (33). % Heer (50) A. Pls. x1x., xx.
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says, it bears a striking resemblance to the existing Chinese type
Glyptostrobus heterophylius. Unger! describes well
preserved specimens from Greece and the species
18 recorded, on the evidence of cones as well as
Sterile shoots, from Leoben? and other localities in
Styriad, also from Miocene beds in Bohemia®.
Lanrr\ntﬁ figures examples from Aquitanian beds
W the Puy-de-Déme and Saporta and Marion®
refer to Gij”_'r[u-)'.'."f')’:f'r-,\' europaeis fragments of sterile
!.‘Jl'élnc'hcs and animperfeet cone from Pliocene beds
Hy the Province of Ain and mention the occurrence
of the same type in Pliocene strata in the valley
‘;"f the Arno. Vegetative shoots are recorded from gy, 750, Tawo-
.['ertiﬂp_\_- beds in Bosnia? and Nathorst® found.the  dites coropacus.
Species in Arctic Ellesmere Land. The sterile frag- "-“T’""{iw kol
nents figured by Goeppert and Menge?® from the Sp

Oligocene beds on the Baltic coast, though possibly correctly
determined, afford no proof of affinity to the genus Glypto-
strobus. Some very good specimens from Eocene beds at Reading

are described by Gardner! as examples of this species but the
Cones

are immature and do not furnish convineing evidence of
close 1'elar-iml.'~:.hip to the recent genus. The same remark applies
1'_“ Specimens figured by this author from Bourmemouth. Specimens
from the Jatter locality, characterised by their long slender branches
With spivally disposed leaves having long decurrent hases and pro-
Jecting apices, are referred to a distinet species Taxodium eocaenicum
‘i?nd Compared with the Floridan Conifer Tazodivm distichum var.
wnbricataria Mett. CGlardner points out with reason that specimens
described by Heer™ from Miocene beds in Greenland and Alaska

as Glyplostrobus ewropaeus and from rocks of the same age in
' Unger (67) PI. 1,
# Abid. (90) PL, 1.

* Estingshansen (88%) PL 1

4 . s T . T 5
_ Ihid. (67%) Pls, x., x1.2 ¥ elenoveky (81); Unger (52) PL xxxuv.
 Laurent (12) Pls, V., VI
" Saporta and Marion (76) Pls. xx11m., XEXVIL
? Lng-.-lhurdt (12) Pls. xxx1r., xxX¥T., XXXVIL
" Gaeppert and Menge (83) A. PL xvr.
' Gardner (86) Pls. ., 1v.. IRV,

11 321 3
> Heer (68) 1. Pls. rr., x1v. (71) 3, Pls. 1., 15 (77) 1 Pls, x, xir, xxve.; (78)
Pls, 1x., xnr; (83) Pls, 1xx., Lxxv.

¥ Nathorst (132).
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Spitzbergen as G. Ungeri may be fragments of Conifers more
closely allied to Sequoia.

The fossils originally referred by Lesquereux?! to Glyptostrobus
gracillinus from the Dakota group were afterwards transferred by
him to Frenelites Reichii, at a later date removed by Newberry to
Sequoia and finally deseribed by Jefivev? as Geiniizia gracillina

Neglecting records based on sterile specimens only it is clear
that Conifers closely allied to Tazedium and especially to Glypio-
strobus heterophyllus of China were abundant in the Tertiary floras
of Hurope.

Tazxodites mioceniewin (= Tazoduwm distichum miocenicwm Heer).

Numerons specimens of branches and some male and female
flowers have been deseribed by Heer? from Mioeene beds in Green-
land, Spitzbergen, Grinnell Land, Northern Siberia, and Sachalin
Tsland as Taxodium distichum miocenicum. Though in certain cases
the material i3 too imperfect to determine with accuracy, some of
the fossils bear a striking resemblance to Tawodivwm distichum both
as regards vegetative features and cones. In this species Heer
includes specimens originally named by Sternberg Phyllites dubius
and afterwards transferred to Taxedium. The shoots hear di-
stichous, linear leaves, reaching a length of 2 em. and 2—3 mm.
broad. The absence of o decurrent base is spoken of as a character
distinguishing Taxodium [rom Sequoia Langsdorfir. Specimens
from Grinnell Land now in the Dublin Museum deseribed by Heer

as Taxodiwm distichum miocenicum bear leaves contracted at the
base but not decurrent. A specimen from Grinnell Land said to be
a male inflorescence* consists of an axis bearing a few oval buds
3 mm, long which may possibly be groups of microsporophylls, but
the figures are far from convincing. Nathorst® speaks of the
occurrence of foliage-shoots, flowers, and seeds in the Tertiary
Taxodiwm shales of Spitzbergen, Ettingshausen® figures shoots
and flowers from Bilin as Taxedium dubium which are in all
probability closely allied to the recent species. Goeppert and
! Newberry and Hollick (95) PL 1x. 2 Jeffrey (11).
3 Heer (68)i. Pls. 11, xar., xnv.; (71} Pls. o, 1v., ete.; (77) Pls. xmm., Xxv.3
(78) Pls. virr, 1x.: (83) Pls. Lxx., ete.
1 Heer (68) i. Pl, m,; Schimper and Sehenk (90) A. p. 204, fig, 203,
5 Nathorst (11%) p. 223, 8 Ettingshausen (672) PL x.
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Menge! vefer some detached leaves from the Baltic amber to
Tazodium distichum and a cone is veferved to Taxodites Beckianus
but without any clear evidence of affinity to the reeent genus.
Lingelsheim? records some wood from Tertiary rocks in Silesia
which he refers to Tazodium and at the same locality he found
masges of pollen some of which he assigns to that genus. Engel-
hardt and Kinkelin® describe cones of the Tawodium type as
Tazodium distichum var. pliocenicum from the Frankfurt basin.

Heer's species is also recorded from several other Tertiary
!ﬁ)msi and, despite the fragmentary nature of the material, there
i good reason for 1'0(:&1;(1'111-& the evidence as an indication of the
Widespread oceurrence of a Conifer in Tertiary Europe closely
related to the Swamp Cypress of North America. The b-]_]ecies 18
stated to be abundant in Pleistocene beds in North America from
L\.TQ‘V Jersey to Maryland, Virginia and elsewhere on the eastern
side of the continent®: it is 1‘::'1]rrf5flr1r-e*a1 by deciduous twigs, cones,

seeds, stumps, and knees®: its occurrence points to the existence
of Cypress swamps over a wide area, also to the migration of the
existing species towards the south.
CUNNINGHAMIOSTROBUS. Stopes and Fujil.

. Cunminghamiostrobus yubariensis Stopes and Fujii. This genus
18 founded on g single detached cone from U pper Cretaceous rocks
at Hokkaido in .Tap:d._z__ﬁ which in size and form agrees with cones of
Cunninghamia, and the anatomical features of the cone-scales
SUpport this comparison. The cone, 2 % 3 ¢m., is intermediate in
Slze between those of Cunninghamia sinensis (¢f. fig. 684, K) and
C. Konishii; the scales being more like those of C. sinensis; they
a1e 9—10 mm, across and characterised by the presence of a
wedian pad of tissue projecting slightly from the upper surface
Presumably close to the attachment of the ovules, but no ovules
or seeds were found and the open habit of the cone indicates that
the seeds had heen shed at the time of fossilisation: three pro-

1 Goeppert and Menee (83) A. Pl xvr. figs. 227—229.
* Lingelsheim (08) 1.? 34. :

Engelhardt and Kinkelin (08) P1. xxu. figs, 19—21.
f Squinabol (92) PL xvr.: Berry (09) p. 22, fig. 1.
* Berry (072); (002); (124); (15). ® Tbid. (05%), figs. 1, 2
? Stopes and Fuijii (10) P- 45, PL v, figs. 27—34.
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tuberances on a scale at the apex of the cone may represent aborted
ovules though the nature of these is problematical. Near the base
of a cone-scale there is a single transversely elongated vascular
bundle which subdivides higher in the scale into a series of normally
orientated vascular str ranl.\,, and in one scale a much smaller bundle,
probably an ovular trace, was found immediately above the main
strand. The parenchymatous ground-tissue contains a few sclerous
elements and several resin-canals, the larger ducts forming a series
across the scale, and near the base a single large canal occurs below
the broad vascular bundle as in Cunmanghamia. Groups of trans-
fusion-tracheids occur between the vascular strands.

The preservation of the tissues of the cone-axis is not good
enough to throw any light on the question of affinity and it is from
the mérphology of the seedless scales that any conclusions must
be drawn. The cone-scales show no indication of a division into
the two organs characteristic of the Abietineae nor is there any
evidence of a ligular outgrowth like that of an Araucarian scale.
The resemblances in both form and anatomical characters to the
sporophylls of Cunninghamia exhibited by the fossil cone appear
to be such as to justify the employment of a generic name implying
close relationship.

Cunninghamites Presl.

The employment of this name by many authors for sterile
branches (e.g. fig. 805) superficially resembling foliage-shoots of
Cunninghamia sinensis suggests an affinity which is not supported
by any substantial evidence and while in some cases the fossils may
belong to plants closely allied to the recent genus, there is no
definite justification for assuming such alliance. The Lower
Cretaceous species of Cunninghamites and similar forms are there-
fore relegated to Halle’s genus Elatocladus.

MORICONIA. Debey and Ettingshausen.

This generic name was applied by Debey and Ettingshausen?
to some obscure impressions from the Cretaceous beds of Aix-la-
Chapelle which they deseribed as portions of a plant ‘incertae
sedis’; the specimens superficially resemble the pinnae of a fern
with broadly linear pinnules, but the occurrence of curved lines

! Debey and Ettingshausen (55) B. p- 239, Pl, vir, figs. 23—27
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at right—u.u_gles to the long axis of the pinnules (fig. 760) suggested
that some at least of the vein-like markings might be the boun-
daries of small scale-like leaves similar to those of Libocedrus and
other Conifers. Sa portal, in his reference to the genus in an account
of the Sézunne flora, assi

o

ans Moriconia to the Cupressineae, a
determination in accordance with the habit of the foliage-shoots,
though in the absence of reproductive organs it is impossible to
hﬁ\- its position more precisely. The characteristic features are the
Piinate branching, the flattened form of the branches, and the
stometrically regular decussate short and broad leaves. The genus
18 Tecorded only from Lower and Middle Cretaceous rocks.
Moriconia cyclotozon Debey and Ettingshausen.

This, the type-species, is recorded from Cretaceous rocks at
Aix_]&'("lml""]le. from the West coast of Greenland and the Atlantic
(:Uimtu] plain. Heer? figured an imperfectly preserved specimen
from Disco as Pecopteris kudlistensis in which
an indication is given of the occurrence ol the
actual leaves, but some vears later® he de-
Scribed well preserved examples as Moriconic
'-';ff.f?ll’.){ﬂ.t‘r;'rr, and, as the result of an inspection
Ot_ drawings supplied by Debey, identified them
With the t.VI’t'»L-*.‘-]'Jt‘viﬂs.' The same type is re-
corded from the Am boy clays (fig. 760)*, Staten
Lsland® and Block Island. As Hollick points
out, a large unpression included by Heer in
Moriconia should rather be refeired to Brachy-

F1i.760. Moriconia cy-

cloloxon. (After New-
7 TR ; . berry and Hollick;
Phylluom: in the arrangement of the leaves and in .

the for . . (i nat. gize.)
t¢ Jorm of the short and blunt lateral foliage-

shoots Moriconia agrees closely with some examples of Brachy-
Phyllum erassums in which the leaves appear to be regularly de-
Cussate. The leaves of Moriconia are wholly appresged and the
Upper edge of the lamina is rounded and almost truncate; a median
]m-@' possibly due to the presence of a dorsal keel, runs down the
middle of the exposed broad surface of the shoots.

.i Hﬂ[)(_lrl,il |_(i$] As P 301, ® Heer (75) ii, p. 97, PL <xvI. fig, 18,
: Ibid. (82) i, p, 49, PL xxxuw.; (83) Pls, nim., LIv.

5 Newherry and Hollick (95) p- 65, PL =.

* Hollick (06) PL. 1. ; Berry (03) PL. xrvmm. 5 Berry (06) PL 1x. fig. 1.
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CRYPTOMERITES. DBunbury.

The species Cryptomerites divaricatus, for which Bunbury! pro-
posed this generic name, is more probably Araucarian than a type
allied to Ciryptomerin: the choice of the term was suggested solely
hy vegetative characters and Bunbury recognised that these agreed
with species of Araucaria as well as with Cryptomeria. The designa-
tion Cryptomerites should be restricted to fossils which there is good
reason for believing to be allied to the recent genus.

Cryptomerites du Noyeri (Baily).

Baily? figured a sterile piece of foliage-shoot from Eocene leal-
beds in County Antrim as Sequoia du Noyeri which Gardner® sub-
sequently stated to be identical with sp ecimens obtained from the
game Jocality bearing cones similar to those of Cryplomeria.
(Gardner described the Irvish specimens and others from Mull as
Cryptomeria Sternbergii (Goepp.), the specific name being adopted
because he considered some examples figured by Ettingshausen? as
Araucarites Sterrbergii Goepp. to be identical with the Trish fossils,
though most of the specimens described by authors, including the
author of the species, as Adraucarites Sternbergic are believed to be
identical with Advaucarites Goeppeiti Sternb. In these circumstances
it seems desirable to employ the specific name du Noyers used by
Baily. Gardner’s material consists of foliage-shoots agreeing in
their spirally disposed leaves, 4—7 mm. in length and faleate in
form, with branches of some species of draucaria, Dacrydiimn, and
Cryptomeria japonica. The occurrence of assoeiated cones, in some
cases attached to the vegetative shoots, affords fairly good evidence
in support of comparison with Cryplomeria. The sub-globose cones.
15—20 nun. in diameter, consist of a comparatively small number
of scales attached by a narrow base and gradually widening towards
the distal edee which is deeply fringed. The general appearance of
the cones, especially those from Glenarm in Antrim, is similar to
those of Cryptomeria (cf. fig. 684, M) and taking into account the
characters of the sterile branches the assumption of affinity to that
genus appears to be well founded, though actual proof of close
1eidtmn-h|p is lacking. Gardner ineludes in Cryptomeria Stey JJ/}CM{H

! Bunhury (51) A, p. 190, P1 xuu. fig. 45 Seward (00) B, p. 287.
* Baily (69) Pl xv. fig. 4. 4 Gardner (86) p. 85, Pls. X., XX, XXI.

4 Pttingshausen (55) PL v.
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specimens figured by Ettingshausen from Monte Promina as draw-
cariles Sternbergii and some of the impressions from Greenland re-
ferved by Heer! to Sequoia Sternbergi. The Miocene fragments figured
by Heer afford no evidence of a fiinity other than that of leaf-form,
and the use of the term Cryplomerites should therefore be avoided.

If the Focene plant is correctly regarded as closely allied to
(,"”'-’Hfffmerz-’r‘-ir.z it supplies another striking illustration of the change
I the geographical distribution of Conifers since the early part of
the Tertiary period.

CRYPTOMERIOPSIS. Stopes and Fujii.

Uryptomeriopsis antiqua Stopes and Fujii. The name Crypto-
ﬁfl"rf"".”l?'f"‘?'”ﬁ was proposed for some petrified twigs from Upper
{_'1"3“1""‘"1113 beds in Japan resembling in habit and structural
features the recent Conifer Cryptomeria japonica. The xylem ol
the _él.\'is consists of tracheids with uniseriate separate, circular,
bordered pits; there are no resin-canals and no xylem-parenchyma;
the presence of the latter tissue is recorded by Suzuki in a second
Japanese species €. mesozoica®. The medullary rays are usually
ome-cel| iflcfe[) in the type-species -and there are a few (1 —3 in
('_ mesozoica) oval pits in the field. In €. antigua the phloem is
sald to consist of soft tissue only, but fibres oceur in C. MESOZ0TCA,
An undivided leaf-trace supplies each leaf. The four-sided leaves
are characterised by the presence of three canals, a large central
canal below the vascular bundle and two lateral ducts; the vascular
]f'l”_””(‘ 18 accompanied by well-developed lateral groups of trans-
fusion-tracheids. The leaves of C. mesozoica differ in a few details
fjf”“ those of the type-species. Prof. Jefirey? maintains that
8, ryplowmer {'}ijil'.v is generic

ally identical with Geinilziu as described
?}}- Hollick and J effrey from Staten Island and should be included
I the Araucarineae. Dr Stopes® adheres to the view that the
Ji‘tpzu;ese fossils are closely allied to Cryplomeria and afford no
evidence of affinity to Araucaria: the structure of the xylem shows
DO Araucarian features in the pitting of the tracheids and, while
4accurate determination of systematic position must depend npon the
eVidence of reproductive shoots, the evidence of the vegetativeshoots
favours com parison with Cryptomeria rather than with Araucaria.
!_ Heer (75) iii, PL 1. figs, 1—4.
; “L:'MI"'"’: and Fujii (1!!]11. 52, PL 1. fig. 113 Pl, v
Suzuki (10) p. 185. ¢ Joffrey (10%) p.

ah—Al.
& Stopes (113)

771




CHAPTER XLVIL
CALLITRINEAE.

It has already been pointed out that there is good reason for
treating the three existing genera Callitris, Widdringtonia, and
Actinostrobus as members of a distinet family. The genus Tetra-
clinis, as Saxton! has shown, while agreeing with the Callitrineae
in certain features, exhibits a closer resemblance in its gametophyte
to the Cupressineae and is regarded as a type connecting the two
families Cupressineae and Callitrineae. So far as external characters
are concerned, and these are the features from which the palaeo-
botanist is compelled to draw such conclusions as he can, Tefraclinis
falls into line with the Callitrineae. The discontinuous distribution
of the recent species of these four genera suggests antiquity and a
former more extended range. Palaeobotanical literature contains

numerous records of Widdringlonia, Caliitris, Frenela or Freneliles
based in many cases on sterile shoots and sometimes on cones and
seeds more or less closely resembling those of recent forms. The
generic name Frenela has now been discarded in favour of Cullitris:
it was proposed by Miquel in 1826 to aveid confusion between
Callityis and Calythriz, the latter being the name of a Myrtaceous
genus. An inspection of the published figures of supposed fossil
representatives of the Callitrineae gshows that the name Widdiing-
towin or Waddringtonites has sometimes heen applied to fertile
shoots with cones differing in the number of the valves from those
of recent species and more closely resembling the cones of Clullitris.
Tetraclinis, or Actinostrobus. Moreover the number of valves n
recent cones, thoungh usually constant, is not invariably the same
and in imperlectly preserved specimens it is often difficult to
differentiate satisfactorily between the four genera. In the case of
many sterile shoots preserved as impressions it is practically im-
possible to distinguish clearly between those of the Callitrineae and

1 Saxton (132); (13%).
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slender branches of Juniperus, Thuya, and other (‘npressineae.
E.Wn when cones are preserved there is some danger of confusion
With fruits of certain Dicotyledons, e.g. Lagerstroemia inacrocarpa
(Lythraceae). In view of the difficulties of precise determination
th most convenient course is to adopt the generic name Callitrites
8 comprehensive sense without as a rule attempting to assign the
fossil to one of the existing genera of the Callitrineae.
CALLITRITES. Endlicher.

Endlicher? employved the generic names Widdringtonites, Calli-
".”.fe“" Frenelites, and Actinostrobites, but the material seldom
Justifies such diserimination. The name Aclinostrobiles Was pro-
Posed in the first instance for some cones described by Bowerbank?®
from the London Clay as Clupressiles globosus and C. elongaius but
{rardner?, who examined the original specimens, 1s sceptical as o
their connexion with the Callitrineae. Ettingshausen? described a
Small cone from Miocene beds in Carinthia as Actinostrobus mio-
€enica on the ground that there a ppear to be traces of scales at the
L ase of each of the six small linear valves of the cone. The specimen
18 %00 imperfect to be determined with any accuracy. It is im-
Possible to express any considered opinion with regard to the
Validity of the numerous Tertiary records of Callitris and Widdring-
‘onia without access to the actual material, though many of the
Hlustrations lend strong support to the identification of the speci-
Mens s examples of some Callitrineous type. Despite the imper-
feetion of many of the records there can be no doubt as to the
{‘H'mer oceurrence of representatives of the Callitrineae in Tertiary
Horag in Ruro pe.

,Tho pinnately branched sterile shoots referred to Widdring-
{-(.”“h"g kewperianus Heer? from the Trias of Switzerland and
(.]Q”“““]_\' bear a close resemblance to some forms of Walehia and
there is no sound reason for assigning the species to the Calli-
= Saporta® described fragments of branches from the Lower
Lias of France g examples of Heer's type. but in this case also no

1

trinege,

'[;jm'”'i(‘l“\" (A7) p 271, 2 Bowerbank (40) p. 52, PL x.
* Gaxdner (36) p. 20.
1 I"‘i"i"'."-"fihuusr_-n (72) - 164, Pl . fies, 9—12
* Heer(65) A, p. 52, fig. 31; Schiitze (01) Pl x.; Schenk in Schimper and Schenk
(90) A x : ]
AL pu BT & Saporte (84) PL 201, fig. 1.
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cones were lound. Similarly Widdringtonites gracilis Sap. and
W. ereyensis Sap. from the Corallian and Kimeridgian of France!
respectively are founded solely on sterile shoots. The specimen
figured by Eichwald? from Jurassic rocks on the southern horder
of the Caspian sea as Widdringtonites denticulatus has the habit of
an Arauwcerie and the supposed cone, which may be some foreign
hody not actually attached, affords no evidence of affinity to the
Callitrineae. Zeiller? describes a small fragment from Liassic beds
in the Commune of Cherveux hearing small rhomboidal decussate
leaves similar to Widdringtonites liassinus (Kurr) as figuved by
Salfeld and to W. keuperianus, but the material affords no definite
indication of relationship to the Callitrineae.

Callbutrites Reichii (Bttingshausen).

This species, recorded from several Cretaceous localities in the
Eastern United States and elsewhere, is in many cases represented
only by slender sterile shoots and its position among the Coniferae
1s by no means clearly established. It was founded by Efttings-
hausen? as Freneliles Retchii on some branched shoots from Cre-
taceous rocks in Saxony and afterwards deseribed by Heer® from
the Patoot beds of West Greenland under the generic name
Widdringtonites though without satisfactory evidence in support
of relationship to Widdringtonia. This species 18 one of the com-
monest Conifers in the Amboy elays of New Jersey, but no cones
are figured by Newberry® in hig monograph exeept two small
examples which it is suggested may be immature microstrobili.
Velenovsky? fignres sterile branches from the Perucer heds of
Bohemia and an ovate cone, 13 mm. long, with four valves, which
resembles a small cone of Aclinostrobus and those deseribed by
Berry as Widdringlonites subtilis. Some of the twigs bear terminal
elliptical bodies regarded as male flowers. The leaves of this species
are usually spiral and, with the exception of the apdx, closely
appressed. Callitriles Reichii is also recorded by Kragser® from the

1 Saporta (84) Pls. 201, 202, * Eichwald (68) p. 43, PL 1v. fig, 9,
3 Zeiller (11) PL . fig. G. * Ettingshausen (67) p. 246, PL 1. fig. 10.

Heer (82) 1. p. 13, Pl um. figs. 4, 5.
Newherry and Hollick (95) PL. v,
Velenovsky (85) B. p. 27, Pls, v, x.; (87) figs. 14—I16.
Krasser (96) B. p. 126, Pls x1v., XVIL

a3
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Cenomanian of Moravia where it is represented by both Stlﬂ‘.ﬂti and
fertile shoots: the cones are quadrivalvate. It occurs in the_l\luldle
Cretaceous of Staten Island though without any cones: HoHick {111.(1
-]F,‘-Hreyl regard the shoots referred by them to Widdringtonia
Reichii as Arvaucarian on the ground that the bordered pits on the
tracheal wally sre wsaally C'tflll-’ri}_-’ut;ut&. There is, however, no sub-
Stantial reason for ilt'\!:‘-if_'{ll]'lﬂg these vegetative organs to the Arau-
Carinege though the structure of the wood shows an f\"é““'“?"“”
tl‘ndenc-._'_r, TSlyi'r\rz records the species from the (lenomanian Rartan
formation of Mew Taiee sid ke expresses the opinion that the
specios i clossly alliod L‘_” some Potomac specimens deseribed by
FU!‘ltainea a3 'T.ri.;'f,'r_:r"l'['.mt ramosun, but in the absence of cones a
definite determination of affinity is hardly possible.

('{J.”J:h‘ ies subtilis (:-H:U.r}]'],

Founded by Heer! on slender twigs bearing spirally ‘lis]"nsefl'
appressed, leaves from the Cretaceous beds of Atanekerdluk in
(_h'pmﬂan(;l and described by ".\'E'.‘\\'IH,:I‘I"\‘ 5 from the ;;\_Lllllf)l)}- (‘];l‘\'-‘:"
Hollick ¢ and Bepry? have also recorded the P
. diﬂ-el.mu-[,;] rts of the Hastern United States and the ‘lcblt_‘e;-
E{,ul‘hm- ﬁ{_,m-eg ex;nuple-“" e TT]')["'H (Cretaceons bedg in Hrmt‘rh
Caroling s The opit](." rmal cells are regularly rectangular ;u?(.l the
“fomata are surrounded by 5 6 accessory cells. Berry figures
conical cones. W
four thick s
recent g

T—9 mm. long by 4—5 mm. in diameter, composed ”?
ales differing L shape from the eones of
pecies. The sterile shoots of this species bear a close resem-
blance tq Q.

teichii and the two species have often been confused ;
'dlSt,: 1o

Gl LA 3 i /e sk ?
Cyparissidivm  minimum as figured by Velenovsky?,
T . ;e ' . g ' 8 0 2
J’Ulﬁ'-pt'ﬁ“us macilenia Heerl® and W A(J'ri'fm-‘(fn’-'”'l?fi"-“' j:r.-u;;.:-;ﬂ(” ts Holl.

. Hollick and Jefirey (09) B. p. 29, Pls. v., vmr., xx.; Hollick (08) p. 44, PL 1v.
figs, 6—g. l ‘_

- Berry (118 p. 87, PL v,
* Fontaine (30 B, p. 251

Pl GRRTTAC XDV, ot ]i;;“‘_\ (11 p- 202,
! Heer (74) B.

) PL xxvir. fig, 1.
* Newherry and Hollick (95)
* Hollick (06) p. 45, PL 1v. fias, 2—5. Sty (o
8 Ibid, (14) p- 25, PL x1. fig y 7
" Velenoysky: (85) B. PL rx. figs. 6, 7; Pl x. fig. 4.
Y Heer (75) ii. Pl xxvrm, fig. le.

' Hollick (66) L1 1v. fe. 1.

99__9
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Callitrites eurta (Bowerbank).

Bowerbank referred several pyritised cones from the London
Clay of the Island of Sheppey to Cupres-
sites and some of them he compared with
species of Clallitris. Gardnert, as the result
of an examination of Bowerbank’s type-
specimens, reduced the number of species
and adopted the name Callitris. The speci-
mens, in the British Museum, assigned to
Callitrites curla are conical cones composed
of 4, 5, or rarely 6 thick and woody valves
which are sometimes unequal in size: the
largest has a diameter of 2 em. Tig, 761,
A shows a cone of five valvegand B, C, are

Fra. T61. Callitrites curta.
A, cone of five valves,
two views of a section of a cone consisting  B. ¢, two views of a seo-
of four valves. A similar type deseribed  tionof afour-valvedeone.
by Gardner as Callitris Ettingshauseni®, (iB”'tifh Muscum, deome
. rom specimens deseribed
also from Sheppey, is represented by glo- by Cardner; nat. size.)
bular cones 12-15 mm. in diameter and
composed of 6—8 scales. These two species are probably correctly
referred to the Callitrineae though the pyritised cones are the only
portions of the plant preserved in the Sheppey clay. Gardner states
that Ettingshansen® is incorrect in recording Callitrites curta from
the Tsle of Wight.
Callitrites Brongniarti (Endlicher).

This species, first described by Brongmiart* as Equisetwm
brachyodon rom the Paris Basin, is recorded from many European
localities, in some cases represented only by sterile shoots but
frequently also by cones and small winged seeds. Some well pre-
served specimens are figured by Unger® from the Tyrol (fig. 762,
A, A') under the name l huyites callitrina characterised by regularly
whorled leaves, apparently four at each node, with a relatively
long and narrow appressed lamina and a small free apex and by
valvate cones. Unger® subsequently deseribed good specimens as

1 Gardner (86) p. 21, PL 1x, figs. 7, 21, * Ibid. Pl 1x, figs. 1—6.
2 T}IT.in;__r-;Jmumn (.'Il p. 392; (8
* Brongniart (22) A. p. 329, ’l v. fig. 3; Endlicher (47) p. 274.

¥ Unger (47) p. 22, Pls. v1., VIL & Ibid. (67) p. 42, PL 1. figs. 1, 2,
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Callitris Bromgmiarti from Miocene beds in Euboea, but ;?‘illptjlftal
considers these impress'l.ml-‘s‘ to be more L_‘]HS(‘-]_\' allied to H'th‘lr'm_r]—
tonig and renames them Widdringtonia Fumensis. Good examples
of quadrivalvate cones (fig. 762, B) are figured by Saporta® from
the Eocene beds of Aix and Armissan in Provence, showing in some
cases two outer broader valves and two internal laterally com-
Pressed valves, Ettingshausen® states that the species 15 very
abundant at Hiiring iri the Tyrol: that author describes some

e

e
~

Fie, 762 A, AL B, Callitrit

y Brongniarti., C, ! aliitvites helvetica. D, Collitrites
uropgen. (A, A’, after Unger: B, after Saportas ¢, after Heer: D, after
Engelhardt and Kinkelin.)

sterile shoots from Focene beds in New South Wales as Callitres
priscat which he compares with . Brongniarti. Well preserved
shoots are described by Watelet from the Paris Basin. Engel-
hardt® vecords the spe(:.ies from Olicocene beds in Bohemia but on
the -Ulii(lﬁlluﬂie evidence of a wingred seed: it is recorded also by
Engelhardt and Kinkelin? from the Pliocene beds of the Frankfurt

' Saparta (68) 1. 316,

Ibid. (62) p. 209, PL 1. fig. 6; PL 1. fig. 13 (65%) p. 39, PL 1. figr; 6.
Ettingshausen (35) p. 34, PL v. figs. 7—35.
Thid. (36) p. 95, PL, varr. figs. 3, 4
* Engelhardt (85) p. 314, Pl va1. fig. 32.

1 Engelhardt and Kinkelin (08) PL xxum. fig. 5.

= & s

5 Watelet (66) A. PL xxxI11.
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distriet though on slender grounds. Tt may be, as Masters suggested,
that some at least of the Tertiary specimens included in Callitrites
Brongniarti are more closely allied to the existing genus Tefraclinis
than to Clallitris.

Among other species that may be included in Cullitrites are
C. brachyphylla (Sap.) and C. antiqua (Sap.) from Provencel, Tepre-
sented by shoots with spiral, sub-opposite or opposite appressed
scale-leaves and by globular cones with four valves. As Solms-
Laubach says? the cones agree closely with those of Widdringtonia,
though it would be difficult to decide between that genus and
Letractinis.

Some good specimens are figured by Heer® from the Oeningen
beds as Widdringlonia helvetica, now transferred to Callitrites, con-
sisting of branched filiform foliage-shoots with small appressed
leaves and cones with four valves (fig. 762, C).

Fragments of branches with small appressed leaves in opposite
pairs from the Oligocene amher beds of the Baltic coast ave de-
scribed by Goeppert and Menge* as three species of Widdringtoniles,
and in one case, W. legitimus, the species is founded on a cone
6 mm. long and 2-5 mm. broad which is not above suspicion as a
record of a Callitrineous strobilus. Frenela ewropaea and F. Huwal-
dana deseribed by Ludwig? from Tertiary beds near Frankfurt are
founded on unconvineing specimens. Engelhardt and Kinkelin®
deseribe pyramidal cones with 5—6 valves 1-—1-5 em. long (fig.
762, D), which they vefer to Frenelites europaeus, from the Upper
Pliocene beds of the Lower Main valley. Many other similar
instances might be quoted, but on the other hand there is ample
evidence of the presence in the earlier Tertia ry floras in Europe of
Conifers agreeing hoth in vegetative and reproductive shoots with
existing species now confined to Africa and Australia.

FRENELOPSIS. Schenk.

Schenk” instituted this generic name for specimens originally
described by REttingshausen® from Wealden beds in Silesia as

1 Saporta (62) PL 11 fig. 7; (622) PI. 1. fig, 2

(65%) PL 1. fig, 4; (73) PL . fig. 1.

* Solms-Laubach (91) A. p. 60. ¥ Heer (55) A. p. 48, PL xvr. figs, 218,
' Goeppert and Menge (83) A. p. 39, * Lmdwig (59) A. pp. 69, 136.
¢ Engelhardt and Kinkelin (08) Pl xxi1. fiz. 5. ¥ Schenk (71) p. 13, PL 1.

8

Ettingshausen (52) p. 26, PL 1. figs. 6, 7.
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Thavites Hoheneggeri on the ground that the external features of
the vegetative shoots indicate an affinity to the recent genus
Frenelq (— Callitris) rather than to Thuya or Cupressus. The
resemblance to Callitiis was recognised by Httingshausen. The
Most: striking features of Frenelopsis are the comparatively long
Internodes of the jointed stems and branches (fig. 763, A), the
Oteurrence of appressed leaves in opposite pairs or four in a verticil,
C(fn("mspﬂit with the whole internodal surface and projecting
?hghl‘ly ahove each nodal line as small broadly triangular scales,
"‘h“_ presence of longitudinal lines of small dots on the internodal
¥erions due to rows of stomata characterised by 4—5 accessory
cells swrrounding the depressed cuard-cellst (fig. 763, D, E). The
Sr‘“an‘?l' branches closely resemble those of species ol Cupressinecae
:h-"hr' 763, C) or Callitrineae in leaf-form and branching, but older
Tancheg from which the leaves have pa rtially or wholly disappeared
;’“911 differ considerably from the younger foliaze-shoots and by
];%]‘?:]TMV"-'S -&.Iﬁ'(ml lnitflp-ﬂr no ‘lllil‘.u"i'l'T"tllll of their Tr}le ]'Iil-tl-U.‘t‘.
er details are given in the description of representative Species.
F"'("’!""w-ﬂf&' is characteristic of Wealden or higher horizons in

.th@ Lower (retaceous series; it ocenrs in Silesia, Bohemia, Portugal
-171].-_1 _ﬂ““ South of France and in some North American [ocalities,
?a“’tlﬁ‘nlutl‘\-‘ in the Potomac formation. Heer* records the species
T('.IH.J Lower (‘retaceous rocks in West Greenland but some of the
:ngmm specimens which T had an opportunity of examining in the
: F%khﬁ]m Museum afforded no satisfactory evidence of their
SYstematic position. Thongh assigned by Heer to the Guetales,
m'rtl':fi“]}“f; 1% 1.1511:-1‘11“..' regarded as a l-"n?w_i_fr*r agreeing wit }1 ('frl-?-i{f'is
ti"l]lAt;[ “7-’*1'(-“}-- Lh.a-n .wn:h any nt.ht!r ::'_Ustmg_ genus, In ’rholr descrln
Q‘P'fi.r:(',}'f'-\: J"[“ll;(‘ fossil r_«'llt)fats rPter]:t-?(_l |'»_\-' Newberry? to _lfl"r:u.t:;uj.):-:f.s‘
for (—h,q ; n] l'l_‘,li and Jeffrey4, who institute a new genus Raritanua
Amm‘i(‘“}‘-l-Pi{“ltﬁ&f, state that they l.mw reagon to l)c-h‘m'e that some
of Gn&rrll\:,[,nuLtzLumls m:rmc:ﬂ}' ‘a-s.‘:.lf.;m-:l to Frenelopsis are examples
it S‘UL; L:i]} pla 1‘11‘.:%, Nothing 18 ]\'ne_]\.\'n of any wp]'ﬂt’]l]l:t?l\'«.: Ol‘gil‘lm.
Vem_.mﬁl_Vl“t"!"‘ilﬂﬁlml as we have with regard tﬂ.tll{' habit of the

getative shoots and the structure of the stomata would seem to

1. Al.\i“"’r (82) AL p. 231, PL x1.; Thompson (12%) W

1 }»1(‘{‘1. (75) ii. p. 73, PL xvmr. figs. :

: Newberry and Hollick (95) p. 59, PL xm. figs. 1—3.
Hollick and Jeffrey (09) B. p. 26.

s. 5—8: (82)i. p. T..PL . figs, 1—3.
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be in favour of including this Lower Cretaceous genus among the
Coniferales and regarding it as probably allied to the Callitrineae.
But the data are insufficient to form the basis of any definite state-
ment as to the position of the genus.

| Frenelopsis Hoheneggeri (Ettingshausen).
| Frenelopsis occidentalis Heer?,

Though the specimens referred to these two species may be
correctly separated their close agreement in habit points to a
single type so far at least as concerns the characters as a whole.
The specimen represented in fig. 763, A, B, originally described by
Zeiller from the province of Gard, illustrates the method of hranch-
ing and the form of the leaves borne in whorls of four. Schenlk, in
his account of Lower Cretaceous material of ¥, Hoheneggeri from
Wernsdorf in the Carpathians, states that the leaves are in decussate
pairs or sometimes in verticils of four, The epidermal cells have
straight walls and a thick cuticle: the stomata form longitudinal
rows on the internodes and are characterised by the presence of
4—>5 accessory cells overarching the stomatal depression?.

Specimens described from Bohemia by Velenovsky® as F.
bohemica vesemble F. Hoheneggeri both in habit and in the st ructure
of the stomata.

Frenelopsis ramosissima Fontaine,

This species is represented by numerous well preserved speci-
mens in the Potomae formation?: some of the stems have a diameter
of 5 em. and lateral branches are given off in whorls of 3-—5: there
are three leaves at each node with broadly triangular apices and
concrescent decurrent bases as in F. Hoheneggeri (fig. 763, C). The
stomata are arranged in longitudinal rows and agree in the posses
sion of a rosette of accessory cells (fig, 763, D) with F. Hoheneggeri:
several of the epidermal cells are provided with short spinous pro-
cesses®. This species is represented by specimens showing clearly
the cupressoid habit of the smaller foliage-shoots (fig. 763, ().

* Heer (81) p. 21, PL xrr (fis. 3—7; Saporta (94) B. pp, 139, 199, 214; Pls.
XXXVI., XXXV .

# Thompson (123), ¥ Velenovsky (88) figs. 1—3, 10.

? Fontaine (89) B. p. 214, Pls. 95—101; Berry (11) p. 422, Pls. 1xXL, LXXIL.

® Berry (102).
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Further light will no doubt be thrown on the nature of Frene-
lopsis when the results of the investigations of Hollick and Jeffrey
are published: it may be that Heer was correct in his attribution
of the Portuguese gpecimens to the Gnetales though in the hahit
of the branching, especially in F. ramosissiina, and in the structure
of the stomata there is a closer resemblance to recent Callitrineae
than to any other plants. The genus ranges from Wealden to
Cenomanian rocks.

SEQUOIINEAER,

In view of the restricted range of the two surviving species of
Sequoia and the peculiarities of the genus, to which expression is
given by the institution of the family-name Sequoiineae!, the
question of geological antiquity and past distribution assumes a
special interest. Reference has already been made to fossil wood
presenting features now found in Sequoia, but it is very doubtful
if the anatomical characters of the recent species are sufficiently
well defined to enable us to diseriminate between the wood of
Sequoia and certain other Conifers. Many of the impressions of
vegetative shoots and cones described ag Seguoia from Jurassic
and especially Lower Cretaceous strata do not bear a close serutiny.
The widely spread species often referved to as Sequoia Reichen-
bachii affords no real evidence of affinity to the recent genus and
the same remark applies to specimens included in Heer's genus
Sphenolepidivm and compared by authors with Sequoie. Some of
the imperfectly preserved Jurassic cones agreeing superficially with
those of Sequoia may well belong to species of Sequoiineae.

Though in the majority of instances Jurassic and Cretaceous
records do not prove the former presence of Sequoic or a closely
allied type, some of them afford justification for the belief that the
American trees are survivals from at least the later floras of the
Mesozoic era. On the other hand Tertiary strata in many parts of
the world supply clear evidence of the wide distribution of Sequoic
or some nearly related Conifers in Europe and elsewhere®. The
inference suggested is that the recent species survive in California
because of the greater possibilities of migration towards the more

1 See page 151,

* My E. W. Berry (16) has recently published a sketeh-map illustrating the world-
wide distribution of fossils referred to Sequoia.
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genial south on the American continent than in Europe where the
retreat from Avectic regions ended in extinetion.

Penhallow! records some petrified wood from Cretaceous strata
in Alberts which he names Sequoia alberiensis and 1‘“‘11'*“1"].’: e
similar to the wood of Sequoia sempervirens, but the evidence in
favour of reference
cells are g
bordered pits in the field, the broadly elliptical pore being generally
diagona] to the cell-axis, ek

Tertiur}’ wood from different localities in North America L«
referved to Sequoia on evidence that is far from conclusive. ]Ijmi'_
3 effrey? described a particularly well preserved piece of stem from
the Miocene auriferous gravels of the Sierra Nevada, near the
home of Sequoia g;!ﬁu:!(:;z_. as Sequoiac Penhallowi: Thmsgl-l _[ am
that he is now inelined to refer the wood 4o the Abietineae.
0 his aceount
ey of the medullary-ray cells, the scarcity of xylem-
Parenchymg .
Canals, heliey

4oy = . B1ETE sive lesin-
to the existing genus is inconclusive. Resin

g e N
cattered tllr'('m;-f-'b the wood: the med u“'dl'_“ rayvs have 1—2

forme

attention is called to certain features, e.g. the pitting

and the presence of vertical and horizontal N
ed to be traumatic, which are certainly suggestive of
ﬂhie‘:ﬁineous affinity. Prof. Penhallow® described two species 11-;':111.
Eor:one beds in H‘m North-West Territory as Sequoia Langsdorfii

and g, Burgessii, hoth of which were previously described by
Dawgon but
beliey

assigned by him to different positions, In the \\-n'm.l
ey ])E]Ol;(—" to the plant which bore the well-known twigs
Teeorded by
;},][1 sostiered o resin-canals are present only in a T‘l](]i]'ﬂt‘lltil]'.‘t
form o, the outer face of the summer-wood. The pitting f-)f
tﬁhe l.uedll“ill'}"l"f“" cells is not deseribed. A peculiar feature in
S Burgessii. it the wood ‘is correctly referred to Sequoia, is the

& of o kinds of medullary rays, uniseriate and fusiform,

many authors as S. Langsdorfii resin-cells are numerous

"J(‘.(flll‘l'(".l ¢

the latter containing resin-canals. No resin-canals occur in the

Wood, Attention has been called (p. 171, fig. T12) to the abundance
of Petrified stems in the Lower Tertiary deposits in the Yellow-
Stono Park - some of these are named by Mr Knowlton? Sequoia
Magnifica. A few of the trunks reach a diameter of 6—10 [t.

1 I’sau[ul‘!]ow

® Jefirey (04,
# Krzr»wlum (99)

(08) p, 83, firs. 1—s. -
* Penhallow (03) pp. 41—486, figs. 2—S8.
P- 761, Pls. arv., cv., cX., CX1.. CXVIL.
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and a height of 30 ft. (fig. 764). The details are imperfectly pre-
served: a few of the tracheids show traces of single and double
rows of small bordered pits, but no pits are shown on the walls of
the medullary-ray cells. Hﬁsiu—pa.renchyn13. iz abundant amd

Frc. 764, TPetrified tree in the Yellowstone National Park (Sequoia magnificd
Knowlton). (From a phatograph kindly supplied by Prof. Knowlton.)

scattered as in Cupressinozylon: it is doubtful whether the wood
of Sequoia can be distinguished from that of some other genera |
included in the genus Cupressinozylon. Specimens of wood from
the Tertiary coal-field of Aichi-Gifu in the middle region of Hondo;
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the main Island of Ja pan, recently deseribed by Yasui! as Sequoia
hondoensis has the following characters: narrow annual rings,
tracheal pits usually uniseriate though often biseriate and opposite
on the broader tracheids, rims of Sanio present, medullary-ray
cells with oval hordered pits on the lateral walls but unpitted else-
Where, resin-cells scat tered through the spring- and summer-wood,
resin-canals present which are believed to be traumatic. The
Occurrence of this wood according to the author of the species
“Completes in an interesting way the evidence for the existence’
OF Sequoia “in Cenozoic times throughout temperate regions of
the whole northern hemisphere.”  While it is probable that the
Sequoiinege were very widely spread in the Tertiary period 1t is
OPen to guestion if the anatomical evidence is sufficiently clear to
Justify the reference of the .J apanese wood to Sequota. The chief
feason for the adoption of that generic name is the occurrence of
Tesin-canals similar to the traumatic ducts in the recent species.

~ The following descriptions include fossils which cannot be re-
ferred o Sequoiites and others which may reasonably be so named.
SEQUOIITES. Brongniart.

Sequoiites problematica (Fliche and Zeiller).

‘ This species, originally described as Sequoia problemalica®, is
lounded oy a small (’:-Hi]')ﬁ(';[.] cone from Upper Jurassic rocks in the
BO‘-"”L’H@ district: in the form of the scales, which show a ridge
Extending from the edges of the distal surface to a central de-
Pression in the middle of the cone-scales, the fossil suggests affinity
?‘“ the recent genus. Zeiller? also records a cone from Jurassic strata
- Mﬂflitgu scar associated with branches of the Brach yphyllum type
Which he says presents all the characters of Sequoia. It must, how-
be admitted that in both these cases close relationship to
Sequoia hag not been demonstrated.

. Under the name Sequoia minor Velenovsky * describes specimens
from the Lower Cretaceous strata of Bohemia consisting of foliage-

ever,

shootg with small imbricate linear-lanceolate leaves and a small

t{j\l'rlli]1i**]. spherical, cone the sporophylls of which have rhomboidal

(,l,lsr‘“] ends and a central umbo: but as in most fossils referred to

Sequoia the evidence of generic affinity is inadequafe.

: z;uflli “7:}-_ ¢ Tliche and Zeiller (04), 3 Zeiller (00),
elenovsky (87) p. 638, figs. 11, 12,
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Sequotites giganteoudes (Stopes).
This species, under the name Sequoia giganteoides, has recently
been founded by Dr Stopes! on a small petrified fragment of a very

Fic. 765. Seguoiifes concinna. TFoliage-shoot from the Senonian of Greenland.
(Stockholm Museum; nat. size.)
slender foliage-shoot from the Lower (ireensand of Luccomb Chine
in the Isle of Wight. The pith contains stone-cells, and a single,

Y Stopes (15) p. 70, PL 1n text-fig, 16.
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undivided leaf-trace enters each decurrent leaf-base; there is a
central large resin-canal in the leaves and a considerable develop-
ment of transfusion-tracheids on each side of the secretory passage.
Palisade-cells are a conspicuous feature and one or two layers of
hypoderm fibres oceur next the lower epidermis. The author of
the Epecies poiuts out the close resemblance between the fossil and
the leaves and shoot-axis of Sequoia giganiea.

Sequoiites concinng Heer.

Heer! degeribed several specimens of foliage-shoots and cones
from the Patoot beds in West Greenland as Sequoia concinna, the
Commonest Conifer in these rich Lower Cretaceous strata. The
form of the sparsely branched shoots with their long and slender
branchlets and straight or slightly curved, decurrent, acuminate,
1?&-&‘«35 (fig. 765) a _“H-'t’ closely with those known as Sphenolepidinwm
J\.'ff?-rnhgr.r,u'rm wni from English and other Wealden rocks, as also with
the shoots of Sequoiites Couttsiae. The oval cones, 23 x 20 mm.,
Consist of a few scales with 5—6 angled thick distal ends on which
there is a median transverse line and & central scar.

This species, represented by sterile shoots and cones, has recently
been recorded by Berry? from Upper Cretaceous beds in Pike
(-701121‘r-‘_v,. Arkansas.

Conites, Conites Gardneri (Carruthers).

. Carruthers® described a cone and a piece of vegetative shoot
rom the Gault of Folkestone as Sequoiites Gardners but neither
Specimen affords anv satisfactory evidence of relationship with
‘_Seff“-’)l‘ff. The s}n;-urlio' of the Pagiophyllum type, and the cone,
25 % 15 em., consists of spirally disposed scales with four-sided
homhoidal distal ends. There is no information with regard to
tlfe seeds: the data being wholly insufficient to serve as a criterion
of Flﬂinit_\', the generic 1-1z11'no Clonites is substituted for Seguoiites.
A specimen figured by Lange? from the Aachen Sands as Carpolithes
hemlocins Schloth. and compared by him to a Seguoia cone agrees
Q]‘)J\'O!}‘ with the English species.

! Heer (83) p. 13, Pls. ., LiL, cte.

¢ Berry (17) p- 172, PL v figs. 1-—5.
% Carruthers (69%) p. 7, PL 1. figs. 7, 8.
4 Lange (90) PL xxxim. fig. 7
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Conites ovalis (Carruthers).
The type-specimen from the Gault of Folkestone! is an oval
cone 6 em. long and about 2-5 cm. in
diameter; the scales are cuneate and the
exposed ends transversely elongated and
hexagonal (fig. 766). It bears a close
resemblance to Geinitzia gracillima, but in
the absence of any details with regard to
anatomical features or seeds the non-com-
mittal name Coniles is employed.
Sequoiites Holsti Conwentz ex Nathorst MS.
This species?, from the Holma sand-
stone (Senonian) of Sweden, is founded on
fragments of foliage-shoots covered with
spirally disposed, appressed, broadly ftri-
angular leaves. The specimens are not well
enough preserved to show in detail the ana-

Fic. 766. Conifes ovalis.

tomical features, but Conwentz considers
such characters as he was able to recognise e S
favourable to Nathorst’s adoption of the  guoy
generic name Sequoiites. The species s, ;

however, not ahove suspicion as a record of a Conifer closely

allied to Sequoia.
Sequoiites Langsdorfii (Brongniart).

Brongniart? instituted this Tertiary species under the generic
name Tawites. and Heer? in his description of foliage-shoots from
Miocene beds in Switzerland adopted the designation Sequoia. 1In
habit S. Langsdorfii is practically identical with Sequota sempervirens
and by many authors it is spoken of as the direct ancestor of the
recent species. Under this species Schimper® includes a fairly long
list of synonyms—species referred to Tawites, Tazodium, Crupres-
sites, and other genera- -which serves to emphagise the fact that
impressions of sterile branches with distichous, linear, leaves canuot

I Carrathers (71) p. 3, with text-figure.

2 (Jonwentz (92) p. 28, Pls. 1L, 1v., vIIi.

3 Brongniart (28) A. p. 108. 1 Heer (55) A, p. 54, Pls, XX., XXL
5 Schimper (72) A. p. 216.
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in man v cases be identified with Sequoia with absolute certainty.
D'ﬂf‘leuf't_aw pointed out by authors in their description of species
between the leaves of such recent forms as Taxus buccata and
Sequoia sempervirens, but an examination of actual specimens re-
veals the inadequacy of such fine distinetions ag are somefimes
quoted. OQur l\.uu\\]“iw of the cones is confined to external
characters and these afford a more substantial basis than the
l:r'lirl""‘-%html'q on which to form an opinion with regard to the
striking gimilarity between t

. Tertiary and existing species.
‘\"’f“mz(w s Langsdor fii is recorded by Gardner! from the Eocene beds
I Mull, but the identification rests on sterile branches bearing
linear-lanceolate decurrent leaves 6—9 mm. long; the main axis
of & branched specimen bears scale-like leaves alpprvssml to the
Stem except at the distal end of the lamina and, as in the recent
Species, scale-leaves occur at the base of each lateral shoot. The
$pecies is recorded also from Styria2, from Miocene beds in Greece?
Where it is represented by foliage-shoots and cones, {rom Italy?,
"plllmm and other E LL'-'-'v|'n“;|?1'lnc_'u]_itics. A very similar form,
"11("111(111\‘ named by Brongniart® Tawxites Towrnali, is deseribed by
"dtrlnn-r" from the Middle Bagshot beds of Bournemouth and with

it he unites 8. Hardti Heer founded on material from Bovey Tracey.
S. Tournali is chavacterised by the association of distichous (fig. 794,
A, B, p- 408) and smaller apy )1:‘“1'11 eaves like those of ;\upmw
’“5’"”’("’ an association also met with in S. .w’;f.'p(’u.'u ns. S. Tour-
b is recorded by Saporta’ who figures branches and cones from
Eocene strata in Provence. Laurent® figures fragmentary spec i-
mens, which he refers to S. Langsdorfii, from the Aqui tanian series
0 the Puy-de-Dame.

Sequoiites Langsdorfii is very abundant in Aretic Miocene rocks:
\dll“"“ ¥ speaks of numerous branches in Tertiary clays in Elles
Mere Land in a remarkable state of preservation so that they could
& washed out and isolated like dried specimens in a herbarinm.
E Peculiarity of the Ellesmere specimens 18 the oceurrence ol very

L Gardner (86) 1 L 0 2 Fitingshausen (57) PL 1. fiz. 8.
* Ungep (47) il | 1. fizs. 17—-"'. Saporta (68) refers S. Langsdorfii as figured by
UII-fl T to,8. Towrnali,
¢ Sainabol (92) p. 26, Pls. xv., XVL. 5 Brongniart (28) A. ]». 108.
‘f (__;.”_fhlm. 61 ]".4 40, 7 "1]1(1111 (65%) Pl 11 fie. 1.
. A * Nathorst (11%) p. 225.

Sy 23
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fine teeth on the edge of the laminal. Similar teeth are stated by
Nathorst to have been seen in one or two examples of Sequoia
sempervirens, and it suggested that the papillae, which are a normal
feature of the recent species, were more strongly developed in the
Tertiary type. Heer? records the species from Miocene beds in
Gireenland and states that it is one of the commonest Conifers in
Disco Island, from the Mackenzie River, Alaska, Spitzbergen, and
Sachalin Island. The fragments
reproduced in fig. 767 were col-
lected in Disco Island and are now
in the Dublin Mugeum with other
fossils described by Heer; the long
linear leaves, A, are decurrent and
in some cases the lamina shows
fine transverse striations: the
smaller leaves shown in fig. 767, B,
are referred by Heer to a distinct
species 8. brevifolia, but there is no
important difference between the
two forms. Palibin® figures sterile
shoots [rom the Sichota-Alin moun-
tains. Penhallow? records the spe- i

other localities, and to the same  described by Heer.)

type he assigns some petrified wood

from the Queen Charlotte Tslands though without any real evidence
of connexion. Twigs and cones are described by Schmalhausen
from Tertiary strata in the New Siberian Islands®, and the gpecies
is said to be one of the most abundant and widely distributed
types in the Yellowstone National Park®. Remains of more than
one species of Sequoia are recorded from Florissant, Colorado,
which has recently been deseribed as a Miocene Pompeii: the gedi-

1 Nathorst (15%) p. 10, PL 1. figs. 1—15.

2 Heer (68) Pls. 1L, xx., Lv., ete.; (71) Pls. x1., xuuL, cte.; (70) iii. PL 113
(77) i. Pls. x11., Xmt., xxv.; (78) v. PL 1.5 (82) i Pl oo

3 Palibin (04) PL 11,

1 Penhallow (02) pp. 44, 68; (03) p. 41.
5 Schmalhausen (90) PL 1. figs, 2—1 L
& Knowlton (99) p. 682.
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ments of an ancient lake mixed with voleanic ash contain many
Plant and insect remains and Prof. Cockerell’s careful investigations
have led to the discovery of several new typesl. Staub?, who
Yecords the species from Aquitanian beds in Hungary, gives a List
of references to other authors.

Making allowances for doubtful identifications based on sterile
branches there remain a sufficient number of authentic records to
demonstrate the wide range of this species and allied forms in
Burope and the Arctic regions during the Eocene and Miocene
Periods. 8. Langsdorfii is said to occur in beds of Lower Pliocene
age in France® and a minute cone, only 2 by 1-9 mm. has recently
.]-"Q"’“ described by Mr and Mrs Reid from Pliocene deposits in
Holland®, The Dutch specimen is referred to Sequoin with some
hesitation and it is suggested it may be an immature cone of an
Undescribed species, which possibly marks the last appearance of
the genus in Europe.

Sequotites Couttsiae (Heer).

This species was founded by Heer® as Sequoia Clouttsine on
Material from Oligocene beds which form a basin-shaped depres-
8100 1 the granitic rocks of Dartmoor in Devonshire. The muterial
Consists of foliage-shoots (fig. 768, A, B), similar in habit to those of
the recent S[)nﬂ"ios Sr‘rpmrffr_ gigentea, and globose or sub-globoge
{::}“'3‘* with peltate scales and winged compressed seeds like those of
Sequoia sempervirens. Several seeds are said to occur on each cone-
Scale. Beust® examined wood from Bovey Tracey in which he
tound tracheids with separate bordered pits and resiniferous xylem-
Mr and Mrs Clement Reid?
L recently investigated the Bovey Tracey material and their

JATen N S .
Parenchyma as in the recent species.

Conclusion is that ‘ Sequoia Couttsiae 18 a true Sequoia and close to
the living Sequoia sempervivens and S. gigantea.” They give the
J'J]I'”Wi”?{ description of the cones: ‘Broadly oval and abruptly
Narowed into the stalk, or somewhat cordate; at the base are a
}-mx-.s,-ﬂall recurved wedge-shaped barren seales, the lower ones
18Ving their stalks strongly reflexed, the middle ones with stalks

1 Cockerell (06), (08), (082), (08"). 2 Staub (87) B. PL xix. p. 249,
, Depape (13), 4 Reid, €, and E. M. (15) p. 55, PL 1. fig. 17

, e (62) p. 1051, Pls, rix.—LxT. & Beust (85) PL . figs. 1—8.
i R

veid, €, and E. M. (10) p. 170, Pl xv, figs. 23—27.
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at right-angles to the axis; at the apex is a rosette of a few almost
sedsile barren scales; the arrangement of the scales is distinetly
spiral. Tt is not easy to count the number of the scales, as none of
the cones we found are perfect. There would seem to be 20—24
fully developed scales, besides a few undeveloped round the apex
and hage.” The scales vary in shape (fig. 768, C. D) and are cuneate
or umbrella-shaped, the rugose distal ends have lines radiating
from a central umbo; the winged seeds are pendant beneath the
thick involuted margin and on the upper surface of one scale five
seeds were found. Preparations of the cuticular membrane of the
leaves showed irregularly scattered stomata, each surrounded by

Fic. 768, Sequoiites Couttsiae. Twigs A, B, and cone-scales C, I, from Bovey
Tracey. (Photographs by Mr and Mrs Clement Reid; »x3.)

a ring of four or occasionally five cells. (ardner! has also described
specimens from Bovey Tracey and Hampshire characterised by
imbricate keeled decurrent leaves with a free, divergent or falcate,
apex and in older branches by more obtuse appressed leaves. The
cones in size and form resemble those of Sequota sempervirens while
the vegetative branches agree with S. gigantea. There are 3—5 seeds
on each scale. Several examples of Sequoiites Couttsiae are figured
by Heer? from Miocene bedsin West Greenland and he speaks of the
gpecies ag the commonest Conifer in Disco Island. Gardner points
out that the northern form has larger cones and stouter foliage-
shoots than the British type and proposes for it a new specific name

U Gardner (86) p. 36, PL vi.
3 Heer (68) p. M4, Pls. mt,, viiL, XLv.; (71) Pls, xXL., Xumn., ete.; (83) Pl nxyvil.
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S, Whymperi. This more robust form occurs also in Spitzbergen,
on the Mackenzie River, and elsewhere. Knowlton' records
8. Couttsiae along with other species from beds probably of Miocene
age in the Yellowstone Park: he assigns to this type specimens
deseribed by Lesquereux from Colorado as Glyplostrobus Ungeri
and others from the Fort Union Group referred by Newberry to
(‘*‘I.’fj"f(fm'mh'r.\- europaeus. The cone-bearing branches figured by
esquereux? from the Western Territories as Sequoia affinis bear
a close resemblance to 8. Coutisiae. The latter species is recorded
by Penhallow? from the Eocene beds on the Deer River in Canada
(.l'lj’t' 51° and 54° N.). The same or a closely allied type is recorded
from Miocene beds in Alsace?, and Saporta® describes very good
examples of S. Couttsiae from the Eocene beds at Armissan in
Provence, According to Gardner the material referred by Saporta
to Heer’s species includes at least two other species. Specimens
deseribed by Schmalhausen® from Hocene beds in South-West
Russia as 8. Coutlsiae, though possibly correctly named, are not
Convincing. Palibin? records this species from Oligocene beds at
\Iolr)n‘rchl in the Fatej district, Russia, and discusses the geological
age of the strata from which Schmalhausen’s plants were obtained.
Ettingshausen’s specimens from Bilin in Bohemia as gigned by
him to Tazodium dubiwm mav, as Gardner says®, be u.\.lm]'wles of
8. Coultsiae.

GEINITZIA. FEndlicher.

The name Geiniizia was given by Endlicher® to a piece of gterile
Shoot from Tower Cretaceous strata in Saxony previously figured
by Geinitz® ag Arancarites Reichenbachii (fig. 769), and in the new
genns was also iur,-hidn.wi (':'anrm.'mu'r.! primaeva Corda®. Both these
Species were referred by Endlicher to Geinilzia eretacea. Corda’s
Species. was founded on several foliage-shoots from Lower Cre-
taceous rocks in Bohemia with the habit of Araucaria excelsa and
n one or two instances bearing what appear to be terminal buds
deseribad by Corda as small cones. In the first instance Geinitzia

' Knowlton (99) B. p. GS1. ¢ Lesquerenx (78) B. PL nxv.

* Penballow (02) p. 50 1 Bleicher and Fliche (92) p. 382.

" Saporta (652) PL 1. 6 Schmalhausen (83%) Pls, XXXIL, XXXVL
* Palibin (01) p. 499. & Gardner (86) p. 39.

" Endlicher (47) p. 280, 0 Geinitz (42) PL xxav. fig. 4.

H i \
Corda in Renss (46) B. PL xum. figs. 1—11.
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was applied to branches without any recognisable cones. In 1868
Heer! figured specimens from the Kome beds in Greenland which
he believed to be identical with Araucarites Reichenbachii Gein.
though the foliage-shoots bear shorter leaves than those on the
type-specimen of Geinitz: Heer states that he was able to examine
the type-specimen and assured himself of the specific identity of the
German and Greenland specimens; he substituted the generie name

Fui, 769,  Geinitzia Reichenbachii. Fra, 770.  Geinitzio Reichenbaehis,
(After Cleinitz.) (After Heer; nat. size.)
Sequota for Araucarites on the ground that some cones in the
Tiibingen Museum from Lower Cretaceous beds in Moravia,
attached to branches apparently identical with draucarites Reichen-
bachii, presented a very close resemblance to those of recent
Sequoias. The Moravian specimens, which he afterwards figured?,
are oval and the cone-seales have distally expanded distal ends
(fig. 770) like those of Sequoia, but no evidence was obtained as to
the number of seeds. Additional examples of vegetative shoots
and cones were described by Heer® from Greenland as Sequoia

! Heer (68) Pl xLi. 2 Thid, (69) PL 1.
3 Ibid, (75) 1. Pls, xX11., XX,, XXXIV,, efc,
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_f‘l‘—"-.f‘/wibawh,ﬁ and this species Is recorded by authors from many
Lower Cretaceous localities, but in no case is any conclusive evi-
"]fur;.e brought forward in support of the assumed generic identity
With Sequoia. Specimens of Sequoia Reichenbachii with foliage and
¢ones are figured by Velenovsky? from Bohemia showing clearly
rL‘ff characteristic peltate cone-scales, and similar examples though
‘\\'1th rather larger cones are deseribed from Lower Cretaceous strata
in North America®. Ou the other hand the name Sequoia Reichen-
buchii i applied in some cases to fragments ol sterile branches un-
accompanied with cones®: in one instance? evidence was obtained
Uf. the occurrence of separate cireular bordered pits on the tracheids
U.IV some vegetative branches from the Cretaceous beds of Aix-la-
(. Iiape]]e_ 1t is impossible to say W hether such shoots hore cones
lilce those of Geinilzia or Elatides; some at least belong to Elatides
(';“.)..{}1;,)””.

. fl,'\\'u conclusions are suggested by an examination of the records
80 far quoted: the use of the generic name Sequoia is not haged on
?”-\' solid foundation and, secondly, it is unsale to assume that
_rd"%“'em-‘s of sterile branches bearing faleate leaves similar to those
M iertile shoots referred to S. Reichenbachti belong to that species.
The common oceurrence of Mesozoic specimens agreeing more or
less closely with Araucario excelsa, while demonstrating the
abundance of that form of vegetative shoot, by no means proves
the equally wide occurrence of one specific type. It has, for
P"‘wm["lt’. been shown by Nathorst® that +he hranches from Lower
(I]‘N?“(-‘*'-OUI\' or Upper Jurassic rocks in Spitzbergen figured by
{-1[3(::11‘1) as ,r,\.‘egwm fft'?.(j}!t’ﬁ,‘})(f(‘{# .f'f are examlﬂes of Elatides .(‘-'l.'i'-',.‘i:fr}];-':u
k). The genus Elatides? is characterised by cones diflering 1n
their flatter scales and more elongated form from those nsually

'{F’f‘%’”"‘(l to Seguoia though the foliage-shoots are of the same type.
th therefore advisable to adopt some provisional generic term for
htlﬂl.llln _Sl‘-“(”-“ resembling in habit those of Araucaria excelsa and
;:)llllllﬂ;r‘&‘ the ‘<_1b~.~'1,-11(~e of cones cannot be safely :‘me.:ij__ruer] to a genus

nded on the cone-characters. The name Pagiophyllum® serves

2 \Ef-l'""l"}"“'k."' (85) B, Pls. v, 1X.
. ;:l‘l“'“"" B. Pls. 165, 166; Hollick (06) PI. . fig. 40; PL 1. figs. 4, 5.
. LM‘{”;T !l_hl(ly iwl; .i-‘]. xvin. fig. 14; Hn-hnm‘k d_';l] PL \\r_\ rlg.-':; 6, 7.
8 l_h.‘_l"_‘j_'_:"_'!‘l’- 064, # Nathorst (97) p. 35.

ber (75) ii. Pls. xxxyI., XXXVIL T Bee page 270, 5 See page 274.
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this purpose and it should be applied to sterile branches of the
Araucario type which cannot reasonably be referred to Blatides,
Geinitzia, or other genera connoting certain types of fertile shoot.
It has, however, been pointed out that in the first instance Geinifziu
wag applied to sterile shoots, but later this designation came to be
associated with cones of elongate-oval form bearing peltate scales.
In 1852 Unger! applied Geinitzia to a specimen [rom Neustadt
consisting of a slender piece of foliage-shoot and an imperfectly
preserved cone similar to the cones of Heer's Sequoia Reichenbochit
but longer in form. Subsequently Heer® described under the name
Geinitzia formosa shoots and cones Irom Lower Crefaceous strata
at Quedlinbure: the cones are similar in form to that figured by
Unger and bear cone-scales with polygonal distal ends having a
central umbo and radially disposed lines on the exposed surface.
Schenk?® also gives good drawings of Geinitzia formosa. A well pre-
served cone very like Heer's (. formosa was described by Newberry *
from the Amboy clays as Sequoia gracillima, the specific name
having been previously used by Lesquereux for sterile branches
from Dakota in conjunction with the generic name Glyplostrobus.
Newbherry adopted Lesquerenx’s specific term because he found in
the Dakota beds cones like that from the Amboy clays associated
with the branches deseribed by Lesquereux. Newberry's cone is
practically identical with that of Ieer's Getnilzia formosa, but it is
noteworthy that the former is borne on a slender branch having
small appressed leaves in place of the more spreading faleate leaves
of Heer's species. This difference in the foliage is of secondary
importance in comparison with the close resemblance between the
cones. Subsequently Jefirey® obtained good cones from the
Matawan formation apparently identical with Seguoia gracillima
(Lesq.) as figured by Newberry and he was able to investigate the
anatomical features, The pith of the cone-axis containg groups of
sclerous cells; the phloem differs from that of Sequode in the absence
of fibres, while the secondary wood has no resin-cells—another
difference from Seguoia: the tracheal pits are circular and in no
case contiguous and there are no rims of Sanio. The latter feature

1 Unger (522). 2 Heer (71%) m 6, Pls. 1., .
* Schimper and Schenk (90) A. p. 299.

' Newherry and Hollick (95) p. 50, PL . figs. 1—3. 5 Jeffrey (11).
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is regarded by Jeffrey as an essential character ol the Arauearineae
and the absence of any Abietineous pitting in the medullary-ray
cells is another Araucarian feature. The conclusion drawn by
Jeffrey is that despite the absence of Araucarian pitting on the
tracheids the anatomical details point to an Araucarian relationship,
the wood of the cone-axis having the characters of Sinnott’s genus
P‘h‘m-r'n’nu‘y(nn. No inie_n'mmiuﬁ was obtained with regard to the
Seeds. Jeffrey’s examination of the cone shows, as he says, that
1t does not e'lkgrm* structurally with the cones of recent Sequolas,
but the reference to the Araucarineae rests on a glender hasis.

In their account of the Kreischerville plants Hollick and
'Ie'l?r"ﬂ’i describe some sterile branches as Geinitzia Reichenbachia
(l-‘%’i 806,D page 437) whiek
Authors to Sequoia Reichenbach ii thouch they might equa lly well be
dentified with Elatides curvifolia (Dunk.). For guch sterile twigs the
Wflme Pagiophyllum would be preferable. The pith of the Kreischer-
Ville shoots contains groups of sclerous cells; the leaf-bases show in

aoree clogely with specimens referred by

transverse gection three resin-canals and these are enclosged by the
-tl.-a]'!HF‘lSiumtis-ﬁnr- which accompanies the vascular bundle. In its
distribution the transfusion-tissue differs from that in Sequoia,
whi"h is confined to the flanks of the vascular strand, and agrees
With the corresponding tissue in A -aucarian leaves. There is no
X:ﬂﬂ“]’Ptll"t?!lch\'nm and the tracheids have 1—2 rows of bordered
j':li.-s, in contact or sometimes separate and il in two rows alternate.
The woog agrees with that deseribed by Hollick and Jefirey as
Bm(-};l,m‘.,.%_j” and shows a decided Araucarian affinity. In the
absence of cones attached to the shoots it 1s not possible to settle
{'_leﬁ"""“—’l-,\‘ the svstematic position of the specimens. A faet in
m\"“m' of 'lt.lo'.niil‘\'iu;z the branches with Sequoin (or more appro-
Phiately {"’-"3.”—""-'"”.3 Reichenbachii is the occurrence in the same beds
of detached cone-scales very similar to those of G. gracillima. which
are referred to two new ;_rezlu-z'n_ Eugeinitzia and Pseudogeinitzia.
E:UGEINITZIA. Hollick and Jeffrey.
Eugeinitzia proxzime Hollick and Jeffrey.

The scales on which this species is founded? closely resemble
thoge of recent gpecies of .'\'r’r‘;a.lrn'rl and Geinitzia :";;‘f!(‘jlul.)}lr}_ The

1 Hollick and .}--i]'ﬁ'_‘.\' (09) B. p. 38
2 Ihid. p. 43, PL x. fig. 10; PL X3V, figs, 1—3.
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vascular bundles were found to be arranged round the margin of
the peltate portion of the scales and completely surrounded by
transfusion tissue, ‘a feature of marked contrast to the scale-
bundles in Segueie and at the same time one which indicates a
strong affinity with the Araucarineae.” The mature scales afforded
no indication of the number or place of attachment of the seeds,
but an immature cone lent support to the view that each scale bore
four ovules on the peduncle near the cone-axis. Hollick and
Jeffrey regard the scales as Araucarian and think it probable that
they were connected with the twigs named by them Geinitziz
Reichenbachi.

PSEUDOGEINITZIA. [ollick and Jeflrey.

Pseudogeinitzia sequoiifornas Hollick and Jefirey.

A special generie name?! is given to some four-sided scales on the
ground that they not only differ in their tetragonal form from the
hexagonal scales of Hugeinitzia but probably helonged to a smaller
cone. Asin the former type the vascular bundles are enclosed by
transfusion-tracheids, The investigations of the American botanists
show that the sterile branches, &. Reichenbachit, exhibit certain
Araucarian tendencies and that the cone, Geinitzia gracillima, as
also the detached cone-scales, BEugeinitzia and Pseudogeinitzida,
cannot be included in Sequoia.

Until more is known of the morphological nature of the cones
described by Heer and other authors as Sequoia Reichenbachit,
8. ambigua, ete., their relationship to existing Conifers cannot be
settled, but meanwhile it would seem convenient to include both
the smaller oval cones and the longer forms represented by @.
gracillima in the same genus Geinitzia, applying the name to cones
having spirally arranged scales with peltate distal ends superficially
resembling those of Seguoia. Thename Sequoia, much too freely used
by palacobotanists, has in some cases® been applied to cone-bearing
branches that are almost certainly identical with Sphenolepidinm
Kurrianwm (Dunk.). On the other hand for sterile foliage-shoots
unconnected with cones the non-committal name Pagiophyliwm 18
suggested on the ground that foliage-shoots alone cannot be more
precisely determined.

I Hollick and Jeffrey (09) B. p. 45, PL x. fig. 14; Pl xxv. fig. 4.
* Heer (69) p. 11, PL 1. figs. 10—13 (* Sequoie fustigiote).
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SPHENOLEPIDIUM. Heer.

Heer! instituted Sphenolepidium in place of S phenoleps, pro-
Posed by Schenk? for Wealden Coniferous branches, because of the
Previous use of the latter name by Agassiz for a genus of fishes.
Bel‘rﬁ has recently reverted to the original form Sphenolepis on
the ground that its employment by zoologiste 1s not a Serions
objection. Schenk’s definition of his genus includes both vegetative
Organs and cones, but it is'desirable that the name Sphenolepidivimn
should be restricted to fertile specimens or at least to specimens
which can with reasonable certainty be connected with cone-
"“‘"‘“Hg examples. The habit of the foliage-shoots of the two best-
Nown Wealden and Lower Cretaceous species, . Sternberguamnm
and S, Kysrignum, is of the type which leads anthors to employ
Such weneric terms as J\',_.,f.;(-‘),:u_ Athrotaxiies or Athrolazopsis,
‘n'i'rln'-r[;g,.r'j{m-; ites, Glyptosirobus, Araucarites, and f'WJ'(."!'N-\'-"!’("HJH.. but
1 the ahaaiics. of conss 3t is impossible to feel confidence in any
attempts to distribute such sterile gpecimens aniong genera which

are characterised not only by a certain form of foliage-shoot but
algo by

: a particnlar type of cone. .

he generic name Sphenolepidinm should be retained only for
Specimens with small, more or less globose, cones possessing spirally
& 8posed cone-scales, cuneate, relatively broad and fairly thick.
The cones are much smaller and have relatively broader and
H_‘i"’l‘t’l' scales than those of Elatides though there is no essential
difference in the vegetative characters of the two genera. No cones
have heen described throwing any light on the affinity of the genus
m?[l like many others it must be left for the present in the category
f Coniferae incertae sedis. The leaves are spirally disposed on the
('(m"['“l‘ati\'i—'-lj.‘ elender branches and are either ovate, triangular,
and free only in the acuminate region, or longer and more spreading
.c.l“d faleate; the latter ty pe agrees with Puagiophyllum while some
o bearing :‘.ﬁ"u.’mfu{'fiu‘iribuﬂ cones are rather of the Brachyphyl-
b Uy pe. Many of Tilt-‘ gpecimens recorded as Sphenolepidivim
afiord vio evidence as to the nature of the cones and should be
ass}.mm] to Pagiophyllum or Brachyphylhum. The genus is charac-
TG“SHC of Wealden or Lower Cretaceous strata and is represented
' 8everal European distriets and in North America.

* Heer (81) p. 19, 2 Schenk (71) B, p. 243. 3 Berry (114) p. 290.
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Sphenolepidivin Sternbergianum (Dunker).

[cH.

This species was originally deseribed by Dunker! from North
Germany as Muscites Sternbergianus and by later authors placed

in Araucarites, Widdringtonites, and other genera®. It is impossible
to determine the specific limits of this species® and S. Kurrianum

(fig. 771): the cones exhibit no well-defined dis-
tinguishing characters and the chief distinetion
is the more spreading foliage of the Araucarian
or Pagiophyllum type of S. Sternbergiamum. As
Berry suggests, this species—deseribed from the
Potomac elsewhere in North
America and from several European localities—

formation and
is probably represented in the Lower Cretaceous
flora of Greenland under such names as Glypto-
strobus groenlandicus Heer and Seguoia fastigiala.
Some of the English and German fossils attri-
buted to 8. Sternbergianum arve almost certainly
examples of Elatides curvifolia.

Sphenolepidium Kurrianwm (Dunker).

Dunker? originally adopted the generic name
Thowites: later authors preferred Brachyphilluin,
Widdringtoniles. Avaucarites and other names.
Fontaine®, who records this species from the
Potomac formation, includes in his genus Athro-
taxopsis specimens which cannot be distinguished
by any features of morphological importance
from Sphenolepidinm Kurrionuwm. The leaves are
ovate, more or less appressed, agreeing with
Brachyphyllnm or in some examples intermediate
between the type of foliage assigned to Pagio-
phyllum and Brachyplyllum. The Wealden speci-
men reproduced in fig. 771 is placed in Spheno-
lepidivm because of its association with branches,

identical in hahbit, bearing cones; if found

1 Dunker (46) A, PL vir fiz, 10.
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For references, see Seward (95) A. p. 206; Berry (119) p. 293.

2 Beward (112) p. 683,
! Dunker (46) A. p. 20

b Fontaine (89) B, Pls. ¢xxxv., ete
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fossil it would be referred to Brachyphyllum. The figured speelmen
shows the variable form and size of the leaves and there is
200d repgon to believe that the plants represented by the frag-
Ments included in one or other species of H;n/ff'nr#e;u'rh'um were
characterised by a considerable range in the habit of the foliage-

shoots, a fact which renders of little importance the geparation
into S, Rurrignum and S. Sternbergianwm based on the form of the
leaves in detached branches. The small cones borne terminally on
slender branches resemble superficially the cones of Athrotaais, but
1o faets are available as to the structure of the cone-scales and

there is 1o evidence on which to found an opinion as to the position
of the genus.

S y
PCIADOPITINEAE.

Though several fossil plants have been compared with the
eXisting ;pf.‘r.ries Seiadopitys verticillala, in no case is there any con-
clusive evidence of the oceurrence of this type of Conifer. Schmal-
ausen founded the genus Cyclopitys® for impressions of shoots
Itom Russia bearing whorled linear leaves which he helieved to be
(‘I(’S"]." allied to or generically identical with Seiadopitys. Zeiller?,
Whe brought l‘r_-r\\'.:'t-l'i'l l‘.”.(m}_f greuments for assigning the strata
regarded "b".-' SP]IHM‘!‘I_ltIUFI"ﬂ-ﬂ-"" Jurassic to the Permian period,
Considers ( v!,'f(,l;”!“-!,!fs to be an Equisetaceous |.L.nr_ Detached linear
Caves similar to those of Cyclopitys are abundant in many Jurassie
florag and, as Nathorst? says, they may be compared with several
ecent genera including 54;0“"'-‘!-“”'-f.".f-“'- but without anatomical data
4Cturate determination is impossible. It is stated by Schenk? that
the Cretaceous leaves described by Heer as Pinis ('rameri agree in
their epidermal features with the foliage of Sciadopatys, but in this
98 in other cases generic identity or even close relationship has not
heen demonstrated. l}n(‘]'l..rer'r-. and Menge® describe some single
I'.:"d“'es preserved in Baltic amber as Sciadopitytes linearis and
S. glaucescens: they speak of the leaves as having a single vein on
the upper face and two veins on the lower surface though it is not

HEAT what morphological feature 1s represented by the “veins.

HU]\III?’I”]HIHPH (79) A. p. 39, 2 Zeiller (96) A p- 477.
' Nathorst (97) p- 19. ¢ Schimper and Schenk (90) A. p. 293

Goeppert and Menge (83) A. p. 86, PL . figs, 117—123.
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Schenk states that these Oligocenc leaves are Dicotyledonous and
not the leaves of a Conifer.

Specimens of fossil wood have been described exhibiting certain
leatures, especially the pitting of the medullary-ray cells, similar to
those of Seiadopitys' but the occurrence of such features in other
recent genera precludes a definite reference to any one type.

SCIADOPITYTES. (O oeppert.

This name has recently heen revived by Halle? for two species of
Cretaceous leaves from Greenland, one of which, Pinus Cramers
Heer, though compared by Schenk with the leaves of Sciadopitys,
was not actually included in Sciadopityles, while the other is a new
species, 4

aadopitytes Nathorsti. Halle deseribes these leaves as
“Coniler-like in habit, with a dorsal groove which is protected by
elongated papillae and whose epidermal tissue differs from that of
the rest of the leaf through a non-seriate arrangement of the cells
and the occurrence of stomata.’

The outstanding feature of the leaves of Seiadopitys is the
double nature of the lamina and the morphological peculiarities
which have led to its recognition as a phylloclade; but, as Halle
admits, there is no evidence that the fossils are other than ordinary
simple leaves. The interesting characters described by Halle amply
justify the use of a generic name separating the leaves from those
known only as impressions, without any structural features pre-
served, and referred to Pityophyllum. 1t is, however, open to ques-
tion whether the name Seiadopitytes does not imply more than the
facts support. The leaves named by Heer® Pinus Crameri are
about 12 mm. long and 2-5 mm. broad: the apex is bluntly rounded
and the base is slightly widened. . Halle points out that there is
evidence that the leaves were cylindrical. The carbonised leaves
of this species form thick masses in the shale and excellent pre-
parations of the cuticle can be obtained. Halle considerably
extends Schenk’s account of the epidermal characters. The
apparent midrib is a groove and there is no indication of a true
median vein. Rather large stomata are crowded in the groove and

1 Bee page 138,

2 Halle (15) p. 508,

¥ Heer (68) i. PL xrav. figs, 7—I18; (75) ii. PL xxon pp. 9—15; Halle (13)
p. 509, Pl 1, fips, 1—13,
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are surrounded by somewhat tangentially elongated cells, the other
celly between the stomata being much smaller. The cells on the
Sloping sides of the groove bear cylindrical papillae. On the whole
the structure recalls that of the recent Se iadopitys though as Halle
shows there are certain differences.

The second \]l(‘L‘ es, \.f.m'l](jpah/n'p\ Nathorstit, was discovered h\'
Nathorst, in the Middle beds of Atanekerdluk in West Greenland.
The leaves are at least 40 mm. long and about 1 mm. broad: the
Stomata, are confined to the groove as in S. Craineit and numerous
Papillae are horne on the borders of the median depression. The

k]l‘ﬂll.(!['cl are not 20 crow riwll as 111 SR PAMET dl]li lllﬂl.‘] 19\‘\ m ‘-'l/(’
fron, the

“‘" SOme

to plantg more closely allied to the recent Japanese Conifer than
10 other existing !tmm The oceurrence of the characters deseribed
by Halle
the

other epidermal cells, These two species, though exhibit-
similarity to Sciadopilys, can hardly be assumed to belong

may be recognised by adding the name Sciadopitytes after
Non-committal term Pifs yop gl

I Halle (15) p. 312, Pl xi1r. figs. 16—29.




CHAPTER XLVIIL
ABIETINEAF.

Tue relative antiquity of the different families of the Coniferales
is a question which every student of the geological history of the
aroup desires fo answer. Reference has already been made to the
different views that are held with regard to the phylogenetic
relations of the Araucarineae and the Abietineae: conclusions on
this subject are based partly on the morphological characters ex-
hibited by recent types and in part on palaeobotanical data. The
evidence afforded by petrified wood is briefly dealt with in Ch. xuiv:
this shows that the features associated with modern Abietineae do
not stretch as far back into the past as is the case with the type
represented by the wood of the Araucarineae. The evidence derived
from a study of impressions of foliage-shoots and cones as well as
the meagre data supplied by petrified cones is less easy to interpret
because of the greater imperfection of the records. The southern
distribution of the Araucarineae predisposes the student in favour
of a southern origin, while the essentially northern range of the
Abietineae suggests that this family had its birth north of the
equator. But conclusions based on such considerations recuire
confirmation from other kinds of evidence. In the Jurassic-Wealden
period the Araucarineae were well represented in the northern
hemisphere and the impression gained from a survey of J urassic
records is that the Araucarineae shared with other types an almost
world-wide distribution. It is much easier for a palaeobotanist to
form an opinion as to the period of maximum development and
vigour of a given set ol plants than to discover a substantial
foundation on which to rest a view as to the first appearance or
the original home of the earliest representatives of the family-type.
It is, perhaps, significant that the Araucarineae ave represented in
the Jurassic floras of Graham Land on the edge of Antarctica.
Australia, and India, The Abietineae, on the other hand, do not
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}_Jull; 113-“291_\,' in Mesozoic floras before the closing stages of the
Jflragﬁ"@ period and more especially in the earlier days of the
(‘.;1.(‘?;1"“'?0115 era. The abundance of Abietineous cones in Lower
Cretaceous strata, a period later than that in which the Arau-
“arineae are abundantly preserved in plant-bearing deposits. at
least points to a later maximum development of the Abietincae,
and such data as we have seem to favour a northern rather than
A southern origin,.  Winged seeds, hardly distinguishable from those
fill Modern Pines (fig. 788, p. 396), from Rhaetic beds in the South of
SWeden, foliage-shoots from beds of the same age exhibiting features
BOW associated with the Abietineae, demand serious consideration
M connexion with the antiquity of the family, though it can hardly
® maintained that they furnish proof of the existence in Rhaetic
And Liagsic floras of true Abietineae. The oceurrence of a winged
]“]]l("n'g“"ii'l (fig. 491, G: Vol. 0. p. 298) m the '1'};11"(&1111}-‘ decayved
“r‘_“’_d of Antarcticorylon might be urged as a plea for a southern
OMgin of the family, but.an extended bladder-like exine is not a
““”3:'1“‘”1,\' of the microspores of the Abietineae.

. Che following types selected in illustration of the fossil records
ifllli]tlip r-ﬁt’i*f*ililziilt‘ s’i‘nn.\'.hm\' (Eliﬁ?cu]t it 1-. iT_I many cases to deter-
1_~‘,_,]i&;.)‘_( precise position \.\'lrmu the family to u'};noh COnes or
i ge-shoots should be assigned. Palaeobotanical literature con-

dINg mic - . ! . 3 S
S nany species referred to Abies or Abuetiles, (ledrus, and other
”"311('
=

i‘ieu:;{[.}.]f it is usually ‘ill']]A)[)S.HALbltf from the available llnmhto CAITY
Cretag ation so far, A few examples may be quoted: certal n'Lm\'cr
“e0us cones bear a very cloge resemblance to those of Cedrus?,
\]:l:(]‘ti ::F""‘;l‘ﬁ“'m”” (_)-f some of the less fnnniliai."(-«'_l‘.1e'-.< of ('-lxist.in;_r
"Ssi]q- \,‘.’if-i -f?f’:.\:}and Picea Sll““‘ﬁ that th:‘—? [.t’i'laul'lﬁ 1(,\?;"(-(mivnw'*f|n_e_x the
‘lt“-‘.if'rih@d- ! -,lrrf M,N are not entirely .\‘.iallﬁh‘lt"?(_ﬂ"\.'. I'he fossil wood
Were “1(-')1'9]13( f‘l (-'['('I‘:”"-'?fl"uu Ir,lues not denote that the l)a].‘enf‘—lﬂ.zllﬂ;“s
B f:tu.ﬂ]L- ‘J-E_IF:]} ﬂ:]hl;‘l'l to ( f"fh'hj.\‘ than to some other genera of the
% ]“l'aﬁp ¥. ':rn,t]ny ¥ .has‘ {|eﬁAm'1b<>f1 some m—‘*(-rls' fm_m Miocene beds
e a6 Cedrus vivariensis which he unhesitatingly regards as

generically Jdant: y : : :
: lcally identical with those of recent Cedars, and there is no
fason to

bes doubt the correctness of this conclusion. Cone-scales
o1

im: O © L = . N+ -
g two seeds from Miocene beds in Spitzbergen deseribed by
1 See page 385,

¢ Boulay (87) p. 235
8. 1y
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Heer? as Pinus (Cedrus) Lopalini may belong to a true cedar cone,
but the evidence is hardly convincing. It is not too much to say
that even Tertiary records of Conifers seldom enable us to dis-
criminate between individual genera. In the absence of anatomical
data the needle-like leaves scattered through Mesozoic and Tertiary
strata cannot be identified with reagonable certainty. From Upper
Pliocene beds in Germany Geyler and Kinkelin? deseribed a cone as
Abies Loehri, and this has more recently been identified as Keteleeria
(fig. 786, C, p. 394) by Engelhardt and Kinkelin® on the strength
of its external resemblance to K. Davidiana. The reference to Abies*
of some leaves enclosed in the Baltic amber affords an example of
the assistance afforded by characters recognisable in well preserved
material, and it is probable that a fuller knowledge of the epidermal
characters of recent Conifer leaves may supply a useful aid to more
precise identification.

PITYITES. Gen. nov.

Endlicher® employed the name Pinites tor leaves, male flowers,
and cones considered to be closely allied either to recent species of
Pinus or to some other genus of the Abietineae, such as Abies,
Lariz, or Picea. Many authors have adopted the generic name
Pinus in cases where the evidence appears to them sufficiently
strong to indicate identity with the existing genus, but it is only
cones and foliage-shoots from Tertiary and Pleistocene beds that
can as a rule be definitely assigned to such a position. It May.,
perhaps, be carrying consistency too far to restrict Endlicher’s
designation to such specimens as there is good reason for connecting
with the recent genus Pinus; but the more restricted use of Pinites
has the merit of being less likely to mislead the student and,
chiefly on that account, I propose to adopt the genus Pityites for
Abietineous fossils which cannot with confidence be referred to a
more precise position. In practice this designation will not often
be employed as in most cases cones and vegetative organs oceur
as separate fossils and are most conveniently deseribed under the

1 Heor (78) i. PL 1x. figs. 6—8;

? Geyler and Kinkelin (90) p. 16, P1. 1. figs. 13—1:

# Engelhardt and Kinkelin (08) p. 216, Pl xxvi, fg. 7.
+ Goeppert and Menge (83) A, PL xnir. fiss, 107—110,
* Endlicher (47) p.

o
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termg suggested by Nathorst and mentioned below. Pityiles is,
]?U“'E\-‘e:-. appropriate for such specimens as those represented in
198, 772, 773 which show a direct connexion between cones and
loliagﬁ-r_&hr)ots,

~ Goeppert adopted Piniles for fossil wood in a wide sense, but
' has long heen the custom to describe petrified wood agreeing
Sttucturally with recent Pines and other members of the Abietineac
Under Kraus's term Pityoxylon. Nathorst!, with a view to greater
“Onvenience, proposed certain subgeneric names as qualifying
'3];'1t}]f‘tﬂ indicating the nature of the fossils but not implying a
tirect connexion with Pinus: he adopted the names Pityanthus
for male flowers suggesting alliance with those of some Abietineous
8enus, Pityostrobus for cones, Pityolepis for cone-scales, Pityosper-
" for seeds, Pityocladus for vegetative shoots, and Pityophyllum
for detached leaves. To these the name Pityosporites® has recently
ten added,

L . The generic or rather subgeneric term Pityophyllum is apt to
Mislead the student if used in conjunction with Pinates: the
“AVes 50 named, as Nathorst admits, are in many instances almost
“Itainly derived from plants which do not belong to the Abie-
h”‘f’ﬂ@. Under Pityophyllum are included both needle-like leaves
“-h“"]-l are probably Abietineous with others having a broader
f““'”“ (tig. 776) and much more likely to be connected with such
flery gy CUephalotaxus, Torreya, or Podocarpus.

The term Pityosporites® is proposed for microspores provided

Wi - e . 5 = =
th Wings similar to those of Pinus and other members of the

Abiat: ) . ] . 2

: 1etineae, though in this case also relationship with another

aAmily e 3 . . m .
Mly, namely the Podocarpineae, is not excluded. These terms

Wha - B . f .
ther used as subgenerie titles or as generie designations serve a

Usef ; i - o 2

5 '111] Purpose for disjuncie wmembra, while the name Pityites is

eyl ) ek : ; -
Ployed for specimens of a more complete kind. The name

“j_fhfr,.s- has often been used for vegetative shoots and cones?
nplth ih’-’l‘f; 18 no adegquate reason lor assigning to a position
: ET to Abies than to other genera of the same family: it is
Erabla : ] - . . ol
table to restrict the term to fossils which afiord evidence of
1N -
:‘\.'”!"“'“‘ (97) p. 62; (99) p. 16. * Seward (14) p. 23. 8 Thid,
The 9 Geinits (80) p. 12; Fontaine in Ward (05) B. PL Lxvin figs, 14—17;
SRS (1) PL 1v, fig. 16 PL v. fies. 1, 2.

242
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affinity to the recent genus. Similarly, names such as Laricifes
Cledrites and others implying a more precise determination thanis
suggested by Pityiles- may conveniently be used either as sub-
generic or generie terms.

In the account of recent Conifers allusion is made to the views
held by students of fossil plants with regard to the relative position
of the Abietineae and the Aranearineae in a chronological sequence.
The types selected for description are intended to serve us guides to
those who wish to draw conclusions from the geological records,
but so long as we have to trust chiefly to impressions without the
more certain guidance of anatomical data the inferences drawn
cannot be regarded as other than provisional. The evidence of
fossil seeds is difficult to interpret, as its value depends on the
amount of importance to be attached to the oceurrence of speci-
mens closely resembling in the form of the wing the seeds of recent
Pines and other Conifers. The winged seeds of Agathis differ in the
shape of the membranous appendage from those of Abietineous
species, and the oldest winged seeds attributed to the Abietineae.
from Rhaetic rocks, exhibit a closer agreement with the Abietineous
type. On the other hand it is questionable whether the form of a
wing constitutes a safe criterion of affinity. A similar difficulty is
presented by ‘winged’ pollen-grains: a bladder-like extension of
the exine though usually associated with the Abietineae is a
character which is not confined to that family. Foliage-shoots like
those of recent Abietineae are recorded from Rhaetic rocks and
later Mesozoic strata, but we have no means of determining in the
case of the oldest examples whether their superficial resemblance
to branches of Cedrus and other genera has a phylogenetic signifi-
cance. The generic name Piniles is applied by Renault! to a slender
branch from Permian rocks in France bearing spirally disposed
filiform leaves 3 em. long apparently borne singly and directly on
the main axis, not on short shoots. 1t is elsewhere? suggested that
this specimen, Piniles permiensis, may belong to a plgnt allied to
Dicranophyllum: there is certainly no adequate reason for the
employment of the generic term Pinites. Similarly an impression
figured by Stur? from the culm of Altendorf as Pinites antecedens,

1 Renault (93) A. PL xxxm. fig. 1; (96) A, p. 377,
* Page 101, & Stur (75) A. PL xav, fig. 4.
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Which T was able to examine in the Vienna collection, is too frag-
Mentary to be determined. The occurrence of linear leaves in
fascicles is in itself no real evidence of Abietineous affinity: the
Clustered leaves of Czekanowskia and Phoenicopsis, especially the
I”“Tlel‘, though essentially similar in habit to the foliage-shoots of
"Ome Abjetineae are generally believed to belong to plants of
“hother class. The evidence furnished by petrified wood has
ah.r’”‘]\" been considered: the important point is that there is no
S F'isfﬂ['tw}‘ case of the occurrence of fossil wood of Palaeozoic age!
having typical Abietineous features, a fact of importance in relation
'0 the widely spread Palaeozoic woods agreeing in essentials with
the Araucarian type.

P".fyi"rﬁ-l\' Solmsi Seward.

~ This name was proposed for some cones attached to foliage-
shooty as well as detached cones and vegetative branches from
Weﬂll]eu rocks on the coast of Sussex?: the type-specimens form
Part of the rich Rufford collection in the British Museum. The
])]li“"lc'ht'fs are covered with the elongated persistent bases of scale-
r‘],a‘jc'ﬂ and in the axils of these are borne numerous long needles
\Ig. 772). The cones are oblong and bear broad, rounded, scales
like those of Pinus Strobus, P. eacelsa (fig. T73: of. fig. T04), Picea
and dbies; they agree closely with Pityostrobus Carruthersi (Gard.)
38 also with p. Andraer ((,'('J:CIH.)S from Lower Cretaceous roeks in

elgium ang with the smaller cones from the Potomae formation
- eseribed by Fontainet as Abietites ellipticus. The preservation is
i Sm'ﬁ“ie"tﬂ[)' zood to show the number of leaves in each foliage-

Pur: the needles may have been borne in dense clusters as

ulwh “s. In general habit the species resembles Cedrus and Laria
t i o o 2. = " _A &
tough the greater length of the needles is more in accordance with
Tecent,

species of Pinus. Shoots similar to those of this species are

O s o ‘ : s e
“Presented by Prepinus statensis Jeit.? from the Cretaceous beds
of T A

of ]xlelg(-]]pl.\.lue_

refo

Dr Stopes®, following the example of Berry,
8 thig species to Abietites,

1 ;
Sed page 220

L , also Thomson and Allin (12).
* Seward (95) A, p- 196, Pls. xvirm., XIx. # Garduer (362).
Fontaine (89) B. PL exxxmr. figs. 2—4.
 Hollick and Jefirey (09) B. p. 19.
L, ﬁtljl;iei (15) p. 157,
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Pityites (Pinates) elrensis sp. nov.
In his account of petrified material from Franz Josef Land
Solms-Laubach? deseribes sections of a Pinwus-like leaf from Bell

Fia. 772, Pityites Solmsi.  (British Museum, V. 2169; nat. size.)

Island (Kira harbour) probably of the same geological age as the
plant-beds of Cape Stephen, which is believed to be Upper Jurassic
or Lower Cretaceous. Through the kindness of the Director of the

1 Solms-Laubach (04) p. 12, PL 1. fig, 14; PL 1 fig. 3. For evidence as to
geological age, see Newton and Teall (97), (98): Nathorst (99).
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u(‘uln,qical Survey I have been able to examine the sections in the
Jermyn Street Museum. Graf Solms-Laubach describes the leaves
48 oval in section, the upper face strongly convex and the lower
almost flat as in two-needled Pines, but as shown in fig. 774, A the
leaves may be approximately eylindrical (1 mm. in diameter). like
thoge of Pinus monophylla or the leaves of Cedrus. There is a single
Vein accompanied by some radially disposed transfusion-tracheids,
the whole heing enclosed in a single layer of rather thick-walled

Fre. 773, Pityites Solmsi. (British Museum, V. 2146; nat. size.)

calle ; T ol : .« e =
ells. There is no distinet division of the bundle into two halves

Wt there are indications of the presence of a broad median medul-
‘a'r;a tay. The mesophyll-cells have prominent infoldings precisely
as. M recent Pines. (ﬁ‘wfru.:__ and some other Abietineae (fig. 774, B
- fig. 694): the epidermis has a thick cuticle and below it are
—= layers of small thick-walled elements. Solms-Laubach speaks
of t‘“_’ﬂ resin-canals, one at each side of the lamina, but T was unable
'h) distinguish any undoubted canals in the leaf shown in fig. 774.
¢ Oceasional absence of canals in Abietineous leaves normslly
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possessing them is mentioned in Chapter xrm. The leaf for which
the specific name efrensis (from Eira harbour) is proposed affords

Fit. 774.  Pityites (Pinites) eivensia, A, section of leaf. B, mesophyll enlarged.
(Museum of the Geological Survey. )

an interesting example of an Abietineous type, in all probability of
Upper Jurassic age, exhibiting a remarkable resemblance to certain
recent species especially Punus monophylla.
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PITYOCLADUS. Nathorst.

Under this name, used as a subgenus of Pinifes, Nathorst?
includes branches bearing short shoots similar in habit to those of
Cedrug and Lariz. Branches of this type, bearing leaves and cones,
are illustrated by Pityites Solmst (figs. 772, T73), but in some cases
such \-"Pget-uﬁ\'elshool.a: occur as detached fossils and it is to them
that Nathorst’s term may conveniently be applied. The sf.l‘ﬂ'{il].,(_f
resemblance of the fossil specimens to shoots of Cedrus and Lariz
and the frequent assoeiation or attachment of needle-like leaves

afford strone orounds for assiening the branch-fragments to the
Abietinege,

P

Yityocladus Nathorsti Seward.

In his description of Schizolepis Follini Nath.? from Rhaetic
rocks in Seania, Nathorst includes not only cones with lobed scales
.‘Jhﬂf‘ﬂ(‘tt‘risﬁe of Schizolepis but leaves and branches. Solms-
lfauba“hﬂ expressed the opinion that we know nothing of the
toliage of Sef izolepis *for there is nothing to make it even probable
that the numerous needles which lie one above another in the beds
a8 Pi’il"*i“- anv more than the branches beset with needle-bearing
shoots which Schenk has referred to this genus, have any connexion
With Se, izolepis.” In a later account of Schizolepis, Nathorst*
SUggests the advisability of separating the leaves and branches
from the Sej, izolepis cones, though as he says the association of the

WO sets of organs in more than one locality may be significant.
It i

oy

therefore, preferable to assign the vegetative organs fo
P'.fﬁiﬂf'fur!'gr.i'. at the same time keeping in mind the possibility of an
(—_‘l‘i{.{i nal connexion with the cones described under the generic name
l\;{.]"\.:"'l"f"’:-"’- In order to avoid confusion I have removed the
I_J_?""mchf‘s and associated leaves from Schizolepis Follini to a dis-
P species Pityocladus Nathorsti. The specimens figured by
Nathorst consist of (i) a fairly stout axis bearing a smaller luteral
shoot like that on which the leaf-clusters of Cedris and Larix are

Orne; (i) separate short shoots characterised by zones of small
SCArs

alternating with smooth areas; (iii) numerous crowded linear
le"r‘i,\-‘(.xs‘ =

' Nathorst (97) p- 62. 2 Jbid. (78) B. p. 28.
* Heolms-Laubach (91} A. p. 70. ¢ Nathorst (97) p. a5.
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Pityocladus longifolius (Nathorst). [And Putyophyllum longifolium
Nathorst. |

This species was first described by Nathorst? from Rhaetic beds

in Seania as Tawiles longifolius and afterwards as ? Cycadites.

Fra. 776, Pityoplyl-
Tumn  longifolivm.-
(Nat. size.)

Fra, T75. Pityocladus lengifolius. Leaves attached
to a short shoot covered with scales. (Nat. size:
a piece of lamina enlarged to show the fine trans-
verse striations. From a specimen from Seania
in the Stoekholm Museum.)

Moller? adopted Nathorst’s generic name Putyophyllum for de-
tached leaves and that designation should be used for specimens
! Nathorst (78%) B, p. 50. ¢ Maller (03) p. 40, PL. v1.
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‘_"hith afford no evidence as to the nature of the axis. The specimen
from the Stockholm Collection represented in fig. 775, from the
Rhaetic rocks of Scania, is especially interesting as affording one
_”f the few examples of leaves of the type known as Pityophyllum
longifolivm attached to an axis covered with short seales. The
amina varies from 1 to 5 mm. in breadth and may be broader: as
Seen in the enlarged portion the lamina is tra nsversely wrinkled, an
appearance characteristic of most forms of the broader Pifyo-
Phyllum leaves and probably produced by contraction on drying.
There is little difference between this species and the leaves figured
] T\:ilth()]'st from Seania as ‘\'a_')’z{:nz_rfpi.\' Follini. An accurate
Specitfic delimitation of Pityophyllum leaves is hopeless. Detached
Pé’v‘*“ (fig. 776) similar to those shown in fig. 775 are recorded by
:fi[lillm_- from Lower Jurassic beds in Bornholm, by other authors
from Jurassic strata in Turkestan?, South Russia?, Oregon®, Spitz-
ergent, and elsewhere.

Ij”.ﬁ'ﬂrzhﬂi’ns Schenki Seward.

. Schenks also refers to Schizolepis several specimens of branches
:ttﬂ:ﬁi},v%:m well as cones which he includes _in Schizolepis Brawnit
; <. The larger branches bear leaf-cushions and short lateral
Shoots with scale-leaves at the base, and in some examples tufts of
‘“eedh‘ﬂ oceur on the short shoots. A specimen described by Braun
Kh::’[t;&’-};mmel'hr.s- I8 i(il{']}ﬁﬂ@lﬁ! by l':'-c'lwn]‘\' in his mqnogmph [){rll_'l[‘-
The g;pd‘]m‘a" as a leaf-bearing 5[1'0“11 h];flhﬂr ol a 1'ec9ut: Pine.
i S'iﬂ.]i] N ]f‘h 5_"1’”‘('11:.115-11 1‘91’11'(*::011@(] m hg. 'l," :'l,-_ also f'f Hhﬂ(‘-f?ff age,
- ar to those included by Schenk in Schizolepis Braunat.
Pityoclaq s kobukensis Seward.

Ku'!;[;?]l{s 2).0'(-.'1(?,5lorif_:m.a-ll}v cil?.‘a(-rihed.frr;nn ti}.(, J [U_‘i@S%ﬁ(f 1l)eds on the
branche ll\'l‘l in Chinese Dzungaria as Pimites® 18 founded on
thrt
thieke
as in

bearing short shoots almost identical with P. Schenki.
shoots not more than 1 cm. long are borne spirally on a
r axis and covered with small leaf-scars (fig. 777) exactly
the corresponding shoots of Cedrus or Lariz. With the

i 3
5 ?:(:J:" ‘.”‘7"] 1:’»‘ P32 2 Thomas (11) p. 78, PL vir. figs. 58—61.
& s(.]w;ﬂlm.lpl_l? Ward B. (05) Pl xxxV. 4 Nathorst (97).
= ;\"mv-‘ = A A, Pl xrxv. figs. 1—4. ¢ Thid. Pl xzav. fig. 2.
tward (11) p. 54, P, 1v. figs. 47—51; Pl v. fig. G35,
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branches are associated numerous needles, 1 mm. broad and at
least: 5 em. long, sometimes covering the
whole surface of the rock. The specimens
agree closely with the foliage-shoots of
Pityites Solmsi: similar examples are
described by BEttingshausen! from Li-
assic strata as Halochloris baruthina
Ett. A branch with short shoots from
Juragsic rocks in Amurland deseribed
as Pinites sp. of. P. kobukensis® may be
specifically identical with the Dzungaria
fossils: an example of the same type
lent to me by Dr Krystofovié from
Jurassic beds of Amurland shows a
forked lateral foliage-shoot. This author
has recently deseribed a specimen from
Jurassic rocks in Transhaikalia as Pin-
ites (Pityophyllum) of. P, kobukensis®.
Similar though smaller specimens Fic. 777. Pityocladus kobuken-

sig: b, branch-scar. (After
Seward: nat. size.)

of Abietineous short shoots are de-
seribed by Nathorst* as Pinites (Pityo-
cladus) spp. @ and b from Upper Jurassic beds in Spitzbergen, and
compared by him with Pityites Solms:.

PITYOPHYLLUM. Nathorst.

This name? is applied to detached leaves of needle-like form lile
those of recent Pines or to long linear leaves broader and flatter
than the needles of Pinus. Some of the specimens referred to
this genus are very similar to the leaves of Keteleeria. In a few
cases (lig. 775) the leaves are still attached to a short shoot but
usually they oceur as detached specimens (fig. 776). The genus is
met with in Rhaetic strata but is specially abundant in Jurassic
floras and persists through Cretaceous and Tertiary rocks. The
leaves generally described under this generic term are broader and
flatter than such leaves as those of Pityites Solmsi® and recent

1 Ettingshausen (52) B. PL 1. fig. 4.

2 Seward (12%) PL 11, 3 Krystofovie (15) PL vr. fig. 9.

' Nathorst (97) Pl mr, figs. 28—30, PL 1v. figs. 13, 14, 23
" Ibid. (97) p. 62. % See page 374; also Nathorst (97) PL v. figs, 1—10
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Pij\e;a;, and the presence of a fine transverse wrinkling on the lamma
% a characteristic feature. Pityophyllum, if employed for both the
Narrower and broader forms, includes specimens which in all pro-
|‘l:1hi]ity belong to Conifers of more than one family: some are
Certainly Abietineous but the flatter and broader forms bear a
closer resemblance to leaves of some species of Podocarpus, L
Olazys or Torreya. Nathorst, who instituted the generic name
Pityophylium, recognises that many of the specimens so named
have no peal botanical value. Detached leaves of the type included
in thig comprehensive genus arve of little interest; but 1t is note-
\.mrﬂ'ly that such specibs as P. Novdenskidldi (Heer) and similaz
Orms are characteristic fossils in Jurassie and Cretaceous strata.
P‘f-fﬂf)}ﬂr;f,/”'f“" Lindstrémi Nathorst.

Under this name Nathorst! includes leaves deseribed by Heer
Tom Cretaceons strata in Greenland as Pinus Quensledti and
P, Petorsens. aleo specimens from Upper Jurassie beds in Spitz-
bergvn. The leaves reach a lencth of at least 8 cm. and are 1-—2 mm.
road; the Jamina tapers gradually towards the base and 1s more
ﬂjhl'\il]]t].\' narrowed in the apical region; there is a prominent mid-
{.m on one side and sometimes indications of two finer marginal
vems,' also other longitudinal striations which may mark the
]Jc'mitiun of rows of stomata. These leaves are broader than those
of P‘*"'.*/"“"“' Solmsi and narrower than very similar specimens
deseribed b |
;:,;,;,,,)IJ;Q.?,EZ-.,,,, Staratschini? from Cretaceous and Jurassie J'()(‘.'(..%.
ad’g,w-phy”ouii Nordenskioldi® (Heer) from rocks of the same age is
another gimilar form having a tendency to a slightly sickle-shaped
Bnd Uransversely wrinkled lamina (¢f. fig. 776).  Pityophyllum is

ab : ! i C] S ar
lmddnﬂ.‘.’ represented in Jurassic Florag*: the specimens are,
NOWeyerp :

to

v Heer, Nathorst, and other authors as Pinus or

of very little interest to the botanist as it is impossible
4881gn them to a family position in the Coniferales.

PITYOSTROBUS. Nathorst.

(I )

{ This name is used in preference to Feistmantel's genus Pino-

Strobire - g . .
tobugs recently resuscitated by Dr Marie Stopes, on the ground
: ; :

, Nathorst (97) pp. 40, 67, Pls. v., vIn: (99) p. 20.

’ I5id. (97) pp. 41, 68, Pls. v., v1. 3 Heer (78) ii. PL r.; Nathorst (97) p. 18.

P h""r references see Moller (03) p. 39; Seward (11) p. 33; Krystofovic (10)
- 1L, fig. 105 Thomas (1 1) p. 78.
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that Nathorst's term is more appropriate for specimens which do
not aflord evidence of closer aflinity to Pinus than to other genera
of the Abietineae. In cases where the specimens may reasenably
be regarded as more nearly allied to Pinus than to any other genus
the designation Pinites may be added.

There can be no question of the abundance of Abietineous
Conifers in Tertiary floras and it is equally true that cones of the
Pityostrobus type are widely spread in Lower Cretaceous strata
especially in Europe. The evidence furnished by comes clearly
points to the existence in Upper Jurassic floras of Conifers closely
resembling in the general form of their strobili recent members
of the Abietineae. The wide distribution of cone-seales and cones
of the Araucarian type in Middle Jurassic floras is in striking eon-
trast to the scarcity of cones of the Abietineous form in rocks older
than the uppermost Jurassic and Lower Cretaceous series.
Pityostrobus dejectus (Carruthers).

(arruthers! speaks of this Kimeridge cone from Dorsetshire as
the oldest example of a Pine-cone. It is represented by a single
imperfectly preserved specimen, 2 x 2 em., of globular form with
partially destroyed broad and thin cone-scales: though it super-
ficially resembles some recent Abietineous cones there is scarcely
enough evidence to warrant its imelusion in the Abietineae. The
cone was first deseribed as Piniles depressus but owing to the
previous use of that specific name by Coemans it was re-named
B, (lf_j]'fj’fm,\"-",

Pityjostrobus strobiformis (Fliche and Zeiller).

A species, deseribed as Pinites strobiformis?, from Portlandian
rocks near Boulogne founded on a single incomplete cone similar
in form and in the possession of apparently flat, imbricate, scales
to Pinus excelsa (cf. fig. 704, p. 154). The surface-features arve not
shown on the weathered specimen and there is no definite informa-
tion with regard to the number or position of the seeds, but as the
authors of the species state the narrow elongate and slightly curved
form of the cone, which was probably about 17 em. long, affords a
valid reason for comparigon with recent Pines.

L Carruthers (692) p. 2, PL . fig, 10. ¢ Thid. (71) p. 2.
3 Tliche and Zeiller (04) p. 802, PL xix. fig. 6,
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Pityostrobus Savvagei (Fliche and Zeiller).

The type-specimen of this species!, from the Portlandian of
Boulogne, is an ovoid cone 4-5 em. long characterised by distally
expanded scales and resembling the small cones of Pinus Laricio.
In the absence of further data precise identification is not possible
though the fossil is probably correctly regarded as an Abietineous
€one of the Pinus Pinaster type. Having regard to the fact that
M this and the preceding species the determination is based solely
on external form no very definite statement is admissible as to
Systematic position, but such evidence as there iz favours the view
that in these two cones we have Jurassic representatives of two
Sections of the genus Pinus.

Pityostrobus Dunkeri (Carruthers),
. Beveral detached cones bearing imbricate scales, broad and flat
like those of Picea, some species of Abies in which the ovuliferous
Stales are longer than the bract-scales, and certain species of Pinus
G laracterised by flat scales instead of the woody scales of the Pinus
mft:e“"f"’l“ and P. Pinaster type have been described from British
Wealden strata as also from other countries. Gardner? instituted
tl]E‘ffOH“-’“'i“-‘J species: Pinites Carruthersi, P. valdensis, P. eylin-
’_lfi‘rnr}fe.u,ﬁ_ P. pottowiensis®, but an examination of the ty pe-specimens
shows that the distinctive features are not sufficiently well marked
Y0 warrant so many specific names. The Lower Greensand specimen
%1'”3“ Potton, P. eylindroides, is water-worn and the shape of the
l\?:tl"”;ert SCE.IIQS..!S not the original form: 1t may I:n:::‘a'g}bl}f he .1«1(1.1'11'1(-51‘]
e valdensis, P, Curruthersi, and P. poliontensis, and there are
:::nl;:l[(“;‘;lllt features in whiph 't‘]nt:.uc {«.)rmg fliﬁ'er’ from -HIQ longer
of “;i':hr ""r.fr‘U-S‘!rl'er.s {)w:}.'m'w. .! !u’j cones from l-fs'[,ml( in ’[_]1f-* Isle
(-I“-S(‘.ril:ed ]“fl’lf\l’t‘{l by Carruthers* ]JU{h’('&'.:DHH-A‘f'i"‘ were 111'1:,’11];11])“
v 3:'3 P— : )f\r Mantell as _-Hwhhw‘pum’.w'i 5. they reach a length of
“Ghm‘;y]:“' and have a breadth of 3 em., they are elongate-oval a n‘tl
(fig TT(\) ll:;L'I'O\\' and the long fc-n]vs are attached to a slender axis
"mﬁ[.mq' . he‘ seeds, apparently two on each scale, are n.vrtl and
essed. Clones of similar form and length are described by

: (I‘;‘lliltjlm ‘“'{1 Zeiller (04) p. 84, P, xx. fig. 7.
s o Mner (862),

Noe
i

0 _'_’IIN" Seward (95) A, p. 193: Stopes (15) pp. 138, 140,
Arrathers (66%) Pl xx. figs. 1, 2 5 Seward (95) A. p. 194,
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Fig. 778. Pityostrobus Dunkeri. (British Musenm ; nat. size.)
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YMissimia, a species recently recorded by Dr Stopes? from the
OWer Greensand of England.

Though in the absence of foliage-shoots cones of this type cannot

e 488iomed with certainty to any one recent genus, their great length

By
Baesty comparison with those of Pinus Lambertiana and P. excelsa
rathep

c]e“m’ﬁ‘k}"‘ from Lower Cretaceous rocks in Bohemia as Pinus

than with cones of recent s]wmp of Picea.
Y .
“H0strobus Leckenbyi (Carruthers),
r
[his species was first deseribed by Carruthers® from a specimen

in
of the L"CLPMW Collection. Cambridee, from the Lower Greensand
j )

the Isle of Wight. It is 10 em. long and 5 em. in diameter; the

Fll" e ) _ :
“ 0. Pityostrobus Leckenbyi. From the Lower (ireensand of the

Isle of Wight., (After Carruthers: § nat, 8ize. )

Scale
S a
e gree in external form with those of Cedrus and Dr Stopes
-] ‘[1(. l
emph, ently proposed the generic name C tedrostrobus® in order to
oS
Ise this resemblance. Prof. Fliche® described a cone from

18 Arg j
=0nne asg ( ()rf.i'r.'\' r]i_n'(y”qrr which he hf‘li{'\'?{l to be J(']("Htl('ﬂl

e
Ej(:::.(o;l_ii W 11-]1 A”),g(r.\ nhl’fm‘(jrl of I)l,ll“tl\ fll“hl.l Hutton, but
kam{”ﬂ i“"e Fliche’s name as a synonym of Cedrostrobus
e LLIU cone of similar form ig also described by Coemans

= Sium as Pinus Corneti® and compared by him with Cediies.

. ‘nL«l.l 11.«1\:~I1\ (85) B. PL 1. figs. 14—17.

s (“wl:l*l;h[r! o) p. 141, tl'\.t h 8.

3 ]1 1(ht. U}:T; (5;(*)‘1 PL I hm;_ ] 2. St tapos (I P L o h_' o

p- 200, PL v, ¢ Coemans (66) p. 11, Pl s
S. 1v
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Though superficially very like a cone of Cedrus (fig. 779), Pityo-
strobus Leckenbyi also strongly resembles some species of Picea and
Abies in which the bract-scales do not project beyond the semini-
ferous scales. I have adopted the non-committal term Pityostrobus
as it is by no means certain that Carruthers’ type is more clogely
allied to Cedrus than to Abies.

Dr Stopes includes in Cedrostrobus a second species, Cedrostrobus
Mantelli*, from the Lower Greensand of Kent which Carruthers
Cl‘ll‘-"]h.l]l\.’ named Piniles: she compares with it a Potomac cone
described by Berry? as Cedrus Leei. But these species do not afford
any proof of close relationship to the recent genus Cedrus. 1t is
probable that some of the numerous cones found in Lower Cre-
taceous rocks belong to trees having the characters of Cedrus,
though in the absence of more decisive evidence than has so far
been furnished it would seem preferable to retain the wider desig-
nation Pityostrobus.

Pityostrobus Bensledi (Mantell).

The small oval cone on which Mantell® founded the species 4bies

Benstedi is from the Lower Greensand of Kent. It was subseq nently

< [

bs,
Fic. 780.  Pityostrobus Benstedi. Tangential seetion showing, os. ovuliferous scales
be. bract-seale: o, the two ovules on the ovuliferous scale; ¢, endosperm; 1, wing:
(After Stopes; x8.)

described by Carruthers? as Piniles and regarded by him as l””b

ably more nearly allied to Cedrus than to Pinus. Dr Stopes® has

Ie(enﬂ) made a further examination of the structure of this tyP®
1 Stopes (15) p. 145, text-fig. 40. 2 Berry (11) PL mxx. fig. 4

& Mantell (46) p. 52, PL 1. fig. 2. 1 Carruthers (66%) p. 541
5 Stopes (15) p. 130, text-figs. 3 Pls. %35
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and believes it to be more closely related to Abies. The cone-scales,
98 seen in fig, 780, show their double nature, and on the semini-
terous scale are two ovules provided with wings, w. The ovules
are immature and there is a small space in the middle of the endo-
Sperm (fig. 780, ¢) :

Pityostrobus (Pinites) sussexiensis (Mantell).

This Aptian (Lower Greensand) species, originally named by
lantell Zamiq susseziensis' and afterwards referred by Carruthers®
Y0 Pinjtes, has recently been more fully deseribed by Dr Stopes®
Under Pinostrobus. The cone, 14 cm. long and nearly 5em. in
(ha-meter, bears overlapping scales with a thickened, curved, distal
Margin 2 em. broad and, on the exposed surface of the specimen,
13 em, deep. The seeds, two on each scale, have a corrugated
Stcme”l"*}’el‘ in the testa and bear massive, broad wings. A section
through the middle of a scale shows an irregularly scattered double
Set of variously orientated vascular bundles and resin-canals. The
SPecies closely resembles Pinus excelsa and P. Strobus and is con-
Sidereq by Dr Stopes to oceupy a position between these two types.

The inference to be drawn from this and several other cones

fron Lower Cretaceous strata is that Abietineous cones having
Miore

or less flat scales as seen on the surface were more abundant
I |

! fiurope in the early Cretaceous forests than these in which the
distal ends of the seales are thomboidal as in Pinus Pinaster.
P“!jﬂs&mbu.\- oblongus (Lindley and Hutton).
: The type-specimen, a water-worn cone from Dorsetshire, pre-
EUIYH—.J‘])[‘\- from Lower Greensand rocks, was desceribed by Lindley
;j]-d .H“tt““ as Abies oblonga®: it was assigned by some anthors 1_41
Miles. Williamson gave an account of a cone from Sidmouth in
Vonshire, which he referred to Piniles oblongus, though Dr Stopes®
QXIH‘(\:SSQ‘S a doubt as to the identity of his specimen with that
‘-l‘Ph‘tt-lbm by Lindley. Schimper? employs the name Cedrus and
-“Jﬂ}?lpert assigns the spevies- to Abietites®. Tt is impossible to
t, €termine e position of the specimen represented In fig. 81
AMmong the Abietinese,

Y Manteq 4
e ToeLLIAR) iy B4
4 Sto y B

* Wi

‘ thimi’w (72) A, p. 299,

: Carruthers (662) p. 541, PL xx. figs. &, 6
pes (15) p. 123, Pls. x., x1. i Lindley and Hutton (35) A, PL 137,

Hiamson (34 b & Stopes (15) p. 135.
8 Guoeppert (50) p- 207.
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The type-specimen bears a resemblance to P. Leckenby: (fig.
779): the scales are broad and thin at the distal end and the axis is
relatively slender. The French specimens from Lower Cretaceous
rocks referred by Fliche to this species as Cedrus oblonga arve con-
sidered by Dr Stopes to be specifically identical with Pityostrobus
Leckenby.

Fie. 781, Pityostrobus oblongus.  (After Lindley and Tntton, from Stopes;
nat, size.)

Pityostrobus hexagonus (Carruthers).

A large cone 15 em. long and 4 em. in diameter composed of
stout woody scales with hexagonal apophyses was described by
Carruthers as Pinites hexagonus from the Gault of the South of
England?; it agrees externally with recent cones of the Pinaster
type but the distal ends of the scales are almost flat and nothing
is known of the internal structure. The species may be compared
with the Lower Cretaceous species P. Quenstedii Heer?,
Prityostrobus (Pinites) Andraei (Coemans).

The cones of this species (fig. 782), the commonest type in the

Lower Cretaceous rocks of Hainault3, are 10—14 em. long and

! Carruthers (71) p. 2, PL xv. 2 Heer (712).
3 Coemans (66) p. 12, PL 1v. fig. 4; PL v. fig. 1.
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2-95 ¢m. in diameter. The cone-scales are compared with those of
Pinus excelsa, but the distal ends are stouter
than in the recent species and more like those
of P. Pinaster. Heer! compares P. Andraei
Wwith his Pinus Quenstedti from Moravia in
Which the scales have thick apophyses with a
Central umbo. The needles of the Moravian
Species are 20 cm. long and appear to be either
dor 5 in a fascicle.

1t is impossible within the limits of a general
text-hook to diseuss the bearings of the nume-
fous Tertiary records of Abietineous cones,
any of them undoubtedly borne by species
of Pinus. A few examples only are mentioned
Primarily in order to draw the attention of
Students to the importance of making a critical
€xamination of Tertiary and Pleistocene Coni-
fers. The neolect of Tertiary plants is largely
due to the unscientific treatment by authors of
flet;;c_hgci leaves of Angiosperms which in many
Wstances are referred to recent genera on wholly
Madequate grounds, but the more trust worthy

Nature of the material on which species of Fiw. 782,  Pityostrobus
(Pinites) Andraei,
(After  Coomans:
nat. size.)

Ab'etiueour@ cones are founded deserves careful
Consideration and would probably yield results
OF pr: : p

f Considerable importance.

i

Wyostrobus (Pinites) macrocephalus (Lindley and Hutton).

: This species, founded on a cone 12 em. long and 6 cm. in
dl&metﬂl! was in the first instance described by Lindley and

tton? from an account furnished by Prof. Henslow and named
“Amig macrocephala; it was found near Dover and believed to be
(_l‘"ri"'“l'-l from the ‘Gireensand formation.” A second specimen from
"aversham in Kent was described by the same authors as Zamia
ata®. Endlichers assiened the cones to Zunmiiostrobus and Miquel®

;Hm},- (69) p. 18, Pl 1. fig, 11. * Lindley and Hutton (35) A, PL cxxv.
1bid. (37) A, P1. coxxvT A. & Endlicher (40) p. 72. 5 Miguel (42) p. 75.
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proposed the name Z. Henslowi: their Abletineous nature was first
recognised by Corda!, and Carruthers? subsequently gave some
account of the internal structure and employed the generic name
Pinites. The discovery of additional specimens in situ enabled
Carruthers to assion P. macrocephalus to Bocene beds at the
junction of the Woolwich and Thanet beds with the London Clay.
Both Carruthers and Gardner® retain both specific names, but an
examination of the specimens convinces me that there are no
differences worthy of specific recognition. The following brief
account is based on an examination of sections in the British
Museum and in part on notes supplied by Mr Dutt of Queens’
College, Cambridge, who is preparing a fuller account of the
material?, The cones are ovoid-cylindrical and obtuse; the
weathered surface (fig. 783) shows slightly convex polygonal areas
without any trace of a central umbo. The axis is slender in com-
parison with that of most recent species of Pinus; the stele includes
a fairly large pith of thick-walled cells surrounded by a vascular
evlinder in which foliar gaps are formed by the exit of the double
sporophyll-traces. It is noteworthy that no resin-canals oceur 1n
the xylem. A ring of large resin-canals lined with thin-walled
epithelial cells occurs outside the phloem. The cone-scales are
given off almost at right-angles and then hend sharply upwards
and become slightly broader near the surface of the cone (fig.
784, B). In one section a portion of a subtending bract-scale was
recognised. The seminiferous scales are composed of thick-walled
cells and contain idioblasts like those in Araucarian leaves, also
resin-canals: two ovules oceur in a depression near the base of the
scales. The sporophyll-trace divides in thescale intoseveral bundles.
and in places there are indications of a second series of inversely
orientated strands. The comparatively large ovules, nearly 1 cm.
long, are attached by a short stalk, and in places the remains of 2
wing can be seen. Although the integument is thick and lignified
and the micropyle closed there are no embryos and no indication
of archegonia in the partially preserved nucellar tissue. In the

1 (Corda in Reuss (46) B.

* Carruthers (66%) pp. 530, 540, Pl, xx1.
¥ Gardner (86) pp. 63, 65, PL x1v.
Dutt (16).
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oy in fie. T8 .

Wule shown in fig. 784, A, the contracted nucellus, n, forms a
Cvlingd..: 1 1 I i

Niindrasl column which presents a misleading resemblance to the

Ty, T83.  Pityostrobus (Pinites) macrocephalus. | After Gardner; nat. size.)
g 7
5. T84 e i i i :
- -“_fff,'r.i-vh‘r,:h'w (Pinites) macrovephalus. A, seetion of an ovule; n, nucellus.
“_l ungitudinal seetion of part of the cone. (From sect ions in the British
- 1=y - <li
im; B, s||;_§;].|.l‘\' reduced,)
Prothallye

> ! tent-pole of Ginkgo ovules: at its blunt apex are two
oy : : 1 1
2l pollen-graing. Prothallus-tissue is also represented.

1
ALY By 1 ] ; : : V
ruthers compared the species with Pinus Pinaster but the
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surface-features are more like those of the cones of Pinus excelsa

(¢f. fig. 704, p. 154) and similar types.

Pityostrobus (Pinites) Plutonis (Baily), '

This species was founded by Baily? on part of a cone from the
plant-beds in the basalts of Antrim and deseribed, in greater detail

Fic. 785,  Pityostrobus (Piniles) Plutonis.  (After Gardner; nat. size.)

and from better material from the same locality, by Gardner® The
cones are 7—9 em. long and 2—3 em. in diameter, characterised by
woody scales with sub-hexagonal apophyses with a central umbo
and a rounded upper margin; there are two seeds with long and
narrow wings on each scale. In one case (fig. 785) three cones are
attached in an erect position to a branch covered with persistent
leaf-bases. The foliage-leaves were borne in pairs and reached &
length of 10—15 em. A similar type with shorter needles from the

1 Baily (69) PL xv, fig, 1. 2 Gardner (86) p. 69, Pls. xv,—xviiL
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same locality is named by Gardner Pinus Bailyi*. These Lrish
dpecimens agree in the cones and 1 foliage-spurs with guch recent
Species as Pinus halepensis and P. Pinaster, but the apparently
erect position of the cones of the fossil typeis a distinctive feature.

Tmtl’u\ cones similar to Pityostrobus Plutonis are illustrated
by Pinus robusts ifolia Sap.® from Provence, P. Kotsehyeana (Ung.),
Originally described by Unger and recorded by Tuzson® from
Hll]}.},aI‘Y P, .’;frn,wﬂun“(n' Pax?, a North American form, which
the author of the species compares with Pinus Balfouriana, and

« Prae-montana described by Mogan?® from Lower Austria,
P”VUW?‘G?JHJ (Pinites) }'.nr;frwr'n'?("m;m" (Ettingshausen).

This ty pe originally described by Ettingshausen® from Haring
In the Tyrol is rea.m(lml from many Tertiary localities. The cones
X ovate sub- cylindrical with scales of the Pinus Strobus form and
the needles are borne in fascicles of five. Heer7 refers to this \1'9L1t"~
S0mie thin gnd long needles from the \lm(eno of Greenland, but it 1s
110t clear that the needles are in fives. The species is recorded from
lung’“' Germany. France, and t‘l\‘e\\]l(‘ll‘ A cone of similar
ot iy deseribed by Unger® from the Oligocene of Kumi as Priaus
Megalopis and it is associated with quinary fascicles.
Pityostrobus MacClurii (Heer).

This species described by Heer'® us PM"‘ (Abies) MacClurii
from Miocene heds in Banks Land. lat. 71° 27" N. is represented by

4 v » I
Specimen in the Dublin Museum. The narrow oval cone, 6 > 15
em., o T
i L., congists of imbricate scales with the upper margin rounded o1
IPegular , e o L 4
®gularly truncate: some of the scales show indications of a pan

O
Seeds. Though similar to cones of Picea, the fossil cannot be

fle
ﬁmu‘l‘f agsigned to any recent genus. Similarly, Miocene speel-

e

. NS of coney, scales, and leaves from Spitzbergen referred by
fepll
I 10 Pinus Abies 1. do not afford satisfactory evidence of

the;
€I generie position.
3 '(;Lulnrl (36) p. 73. ® Saporta (73) p. 4. PL 1.
UzZson (H‘]«) p. 2 94 || Pls. xTv., XV. ' Pax “‘T) P Bie
* Mogan (03 ) figs, 1—3. ;
”‘“1"1‘5" Pl LXX, fig
5 ;“"‘1 lﬁnl PL xvi.
nm (68) i, p. 134, Pl xx. figs. 16—18.
id. (71) i, p. 41, PL v, figs. 35—40.

8; Pl pxxxvir. figs. 3, 6. 5 Staub (85).
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While most of the Tertiary species of Pityostrobus agree closely
with recent types some exhibit more or less striking peculiarities.
A species deseribed by Engelhardt and Kinkelin as Pinus Timleri*
trom Pliocene beds near Frankfurt is founded on pieces of large
cones characterised by cone-scales with a conical distal end having
3 to 5 flat surfaces (fig. 786, A), The authors compare it with
Pinus Gerardiana from Afghanistan.

Frg. 78G. A, B, part of a cone and a seed of Pinus Timleri.  C, Keteleerin
Loehri, See page 370.  (After Engelhardt and Kinkelin; nat. size.)

'The material obtained from Pleistocene beds is often well enough
preserved to aflord trastworthy data with regard to the later geo-
logical history of different genera. Clement Reid? identified a small
cone from the Cromer Forest bed as Pinus silvestris, and from this
horizon in Sweden Nathorst? records the same species; it is recorded
also from Pleistocene deposits associated with Elephas primigenius
in France? and similar evidence hag been obtained from Switzer-
land, Germany, Denmark, and other regions. At a later date the
former range of Pinus silvestris and other types is illustrated by the

! Engelhardt and Kinkelin (08) p. 205, PL xxv. figs. 1—4.
* Reid, €. and E. M. (15) PL 1. figs. 7, 8.
4 Nathorst (10) p. 1354, 1 Fliche (0Q).
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vidence of submerged forests and, as we ascend the scale, the records
€ome more legible and the prehistoric
Merges into the historic era.
. A\ cone apparently identical with the
Spruce Fir { Picea excelsa) found in the Pre-
g]u(‘iﬂl beds on the Norfolk?! coast (fig. 787)
8 a4 relic of the flora which existed in
:‘”glﬂﬂd when the Rhine after receiving
Many large tributaries—now separate
HVers — seems to have flowed across the
Present hed of the North Sea.” The same
SPecies is récorded from Pliocene beds on
the Dutch-Prussian frontier, also from the
Yalleys of the Main and Neckar, the speci-
Mens from the latter locality being referred
}3" Gliick? to Picea excelsa var. alpestris.
“ehander? has discussed the past history
ot Piceq in Seandinavia and quotes records
O the occurrence of the genus in other

l‘}},‘t“ of Burope. Similar instances of the
\\"](]_e]. T

o ange of Abietineous genera are given

!leacr);{)rrﬁ anf.l other authors ?\‘hn *h&,‘-p Fic, 787, Picen excelsa. From
_ ed  Pleistocenc plants 1 North  Pre-clacial beds at Mun-
Hfjl:rl lt“-il.y From the facts at present a \';:1'1]- Ijlt.li;\uu\“iil.’u. (After
:';5“!191-.1‘ would seem that Pinuws and ulllod- e

ot were more abundantly represented in the Tertiary and Post-
“rtiary florag in Europe than in American strata of the same age.

P
IT‘5“11‘7'1‘HU‘S‘,. Nathorst.

. Eityantfus granulatus (Heer). This species, described by Heer?
;?:T:r;r}l’e Patoot ((_:1‘@t»£l(f@0ll..ﬁ] |'||".t_1,'~‘.. in ('.11'06111-:111(] as ()if}.’i’l.)'fﬂf..'-\‘ﬁ'i‘n'lift
A “m o and afterwards descnlmld by Ngwlfmr}; _.fr om the
"1iz‘:f(:zt ‘-"13‘_}'3, ha;\: recently h.l“,EIl] ir]eni'lt_iod .1‘))“ Dr htopm" as 1 .lnni__{

Strobilus of some Abietineous Conifer, probably a Punus.

' Reid, 0

* Re and B, M. (08) PL xv. fig. 147. * Gliick (02).
mu“n.’,u:mmm'" (93). See also Andersson (10) and W. B. Wright (14) for excellent
- lII;]\JFlB 0% Pleist ocene history,
8 yod (07); (10%); Penhallow (04). 5 Heer (83) P wviz figs. 8. 0.
Lc)

wherry and Hollick (95) PL 1x. figs. 11-—13. 7 Stopes (11%) text-figs. 1, 2.




This author examined the American specimen, which she regards
as a fertile shoot of a three-needled Pine: the strobilus is 35 mm.
long and from it winged pollen-grains were isolated. In its unusual
length the strobilus resembles the male flowers of Pinus australis
from Florida.

PITYOSPERMUM. Nathorst.

The few specimens chosen for deseription afford examples of
some of the oldest records of fossils, agreeing in the form of the wing
with recent Abietineous seeds and, as far as T know, none have been
discovered in strata below the Rhaetic. From Tertiary rocks
numerous winged sceds are recorded, but these are of no special
interest and they are usually accompanied with foliage-shoots:
cones, or other fossils which afford more trustw orthy data as 10
relationship.

Putyospermum Lundgreni Nathorst.

Nathorst described several winged seeds from the Rhaetic beds
of Scania as Pinus Lundgreni'; they are 911 mm. long and 4 mm-
broad, the actual seeds being 3—4 mm. in
length. Two examples from Stabbarp in the

Stockholm Museum are represented in fig. )
788. To the same species Nathorst referred |
some imperfect cylindrical cones bearing b 1
thin imbricate scales and reaching a length ¥, 788, Pityospermun
of 3—5 cm. and a diameter of 1-2—2 ¢m.;  Lundgreni. From Stah-

: ] el ; barpin Seania; Rhaeti¢:
he also suggested the possibility that some (Stockholm  Museums

short shoots and long needle-like leaves de-  pag. size)

seribed as Schizolepis Follind Nath, may

belong to the plant which bore the cones and seeds. In a later
account of Schizolepis® he expressed the opinion that in the
absence of any proof of actual connexion the leaves and shO_fr'
shoots should be separated from Schizolepis and included in
Punites. These leaf-fascicles are described under the name Pityo-
phyllum and the seeds, which oceur as separate fossils, are alone
included in Pityospermum Lundgreni. The striking resemblance
of the seeds to those from Franz Josef Land (fig. 789) and recent

1 Nathorst (78)

) B, p. 31, PL xxv. figs, D, 13—17; PL xv. figs. 1—2.
* Ibid. (97) p. 38,
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Ahletiuéuus seeds is a valid reason for suggesting the inclusion
of _ﬂle Rhaetic specimens in the Abietineae, though it would be
gomg too far to coneclude that the seeds were borne on cones
ge?ﬂ:ﬁmlly identical with or even closely related to those of any
if{r:iu“g Te[il'esell.ttil.ti\'e ffl.[ the fat-.mil}'. T:l l’l.i.m-e‘nf- :eefed figured by

gelhardt and Kinkelin! as Pinus Timleri (fig. 786, B) bears a
“10se resemblance in the form of the wing to some of the Rhaetic
SPecimens,

P i, . i
L[s?"”'-“?”ff‘wmr Nilssoni Nathorst.

r .
; 1Fhlﬂ species, also from the Rhaetic flora of Scania?, is character-
e = : i . 5 = o -
fl'j; by the much longer wing (2-7 em.) which in size and form
18 much more widely than Pityospermum Lundgreni, P. Nan-
Sehi. . s ; ; . A
tand other Jurassie types from the wings of any recent seeds,
P ] .
“Yospermum Nansens Nathorst.

1y oo :
he seed shown in fig. 789, A, 11 mm. long, is drawn from a

SPeg > - =
%[ueumeﬂ 1 the Museum of the Geological
WUrvay (- =
K ‘re:" (Jermyn Street) collected by Dr
Noettlit, - Y : _
Soettlity in ranz Josef Land and of

|
e el = 2
Pper Jurassic or Wealden age: this and

Othey . :

Mo (;{'l seeds are figured by Newton and

LE2al |« m - = = !
+ The name Pityospermum Nansent

Wag a P P

‘ lied by Nathorst? to similar gpeci-
Hleng gy

A

B

tained by Dr Nansen from the same
Other winged seeds from Franz
and closely resemble Heer's species
Maakiana® from Jurassic rocks in
don }Jthj?l -‘59@(1,"II-‘_’ cm. long, fl'()!.l'l Weal-
; S0 the South of England is repro-

dueag -
o4 in fig 789, Be: 4
G ]St'“'lf.“t :

T»i(]n Uf

i
' .hﬂ("]'(""""*fs are we
Tesery )

Tegion,
. “SE[ L
P :

i g

L‘l _3Qria

1is is possibly a
Species, but the specific determina-

Separate seeds of this form is of little value unless

Fre. 789. A, Pilyospermm
Nanseni, B.

Dilyosper-
(A, drawn from
a specimen in the Museum
of the Geological Survey
figured by Newton and
Teall; B, from a speci-
men, V. 2323, in the
British Museum from
Wealden rocks.)

mum, h}].

the

Il marked. The important point is the striking
Ance hetween such seeds as those shown in figs. 788, 789

1 n
i i;lll,uuiimrdl‘- and Kinkelin (08) PL xxv. fig. 4.
y ;\—dﬂltl[‘ﬁf (78) B, p. 32, PL xv. figs. 17—19,
, :(-wh;nn and Teall {97) PL xxxvim.
, Nathorst (99) p, 18, P, 1. figs. 12, 13

Heer (77) ii. PL xvr., fig, 1.

e 1. ¢ Seward (95) A, p. 198,




and seeds of recent Pines and other Abietineae. Tt is not possible
to determine the precise generic affinity of seeds of this type, but
their practical identity with recent Abietineous seeds warrants
their reference to that family.

PITYOSPORITES. Seward.
This generic name has been adopted! for spores, provided with
bladder-like extensions of the exine, agreeing in size and form with
those of recent Abietineous genera. Winged pollen occur also in
the Podocarpineae, but the fossil examples so far recorded are much
more like the microspores of Abietineous genera than those of
Podocarpus, Dacrydivm and Microcachrys.
Pilyosporites antarcticus Seward.

In the course of examining sections of wood collected by
Mr Priestley on the Priestley Glacier (approximately lat. 74° 4.) 1
noticed two small microspores in the siliceous matrix of the partially
decayed stem?®: one is shown in fig. 491, G (Vol. 11, p. 298); the
longest axis is 80 and the central part bears two bladders charac-
terised by a fine surface-reticulation similar to that on recent spores.
A microspore of Pinus silvestris has a length of 75u. Tt is very
unlikely that the spores have any connexion with the stem in which
they are preserved; they bear a much closer resemblance to the
microspores of Abietineous genera than to the spores of the Podo-
carpineae: the probability is that the Antarctic specimens belong
to some Abietineous Conifer though this cannot be definitely stated.
It is probable that the upper part of the Beacon Sandstone, from
which the boulder containing the fossil is believed to have been
derived, is not older than Lower Mesozoie, e.g. Rhaetic.
Pityosporites sp.

Among the spores found by Nathorst® in Liassic clay from 6T
in Scania were several winged microspores, one of which is repro-
duced in fig. 790, C from a photograph kindly supplied by Prof-
Nathorst, The length of the spore is about 100x and in the
shape of the bladders it agrees closely with the microspores of
DPicen excelsa®,

! Seward (14) p. 23. * Thid. p, 23, PL v fig. 45.
% Nathorst (08) p. 13, PL 1,
' Kirchner, Loew, and Schriter (06) p. 151, fig. 68.
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£ iyosporites sp. |

In his account of petrified plant-remains f1"0111 Franz Jr:)sef
Hand, probably of Wealden or approximately Wealden age, f-r.a.f
Solms.Taubach! mentions the occurrence of well preserved [.:aolvlvu
With bladders and figures a piece of a cone with flat scales similar

Iye. 790. A, B, Pityosporites sp. from Franz Josef Land. C, P,a’g;c-:.s-pui:{._.u-.\'j_n.
{rom Seania. (A, B, from specimens in the Museum of the Geological Survey ;
C, after Nathorst, )

o that of 4 Picea. The drawings reproduced in fig. 790, f\..”
Were made from specimens found in sections of the nmtel?ml
“Xamined hy Solms-Laubach in the (reological Survey collection.
'he ](ngeﬁf.{]iﬂluef()]' is T0-—90u; in form and size the microspores
-esemble those of recent Pines. The apparently broad wall shown
101 fig. 790, A is the result of the obliquity of the section.

ENTOMOLEPIS_ Saporta.

En.ﬁr.um;!(.’jn's cynarocephala Saporta. Saporta® instituted ﬂ”"i
Sheric name for some comes from the Oligocene l'lam’l'“'_{‘* o
Provence g_ 10 cm. long, ovate-elliptical, and composed of spirally
Mranged coriaceous seales not thickened at the apex but prolonged

evond the imbricate broad portion into a long recurved, }?C’lllllll]}]t(.
. fimhriate, spinous process. No seeds have been hnmd. and

*I€ 18 1o evidence as to internal structure. Saporta considers
the “ones to belong to some extinet type and, as Zeiller® says, they
Are

TJTO]'JélM_Y Abietineous.

' Solms-Laubach (04) p. 11. . SRR
* &rrauns, out up; Aemls, seale. Saporta (65%) p. 55, Pl . fig. 3.
* Zeiller (00) B. p- 278.
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CROSSOTOLEPIS. Fliche.

Crossotolepis Perroti Fliche. This generic name! was proposed
for an imperfectly preserved cone, from Oligocene beds near
Embrun in the French Alps, of elongate-cylindrical form, 13-3 ¢m.
long and 3-5 em. in diameter, characterised by the fimbriate edge
of the imbricate, highly inclined, scales, which bear two seeds.
The cone agrees closely with several recent Abietineous types
especially with Picea Menziesii and other species of Picea, but 18
distinguished by the deeply fimbriate upper margin of the thin
cone-seales: it is diffieult to determine how far this feature is the
result of secondary causes: Fliche believes it to be an original
character comparable with that which led Saporta to found the
aenus Entomolepis for an Oligocene cone from Armissan in Provence.
It is not certain whether the seeds are winged. Fliche is no doubt
correct in his conclusion that Crossololepis 1s an Abietineous cone
closely allied to Picea and probably related to Entomolepis. He
refers the two Oligocene genera to the Abietineae; they differ
from any recent forms in the greater dissection of the distal edges
of the seed-bearing scales, which in this respect are comparable
with the more feebly lobed scales of the cones of Picen Engelmannt
and other species. Our knowledge of both genera is, however,
meagre and all that can be said is that the type-specimens afford
some evidence of the former occurrence of some Tertiary Abietineous
Conifers distinguished by the distally dissected scales from any

recent types.

PREPINUS. Jefirey.

This genus was instituted?® for lignitic specimens of short shoot#
and leaves from Middle Cretaceous beds on Staten Island, N.Y.
characterised by the large and indefinite number of leaves borne
on a single short shoot, the presence of a basal sheath of scale-
leaves, and by certain anatomieal features, particularly the mesarch
structure of the single leaf-bundle, the occurrence of a complex
system of transfusion tissue, and other features.

L kpooowrds, fringed, tasselled. Fliche (99) p. 474, PL xin.
2 Jeffrey (08%) Pls, xmr., xiv.; Hollick and Jeffrey (08) B. p. 19, Pls. X
X XII,—XXIV.
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P"'ﬁ;iit:m statensis Jeftrey.

The short shoots (fig. 791, B), rather less than 1 cm. long,
Consist of a relatively broad axis bearing on the upper part nume-
fous spivally dispost,;lfl truncate portions of leaves, in some eases

n

e 71, Prepinus Stafensis. A, Transverse section of a detached leaf believed
& I”"l“'“;-’ Yo P. statensis. B. Short shoot s swing the basal portions of needles
and, !-.th_lw. the soars of scale-leaves, (. Transverse section through part
of 5 ]Uibf-fl't.\h".jt-l[,. (After Jefiveys A, x 803 B, x7; €, x

]h : Q 3 o o o A ATal =Y
o€ tha 30 on a single shoot. Scars of scale-leaves are represented
D i = hy =l et y et
i 11“’111hu: areas near the base. There is no evidence as to
e Natype
4 u(‘ed‘
are tyvg :

4 i goy

of the branches on which the foliage-spurs were pro-
The leaves are polygonal in section (fig. 791, A, C): there
Narginal resin-canals and a single median vascular bundle
1€ tecent, Pines. There is a considerable development of

ey 2
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sclerous tissue in the ground-tissue of the leal and a complete
absence of mesophyll with infolded walls like that of recent and
some fossil Pines (¢f. fig. 774). The phloem is represented by a
erescentic space in the leaf shown in fig. 791, A. The dark zone
surrounding the bundle consists of thick-walled and relatively
long transfusion-tracheids and external to these is a broader sheath
of short transfusion-tracheids, but there is no endodermal layer
and no admixture of parenchyma with the tracheids. The xylem
is composed partly ol centripetal and in part of centrifugal elements:
the centrifugal xylem forms an uninterrupted are next the phloem,
and between this and the transfusion-tissue on the lower side of
the bundle seen in fig. 791, A the centripetal xylem is represented
by tadial rows of tracheids separated by spaces. Spiral proto-
xylem elements occur between the two groups of metaxylem. It
is interesting to find similar translusion-tigsue in some leaves of
true Pines described by Jeffrey from the same beds, but their
bundles are double and composed of centrifugal xylem only as n
modern species.

The pith of the axis of a Prepinus gshoot containg nests
sclerous cells: the leaf-traces pass through the cortex as single
hundles, and the single ring of wood contains a Tow of resin-canal
blocked by tyloses. The tracheids have uniseriate bordered pit®
which are often contiguous and separated by Sanio’s rims. )

Jeffrey compares this species with Piniles (=Pilyites) Solms?
Sew.! (fig. T72) from English Wealden heds and with shoots
described by Fontaine® from the Potomac gerios under Heer'®

of

generic name Leptostrobus,

Prepinus viticitensis Jefirey.

This species® was [ounded on specimens of short shoots from
the Lower Cretaceous clays of Gay Head, Martha’s \"hm_s-'ar'd-
Massachusetts, which are considered to he closely allied to Pityited

Solmsi. The wood of the axis, representing a single year’s grow il
s, the

contains two series of resin-canals and, as in the ty pe-specie
canals of the leaves are in continuity with those in the cortex ©
the shoot-axis, whereas in recent Pines the leaf-canals end blindly-

1 Seward (95) A, p. 106, Pls, xviir., XIX, Bee page 373
2 Fontaine (89) B. p. 227, Pls, or.—o1v. ete. 3 Jeffrey (10)
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As the choice of the name Prepinus implies, Jeflrey regards
the type of foliage-shoot represented by these species as the direct
Acestor of the klﬂaf—spurﬁ of recent Pines. The short shoots of
“"epinus are smaller than those of existing species of Pinus, but
in the numerous and spirally arranged leaves they resemble those
of Cedrus and Lariz. Anatomically the fossil leaves differ widely
'Om any Abietineous types, and were it not for the occurrence of
e Pine needles in association with Prepinus, which to some
“Xtent bridge the gap between Prepinus and Pinus, one might be
“Ceptical with regard to the close affinity of Prepinus to recent
Pines. Jeftrey (‘;Z)l]]})ill’l?iﬁ the structure of the leaf of P. statensis
Vith that of some leaves of Corda iles, but the agreement is probably

10t 80 cloge ag Dr Stopes’ deseription!, quoted by Jeffrey, suggests.
Tefhyoy e

regards the short shoots of Pinus and other Abietineae
48 8 primitive attribute of the Coniferous stock and as one of several
Feasong
(_‘r]nij‘ﬂ.&
“idence based on the short shoots of Pinus and Prepinus and
Comeg ¢, the
sl’(""iﬂlisnd
01‘[115,

for believing the Abietineae to be the oldest tribe ol
Prof. Thomson® has recently discussed the value of the

conclusion that the foliage-spurs of Pinus are
shoots and do not belone to the category of ]_)J‘huiti\'e
In Cedrus, Lariz, and Pseudolariz the leaves are spirally
“5posed o, the short shoots, while in Pinus they are fewer and
“¥elie, The frequent occurrence of more than the normal number

.)t ]l“‘“"l‘h‘ on the fl}llil"_”.“h'l'lll['ﬁ of Pinus has already been mentioned :

In lu::wll‘»]l\_\-‘ plants supernumerary foliage-leaves are not uncommon
i an increase in the number of needles is also induced by
““undi“L’- The spirally arranged scale-leaves below the whorled
EiL‘,‘pS * 2 %

O & short shoot of Pinus are homolocous with the scale-
500
}’Ia:('r_{(j by
the ’

'ht"'ﬂ thre
Ly T e ‘ a7 : e
. oand Pseydolyriz, as also of Ginkgo, are regarded as the more
]-H'Jl'mt_.ive cond
Eyelie

of p»
t s

r_'l‘u‘m}udt_‘
arp

Sy 1 1 Y AT TO
gl ordinary hranches, and on seedling Pines they are re-

the primordial leaves: transitional forms oceur between
& forms of leaf. The persistent short shoots of Cedrus,

ition as compared with the deciduous nature of the
fr)li;‘tge—s]'x.umh; of Pinus. Thomson notes that short shoots
Mmay proliferate like those of Cedrus and Lariz. He
8 that ancestrally “the leaves of the Pines were spirally
Anged on ordinary ||1’:‘L-|u'|u‘.~: and that the spur is derived from

'S v "
""Mpf)s (03). * Jeffrey (10%) p. 331. ¥ Thomson (14),

26—2
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this condition.” The fossil shoots from the Potomac series de-
scribed as Leptostrobus longifolius differ in the larger number of the
needles from modern Pines and resemble abnormal short shoots
of Pinus excelsa® produced by wounding. The short foliage-shoot
of Prepinus furnishes a more completely known example of &
branch hearing spirally disposed leaves. In view of the palaconto-
logical evidence and of the facts obtained from a study of recent
Pines it would seem that, as Thomson holds, the present form of
the Pine spur is the result of specialisation and not a primitive
feature.

! Thomson (14), Pl. xxu. fig. 10




CHAPTER XLIX.
PODOCARPINEAE.

Tue data on which to base any conclusions as to the antiquity
Ot former distribution of the genus Podocarpus or of Conifers
}'_"’]iE\’L‘-cl to be closely allied to recent Podocarps are unfortunately
devived from records which in the majority of cases are far from
Satisfactory and consist mainly of detached leaves. Velenovsky?
efers some linear leaves from the Perncer series of Bohemia to
z?r)df)(',rn'p:r.s- (P. eretacea), but they exhibit no distinetive characters.
Some of the numerous leaves described as species of Podoearpus
Are in all probability correctly regarded as Tertiary representatives
of the recent genus, but i 18 often impossible to state with any
“onfidence that detached leaves should be referred to Podocarpus,
or Preferably to Podocarpites, rather than to a more comprehensive
f?“nus such as Tawites or Blalocladus. In spite of the fragmentary
Nature of the evidence and the fact that no undoubted example of
?hf\)“ff’lﬂ‘ff—i'fftr.S' fertile shoot has been t:[ist:c.T\'el‘et.l. an e_\;au.ziuat—iuu of
18 published records leads to the conclusion that in Tertiary floras,
Pjirticztalarl)' in those of Eocene age, species closely allied to existing
'j'“d‘)f:—tl‘l'ps were abundant in Europe, a conelusion that is especially
I_Pfh"rf?ﬂtin_'_; from the point of view of the present geographical
]_}:?'lbllt-ir)ll of the 1”(:(lf.u:a-rpinl';*a-e. A I:'al'ief lm?(-mmt of .:qnu‘m-nf the
. -01: known exa mples of Tertiary species of Podocarpus, which are
,111;1135}("1'1‘9(1 to t hv; gentis P(Jrfrlf‘f.r)jju'.fr:'x in Elt"l'(?l't]&-lll.'t‘ with lhe‘i practice
1Y adopted in the case of fossil species, may serve to illustrate

7€ ature of the material and the wide range of the gpecimens.
Dy 1
t‘-ﬂlﬂltio
Assign g home in the high latitudes of the northern hemisphere to

% genyg T . S :
3 N8 that was well represented in Europe in the Tertiary period,
Y moya :

1 9 v . » .
TUpPpy? in his very suggestive remarks on the present dis-
N and means of dispersal of Podocarpus writes: “If we

ment of migration southward would explain most of the

Uieyltieg PR A m ‘ :
. lties in the present distribution. The great vertical range
“lenovsky (85) B. PL xin. figs. 511 # Guppy (06) p. 302.
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of some of the species leads us to attribute a corresponding power

With such a capacity for adaptation, migration of the genus would
be rendered easy over the globe” The geological history of the
Podocarpineae is unfortunately very fragmentary but such data
as are available lend support to the view that there was “a centre
of diffusion in the extreme north,” the present distribution of the

.

B C
Fia. 792, Podocarpites eotaenica.
(A, after Heer; B, C, after Gardner; nat. size.)
family being as in the case of the Araucarineae the result of
migration from other parts of the world where the plants are now
represented only in the floras of a hygone age.
PODOCARPITES. Andrae.
Podacarpites eocaenica (Unger).
This species, from Focene beds in South Styria, was founded
by Unger' on detached sub-faleate leaves 3—12cm. long (hg
792, A) with a short petiole or a more or less sessile lamina-

! Unger (51) p. 168, Pl xxu. figs. 11—16.
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Gardner! has described examples of this species from the Middle
Bug:\:hm beds of Bournemouth, the Lower Bagshot of Alum Bay
I the Isle of Wight, and [rom other British localities. A good
Mpression from Bournemouth is reproduced in fig. 792, B: the
leaf iy 7 em. long and 3 mm. broad, the apex is sharply pointed
and there is no petiole.  Fig. 792, € shows a leaf of slightly different
form which may belong to the species. No reproduetive organs
have heen found. Ettingshausen? records specimens of this type
from Focene beds at Haring in the Austrian Tyrol where the
Species is said to be abundant, from Leoben? in Styria, Bilin* in
Bohemia, Sagor in Carinthia®, and elsewhere. Heer® states that
the species is common in Swiss Eocene deposits and Engelhardt?
deseribes examples from Oligocene rocks in Bohemia. A similar
r]:: Perhaps specifically identical type was fioured by Lindley® from
Locene plant-beds at Aix in Provence as Podocarpus mr.@r*rr)piu,u'fﬂ,
lll'ﬁ Saporta®, who figured additional specimens from the same
Ocality, proposed the name Podocarpus Lindleyana on the around
that Lindley’s designation implies identity with a recent species.
< leaf referred to P. eocaewica is figured by Massalongo'® {rom
“ﬁia.ry beds in Italy.

Some vegetative shoots originally described by De la Harpe!
]):{’;:‘ ('A.]‘um Bay as ('if-jJr'{‘-S‘-if..fi’-‘i.t'.'ff’.ryr'f ns are referred by Ga rdner‘j—’ to
) t h‘:“f,wfs &n(.l this deternlu]m’ilm1 (1{’1.‘1\’('55 support from the variety
. ‘e foliage illustrated by his specimens: in some branches the
*il:;;a(;lm\m are t\vt_)-.mnl;vd \\'_hilv .i‘n others r_hle 19;1\-«15 are spim.l]_\-'
. .»ed and three-sided, a diversity met with in recent species.
(‘m-(;[l:llp(;lfm.t'i'\' pruser"..'o.d fr‘fu gment repr’rn‘lm-w.l_ in fig. T'_'II_’»‘ from a
o ;.mymg by Mlssl “4.',')0(1‘\\'&]'(_{ of f}l-t' :1('1'112.3] specimen s

Wred by (ardner as a fertile branch bearing a single seed with

! (iardner (86) p. 48, PL m. figs. 6—I15.

* Httingshausen (55) p. 37, Pl . figs. 14, 15.

8 Ibid. (88%) p. 217,

4 Ibid. (672) p. 118, Pl xmm. figs. 1, 2.

* Ibid. (85) p. 6, Pl. xxvim. fig. 12.

% Heer (55) A. p. 53, PL xx. fig. 3.

* Engelhardt (85) p. 315, PL v figs. 37, 38.

% Lindley in Murchison and Tyell (29) p. 298, fig. A.
* Saporta (62) p. 216. PL . fig. 7.

10

Massalongo (59) p. 166, PL v. fig. 36.
1 De la Harpe in Bristow (62) p. 111, PL v. fig. 3.
% Gardner (86) PL v
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a fleshy base as in certain existing species, but the details are too
indistinet to afford any prootf of affinity to Podo-

- 4 . AN A
carpus. Gardner also deseribes a globose wrinkled &V

seed, 16 mm. in diameter, as ? Podocarpus argillae-

londinensis* from the London Clay which bears 1

a close resemblance to the seeds of Podocarpus 1 4
elata.~ The specimens from Hocene beds in the W

Island of Mull described by Gardner? as Podo- o . =gs  pogocar-
carpus borealis, consisting of small falcate leaves  pites elegans. Sup-

and seed-like bodies, are too imperfect to be posed fertile shoot-
(Specimen in the
British ~ Museuit
sents a type from Bournemouth deseribed as figured by Gard-

Podocarpus tneerta which differs from other species  ner.)

in the absence of a definite midrib; the linear-lanceolate coriaceous
leaves, reaching a length of 3 em., are decurrent and appear to have
several parallel veins, a feature characteristic of the section Nagewt:

determined with aceuracy. Fig. 794, C, ¢’ repre-

A C C B

Fio. 794, A, B, Sequotites Tournali (see p. 353). C, (7, Podocarpiles tnoerta. (Fromt

specimens in the British Museum described by J. Starkie Gardner; A, B, V. 524

C, V. 522; nat. size.)
it is, however, doubtful whether this species shonld be included in
a genus implying affinity to Podocarpus. Some leaves figured by
Schmalhausen® from Oligocene strata in Russia as species ok
Podocarpus are too imperfect to afford any trustworthy e\ridcnt‘;
as to the occurrence of the genus Podocarpites. Ettingshausel
5

s

I Gardner (86) p. 52, PL 1x. figs. 35, 36. 2 Ibid. (87) A, Pl, x1m. fig =
8 Schmalhausen (83%) PL xxxir 4 Bttingshausen (86) PL v, figs. 25—
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describes as Podocarpus prae-cupressina foliage-shoots and a very
Imperfectly preserved seed from Eocene rocks in New South Wales:
the same author records Podocarpus Parkeri®, a doubtful species,
from New Zealand.

2 . ] . §
Ir»!fur:ru‘}m’rs Campbelli (Gardner.

Shoots bearing leaves similar to those of P. ecocaewici are
deseribed by Gardner from the Eocene plant-beds in the basalts

Fic. 795. Podacarpites Clarmpbelli. (After Gardner: nat. size.)

9‘% Mull as Podocarpus Campbelli* (fig. 795). The linear acuminate
:St‘"“"i';!llt or slightly eurved leaves with a contracted decurrent base
'_tr'f' ahout 7 em. long and possess a well-defined midrib. Gardner
‘St‘ah’ﬁ that the late Prof. Oliver regarded the fossils as the branches
. Some Podocarp; they are compared with Podocarpus falcatn of
j}le Cape and Tropical Africa and with the South African species
. Tfruiu"n-,‘_(,riﬁ

1 Ettingshaunsen (87) PL 1. figs. 12—14.

2 Gardner (86) p. 97, PL xxvI
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Fossils believed to be related o DacrvYDIUM.

The records of the rocks afford very little information with
regard to the past history of Conifers allied to the recent genus
Dacirydium. The marked dimorphism of the foliage-shoots (fig. 708,
p- 160), their close resemblance to branches of some other Conifers,
ag also to Lycopodiaceous plants and some of the larger Mosses,
are serious difficulties in the way of recognising representatives of
this genus among impressions of vegetative branches. It is inter-
esting to find that the most promising piece of evidence of the
occurrence of a fossil type (Stachyotazus) allied to Dacrydium is
furnished by a Rhaetic flora, a fact pointing to a high antiquity
of the plan of reproductive shoot characteristic of existing species.

Schenk! compares with Dacrydium some obseure and small
fragments from the Coal Measures of China which he described as
Conchophyllum Richthofeni, but there are no substantial grounds
for such comparison. The specimens consist of pieces of slender
axes bearing spirally disposed bracts or small leaves showing at the
base of the ovate-oblong lamina a slight depression [rom which &
seed may have fallen. The Lower Cretaceous foliage-shoots from
Bohemia described by Velenovsky? as Dacrydiwin densifolium have
no claim to be accepted as branches of a Podocarpineous Conifer-
Ettingshausen® figures from Eocene beds in Australia and New
Zealand sterile twigs assigned respectively to Dacrydiune cupresst
noides and D. prae-cupressinum: in neither case is there any evi
dence as to the nature of the reproductive organs, and the forn®
of the foliage-shoots might with equal probability be interpreted
as evidence of other Conifers or of some Lycopodiaceous plant.

STACHYOTAXUS. Nathorst,
Stachyolazus elegans Nathorst.
The genus Stachyotarus* was instituted for some Rhaetie
specimens from Seania originally named by Agardh Sargassut
septentrionale and Cawlerpa septentrionalis; the former was re
named by Nathorst Carpolithes septentrionalis and the latter
1 Schenk-(83) A, p. 223, PL xum. figs. 21—26.
* Velenovsky (85) B. Pl x1. {

3 Ettingshausen (86) P1. vior figs.
Nathorst (86) p. 98.

23, 24; (88) PL r. fig. 19.
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! » Sy - N = 4 g
C'-‘J{MT'F.S&:J:-Hm seplentrionale. The discovery of additional material
¢d Nathorst to transfer some of the specimens to a new genus
Sm"‘l'l s 1

yotazus. The folinge-shoots of Stachyolaxus elegans® are

’-llmm'phiti'_: some of the leaves are appressed and imbricate as mn

[rr L7906 S . .
o 796, Stachyotarus elegans. A, B, § nat. size; C, slightly enlarged ;

D, x3%. (After Nathorst.)
C Hparis

and Sidium and some other Conifers while others arve linear

rea,ﬂ:ifti?hm“ (ﬁf-’-. 796, A), m-lssil,e‘ and ‘Lll.’f'lﬂ'l‘t‘llt. with @ Iun.zina
walls a,? a length of about 1 em. The epidermal cells lun'c‘s“rrailght

® and the stomata oceur in two rows on the lower surface.
; Hegastrobili (fig. 796, B) have the form of spikes ahout

! Nathorst (08%) p. 11, Pls. 1., T
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5 6 cem. long: the fairly stout axis bears sporophylls, approxi-
mately at right-angles, consisting of a short and relatively thick
stalk expanded into a triangular scale bearing two ovate seeds,
3—3-5 mm. long, each being enclosed basally in a cupule (fig. 796.
(, D): the distal end of each sporophyll forms an upturned acumin-
ate apex. The cuticle of the seed-coat shows that the latter
consisted of thick-walled cells, and within the tesfa Nathorst fou pd
the remains of a much more delicate membrane, possibly repre-
senting the nucellus. Nathorst compares the sporophylls with
those of recent Dacrydiums, though in Stachyotazus there are
normally two seeds on each sporophyll and not one as in the recent
genus, a difference possibly ol no great importance. In habit
the fertile shoots of the fossil type are comparable with those of
Podocarpus spicata. Miss (Gibbs! in her agcount of recent Podo-
carpineae expresses agreement with Nathorst’s view that Stachyo-
taxus is probably a member of that family. Nathorst describes #
second SNwedish species but from a slightly lower horizon in the
Rhaetic series, This species, Stachyotazus elegans, 18 characterised
by longer and stouter megastrobili reaching at least a length of
12 em. and by longer linear leaves 10 cm. long.

Hartz? refers to Stachyolazus septentrionalis some sterile shoot
from Lower Jurassic, or Rhaetic, beds in Hast Greenland, and
Halle* draws attention to the superficial resemblance to the
Swedish type of some vegetative twigs from Graham Land which
he refers to the genus Elalocladus.

Strobilites. Strobilites Milleri Seward and Bancroft.

The specimen on which this species is founded? was obtained
by Hugh Miller from Upper Jurassic beds on the North-East coast
of Scotland and inaccurately figured in the Testimony of the Rocks®:
Fig. 797 is from a careful drawing by Mr T. A. Brock of the originill
specimen in the Edinburgh Museum. A slender axis bears nu e
rous spirally disposed oval bodies (6 x 5 mm.) which are no doubt
seeds: each shows a differentiation into an inner portion surrounded

L Gibbs (12) p. 539.
2 Hartz (96) PL xix. figs. 2, 3.

& Halle (13%) p. 83.

4 Seward and Baneroft (13) p. 882, PL, ©. fig. 13.
b Miller (57) B. p. 493.
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by a flat border and it may be that the latter iz the impression
of & sarcotesta. Another possible Interpre-
T'““ti(r'n is that the oval bodies are seeds In
WMitimate association with fertile braets.
The strobilus bears a close resemblance
_t” Stachyotazus elegans Nath.' from the
thaetic of Sweden compared by the author
of the species with an ovuliferous shoot
of PU('[U(:H};H\ \,U,(“l,'”' and D:,'r,«'ff;].'-,,"m
l’mhﬂ,m and believed to be allied to the
'®¢ent genus Ducrydium, a view upheld
b‘ Miss Gibbs? in her account of recent
“fiocalpq It is not improbable that
\frr_;bu’:(rt, Milleri is more close l‘r allied to

the p ()ll(:(dlpmpde than to any other family
of Conifeys.

S"‘1'1"“38Di‘;lw.c:nptzsis Dusén.
In his account of a Tertiary fora,
]"C’Hﬁlm,‘f Oligocene, from localities on the

‘1*:"&’(‘11%1.1‘1 straits Dusén® describes a single
taf ag

Sazegothopsis fuegianus on  the 8

g =
Ound that it resembles the leaves of Saxe- . ~or Siobilites Milleri.

};J(ﬂqw{ ‘””\piti‘h‘t The lamina, rather less {After Seward; Edin-
¥ 2 T 8 3 at.
Eﬁ'“ cm. I()l]‘_f, 15 llnp‘” ‘ anc (‘fl] ite W ]Tl] a I'lll,.ll Musenm I

gize.)

SPinoug apex and a short stalk; no veins

e shown in the drawing. There is no substantial reason lor

”g“dllw this solitary fossil as a fragment of a Conifer allied
‘(‘(‘”P"?“Htm-'[ Dusén admits the lack of dei\fﬂlfUI‘ evidence

n]d"&l”l" generic identity, but the specimen hardly merits the

“’tlhci](m of being made the type of a new genus.

Py YLLOCLADINEAR.

Py
YLLOCLADITES. Teer.
gy
This generic name was given by Heer? to a fossil, subsequently
ﬂ”"f“llod to & new genus D»fimm»h jis® (fig. 798, ), which affords

\uthom (08%) P1. 1. figs. 1—2 2 Gibhs (12) p. 539.
Jisén (99) p. 105, PL. <t fig. LU
eer (75) ii. p. 124, PL xxxv. figs. 17—21. * Nathorst (97) p. 48.
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no real evidence of a relationship to the recent genus Phyllocladus,
but Heer’s term may be rvetained for a species deseribed by
Ettingshausen as Phyllocladus asplenioides?,
Phyllocladites asplenioides (Httingshausen).

This Tertiary species from New South Wales presents a close
resemblance to Phyllocladus (fig. 675, p. 107) and is probably an
Eocene representative of the genus. The specimens consist of fairly
stout axes bearing cuneate and ivregularly lobed leaf-like organs,
in some cases apparently subtended by small scales —a circum-
stance which jusfifies Ettingshausen’s suggestion that the lateral
members are phylloclades. In one case a seed occurs ab the base
of a phylloclade. The phylloclades are practically identical with
some forms of Thinnfeldia, particularly with American examples
veferred by Berry to his genus Protophyllocladus; the laminae of the
Australian species agree both in form and venation with those of
the (Tetaceous American impressions, but in the latter there 1s
no good reason for interpreting the leaf-like organs as flattened
branches,

littingshausen’s species is the only fossil that has come under
my notice that has any substantial claim to be considered a satis-
factory record of the recent genus Phyllocladus. In the account
of Thinufeldia in Volume 11* reference is made to the resemblance
of some impressions included in that genus to the phylloclades of

Phyllocladus, a resemblance which led Ettingshausen to assigh
the type-species of Thinnfeldia to the Coniferae. Berry® considers
that Ettingshausen’s comparison with Phyllocladus, though not
applicable to Jurassic and other of the older species of Thinnfeldia;
is valid in respect of certain Middle and Upper Cretaceous forms
for which he instituted the genus Protophyllocladus. Attention has
previously been called* to the inadequacy of the evidence in support
of the conclusion implied by the adoption of the name Proto-
phyllocladus.  The specimens for which this name was instituted
consist of comparatively large coriaceous leal-like impressions, linear
or ovate-lanceolate with an entive, undulate, or crenulate n‘mT;_zi'i'
provided with a short petiole prolonged as a stout midrib from
which numerous simple veins are given off at an acute angle. In

i Ettingshausen (86) p. 94, PL voi figs. 28—31.
2 Page 543, * Borry (03) B. s Seward (04) B, . al.
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Venation and to a large extent in shape the fossils conform to the
haracters of Thinnfeldia.

P'i'ofr)};fr_a/h'or'frrf]u.w subintegrifolius (Lesquereux).

This species was originally deseribed by Lesquereux' from
DM{OM beds in Nebraska as Phyllocladus subintegrifolius. Heer?
described similar or possibly identical specimens from <he Atane
_Je#_}fi of Greenland as Thinnfeldia Lesquereuriana and inclnded
#®Squerenx’s name as a synonym: these (ireenland specimens
Teach g length of 8 em. and a breadth of 2 em. Heer classes the
SPecies among plants of uncertain position and compares the
Mpressions with the phylloclades of Phyllanthus. The species is
Tecorded by Hollick® from Martha's Vineyard and other localities,
¥ Berry 1 from the Raritan flora, and as Thinuafeldia Lesque-
Yeuxiang by Newberry and Tollick?® from the Amboy clays and
'V'thf'l' Cretaceous floras®: most of the examples are detached leaves
tor 2 phylloclades), linear, spathulate, or ovate with an entire or
ththhf‘d margin while a few are branched (fig. 798, A, B). In no
Stgle case is there any evidence in favour of regarding the speci-
meng gg phylloclades rather than leaves. Until additional facts
Y6 obtained it would seem preferable either to retain the generic
Name Tiuﬁinaji--hh'n. used by several authors or to adopt some title
Which does not suggest a relationship to any recent genus. Zeiller?
195 described a ':Qrpec-imcn from the Cireat Oolite of Marquise
N, ]1']'ant:<‘) as Protophyllocladus sp.: this is the first European
*ecord for Berry’s \geuus..

A n‘imilnrsp;*t-ic'-si.e represented by Protophyllocladus polymorplus
03q.) first described by Lesquereux® from Vancouver Island as
Stlishupig polymorpha and afterwards transferred by Knowlton®
to Tfri]uq.ﬁ'hﬁr'!, Another closely allied type is Protophyllocladus
h,}b”‘h"" Berry from Upper Cretaceous rocks in South Carolina.
Some of these supprmm’lr phylloclades closely resemble flattened
L I;[(I‘:Lll{n:t)u\ {'.-4-.]_[1. ..‘»1. b n‘ 12. L em ”

“er (32) 4, p. 37, Pl x11v. figs. 9, 10; PL xnve. figs. 112,

j Hj“”i“k (U6) p. 36, PL v. figs. 1—6. ' Berry (113) p. 98, PL 1x.
5 eWherry and Hollick (95) p. 59, PL xT.
" J[A,'N(]llf.rt-u_\'. (91) PL. 1. figs, 1—3. 7 Zeiller (12) p- 13.

o —hyuereux (78) B. p. 84, Pl nx. figs. 40, 41.
10 l[\[m“'lt”“ (93) p. 47, PL v. figs. 1—4; Berry (03) B. p. 442,
Serry (03) B.; (14) p. 17, Pl. m. figs, 9—13.
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leal-like branches from Kreischerville for which Hollick and Jeffrey
instituted the genus Androveltia® (fig. 806, A—C): some examples
of that genus are clearly distinct as there are small leaves borne

Fia. 798. A, B, Prolophyllocladus subintegrifolivs, C. Drepanolepis rotundifolid:
D. Phyllocladopsis heterophylla. (A, B. after Newherry and Hollick; C, aftef
Nathorst; D, after Fontaine. Nat. size.)

on the flat phylloclade, but other specimens are hardly distinguish-
able from Protophyllocladus. Though it would be loolish to deny
that the marked resemblance as regards form and venation between
certain species of Protophyllocladus or Thinnfeldia and Phyllocladus
may be significant, it is true that no satisfactory evidence has heen
produced in support of actual affinity to the recent genus.

1 See page 436.
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)"lfﬂerJr-lrafl'rf.'\' Ettingshausen.

This name was applied to a single species, Palueocladus cunei-
s, from New South Wales! founded on a specimen described
% a lineay eunetform phylloclade with a median rib from which a
W simple veins are given off at an acute angle, each passing up
1€ middle of g lateral tooth; the teeth or serrations aré recarded
A latera] phylloclades concrescent with one another and with the
Main Hﬂ‘f'fel'u“d axis. A few small scales occur at the base of the
Qﬂm}'”“?ld phylloclade. Ettingshausen’s ingenious interpretation,

ough 1)(;sxi}ﬂl\' correct, rests on too slender a basis to justify the
us“'”“pﬁml of .:111}’ aflinity to Phyllocladus.

Pjé'y”’_i(‘(flrln}}a't‘.\' Fontaine.

Thig

I generic term was }_)l‘l‘ll_‘l(_lm‘_"_{ for some hranched fo]m.[_ﬂ‘-
100ts from the Potomac formation?® characterised by small broadly
0"} > - % - m i 2 =) o i
“e leaves with spreading veins. The type-species Phylloclad-
Opsig BoTos - G e T p . _w Beitw state Baars
lerophylle (fic. 798, D), as Fontaine and Berry state, hears
a ¢ ! ‘

: Ui Tesemblance to some forms of Nageiopsis and there can be
t]a douhyt

ng &Viden

YWiloclgg,,

as to the foliar nature of the appendages, which afford
¢ of morphological affinity to the phylloclades of a
8. The species must be left for the present as a plant

Uncertgi, position: it would seem more appropriate to adopt
Ala . N . - ot ik
G Sehetic pame Nageiopsis than to make use of a designation
Nooagq: By : :

SBEsting 5 relationship which has not been established.

Fl| ]
AXINgy g,
TAx
ITEg, Brongniart.
’1\..hl" 2eneric name, first proposed by Brongniart?® for some
g

tati and one Jurassic species, has been widely used for vege-
Ative g)

Nagy,

Sep, ! . ]*‘-a.\;'q_x_g (
U0 S . . , § et
hl o Sempervivens, Cephalotazus and some other recent Conifers.

iy }-he absence of

r; !l“pm“ible to d

Mgy, '

00ts hearing spirally disposed and distichously placed
e.g. fig. 802) resembling in habit those of Tawus,

anatomical characters or reproductive organs if
etermine the precise position of shoots of this
form ang the designation Tuwites, as generally employed

1 By
Lt

. ‘(Tii\uhllilﬂh‘{-n (86) p- 93, Pl vior. fios. 33,33 «.

u i & 8 ) . 3. AOY

: aing (39) B. p. 204, . LXxXIV. fig. 5, PL cuxvimn. fig. 4; Berry (03) B,

mngn{m.‘_ (28) A -

: 4. p. 108,
3.1y

27
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cannot therefors be interpreted as indicative of affinity to Taxus.
Tazites has also been applied to fossil wood believed to belong to
Conifers allied to Zazus or other members of the Taxeae, but this
name has been superseded by Tazoxylon. Tawiles is misleading
in its implication of relationship as the specimens so named afford
no proof of their systematic position within the Coniferales. Halle*
has proposed to employ the generic name Elalocladus for sterile
shoots of the Tawites type, the latter name being restricted to
fossils which there are good grounds for assigning to the Taxeae.
Among other genera to which authors have referred vegetative
shoots superficially similar to Taxus is Palissya®, a genus founded
in part on a definite type of reproductive shoot very different front
that of Tazus. The investigation of the epidermal structure ol
some specimens of Jurassic age placed by Feistmantel in Palissy@
has led Miss Holden to institute a new genus Retinosporites® based
on characters recognisable only in the case of fossils which retainl
their cuticular features. Another example of foliage-shoots of the
Taxites habit, which are shown by their fertile shoots to have ne
connexion with the Taxeae, is Stachyotaxus®. Tawites should b®
retained for fertile branches or reproductive organs which there i#
some good reason for believing to be more closely related to T s
than to any other genus. So far as I am aware, none of the
specimens described as species of Tamites supply sufficient justifica
tion for being so designated. Fragments of sterile shoots from
the Miocene beds of Western Greenland described by Heer® 22
Tazites Olriki and now in the Dublin Museum afiord rio proof ok

close affinity to Twzus: the leaves are rather larger than those o
Sequoiites Langsdorfic and not decurrent. )
The generic names Cephalotazites and Cephalotazopsis :,l-["]'-'lle'{'

by Heer® and Fontaine” respectively to foliage-shoots resembling
those of recent species of Cephalotazus suggest an affinity that 1°
not supported by data based on reproductive shoots. While su¢ !
a designation as Cephaloluzopsis may be used without a definit®
implication of relationship to the recent genus, f_’e’pﬁ'm.h;!r'r,.'rﬁ'!'i"""-‘

s : g ; ; . 1 40
like Torreyites and Taxites, 18 more appropriately restricted t
U
1 Halle (13%) p. 83. ® See page 426, 3 See page 432. 4 See page 4

& Heer (68) p. 95, PL 1 figs. 21-—24; Pl xuv. fig. 1,
o Jhid, (83), p. 10 7 Fontaine (89) B. p. 235.
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SPecimens which there is good reason for conneeting with Torreya
*d Pogys respectively.
~ Among the numerous specimens of wood from Mesozoic and
'Ql_ﬁatry beds referred by authors to Tazozylon® there are very few
Which show true spiral bands on the secondary-xylem elements:
Mere are no undoubted examples of the Taxineous type of stem
fom pre-Tertiary strata.
\__ahil‘lle.J"n]iage-shoots t}esrf:'z'ihu(l H:(i species of TH.T!IV’(‘Y.\’ are s 3‘1‘11}11'
BTIla]Li f’:-‘.-ﬁ as T'if(‘()!'d-s of 1 azus, Cephalotazus, or lr_'arreyr(._ Bome
seeds very like those of Tawzus baceala ave deseribed by
}::;?:“f-: f]l‘um‘ the (f)l_ig,{(.»(*emﬁ lionites of West l'%f?m'mnj\‘ as Trf:z‘HS
. daniifera® and similar examples were deseribed by Heer? as
B::;{:‘r‘]gﬁr'h‘ nilens from the lignites of Bovey T’mool\':. t}lo Bovey
??‘l-r'p};?q e recently been namqi by Mr and Mrs Reid Tazus (?)
I'Om[fi The luf‘lwr nnflm.rs I'L"it:‘l'vr:‘,(aillll' globose mueronate seeds
. e preglacial deposits of Norfollkk to Taxzus baceata®, and
’l‘:.l:T]:;;]m :'Rnidf" rl-'r:(,n't'lf the same :a1)1:t(-i~':-a frnn} preglacial beds in
‘“Ba‘[p;f 1{'01“ interglacial beds in Suffolk and from the peat below
T ‘el in the Thames valley. The genus Taaus ranges through
P;l]lli?(?f Europe, ;\Siilv. Nt,»r‘tl: America, I.--‘\J.f_‘ eria, and {J(‘('ll}l’r‘.. Efl)()!‘}ltlif
it i n,-:: the mountains of :‘?1111.1;11'['2]. ( eflvl)res and the Philippines:
SPeci eworthy that there is little difference between the several
*Pecieg
15 8ti]] Wi
Y¢alitin

HiTy I)] B

hich are probably mere geographical forms?. The Yew
ld in parts of Sussex, Hampshire, and Wiltshire, in a few
i in Scotland, hut still rarer in Ireland. It is clear from
Stocene records that Tazus was formerly much more widely

H].)?'t). -]

ang {;' Dr Conwentz® has shown that many places in Germany
t Brrs, n e : e = Sl

S ' British Isles derive their names from the Yew, and the

Dy ]_&‘-lfhr_u- found that several prehistoric wooden articles in the
a1 B ] . .
. & Museum are made from Yew wood.
ORREYVITES,

 The evig

(_retnx ence on which several fossil Coniferous branches from
Ac

COUS and Mot : : “ e
s and Tertiary rocks have been referred to Torreya is in

1 &

PNepn, o
A H(‘h‘[m{:{r' 202, * Ludwig (61) p. 73, PL 1x. fig. 19,
1y 92) p. 1078, Pl Lxx, figs. 15—23.

0] and K, M. F

P -
:: bfr.". . = H“] o g 3
3

Rei “_171, PL xv1, figs, 42, 43; (08) PL xv. fiz. 145,
*109) B p. 151, ? Elwes and Henry (08) p. 99. S Conwentz (01).

27—2
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most cases unconvineing and with one exception no facts as ta
epidermal characters are available. Leaves of recent species of
Torreya (fig. 694, B, p. 141) are characterised by two well marked
stomatal grooves on the lower surface, and another feature is the
absence of a prominent midrib: the leaves of Cephalotazus, similar
in form and size to those of Torreya, differ in the flat uugrnovc“l
Jower surface and the prominence of the midrib on the upper surfac®
of the lamina. We have no information with regard to any fossil
seeds of the Torreya type, a type to which reference is made i1
the account of fossil Palacozoic seeds. The present distribution of
Torreya suggests that it was formerly more widely spread, buft
the data at present available do not admit of any very satisfactory
statement of its past history.

Torreyites carolianus (Berry).

Berry described this species as Tusmion carolinnum!, using the
unfamiliar generic name which has been substituted by purists i
nomenclature for Torreya. The material from Middle Cretaceot”
rocks in North Carolina consists of twigs with spirally dispose®
flat Linear-lanceolate leaves 2-5—-3 cm. long and with a maximu®
breadth of 3 mm., gradually tapering towards the slender ape®
and slightly contracted at the decurrent base. There is no distinc®
midrib, but in the proximal part of the lamina a more opaqi®
bhand indicates the position of the vascular tissue: on either sid®
of the middle line is a band in which the stomata are scattered’
the long axis of the guard-cells tends to be at right-angles to the
length of the leaf as in recent species and the fossil stomata genel”
ally resemble those of existing types. Some less satisfactord
specimens from Upper Cretaceous beds in Georgia are doubtfully
referred by Berry? to this species. In view of the characters ol
the vegetative fragments from Carolina it seems reasonable
adopt the generic name Torreyiles. Berry has published a mal
showing the distribution of Cretaceous representatives of T orref®
but it is questionable whether the nature of the records constitut®

a golid fonndation.

Heer® has deseribed two species, Torreya Dicksoniand ant
1 Berry (082). 2 [hid. (14) pp. 107, 123. i
% Heer (75) ii. p. 70, PL xvim. figs. 1—4; p. 71. Pl. xvir. figs. 1, 2; (82 FJ.

fig. 11,
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L parvifolia, from the Lower Cretaceous beds of Greenland : the
favey of the former exhibit a close agreement with those of the
Tecent species though the evidence in support of generic identity
5 far from decisive. The second species differs in the smaller
®aves: an examination of one of the figured specimens in the
blf-_(itﬂkholm Museum led me to the conclusion that it may be identical
With an Upper Jurassic form from Scotland described as Taziles
Je-ﬁ:"e?j’il: there are no adequate grounds for the use of the name

Oreyq.  Fontaine’s Potomac species Torreya virginica® is founded
®Il & piece of shoot bearing long linear leaves with no obvious
m'lflrﬁ} but with two strong lines between the middle and the edges
of the lamina which S0y

of o : ; : o 5
less value than the type-specimen of Torreyifes carolinaanus
lecy

st stomatal erooves. This specimen 18

use of the lack of information with regard to the stomata.
;?‘ Second species of very little hotanical value is deseribed from
e same formation as Torreya falcata®. Yokoyama's Upper
'C‘:i'issic or .\-’\.'E‘.:ll(.ll?ll species Torreya ‘.z'r_'fm.;'in* from Japan has no
L to be included among records of Torreyo.
The Miocene species from Greenland. Torreya borealis, described

bY Hens - ¢ : : . . ;
o Heers is founded on sterile twigs with broad linear leaves which
cl.f"f(n.
J

'-\-(n-u;]i:]m doh'nit‘n i11l|.i('flﬁ[}ll of relationship to Tllf:' 1_‘e<-e.|u.l}zmnis‘
. ragments from Pliocene beds near Lyon described by Saporta
:nd Marion® as Torreya nucifera var. brevifolia show two stomatal
2'00Ves and may be correctly identified. These authors regard
F;;eﬂil;’““i.lfmlls r](—*.\'r‘ri].).ed b;\‘ ETTil]f_’S]li’l.llSnrli‘ from Bilin in Bohemia
S]mpi:f"';i" J?ff'n.f:,‘!-w!mjjr--a as fragments of a Torreya and re-name the
et - bilipica,
\ ":(ﬁ?? []Qfached l.ea‘vvs .nnd seeds fl‘ll'_'llli Upper l"]]o(-eue beds in
\’ilzl{g[‘;:l:] V allle:y' ( Frunklulr.r] are 'r‘{*‘.rf;-:'ri.*rl by Encelhardt and
Plﬂﬂen']hl} to “ Torreya . m.'..r'rj(»a:r.f- :fri.s'.-;th-.s‘:‘ the St:“l‘l—'l.s bear a r:l_c'asa
go0d en“{i‘ ’Fnltlmse :31 t'he existing species. While ﬂn\m‘e is fairly
"“Cnrrpnu IJC? ’I'n:nn 1l_‘lit‘ld1';‘" localities of the comparatively recent
ax (l‘()ll(;I (‘? of Torreya in Europe the records cannot be regarded
usive,
I g
- .‘sc-wm-d (112) p. 688,

~ Thig,

¢ Fontaine (89) B. p. 234, PL cix. fig. 8.
[).‘ 235, Pl oxm I"lg. 4 t Yokoyama (89) p. 230, PL xxir. figs. 11, 12.
Supo | P: 8% PL L, fig. Ta.
2 "n:‘.““h i‘jnd Marion (76) p. 87, PL xxm. figs. 6, T.
g¥lhardt and Kinkelin (08) p. 101, Pl xxrm. figs. 6—8.

H eer
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VESQUIA. Berirand,

Vesquia tournaisii Bertrand. The name Vesquin, after the
French botanist Julien Vesque, was given by Bertrand! to seeds
from Lower Cretaccous strata at Tournai which he described a
intermediate in certain respects between Tazus and Torreya; they
are two or three times as large as the seeds of Tazus and abou?
one-third the size of those of Torreya. The ligneous shell is ribbed
“and on each side at the base is a large orifice marking the position
ol a vaseular bundle which is continued through the length of the
marginal ribs. The seeds are elliptical in transverse section and
prolonged apically into a micropylar beak agreeing structurally
with the micropyle of Taxzus and Torreya. Bertrand also found
anatomical features in the shell similar to those of the recen®
genera. In the absence of illustrations it is difficult to folloW
the deseription in detail, but the facts appear to favour Bertrand's
conclusions with regard to the affinities of the fossil species.

CEPHALOTAXOPSIS. Fontaine.

Fontaine? gave this name to specimens of vegetative shoots:
abundant in the Patuxent formation in the Potomac group, closely
resembling in habit recent species of Cephalotazus: the character®
of the genus have been reviged by Berry® who adds some particulat®
as to the structure of the epidermis. Fontaine’s four species arc
reduced hy Berry to two. No seeds have been found attached
to the branches, but the American authors consider that some
associated seeds may belong to the genus.

Cephalotazopsis magnifolia Fontaine.

With this species Berry* includes €. ramosa Font. The branche®
are fairly robust and in some cases bear lateral shoots in whorls ok
pseudo-whoyls; the leaves are distichous, linear-lanceolate, rather
abruptly rounded at the bage and tapering gradually to a mucronate
apex, with an average length of 4—25 ¢m. and a breadth of 3—4 mm-
(roups of bud:scale scars occasionally occur at the base of an
ultimate shoot. The thick lamina may be transversely wrinklet
as in Pityophyllum. There is a distinet midrib and a short distanc®

1 Bertrand (53). 2 Fontaine (39) B, p. 235. i Berry (11) p- 374
4 Jbed. p. 377. PL Lx. fig. 1; Fontaine loc. cif. Pls. erv.—cvin
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on either side of it is a stomatal groove in which stomata are
i”'e.‘%“]m'l_\' scattered: the orientation of the guard-cells though
0t constant tends to be parallel to the long axis of the leaf. The
epidermal cells are thick-walled and quadrangular or hexagonal
and arransed in regular rows. Berry states that the stomatal
rooves are a prominent feature and that there 18 some evidence
of the oecurrence of woolly hairs, characters suooestive of Torreya
Tather than Cephalotazus.  Branches from the Potomac beds
With shorter leaves are referred to Cephalotazopsis brevifolia in
Which is included (. microphylla Font. Berry points out that the
])h()tl'J,'__'_'l‘uph of €. brevifolia which he gives serves 1o ¢ emphasize
the idealisation and inaccuraey of the former figures of this plant.’

Such evidence as is available favours the comparison of these

Species with recent Taxineae, but the structure of the leaves of
c

- magn ifolia, so far as it is indicated in the epidermal preparations
deseribeq by Berry, would seem to be in favour of a closer aflinity
to Torreya than to Cephalotazus. The presence of depressed
Somatal regions is a characteristic feature of Torreya and not of
(._’(-[J‘rr_a{._qf,—,wm_

_Heel't described a specimen from the Lower Cretaceous beds
'Jf‘ Greenland as Cephalolazites insignis consisting of a small piece
o foliage-shoot with, apparently attached to it, an oval seed
(18 13 mm.) in the form of a mould. Without examining the

YPe-specimen it would be rash to accept the determination as
Unrpe(,t_

Berry? has described some seeds from Mid-Cretaceous
1'0(\[{_.; I

in Carolina as Cephalotazospermin: carolinianumt, approxi-
“ately 10 by 8 mm. in size, ovoid acuminate, and resernbling the
l:m('ls of Cephalotazus, but no anatomical features are preserved.
}ﬂ[J()rta=S species (ephalotazus europaea® founded on sterile shoots
ot the Aguitanian of Manosque in the South of France affords
& C_fm\"i neing evidence of generic identity with Cephalotazus.
Seeds from U pper Pliocene beds in the Main valley are referred
'Y Engelhardt and Kinkelin? to three species of Cephalotaxus, the
tyl)F:'_EI)[""'i("; being €', francofurtana. They beara close resemblanee

B0t H e 4 “ - ; .
; ht." recent seeds hut this is hardly sufficient to prove their generic
“-l'fl]'L.]{'Y :

! Heor (83) p: 10, Pl. vam. fig: 12. 2 Berry (109).
3 Baporta (93) p. 42, PL, v. fig. 4.
* Engelhardt and Kinkelin (08) p. 194, PL xxrmL. fig, 11.




CHAPTER L,

CONIFERALES INCERTAR SEDIS.

TRIOOLEPIS. Zeiller.

Trioolepis Leclerei Zeiller. This generic name was proposed by
Zeiller for a cone from the Rhaetic flora of Tonkin! which he at
first placed in the comprehensive genus Cowites. In general
appearance the specimen resembles a cone of a Picea ; it is elongate-
oval and incomplete, more than 10 em. long and about 3 em. in
diameter. The impression shows numerous spirally disposed,
unhricate, scales apparently thin, oval-linear in form, 12— 15 mm.
long and 6—7 mm. broad, suddenly contracted to an obtuse apex;
the surface is marked by more or less distinet longitudinal folds
and close to the base are slight depressions indicating the former
presence of seeds 5 mm. long and 1-5 mm. broad. On some of
the scales there is a faint curved trilobed line in the upper third
of the ventral face which, it is suggested, may pussihl_\; mark the
limit of an ovuliferous scale fused to a subtending bract-seale, but
there is no substantial ground for any conclusion as to the morpho-
logical nature of the cone-scales. Zeiller states that there is no
decisive evidence with regard to the systematic position of this
fossil: the presence of three seeds recalls Cunninghamia though
this in itself is probably of comparatively small importance,
MASCULOSTROBUS. Seward.

This designation was proposed for fossils which are in all
probability male strobili of (lymnosperms2,
Muasculostrobus Zeilleri Seward.

This, the type-species, was discovered by the late Dr Glunn in
Kimeridgian strata on the North-East of Scotland: it consists of &
slender axis 13 em. long bearing numerous small branches with

! Zeiller (03) B. p. 208, PL w. fig. 15; Pl F, fig, 2. = Seward (11%) p. 686
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spirally disposed sporophylls. A few oval spores (fig. 799, ¢),
20—30u in diameter, were obtained from some of the sporophylls.
The specimen ig probably an inflorescence of male flowers of a
Conifer; it bears some resemblance to Zeiller's Pseudoasterophyllites
Vidali! from the Kimeridgian of Spain, but in that type the leaves
are in whorls and the shoot appears to be sterile.

The smaller example shown in fig. 799, d, e, may be part of a
microstrobilus of Elatides cuwrvifolia, but in the absence of any
commexion with that species it should be retained in Muasculostrobus.

Moller and Halle2 in their account of a flora from South-Hast
Scania, probably of Wealden age, describe some fragments of
microstrobili which they assign to Masculostrobus. The Cretaceous
specimens from Kreischerville deseribed by Hollick and Jeffrey as
Strobilites microsporophorus® may be transferred to Masculostrobus.
This species, represented by portions of small strobili a few milli-
metres long, is characterised by sporophylls in which the leat-
traces are enclosed by transfusion-tracheids, a feature suggesting
comparison with modern Araucarineae, and the spores have two
bladder-like wings. It may well be, as the authors of this typ®
suggest, that the extension of the exine of the microspores, now
restricted to the Abietineae and Podocarpineae, may be an ancient
character and formerly more widely spread among the (oniferales-

PALISSYA. Endlicher.

Endlicher? instituted this genus for a type of Conifer previously
described by Braun® from the Rhaetic flora of Franconia a%
Cunninghamites sphenolepis, characterised by distichous, linear;
leaves and a megastrobilus composed of loosely imbricate scales-
The name Palissya was selected to commemorate Bernard Palissy-
The type-species, P. Braunii, was first figured by Goeppert® and
deseribed in more detail by Schenk? who, as Nathorst points outs
included two distinet types of reproductive shoot under the name
Palissya: one of them is retained in that genus while the other
agrees with cones referred to Elatides®. Endlicher’s designatio”

I Zeiller and Vidal (02) p. 7, PL u.

* Maller and Halle (13) p. 36, PL. v1 figs. 9—18

3 Hollick and Jefivey (00) B. p. 66,

3 Endlicher (47) p. 306. 5 Braun (43). ¢ Goeppert (50) PL, xpyrik

7 Schenk (67) A. p. 175, PL. x11. figs. 2—14. 8 Ihid. fig. 7
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has been employed by several authors for Mesozoic shoots with
linear leaves unaccompanied by reproductive organs and having
therefore no claim to be assigned to a genus characterised by a
well defined type of strobilus. Further reference to the mis-
application of Palissya is made in the account of some Indian
Specimens recently assigned to Retinosporites. In the absence of
any evidence of the oceurrence of strobili, shoots similar in habit
to Palissya should be described under Halle's generic name
Blatocladus. An impression of a shoot from Triassic beds in
Bueks County, Pennsylvania, recently described by Wherry! as
Pﬁ—l‘issya. longifolic, would be more appropriately referred to Elato-
cladus as it affords no indication of the nature of the fertile branches.
P '?»l-i.es;e,'r(- .'\'ph(mr)!epis (Braun).
Nathorst? in his recent and able account of this species reverts
o the older specific name on the oround that Endlicher’s name
P, Brauni; is not in accordance with the laws of priority. It 1s
P‘_‘Js‘sib]e though not eertain that some specimens deseribed under
dlﬁe‘lront names by Presl prior to the publication of Braun’s account
of Cunninghamites sphenolepis may belong to this gpecies. Schenk
"(Hlsidm‘ably extended Braun’s -description and was the first to
Publish figures of ripe cones showing certain morphological features
of theseed-hea ring seales which authors have differently interpreted.
‘d’issy(r sphenolepis is a Rhaetic species recorded from Franconia
- nd Seapig, possibly more closely allied to the genus Cunminghamia
;;::} ]‘:"3]3“." other PX-I.Sl'lllf_" ‘-_tﬂ‘ﬂiff‘l'i' h]”- as Nathorst ““‘—ﬂ(‘f“ it
Hh&,,t ‘,c,. ong to an oxtlfurt .sec;-f:mn of Gymnosperms. The E’tillage—
00ts bear spirally disposed, two-ranked, leaves of the Tawziles
[::'];';11(:(%10. _l_:] mina is nATrow ii'rltI: linr*m.' with a 1.111*(1'15,111 vein, decurrent
&t'l'ui(r]‘_lsx%‘i as a persistent lO&f*('llb‘ll‘,l{"ll. The t’:‘]’ﬂt'_]t“l'n'léll‘['f_“.”ﬁ have
% t-V:() walls and l-.he stomata, cnuh?ml t")..tht‘ ]r,».\-\'er surface, oceut
rows. Palissya cannot be identified with any degree of

Certainio : ey
“fainty in the absence of well-preserved strobili. The mega-
Strobili S

it are cylindrical and relatively narrow ; in an immature con-
l_lh(yn 4 =

for hey clogely resemble those of Elatides, the surface heing
e : 5 : A . : . -
ed of the lanceolate. imhbricate, distal ends of crowded cone-

8Ga o . V- ) ’ .
8. It i3 the older strobili with elongated internodes that

! Wherry (16). ¢ Nathorst (082).
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constitute the most striking feature of the genus: the cone-scales
(sporophylls) are entire, elongate-lanceolate (fig. 800) with an

acuminate apex, and each bears 5—6 palrs
of seeds characterised by a cup-like basal
investment or cupule (fig. 800, C). The
sporophylls have a stronaly developed keel
on the lower surface and a less distinet
median rib between the two rows of seeds
on the upper face (fig. 800, A, B). There
is no evidence to support the view that the
cone-scales are double!. Schenk? deseribed
the cone-scales as bearing 10—12 seeds on
the edge and Saporta® believed the seeds
to be lobes of a seminiferous scale, each
lobe supporting one seed. Nathorst’s in-
vestigation of Scanian material has thrown
a weleome light on the nature of the mega-
strobili as interpreted by previous authors.
The bodies described by Schenk ag seeds
are projecting spherical casts of cup-like
organg which originally embraced the lower
portions of the seeds. The morphological
nature of the cupule cannot be determined,
hut as Nathorst suggests it may correspond
to the epimatium? which partially encloses
the seeds of Dacrydivm and other recent

Fra. 800, Palissya spheno-
lepis. A, B, sporophyll
in zurface-view and in
section. C, cupules of two
seeds.  (After Nathorst.)

Conifers. Nathorst compares the cone-scales of Palissya with those

of the genus Cunninghamia (fig. 684, K, p. 116) in which each sporo-

phyll bears three seeds on the adaxial side of a membranous out-

orowth stretched across the scale. The resemblance would seem

to be closer than Nathorst suspects as the membrane in Chunnang-

hamia does not arise as a continuous strip of tissue but as three

separate ligule-like pieces, one on the abaxial side of each seed.

1 Bolms-Laubach (91) A. p. 73.

¢ Sehenk in Schimper and Schenk (90) A. p. 336,

3 Saporta (84) p. 513.
i See page 118,
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ELATOCLADUS. Halle.

This genus was founded with a view to reduce the “present
state of intolerable confusion in the classification of the Conifers'.
Halle expresses the opinion, with which most botanists cannot but
agree, that sterile shoots of Conifers should not be deseribed under
generic names which imply the possession of a certain type of
cone, The oceurrence of foliage-shoots of similar or even identical
habit in certain recent genera possessing distinet types of repro-
ductive shoots serves to emphasise the unscientific character of
the too common practice of assigning fossils to genera distinguished
by a particular form of cone even though the specimens in question
afford no evidence of the nature of the fertile branches. The
seneric name Tawites has been widely employed for dorsiventral
branch-fragments bearing linear leaves with a pseudo-distichous
arrangement as in the recent Tawus, but notwithstanding the
employment of Tazites by authors who do not mtend to convey
the impression of relationship to Towus, it is preferable to reserve
Tawites for specimens which there are reasonable grounds for
believing to he related to the Taxeae. Halle insists that it is
undesirable to use one name for dorsiventral shoots and another
for shoots with spirally disposed leaves, as fossil forms are known,
e.9. Stachyotazus elegans, Nathorst, in which both types oceur on
the same plant. Similar cases of dimorphism are well illustrated
by Dacrydium and other recent Conifers (¢f. fig. 708, p. 160).
Entocladus is proposed for sterile coniferous branches of the radial
or dorsiventral type. ‘which do not show any characters that
Permit them to be included in one of the genera instituted for
ore peculiar forms.’

The name serves a useful purpose for sterile shoots which it
1'7“‘3 been the custom to include in Tawites and for types such as
Elatocladus heterophylla Halle, which bear both distichous, linear
eaves and crowded scale-like leaves similar to those of Brachy-
?Jﬁy.i‘!w.m and some forms referred to Pagiophyllum. 1t is, however,
desirable to retain Brachyphyllum and Pagiophyllum for sterile
shoots exhibiting no well marked dimorphism and bearing fleshy
appressed leaves and four-sided falcate leaves respectively. Used

! Halle (13%) p. 82. ékdry, Pine or Fir; x\ddos, choot.
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in this narrower sense Elatocladus is more likely to serve the object
which the author had in view. Tt is noteworthy that in some
specimens of Elatocladus (Tawrites spp.) the leaves have a transversely
wrinkled lamina, a feature usually associated with the detached
linear leaves assigned to the genus Pityophyllum.

EBlatocladus heteroplylle Halle,

The shoots of this species from the Jurassic flora of Graham
Land!' are freely branched and the ultimate branches show a

Fre. 801, Elalocladus heterophylla.  (After Halle: nat. size.)

tendency towards a distichous arrangement. The radially sym-
metrical branches bear short and thick, acute, more or less appressed
leaves or the lamina may be slightly faleate, while the dorsiventral
shoots have narrow linear acute leaves in two ranks (fig. 801).
A faintly marked midrib is present in both forms of leaf. Halle
states that the shorter leaves differ from those of Brachyphyllum
in being rather longer and less closely appressed to the axis, thongh
this is a diflerence of secondary importance. The main interest
ol the species is its dimorphism.

In Elatocladus is also included the Indian species, recorded by

' Halle (13%) p. 84, PL vur. text-fig, 18.
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Halle! from Graham Land, originally described by Oldham and
Morris as Cunninghamiles confertus and subsequently removed by
Feistmantel to Palissya: the leaves are distichous with a sesgile and
decurrent lamina attached at a wide angle. The apex of the leayes
i obtuse and a midrib is present. In Elatocladus conferla Halle in-
cludes the Australian form Palissya australis as figured by Stirling®.

Elatocladus zamioides (Leckenby ex Bean Ms.).

This type, from the Middle Jurassic of Yorkshire, was described
by Leckenby?® as Cycadites zamioides and subsequently transferred

Fre. 802,  Hlatocladus plane.  (Specimens figured by Feistinontel

as Taxiles planus: nat, size.)
fe : : ; , st i :
) Tagitess, The type-specimen, in the SBedgwick Museum, Cam-
Tidge, consists of a slender axis bearing two-ranked spirally

:l Halle (132) p. 86, PL vom * Stirling (00) PL . figs, 8, 9.
X Leckenby (64) A. p. 77, PL var. fig. L.
Seward (00) B, p. 300, PL x. fig, 5.
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attached linear leaves slightly more than 2 em. long and 1-8 mm.
broad, basally contracted, with an acute apex. It closely resembles
shoots of recent Taxeae and Sequoia sempervirens, also some Potomac
species included by Fontainel in Cephalolaxopsis though there is
no evidence of relationship to the recent Cephalotazus. Shoots of
similar habit are figured by Feistmantel? from Indian Jurassic beds
as Tawites planus but the lamina is not contracted at the base.
Two of Feistmantel’s figured specimens are reproduced in fig. 802.
These afford good examples of fossil branches which it has been
the custom to refer to Tawites, but without information with regard
to the epidermal characters it is impossible to determine their
affinities. The form of the leaf-bases agrees with that shown in
fig. 803 and it is probable that Tawites planus may be another
example of Miss Holden’s genus Retinosporites, though in the
absence of anatomical data Hlatocladus is the more appropriate
designation.

RETINOSPORITES. Holden,

Feistmantel used the name Pualissya for some Indian Jurassic
vegetative coniferous shoots which afford no evidence of affinity
to that genus as represented by P. Braunit. Some of his fossils
may be identical with the British species Tawites zamivides, now
assigned to Elalocladus, while the examples described by Feist-
mantel as Palissya sp. and Palissya indica have been transferred
to a new genus Retinosporiles. The Indian impressions afford no
evidence of a midrib; the upper epidermis consists of cells with
straight walls and there are no stomata, while on the lower face
of the lamina stomata are irregularly scattered, the long axis of
the guard-cells being more or less parallel to the margin of the
leal. The absence of a midrib, at least so far as regards impressions
and cuticular preparations, led Miss Holden® to separate the Indian
specimens from Palissya and Tawiles as vegetative shoots included
by authors in genera having leaves with a distinet median vein
and in which the stomata are in rows on the lower surface. The
generic name Relinosporifes, spelt by Miss Holden Retinosporilis:
1s proposed on the ground that the only flat-leaved Conifers among

! Fontaine (89) B. Pls. evi—ovir. ? Feistmantel (79) Pls. Xor.—xv.
3 Holden, R. (15%).
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thoge examined showing similar epidermal characters were certain
Seedlings of the Retinospora type. Miss Holden l'e(rogniso\.\' that
Rf’f—if'ax)sbo:"-effa.s suggests relationship to such recent Cupressineous
SPecies as are included under the genus Retinospora, but she states
that no such implication is intended. The new designation, thpugh
Not very happily chosen, may be retained for shoots mﬂl linear
Saves (fia. 8 1‘3) without a midrib and having the stomatal features
describud in Miss Holden's account of E. indica.
R"(f'r't-o.syr)r-szys indica (Oldham and Morris).
An Tndian species originally described by Oldham and Morris
48 Tawites indicus and transferred
¥ Feistmantel to Palissya. The
“a¥e8 are linear and decurrent
(fig, 803, A) and without a midrib.
he eépidermal cells have straight
Walls and the stomata, though oe-
“asiong]ly present on the upper
Whace, are scattered on the lower
®Pidermis g5 in the Retinospora
”]ia‘%‘ﬂ of Thuya or Juniperus,

Without any indication of a median
A5ton

Fre. 803, Retinosporiles tndica. A, piece
atic region such as one would of shoot; B, stoma. (After R, Holden,)
SXPect in leaves possessing a mid-

tily, There are generally six accessory cells and the guard-cells are

Stnk below the level of the epidermis (fig. 803, B).

Sterile foliage-shoots formerly referred to the genus
Cunninghamites.

: I‘_QS-IL gave the name Cumminghamiies to some sterile h:h“Ut.-‘»

. °M Rhaetic and Lower Cretaceous strata on the ground of their

(BT - s . . ey amany Sl

Sunhlﬂn(-e to hranches of Cunninghamia and both his specimens

ang ¢ '

! 1018 to Presl’s senus afford no real evidence of allinity fo
o g

fecent Clonifer. The type-species Cumninghamiies ozycedrus,
0 Lowep Cretaceous rocks in Saxony, is probably identical with
-f’l'tla'g

A Species Cignin wghamia elegans (fig. 804) from Lower Creta-
B : Rty e : . ! o o
U8 beds ip Bohemia. Presl also included in Cunninghamites

Htm-nlm--_r (38) A. Pl. xuvi. fig. 3; Goeppert (50) PL. xLvir
s Iy 28
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branches from the Keuper of Germany which he named €. dubius:
this species is identified by Saportal with Palissya Brawnii, but
the latter name is now restricted to shoots bearing a particular
form of strobilus. Nathorst®, on the other hand, suggests that
C. dubius may belong to Elatides, and the same author instituted
a new generic name Camplophyllum?® for fragmentary foliage-shoots

Fia. S(J-Lf.-\. Elatoeladus elegans? B, Elatocladus n\‘r,'.‘xi'p.u,fﬂ‘.ﬂ'f. (A, after
Velenovsky; B, after Nathorst, Nat. size.)

from the Rhaetic of Scania which he named C. Schimperi (Hg:
804, B): fhese bear a close resemblance to C. elegans; the linear-
lanceolate leaves are 15—20 mm. long and the lamina is recurveds
probably as the result of drying. Tt is impossible to determine
the position of this fype and it may conveniently be transferred
to Blatocladus. Some of Nathorst’s specimens are also figured bY
Schenk, The name Cunninghamites i3 given by Oldham and
1 Saporta (84) p. 511. 2 Nathorst (082) p. 10.

3 Ibid. (78) B. PL xvr. figs. 13—16.
4 Schenk in Sehimper and Schenlk (90) A, p. 351, fig. 236.
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Morrist to Jurassic Indian shoots which Feistmantel® afterwards
Yansferred to Palissya: these have recently been included by
alled in Flatocladus as E. conferta and recorded by him from the

Tich Ay taretic flora of Graham Land.
In no case have we any definite information with regard to the

“Ones horne by the Clunininghamites type of shoot. Velenovsky

18ures some Lower Cretaceous cone-scales from Bohemia, which he
“lers to Cunminghamia, resembling in shape the scales named by
H"’nitk and Jefirey Protodamsnare, but the resemblance may be
ouly gy perficial. . ‘
The vegetative branches assigned by authors to Cunninghamites
taye ]iﬂeu‘;-lan(:enl;Ltc leaves usually showing a distinet midrib and
Often, other parallel lines on the lamina which are probably due
ta h.‘/‘pndf‘-l‘mal fibres. The leaves may reach a length of 6 c:.u.
d are 14 mm. broad; the edge is entire and finely serrate as in
"I“"*"“-‘ijn..f‘.'lm.mm, sinensis. A characteristic feature is the occurrence
¢ Persistent, decurrent leaf-bases on the branches which in some
“Pecimeng that have lost the free portion of the lamina present a.
“ose similarity to Brackyphyllum. Some of the examples i->1'
JUT"”"*:"’-.fﬂifﬂu ia’ﬂls may well be shoots of a plant allied to Araucaria
il 7

ffd””:!e

y » 4 L == | . 1o b y -
Uy or A. brasiliensis. 'There is no doubt that under Cunning
s are included branches of many different Conifers.

b !'![‘-'C’!arlus e

legans (Corda).

Ol'igimtlh- described by Corda® from Lower Cretaceous 1‘1.H‘|<S
;‘Dhemin :H Clunmingha r«w"{r‘ eleguns, this species is recorded li'l_h'l.}.
Dany Cretaceous 11:1«3:1ii1_it‘s: from the Patoot beds in Greenland?$,
TOrayig T Westphalia®, T,Tl;ljez' Cretaceous beds in Bulgaria " TLH
< 1"111}05; clays® (liffwood, Martha’s V ineyard!, Georgia, Carolina’®,
%Hd (Jt-hf}[‘hl)lm'-.es in _Y..ﬁh America’®. The specimen shown in

o Qo o = L g b SO T B n
5+ 805 from Moravia shows a midrib in a few leaves, while in the

5 o
A ‘-il‘_“mm and Marris (63) PL xxxir fig. 10,
i L| (!lstmd.nl_',.-! (762) . 5.

Halle (132 e e ! Velenovsley (87).

Sy
b 5orda in Reusy (46) B. Pl x11X. \
SCT (83) PL o, fig, 1, * Tbid. (69) PL 1.
) '/2““" and yon der Marck (80) B. PL AR ol (65 PL. =+
n ]-‘[kﬂl.m. (05%) Pl v fig. 14. 10 Newberry and Hollick (95) “7“'
3 Hl{i“mk (06) PL . fig, 1. 12 Berry (104) PL xx.; (14) p. 106.
See -

Eolliek (

06) for other references.

28—2
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Bohemia specimen represented in fig. 804 the midrib is more
obvious and the leaf-bases have a more regular form. The branch-
ing is sparse and not pinnate. Velenovsky! assigns some branches
to (. stenophylle but these may be younger forms of C. eleguns-
Similarly €. squamosus®, as figured by Heer and other authors
affords no satislactory evidence of specitic difference from ', elegans-
Impressions from the Atane beds of Greenland described by Heer?
as (. borealis have been compared by Schenk with Sequoia and als?
referred by him to Torreya: there is no possibility of deciding the
precise systematic position of these and similar répPClmens Ettings
haugen? has described as Cunninghamites mwiocenice fragments of
shoots from Sagor in Carinthia bearing linear leaves with a finely
serrate edge

ANDROVETTIA. Hollick and Jeffrey.

This genus was instituted® for Cretaceous fossils from State?
Island superficially resembling Fern leaves with a pinnate venatio?
and an irregularly lobed or incised margin. The leaf-like fragment?®
are, however, stem-structures hearing minute scale-like leave®
attached to the edges and surface. In habit these phylloclade
agree with Phyllocladus, but on anatomical grounds the autho’®
of the genus regard it as Araucarian though the evidence is far
from convineing,.

Androvettia statenensis Hollick and Jefirey.

Some of the speumens gshow no indication of their phy lloclade”
nature and, as impressions, would be identified as Fern pinn ule?
or referred to Thimnfeldia. Others, after bleaching in chlorin®
water, showed a fairly stout vascular axis giving off simple or
forked branches at an acute angle; small decurrent leaves free
only at the apex occur on the margins of the shoots (fig. 806, A, b
In a few cases the phylloclades bear short axillary branches with
immature cones, possibly mierostrobil.

There are three vaseular cylinders in the section wpm(ln("‘d i
fig. 806, C, and in the narrow wings of the ‘lamina’ there are the

1 Velenovsky (853) B. p. 15. 03)
* Heer (71%) Pl 1. figs, 5—7; Schimper and Schenk (90) A, p, 282; Berty {
. 64,
3 Heer (82) B. Pl xxrx. fig. 12. + Ettingshausen (72) PL 1. fig. 3%
5 Hollick and Jeffrey (09) B. p. 22, Pls. nr., vII., VIII., XXVIIL, XXIX.
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traces of two or three leaves. Several stomata occur on the sur-
face of the phylloclade, each surrounded by 4—5 accessory cells.
Sclerotic cells are present in the pith. The secondary xylem is of the
®oniferous type and the uniseriate bordered pits on the tracheids
May he either separate and circular or flattened by contact. No
]-'F-ffiin-cells. such as oecur in the wood of Phyllocladus, were recog-
Wsed, The medullary rays are not described. The data are

Fia, 806, A—C. Androvettin slule nensis, D, Geinilzia

@ Reichenbackii, (A, B, x 6; C, x T; D, x 75 after
Elatocladus Hollick and Jeffrey.)

Aegans, (Nat. size; ¥

aftor Heer.) -

Fig, 805,

ha-rd]_v sufficient to justify the inclusion of this type in the
Y8lcarineae: the occasional flattening of the tracheal pits and
€ absenge of rosin-cells are not fatal to an alliance to Phyllocladus.
€ Precise position of the genus within the Coniferales must for
¢ Present be left, in doubt.

“l‘ndmm’h}a e

Thi

5@111‘,[\

legans Berry.

S species, from the Upper Cretaceous ol Georgia, is repre-
A by dorsiventral fern-like vegetative shoots which, as Berry*
1 Berry (14) p. 103, Pl xvmL
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points out, bear a close resemblance to species of Moriconia (cf.
fig. 760). The branches are distichously arranged and the opposite
lateral leaves are stout, falcate, and decurrent while those on the
upper and lower faces are represented by scales on the middle
line of the phylloclades.

The same author describes specimens from beds in North
Carolina® referred to the lower half of the Upper Cretaceous as
Androveltia carolinensis.

DACTYOLEPIS. Hollick and Jefirey.

Dactyolepis cryplomerioides Hollick and Jeffrey. The generic
name?® was instituted for some detached, cuneate, cone-geales from
the Cretaceous beds at Kreischerville in Staten Tsland. approxi-

mately 4 mm. long, ecomposed of an upper and a lower seoment.
The upper portion is divided distally into as many as seven
irregular short finger-like processes and the lower part is entire. ‘
Hach of the processes possesses a single vascular hundle * completely

gurrounded by a cordon of transfusion-tissue, thus betraying its 1
Araucarineous relationship.” The seales which are without seeds
are compared with those of Volizia. There is, however, no proof l

thut TVoltzia had double scales. The view that Dactyolepis 1s
Araucarian may [airly be said to rest on an insufficient basis,

RARITANIA. Hollick and Jeffrey.

The name Raritania®, after the Raritan formation, was given
~ to some Cretaceous fossils from Kreischerville identical with New |
Jersey specimens described by Newberry as Frenelopsis gracilis* |
on the ground that they belong to a type distinet from F renelopsis
as generally understood. |
Raritania gracilis (Newberry). The specimens so named con-
sist of slender, dichotomously branched, axes bearing minute
leaves resembling Psilotum triguetrum and in the form of the
branching the leaves of Baiera Lindleyana (Schimp.). The dis-
tinguishing feature is the occurrence of the prickle-like leaves
{fig. 807, B) invisible to the unaided eye (fie. 807, A). A small
' Berry (104) p. 183, PL xIx.
* Hollick and Jeffrey (09) B. p. 52, Pl. x. figs, 12, 13.

& Ibid. (09) B. p. 26, Pla, v1., 1%, X., XX,
* Newberry and Hollick (95) p. 59, Pl xr, figs. 1—3 a.
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imperfeetly preserved cone was found on a pe dunele having leaves
Similar to those on the vesetative twigs. Some fragmentary
lienitic branches (fie. 807, C) associated with the Impressions

showed the anatomical characters of a Conifer; but Hollick and

Jefirey, thoush believing that the fragments “almost certainly’

Pres. 807. A B. Raritania gracilis; C, Rarilania?, [After Hollick and .[l_-ﬁ'l'(':‘.'.
A B, x6; ¢ x10)

l“"!‘-‘”! to Raritania, admit that there 18 no pl'uuf of their 1!.[(_’I‘|T.il}‘
With the lichotomously branched impressions. The sccondary
Xvlem of the ¢ ylindrical stele of the twigs, one of which is shown
n fie. 807. (. asrees with that of Brachyphyllum wmacrocarpuri
Newb. The uniseriate bordered pits are oceasionally flattened;
the cortex, confluent with the decurrent leaves, contains sclerotic
f‘e]'l" and each leaf has a resin-canal subtending the leaf-trace.

The genus is referred to the Arancarineae on the evidence of the
Occurrence of flattened pits at the ends of some of the tracheids,

d Pl'nl.'lll.\l!)!! (h]hr_.]”: t0 ace *.},1 \“.Hl't)lﬂ l()!l‘-!'l‘-"'f t] ](‘ Teserv .itlnn
SCHIZOLEPIS. Braun.

Braun! instituted this genus for a strobilus from Rhaetic
Yocks in Germany which he called Schizolepis liaso-ke WPErLS,

I Braun (47) p. 86.
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characterised by its deeply split cone-scales. Schenk? subsequently
substituted the name S. Braunii and included under that designa-
tion Braun’s Tsoetites pumilus, a species founded on a foliage-shoot,
also some other similar vegetative branches believed to belong
to the plant which bore the cones. As here used, the term
Schizolepis is restricted to cones and cone-scales since there is no
definite evidence as to the nature of the foliage-shoots connected
with the strobili. Sehizolepis cannot be referred on any satis-
lactory grounds to a definite position among the Coniferales: it is
possibly an extinet type allied to recent Abietineae, but until
more is known with regard to the morphology of the cone-scales
the systematic position must be left an open question. The genus
is represented by strobili from Rhaetic beds in Franconia, Scania.
and Poland; detached scales from Middle Jurassic floras are also
included in Schizolepis (fig. 808), and Nathorst has described
incomplete strobili from Upper Jurassic or Wealden strata in
Spitzbergen. Attention has heen called to a resemblance between
Schizolepis scales and the fertile leaves of T'mesipteris®, but there
is no reason for regarding this as indicative of relationship. More
than one author has compared the bilobed cone-scales of Sehizolepis
with the 3—5-lobed scales of Voltzia and Cheirolepis though this
comparison rests on a feature which in itself is no proof of affinity.
A comparison may also be suggested with the reflexed cone-scales
of Picea Breweriana.

Selizolepis Braunii Schenk.

It has already been pointed out that under this name Schenk®
included both cones and vegetative shoots though he recognised
the lack of any decisive evidenee of common parentage. While
agreeing with Nathorst that the association with Sehizolepis
strobili of similar vegetative shoots both in Germany and Sweden
may be more than aceidental, in the present state of our knowledge
it is preferable to refer the leaves and branches to Pityophyllum or
Pilyocladus. In the younger strobili the bilobed scales are more
or less pressed against the axis and in older examples they are
more spreading: each scale has two lanceolate lobes and is attached

! Schenk (67) A. p. 179.
# Nathorst (97) p. 61.
# Schenk (67) A. p. 179, PL xiv.; Schimper and Schenk (90) A. p. 306.
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by a narrow stalk-like basal portion (fig. 808, B). Schenk states

that there are two anatropous seeds to
each scale, but it is not clear if the actual
seeds are present.

Schizolepis Follini Nathorst.

In this species from the Rhaetic flora
of Scania! the bhilobed scales are sessile
and broader than in S. Breunw. Insome
Specimens there appear to be two seeds
lear thé base of a scale. Saporta® regards
the cone-secales of the type-species and S.
Follini as double structures, the trans-
Verse line shown in Schenk’s figures below
the forking of the secale being the limit of
the hract-scale, while the thinner distal
lobed part represents the seminiferous
Scale; an interpretation which rests on
Very slender evidence. To this species
Raciborski® refers a specimen from rocks
Possibly of Rhaetic age in Poland.
‘S'C]l-‘t'i_‘oirfp[s Moelleri Seward.

Under this name?® some detached bi-
Iohad scales without seeds were deserihed

Fic.808. Schizolepis. A,Scht-

zolepis Moelleri. B, Schizo-
lepiz Braunii. €, Schizo-
lepis( ) refrafleva. (A, after
Seward; B, after Schenk:
C, slightly enlarged, after
Nathorst.)

from Jurassic rocks in Turkestan (fig. 808, A) and the South of
B = Wl A 8 .
Russias, and Krystofovi¢ has recently discovered a cone of the

Same species in Jurassic strata in Transbaikalia®.

N . . . . ez
‘SCM:(;IF]J@.S cylindrica Nathorst.

Founded on a long and narrow, inco

mplete, strobilus from

‘Pper Jurassic rocks in Spitzbergen? bearing deeply lobed scales.
4 second species, S. retroflexa® (fig. 808, C), assigned with some

1 Nathorst (78) B. p. 28, Pls. x1v., XV.

Saporta (34) p. 502,

3 Raciborski (92) p. 354, PL m. figs. 1, 204.
1 Seward (07%) p. 36, PL v figs, 64—66.

Thomas (11) p. 79, PL v. fig. 4.

Nathorst (97) p. 39, PL m. figs. 1, 2.

0

' Krystofovie (15) p. 95, PL v figs. 10, 11.

Ibid. p. 60, PL 1. figs. 31, 32; PL v figs. 11, 12.
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doubt to Sehizolepis, is characterised by pendulous stalked scales:
in neither of these Spitzbergen forms are there any seeds on
the strobili. Nathorst quotes a species from Portugal described
ssibly allied to

by Saportal as Palaeolepis bicornule as being po
Sehizolepis, but there are not sufficient grounds for assuming any
close affinity, He also draws attention to the resemblance of the
bilobed leaves or scales of Schizolepis(?) retroflexa to the fertile
leaves of Tmesipteris; the relationship of the Spitzbergen fossils

must be left uncertain pending more evidence.
DREPANOLEPIS. Nathorst. {

Heer described a specimen of Jurassic age from Spitzbergen
as Phyllocladites rotundifolia® which he considered to be closely

allied to Phyllocladus: an examination of the type-specimen led
Nathorst? to institute a new generic name Drepanolepis. As
Nathorst’s revised deseription and more aceurate drawing show, |

between the fossil and Phyllocladus. Drepanolepis rotundifolic
consists of a fairly stout axis bearing spirally disposed thick,
falcate scales each of which bore a seed, or possibly a sporangiun. \
near the base (fig. 798, C). A similar type is described by Nathors?
as Drepanolepis angustior® characterised by the narrower form of

there are no substantial grounds for assuming any relationship

the scales and a broader axis. Both species may be described a8
strobili of open habit with single-seeded sperophylls: it is impossible
to determine the systematic position of the genus, though a%
Nathorst says it is probably a type of fertile Gymnospermots
shoot. There is no reason for comparing the specimens with

Pliyllocladus.
SCHIZOLEPIDELLA. Halle

Schizolepidella gracilis Halle. The specimens on which thi‘i" r
venus is founded are from the Hope Bay flora in Graham Lnnd_ ¥ ‘
probably of Middle Jurassic age; they comsist of slender sterile
shoots reaching a maximum length of 12 cm. and 2 mm. broad:
rarely branched and bearing small leaves, 2 > 1-5 mm., u.]}pare.n’rl.?'

1 Saporta (94) B. PL xxxum. fig. 4.

2 Heer (75) ii. p. 124, PL xxxv, figs. 17, 18,

3 Nuathorst (97) p. 43, Pl vr. figs. 24, 25.

Ibid. p. 71, PL 1, figs, 33—37. 5 Halle (132) p. 90, PL 1x. figs, 18—21-
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spirally disposed (fig. 809). The lamina is rounded, ovate or
obovate, and always bilobed at the broad apex:
no veins were detected. As Halle says, it is im-
possible to determine the affinities of the frag-
ments but he thinks they may belong to pen-
dulous branches of a Conifer. Attention is called
to a resemblance to some Hepaticae, and a pos-
sible relationship to Lyeopodium or the Psilotales
may also be suggested. The choice of the generic
to imply anything more

name is not intended
than a superficial similarity between the leaves
and the hilobed strobilar ;illlnflldi(}_"’"'s of Sehizo-

lepis?,
Fre. 809, Schizalepi

CYPARISSIDIUM. Heer. dellagracilis. (After

Halle; A, enlarged ;
This name was given® to foliage-shoots and B.nat.size.)

cones, from the Urgonian rocks of Greenland, originally described as
Widdringtonites gracilis®. The smaller sterile branches are indistin-
guishable from specimens referred by authors to Widdringtonites
While the larger examples might be included in Brachyphyllum. The
leaves are small, appressed, and imbricate, similar to those of some
ecent Cupressineace and Callitrineae but spirally disposed and not
Verticillate (fig. 810); the shoots agree also with Microcachrys and
Other recent Conifers. The cones are composed of a small number
of flat scales (fig. 810, B) too imperfectly preserved to afford any
definite evidence as to the affinities of the genus. Heer states
that a detached cone
but the material is insufficient to form the basis of a comparison

seale shows the impression of a single seed,

With the Arancarineae: he points out a resemblance to Cunning-
hamia, and mentions the striated surface of the fossil cone-scales
48 a distinctive feature, though that may be due, in part at least,
™ the state of preservation. The flat form of the cone-scales is a
tharacter in which Cyparissidium differs from genera such as
Sequoiites, and from the Callitrineae the cones are distinguished by
the spiral arrangement of the scales.

! See page 439

x * Heer (75) ii. P1, xviL fig. & Iy ¢; Ple. XIX., XX., XXL; (32) pp. 16, 50, Pls. 1., vI1.,
Ao, v Thid. (68) p. 83.
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Cyparissidiwm is characteristic of Lower Cretaceous strata
though Nathorst! has recorded a species, C. Nilssonianum, from
Rhaetic rocks in Scania with cones having scales more pointed
and lanceolate than those of Heer’s species. A second Rhaetic
species, C. septentrionale, has been transferred by Nathorst to the
genus Stachyolazus?.

Fro. 810,  Cyparissidium. A, B, Cyparissidium gracile. G, €, i .
(A, B, after Heer; C, after Velenovsky; nat. size.)

Cyparissidium gracile Heer.

The type-species (fig.- 810, A, B) is one of the most abundant
plants in the Kome beds at Pattorfik in West Greenland and 1F
occurs also in the Atane beds. The cones are 26 mm. long and

11—20 mm. broad with scales having a breadth of 12 mm.,

1 Nathorst (86) p. 103, PL xx11. % Hee pago 410,

i
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rounded distal border, a mueronate apex, and a striated dorsal
face. Velenovsky! records this species from Lower Cretaceous
rocks in Bohemia but without the essential evidence of cones: the
same author describes a smaller type from Bohemia as C'. minimum?
(fig. 810, (). Schenk® figures some fragments from Lower Creta-
ceous rocks in the Tyrol as Cyparissidiwin eretacewm, but in the
absence of cones there is no sufficient reason for their inclugion in
Cyparissidium. Hollick’s record of C. gracile from the Cretaceous
of Block Island? is based on insufficient evidence.

BENSTEDTIA. Seward.

In 1862 Mackie® figured a fossil stem from Lower Greensand
rocks in Kent which Kénig afterwards named Dracaena Benstedtvi.
This name was adopted by Morris and Mantell for the supposed
‘Dragon tree” In 1868 Carruthers® expressed the opinion that
the fossils are more likely to be Pandanaceous stems, while Gardner?
spoke of a possible Cycadean affinity. An examination of Mackie’s
specimens and others in the British Museum led me to suggest a
comparison with stems of recent species of Cycads, particularly
stems of Zamia which do not retain the armour of leaf-bases
(fig. 381 B, vol. mm1. p. 5) characteristic of most Cycadales, and to
institute a new generic name Bensiedtia® in preference to a designa-
tion implying an improbable relationship. The genus is defined
as follows: stems characterised by irregular and interrupted
grooves and broader ridges running transversely, with occasional
small elliptical protuberances irregularly disposed on the surface.
There are no distinet leaf-scars but branch-scars occasionally
oceur; the upward convergence of the transverse wrinklings indi-
cates hifurcation in some gpecimens.

The English examples reach a length of over 40 em. and a
diameter of 15 em. Smaller specimens with similar surface-cha-
racters are described by Fliche? from Lower Cretaceous beds in
France as Coniferocaulon colymbeaeforme and compared by him
to stems of Araucaria imbricata: other examples closely resembling

1 Velenovsky (85) B. p. 17, PL viom. 2 [hid. Pls. 1X,, X.
% Schenk (76) B. p. 167, Pl xxix, figs. 10, 11.
' Hollick (06) p. 46, PL 1. fig. 11.

5 Mackie (62). 6 Carruthers (68) p. 154 (footnote).
* Gardner (86%) p. 201, % Seward (96%) p. 216, 9 Fliche (00).
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the French stems are recorded from the Uitenhage (Wealden)
series of South Africa and the Kimeridge rocks of Sutherland®,
Scotland. in the former case as Benstedtio sp., and in the latter as
Coniferocaulon colymbeaeforme because of the presence of a small
pith more suggestive of a Conifer than of a Cyeadean branch. A
large specimen from Jurassic rocks in India is descri bed by Miss
Bancroft? as Coniferocaulon sp.; this agrees very closely m surface-
features with the casts from Kent, but an examination of transverse
and longitudinal sections demonstrated that the apparent surface
is not the actual surface, and such anatomical data as it was
possible to obtain clearly indicated the Coniferous nature of the
wood, conclusions in agreement with those reached by Dr Stopes
in the case of some Hnglish specimens. The reference of these
stems to Cycads or Conifers was based entirely on surface-characters
and it was recognised that no definite conclusion was possible
without anatomical eonfirmation. Dr Marie Stopes® succeeded in
obtaining preparations of tracheids from a Lower Greensand cast
showing uniseriate and separate bordered pits of the Abietineous
type thus disproving a Cycadean affinity. This discovery led to
the substitution of Coniferocaulon for Benstedtia, at least as regards
the specimens which afforded anatomical evidence; in the French
and South African examples no internal structure is preserved.
Dr Knowlton? pointed out that the generic name Benstedtia should
be preferred to Comiferocavlon on the ground of priority and he
named the English specimens Benstedtic Bensledtii. Dr Stopes?
veplied to this criticism by asking why the Dragon tree, which is
merely a partially decorticated piece of badly preserved Coniferous
wood, should have a name. Specimens exhibiting distinctive
surface-features, whether complete or decorticated and even if
they are in some cases at least portions of Coniferous stems, are
none the less entitled to some recognition as a matter of convenience-
s are given by Dr

Some excellent illustrations of Benstediia cast
Stopes in her recently published Catalogue of Lower Greensand

Plants®.

1 Seward (03) B, p. 34: (112) p. 690

2 Baneroft (13) pp. 72, 85. 3 Stopes (11).
¥ Knowlton (11). @ Stopes (11%).
¢ Stopes (16) p. 159, Pls. xmmr., XIv.




CHAPTER LI

PODOZAMITES AND NAGEIOPSIS;
GENERA INCERTAE SEDIS.

PODOZAMITES Braun, and CYCADOCARPIDIUM Nathorst.

The name Podozamites’ was instituted for certain species pre-
viously included in Zamates characterised by the possession of distant
alternate pinnae with a contracted base and veins slightly spreading
n the proximal part of the lamina but for the most part approxi-
mately parallel. As defined by Braun Podozamites differs in no
Veryimportant respect from Zamsites, and the latter name is retained
by Schenk for Z. distans Presl in preference to Podozamites applied
t that species by Braun. By most authors Podozamates has been
tegarded as Cycadean, but Schenk’s discovery of a specimen of
Podozamites? in the Rhaetic beds of Franconia showing a cluster

of small scale-leaves at the base of the axis led him to sngoest a
Possible alfinity to Agathis as an alternative to the generally
dccepted view that the appendages are leaflets or pinnae homo-
l“?uus with those of a pinnate Cycadean frond. In a later paper
Schenk included in Podozamites some undoubted pinnate fronds
M which Schimper founded the genus Glossozamatess. Schenk
Was, however, influenced in his preference for a Cycadean alliance
by the structure of the epidermal ecells (fig. 812, H) which have
Straight walls, and the same consideration weighed with Zeiller?

Who was stre nothened in his view by the charvacters of the seed-
},\v;li'ill_‘_'( sporophylls described by Nathorst® and provisionally

“Onnected by him with Podozamiles. Nathorst® described a speci-
Me ! 1 . ol * - . "
4en from the Rhaetic strata of Scania agreeing in the presence of

Jasal seale-leaves with that fioured by Schenk, and more recently

}‘ Braun (43) p. 36. * Bchenk (67) A. Pl xxxvr fig. 3.
4 Thid, (71) Pl 1. 4 Zeiller (03) B. p. 159.
) \Us) 1

* Nathorst (86) p. 91, PL xxvI. b Ibid. (86) Pl xvr. fig. 10.
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Fra. 811.  Podozamites lanceolatus. (Nat. size; British Museum, 30,303.)
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Schuster! has published photographs of some examples of Podo-
2amiles distans in which the base of the axis is invested by small
imbricate scales and in connexion with it are two other clusters
of similar scales, probably nnexpanded buds. In 1900 1 expressed
the opinion that Podozamites is probably a Conifer?, the guppoged
pinnate fronds (fig. 811) being foliage-shoots like those of recent
species of Agathis. The most important recent contribution to our
knowledee of Podozamites is due to Nathorst: in 1911 he published
additional facts? with regard to some seed-bearing organs from the
Rhaetic of Scania for which he proposed the generic name Cycado-
carpidivm in 1886 and in 1902* more fully deseribed the type-species
', Frdmanni. Until the publication of Nathorst’s more recent
paper Cyeadocarpidinm was known only as detached sporophylls
found in beds containing Podozamites leaves. The following de-
Scription is abridged from Nathorst’s account.

Ciyeadocarpidiwm Erdmanni is represented by ovate sporophylls
consisting of a sterile portion 9 mm. long and at most 6 mm. broad
With 45 simple veins, tapering to a short and slender pedicel on
each side of which is an oval seed (fig. 812, A—D) with an obliquely
Placed triangular lamina compared by Nathorst with a cupule and
j“Tr"-'l'p reted by Schuster as a leaflet. A specimen figured by Nathorst
shows several sporophylls attached to a common axis, and supports
bis view that the seed-bearing organs were borne as imbricate
Carpellary scales. Fig. 812, A is drawn from Nathorst’s restoration
of a cone-like cluster of sporophylls. Another type of sporophvil,
C."/r‘r'ulrj.qr;.”);}?;mn Swabii, is distinguished by the larger dimensions
of the lamina, 4-1 em. long and 16 mm. broad, with 10 velns: in
this type the two small seeds are apparently without any appen-
dages (fig. 812, C, D). A third species, C. redwivum, is founded
O small detached leaves and bud-like clusters previously as-
Signed to Podozamiles distans. These are now recognised as small
(':l*}f:r'frlr:r:r_z-r,w'rh'rrm sporophylls. There is a strong probability that
('Z’J'“N-f.lur-arpérh"r'm was borne on a Podozamites shoot; in form and
Venation the sterile lamina of the sporophylls agrees with the
‘aves of Podozamites and the two organs are constantly associated
I the Scanian beds. Zeiller records C. Erdmanni in Rhaetic

! Hehuster (117). 2 Seward (00) B. p. 242,
3 Nathorst (114%). e, (02) p. 8, PL 1 figs. 5, 6.

8. 1v 29
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rocks in Tonkin! where Podozaimiles also oceurs. Heer? in his
account of some impressions of Podozamiles Irom Spitzbergen
figured a seed in close association with what he believed to be a
carpellary leaf like that of a Cycad and suggested a connexion
between the seed and Podozamites: this supposed connexion has,
however, little to support it,

Fic. 812, A, B, Cyeadocarpidivm Hydmanni. A, Restoration of fertile shoot-
B, Single sporophyll with seeds. €, D, Cycadocarpidivm Swabii. (AfteT
Nathorst.) E, Podozamites disians. Epidermal cells. (After Schenk.)

Nathorst’s view of the sporophylls is that each is a single fertile

leaf bearing two ovules comparable morphologically with the
meoasporophylls of Dioon, but, as he points ont, the termind
portion of the sporophyll of Cyeadocarpidium is much more leal-
like than the sterile distal end of the megasporophylls of Duoo™:
Encephalarios Zawia. He considers that the -evidence a fiorded

L Nathorst (11%) p. 5. ¥ Heer (77) i. Pl vir fig. 4.
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by these seed-bearing organs favours a Cycadean alliance: on the
other hand he has satisfied himself that some Podozamites specimens
are shoots with spiral linear leaves like those of Agathis. It is in
many cases very difficult to say whether the axis of a Podozamiles
bears the leaves in two ranks or spirally. Nathorst speaks of
some examples in which the leaves are not spiral and snggests the
existence of two kinds of branch some with spiral and some with
two-ranked leaves as in eertain Conifers. But if this is the case

one can hardly imagine that the two-ranked arrangement is not
due to the twisting of the leaves of shoots with spirally digposed
foliage. In a recent contribution to the systematic position of
Podozamites Schuster! speaks of Cyeadocarpidium Erdmanni as
differine from €. Swalii in the presence of two ‘rudimentary
leaflets’ (thé triangular lamina shown in fig. 812, B) which in the
latter species are represented only by two small swellings at the
Upper ends of the seeds: he regards C. Erdmmanne as the more
Primitive type. The lamina is homologised with the cover-scale
Or bract of the double cone-scale of the Abietineae; he compares
the two leaflets of €. Erdmanni and the swellings in €. Swabir with
abnormal seminiferous scales of an Abietineous cone. Schuster’s
View is that Podozamiles distans is a primitive Conifer evolved
f}")m the base of a Cycadofilicinean line which gave rise to the
Ginkgoales, a supposition based on a very slender foundation.
Nathorst regards Podozamites as an intermediate type related both
to Cycads and Conifers; he does not, however, overlook the fact
that the sporophylls of Cycadocurpidium may be’ compared with
those of some Conifers even though their resemblance to Cycadean
Sporophylls would seem to be closer. Additional data are needed
hpfmf‘ we can settle the ||n~J|im| of Podozamaites, but such informa-
tion as we have may be said to point to the conclusion that it is
Nearer to the Conifers or the Gink ooales than to any other group of
{“]“'NJHPPIIN\ Nathorst calls attention to a similarity between
}r"mhlma s Ginkgodivm Nuathorsti® and separate leaves of Podo-
iniites $; a similar comparison mayv be made between the latter genus
ang Eretmophyllum, a genus instituted by Thomas® and referred
' the ({in] cooales (¢f. figs. 658, 659, pp.59,62). There is indeed some
Yesemblance hetw ;

een Cyeadocarpidivum sporophylls and abnormal

1 m 3
Schuster (114). * Yokoyama (89) B. Pls. var., 1x. 3 Thomas (13).
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seed-bearing leaves of Ginkgo. We have as yet but little to guide
usin our attempts to trace the ancestry of that remarkable surviva I
Giinkgo biloba, and it is highly probable that, if more satisfactory
records of older members of the Ginkgoales were available, we
should be able considerably to extend the range in morphological
characters which in the present representative of the group I8
comparatively restricted. The numerouns leaf-hearing axes, many
of them branched, referred by Fontaine! to his genus Nageiopsis,
should not be overlooked {rom the point of view of their possible
relationship to Podozamtes. The hranching habit of these Potoma®
specimens is no bar to an allinity to Podozqmnites if examples of
the genus are no longer to be interpreted in terms of a Cycadean
frond. Berry2 in a tecent revision of Fontaine’s genus, refers
some species to Podozamites which he still regards as Cycadean.
It is interesting to find on a specimen of Nageiopsis figured by
Fontaine a zone of crowded scars® (fig. 816, §) such as may he seen
on an Agathis shoot.

Many of the leaves described as Podozamiles ave of little value
as evidence of the ocenrrence of the genus. In the case of imperfect
specimens of detached leaves it is often impossible to distinguish
between Podozamites, Phoenicopsis, and the leaves of Araucarian
plants, or pinnae of some species of Zamates. It is therefore not
possible to state with econfidence the geological range of the genus:
Undoubted examples of Podozamites are essentially Rhaetic and
Jurassic fossils, and there can be no doubt as to the abundance
and wide geographical range of the genus in both these periods:
Such leaves as thoge recently fisured by Hollick?* from Cretaceons
beds of Long Island as Podozamites lanceolatus certainly agree
closely in form with that species, but they are all detached E]Jﬂ“i"_
mens: the fragmentary leaves from the Middle Cretaceous beds of
the Amboy elays described as P. angustifolius (Eich.) and P. ma’”
ginatus Heer® afford no proof of the presence of Podozamilés:
similarly Velenovsky's species P. smiocenica from Bohemia® might
equally well be referred to the genus Danimarites. Well pre
served specimens have heen described by Zeiller” from the

1 Fontaine (89) B. p. 195. ® Berry (10), et
Fontaine (89) B. Pl nxxvi fig. 4 Hollick (12) Pls, 162. 162
Newherry and Hollick (95) Pl xm. figs. 1—6.

8 Velenovsky (81) PL 1. figs. 1820, * Zeiller (03) B.
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Rhaetic flora of Tonkin!. There are few satisfactory records of
the genus from the southern hemisphere, and we have no actual
proof of its existence in India, though Feistmantel® refers to
Podozamites detached leaves, which, as an examination of the
original specimens shows, may have been bome on Podozamites
shoots, but they may also be examples of Phoenicopsis. One of
the leaves fioured by Feistmantel from the
Jabalpur group as Podozamites la neeolatis
is reproduced in fig. 813 from a drawing
recently made from the actual fossil: the
lamina shows several fine parallel stria-
tions between the more clearly marked
veins. Miss Holden, who examined the
carbonised cuticles of some of the Indian
leaves lent to me by the Director of the
Indian Geological Survey, found that the
epidermal cells have straight walls and

Fic.

13. A, Specimen ﬁgurr_-rl
by Feistmantel as Podo-
cells, oceur in the intercostal regions on samites lonceolatus. B, Piece

) of lamina enlarged. (Cal-
cubta Museum: Geol. Sury.,
Tndia.)

the stomata, usually with six accessory

hoth surfaces: the characters of the epi-
dermis are favourable to a relationship
with the Coniferales and they are not
inconsistent with the inclusion of the fossils in the genus Phoe-
nicopsis. Halle? has recently described some imperfect leaves
from Patagonia as probably Podozamites, but as he pertinently
says the evidence is not enough to establish the correetness of the
determination. Some of the leaves from the Potomac beds in-
cluded by Fontaine in Podozamales are of little value as authentic
records of the genus, but there is still considerable doubt as to
the relationship between this genus and Nageiopsis which was very
abundant in the Potomac flora. The leaves figured by Fontaine*
from the Jurassic of Oregon and from Alaska are also not above
HUS}_)iL"it_‘Jn as records of Podozamites, though there is no doubt that
the penus was represented in some of the North American floras.

1 Walkom (17) p. 20,
¢ Feistmantel (82) p. 39, PL m. figs. 2—5.
3 Halle (13).

i Fontaine in Ward (05) B. Pls. xxX1v., XXV., XLIV. Knowlton (14) Pls. v., vi.
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Podozamiles distans (Presl).

This Rhaetic species® differs very slightly from the Jurassic
type Podozamites lanceolatus and there has been much confusion
on the part of authors between the two forms? which, indeed,
cannot always be clearly distinguished. P. distans is often repre-
sented only by detached leaves but in some specimens the shoot
reaches a length of 20 em. The slender axis bears distant,
lanceolate or ovate-lanceolate leaves, sometimes slightly falcate
with a rounded or obtusely pointed apex and gradually contracted
at the base which, as Zeiller says, may assume the form of a very
short pedicel. The leaves may be 4—7 ¢m. long and 5—14 mm.
broad; the veins, 0-4—0-7 mm. apart, are dichotomously branched
in the proximal portion of the lamina but elsewhere parallel and
simple, except that they slightly converpe at the apex. The
epidermal cells have straight walls and the stomata, which oceur
on the lower surface, either in rows or scattered, are surrounded by
small subsidiary cells (fig, 812, E). The leaves are usually rather
broader in proportion to their length than those of P. lanceolaius
and the apex is less pointed. Braun® instituted fwo wvarieties,
longifolius and latifolius, and to these Schenk* added others. The
species is recorded from the Rhaetie of Scania®, where it is abundant,
from Persia®, Tonkin, and many other regions: it occurs also in
Jurassic strata? but on the whole P. distans is a characteristic
member of Rhaetic floras.

The Rhaetic species Podozamites Schenki Heer® founded on
Jurassic specimens from Siberia and deseribed by Zeiller® and
Nathorst from Tonkin, Persia, and Sweden is distinguished from
P. distans by the smaller shoots and the more acuminate leaves.
Podozaimates lanceolatus (Lindley and Hutton).

The type-specimen of Zawmie lanceolata Lind. and Hutt, 10 in the
Manchester Museum from the Middle Jurassic beds of Yorkshire
consists of a slender axis bearing seattered and distant linear-

Sternberg (38) A. PL xor. fig. 1.
See Zeiller (03) B. p. 159 for examples of P, distans rveferred to P, lanceolatits-

4 Braun (47) p. 85. + Schenk (67) A, Pls, XXXV., XXXVL

& Nathorst (78) B, Pls, x111., XV.

& Zeiller (05) p. 193. " For references, see Zeiller (03) B. p. 169
¥ Heer (77) ii. p. 45. ¥ Zeiller (03) B. Pl. x1i1.

Lindley and Hutton (36) A. Pl xcrv.
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lanceolate leaves up to 7 em. long and T mm. broad; the lamina
has a tapered acuminate apex and a less gradually though not
abruptly contracted hase. The leaves differ from the leaflets of
Zamia which they superficially resemble in their less abruptly
contracted proximal end. In habit a shoot of P. lanceolatus
(fic. 811) very closely resembles the fronds of Zamia media. Some

-

of the leaves in the type-specimen appear to be laterally attached,
while others appear to be given off from the upper surface. The
leaves of this as of other species are frequently found detached.
The variability in the form of the leaves has led to the employment
of several varietal names, and if not used too freely the addition
of some deseriptive term to the specific name may often serve a
useful purpose. Fig. 811 represents a sood example of the species
from the Yorkshire coast. The method of attachment of the
leaves is not always clear, but their irregular distribution and the
slender axis are features more in accordance with a foliage-shoot
than a pinnate frond. Podozamites lanceolatus is a widely dis-
tributed Jurassic species! recorded from many European localities
extending to North Siberia and Spitzbergen as well as from North
America, Turkestan, Afchanistan, Japan, China, and elsewhere.
The specimens figured by Feistmantel from Upper Gondwana
rocks in India ag P. lanceolatus (fig. 813) should. T am inclined to

think, be assigned to Phoenicopsis.

Podozamites Reinii Geyler; Podozamiles stonesfieldensis Seward;
Podozamites Griesbachi Seward.

These species from Jurassic strata serve as examples of a hroader
type of the genus represented in the last two species by detached
leayes only. In these as in many other cases one cannot feel
absolute confidence as to the correctness of the determination. In
some of the Japanese examples of P. Reinii* (fig. 814) the broadly
oval leaves are attached to a slender axis. P. stonesfieldensis®
from the (ireat Oolite of Stonesfield is probably identical with the
leayes originally deseribed by Buckman as Naiadea ovata and Lilia
lanceolata ; the leaves are oblong-ovate, approximately 8 5 3-5 em.;
the lamina is rather abruptly contracted at the base and more

1 For references see Seward (00) B. p. 2425 (07); (11)-
2 Geyler (77) B. Pls. xxX1iL, XXXIV.
3 Seward (04) B. p. 121, PL 1w fig, 4; PL xu. figs. 1, 2.
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gradually tapered towards the apex; the veins are slightly more
than 1 mm. apart and converge at each
end of the lamina. The species re-
sembles P. lunceolatus var. latifolius
figured by Schenk?® from Chhina.

Podozamiles Griesbachi® is a Jurassic
species from Alghanistan similar in the
shape and size of the leaves to the other
two speeies; it has a coarser venation
than P. Reinii but the venation is still
coarser in P, stonesfieldensis. A similar
form of leaf is figured by Velenovsky?
from the Lower Cretaceous of Bohemia
as P. striatus.

Fra. 814,  Podozamites Reinii.
{After Geyler: # nat. size.)
Podozamites Kidsioni: Etheridge.

[n this type?, usually represented by detached leaves, the
lamina is smaller than in other species, short and hroad with a
blunt apex and abruptly contracted at the base. The species is
recorded from Afghanistan® and similar leaves are fisured by
Chapman® from Jurassic rocks in Vietoria, Australia. Ftheridge’s
tvpe-specimen is from the Burrum Coal Measures (7 Triassic) of
Queensland. Thiz form of leaf agrees closely with some of
Fontaine’s Potomac. species of Nageiopsis, e.g. N. oblusa and N.
heterophylla®, and a similar though not identical form is deseribed
by Nathorst® from the Rhaetic of Sweden as P. ovalis, distingnished
by its broadly rounded and mucronate apex.

NAGEIOPSIS. Fontaine.

This genus was established? for vegetative shoots abundantly
represented in the Potomac flora many of which closely resemble
Podozamiles, thongh differing in their branched habit and in the
veins being less convergent in the apical region of the lamina-

Schenk (83) A, PL xtax. figs. 40, 5.

Seward (12) p. 38, PL 1v. fig. 658: Pl. vi. fig. 79.

Velenovsky (85) B. PL 1. fig. 8.

! Jack and Etheridge (92) B. p. 317, Pl. xvr. figs. 6, 7.

Seward (12) Pl, v, fig. 39. S Chapman {09) Pl. xvur.
* Fontaine (89) B. Pls. LXXxX1v., LXXXV.

& Nathorst (78) B. Pl. xm. fig. 5.

* Fontaine (88) B. p. 194.
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Fontaine recognised the similarity between Nageiopsis and shoots
of Podocarpus belonging to the section Nugeia: this suggested the
choice of the generic name. Berry! in his revision of Nageiopsis
transfers some of Fontaine’s species to Podozamites: he also reduces
the number of the species retained in Nagetopsts on the ground that
Fontaine attached too much importance to variations in the size
and form of the leaves. I have elsewhere suggested?® that some of

the shoots referred to Nageiopsis may be Araucarian, as in habit
they closely resemble Araucaria Bidwilli and Agathis. Until
reproductive organs are discovered it is impossible to gpeak with
confidence with regard to the position of the genus. It may be
clogely allied to Podozamites or, as Fontaine believed, it may be
related to Podocarpus. 1t should be noted that some of the speci-
mens included by Fontaine in Nugeiopsis are hardly distinguishable
from Zamites Buchianus?.

Trees or shrubs characterised by irregularly branched foliage-
shoots bearing leaves usually in two ranks but spirally attached;
the Jeaves exhibit a wide range in size and
shape, long and linear or lanceolate, acute or
subaeute, more or less abruptly contracted at
the proximal end and attached by a very short
Stalk; there are several parallel veins dichoto-
mously branched near the base of the lamina.

r = 3 . ~
Nageiopsis anglica Seward.

This species?* founded on the small specimen

Yepresented in fie. 815 has distichous leaves
']r*]'-) em. long with several parallel veins. po. g15 Nugeiopeis an-
The English Jurassic tvpe agrees generally  glica. (From a speci-
With Nageiopsis microphylla Font. and N. des- - men 0 the Whitby
Oro = ST . Museum: § nat, size.)
escens Font.: a similar form is recorded from
the Wealden beds of Sussex?. Though satisfactory evidence of
affinity ig lacking it is permissible to suggest an Araucarian affinity.
‘h‘".fle'ﬂ'(lpsis longifolin. Fontaine.

The linear-lanceolate leaves reach a length of 8—20 cm. and
Smm. to 1-3 em. in breadth; there are 9——12 veins unbranched

1

Berry (10). ¢ Seward (12) p. 33. 3 Berry (11) PL 1x1.

* Beward (00) B. p. 288, fig. 51. 5 fhid. (95) A. p. 211, PL xiw fig. 5.
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except at the base (fig. 816); the lamina is abruptly narrowed and
attached by a short and slightly twisted stallk. Though apparently
inserted laterally the leaves are in all probability spirally disposed.
In one of Fontaine’s figures there is a group of small scars, fig. 816, s,
presumably of bud-seales, at one place on the axis. This species

Frc. 816,  Nageiopsis longifolia. (A, atter Fontaine; nat. size.)

is very abundant in the Potomac beds of Virginia and Maryland*
and is recorded by Fontaine from several other localities though
for the most part on slender evidence.

Nageiopsis zamioides Fontaine.

In this species? the leaves are ovate-lanceolate and shorter than
in N. longifolia; they have a maximum breadth of 2cm. and
reach a length of 7cm. The example described from English
Wealden beds as Nageiopsis sp. ef. N. heterophylla agrees closely
with Fontaine’s Potomae species.

1 Fontaine (89) B, p. 195, Pls. LXXv.—LXXTX. ; LXXXV.: Berry (11) p. 384.
2 Thid. p. 196, Pls, LxXIX.—LXXXL; Berry (11) p. 386, Pls, Txmm., T.X1II1.




CHAPTER LII.

GNETALES.
I. RECENT.

In this group of Gymnosperms arve included three gemera,
Ephedra, Gnetum, and Welwitschia. They differ widely from one
another in vegetative features, and Ephedra, the most primitive,
is distinguished by certain important peculiarities of the repro-

ductive organs.

Epnenroipeae. Ephedra.
GNEroIDEAE. Gnetum, Welwitschia.

Having regard to our exceedingly meagre knowledee of fossil
representatives, it is unnecessary to deal fully with the recent
typesl, but the members of this aberrant section of seed-plants
exhibit morphological characters of interest from the point of
View of comparison with the Bennettitales and the Angiosperms.
Tllmuh in external appearance the three genera are poles asunder,
they have in common certain features both in the vegetative and
reproductive organs which differentiate them from all other
("'.'"ITIIN‘;S}?N?l'It‘ls and connect them more closely than the Cyeads or
Conifers with the Angiosperms. The leaves are opposite; the
secondary xylem contains vessels in addition to tracheids; the
Male and female flowers are characterised by the possession of one
or two envelopes in addition to the usual single integument; the
Wflorescences, occasionally though not as a rule bisporangiate®, are
distingnished by a dichasial system of branching, a character
foreiam to Giymnosperms as a whole though exhibited by the stem
of Wielandielle. a member of the Bennettitales. There are good
reasons for believing that pollination is effected by insects® in

! For a peneral account of the group, with illustrations, the student is referred
b6 Wettstein (11) and Lotsy (11), ar to Coulter and Chamberlain (10).

* Land (04): Berridge and Sanday (07) p. 127 Lotsy (11) p. 293.
(ﬁ-)a Pearson (062) p. 274; (00) p. 343; Berridge and Sanday (07) p. 172: Karsten
92); Porsch (10)
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Welwitschia, in some species of Guetum, and occasinnally in
Ephedra.  The seeds are albuminous and the embryos have two
cotyledons.  Archegonia are produced in the female prothallus of
Ephedra while in (netum and Welwitschia these organs ave repre-
sented by single cells as in the Angiosperms or by nuclei.

Ephedrat has a wide distribution in the warm temperate regions
of the northern hemisphere: in America it oceurs on hoth sides
of the equator and from the Mediterranean region it reaches to
Brittany in the west and North Africa in the south. Grefum
extends both east and west in the tropics: Guretum scandens is a
widely spread Asiatic species, and the genus occurs in Angola and
in some other parts of Africa. Welwitschia is confined to a littoral
strip of desert in exfra-tropical South Africa from 14° 8. to 23° 8.
and has not: been found more than 50 miles from the coast.
Ephedra.

Shrubs, in some species with climbing branches, characterised
by an Equisetum-like habit of the younger shoots which form long
jointed and slightly fluted branches bearing whortls of two or
sometimes three, sealy, concrescent leaves. In rare cases, ed-
Ephedra altissima, the leaves may veach 3 em. in length and a
breadth of 1-—1-5 mm. Monoecious or dioecious; flowers uni-
sexual: bisexual inflorescences are recorded in E. eampylopoda®
The female flowers occur in strobili on a dichasially branched
inflorescence: each strobilus consists of three pairs of bracts, in
some species the bracts are more numerous. There is generally &
single ovule in B. altissima, but in most species there are two or as
many as six ovules in a single strobilus. The ovules are enclosed
by two envelopes regarded by some authors as a perianth and an
integument and by others as two integuments. In E. distachya, a3
described by Mrs Thoday and Miss Berridge?, two vascular bundles
supply the outer envelope (outer integument) one running up each
angle of the flattened side of the flower, The thin inner integument
becomes free from the nucellus at a distance of two-thirds its
length and projects beyond the outer envelope as a long style-like
micropylar tube. A ring of bundles runs a short distance up the
inner integument but ends low down in a mass of transfusion-

L Stapf (89). ? Wettstein (11) p. 417. * Thoday (Sykes) and Berridge (12}
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tracheids. Attention is drawn to the resemblance of the outer
integument to the integument of Bennetlites, and the single ovule
of Ephedra is considered to be the representative of the whole
ovulate strobilus of Bennetlites of whieh it is a much reduced
derivative. There is a deep pollen-chamber at the apex of the
nucellus! and there are 2 8 long-necked archegonia at the summit
of the prothallus (endosperm). In its lemale prothallus and
sexual apparatus Ephedra diflers considerably from Gnefum and
Welwitschie. The second envelope forms the hard shell of the
seed which is enclosed by braects either in the form of membranous
[ wings (sect. Alatae) or as a red or yellow flesh (sect. Pseudobaceatae).

Fwart? found that the seeds of Ephedra distachya germinated
after 93 days’ immersion in sea-water.

hs

a gingle flower occurs in the axil of each of the fertile bracts. A

The male {lowers? oceiir also in strobili on dichasial infloreseences,

Hower consists of a short axis bearing a pair of membranous
appendages and the flower-axis is prolonged as a simple or bifid
stalk bearing bilocular synangia, 2—6 according to the gpecies.
\ In some cases the central stalk or anthercphore of the flower is
flattened and laminar? instead of the usual cylindrical form: it
hag heen interpreted both as an axial and a foliar structure, but
the Jatter interpretation is probably correct. Arber and Parkin®
regard the antherophore as having been formed from two fused
members, and this view is adopted by Mrs Thoday and Miss
A[h-.*l'l'ir]ge—r. On the basis of this interpretation the mierosporophylls
of Ephedra, represented by the antherophore, are considered to be
hcn‘uulng(ms with the dise of sporophylls of a Benettitean flower
and with the stamens in a male flower of Welwitsehia. Anatomi-
cally$ Ephedra exhibits a closer agreement with the (‘onifers and

n some respects with the Dicotyledons than with recent Cycads
| or the Bennettitales. The presence of vessels in the secondary
Xylem is an Angiospermous feature though in structure they differ
from the Angiospermous type; the pitting of the tracheids is in

the main Abietineous but the occurrence of compressed pits

Land (04); for other references, see Lignier and Tison (12); also Sigrianski (13)
* BEwart (08).
1 Thibout (96) gives a g od acpgount of the male flowers of the Gnetales.
' Thoday and Berridge (12) p. 970, 5 Arber and Parkin (08).
" Thompson (12%). See also Jeffrey (17) p. 357.
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furnishes a point of contact with the Araucarineae; rims of Sanio
oceur and xylem-parenchyma is abundant; the medullary rays
are multiseriate ag in Dicotyledons. The bast on the other hand
is essentially gymnospermous. The occasional oceurrence of spiral
bands in the tracheids and the presence of lignified trabeculae in
the xylem-elements are other Coniferous traits. The leaf-trace 13
double, a feature met with in Agathes as well as in recent Cycads
hut not in the Bennettitales. The anatomy of seedlings aflords
further indications of resemblance to draucaria and the Podocarps®.
It would seem, then, that the case for a relationship between the
Gnetales and the Bennettitales founded on the facts of floral
morphology does not derive support from the anatomical features
of the most primitive genus of the group.

Grelwmn.

Small trees or climbers with long and slender stems: the inter-
nodes, sometimes reaching a length of 15 em., bear pairs of ovate-
oblong or lanceolate-acuminate leaves 11—18 cim. long by 4—7 cm.
hroad. The leaves® agree in form and venation with those of
many Dicotyledons and could not be distinguighed from them in
a fossil state. The epidermal cells have undulate walls. The
flowers are in spikes; at each node two fused bracts form a cupular
structure in the axil of which the male or female flowers are horne
on an annular swelling, The male flowers® are in 3—5 whorls:
each consists of an envelope of two coherent leaves enclosing &
central column, as in Epledra, which bears at the apex one, two,
or ravely four unilocular sporangia or reduced synangia. The
antherophore eventually elongates and pushes the anthers through
an aperture at the summit of the floral envelope®.  In appearance
the antherophore of Grefum approaches most closely to the stamen
of an Angiosperm. The female flowers® oceur in a single series,
5—=& in a whorl; each consists of an ovule surrounded by three
envelopes; the outermost is coloured and succulent, the middle
envelope or outer intesument 18 differentiated after fertilisation
into an inner sclerotesta and an outer sarcotesta, while the inner-
most covering iz prolonged as a micropylar tube, There are no

! Hill and de Fraine (10) p. 329,  * Karsten (43); Lotsy (11) p. 347, fig. 209
* Caporn (16). 1 See also Pearson (15).
* Thoday (Sykes) (11); Lignier and Tison (13). See also Pearson (17).
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archegonia: in some species the megaspore contains numerous free
nuclei all of which are potentially sexual; after fertilisation a
sterile nutritive tissue, or endosperm, is formed in the lower part
of the spore. In Guetum Guemon the endosperm is often formed
before fertilisation. In the great reduction of the female apparatus
and in the nature of the endosperm Guetum! agrees much more
closely with Welwitschia than with Ephedra. Attention has been
called to certain rese

mblances between the seed of Guetimn and

Fis. 817. Seed of Gnetum africanum. a, outermost envelope; v, vasenlar strands;
b, outer integument; [, flange of micropylar tube; %, nucellar cap: ¢, inner
integument; p, cndosperm.  (After Mrs Thoday.)

that of Benmettiles®. For convenience of comparigon a diagram-
Matic section of a seed of Guelum africanwm is reproduced in
fig. 817. The outermost envelope, @, forms a green succulent
Covering free to the apex: the middle envelope, b (outer integument),
8 free from the other envelopes except at the apex where it is
]"”‘—'l\'fr“] to the inner integument by the downward growth of a
flanoa, f. from the apical region of the inner integument; the inner

L Pearson (09); see also Karsten (92); (93%); Lotsy (99).
* Berridge (11); (12): Thoday (Sykes) (11).
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integument, ¢, is united to the nueellus for about two-thirds of the
length of the seed-body. The nucellus consists of a few layers of
cells and at the apex forms a nuecellar cap, », the cells of which are
lignified: this cap is supported by a short tent-pole produced from
the summit of the endosperm. A ring of vascular bundles enters
the base of the seed and forms three series, the two outer pass up
to the tip of both the two outer coverings, v, », and the inner
series extends up the inner integument as far as the level where
nucellus and integument part company. In the seed shown in
fig. 817 the micropvle is closed and the tissue in the closed region
of the canal is lignified and dark. Among other features in which
this seed agrees with that of Bennetfeles Morierei i3 the inner zone
of the outer integument, composed of a palisade and a fibrous
layer; the fibrous layer becomes five-angled in the upper part of
the seed! and in transverse section presents a striking similarity to
seetions through the same region of a Bennellites seed (figs. 524, H27,
Vol. 1. pp. 397, 402). The oval fleshy seeds are able to germinate
after lying some months in sea-water. There is a fairly close
resemblance hetween Gnetum and Ephedra as regards anatomical
characters, but some species of Guetum (sect. Thoa) are character-
ised by the formation of successive cambial eyvlinders as in Chyeas.
Strashurger? pointed out that in the vascular bundles of the leaves
the parenchyma of the medullary rays forms continuous plates, @
aymnogpermons character.

Welwitschia.

This remarkable genus, discovered by Welwitsch in 1860 and
described by Sir Joseph Hooker®, presents striking peculiarities in
the habit of the vegetative body. A Welwitsehia plant has heen
aptly termed an’adult seedling?: the large and squat tuberous
stem, morphologically the swollen hypocotyl, may be as much
as 4-h m. in girth. The seedling has two cotyledons and an ex-
ceptionally long radicle: at an early stage a pair of isobilateral
leaves is produced at right-angles to the cotyledons and these

1 Thoday (Sykeg) (11) p. 1116, text-fig. 11.

2 Strasburger (91) p. 148, For an account of the anatomy of Guetwm, 50¢
Duthie (12); La Riviére (16); Thomson, M. R, H. (16).

3 Hooker, J, D, (63). For figurves of Welwitsehin, see also Gard, Chron, Jan, 22,
p. 49, 1910. * Sykes (102) p. 333.
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persist as the only leaves throughout the long life of the plant,
attaining a length of 5 m. The tough lamina is torn into strips
by the wind and ‘the extraordinary appearance of the shapeless
Mass of coiled and twisted leaf-ribands standing out in hold relief
from the sharp glistening dead landscape passes deseription®.’
The venation is parallel and there are numerous CrOSS-CONNEexIons,
some ending blindly in the mesophyll2 © Welwitschia is dioecious
and the flowers are borne in inflorescences with a dichasial branch-
8ystem produced from pits on the crown of the stem; the female
mflorescences, which ave larger than the male, reach a length of
50 em. and bear cones about 7 em. long. The female flowers occur
singly in the axils of bracts which form four orthostichies giving
4 four-angled form to the cones. Tach flower may produce two
Small Jeaf-rudiments®, but the flower proper consists of an ovule
With two envelopes; the outer, called by Hooker the perianth, is
Congiderably extended tangentially and in the ripe seed forms a
Wing-like appendage producing an appearance almost identical
With that of some Samaropsis seeds. The inner integument is
Prolonged upwards like a long and slender hollow bristle for a
distance of 4—5 mm. beyond the upper edge of the snbtending
bract. The inner en velope has no vascular supply. The secretion
of sugar in the micropylar tube aftracts the pollinating inseet
Offﬂi't.z’f)jru.s sexpunctulatus. The staminate cones are smaller and
‘Fh@ subtending bracts connate. The oufer envelope of the flower
8 formed of two membranous segments without vaseular bundles
Which may be styled lateral prophylls of the axillary shoot: internal
% these are two fused members forming a sac-like investment
With free rounded lobes also without a vascular supply. Within
these, perianth-segments is the staminal tube bearing six free
Stamens each supplied with a vascular bundle and bearing a
Tel'lnllnm triloeular synangium (fg. 818). The centre of the flower
I8 Sccupied by a pyriform ovule surrounded by a thin integument
r-"-lll‘lt-im]@c't as a slightly kinked stylar tube terminating in a flat
Stiematie dise 1 mm. in diameter. There is no embryo-sac but
M€ nucellus acts as a nectary, the drop-mechanism of the functional
L Pearson (06%) p. 270.

¢ de Bary (84) A. fig. 157; Sykes (10%): Takeda (13%).
4 Ligmier and Tison (12).
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ovule in the female flower being retained in the sterile ovule of the
malel.
In contrast to the indefinite, spirally disposed, bracts or

Fig. 818, Welwitschin mirabilis. Staminate fower (sectional elevation), sub-
tending hract and the two missing stemens indicated by dotted lines,  (From
a drawing kindly supplied by Dr A, H. Church.)

perianth of Cyeadeoidea flowers Welwitschia has only two connate
segments, and the staminal disc of Welwitsehia is considerably

1 This account is bazed on the excellent description with illustrations by

Dr Church (14)




L1 WELWITSCHIA . 467
reduced; the gynoecium consists of only one funectional ovule in-
stead of an indefinite number as in Cyeadeoidea. Church regards the
resemblance between the flowers of these two genera as an instance
of parallel development, which does not imply relationship. He
thinks there is *no indication whatever of any relation to the car-
pellary flowers of the Angiosperms.’

Hooker’s account of the ovule has recently been considerably
extended by the important researches of Pearsonl. The megaspore
consists of two regions, an upper fertile and a lower sterile portion;
each is composed of ‘cel
“cells” of the fertile region grow upwards as tubes into the nucellar

Is” with more than one nueleus; some of the

cone where pollen-tubes are encountered and fertilisation ensues.
The nuclei in each “cell” of the sterile region fuse and uninucleate
cells are produced; this tissue now grows considerably in size and
cell-divisions occur resulting in the formation of an endosperm.
Pearson regards the free nuelei that are in the embryo-sac at the
time of septation into the multinucleate “cells® as all alike, and all
potential gametes. It follows, therefore. that the endosperm
formed in the lower portion of the sac is the product of fusion of
sexual nuclei; it is not a gametophyte or a sporophyte and Pearson
proposes for it the new term trophophyte, ‘a bye-product resulting
irom the fusion of potentially sexual nuclei and functioning in the
same manner as the prothallus of the lower seed-plants.” More
recent work by this author confirms his opinion that the endosperm
of Gnetum 1s also a trophophyte.

For an account of the anatomy of Welwilsehia and Gnetum the
student is referred to original sources. Miss Sykes? called atten-
tion to certain interesting characters,—the oceurrence of reticulately
pitted protoxylem elements in the stem, the arrangement of
separate and not contiguous bordered pits in 1—2 rows on the
tracheids, and to the presence of concentric steles and inversely
orientated bands of vascular tissue in the stem and inflorescences
closely resembling Medullosean features.

In certain respects the Gnetales are closer than the Conifers or

L Pearson (062); (09).

= Sykes (10); (10%): Worsdell (01%); Pearson (12); Bower (81); (82); Hill and de
Fraine (10): Boodle and Waorsdell (94); Mary R. H. Thomson (16); Henrictte
C. C. La Riviere (16),

30—2




468 GNETALES [om-

the Cyeads to the Angiospermst. It has, for example, been sug-
gested by Hallier? that they are reduced Dicotyledons comparable
with the Loranthaceae and Myxodendraceae; while Lignier and
Tison® regard them as a group of Anglosperms nearvest to the
Amentales. The question of relationship between the Gnetales
and the Angiogperms, especially the dificult problems connected
with the endosperm, wasg fully congidered by Pearson® in a paper
on the reproductive organs of Gretuin Gnemon published in 1915,
and in a later contribution®, published after his death, the morpho-
logical problems are reviewed in the light of more recent work.
The same subject is dealt with by Prof. Thompson® in a recent
paper in which he calls attention to the form of the inflorescence,
the arrangement of the parts of the flowers, the presence of an ovary
with a style, the germination of the microspores at some distance
from the nucellus, as evidence of affinity to the Angiosperms, and
concludes that the ancestors of the Angiosperms were ‘not far
removed from the genus Gnetuin.” On the other hand some botanists
prefer to regard the Guetales as a blindly-ending branch of Gymnor
sperms with no direct relationship to the Flowering plants. Difficult
a8 it is to believe that plants so different, when the sum of characters
is considered, as the Gnetales and the Bennettitales arve off-shoots of
a common stoek, it would be rash to assume that such resemblances
as have been emphasiged by Miss Sykes and other authors have no
phylogenetic value.

At the time of hig death (November, 1916) Professor Pearsoit
was engaged upon a volume on the Gnetales: in April, 1916, he
wrote, ‘ A large part of the book on the Gnetales is written, t.]mugll
it will need some revision....As to the Gnetalean-Angiospermt
alliance, there must be one, I think, but at present I cannot bring
myself to believe that it is direct?.” Had Pearson been able t©
complete his work it is certain that a statement of his most recent
conclusions would have enabled botanists to obtain a clearer view

1 Arber and Parkin (07); (08); references to other anthors will he found in thes®
papers, See also Lignier and Tison (12); Lignier (03); Lignier and Tison (11).

4 Hallier (05) p. 153,

# Lignier and Tison (11). )

! Pearson (15%): additional references to literature are given at the end of thi®
paper. See also Caporn (16),

i Pearson (17). 8 Thompson, W. P. (16). 7 Seward (17) p. ix.




Lii] TOSSIL GNETALES 469

of the true position of this puzzling group which, despite the
lack of palacobotanical evidence, is probably a survival from a
remote past.

IT. Gygranes (Fossin).

Arber and Parkin! and other authors have called attention to
the lack of any trustworthy records of Gnetalean plants m the
sedimentary strata of different periods. Several specimens have
been described either as senerically identical with Ephedre or as
probable representatives of the two other members of the group,
but while some are incorrectly determined others are too im-
perfect to be accepted as evidence. TIn view of the morphological
features characteristic of the present members of the Gnetales and
the geographical distribution of the species of Ephedra, Gnetum,
and Welwitschia, it would seem safe to conclude that the absence
of fossil forms is not explicable on the hypothesis of a recent origin
of the group, but is rather the result of the imperfection of the
geological record and of the difficulty of digtinguishing between
fragmentary remains of Gnetalean genera and vegetative or repro-
ductive organs of similar external form belonging to other plants.
Reference has already been made® to certain characters shared
by the seeds of Gnetum and Benmetfites and in spite of the great
and obvious differences separating the Gnetales and Cycadales it
would seem probable that the striking similarity between the
seeds of Guetum and those of the Bennettitales has some phylo-
genetic significance. But even granting a phylogenetic significance
to the evidence brought forward by Mrs Thoday and other authors,
we have still to admit that an indieation of some former connexion
between the Gnetales and the Bennettitalean line is rather the
shadow of evidence with regard to the geological history of the
(inetales and not a substantial contribution to our knowledge of
the antiquity of this section of the Gymnosperms.

The specimens described by Unger?® from Eocene beds in Styria
as Epledrites sotzkianus, though very similar to those of Ephedra
Sragilis with which they are compared, are too fragmentary to be

1 Arher and Parkin (08) p. 507. ? See page 463
% Unger (51) p. 159, Pl. x¥vI,
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accepted as trustworthy records. The pieces of vegetative branches
and the paired nuts described by Heer! from Jurassic strata in
Siberia as Ephedrites antiquus are of no botanical value. Portions
of inflorescences preserved in amber from the Baltic coast and
named by Goeppert and Berendt® Ephedrites Johnianus and similar
specimens referred by Goeppert from the same Oligocene beds to
Ephedra Mengeana have been identified by Conwentz® as fragments
of flowering shoots of a Loranthaceous genus, Patzea. FEngelhardt?
refers some slender branches from Tertiary beds in Chile to Ephedra
but they, like most of the specimens recorded as fossil represen-
tatives of the genus, are too incomplete to be aceepted as evidence.
In the absence of anatomical data or of well preserved fowers it
would be exceedingly difficult to recognise impressions of vegetative
shoots of Ephedra and to distinguish them from Dicotyledonous
twigs of similar habit. Similarly the torn lamina of a Welwitschia
leaf bears too close a resemblance to other linear parallel-veined
leaves to be recognisable unless the preservation is such as to show
traces of the characteristic venation mentioned in the acecount ot
the recent genus. Comparisons between some fossil seeds and
the winged seeds of Welwilschin®, though in some cases possibly
justified by actual relationship, cannot be considered to have any
importance unless supported by additional evidence. The seeds
named by Renault (fmefopsis and subsequently investigated by
Oliver and Salisbury® are now recognised as types closely allied
to Lagenostoma and other Pteridogperm seeds from Carboniferous
rocks.

In their monograph of the Pliocene Floras of the Dutch-
Prussian Border Mr and Mis Clement Reid figure under the name
Gnelum seandens var. robustum? a picce of axis 8 mm, long and
4 mm. broad showing eight nodes hearing crowded scars ol some
deciduous appendages. The authors speak of the specimen a8
‘a portion of a male inflorescence of a Guetumi...20 close to that
of the living G. scandens that we cannot separvate it.’ TIf their
Heer (77) ii. p. 82, Pls. x1v., XV,

Gloeppert and Berendt (45) A. Pls. 1v., v.; Goeppert and Menge (83) A. PL. sVI-
Conwentz (86) pp. 136, 138, PL ximr. fics. 8—20.

Engelhardt (91) p. G47. * Seward (04) B. pp. 19, 20.
Oliver and Salishury (11) p. 34,

“ Reid, C. and E. M. (15) p. 55, PL xx. fig. 27.
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identification is correct—and though the evidence is hardly con-
clusive the resemblance between the fragment from Renver and
an inflorescence axis of Guetum is undoubtedly striking—it points
to the oceurrence in a Pliocene European flora of a genus that is
now mainly tropical and which had not so far been recognised with
any certainty in a fossil state.

The striking resemblance of Gueliwm leaves to those of some
Dicotyledons is an obvious difficulty in the way of the identification
of impressions.

It is among the oldest exampleés of supposed Dicotyledons that
search should be made for possible representatives of the genus
Gretwm. Amono the earliest records ol Angiosperms are those
described by Fontaine! from the Patuxent series of the Potomae
formation which rests on Palaeozoic crystalline rocks and contains
the remains of a flora that is elearly Jurassic or Wealden 1n its
ceneral facies; but with Jurassic Gymnosperms and Ferns are
associated some Dicotyledon-like leaves of ovate and linear form
for some of which Fontaine instituted the genera Rogersia, Fico-
phyllumn, Proteaephyllhum and referred others to Fieus, Sapindopsis
ete. A revision of the Patuxent fossils by Berry® has led to a

considerable simplification in nomenclature and to the conclusion
that some at least of these Lower Potomae leaves are Gnetalean.
A comparison of some of Fontaine’s figures of Ficus virginiensis,
species of Hieoplyllum, Proteaephylluan, and Rogersia with a leaf
of Gnetum Gnemon reveals a very close agreement, as regards form
and venation, consistent with Berry's suggestion. It is by no
means unlikely that these forerunners of the Dicotyledonous type
that oceur as foreign elements in a typical Jurassic flora, without
an admixture of undoubted Angiosperms like those which oceupy
an important position in the upper beds of the Potomace formation,
may belong to plants more closely allied to Gnefwm than to any
Angiosperm. Attention is especially called to the following species
as revised by Berry and illustrated in Fontaine’s monograph:
Ficophyllum oblongifolium (Font.), Rogersia longifolia Font., Pro-
teae phyllum ovatum Font.® Tt is possible that a careful study of

I Fontaine (89) B. pp. 281 el seq.  See also Seward (142).
2 Berry (11) pp. 64, 148, 499, ete.
3 Fontaine (89) B. Pls, 139, 141, 144, 145, ete
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the venation-characters of these and other fossil leaves may lead
to the discovery of criteria which may enable us to separate the
leaves of Guetwm from similar Dieotyledonous foliage.

It is with a keen sense of the incompleteness of my task that
Volume 1v. is eoncluded without any attempt to deal with the
abundant if, in very many cases, undecipherable records of A ngio-
sperms. The omission of this hranch of Palaeobotany in what
purports to be a general text-book calls for a word of explanation.
A mere summary of conclusions so far published with regard toO
the geological history of Flowering plants would not yield results
commensurate with the labour involved. What is needed is 2
critical examination, as far as possible, of the actual speeimens
and a careful serutiny of the evidence on which determinations
are based. 1t is undoubtedly the fact that a large number of
leaf-impressions are practically valueless as trustworthy data, and
I venture to think that it is only with the cooperation of trained
systematists that any satisfactory estimate can be formed as to
the value of the fragmentary documents preserved in Cretaceous
and Tertiary strata. Tt is preferable to omit, at least for the pre-
sent, this part of the subjeet than for the sake of completeness—
in a treatise that is very far from complete in its treatment of the
groups that have been considered—to essay a task for which the
author recognises that he is very inadequately equipped.
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