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be exceedingly rare. And as the fossils seldom occur singly,
it is practically impossible to tell whether a particular block
would furnish specimens whose stems, roots and leaves were in
organic continuity wiﬁh one another. To leave such a correlation
to chance is obviously undesirabls and so the observer must either
make the necessary preparations or personally supervise the making
of them. These preparations consist of thin - transparent slices
of the petrifactions which are capable of being examined with.a
microsScope. They have frequently to be exemined during thé pro-
cess of their manufacture so that whether the investigetor does

all the work or not he must spend a considerakle amount of time in

mechanical or manusl labour. Cases of couvrse, do occur where no
such personal supervision is necessary and then the preparations
ray be made by a professional men, but I consider that the results
obtained and recorded here, have justified my method of personally
preparing the thin sections witih the ocgasionsl help of a laborat-
ory assistant. indesd had sny other method been employed, 1 am
satisfied the results embodied in this thesis would pf@bably never
have been obtained. In fact the greater part of the difficulty
lay in the accurate cutting and preparation of the slides. in
all about 14CC thin seciions of the Pettycur plants have been pre-
pared; they were generelly cut in series so that any chenges in
the plant might be gradually followed for long distances. In this
way e falrly complete krowledpge of several species has been obtalned,
A summary of the results may be given here. Five new speciss

have /
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‘have been added to the flores, viz., Lepidopploios Scottii; Lepido-

strobus cylindricus; Heteranpgium Arberil; Heteranpgium sp. nov.;

Physostoms spe NOV.: one genus - Diplolabis - has been recorded
<

for the first time from a British locslity: two species of ferns -~

Q

Diplolabis romeri (Solme) and Metaclepsydropsis duplex (Williamson) -
have been carefully examined asnd their steﬁé, roots and petioler
development discovered; many new points have been noted in the
anatomy of the other plants contained in the Pettycur blocks.

The nucleus of the material at my disposal had been collected
by Dr. Flett, Assistant Director of H., M. Geological Survey. 1
was soon able to add greatly to this, and most of the material now
in my possession has been obtained since 1 began my research,
Following the custom of former collectors the blocks were, at first,
broken into small pieces, but I scon saw the wisdom of removing
the blocks in as few pieces as possible. In this way one could
follow any specimen more easily than when the material consisted
of numerous small pieces.

As very little was known about the mode of occurrence and the
nature of the material comprising the bloecks I communicated the
following paper on that subject to the Geological Society of

Ldinburgh.
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On the Nature and Oceurrence of the Plant-bearing Rocks at Pettycur,
Fife. By W. T. Gorpon, M.A., B.Sc., Falconer Fellow of
Edinburgh University, and Advanced Student Exhibitioner
of Emmanuel College, Cambridge.

(Read 17th March 1909.)

Tue plant petrifactions obtained at various times from the
rocks of Calciferous Sandstone age at Pettycur, on the north
shore of the Firth of Forth, have proved exceedingly interesting
to the palmobotanist, but hitherto very little aftention has been
given to the manner of their occurrence from a geological stand-
point. When carrying out a special study of plant remains from
this locality I became interested in the nature and distribution
of the rock-masses containing them. During a visit to the
locality in company with Mr Robert Campbell, M.A., B.Se.,
we were fortunate in discovering a large mass of the material
in the cliff above the shore on the west side of Pettycur Bay ;
since then I have discovered detached pieces of petrified vegetable
remains and also small blocks of calcareous material containing
similar plants embedded in the rocks to the east of Pettycur
Harbour.

The occurrence of fossil plants at Pettycur has been known
since 1871. In that year Mr G. J. Grieve of Burntisland noticed
that several blocks of limestone, lying loose on the shore, contained
recognisable plant remains in a petrified state. The earliest
reference to these plants with which I amacquainted was published
in the Transactions of the Botanical Society of Edinburgh?!
on the 11th May 1871. It is there recorded that “ Professor
[J. H.] Balfour exhibited a specimen of a fossil lately discovered
by Mr Grieve near Pettycur.”

The next reference is in the Report of the British Association
Meeting at Edinburgh,? also in the same year, recording a paper
by Mr G. J. Grieve, “ On the Position of Organic Remains near
Burntisland,” of which, however, no abstract is given. This
paper does not appear to have been subsequently published
elsewhere, but, in a general account of the meetings of the
Geological Section of the British Association at Edinburgh
some mention of it is made. I am indebted to Mr Hopkinson,
the author of the digest in question, for bringing it to my notice.
It is there ® stated that *“ Mr Grieve’s attention was first directed
to the specimens by observing on the shore large masses of

! Prans. Bol. Soc. Edin., vol. ix. p. 168, 1871.
2 Sectional Report, Brit. Ass. Edin. (1871), No. 41, p. 98, 1872,
2 Proc. Geol. Ass. (1871), vol. ii. pp. 309-320, 1872.
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limestone which had been polished by drifting sand. These
were found to be filled with coal-plants, and the limestone was
traced to the cliff above, where it appeared to be intercalated
in a mass of voleanic products. Mr Carruthers, in a paper by
himself on the vegetable contents of these masses of limestone,
said that he considered that the plant remains had been enclosed
In a peaty condition from the surface bed on which they were
growing when the volcanic ash was ejected, the lime abuundmg
m the bed having subsequently calcified them, preserving all
the details of their structure.”

The plant remains discovered by Mr Grieve were sent to Pro-
fessor W. C. Williamson for examination, and at this same meeting
of the British Association, the latter read a paper in which he re-
ferred to Heterangium (Dictyoxylon) Grievii,! one of the Pettycur
plants. This plant was subsequently more fully described and
figured in the Philosophical Transactions of the Royal Society.?
In none of his memoirs, however, does Professor Williamson give
any account of the lithologic-al character of these plant-bearing
blocks.

There is another reference, in the Transactions of the Botanical
Society of Edinburgh,® to fossil plants from Pettyeur. On the
10th April 1873 Mr C. W. Peach exhibited thin sections of fossil
plants * from the ash-beds” at Pettycur. These sections are
now, I think, in the General Collection of Fossil Plants at the
Natural History Museum, London.*

As quoted above, Mr Grieve stated that the blocks could be
traced to the cliffs, *“ where they appear to be intercalated in a
mass of voleanic products.” Mr Peach records that his specimens
were obtained from the trap-tuffs. Mr Hopkinson has informed
me that he was present at a Geological Excursion to Burntisland
after the British Association Meeting in 1871, and he was shown
loose blocks on the shore but no pieces #n sitw in the cliff. For
the next twenty-nine years no reference was made to these blocks,
but in 1900 we get the last record in the Geological Survey
Memoir on Central and West Fife, where it states that the blocks
“may have fallen out of these basalts,” which are seen exposed
in the clifi. None of these references gives any very definite
information as to the exact position of the masses in the cliff,
and the indefiniteness of the early records accounts for the
qualification of the statement as expressed in the Geological
Survey Memoir. Since 1873 those who have visited l’ort} cur

1 On the Structure of the Dictyoxylons of the Coal Measures.” Sectional
Report, Brit. Ass. Edin. (1871), No. 41, p. 111, 1872,

2 Phil. Trans. Roy. Soc. London, p. 277, 1873.

3 Trans. Bot. Soe. Hdin., vol. ix. p. 505, 1873.

4 They are numbered V. 8890 and V. 8893.
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to obtain specimens of fossil plants have collected them from the
. loose material on the shore. At one time a large accumulation of
this limestone lay on the foreshore, and it was thought that the
masses might have been excavated from the railway tunnel to
the west of Kinghorn Station. This is probably only partially
correct, as in all likelihood some of the material came from the
railway cutting about 400 yards west of the tunnel.

The rock is generally referred to as the “ Burntisland Lime-
stone,” and sometimes even as the “ Burntisland Coal,” but both
names are misleading. The blocks oceur much nearer Kinghorn
than Burntisland, indeed Pettycur, the exact locality, is a part of
Kinghorn. That the rock is not always a limestone, the analyses
published below clearly demonstrate. The limestone band
known locally as the Burntisland Limestone belongs to a lower
horizon and outerops on the Golf Course at Dodhead Quarry.

On the other hand there are two calcareous rocks found at
Pettycur, one a hard and fairly continuous band seen on the wall
of the cliff just before entering the west end of the railway tunnel
previously referred to, and the other occurring as detached blocks
in the igneous tuffs and agglomerates. The hard band of lime-
stone overlies thick tuff beds and lava flows, and is succeeded by
other volcanic beds. These volcanic tuffs and even some of the
lavas contain pieces of limestone, and one bed yields the blocks
with petrified plants. The distribution of these blocks is very
local, and their occurrence has never been recorded beyond the
limits of a stretch of shore about half a mile in extent.

As the majority of the blocks contain 80 per cent. to 90 per cent.
of calcium carbonate the name “ limestone ”” may be retained, and
I think it will save confusion if it is called the Pettycur Limestone.
From the analyses given below it will be seen that this rock
sometimes consists of almost pure silica, so that the word * lime-
stone "’ is used as conveniently characterising the majority of
the masses of this material, rather than as a strict geological
designation.

As already mentioned, Mr Campbell and myself obtained a
piece of the material v situ in the cliff. This cliff consists of a
voleanic tuff containing large masses of igneous rocks imbedded
in the finer ash. The limestone block was about 10 feet above the
path which skirts the base of the cliff and some 60 yards'from
the western extremity of the cliff. The position is marked A
on the map (text figure), and also in Pl. XXXI. Fig. 1. This
particular specimen was partially removed by Dr Kidston, Mr
Gwynne-Vaughan, and fmyself, and it contained the typical
Pettycur plants. Pl XXXI. Fig. 2 shows a near view of this
block before its removal.

Since this specimen was discovered I have been able to obtain



vans. Greol, Soc. Hein., Vol. I.X., p. 356, Plate XX X1,

Photo by A, G, Stenhouse, F,G. S,

Fia. 1.

Photo by A, G, Stenhouse, F, @,
Fio. 2.
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other pieces from a position about half-a-mile east of this place.
It is on the east side of the hill marked D in P1. XXXI. Fig. 1, and
the exact position is shown at D (text figure). The occurrence is
at Pettycur House, where a tuff is exposed by the side of the road.
Overlying the tuff are lenticular patches of black shale which are
very much contorted. Above the shale there is a mass of basalt,
but it is from the tuff below the shale that the plant petrifac-
tions are obtained. This bed is referred to in the Survey Memoir
on Central and West Fife as a basalt, and a Lepidodendron is
noted as having been obtained from it. Dr Kidston has identified
this Lepidodendron with his Lepidodendron Pettycurense.

The peculiarity of the specimens from this place is that they
oceur sometimes without any matrix, petioles of Diplolabis
Roémeri—a genus new to Britain, which I hope to describe
shortly—and stems of Lepidodendron lying quite bare in the
tuff. At the same time masses of calcareous material containing
plants are also found, and as the plants are petrified in both cases,
any explanation of their occurrence must account for the presence
of the matrix in one case and its absence in the other.

I have obtained the following plants from this locality :—

Diplolabis Rimeri, Zyqgopteris Duplex,
Heterangium Grievii,  Lepdodendron Brevifolium,
Lepidodendron Pettycurense.

The loose material which I have almost entirely removed from .
the shore for examination occurred in quantity near both ends
of the railway cutting (these positions are marked B and C in
text figure), while the specimens at Pettycur Harbour (position
D) are on the same horizon as the beds pierced by the tunnel.
It is thus probable that the plant remains have been excavated
both from the cutting and from the tunnel. The rock from
which the limestone masses are derived lies above the lower
basalts of King Alexander’s Crag, and is a volcanic tuff of
coarse texture containing large blocks of igneous rocks both-
rounded and angular. The presence of such large masses
indicates close proximity to the centre of eruption. The tuff at
Pettycur House does not contain so many blocks, and they are
all much smaller.

The chemical nature of the plant-bearing blocks is exceedingly
varied, and its composition as given by Stopes and Watson ?
cannot be taken as typical. I have made analyses of three
specimens (they were parts of the blocks I had been examining
for petrifactions), which in tabular form are as follows :—

i &' Phil. Trans. Roy. Soc., B, vol. cc., p. 167, 1908 ; also Scott, ** Studies in
Fossil Botany,” 2nd Edit., p. 11, 1908.
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SeECIMEN 1 SPECIMEN 2 SPECIMEN 3
Si0, 17-71 % 17 9% | 9409 9
Fe,0;, ALLO, | ‘97 9 14 9 | 56 9
CaCO, | 122 9 BRIl e traces
MgCO, | 6649 356 9 1-17 9,
Carbon and water '| Undetermined. | Undetermined. | Undetermined,

The analyses were made to determine the chief constituents,
so that the water and carbon were not estimated.

With regard to the origin of these petrifactions, we find that
Mr Carruthers’ opinion as quoted above appears to imply that
the plant tissues were not petrified until after their enclosure
m the tuff. The Geological Survey Memoir conveys the same
idea and also suggests that the whole mass was really a land
surface over which a lava flowed. Thus there should be one or
more large sheets of plant-bearing rock. None of the specimens
collected is in the least lenticular but on the contrary they are
irregularly cuboidal, and this applies also to the mass wn situ
in the cliff. In my opinion it is much more probable that the
plant remains were petrified before being enclosed in the tuff.
Pieces of petrified wood are quite common in the tuffs of Fifeshire,
but these are in general very much charred and by no means
well preserved ; other specimens from North Berwick in similar
rocks are in the same charred condition, and so also are the
specimens from Laggan Bay, Arran. The presence of masses
of brecciated limestone containing small angular pieces with plant
petrifactions enclosed in them still further strengthens the idea
that these fossils were petrified before enclosure in the tuff.
In many cases the brecciation is well marked and the fragments
have been recemented either by calcite or silica, the latter in the
form of amethystine quartz (Pl. XXXII. Fig. 1).

Taking into consideration the varied chemical constitution
of the blocks, it seems highly improbable that they can be classed
as comparable with the coal-balls of the coal measures. The
amount of silica present is very considerable in some cases, and
in others constitutes the main mass of the rock, while the amount
of magnesium carbonate does not bear any relation to that of
calcium carbonate. The only explanation which can satisfy
all the observations must, to my mind, be one involving the action
of thermal springs containing dissolved mineral matter, and
the whole condition of this part of the Carboniferous Series
undoubtedly favoured the occurrence of such springs. To
enumerate the observations, we find that the specimens are

(«) Composed of material varying from nearly 95 per cent.
silica to 95 per cent. carbonates.



g
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(B) Sometimesmade up of portions containing no plant remains,
suddenly alternating with portions mainly composed of petrified
plant tissues.

(y) Devoid of marine or freshwater organisms.

(0) Often brecciated, and never occur as nodules but either as
large cuboidal blocks, rough angular fragments, or isolated pieces
of petrified plant débris.

The explanation I offer is that in the vicinity of the volcanic
crater, of the presence of which there is abundant evidence,
there were probably small pools fed by thermal waters from
underlying volcanic sources. (The extraordinary volcanic
activity is indeed the most striking feature of this region.) Into
these pools plant débris would be from time to time drifted,
and the water, highly charged with mineral matter in solution,
would gradually water-log these plants. As the water percolated
upwards through limestones it usually contained much lime in
solution, but in some cases the material has been silica. The
accumulation of the deposits from these springs would form
small lenticles of calcarous or siliceous material, parts of which
would contain plants while other parts would be composed of
purely mineral matter. The next volcanic outburst would destroy
these deposits, tearing them into pieces, and depositing the
fragments among the other volcanic ejectamenta in tuffs and
agglomerates. There would thus be both large masses and small
pieces scattered here and there through the tuff. Where a few
pieces were associated together they were sometimes recemented
into a breccia by either silica or calcite.

At the same time many pieces of plant tissue lying near the
area of deposition of the tufa would be petrified but not enclosed
in any of the tufaceous matrix. Such pieces would naturally
be included in the volcanic agglomerate without any matrix
surrounding them, so that their occurrence does not in any
way invalidate the theory of thermal springs.

1t may be objected that the siliceous masses may have been
originally calcareous and subsequently replaced by silica, but
preparations show that the silica was obviously first laid down
round the cell walls and then grew into the cell lumen. TIndeed
the silica has been laid down in two distinct forms—the first
of the nature of chalcedony and the internal space with crystalline
quartz. Had there been subsequent silicification the centres of
replacement would have been scattered and would not have
coincided with the original centres which started from the cell
walls, In other words secondary replacement would have given
a concentric spherical replacement irrespective of the position
of the cellular structure, whereas in this case the centres of
deposition are ranged along the cell walls. This is shown ex-
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ceedingly well in P]. XXXTI. Fig. 2—a few cells from the stele of
a petiole of Zygopteris Duplex. The thermal spring theory satis-
factorily explams all the phenomena while none of the other
theories so far given does so.

Since this paper was read an additional observation of great
interest has been made. I have discovered a large mass of cale
tufa with the normal coralloidal structure, enclosed in the volcanic
tuff at Pettycur House. It isin this same tuff that the specimens
of plants were found (text figure, D). This proves the presence
of springs depositing calcareous material during Carboniferous
times, and indicates the possibility of plants becoming petrified
in the manner I have indicated above.

I am indebted to the Carnegie Trustees for a grant to defray
the expenses of the illustrations in this paper.

ExrrawarioNy or Prares (ProrograPHS FROM UNTOUCHED NEGATIVES).

Prare XXXI.
Fie. 1. General view, locality at Pettycur. Positions A and D indicate
where blocks were got in silu.
Fra. 2. Nearer view of block at A,
Prare XXXITI.
Fra. 1. Mass of brecciated limestone, the fragments re-cemented partly by
calcite and partly by silica. x }
Fra. 2. Petiole trace of Zygopteris Duplex, showing double deposition of
silica. % 30,
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Whén-we'come to examine the plants obtained from the Pettyecur
Limestone-we find that the list is not a long one. Only twenty-
siﬁ spécies_have been recorded, but these are distributed over most
of the main groups into which we may divide the Lower Palsecozoic

vegetation, Equiseteles, Sphenophyllales, Lycopodisles, Filices

and ?teridospermeae being all represented. As forming part of the
oldest known flors (Devono-Carboniferous), these plants have ac-
quired considerable boﬁanical value and this is enhanced by the
fact that many of them sre primitive. Representatives of the same
groups in the Coal Veasure floras show a much higher organisation.
In my work, however, 1 have been abie to demonstrate that in
eddition to these primitive types there are others which in many
ways may be taken as intermediate between such lowly organised
forms and the higher types found in the Coal Measures. For in-

stence Heterangium Grievii, Williamson, is a very simple type but

Hetersngium Arberi sp. nov. shows some points of similarity with

Suteliffia insignis, Scott, which is one of the simplest of the

Ccal Measure Medulloseae. Again 1 have shown that Diplolabis romeri

has & very simple stem stele and that Metaclepsydropsis duplex has

& type of stele which approximates to that of Ankyropteris

(Rachiopteris) corrugats. Yet another example may be quoted,

Lepidodendron petiycurense has & solid primary wood, while Lepido-

phloios Scotii has a mixed pith in its primary eylinder, though
sometimes & specimen may have & solid xylem in one part and s mixed
pith in the xylem further up or domm the stem. This occurrence of

intermediate /
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intermediate types is increasing the interest and importance of
the Pettycur flora.
Although 1 have obtained specimens of all the Pettycur plants

1 have not yet been able to study them all carefully., In the
meantime 1 appgggﬁ a list of the species so far recorded as be=
lénging to this flora’and have placed an asterisk opposite the
gpecies to which I have been able to add enything of interest. For

completeness short accounts of each species are given,

Fossil Flora of the Pettycur Iimestone.

- —

EquisetaleSeeescccossscsoses Calamites (Protocalemites) pettycurens:
Scott.

SphenophyllaleSeeseccecceasass #* Sphenophyllum insigne, Williamson.
Cheirostrobus pettycurensis, Secott.

LycopodialeSececceccecsssssese * Lepidodendron Veltheimianum, Stermb.
Lepidodendron brevifolium, Williamson.
Lepidodendron pettycurense, Kidston.
» Lepidophloios Scottii, Gordon.
# Lepidostrobus Veltheimianus, Stermb.
Lepidostrobus mazocarpon, Benson.
» Lepidostrobus cylindricus, sp. nov.
Lepidocarpon wildianum, Scoft.
Stigmaria ficoides. BrowgniavE
B B e C s e ensinossssenseses # Botryoplterls antigua,; Kidston.
# Dineuron ellipticum, Kidston.
n Metaclepsydropsis duplex (Williamson) .
# Diplolabis romeri, (Solms.)
Steuropteris burntislandica P. Bertran
Bensonites fusiformis, R. Scott.
Fern sporangia.
PteridoSpermesceesesesassrsss.* Heterangium Grievii, Williamson.
# Heterangium Arberi SP. Nnov,.
» Heterangium SP. NOV.
Sphaerostoma ovale, (Willismson).
» Physostoma Spe Nov., Gordon.
Amyelon SPe

Calemites /
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Calamites pettycurensis, Secott. 1908,

The snsatomy of this species, the only member of the Fouisetales

occurring at Pettycur, has not yet been thoroughly investigated.
Cnly stems are known and these are as a rule much crushed, the

wood wedges often being completely separated from one another. In
the more perfect specimens the centre of the stem contains a cavity
in which, no doubt, the pith occurred. This cavity is generally
of considerable size and the pith was probably fistular. The
numerous wood wedges are arranged round the pith cavity and these
consist of both primary and secondary xylem. In each wedge there
is a "carinel" canal produced by the disintegration of the proto-
Xylem groups.

The primsry wood, however, is not centrifugal as is usual in
the Calamites. 1t is pertly centrifugal, it is true, but the
greater part is centripetal and lies on the side of the "cerinsl"
canal nearest to the pith cavity. The remainder of the primsry
wood is in the normal position - on the side of the carinal cenal
remote from the pith. In other words the carinal canal does not
lie on the inner side of the primary wood but is completely sur-
rounded by that tissue. The secondary wood is 1n the usual pos-
ition abutting on the external portion of the primary wood, and
does not form = very thick zone.

1t was the peculiar distribution of the primary wood that led

Dr. Lotsy to suggest the name Protocalsmites for this genus. Dr

Scott, however has only used this name provisionally.

Sphenophyllum /
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Sphenophyllum insipne, Williamson. 1874,

The plént described under this name has several peculiarities
which make it easy to distinguish. The xylem is triangular in
form and round this primary cylinder the secondary wood 1s developed.
The secondary wood often attains a considerable thickness snd then
tﬁe diameter of the woo&magkés much &s 1 cm. The protoxylem
elements were probably situated at the apices of the equilateral
triangle formed by the primary wnod.and the elements of the centri-
petally developed primery wood get larger and larger &8s we pass
from these protoxylem groups towards the centre of the triangle.

At the protoxylem points there appears to have been considerable
breeking down of the tissue and there is generslly a canal pro-
duced there. This canal is on the inner side of each wedge of
secondary wood. The secondary wood 1is produced in three wedges
opposite the three protoxylem groups}but there the elements are
much smaller than those of what we may call the interfascicular
xylem which is produced along the sides of the triangular primary
wood. In the secondary xylem in this species true medullary rays
may be observed and not the complicated system of parenchymatous
strands which characterise the other species of Sphenophyllum.

The presence of a solid primarﬁ wood centripetally developed, and
the medullary rays in the secondary wood led many observers to
consider S. insigne a root of some higher plant and not the stem of
one of the lower plants. The discovery of cortex and leaves,
however, has completely confirmed Williamson's determination of

the /
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the species as a stem. I have recently succeeded in obtaining
the root of this plent but the only specimen which shows the at-
tachment has quite a considerable development of secondary wood.
This obscures the appearsnce of the primary root trace. WMeanwhile
a photograph of the root while still in the cortex of the stem is
given. Pl. B. fig. 6.

Cheirostrobus pettycurensis. Scott. 1897.

The peduncle of this cone was described by Williamson in 187°
as the axis of a Lepidostrobus but the cone itself was not described
until 1897 when Dr. Scott published his paper. It was not until
then that the real importance of the genus from an evolutionary
stand-point was recognised. The structure of the cone is highly
complexe. In the centre of the axis is a stele whose xylem has 1°
prominent angles. It has thus the appesrance of & fluted column.
The points of the angles consist of small cells - the protoxylem
groups and the larger celled metaxylem contains in its more central
portion nugérous parenchymatous cells. The protoxylem groups are
occasionally not peripheral but are sunk in the metaxylem. In
the pedicel there is a certailn amouﬁt of secondary wood round this
axis and the presence of secondary wood has also been demonstrated
in the axis of the cone itself,

The sporophylls are arranged in verticels and the bundles
which supply them have a peculiar distribution. They take their
departure from the sharp angles of the stele and when they enter

the outer cortex of the axis a division into three takes place in

&/
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& horizontel plane. Of these three the medien one is the largest:
The median trace next divides into two in a vertical plane and
then the upper of these last formed traces divides into three in
a horizontal plane, By the time the trace has left the cortex of
the axis these tﬁree divisions have taken plesce so that 8 bundles
are placed vertically above the other three. The sporophyll it-
self divides into six segments and one bundle passes into each
segment. The three lower bundles supply sterile bracts énd the
three upper the fertile segments or bracts. The bundles supplying
the sterile portions pentiene divide once again into two near the
extremities of the bracts, The two portions of the sterile bract
pass verticaslly up through several interncdes, interlocking with
similar vertical ends from the verticels above snd below, and thus
bind the whole cone together and protect the sporangia borne by
the fertile segments.

The bundle in the fertile segment also divides but this diwv-
ision is into four, these branches pass to the corners of the
peltate end of the bract and supply the four sporangiasa borne at
these corners. The whole cone is extraordinarily complex - the
most complex Cryptogamic fructification - but it combines characters
which are met with in several genera so that it is both complex and
synthetic.

Nothing is known of the vegetative parts of this genus unless

Psemdobornia be sccepted as such. This, however, has not yet been

conclusively proved. Although I have been searching for such

vegetative /
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vegetative bodies nothing has yet been discovered which could

possibly be the vegetative shoot of this cone. Sphenophyllum

insigne is probably too small to bear such large cones unless the

cones took a long time to develop and were thus mature only after

the axis had become strengthened by a strong development of sec-
; Only Huee comto ant kmoww, but

ondary wood. , I have succeeded in obtaining another cone which,

however, does not exhibit any peculiarites.

Lycopodiales, Lepidodendron Veltheimisnum; Lepidostrobus

Veltheimisnus;: Lepidodendron brevifolium.
1 take these three together for reasons which will be meade
clear as we go on.

When Williamson, in 1872, published his account of Lepidodendron

brevifolium he included under that name stems with & considerable

amount of secondary wood and a large fistular pith, together with
small specimens which hed a very small axlel cylinder. The small
examples were clothed with their leaf-bases but the large ones
had either no cortex and leaf-bases or else they were imperfectly
preserved. In one or two cases, however, leaf bases were present
but not in sufficient number to really prove the identity of the
large and the small specimens, In the same paper he referred a
lepidostrobus to this same genus.

Dr. Kidston)after an examination of the megaspores of the
Carboniferous rocks,has come to the conclusion that those, which
are present in this heterosporous lepidostrobus mentioned above,

cannot be distinguished from the megaspores of Lepidostrobus

Veltheimisnus. /
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Veltheimianus. Among my specimens there is one which Dr. Kidston

has referred to L. Veltheimisnum from an examination of the
weathered surface. Unfortunately on cutting this specimen after
its détermination it was found that the plant had been all
weathered awsy and only the imprint left on the surface. This

specimen is fipgured in Pl. A. fig. 9 and proves that L. Veltheimisnum

did occur at Pettycur. From all this evidence it is clear that

L. brevifolium is probably a bad species.

The large specimens of this lepidodendron possessed a large
pith cavity which was probably fistular in life. Round the pith
cavity is the centripetally developed primary wood with peripheral
protoxylem groups, which, howeVer, are not very prominent., Sur-
rounding the whole primary xylem is a broad zone of secondary
Xylem.

One of the small twigs is represented in transverse section
in Pl A Blg. 6% At X the primary wood with its pith cavity is
very distinct. The tissues external to the xylem are not gener-
ally preserved but in & few cases a delicate parenchyma may be
seen. Between this parenchyma and the woody axis there was no
doubt tissue which functioned as phloem. . The outer cortex sur-
rounds all the other tissues and it consists of & thick-walled
parenchyma. The leaf-bases abut on the outer cortex and to these
leaf bases the laminae were attached. In fig. 7 of the same plate
two buds are shown in longitudinal section. They exhibit admirably
the imbricating of the leaves.

In /
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In fig. 10 the ligule of this species is figured. It is
cut longitudinally and lies in a pit formed between the outer
cortex of the stem and the leaf base. There is no long ligular

canal such as is present in Lepidophloics Scotii from the same

locality. If this species is really Lepidodendron Veltheimisnum
tﬁen there must have been continued growth of the cells of the
outer cortex on the inner side of the ligule pit so as to throw

the leaf base into & more or less horizontal position and the open-
ing of the ligule pit further out on the leaf base. This continued

growth has been demonstrated by Kidston in the case of Lepidophloios

scoticdus Kidston.

On the back df the lanceolate leaves of this species 1 have
been able to demonstrate the presence of numerous stomata but they
do not differ markedly from those of recent plants.

Before passing from this plant it may be well to state that

one of my specimens which has certain of the characteristics of

L. brevifolium as figured by Willismson is probably a Lepidophloios

since the leaf bases overlap and the ligule pit appears to termin-
ate in & long canal so that Williamson may have included more than
one species under his name. The specimen however has not yet
?een worked up, so it is premature to say anything further on this
point at present.

Lepidodendron pettycurense. Kidston 1907.

In a note to the Royal Society of Edinburgh Dr. Kidston re-
ferred two stems to this new species. At that time these were

the /
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the only two examples of this very interesting and important
plant; since that date, however, a few other examples have been
obtained and in particular one exceedingly large specimen which I
obtained from the tuff at Pettycur House. From the general
similarity and from the place where this specimen was obtained I
coﬁclude that it is part of the same stem which Mr E. E. Bailey
of He M. Geological Survey, had collected some time before. He
told me that part was still oPt i3 He toLInE Mt HEGoRIR net i
member exactly where it had been obtained from. As these further
specimens may add to our knowledge of the species Dr. Kidston has
very kindly handed over the original types to me for examination
with a view to redescribe the species and amplify.his paper.

The great interest in the species is the solid primary wood
the presence of whicﬁ renéers the plaﬁt most important phyllogene-
tically.- The protoxylem elements are ranged round the periphewmy
of the primary cylinder but there is no corena. The whole prim-
ary zone is surrounded by a thick zone of secondary wood. In the
large specimen referred to above the primary wood is a little over
%" diameter while the whole specimen is 1 7/8" diameter and all
outside the primary cylinder-is secondary wood, no cortex or leaf
basees being present. The solid characﬁeq'of the primary wood
m t.hié .species #= the most primitivedg_i_:g yet recorded. The

cther two species which have solid axés are are L., rhodumneuse

Renault from the Culm, and L. saalfeldeuse Solms, from the Devonians

When we compare this type with the other Lepidodendroid

remains /
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remains from the same locality a series whose stems show a grada-
tion from & solid to a medullated type can be established.

L. pettycurense represents the first stage, then comes Lepidophloios

Scottii, Gordon, which may have a solid primary wood but which

usually has a mixed pith and finally L. Veltheimisnum with a well

marked medulla. Lepidophloios Scottii can easily be distinguished

‘from L. pettycurense, even if the wood is solid, by the presence

of the corona. It is also found that further along the stem in

such a specimen of L. Scottii the pith always makes its appearance.
As will be seen further on in this thesis-similar series may

be made out among other genera; and it is this presence of prim-

itive and intermediate types such as L. pettycurense and Lepido-

phloios Scottii which lends the special interest to the whole

flora of the Pettycur Limestone.
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Lepidostrobus Veltheimianus. As mentioned above #illiamson

was the first to describe this cone. He referred it to Lepido-

dendron brevifolium but Kidston has demonstrated that it is ident-

icel with Lepidostrobus Veltheimisnus. The structure of the

axis and the chief anatomical characters of this species are de-

scribed in a later paper on Lepidostrobus cylindricus.

One important characteristic however is the heterospory ex-
hibited by this species. In the apical region all the sporangis
contain microspores which are very small and ﬁgéggét in great
numbers . The basal sporangia contain the.megaspores and gener-
ally there are a considerable number in each sporangia - from
eight to sixteen. These sporangie are sometimes arreanged pract-
ically in whorls. Theg# whorls are not perfect and perhaps it
is better to say that there is a suggestion of a verticellate
arrangement. In the megaspores there are sometimes traces of

prothalliel tissue and in the following short papers this tissue

is discussed.



TRANSACTIONS

OF THE

ROYAL SOCIETY OF EDINBURGH.

VOL. XLVIL.—PART IIL—(No. 19.)

ON LEPIDOPHLOIOS SCOTTIL (A NEW SPECIES -FROM THE
CALCIFEROUS SANDSTONE SERIES AT PETTYCUR, FIFE.

BY

WM. T. GORDON, M.A., B.Sc.

[WireE THREE PLATES. ]

EDINBURGH:

PUBLISHED BY ROBERT GRANT & SON, 107 PRINCES STREET,
AND WILLIAMS & NORGATE, 14 HENRIETTA STREET, COVENT GARDEN, LONDON.

MDCCCCVIIL.

Price One Shilling and Ninepence,




XIX.—On Lepidophloios Scottii (a new gpecies from the Calciferous Sandstone series
at Pettycur, Fife). By Wm. T. Gordon, M.A., B.Sc., Carnegie Research Scholar in
Geology, Edinburgch University. Communicated by Professor Gerxie, D.C.L.,
LL.D., F.R.S., ete. (With Three Plates.)

(MS. received April 3, 1908. Read February 17, 1908, Issued separately November 23, 1908.)

As Carnegie Research Scholar in Geology under Professor James Grikie, D.C.L.,
LL.D., F.R.8., at Edinburgh University, I have entered upon a systematic examination
of fossil plants from Pettycur, Fife. Though many plants have been described from
this locality, nothing systematic, as far as I know, has ever before been attempted. The
main objects of this research are to endeavour to connect the various strobili obtained
at the locality in question with the stems on which they were borne; to describe any
new species met with, and to give some account of the mode of occurrence of the material
in which the plants are enclosed. Some of these objects have already been attained, but
others will require further study to decide.

The material at my disposal was handed over to the University by Dr Jomn S.
Frrrr, H.M. Geological Survey, and has been further added to by my own collection.

The fossil to be described in the present paper occurred in a block lying loose on the
shore at Pettycur. In my preliminary note I mentioned that the same fossil had been
collected by Dr D. H. Scorr, F.R.S., on 4th December 1899, and that that specimen
seemed to have been on the outside of a block, and partially weathered away. In it
the middle cortex—a tissue almost completely decayed in my specimens—is well pre-
served. From the general look also of the material from which it came, I conclude that
my specimensg were derived from quite a different block of the limestone. I have seen
other specimens in Dr KipstoN’s collection, and Mr D. M. S. Warson, B.Sc., tells me
that there are specimens in Manchester Museum which may belong to this species; the
fossil, therefore, is apparently not a rare one. Dr Scorr’s specimen does not show the
complete circumference of the stem, but it must have been 25 mm. or thereby in
diameter, with a central xylem cylinder of 4 mm. Unfortunately, the longitudinal
sections cut from this stem are considerably out of the vertical, and do not show some
very important points connected with the xylem.

The material in my own collection was all obtained from one block measuring roughly
2x1x1 ft. This block split along two planes, one across and one parallel to the plane
in which the stems were lying. Five stems were exposed longitudinally, and were
clothed in parts with leaf-bases. Part of one of these stems and the whole of a sixth
were in the third piece of the block, and from them complete tranverse sections were cut.

The whole block had a rudely bedded appearance, while the partial decay of the
xylem and central cortex in one stem, and the subsequent penetration of the specimen
by stigmarian rootlets (fig. 8, @), point to conditions of deposit similar to those present

TRANS. ROY. SOC. EDIN., VOL. XLVI. PART IIL (NO. 19). G5
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in a swamp. In thickness the seven stems examined varied from 1 inch to 1} inch, and
the total length represented a little over 8 feet of the plant. There can be no doubt
that all the stems were of the same species, as each had similar leaf-bases. The other
tissues were typical of many of the Lepidodendrese, and were therefore of no specific
importance ; in the case of one stem the stele had rotted away. It is not likely, how-
ever, that they all formed portions of one individual, the variation in diameter being
too great for that. The region of greatest weakness in the fossil was along the inner
margin of the periderm, and along this region the stems easily split; hence, as none of
the specimens showed a surface view of the leaf-bases, their external form has been
constructed from radial and transverse sections.

Owing to incomplete fossilization, or rather to too complete mmemhs&twn of the
tissue towards one end, the cortex was there replaced by a layer of coal from which all
structure had disappeared, and the stem was useless for making sections. Most of the
sections have therefore been prepared from the upper parts of the stems. I have
examined nearly 180 sections of this fossil; of these 16 are from the Scott collection,
Nos. 960 to 976 inclusive, and were prepared by Mr [omax ; the rest are of my own
making. The large number of my slides is due to the fact that they were cut to show
certain structures, sometimes only obtained after several unsuccessful attempts. The
new species deseribed in this paper is founded on the slides mentioned in the Scott and
my own collections.

The genus Lepidophloios, to which this plant belongs, has often been recorded from
the Calciferous Sandstone series, but no example from the limestone blocks at Pettycur,
showing structure, has yet been described. Lepidophlotos Scoticus, however, was included
in a list from this locality by Dr Roserr Kipsron, F.R.S., and Mr D. M. 8. Watson,
B.Se., has also referred to one from Burntisland.

As already mentioned in my preliminary note, I propose to call this new stem
Lepidophloios Scottiz, in honour of Dr D. H. Scorr, F.R.S., who had collected the plant
and described it in MS. some years ago. I am glad of this opportunity of showing my
appreciation of Dr Scort’s kindness in handing over to me all his material. This paper
was at first intended to be a joint one with Dr Scorr, but circumstances have led to its
publication by myself earlier than was anticipated. Dr Scorr has also acted as con-
sultant in all matters of doubt in regard both to the present paper and to my research
in general. I also desire to express my thanks to Professor Jamrs Grixie, LL.D.,
D. C L., F.R.S.; Professor I. BavLey Bavrour, F.R.S.; Dr Roserr Kipsron, F.R.S. ;
and D1 HORM,, H.M. Geological Survey, for encoura,gement and advice in my work ;
to Mr RoBerr CampBeELL, M.A., B.Sec., for aid in various matters connected with
my research ; and to Mr A. G. SrensOUSE, F.G.8,, for assistance with the illustrative
photomicrographs.
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GENERAL STRUCTURE.

The plant of which the fragments formed parts must have been fairly tall, for, in
these stems, there is no echange in the various tissues throughout their length. There
are slight differences between the individual pieces, chiefly as regards the amount of
periderm developed.

No single section shows all the tissues in organic continuity, while some tissues,
notably the phloem, are hardly to be distinguished in any section. Taken conjointly,
figs. 1 and 8 give a fairly good idea of the transverse appearance, all the parts, from
central xylem to the leaf-bases, being organically connected. The xylem at first sight
appears solid, but careful examination reveals the presence of short, thin-walled cells
distributed near the centre of the xylem, either in groups or ocecupying the whole of the
centre (see p, figs. 2, 24, and 4 respectively). Scattered through this parenchyma as
detached strings of cells, or more often between the short-celled parenchyma and the long
tracheides of the primary wood, are short, reticulately thickened tracheides with flat ends.
In fig. 2, ¢, the ends are shown, and in fig. 5, #, these cells are cut longitudinally.
These tracheides vary greatly in length, being sometimes broader than long, and
occasionally they attain a length of from three to four times their width. In Lepidophloins
Scotti the pith shows a transitionary condition between those lycopods with solid xylem
and those with a true medulla. The scattered tracheides in the pith have departed less
in their character from those of the primary wood than is the case in Lepidodendron
vasculare (BINNEY, sp.).

The primary wood is composed of scalariformly thickened, centripetally developed
tracheides (fig. 5, ¢). No secondary wood has been observed in any of the specimens,
but other secondary tissue has been developed in successive zones, so that the stems
are not of only one season’s growth. The protoxylem is peripheral, occurring as blunt
points round the woody axis. The leaf-traces have a mesarch xylem and rise abruptly
at first, but, after crossing the middle cortex, they bend out horizontally into the leaf-
bases (fig. 4, L.t.).

Owing toimperfect preservation, the phloem is distinguished with some difficulty, but
a zone of partially disintegrated tissue surrounding the xylem probably represents it
(fig. 1, ph.). Outside the phloem zone is a layer of cells tangentially elongated, probably
marking the outside limit of the inner cortex. The middle cortex is well preserved only
in Dr Scorr’s specimen (fig. 1, m.c), and in one of my stems near the end, and consists
of thin-walled parenchyma. There is no trace of secondary tissue in this zone. The
outer cortex is separated from this middle belt by a layer of tangentially elongated cells,
two or three rows deep, with thin walls, which passes gradually into the thicker-walled
outer cortex. The outer cortex consists of three zones, the inner being parenchymatous,
the middle prosenchymatous, and the outer parenchymatous. The elements of these
zones are more or less radially arranged, but the outer zone passes into a more irregular
parenchyma on which the leaf-bases abut.
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While there is no distinet abscission layer in the leaf-base, it breaks away at this
parenchyma, which is therefore not present in stems denuded of their leaf-bases.

HisroLogy.

In describing the various tissues from the centre outwards, the pith naturally
comes first. The stems examined are all of approximately the same diameter, and
yet the pith varies greatly in amount. One stem, with primary xylem of 3'3 mm.
diameter, has only a few pith cells in patches (fig. 2, p) ; another, with xylem 4'3 mm.
diameter, has a pith 25 mm. diameter; while yet another, with xylem 3'4 mm.
diameter, has a pith 16 mm. diameter. But even in the same specimen the pith varies
greatly ; the example referred to above as showing only a few pith cells in one part
(fig. 2), had, in another part (about 10 em. further down), a pith of 2 mm. diameter, and
5 em. further up from where the section (fig. 2) was cut, the pith was 1'4 mm. diameter.
In certain sections from other individuals there does not seem to be any pith at all. The
pith, then, is very variable both in extent and in occurrence; its elements are slightly
elongated vertically, and are arranged in vertical rows, the ends of each element being
flattened horizontally. Secondary oblique walls also occur in places. The walls of these
elements are thin and soft, and do not show any secondary thickening. In fig. 2a, p—the
cell with no secondary thickening, but being bounded by what is the central lamella in
the tracheides—is a pith cell.

Scattered through this soft parenchyma are rows of short tracheides; they occur in
greater abundance towards the periphery, but are of no greater diameter than the other
parenchyma cells of that tissue. These tracheides seem to form an irregular layer
between the primary wood and the soft pith. They are thickened in an irregularly
scalariform manner, but in some the thickenings have a tendency to assume a reticulate
arrangement, whose structure is very similar to those figured by BroxaN1art in the
description of the Sigillaria which he in error referred to S. elegans.

Occasionally also long tracheides oceur isolated in the pith, and are easily distin-
guished from the others by their length and the scalariform thickenings on their walls.
The isolated and the short tracheides are somewhat similar to those found in ZLepido-
dendron vasculare (BINNEY, sp.) and in Lepidodendron Hickii (WATSON).

The zone of primary wood surrounding the pith is seldom broken even when
branches are given off. In one branch, however, a row of short tracheides passes out
with the xylem, thus indicating a break in the wood ring, while in another case of
branching, the soft pith has actually grown out of the gap thus formed in the xylem
_zone (fig. 6, p). Both these examples are in cases of unequal dichotomy. The pith
cells average in dimensions *18 x ‘09 x *09 mm.

From the measurements given of the diameter of the xylem cylinder and that of
the pith, it will be seen that the primary wood is in places comparatively small in
amount. In a specimen 35 mm. diameter the xylem and pith are together 4:3 mm.,
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and of that the xylem forms an outer ring 9 mm. thick (about 7 or 8 tracheides).
Another stem with a small pith has a wood ring 13 to 14 tracheides thick and a total
xylem cylinder of 8'3 mm. diameter. Generaly speaking, the innermost tracheides
are larger than those round the periphery, but this is not invariable, as small tracheides
fill in the spaces between the larger ones, even in the innermost elements of the wood.
The largest tracheides had a mean diameter of *16 mm. ; the smaller ones of ‘07 mm.
In length these tracheides vary greatly, as is shown in cases where pointed ends can
be clearly seen—indicating proximity at least to the actual terminations. One of
these tracheides was 5°5 mm. in length, while another was nearly 8 mm. The middle
lamella can be distinctly seen in these elements both in transverse and in longitudinal
sections (fig. 2, /, and fig. 2a, {).

The peripheral layers consist of smaller and more uniform tracheides forming a con-
tinuous ring round the whole cylinder. The contour of the wood is fairly smooth, as the
protoxylem points are rounded and flat. These protoxylem teeth consist of from 9 to
10 tracheides, and the spaces between are each occupied by a leaf-trace bundle. The
elements of the protoxylem are about ‘02 mm. diameter, and are sealariformly thickened.
In no section examined can any trace of a truly spiral protoxylem element be seen. In
certain sections the branching of the xylem cylinder is well shown and will be referred
to later.

External to the primary wood there is in most sections a thick band of almost com-
pletely decomposed tissue, but in one specimen this tissue is fairly well preserved. A
longitudinal section shows three rows of slightly elongated parenchyma abutting on the
wood, and this is probably the xylem sheath. Immediately outside this sheath there 1s
a zone of large-celled tissue showing signs of rupture in itself; physiologically this tissue
probably represents the phloem, and, wherever a branch is given off, a band of
the same tissue occurs on the under side, and gradually surrounds the branch bundle.
The leaf-traces do not give much help in describing this tissue, for in them the phloem
representatives cannot be distinguished from the ordinary parenchyma round the bundle,
except that their cells are filled with dark-coloured material. On the whole, the preser-
vation of the tissue in the phloem region is not sufficiently good to allow of any detailed
description.

Outside the phloem is a zone of parenchyma in which all the cells appear similar
except the outermost layers, which are elongated tangentially. The preservation here is
also very poor.

Succeeding this tissue is the middle cortex, completely preserved in one specimen
only (fig. 1, m.c.); in others merely isolated patches appear, generally surrounding
the outgoing leaf-trace. This tissue consists of thin-walled parenchyma with no definite
arrangement of its cells. There is no evidence of meristematic condition in any of these
cells, but in certain places they are filled with dark brown substance. It is not clear in
the middle cortex how these patches of cells with dark contents are arranged, but in the
outer cortex it can be seen that they occupy a definite position, and probably they
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occupied a definite position also in the middle cortex. The whole zone of middle
cortex in a stem 25 mm. diameter is a ring 2'3 mm. in thickness, and shows no trace of
secondary growth. In none of the specimens examined can any secondary growth be
seen in this middle cortex.

External to the middle cortex comes a belt, two to three cells broad, of tangentially
elongated elements with thin walls ; these are the inner cells of the outer cortex. These
innermost cells are no larger than those of the middle cortex, but they gradually give
place to larger cells with thicker walls. The tissue in this region and all the more
external parts is in most cases well preserved. The outer cortex can be divided into
three zones, of which the inner is composed of parenchymatous elements in no definite
arrangement. Here again, however, patches of tissue filled with dark brown contents
may be observed. They are seen here to occur in places well removed from the out-
going vascular bundles and also from the outer and inner edges of the parenchyma. It
would seem, therelore, either that the cells secreted a resinous substance, or that they
acted as storage tissue and that the brown substance represents the stored food. The
inner zone stops just where the radial arrangement of the outer cortex begins, u.e. five or
six cells in from the periderm. The brown patches are therefore confined to the area
where there is no secondary growth. Beyond this, in young branches and in older ones
which have no periderm, the leaf-bases would be found ; in all the specimens examined,
. however, some secondary cortex existed. Sometimes very little appears, but in other
cases there is a succession of periderm layers, denoting some sort of periodic rest and
~active growth (fig. 8, pd.).

The secondary cortex is formed by the rapid division of a belt of cells, near the out-
side of the primitive outer cortex. The resulting tissue is arranged in radial rows, and
is more regularly arranged in vertical rows than the surrounding cortical parenchyma.
Passing further out they become much elongated vertically, and in this species are filled
with dark material. I cannot see any trace of secretory passages in this species, though
they have been observed in others.

The dark belt is succeeded externally by long clear cells, which in turn give place to
another dark zone like the last. In my specimens [ cannot trace more than two of such
zones, but their presence seems to indicate some sort of periodic rest. Outside the last
dark peridermic ring, the cells are still radially arranged and vertically elongated, while
some rows are at the same time tangentially elongated. The last two or three layers of
this tissue become parenchymatous, and on this third cortical zone the leaf-bases abut.
There is no distinet abscission layer, but, when the leaf-bases are absent, they have torn
away this parenchyma, thus exposing the elongated elements of the secondary cortex on
the denuded stem. The leaf-bases persisted even after the upper portion of the leaves
had decayed, and on the shape of these leaf-bases specific characters are more safely
founded than on other parts of the vegetative tissue.

Dr Kipsrox has shown in Lepidophloios that these leaf-bases pointed upwards on
young twigs, and outwards and even downwards on older ones, thus indicating that these
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leaf-bases continued their growth after the foliage had decayed, and that the gfowth
was longer continued on the upper side. 1In all the specimens of Lepidophloios Scottii
the leaf-bases hang downwards, and seem to have reached the limit of their growth
(fig. 3).

The leaf-trace bundles, which run from the stem through the leaf-bases to the leaves,
arise from the outer surface of the stele. Their xylem is derived from the protoxylem
of the stele, and though their direct passage into the protoxylem cannot be traced
accurately, it can be inferred. These xylem strands of the leaf-traces contain more
tracheides than each individual blunt protoxylem tooth, and are situated between two
adjacent protoxylems ; they are probably the result of the anastomosing of parts of the
protoxylem teeth between which they occur. The number of tracheides to each leaf-
trace varies from 15 to 25, and the whole xylem strand is elongated tangentially with
the smaller elements in the centre, 7.c. the xylem is mesarch. The bundle has rather a
steep course at first, but passes out almost horizontally through the outer cortex. By
examining successive sections it is found that the xylem does not change in shape, and,
even in the leaf-base, the trace retains the same form. Before passing into the periderm,
however, the xylem becomes augmented by transfusion tissue, which appears to be added
chiefly on the lower side of the xylem.

The phloem has mostly disappeared from the traces except in the regions of the
outer cortex and the leaf-bases. In the periderm zone it is seen at its best, though even
there it cannot be distinguished with certainty. It consists of slightly elongated, soft-
walled tissue, but the state of preservation does not warrant further description. Pass-
ing out from the periderm, the bundle is accompanied by a parichnos strand, while
round it in the leaf-basc arve spiral cells of the mesophyll, similar to those described in
Wirniamson’s XIX Memoir, and representing transfusion tissue. The leaf-trace passes
out of the leaf-base a little below the centre of the leaf-scar, and beyond that cannot be
followed, as the foliage has all decayed in the specimens examined.

The leaf-base is of considerable size, measuring 6 x 6 x 3 mm., and is composed of
large-celled parenchyma. It is elongated horizontally, as the measurements indicate,
and is rhomboidal in section (fig. 9). The leaf-scar is about 17 mm. high (figs. 10 and
14, L.s.), and considerably broader, though the exact width of the scar has not been fully
ascertained. The leaf-base assumes its greatest width about halfway between the leaf-
scar and its attachment to the stem, tapering slightly in both directions. The amount
of tapering is not great, but is quite distinct. Near the leaf-scar, and especially round
the vascular bundle where it emerges on the scar, the large-celled parenchyma of the
leaf-base gives place to a smaller-celled and more closely packed parenchyma
(figs. 10 and 14). :

Within the leaf-base is the ligule pit, a hottle-shaped cavity, much elongated, and
lined by a layer of pallisade-like cells. This pit is placed immediately above the
vascular bundle of the leaf-base, and, while long cells fill in the space between the bundle
and the base of the ligule pit, no tracheides were observed among them. The ligule
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arises from the base of this pit. [t is tongue-shaped, and consists of uniform small-
celled parenchyma. It does not uite fill the pit (figs. 10 and 14, /g.).

The top of the ligule pit communicates with the exterior by a short, straight canal,
surrounded in places, especially near its base, by the same pallisade tissue which lines
the ligule pit. This canal (fig. 10, lg. ¢.) opens far back from the leaf-scar into the space
between the leaf-base and fhe next overlying one. In this way the opening is protected
from injury and is not exposed on the outside of the plant. In all the other examples
of Lepidophloios 1 have seen this canal opens near the leaf-scar and on the exposed
portion of the leaf-base. The canal is oval in section, being broader than high, and the
opening at the top is triangular, with the base of the triangle towards the axis of the
stem.

As mentioned before, a strand of parichnos underlies the leaf-trace for the greater
part of its length in the outer cortex and leaf-base. This strand is of very loosely
packed, thin-walled cells ; it divides into two in the leaf-base, and, rising to the level of
the bundle, these two branches pass out at the leaf-scar, one on euch side of the bundle.
As the tissue of the parichnos is well preserved, I have been able to follow its
course by both longitudinal and transverse sections. In the inner part of the
periderm 70 parichnos can be distinguished, nor in any case has it been seen further in
than the periderm. TFig. 11 shows the bundle v.b., and on the upper side there is
parenchyma. This section is cut near a branch, so that the traces can be seen both in
the periderm and in the inner part of the outer cortex. Those in the periderm have
the parichnos on the opposite side of the trace from that of fig. 11. The parenchyma
above this trace belongs to the middle cortex. Passing into the periderm the paren-
chyma above the bundle gets less, but, a little way in, a distinet elongated portion
below the bundle becomes visible (fig. 12, 2 par.), and this I take to be the true parichnos.
As the exterior is approached this tissue increases in amount, until, just outside the peri-
derm, it occupies the lower two-thirds of the leaf-trace (fig. 12, 1 par. and 3 par.;
fig. 13, par.). The parichnos then communicates with the inside of the stem through the
parenchymatous bundle sheath and not directly.

On entering the leaf-base the parichnos is still long and narrow, but quickly shortens
and broadens into the typical kidney-shaped strand. Fig. 12 shows three leaf-traces;
of these, two (Nos. 1 and 3) are near the outside of the periderm and just going to pass
into the leaf-base, the third (No. 2) is further into the stem ; the increase in the parich-
nos is well seen in these three traces.

In the leaf-base this strand can be traced quite a long distance before it forks
(fig. 14, par.) ; the forking takes place just beyond a plane drawn through the opening
of the ligule canal and parallel to the main axis. Sections which show any portion of
either ligule or ligule canal invariably also show a single parichnos strand. Such a
long stretch of unbranched parichnos is unusual. Fig. 9 shows a leaf-base beyond
the region where the single strand is got, so the parichnos is represented by two masses
of tissue, one on each side of the leaf-trace (fig. 9, par., par.). '
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This tissue does not seem to have had any communication with the exterior other
than on the leaf-scar. The examination of a large number of leaf-bases cut in all
directions has failed to show any such connection either directly or by pits, as in the
Lepidodendrons ; indeed, the parichnos is much the same distance from the exterior at
all parts of its course in the leaf-base, until it emerges on the leaf-scar.

Fig. 14 shows a radial section of a leaf-base, with parichnos strand (par.), leaf-scar
(Ls.), ligule pit and ligule (lg). The section just misses the ligule canal, which was prob-
ably slightly bent to one side in this case, as all other radial sections show the canal as
well. The point where the leaf-base ceases to be keeled and becomes round is well
shown in this figure, as also in fig. 10, ¢.d., while in fig. 7 the difference in transverse
section is well marked. Fig. 7 is part of a section cut sloping outwards, so that the
difference might be seen ; in the lower part of the figure the leaf-bases are keeled ; in the
upper part they ave rounded. As the lower part is nearer the stem than the upper, the
leaf-bases are keeled near the stem and rounded near the leaf-scar.

The leaf-scar is slightly hollow, due probably to contraction of the tissue after the
foliage had rotted away, and the leaf-trace shows as a low papilla in this hollow, about
one-third of the height of the scar from the bottom.

The branching in all the cases examined was of unequal dichotomy, but apparently
of two types. In most cases the wood ring is not broken, only the outer elements
passing off to form the branch; but in fig. 6 the ring is ruptured, and the pith cells
are seen growing out through the gap. This last type is also seen in transverse section
in specimens in my own and in Dr KipstoN’s collections. The branches, however, are
all alike devoid of a pith, and are representative of the ““halonial” type of branch.*

In my specimens the branches project very slightly beyond the covering of
leaf-bases, where they are broken over, and they seem to have been quincuncially
arranged. In one series of longitudinal sections 1 inch long, there are four of these
branches, so that they are set somewhat closely together; they are not in vertical rows.
In all cases they are sharply broken off outside the leaf-bases, and they taper quickly to
this truncation. The leaf-bases do not form rosettes round these tubercles, as 1is
characteristic of Lepidophloios Scoticus (KIpsTox).

This new species has points in common with other species. The occurrence, for
example, of short tracheides in and round the pith suggests comparison with Lepido-
dendron vasculare (Binwgy, sp.) and L. Hickii (Warsox), but the leaf-bases in these
species at once differentiate them from Lepidophloios. 'The only species with which more
careful comparison is necessary is Lepidophloios Scoticus (Kipstox), and Lepidodendron
Pettycurense (KipstoN).  The latter was described from the woody axis only, and the
complete absence of any pith in that species is suflicient to distinguish it from
Lepidophloios Scottit.  Lepidophloios Scoticus is very common through the whole
Jalciferous Sandstone series in carbonised impressions, and, from the similarity of leaf-
base, L. Scottii might easily be mistaken for L. Scoticus. Comparison is therefore very

* Mr Lonmax, who prepared the sections of Dr Scort’s specimen, referred to it as a halonia-like stem.
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necessary, and I have based my comparison on the author’s description. 1t was de-
seribed from impressions, so that the specific characters depend on the leaf-bases. ~ (Only
halonial branches can be compared, as my stems are all in that condition.) In L.
Scoticus there is a bending back of the leaf-bases round the halonial tubercules into a
rosette, and the leaf-bases themselves are smooth, rounded, elongated ; in L. Scotti,
no rosettes have been observed at the base of the cone stalks, and the leaf-bases are
smooth, keeled, elongated. Towards the scar the keel disappears, and from that point
to the scar the leaf-base is rounded, getting flatler and flatter as the scar is approached.
On the under surface of the leaf-base the ridge is more prominent than in L. Scoticus.

SUMMARY.

Lepidophloios Scottii oceurs in the Pettycur limestone in the Caleiferous Sandstone
series of Fife. The species is named in honour of Dr D. H. Scorr, F.R.S., and is founded
on sections 960 to 976 in the Scott collection and about 180 sections in the Gordon
collection. It is a true Lepidophloios, having all the characters of that genus. The
stem is typical of the Lepidodendrew, is in this case ““halonial,” and is clothed with
leaf-bases. The leaf-trace is collateral, the xylem mesarch, and a parichnos strand
oceurs beneath the bundle. The cone branches have no pith, are typically halonial, and
are quincuncially arranged. The main stem has a pith with short tracheides and some-
times long tracheides scattered in it. The specific characters derived from the leaf-bases,
and irrespective of those derived from the structure of the stele, are as follows :(—

1. The leaf-base is keeled for three-quarters of its length, and then slopes suddenly
down to the leaf-scar with an unkeeled, concave surface.
2. The ligule canal is short, straight, and has its orifice covered by the overlying
leaf-bases.
3. There is a pallisade-like layer round the ligule pit.
The parichnos only forks a short distance below the leaf-scar.

0.Cey 3 0.6u0 3 0.5 =three layers of outer cortex ; o.c.,1s the

T,
’%’mf Ul 0’%’ ‘ e
;

4 0.¢.1 i.c.=1nner cortex.
| ph. =phloem (physiological).
,/ # =Xylem

. = pith,
L.t. =leaf-trace,
. b.=leaf-base,
J R b. =section of reticulum of cells with dark-

i.c. brown contents.
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EXPLANATION OF PLATES.

Figs. 1-14. Photomicrographs by A. G. Stenhouse, F.(.S., and the author.
Fig. 2a. Camera Lucida drawing hy the author, :

Fig. 1. Transverse section of Lepiduphloios Seottii, a=xylem ; ph.=phloem; m.e,=middle cortex ;
o.c. =outer cortex ; pd. =periderm ; Or.=Dbranch. Scott Collection 965. x 5.

Fig. 2. Tranverse section of central xylem eylinder. p=pith; I=central lamella; #=end of short
tracheide. Gordon Collection 176.  x 36.

Fig. 2a. Enlarged drawing of tracheides to show central lamella (7).

Fig. 3. Longitudinal section of stem. a=xylem; m.c.=middle cortex; o.c.=outer cortex; pd.=
periderm. Gordon Collection 173. x 2.

Fig. 4. Longitudinal section of xylem cylinder., [L# =leaf-trace bundle ; ¢=tracheides of xylem (scalari-
formly thickened); p=pith. Gordon Collection 228. x 14.

Fig. 5. Longitudinal section of xylem. ¢=tracheide (scalariformly thickened); # =short tracheide
(reticulately thickened). Gordon Collection 223. x 36.

Tig. 6. Longitudinal section through a branch. w=xylem of main stele ; i'=xylem of branch ; p=pith
cells growing oub through gap. Gordon Collection 228.  x 36.

Fig. 7. Transverse section of leaf-bases, showing keeled and unkeeled region of leaf-bases, hut sloping
out from the stem. Gordon Collection 216, x 2.

Fig. 8. Transverse section of stem with leaf-bases attached. a=stigmarian rootlet; o.c.=outer
cortex ; pd. 1 and pd. 2=layers of periderm ; L. =leaf-base. Gordon Collection 152. x 3.

Tig. 9. Transverse section of leaf-base. w.b.=vascular bundle; par.=parichnos. Gordon Collection
215. x12.

Fig 10. Longitudinal radial section of leaf-base. [.s.=leaf-scar; c.d. = concave depression ; /g.c.=ligular
canal ; Ig.p. =ligular pit. Gordon Collection 223, x 12.

Fig. 11. Transverse section of leaf-trace bundle in inner part of outer cortex. m.c.=middle cortex
coming out with the bundle; v.0. =vascular bundle. Gordon Collection 196.  x 36.

Tig. 12. Transverse sections of leaf-trace bundles in the periderm. par.=parichnos. Gordon Collection
194. x12.

Fig. 13. Partof fig 12. m=xylem; b.s. = bundle sheath ; par. = parichnos.  x 48.

Tig. 14. Longitudinal radial section of leaf-base. [ls. =leaf-scar; lg.=ligule ; par. = parvichnos ; e.d. =

concave depression. Gordon Collection 173.  x 12.
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ON THE PrOTHALLUS OF LEPIDODENDRON VELTHEIMIANUM,
By Wwm. T. GorpoN, M.A., B.Se. (Carnegic Rescarch Scholar
in Geology, Kdinburgh University). Communicated by the
Secretary. (Plate VII.)

In the Carboniferons Epoch the lycopod alliance formed
one of the dominant groups of plants, and contained not
merely small forms with a habit similar to the modem
representatives of the group, but also large arborescent
forms, With such great differences in the vegetative parts
we should expect corresponding differences in the reprodue-
tive strobili which these plants produced. In Lepidocarpon,
Miadesmic and Spencerites we see such specialisation in a
marked degree, the seed-like form of the first two showing
adaptation to drier eonditions than lycopods now grow i
Others show a closer approach to Selaginelle in the organisi-
tion of their strobili, though they are still far removed from
that genus. In general the sexual processes are the last fo
be altered by changing conditions, so the gametophyte stage
ought fo show affinities with modern forms rather than the
sporophyte stage. Unfortunately few gametophytes are
ever obtained, and so this method of discussing affinities is
limited.  When, however, the prothallus develops withina
spore wall, either permanently or until fertilisation takes
place, there is a better chance for its preservation, and in
Lepidodendron Veltheunianuwm we get an example of such
preservation.

In the Burntisland limestone blocks, strobili of a lyce
podiaceous nature oceur in fair abundance, but so far none
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have been met with in actual tissue connection with stems.
Professor Williamson referred these strobili to the ZLepido-
dendron common in the same blocks (viz. Lepidodendron
Veltheimianun) on  the ground of their association
(Williamson, 1872). Messrs. Kidston and Binnie, after
research on megaspores occurring in the Carboniferous
strata, have come to the same conclusion. The probabilities
ave, bhen, that these strobili were the fructifications of
Lepidodendron Veltheimianum, and as this prothallus is in
a megaspore identical with those occurring in the hetero-
sporous strobili mentioned above, [ have referred it to that
species. The strobili bear microsporangia in the apical
part and megasporangia towards the base. The megaspores
have a thick reddish-brown coat covered by knobbed spines,
while three ear-like lobes of the spore wall can he seen at
the apex of the spore. In fhe specimen figured there are
two of the processes referred to, and at these two places
the wall shows a certain amount of splitting, so that the
protuberances are at least partly due to rupturing of the
spore coat to expose the archegonia Most of these mega-
spores (which occur in great abundance throughout the
blocks) have no tissue inside them, and, when we consider how
delicate prothalloid tissue is, this is not surprising. Some-
times, however, they are filled with scattered or broken-up
cells, and occasionally with a continuous cellular fissue. In
the last case it is justifiable to consider it as a prothallus.

In the specimen figured the plane of section is almost
radial longitudinal. It passes through the area enclosed by
the three lobes, and which is presumably the apex of the
megaspore, and there we should expect to see archegonia if
they were present. While I cannot definitely say this is the
case, there is at least a cap of small-celled tissue comparable
with the archegonial tissue of Selaginelln. Probably the
specimen was not quite mature, for there is no distinet gap
in the spore wall at the ear-like lobes, and this immaturity
may explain the absence of archegonia. The rest of the
prothalloid tissue is of larger-celled parenchyma, the line of
demarcation being quite distinet though not constituting
a diaphragm. This small-celled archegonial tissue at the
apex of a larger-celled prothallus is essentially similar in
Selaginella, while the splitting of the spore coat along three
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directions is also shown in that genus. Hence the occurrence
of similar tissue in similar position in the megaspore of
Lepidodendron  Veltheimianwn leads to the conclusion that
the prothallus in that species was gimilar to that in
Selaginelle. ~ As other Carboniferous Lepidodendra  had
probably a similar development, we may safely say that
the gametophyte generation in some Lepidodendra was
similar to that of Seluginella.

EXPLANATION OF PLATE VIL

Figure of megaspore containing prothallus.  x 48. (iordon collection,
No. 158, a. «, ear-like lobes of spore wall ; b, cluster of knobbed
spines all curled up together ; ¢, small-celled archegonial tissue ;
d, large-celled prothalloid tlssue on - the apex of which ¢ is
situated.
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Megaspore of Lepidodendron Veltheimianwn.

Wu. T. Gorpox.
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arises from the base of this pit. It is tongue-shaped, and consists of uniform small-
celled parenchyma. It does not quite fill the pit (figs. 10 and 14, /g.).

The top of the ligule pit communicates with the exterior by a short, straight canal,
surrounded in places, especially near its base, by the same pallisade tissue which lines
the ligule pit. This canal (fig. 10, lg. c.) opens far back from the leaf-scar into the space
between the leaf-base and the next overlying one. In this way the opening is protected
from injury and is not exposed on the outside of the plant. In all the other examples
of Lepidophloios 1 have seen this canal opens near the leaf-scar and on the exposed
portion of the leaf-base. The canal is oval in section, being broader than high, and the
opening at the top is triangular, with the base of the triangle towards the axis of the
stem.

As mentioned before, a strand of parichnos underlies the leaf-trace for the greater
part of its length in the outer cortex and leaf-base. This strand is of very loosely
packed, thin-walled cells ; it divides into two in the leaf-base, and, rising to the level of
the bundle, these two branches pass out at the leaf-scar, one on euch side of the bundle.
As the tissue of the parichnos is well preserved, I have been able to follow its
course by both longitudinal and transverse sections. In the inner part of the
periderm no parichnos can be distinguished, nor in any case has it been seen further in
than the periderm. Fig. 11 shows the bundle v.6., and on the wpper side there is
parenchyma. This section is cut near a branch, so that the traces can be seen hoth in
the periderm and in the inner part of the outer cortex. Those in the periderm have
the parichnos on the opposite side of the trace from that of fig. 11. The parenchyma
above this trace belongs to the middle cortex. Passing into the periderm the paren-
chyma above the bundle gets less, but, a little way in, a distinet elongated portion
below the bundle becomes visible (fig. 12, 2 pas.), and this I take to be the true parichnos.
As the exterior is approached this tissue inereases in amount, until, just outside the peri-
derm, it occupies the lower two-thirds of the leaf-trace (fig. 12, 1 par. and 3 par. ;
fig. 18, par.). The parichnos then communicates with the inside of the stem through the
parenchymatous bundle sheath and not directly.

On entering the leaf-base the parichnos is still long and narrow, but quickly shortens
and broadens into the typical kidney-shaped strand. Fig. 12 shows three leaf-traces;
of these, two (Nos. 1 and 3) are near the outside of the periderm and just going to pass
into the leaf-base, the third (No. 2) is further into the stem ; the increase in the parich-
nos is well seen in these three traces.

In the leaf-base this strand can be traced quite a long distance before it forks
(fig. 14, par.); the forking takes place just beyond a plane drawn through the opening
of the ligule canal and parallel to the main axis. Sections which show any portion of
either ligule or ligule canal invariably also show a single parichnos strand. Such a
long stretch of unbranched parichnos is unusual. Fig. 9 shows a leaf-base beyond
the region where the single strand is got, so the parichnos is represented by two masses
of tissue, one on each side of the leaf-trace (fig. 9, par., par.).
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This tissue does not seem to have had any communication with the exterior other
than on the leaf-scar. The examination of a large number of leaf-bases cut in all
directions has failed to show any such connection either directly or by pits, as in the
Lepidodendrons ; indeed, the parichnos is much the same distance from the exterior at
all parts of its course in the leaf-base, until it emerges on the leaf-scar.

Fig. 14 shows a radial section of a leaf-base, with parichnos strand (par.), leaf-scar
(L.s.), ligule pit and ligule (ly). The section just misses the ligule canal, which was prob-
ably slightly bent to one side in this case, as all other radial sections show the canal as
well:  The point where the leaf-base ceases to be keeled and becomes round is well
shown in this figure, as also in fig. 10, ¢.d., while in fig. 7 the difference in transverse
section 1s well marked. Fig. 7 is part of a section cut sloping outwards, so that the
difference might be seen ; in the lower part of the figure the leaf-bases are keeled ; in the
upper part they are rounded. As the lower part is nearer the stem than the upper, the
leaf-bases are keeled near the stem and rounded near the leaf-scar.

The leaf-scar is slightly hollow, due probably to contraction of the tissue after the
foliage had rotted away, and the leaf-trace shows as a low papilla in this hollow, about
one-third of the height of the scar from the bottom.

The branching in all the cases examined was of unequal dichotomy, but apparently
of two types. In most cases the wood ring is not broken, only the outer elements
passing off to form the branch; but in fig. 6 the ring is ruptured, and the pith cells
are seen growing out through the gap. This last type is also seen in transverse section
in specimens in my own and in Dr Kipsron’s collections. The branches, however, are
all alike devoid of a pith, and are representative of the “ halonial ” type of branch.*

In my specimens the branches project very slightly beyond the covering of
leaf-bases, where they are broken over, and they seem to have been quincuncially
arranged. In one series of longitudinal sections 1 inch long, there are four of these
branches, so that they are set somewhat closely together; they are not in vertical rows.
In all cases they are sharply broken off outside the leaf-bases, and they taper quickly to
this truncation. The leaf-bases do not form rosettes round these tubercles, as is
characteristic of Lepidophloios Scoticus (KipsTon).

This new species has points in common with other species. The oceurrence, for
example, of short tracheides in and round the pith suggests comparison with Lepido-
dendron vasculare (BINNEY, sp.) and L. Hickii (WarsoN), but the leaf-bases in these
species at once differentiate them from Lepidophloios. The only species with which more
careful comparison is necessary is Lepidophloios Scoticus (KipstoN), and Lepidodendyon
Pettycurense (Kivsron). The latter was described from the woody axis only, and the
complete absence of any pith in that species is sufficient to distinguish it from
Lepidophloios Scottii.  Lepidophloios Scoticus is very common through the whole
(Calciferous Sandstone series in carbonised impressions, and, from the similarity of leaf-
base, L. Scottii might easily be mistaken for L. Scoticus. Comparison is therefore very

# Mr Louax, who prepared the sections of Dr Scorr’s specimen, referred to it as a halonia-like stem.
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necessary, and I have based my comparison on the author’s description. 1t was de-
seribed from impressions, so that the specific characters depend on the leaf-bases. L Only
halonial branches can be compared, as my stems are all in that condition.) In LZL.
Scoticus there is a bending back of the leaf-bases round the halonial tubercules into a
rosette, and the leaf-bases themselves are smooth, rounded, elongated; in L. Scottir,
no rosettes have been observed at the base of the cone stalks, and the leaf-bases are
smooth, keeled, elongated. Towards the scar the keel disappears, and from that point
to the scar the leaf-hase is rounded, getting flatter and flatter as the scar is approached.
On the under surface of the leaf-base the ridge is more prominent than in L. Scoticus.

SUMMARY.

Lepidophloios Scottii oceurs in the Pettycur limestone in the Calciferous Sandstone
series of Fife. The species is named in honour of Dr D. H. Scort, F.R.8.; and is founded
on sections 960 to 976 in the Scott collection and about 180 sections in the Gordon
collection. It is a true Lepidophloios, having all the characters of that genus. The
stem is typical of the Lepidodendre, is in this case “halonial,” and is clothed with
leaf-bases. The leaf-trace is collateral, the xylem mesarch, and a parichnos strand
occurs beneath the bundle. The cone branches have no pith, are typically halonial, and
are quincuncially arranged. The main stem has a pith with short tracheides and some-
times long tracheides scattered in it. The specific characters derived from the leaf-bases,
and irrespective of those derived from the structure of the stele, are as follows :—

1. The leaf-base is keeled for three-quarters of its length, and then slopes suddenly
down to the leaf-secar with an unkeeled, concave surface.

2. The ligule canal is short, straight, and has its orifice covered by the overlying
leaf-bases.

3. There is a pallisade-like layer round the ligule pit.

4. The parichnos only forks a short distance below the leaf-scar.

.47 3 0:€.a 3 0.6.g=three layers of outer cortex ; o.c.,1s the
secondary tissue (periderm).
m.c. =middle cortex.
1,c,=1inner cortex.
ph. = phloem (physiological).
&, = xylem,
.= pith,
1.t. = leaf-trace,
1. b.=leaf-hase.
b. = section of reticulum of cells with dark-
brown contents.
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EXPLANATION OF PLATES.

Figs. 1-14. Photomicrographs by A. G. stenhouse, F.G.S, and the author.
Fig. 2a. Camera Lucida drawing by the author,

Fig, 1, Transverse section of Lepidophloios Scottii, «=xylem ; ph.=phloem; m.c,=middle cortex;
o.c. =outer cortex ; pd.=periderm ; br.=hranch. Secott Collection 965. x 5.

Fig. 2. Tranverse section of central xylem cylinder. p=pith; 7=central lamella; ¢=end of short
tracheide. Gordon Collection 176.  x 36.

Fig. 2a. Enlarged drawing of tracheides to show central lamella (7).

Fig. 3. Longitudinal section of stem. xz=xylem; m.c,=middle cortex; o.c.=outer cortex; pd. =
periderm. Gordon Collection 173, x 2.

Fig. 4. Longitudinal section of xylem cylinder. £f =leaf-trace bundle ; #=tracheides of xylem (scalari-
formly thickened); p=ypith. Gordon Collection 228. x 14,

Fig. b. Longitudinal section of xylem. #=tracheide (scalariformly thickened); # =short tracheide
(veticulately thickened). Gordon Collection 223,  x 36.

Fig. 6. Longitudinal section through a branch. = =xylem of main stele ; «’ = xylem of branch ; p=pith
cells growing oub through gap. Gordon Collection 228.  x 36.

Fig. 7. Transverse section of leaf-bases, showing keeled and unkeeled region of leaf-bases, but sloping
out from the stem. Gordon Collection 216. x 2.

Fig. 8. Transverse section of stem with leaf-bases attached. a=stigmarian rooflet; o.c.=outer
cortex ; pd. 1 and pd. 2 =layers of periderm ; Lb. =leaf-base. Gordon Collection 152. x 3.

Fig. 9. Transverse section of leaf-base. ».b.=vascular bundle; par.=parichnos. Gordon Cellection
215. x12.

Fig 10. Longitudinal radial section of leaf-base, 1s.=leaf-scar; c.d. =concave depression ; lg.c. =ligular
canal ; lg.p. =ligular pit. Gordon Collection 223, x 12,

Tig. 11. Transverse section of leaf-trace hundle in inner part of oufer cortex, m.c.=middle cortex
coming out with the bundle ; ».0. = vascular bundle. Gordon Collection 196,  x 36.

Fig. 12. Transverse sections of leaf-trace bundlesin the periderm. par. =parichnos. Gordon Collection
194, x12.

Fig. 13. Partof fig 12. »=xylem ; b.s. = bundle sheath ; pai. = pavichnos.  x 48.

Fig. 14. Longitudinal radial section of leaf-base. [.s. =leaf-scar; lg, =ligule; par.=parichnos; c.d.=

concave depression. Gordon Collection 173.  x 12.
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ON THE PROTHALLUS OF LEPIDODENDRON VELTHEIMIANUM,
By Wm. T. Gogrpox, M.A., BSe. (Carnegie Reseaveh Scholar
in Geology, Edinburgh University). Communicated by the
Secretary. (Plate VIL)

In the Carboniferons Epoch the lycopod alliance formed
one of the dominant groups of plants, and contained not
merely small forms with a habit similar fo the modern
representatives of the group, but also large arborescent
forms. With such great differences in the vegetative parts
we should expect corresponding differences in the reproduc-
tive strobili which these plants produced. In Zepudocarpon,
Miadesmia and Spencerites we see such specialisation in a
marked degree, the seed-like form of the first two showing
adaptation to drier conditions than lycopods now grow iu.
Others show a closer approach to Selaginellu in the organisa-
tion of their strobili, though they are still far removed from
that genus. In general the sexual processes are the last to
be altered by changing conditions, so the gametophyte stage
ought to show affinities with modern forms rather than the
sporophyte stage. Unfortunately few gametophytes ate
ever obtained, and so this method of discussing affinities is
limited. When, however, the prothallus develops withiu
spore wall, either permanently or until fertilisation takes
place, there is a better chance for its preservation, and in
Lepidodendron Veltheimianuwm we get an example of such
preservation.

In the Burntisland limestone blocks, strobili of a lyco
podiaceous nature occur in fair abundance, but so far non
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have been met with in aetual tissue connection with stems.
Professor Williamson referred these strobili to the ZLepido-
dendron. common in the same blocks (viz. Lepidodendron
Velthetmianwm) on  the ground of their association
(Williamson, 1872). Messrs. Kidston and Binnie, after
research on megaspores oceurring in fthe Carboniferous
strata, have come o the same conclusion. The probabilities
are, then, that these strobili were the fructifications of
Lepidodendron Veltheimionuwm, and as this prothallus is in
a megaspore identical with those occurring in the hetero-
sporous strobili mentioned above, [ have referred it fo that
species. The strobili bear microsporangia in the apical
part and megasporangia towards the base. The megaspores
have a thick reddish-brown coat covered by knobbed spines,
while three ear-like lobes of the spore wall can be seen at
the apex of the spore. In the specimen figured there are
two of the processes referred to, and at these two places
the wall shows a certain amount of splitting, so that the
protuberances are at least partly due to rupturing of the
spore coat to expose the archegonia Most of these mega-
spores (which oceur in great abundance throughout the
blocks) have no tissue inside them, and, when we consider how
delicate prothalloid tissue is, this is not surprising. Some-
times, however, they are filled with scattered or broken-up
cells, and occasionally with a continuous cellular tissue. In
the last case it is justifiable to consider it as a prothallus.

In the specimen figured the plane of section is almost
radial longitudinal. It passes through the area enclosed by
the three lobes, and which is presumably the apex of the
megaspore, and there we should expeet to see archegonia if
they were present. While I cannot definitely say this is the
case, there is at least a cap of small-celled tissue comparable
with the archegonial tissue of Selaginella. Probably the
specimen was not quite mature, for there is no distinet gap
in the spore wall at the ear-like lobes, and this immaturity
may explain the absence of archegonia. The rest of the
prothalloid tissue is of larger-celled parenchyma, the line of
demarcation being quite distinet though not constituting
a diaphragm. This small-celled archegonial tissue at the
apex of a larger-celled prothallus is essentially similar in
Selaginella, while the splitting of the spore coat along three
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directions is also shown in that genus. Hence the occurrence
of similar tissue in similar position in the megaspore of
Lepidodendron Veltheimianum leads to the conclusion that
the prothallus in that species was similar to that in
Selaginella. As other Carboniferous Lspidodeﬂdm had
probably a similar development, we may safely say that
the gametophyte generation in some Lepidodendrae was
similar to that of Selaginella.

EXPLANATION OF PLATE VIL

Figure of megaspore containing prothallus.  x48. Gordon collection,

No. 158. @ a, ear-like lo of spore wall ; b, eluster of knohbed

spines all eurled up ther ; ¢, small-celled archegonial tissue;
cEml ed prothalloid tissue on - the apex of which ¢ is
situa
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Megaspore of Lepidodendron Veltheiinianwm.

Wun. T. Gorpoxs.
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~  NOTE ON THE PROTHALLUS OF LEPIDODENDRON VELTHEIM-
~ IANUM.—As the prothalli of Palacozoic Lycopodineae are not as a rule well pre-
- served, we know exceedingly little about the gametophyte generation of the members
of this group. In the case, however, of the megaspores of Lepidodendron Velthei-
mianun, which oceur in abundance in the Pettycur Limestone, the prothallus is never
shed from the spore and occasionally its tissue is more or less perfectly preserved.
In 1908' I drew attention to a specimen of this megaspore which was almost com-
pletely preserved, and in the same year Dr. Scott figured another example? The
prothallus in my specimen showed a certain amount of differentiation into a cap of
small-celled parenchyma at the apex of a larger-celled tissue. This cap was situated
below the three ear-like projections of the spore coat which characterize this
‘megaspore. As the spore coat did not show any trace of rupture (although the lines
of rupture were indicated) I concluded that the specimen was immature. There
were no traces of archegonia present in this example.

The megaspore figured by Dr. Scott also shows traces of this differentiation, the
smaller-celled parenchyma occurring where the spore wall is ruptured; but part of
the prothallus seems to have been extruded from the spore.

Recently I have obtained a specimen which, though less perfectly preserved than
either of the above, throws considerable light on the development of the archegonia.
The spore coat in this example also is ruptured (the splitting probably occurring
between two adjacent ear-like projections), and below this gap there is a very distinct
archegonium. The only cells of the prothallus which are preserved are round the
archegonium, and they are similar in size to the cells of the cap in the examples
mentioned above. In the accompanying figures, for which I am indebted to
Mrs. Scott, this archegonium is exceedingly well shown. Fig. 1 @ represents the
whole spore with the external surface coated by knobbed hairs and the prothallus
inside the spore coat. On the surface of this prothallus (which is shown more highly
magnified in Fig. 1 4) a distinct papilla is seen. This papilla consists of the neck cells
of the archegonium (7.c.) and immediately below the neck there is a dark mass (4)
which probably represents the cenfral cell. Separating the lower neck cells on the
one side from those on the other is a narrow dark mass which in life would be
the neck canal cell (n. c. c.).

As far then as we can judge from this specimen, the development of the arche-
gonium in Zepidodendron Veltheimianum was essentially similar to that in Selaginella.
The archegonium mother-cell appears to have been one of the superficial prothallial cells
which has divided into an upper and a lower cell, as in Selaginella. By the division of
the upper cell into four and the subsequent division of each of these into three, the
twelve neck cells have been produced. The whole neck consists of three tiers of four
cells and there is no indication that it was ever bent over. On the right-hand side of
Fig. 1 a there appear to be four neck cells in one row, but this is due no doubt to the
wall between the two adjacent cells being oblique. The lower cell then appears to
have divided into two, the upper forcing its way between the lower neck cells and

! Trans. Bot. Soc., Edinburgh, vol. xxiii, 1908.
# Scott, Studies in Fossil Botany, 2nd ed., Part I, p. 188, Fig. 77, London, 1go8.

3K



822 Notes.

forming the zneck canal cell (n. ¢. ¢.) of the archegonium, while the lower forms the ceniry)
cell. 'The whole archegonium seems to have been almost ripe, but it had not yet opened,

Fic l.a.

{(x100)

Fie.1h,
(x275)

F1G. 1 a. Megaspore of L. Feltheimianum with prothallus. sp. ¢. = spore coat; p. = prothallus,
Slide G, C. 1215,  x 100,
Fic. 14, Prothallus of Fig. 1 a. 4 =central cell; #.c, =neck cells; =, c.c.=neck canal cell. x275

From drawings by Mrs, D, H. Scott.

|
The discovery of the archegonium in Zepidodendron Veltheimianum still further
accentuates the similarity between the gametophyte generation of this plant (and

probably of other species) and that of the living Selagzneila.
W. T. GORDON.



ON _THE STRUGTURE _AND AFFINITIES OF _LEPIDOSTROBUS
CYLINDRICUS NOV. SP. FROM _PETTYCUR, FIFE.

Introduction.

In the rocks of the Carboniferous Epoch the Lycopodiales are
well represented by stems, leaves and reproductive members. These
iatter'parts are generally borne in strobili’though Pinakodendron,l
the new and undescribéd genus of Dr. Kidstﬁn's, seems to differ
from the other members of the alliance in tha£ its sporangia are
not aggregated into strobili.

In certain beds of Carboniferous age the cones are much more
common than the vegetative shoots and sometimes the spores are so
numerous that they have given rise to & spore coal. The strobili,
- when preserved as impressions, are very much alike in outward
_appéaranca and it is almost impossible to distinguish between the
various species. A few such cones have been found attached to

their parent stems, but as a rule they are not in continuvity with

- any vegetative =hoot.

Great numbers of detached cones occur in the Burdiehouse
Limestone at Burdiehouse, Midlothian, though very few stems are
found in association with them. The horizon of this limestone is
a well marked one, and, in & similar cyprid limestone at Burntis-

land, Fife, the same cones occur accompanied by numerous stems of

Lepidophloios /

1. EBower F. 0. Origin of a lend Flora. p. 305.
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Lepidophloios Scoticus Kidston. Many of the specimens at the
latter locality are still attached to small twigs. The Burdie-
house limestone lies about the middle of the upper portion of the
Scottish Calciferous Sandstone Series (which corresponds to the
English Lower Carboniferous Series) and the well-known petri-
factions which occur at Fettycur, Fife, belong to & horizon not
pany feet above this limestone.

From the Pettycur blocks a few species of Lepidodendron stems
have been described, but the cones-so common in the same limestone
blocks have hithertco all been referred to one species = Lepldo-
strobus Veltheimianus, Kidston M.S., which is regarded as the
strobilus borne by Lepidodendron Veltheimianum, Stermb.

Recently in examining specimens from Pettycur, a new and
perfectly distinct strobilus was discovered which I propose to

distinguish as Lepidostrobus cylindricus sp. nov. This cone may

possibly be the fruit of one of the other lepidodendra already
recorded from the same locality, but there is no direct evidence
as to which of them, if to any, it belonged. The new species is
represented by six specimens, the first of which - specimen A -
came to my notice some two years ago, but as the axis was poorly
preserved it was laid aside in the hope that other examples with
better preserved axes might be discovered. Fortunately these
further specimens have now been obtained, four from one block and
& fifth from a small isolated portion of the limestone. 0f the
six cones examined, specimen A was completely cut up, and thin

sections /
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sections prepared from the slices; while the other five have been
examined to prove their identity with the first, and to obtsain
preparations illustrating features in the anatomy not clearly
shewn in the first series. In all sbout 90 slides have been

prepared and examined.

General Structure.

The complete length of specimen A was éstimated at between
17 and 18 cm. The apex is present but the base is much crushed,
though probably the whole length of the cone ls seen. The diam-
eter of the strobilus is between 2.4 and 2.5 cm., and continues
practically undiminished throughout its whole length, except just
near the apex. This apex is broad and flat thus giving the cone a
c¢ylindrical and not a conical shape. (Plate 1, fig. 4)

A second cone was followed for almost 185 cm. without either
base or apex being seen; probably, then, specimen A was not an
abnormally large cone and may, for all we know to the contrary,
have been exceeded in length by other specimens.

A typicsal trancverse section (Plate 1, fig. 1) shews a
lepidostroboid axis for the most part uncrushed. The sporophylls
are displaced however, and the sporangia empty and much twisted.
The longitudinal section in Plate 1, fig. 8 is radial in the upper
portion and tangentisl below; 1t thus shews both the axis and
sporophylls in longitudinal section in the upper part and the
sporophylls in oblique trensverse section in the lower part. These

two /
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two sections serve to indicate that the cone is a typical lepido-

strobus.

Histology.

The anatomy of the esxis is quite typical of a lepidostrobus.
The stele has a well-marked pith with small-celled elements which
are several times 1oﬁger than broad. As a rule this tissue is
indifferently preserved, but is shewn in transverse section in
Plate 2, fig 11 p. and though partially decayed it is distinet in
radial section in Plate 2, fig. 9 p. The ring of primary wood
surrounding the pith is .2E mm. thick; the diameter of the
whole xylem ring being 1.3 to 1.4 mm. This xylem is composed
of typical scalariform tracheldes, centripetally developed. On
the whole these elements are rather small, and are seen in
transverse section in Plate 2, fig. 8,%; and in longitudinal
in Plate 2, fig. 9. x. Sometimes the xylem cylinder is uncrushed
in places but in other parts of the same specimen it may be
flattened or even disintegrated. The outer margin of the wood
appears to be crenulated, the teeth being short and rounded.
(Plate 2, fig. 8)

These protoxylem teeth which form the crenulations of the
primary wood have some of their elements spirally thickened
(Plate 2, fig. 13) the others being scaleriform tracheides. The
thin-walled elements external to the wood are not well preserved.

Ihe leef trace. Surrounding the stele a large number of

leaf /
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leaf-traces are seen running-out to supply the sporophylls. As s
rule they are somewhat displaced and their origin is not quite
clear, though they appear to arise from the protoxylem teeth round
the primary wood. After leaving the xylem of the stels, the leaf-
trace passes upwards for a considerable distance at a very acute

angle, and thus, as 1is usual in Lepidostrobus, many traces are

seen in any transverse section, The smallest elements of the
xylem of this trace lie at or.mnear the centre and thus the bundle
is mesarch. The trace is collateral hbut the thin-walled tissues
are not as & rule preserved until the outer cortex is reached and
often we go some distance along the sporophyll before any of these
tin-walled elements can be seen,

The cortex consists of the usual thick-walled parenchyma; the
cells are elongated but the preservation is too poor to warrant

any further description.

The sporophyll.

The sporophyll arises at right angles to the axis and the
length of the pedicel portion is about &€ mm. The distal or
laminar portion rises almost at right sngles to this pedicel and
attains to nearly the same length, viz., &8 mm. (Plate 1, fig.® Sph.)
A transverse section of the pedicel is triangular in form and is
composed of thick-walled parenchyma similar to that of the outer
cortex, with which it is continuous. (Plate 1, fig. 1, ped) Further
. out from the axis the pedipel becomes larger and flatter, while

its /
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its two upper angles elongate into wing-like projections. At the
seme time & rhombic pad of tissue is developed in the lower
portion of the sporangium. (Plate 2, fig. 12 & 14 ifgl) The sporan-
gium is here attached to the upper surface of the pedicel and the
t{ssua of the internal pad is continuous with that of the pedicel.
This pad of tissue is of the same nature as that in Miss Benson's

Lepidostrobus mazocarpon and also in Lepidostrobus Qldhamium,

Having regard to the development of this tissue we may put the
lepidostrobi in the following order - Lepidostrobus Oldhamius,

Lepidostrobus cylindricus, Lepidestrobus mazocarpon.

In the angle between the pedicel and the upturned lamins
there is a ligule situated in a rather deep pit. (Plate 1, fig. 3,
PapesiPl. 25 Pig. 15 1ig.) The pit is reelly formed by the spor-
angium wall on the one side and the upturned lamina in which there
is a very distinct groove with rectangular cross-section. (Plate
2, Pig. 12, lig.p.; lig.) The ligule measures .5 mm. in leﬁgth
and is composed of thin-walled parenchyma, 1t is long in proportion
to its thickness but is .26 mm. broad.

The lamina is leaf-like and as no downward projection of any
size can be seen it is appsarently not truly peltate. The length
of the lamina is almost as great as that of the pedicel. The
parenchymatous tissue of the whole sporophyll is fairly uniform;
the tissues surrounding the bundle on the other hand have mostly
disappeared but occasionally a well-marked sheath of trensfusion
tissue of spiro-rsticulate tracheides is seen to surround the

bundle. /
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bundle. The bundle then bends abruptly and passes into the up-
turned lamina and apparently continues nearly to its apex.

The usual large radially elongated sporangium is seated on
the upper surface of the pedicel. In all cases however the cones
are much crushed and the sporangia broken and displaced except
near the apex of the cons. Tengential sections show that the
sporangia are attached at most only for 2/3 of their tength, the
proximal one-third being free from the sporophyll. In Plate 1,
fig. 3 the sporophylls are not attached to the sporangia except
where they are cut obliquely. Nor is the sporangium attached by
the whole bresdth of the sporophyll as is clearly seen in Plate 1,
fig. 1, sph.

The pad of sterile tissue within the sporangium increases
greatly in size towards the distal end of the sporophyll as also
does the sporophyll itself and it is this ridge of tissue with the
sporangium wall outside it which forms the proximal well of the
ligule pit. (Plate 2, fig. 12{g.p.)

The sporangium wall consists of one layer of regular pris-
matic cells which are however much shorter than is usuel in
Lepidostrobus, indeed they are in this case almost as broad as
they are long. The sporangila
are filled with small spores when their contents are preserved,
and the spores are often still united in tetrads. Isolated spores
show triradiate markings. There is no indication of heterospory
in this species.

Comparison /
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Comparison with other lLower Carbonifercus species.

The first cone with which we naturally compare Lepidostrobus

cylindricus is Lepidostrobus Veltheimianus occurring in the same

beds. 1t was described originally by Williamson in 1€72,1 and
again.later in 1893.° A description will also be found in Scott's
Studies.® The general build of the cone as a whole is similar to

that of Lepidostrobus cylindricus but there are several striking

differences.

As the aximl structure of Lepidostrobus Veltheimianus has not

yet been fully described it is necessary to make a digression and
give some sccount of that species before comparing it with Lepido-

strobus eylindricus. Williamson says in discussing the former

species that "the central axis in this specimen is imperfect, its
central vascular bundles having partly disappeared; but there
remains & thick and well-defined certical layer composed of elong-
ated forms of parenchyma approaching the prossmchymatous type.'4
In discussing the same species Scott says "In general morphology

and structure it is essentially similar to Lepidostrobus QOldhamius,

but all the psrts are on a smaller scale and the slender stele of

the /

1. Willismson. Phil. Trans. Roy. Soc. Organisation of the fossil
plants of the Coal Measures. Part III. 1€72.

2« Ablds Part XIX. 1893.
3. Scott. oStudies in Fossil Plants, Second edition, London, 1908,

4. Willismson, 1V Memoir. p. 294.
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w 1

the axis has but little pith. A more detailed description

is however necessary before proceeding to compsre the two species.

Anatomy of the Axis of lepidostrobus Veltheimianus.

A typical transverse section of the axis shows that the xylem
consists of a solid mass of small tracheides with scalariform
thickenings. (Plate 2, fig. 10) Other specimens however show that
there may be some pith present; while occasionally where an
empty caviiy is seen it is difficult to say whether therg has been
& pith or not, for plate 1, fig. 7 shows the section following
that figured in plate 1, fig. 5, and it is obvious that the-
cavity must be due to rupturing of the tracheides of the xylem.
Even in the same specimen the presence of a pith is not constant.

Where a central cavity exists the xylem ring is only two rows
of tracheides deep and the inner elements appear to be larger than
those on the periphery. The outer margin of the wood is crenula-
ted, the teeth being comparatively long and pointed}thus giving a
stellate appearance to the whole xylem. In plate 1, fig. 7 there
are at least 12 of these points, each composed of a few protoxylem
elements, spirally thickened. From these protoxylem groups the
leaf’ traces arise directly, and, while still attached to the
protoxylem teeth, these traces tend to still further accentusate
the stellate appearance of the wood. The thin-walled elements
external to the xylem have in nearly all cases entirely decayed.

The /

l. Scott. Studies in Fossil Plants. Second edition. p. 1E3.
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The leal traces pass up nearly vertically for some distance but
there are comparatively few in any transverse section. Thus the
cone is rather more lax than in other lepidostroboid fructifica-
tions. The outer cortex is well preserved and concists of rather
thick walled parenchyma which forms a stout zone. (Plate 2, fig.l10 o.

We are now in a position to compare the axes of Lepidostrobus

Veltheimianus and Lepidostrobus cylindricus. It is guite obvious

from a comparison of plate 2, fig. € and plate 2, fig. 10 that

the detailed structure of the stele of Lepidostrobus cylindricus

is entirely distinct from that of Lepidostrobus Velthéimisnus.

The leaf-traces in the former are larger and more numerous than in
the latter, while the cortex seems to consist of thinner walled
parenchyma and is more liable to be ruptured and decayed. As
regards comparison of the distal ends of their respective sporo-
Phylls we have yet no sure evidence for it is still unknown in

Lepidostrobus Veltheimianus.

Turning now to the sporangium, if, as Williamson states, the

sporangias in Lepidostrobus Veltheimianus are attached by nearly

their whole length to the pedicel, then we have & marked contrast

to Lepidostrobus cylindricus where they are attached only for 2/3

of their length at most. The pad of tissue in Lepidostrobus

Veltheimianus is very much smaller than in Lepiddstrotus cylindri-

cus and the cells of the sporangium wall are higher than broad and
sometimes more than one layer in thickness. (Plate 3, fig. 2)

Finally the cone of Lepidostrobus Veltheimianus is heterosporous.

From /
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From what has been said it will be seen that Lepidostrobus
Veltheimianus is a much smaller and more lax cone than Lepido-
strobus cylindricus. The chief differences are shown in the
following resume. The specimen of Lepidostrobus Veltheimisanus
whose axis is showﬁ in plate 2, fig. 10 has a diameter of 12 mm.,
and this seems to be similar in size to those figured by William-
son and Scott and which have been previously referred to. Taking
this therefore as a typical specimen we can tabulate the distinct-

ionnas follows:-

Lepidostrobus Veltheimianus. Lepidostrobus cylindricus.

Diama;er of xylem 3 to 4 mm, l.4 mm.

Diameter of axis 1.3 mm. 3.5 mme

Diameter of cone 12 mm. 15 .5 mm.

Leaf traces few in any Many leaf traces in one trans-
transverse section. verse section.

Length of cone 4 cm.(Scott "Studies") 1€ cm.

The length of the cone of Lepidostrobus Veltheimianus is not
however quite settled for 1 have specimens shewing only megsa-
Sporangia which are nearly 4 cm. long and others shewing micro-
Sporangia only which are also about that lengtih. In any cace
there are sufficient differences in the actursal measurements, apart
from the anatomical differences, to separate these two species.

In proportion Lepidostrobus Veltheimianus carries more widely
separated and thereforé;much larger sporangia than does Lepido-
strobus cylindricus;for in both cases the sporangia are closely
adpressed.

Vie /
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We may next compare the new species with Lepidostrobus

Brownii (Sehimper) which is preserved in silica, and the age and
origiﬁ of which wes for many years unknown. It is ﬁow known
almost with certainty to have been derived from the Lower Carboni-
ferous Rocks of the Pyreneces. L The axis of Lepidostrobus

cylindricus agrees in certain respects with that of Lepidostrobus
2

Brownii as given by Eower. A pith is bresent in bofh and if
anything the xylem ring in Lepidostrobus cylindricus is thicker
but the teeth of the corona are shorter. The leaf traces in
Lepidostrobus Brownii are more numerous than in Lepidostrobus
¢ylindricus thus indicating a mors compact cone, but they have a
similar origin in both species. ‘The sporophylls are rather
different in appearance. Those of Lepidostrobus Brownii have much
stouter laminae and each has a downwardly projecting lobe. The
sporangia also are attached by their whole length.

The_shape of Zeiller's specimens recently referred to this
species 1s ellipsoidal and judging by the dimensions as given by
him, viz., 10.5 cm. long and 5.3 to 6.0 cm. dismeter Lepidostrobus
cylindricus must have been a much longer, more slender and more
lax cone.

With regard to the mere outward shape and number of sporangia
(indicatead by great of small number of leaf traces in any trans-

verse section) we can place the three species from the Lower

Carboniferous /

1. Zeiller. Comptes rendus des seances de l'Academie des Sciences
CXLVIIL, p. £90, 1909.

Zw BOower. Ann. Bot. Vol. 7; p. 329, pl. 16,
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Carboniferous in the following order - Lepidostrobﬁs Veltheimianus,
Lepidostrobus cylindricus, Lepidostrobus Brownii. The last named
is also much nearer the Upper Carboniferous forms than either of
the others. With regard to their stelar development this same
ordér also holds for Lepidostrobus Veltheimianus has occasionally

medullabed monostele
setesestals wilth a

a protostele, Lepidostrobus cylindricus has a
fairly thick ring of xylem, while Lepidostrobus Brownii has a

medullabed stele ‘ :
so+enestete with a proportionately thinner ring of xylem.

Comparison with Upper Carponiferous species.

The best known example of an Upper Carboniferous cone is

Lepidostrobus Oldhamius and here we get an axis agreeing closely

with that of Lepidostrobus cylindri¢us, especially in the shape of

the stele and leaf-traces. But while the diameter of the former
cone is greater than that of the latter, the diameter of 1its stele

xylem is in general less. The sporangia in Lepidostrobus Oldham-

ius are attached for almost the whole of their length to the
gporophyll, only being free for a distance of 1.5 mm., according
to Maslin.l They are attached for about 1 c¢m. In Lepidostrobus
eylindricus the attachment is much shorter than this and at most
is about .5 cm., or about 2/3 of the length of the sporophyll.
Further, in this Upper Carboniferous species there is a downward
Projection of the lamina at the end of the sporophyll thus
forming a peltate lamina.

Another /

l. Maslin. Trans. Linn. Soc. Series 2, Vol. 5, p. 361l. 1899.
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Another Upper Carboniferous cone with which we may compare

the new species is Lepidestrobus foliaceous (Maslin). The axis

of this cone does not appear to be known but the sporophylls rise
at a steep angle. From the characters of the sporophyll both in
shape and direction of insertion on the axis, there can be no

confusion between Lepidostrobus cylindricus and Lepidostrobus

foliaceous.

The recently described Lepidostrobus Bertrandi, Zalessky,

may also be compared with Lepidostrobus cylindricus, and it ssems

desirable to tabulate the measurements of this species to rsnder
the comparison clearer. In the same table are inserted the
measurements of some of the more important lepidostrobi whose

structure is known.

L.cylind. L.Velt. L. Brownii. L. Oldham. L.Bertrandi.

ameter of cone 19.5 mm. 12. mm. 53-60 mm. 26-30 mm. 50 mm,
ameter of axis 3.5 mm. 1+3 mme 11 mme. 3+5-4 mms 125 .5 mm,
ameter of xylem le4 mme +3-.4 mm. - «7~1 . mm. 2+ Bmm.
ngth of cone 170-180 Unknown 106 Unknown Unknovwm.
ngth of sporophyll & 5.4 - 11,14 15420
lape of cone cylindricsal - ellipsoidal - -

From a comparison of the figures given above it will be seen
that the new species described above is very distinet from any of

the others.

Conclugions. /

1. Zalessky. Vegetaux fossiles du terrain carbonifsre du bassin
du Donetz. 130E&.
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Conclusions.

The type of cone known as Lepidostrobus seems to have been
one peculiarly adapted to the conditions obtaining in the Car-
boniferous, Several species are known but they all approximates
s0 closely to the type that it is almost impossible to get
criteria which will separate the various species on purely anat-
omical grounds. Yet characters sufficient to differentiate
certain species are always present. Probably the most important
character, as far as is known, is the actual size of these cones.
The members of each species agree closely among themselves and are
distinct from all other species. The cone whose length has been

determined most accurately is Lepidostrobus Brownii {;and Lepido~

strobus cylindricus is nearly twice as long but its diameter is

only sbout 1/3 that of Lepidostrobus Brownii. The lengths of the

other species are still doubtful. The general proportions of Lepido-

strobus cylindricus' are very nearly the same as those of certain

impressions which are very common in the rocks of Lower Carbonife-
rous ags. It is at present impossible, however, to connect these
impressions with petrifactions.

Probably the most interesting feature in this new species is
the lengthening of the upper corners of the sporophyll to support

and slightly embrace the sporangia. In one case of Lepidostrobus

Oldhamius (Maslin), Dr. Scott has noticed a similar character and

has /

l. Zeiller. Comptes rendus des seances de 1'Academie des Sciences.
I, CXLVIil, p. 890. 1909,
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has referred to it as a possible male fructification of Lepido-

carpon. 1 oAt Pettycur a Lepidocarpon occurs (Lepidocarpon

Wildianum) and it is possible that Lepidostrobus cylindricus may

be the male cone of that species. As far as is known the latter is

homosporous whereas the other cones from Pettycur Lepidostrobus

Veltheimianus and Lepidostrobus megocarpon are heterosporous so

that Lepidosirobus cylindricus is the only cone of the three

species recorded from Pettycur which could possibly be related to

Lepidocarpon Wildianum. In any case, as had been pointed out, the

elongated dorsal corners of the sporophyll, which support and more
or 1less invest the lower portion of the sporangium, exhibit what
may be considered a stage on the way to Lepidocarpon. In the male
cone, whose function 1s quickly over, there is no necessity for
the protective outgrowths from the sporophyll, which characterise
the genus Lepidocarpon, to completely invest the sporangium, and
as Lepildostrobus cylindricus may possibly have been such a male

cone.

Summary .

A new and distinct lepidostroboid cone from Pettycur, Fife,

is described under the name Lepidostrobus cylindricus. The name

is giﬁen on account of the flat apex of the cone and the regularity
of the length of the sporophylls throughout the whole strobilus.
This gives a distinect cylindrical appearance to the strobilus.

The /

1. Scott. Phil. Trans. Roy. Soc. B. Vol. 194, p. 312. ,1901.
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‘The anatomy does not differ greatly from that of the other
Lepidostrobi but it can easily be distinguished from all the
others.

The axis of Lepidostrobus Veltheimianus, from the same

locality, is figured for the first time and compared with that of

Lepidostrobus cylindricus. The latter species is also compared

with the other known Lepidostrobi and its possible relation to

Lepidoearpon, as the male cone of Lepidocarpon Wildianum Scott, is

noted.

Diagnosis.

The cone is of considerable length - 17 to 18 em. - and is
cylindrical, not conical, in shape. The diameter is nearly 2 cm.
and so the cone must have been long and thin. The axis is rather
large, 3.5 mm. in diameter, and the xylem of the central cylinder
is also large in proportion, viz., 1 to 1.4 mm. The sporophylls are
set at right angles to the axis and have a spiral arrangement.

Ihe traces which supply these sporophylls rise from the central
axis and have a stesp course in the cortex of the axis so that in
any transverse section 20 to 285 traces are shown. The sporsngia
arc seated on the dorsal surface of the sporophylls from whose
surface a pad of tissue projects some distance into the sporangia.
The attachment of the sporangium is along the distal 2/3 of the
sporophylii. The dorsal corners of the sporophyll tend to invest
the sporangium for a short distance. The wall of the sporangium

consists /
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consists of a single layer of cells which are mors or leéss square
in section and not rectangular as is usual in Lepidostrobus.
There is no downward projection of the lamina of the sporophyll and
the ligule is set in a deep ligular chamber which is formed by a
trench~-like hollow in the lamina on tWree sides of the ligule, and
the sporangium wall on the fourth side.

There are six specimens recorded.

LocQpity Calciferous Sandstone Series (=Culm) of Pettycur,

Fife.
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_ ‘Blate 1. :

Fige 1. Transverse section of the axis, cutiing the axis nsar
1y transversely but_bwing to distortion the sporophylls are
truncated rather obliquaiy. I fy;émtqf axiles 1.t =
sporophyll traces; sph. =Isporophy}i;ilg = ligule; A - trans-
verse section of-axis of LepidostrobuéiVeltheimianus; P =
piﬁh;.ped = pedicel.

Slide G. 281 (2) x 6

Fige 2. Longitudinal radial section of the cone. x = xylem;

p = pith; sph = 5porophyll;ulg.p. = ligule pit.
Slide G. éSB X 3

Fige 5. Oblique tangential section. 1t cuts the axis at the
top but is well out from the axis at the bottom. ax = axis:
sph = sporophyll; 1 = lamina; lg.p. = ligule pit; 1lg = ligule.

Slide G. 262 x 3
Fig. 4. Radial longitudinal section of cone apex. x = xylem of
axis; ¢ = cortex; sph = sporophyll; s = spores.
Slide G. 274 x 6
EFig. Bs Longitudinal section of x&lam of Lepidostrobus Veltheim-
! ianus to show scalariform thickenings. .
Slide G. X 68,

Fig. 8, Transverse section of xylem of Lepidostrobus Veltheim-
ianus. Solid wood.

iBig. . Transverse section of xylem of Lepidostrobus Veltheim-

ianis, the cavity in the centre is probably due to rupture
of the xylem tissue and not to decay of 2 true pith. The
{éection follows that figuréﬁ in Plate 2. fig. 10.

Slide G.




Figt

Fig.

Fig.

Fig,

;Fig.

Plate 2.
8. Transverse section of xylem of axis (specimen 6). % =
xylem; prx = protoxylem; p = pith cavity; l.t. = sporophyll
trace.

Slide G+ 491 42.
9. Longitudinal section of xylem from same specimen. x

= xylem with scalariform tracheides; p = pith.
Slide G. 494 x 42,

10. Transverse section of axis of Lepidostrobus Veltheim-
ianus. x = xylem (solid); prx = protoxylem testh; l.t. =
sporophylil traces;’ic = cortex.

Stide 6. B5B X 3D
11 Iransverse ssction of xylem of cone axis. p = pith;

x = xylem; l.t. = sporophyll trace.

Slide G. 481 x 30.

12. ITransverse section of sporophyll, part of Plate 1,
fig. 1. sph = sporophyll; pd = pad of tissue in sporangium;
Sp.w = sporangium wall; lg.p. = ligule pit; lg = ¥igule.

Slide G. 281c(2) x 42

13. Spiral tracheide from_the protoxylem.

Slide G. 88.

14 . Transverse section of sporophyll sﬁowing spiro-
reticulate mesophyll cells; pad = pad of tissue inside
sporangium; ped. sph. = pedicel of sporophyll; spiw =
sporangiumiwall; S.r. = spiro reticulate elements.

G, 435, x 42,

Plg. 15. Longitudinal section of distal end of sporophyll

V.b. = vascular bundle; lam = lamina; sp.w. = sporang

wall; pad = pad of tissue inside sporangium; lig.p =

ligule pit; lig = ligule.

G. 262. X 42.



L W I - - b r e e T L R
'Im £ (LoE : Ze -

LS G 1Y 5l R S
ol ? K = { B ¥

16 Camera lucida drawiﬂg of cells of sporangium in

Lepidostrobus cylindricus. - x . SSQ.

i surface view of cells of ‘sporangium wall of L.
cylindricus. , X% A5i0
1€ Camera lucida drawing of cells of sporangium

wail in Lepidostrobus Velthsimlanus. 3 350 .
19 surface view of cells of sporangium wall of

L. Veltheimianus. % 350
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~ Lepidostrobus mazocarpon Eenson,

i

. This species was created to contain a few detached sporangia
h appear to contain sterile tissue inside. The spores

py & comparatively small area in tﬁe sporangia,. Both mega~
s and microspores occur, so that the cone is heterosporous.
‘a few isolated sporangia are known and until Purther speci-
.hfs obtained little more can be said sbout the species.

ﬁ;VQFafoon Wildienum. Scott  1901.

f hihe=integumented megasporangia which are fairly common in the
yeur blocks have been described under this name by Dr. Scott.

were described originally by Williamson as gymnospermous

ibﬁﬁ-an integumented megasporangium. In the apical portions.
r
s strobiles younger sporophylls showed the gradual development
integumenting outgrowths from the pedicel of the sporophyll.

¢is of the cone, also, was distinctly lycopodiaceous.

The outgrowths from the pedicel enveloped both sides of the

5

igm;while the distal end was closed in by the laminar portion
g sporophyll. Thus there was & micropylar slit along the

h no doubt functioned in fertilization. The whole sporo-

was shed from the strobilus and probably fertilization took

subsequently on the ground. This genus shows a marked
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| to dry conditions'and is an instance of an attempt in
. plaqts to suit themselves to such conditions.
ﬁaiﬁﬁegimgn of the Pettycur species was found to contain

n amount of prothallial tissue but this is the only re-

yxample and there were no traces of archegonia.

maria ficoides Brongniart. 1822,

» Limestons as they are in the Coal Bslls of the Upper
‘erous. They are quite common however and are generally
crushed. The large stems also are not rare, and one speci-

ich 1 have collected had a xylem cylinder some 5 inches in

'ﬁbtween primary and secondary wood though the elements

'ﬁbnpith are smaller than those further out. There is

pal increase in size however as we pass outwards so that
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es are quite common and probably the small size of the
counts for its rarity among the preparations made from
yeur material. One comes across a specimen by the

st chance and unless a careful note is kept the chances are
‘the rest of the specimen may be lost. 1 have succeeded in
ng four or five specimens and from one of these a series
;ions was prepared. The specimens were beautifully pre-
_i in two cases,-and while confirming all Kidston's observa-
1 have been able to fill in one of the lacunae in our

dge of this species.

erally only small fragments of the stem are obtained per-
'F*%ﬂinoh long and from a consideration of the long series
med above 1 am inclined to belisve that the stem was very
‘and died away rapidly behind. This is confirmed by the
ﬂé&ﬁﬁd&nde of roots round the stem compaered with the rarity
h appendages in other ferm genera from the same blocks.
#ylem of the stem is circular in transverse section,

lgs 1. st.) and consists of rather smell elements with

form thickenings. Qccasionally there ars groups of very
nts probably protoxylem embedded in the stem (Pl. A.
Prx.), but these are the decurrent petiolar protoxylems
‘not really cauline. Surrounding the xylem is a zone of

tissue but the outer portions of this are sometimes.

i and consist of a rather deslicate parenchyma. The inne:

ﬁhe'gﬁloem - is not preserved however. Many of the
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. of this parenchyma have dark contents snd may have been
[lage cells. Pl. A. fig. 2. i.e. Surrounding the whole is
outer corﬁex with its thick walled cells (Pl. A. figs. 1, 2.
0.Ce)
. In my specimens the pinna trace departure is exceedingly
"éﬁQWﬁa At Pl. A. fig. 3 prx. the earliest stage is figured
there is a sunk protoxylem group and the elements nearer
ﬁriphery are seen to be larger than the others. At the
end of the same figure - prx. - we find a later stage.
%Ebfprdtoxylem group is distinctly mesarch and the tracheide
.’~it are very much larger than those of the stem. This
trace is still connected with the stem xylem but a slight
stage is shown in Pl. A. fig. © where it hes become de-
The protoxylem group in this latter figure is still
Soon, however, the protoxylem group comes to lie’'on
;ﬁiphery of its trace in en adaxial position. From the
;aﬁs group has been excentric and i an adaxial position.
tracheides of the petiole are much larger than those of
m and have reticulate thickenings. 1In one of my specimer
pens to be cut rather obliquely the transition between
_?@n&ate and the scalariform type is shown in the same
ides. Indeed the explanation is simply that the elements

too small to have rseticulate thickenings the scalariform
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elements of the trace and its peripheral protoxylem
te distinct. The root trace is diarch and does not
'fﬂnrﬁher deseription here.

ellipticum. Kidston 190g&,

be @;Spovered but until 190€ no others were known. Shortly
ton's paper was published I succeeded in obtaining
Zpécimens and haVe now considerably over 50 sections of

. sting plant. Several of these examples I have not
ﬁﬂfwork up yet but so far I am able to confirm all

's observations and to prove that his conclusions

to certain points are correct.

1d Dr. Paul Bertrand has also given considereble

1 ﬁgfan allied species from Autun - D. pteroides, Renault,

is conclusions I cannot altogether agree. My speci-

é;ﬁiueidated the deteils of the pinna-trace departure and
() |
i it presents features quite different from what he states:
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e if it were uncrushed. The slight crushing, however,

Qﬁw-affeet the xylem which is beautifully preserved. The

g description is largely based on this - the most per-
ample yet discovered. The outer cortex may be divided

gfwu zones an outer sclerotic zone which is only 3 or 4 cells

) (fig. 5 sc. 0.c.) and an inmer zone of thick-walled parenchyma

'i Inside this cortex there was no doubt in life a delicate
ymatous inner cortex terminated or the inner side by an

pis and its associasted layers. Of phloem there is no

t the xylem is beautifully preserved, and it consists of

ements with reticulately thickened walls and small ele-

with scalariform thickenings. The scalariform tracheides

he protoxylem groups and occur at the ends of the trace in

s (PFig. 6 przs)

}re 1 Plate B. represents a section from another specimen

shows the insertian of the pinnae on the petiole. These

the petiole in pairs as in maﬁy of the other Zygopterideae.

s of this particular pair are not well seen in the photo-

are present at pin. tr., and pin. tr._. In the section

evel (fig. 3) the two traces have united to form one.

figures a stage similar to this last photograph in his

0 specimen examined have 1 seen any aphle%ia-traqes so

whole pinna-trace bar of figure 3 is derived from two
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braces. The bar unites with the end of the petiocle-trace

ower dovn the petiole, indeed the pinna-traces pass out

suddenly into the pinnae and not nearly so gradually as

next two genera to be described - Metacig sydropsis duplex

1 amson) and Diplolabis rdmeri (Solms). |

h the junction of the pinna-trace-bar and the petiols-~

3 an island of parenchyma is cut of f from the tissues outside

,I ace and round this island the protoxylem groups are dis-

Iwo of these groups belong to the pinnaltraces higher

wave not yet disappeared on the face of the petiole trace.

> situated in a groove- now very shallow - at prx.', prx. )
e 4. Other protoxylem elements belonging te the pinna-

) bar just entering are at prx.", prx." Passing downwards

groove on the petiole trace probably disappears and those of

reduced pinna-trace bar take their place. Finally the

)pens again to the exterior and the groove with its two

'  lems is re-established 6n the end of the petiole trace.

‘right hand end of trace.)

but in the new material which has just come to light
stem may occur.,

'ianew observations show that Dineuron lis really much more
allied to Metaclepsydropsis than has been generally assume
:ﬁﬁédlutely no evidence for the existence of Beptrand's

recepteurs"; nor are the pinna-traces smaller in
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ion to the size of the petiole trace than in the corres-

ng traces of Metaclepsydropsis. To put the matter shortly

iole trace is elliptical in shape and cannot be divided
'&éﬁﬂlaire mediane" and "renflements recepteurs". The trace
ed is much simpler than Dr. Eertrand had made out. In this

don it will be Interesting to compare Pl. B. fig. 4 with

r departure from the stems of letaclepsydropsis duplex
ETE@lébis romeri as recorded later in this thesis, the trace
jeuron is exceedingly interesting. At certsin stages of
tdole trace in each of these genera the petiole would,
;Quhasitation, be referred to Dineuron. On the other hand
is.nbwdoubt that Dineuron is a distinct species, but one

-ﬁﬁmit that it is much more closely alllied to Metaclepsydrops

lolabis than Dr. Bertrand's classification indicates.
f Profoclepsydropsis
|-

o Diz-tion Tesh ¢t
v Clepsydropsis : Rutakion 42D
i . 3 . ! - - | . 1o uﬂh"—"' M
Mef&c]ep syd’rop SIS : E Eﬁf@” 5 ¢ e Lo~
o e
- y Diplolabis |
“-‘:'-""‘"-'-'---"'-"'ﬁ“'-*'-""-"-,'v'r'-"—--""'. """ ""-—"“'""'“"'"_"'.", “““““ Ubllshed
Zygopleris Y "
[Gation of a few of the simpler zygopterids. Thls is

Jﬁﬁove (Text figure) and as will be seen later my work on

dropsis ).
later in this thesis.




entirely confirms the view expressed in this

‘the same time the facts now known about Dineuren
early stages of petiolar departure are not known)

- rm this classification.



e Structure and Affinities of Metaclepay dropsis dupiex,'
:’;gmson) by W. T. Gordon, M.A.,'B.Sc., B.A., Falconer Fellow
;ﬁlgﬂ&ﬁburgh University, Lectursr in Palaesontology, Edinﬁurgh

rsity. Communicated by Professor James Geikie, DaCilie, LI

Introduction.

~ While collecting specimens of Diplolabis romeri (Solms) at

‘cur some three years ago, I discovered several blocks of
containing numerous petrified fragments of snother zygopte:
é'kgtgglagsx dropsis duplex (Williamson. Two of the blocks
found to be parts of one large mass and the petrifactions
be traced from the one block into the other. In size the
lete mass must have been about 3 ft. x 2 ft. x 2 ft. The
qurtion had to be broken into two before it was possible
move it. Another block containing similar specimens was

ned later, but the preservation was so poor that the whole
material was discarded.

he Pettycur plants are usually preserved by an infiltratior
areous material, chiefly carbonate ofllime, but in these
‘the petrifying material was siliceeous. This silica was
in two forms - chalcedony and crystalline guartz. As
t, hollow stems had the appearance of agates, generally

a erystalline centrs. The surfaces had been more or less

ed and the specimens stood out on the surface, their tissu
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d, (since thin sections are more readily prepared from

'gous than from siliceous material) I decided to finish my

'%flgoking over the specimens, however, about a year after
) &Tbaen collscted, I noticed, among the petioles, a frag-
'&f what appeared to be a fern stem. Two sections were pre
rom it and the length was ascertained by cutting that par
‘&'hlpek into pieces 2 to 3" thick. The same stem wes
into another part of the block and its extent in that
n also determined. The total length of this stem frag-
F@Eﬁ;éhOut € inches; it was hollow in the centre and throug
'"fﬂ'iangth no petioles or roots were emitted.

"ﬁhe block was cut up it was found to bs so dark that
ture could be observed; in the hope that exposure to tY
f@Vﬁnuld soon weather the surfaces and so render the

visible, another part of the block was sam into piece

:Fﬁﬁﬂ the slabs placed outside for about 9 months. Silic

- iLﬁ

takes a very long time to weather and even after all
13

s there was no appreciable difference. On experimer

ydrofluoric acid 1 discovered that in a few minutes tt
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“could be etched, and after this treatment the petrifactions
: gven more clearly seen than when they had been naturally

ed. The alteration also was a mere surface one, and

scimens were not destroyed. So.clearly did the specimens
that the surface could be examined with a fairly high

élaﬁiﬂ objactive-—-apd even the thickenings on the walls
tracheides could be made out by reflected lignt. It was
ssible to examine roughly the contents of a piece of

- without making any thin sections. 1In this way much

saved and suitable examples of stems, petioles and roots
at once.

Zﬁﬁmﬁioned above the Pettiycur plants are usually preserved
yus material and the thickenings on the cell walls are
~distinct. 1 have never, however, seen such perfect

don as is exhibited in these silicified specimens. Loc-

the blocks the petrifying substance has been replaced by

es, and the tissue can only be seen by reflected light,
pears like black tracery in the yellow matrix. On the
} preservation is magﬁificent. As previously remarked,
ﬁ%ﬁrwhole matrix is very dark and so the preparations

. be very thin before they become transparent. With
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was thet employed in the preparstion of rock sections,
a (quartz) grey between crossed nicols.

i

a previous paper ©~ it has been noted that the silica is

wall of each element of the tissue. With this layer
~in thickness the lumen is reduced in Size. After
J%gmgn_is reduced to about one quarter of its original
whole is filled in by crystalline quartz. All the
‘whether chalcedony or gquartz, is almost perfectly trans-
Ig@g,tha.strong contrast between the glassy interior of
L and its dark walls has rendered the preparation of photo-
much easier and more effective than in cases where
forms the matrix. In this latter case the cleavages
with the delicate cell structure and sometimes render
impossible to photograph.
';m;ggor last year a more systematic study of the specimens,
in the fragments of the large block, was bsgun. Several
examples of the stem were obtained and their occurrence
y petioles might have been cited as a proof that stems
s belonged to one and the same plant. Such evidence,
. of very little value and cannot be relied upon,
clally the case when other genera occur in the same
& genersl rule the Pettycur blocks contain a great

‘erent genera; indeed practicelly the whole flora

~ Trans. Ceol. Soc. Edinburgh. Vol ix.ptiv r494.
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e represented by the specimens in one block. = In the

eous masses on the other hand, there are singularly few

a and at first sight this lends %eight to the evidence of
ciation. There is, however, snother member of the Zygopteridesc
nt - Steuropteris-burntislandica P. Bertrand, and therefore
~evidence of mere assocliation must be discarded. The other

a present in the block were Botryopteris antiqua, Kidston;
lophloios Scottii, Gordon; Lepidostrobus gyliridricus, Gordon
S.; Lepidocarpon Wildisnum, Scott; Bensonites fusiformis
ott, end Stegmaeria ficoides, Brongn.

}"gheifragmentS'of the petioles of Metaclepsydropsis duplex
“exceedingly numerous but of no great length. Some were

it & inches long but many did not exceed 3 inches while some
under 1 inch in length. Most of these petioles were crushed
ten there were short lengths which showed no crushing.

were so many specimens that, by choosing the uncrushed por-
only, a complete picture of the anatomy of the genus could

ned. One remarkable feature about the specimens is that

0 refer the stems found in the block to M. duplex. The
t specimens figured here were not discovered, however,

January 1911. Since then the early stages of petiolar
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ment have been ascertained. The preparations examined
about R 00 . 1 have made most of these myself in order
‘nothing important might be lost during the process of pre-
As a rule the slides number 12 to 14 per inch of

. and they are generally in fairly long series. The
I';-ghgwing the branching of the stem and the departure of
iole-trace was cut from a pisce of stem 3" long. From
ece B39 sections (including two longitudinal sections each

} were prepared; the sections thus run about 18 to the

rt from the silicified specimens I have made several series
,ions from calcified examples which happened to illustrate
not shown in the case of the siliceous pstrifactions. For

- of completeness, also, 1 propose to redescribe the species,
'ly as previous accounts have been based on & few isolated
from several distinct individuel specimens. All previous
”“*féglasS shape; ' I hope to show, however, that this

trace has been developed from a simpler type.

'_Eécies was first recorded by Williamson in 1873. His
hﬂd the hour-glass shaped xylem strand so characteristic

ure petiols. From 1873 until P. Bertrsnd's descrip-
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but heve discussed its affinities rather than its anatomy .
" Apart from Kidston no observer seems to have had more than a
few isolated sections to deal with. Some years ago, however,
Dr. Kidston had a particularly fine series prepared and these
he has kindly placed at my disposal. In addition to showing the
anatomy so far es it is known, they exhibit the remsins of
aphebliae and the passage of the aphlebia-traces out to these
organs. The unique opportunity I have had of studying hundreds
of petioles of all sizes has resulted in the elucidation of ihe
petiolar development. The material on which 1 have been working
is practically a felted mass of petrified stems, roots, petioles,
pinnae and pinnules of the species. All of them are fragmentary,
but, by cutting overlapping series of ssctions from various in-
dividuals, a more or less continuous chain of development has
been established. The extent of the overlapping is shown in

the following table.

' Stageof | Stage of | Stage of Stage of Stage of | Stage of
SERIES FL7 Jig 6. | PLIL fig 33 | LI fig 32| PLU f1g29 | PLU figlZ | PLU fig 25

1198 -1205

' [249=1252 e R

1253-1259

1230- 1242

1188 -1193 S

1188 - 1190 =

1177-1186

1267-1276
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‘General Structure.

‘order to obtain a genersl idea of the organisation of

n - Metaclepsydropsis duplex, it will be most convenient

ow its tissues from above dowmwards. By proceeding in

way we shall find that we pass from what is already known to

s unknown. In the first place we shall concentrate our

on on the xylem tissue partly because it is better pre-

and more continuous than any other, but chiefly because it
ery considerably as we descend.

{gﬂwﬁﬁe_smallest divisions of the pinnse which we are acquainted
‘those of the 3rd order probably - the trace is curved in

1 tapering, incurved ends. In the sinus, formed be-

the hooked ends and the body of the trace, the protoxylem

S may be found. These bundles then are C shaped or horse-
bed and they asre emitted, aslternately on sach side, Trom

of a similarly shaped-pinna—trace of lower order. At
 £*9?‘emLssion the combined trace has four protoxylem groups.
the two inner groups die out and the resulting trace is
‘shaped with hooked ends and two protoxylem groups in the
ﬂﬁ#ﬁbd by these hooks.

smallest traces known are distinctly curved with parenchyma

cavities. In one or two examples, however, the pinna

the third order. In this case the emission of the
and is distinctly of ths "extra marginal" type as defined
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) - fig. 42 1is a good example of this extra-merginal

h .

;ﬁg@gg occurrence of a "closed" bundle has also besn noted
.Tﬁrﬂl primary pinnae. This probably only takes place

1y high up the pinna because, as such primary pinnae are

. downwards into the petiole, each pinna-trace becomes
much flattened C with hooked ends. No pinna-trace has
_'gbggrved which was "closed" while still passing through

ex of the petiole (Pl. 4 fig. 41). Apart from these
eptional examples the pinna-traces of one order join those

lower order alternately on opposite sides as described

h{;n we come to the primasry pinnae, however, a change takes
.I-Jﬂmgy_&o not enter the petiole separately but in pairs
pinna-pairs enter alternately on each side of the

.~ Two primary pinna-traces, then, enter the cortex of

ole at the same level and pass downwards to join the
~trace., They sre placed symmetrically one on each side
principal plane of the petiole and are thus "mirror images"
ne of symmetry. A short distance below the point

two primary pinna-treces enter the cortex of the petiole
‘of very small traces may be seen to pass into the

. These are the aphlebia-traces. These are also "mirror
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ihnf one another in the principal plane of the petiole.
gre situated outside the pinna-iraces. A transverse
onn. through a petiole at this level shows 7 traces, the
e trace, two primary pinna traces and two pairs of aphlebia
(Text fg R no34rs).
Lower down in the petiole the four aphlebia-traces unite to
n two, or, if we momentarily change our point of view and
the aphlebia-traces upwards, the single strands esach
ate. In Pl., 3 fig. 36 & 38 a section at a still lower
is shown. The aphlebia-traces have almost joined on to
yuter ends of the pinna-traces. In P1. 3 fig. 35 the
' is complete but the 4 protoxylem groups on each combined
idicate that there has been & fusion of two distinct
The two inmer protoxylem groups die out dowmwards and
‘level of Pl. 3 fig. 34 each combined-trace has two proto-
ups, one at each end,
eeding still lower, the two combined-traces unite to
2 pinna-trace- bar on which there are 4 protoxylem groups.
t distance below this the bar joins on to the hour-glass

xylem of the petiole. In Pl. 2 figs. 19 & 1€ the bar is

- immediately before and immediately after its union with the

‘strand. (These figures are not, however, from the same
An island of parenchyms thus appears at the end of

e-trace (Pl. 2 figs. 18 & 21 is¢.) and round the peri-

the island there are 6 protoxylem groups. Four of' these
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'ﬁtﬁ %he'pinna—trace~bar=and two to the petiole-trace.

¢ latter lie on the sides of a small bay situated-at the
the hour-giassishaped petiole strand. Still continuing
ds the island becomes gradually smaller snd the proto-
groups of the pinna-trace-bar unite in pairs to form two
(P1. 2 fig. 20 prx.) The small bay with its two proto-
groups also éradually disappears and the island becomes
tical with a protoxylem group at each apex. Fl. 2 fig. 21 prx.
As we descend still further, the island graduslly becomes
#%%Eﬁ' thenfit opens to the exterior again and an open hay

0 protoxylem groups results. (Pl. 2. figs. 17, 18, 19, 22,
24. g.) This bay is vertically below the one which was

ed above and so the mistake has srisen thet there was a

shown above the groove ultimately dies out and is re-

) lower down; indeed it is the last vestage of the wedge
t“ﬁh@mgtous tissue shut in between the entering pinna-irace-
the petiole~treace. The disappearance of the groove and
emmatie representation of the reduction of the island is
'g“in Text Filgure B.

1§%r5wa have seen that two primary pinna-tirsces and their
of pinnae of a higher order have joined the petiole-
gradually disappeared into it. A similar sequence is
‘the opposite end of the petiole-trace but the two ends

in the same phase of pinna-trace emission. Thus
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yrthostichies of pinna "spreads" are borme by each petiocle.
his point every stage has been ascertained by reference

merous series.
* In following out the changes in the pstiole-trace considey-~
more difficulty has been met with and the stages figured are
om long series. This was due to the fact that the materisl
ed of short lengths of petioles{ no specimen exceeding
in that distance the changes were very slight, so that
, - very long - series would probsbly be ﬁedessary to show
“_Edual-change from one of the stages figured to the next.
i%é of . this discontinuity the position 1 tske up will be
Eﬁccépted for there is sufficient evidence to prove the
‘problem namely, that there is a gradual diseppearsnce of
ist" 1 or econstriction in the middle of the hour-glass
- petiole-trace and that this reduction takes place as we
| in the petiole. The second part of the problem is much
icult to prove than the first but, synchronous with the
carice of the "waist" of the petiole trace, there is a
waéﬁcﬁion in the size of the whole trace and in the pinna-
ch join it. We know that the petiole trace in other
ually.-beécomes smaller as we descend towards the stem,

4 one
This is exactly what/would naturally expect. It is
sing then to find a similar stéta.of affairs in Metaclepsy-
L;Bﬁt apart from the xylem tissue, we find that the outer

1l use the word "waist" as it gives the idea of a con-
iection in the middle of the trace.
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loses its sclerotic outer layer ss we follow this series.
‘from & study of the stem cortex which has no sclerotic ele-
we should naturally expect that the free petiole near its
uld have no sclerenchyma in the outer cortex. From
;idence-also,we must conclude that the series as figured
the various stages in a descending order. In other words
proof of the problem lies in the following observations :-
ize and shape of the petiole-trace, the development of the
trace bar and pinna-traces, and the sclerotic outer cortex
Faﬂgpadually reduced as we proceed through the figures shown
B fic. 17 to Pl. 3 fig. 32.

‘1t might be said that this was not conclusive since all the
do not represent different levels in e one and the same
and that there are perhaps several different species
1p in the series. Such an objection can easily be meyffor
; ge figured is intermediate between its two neighbouring
there is no sudden Jump at any point from one type of
a totally different one. In fact there is sa continuous
:fﬁﬁin one direction and this is the only variation that is
the specimens.

' 1l. fig. 17 represents a petiole-trace perfectly typical
es Metaclepsydropsis duplex; the walst is very pro-
nd the pinna-trace bar is also well marked. The speci-
in figure 16 is also perfectly typicel though rather

, but, apart from a few details in the phase of the pinna-
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pgrturQ? the two ifgures represent specimens which are
Picslly identical. In figure 19 however, the waist is
s marked than in figures 17 end 18, while figure 20

- & trace with hardly any constriction in the middle.

» 22 and 23 this has entirely disappeared. Indeed, had
ole whose trace is shown in the last mentioned figure
scovered separately, there is no doubt that it would have
erred to another genus, namely, Dineuron. Figure 24

ts another example where the trace is even more like

than that of figure 23.

 next two figures (26 end 26) are cut rather obliquely and
S &re perhaps not quite so long as they appear but the
section is very near 90° S0 that any reduction in their
@gﬂﬂuﬁt of the obliguity of section must be very slight.
from different specimens but represent stages which are
CE ly identical and show the departure of a much reduced

; 3 bar (Est.b.) If anything, fig. 26 is further up
_4§§ﬁ-the bar shows clesrly that it will divide into two
A somewhat similar example cut from the same specimen
is shown in Pl. I1l1. fig. 27 though here the trace is
rter than it really should be by a slight crushing. In
. 26 the trace is still further reduced but it is

tical with that of fig. 27 while that shown in fig. 29
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» The next three figures are taken from the same spscimen
this specimen joins the stem twc sections below that figured
ige. 32+  Pigure 30 is similar to fig. 29 except that both

; of the trace are closed instead of only one end as in the
rmer figure, where the lef't hend end has an island in the

~and the right hand end has a bsay. Figure Z1 shows clearly
two almost circuler islands one at each end of the trsce and
) the stem which the petiole joi%%F;wer é::ﬁ; Near the
ction with the stem the islands disappear end only the small
otoxylem elements remein. These protoxylem groups occur in

e at each end in fig. 31 but in fig. 32, where unfortunately
lower part of the trace is crushed, there only appears to be
group. Two sections lower down this series the petiocle-

e joined the stem (figs. 51 and 32. st.) We have thus fol-
JLﬂAthe petiocle-trace of M. duplex through all its stages into
item which presents certain peeunliarities but is very simple
:gtructure. |

. A typical transverse section is shown in Pl. 1. fig. 1.
regions can at once be distinguished, an outer of large
heides which ere seen to be reticulately thickened when
lewed in longitudinal secticn and a central zone composed of a

re of tracheides and parenchyma. The inner tracheides are

iiof the outer zone. The stem was long and dichotomously
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pranched.

On the whole it had the appearance of = rhizom}e and evidence
in favour of this will be brou@t forward immediately.

Root traces have been met with on one or two occasions but
only one example actually joined the stem xylem. One of these root
traces is shown in Pl, 1V, fig, 43. It is large for a root trace and
is diarch.

8o far merely the xylem tissue has been considered but the cor-
tex is also of some importance for while there is a sclerotic layer
in the cortex of the mature petiole there is none in that of the stem
or of the lower parts of the petiole. The inner cortex has generally
all decayed but small Ipatchea sometimes appear in the islands formed
between the pinna-trace-bar and the petiole-trace. It has always
the appearance of a delicate pa?enchy-ma.

Numerous groups of M‘éﬂ: probably synapgia, occur scattered
through the blocks containing the petioles and stems of M. duplex
There are gemerally four speralgia in each group but there is no evi-
dence that these were borne by the pinnules of this plant.

Histology of the Stem.

The stem which has just been referred to M. duplex is of pecul=-
iar interest both on account of its simple structure and because it
is of considerable phyllogenetic importance. In transverse section
it i8 eircular in outline (Pl 1. fig.l.), and sbout 1.8 mm. in dia-
meter: Two zones may easily be distinguished, the inner consisting
0f & mixture of paremchyma and tracheidal tissue and the outer being
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made up entirely of tracheides. Pl. 1 fig. 8 probably gives the
535‘1’. idea of the distribution of the tracheides and. parenchyma in
traverse section (&lthough a petiole trace is shown connected to the
gtem the former has not disturbed the more cemtral tissues.). In
other examples the tracheides are almost absent hnd in P1 é’. fig.
44 p. such a specimen is figured. Only one tracheide is present
immersed in the centre of a thin-walled parenchyma. The general cir-
cular shape of the stem is distorted in this specimen since a petiole~
trace is shown cqnnected with the stem. This trace apparently belong=-
ed to a petiole which had been torn avay leaving a ragged stump still
connected to the stem and so crushing the tissues of the trace’that one
proto:tylem group is unrecognisable and the whole grace very irregular
in outline.

In most specimens, however, the parenchyma has been ruptured
and only fragments of the delicate cell-walls remain. As a result
the tiséue‘ is seen batt_er in transverse than in longitudival section.
In one example (Pl 1¥. fig. 45) a peculiar condition was discovered.
There is no pafenchyma. present in the stem and there is a distinct
r‘adi’ﬂal arrangement of the tracheides. This stem is very much smalle
ér than any of the others and I have only seen it in one preparation.

I am inclined to think that it is an unequal dicftotom;y of the
8tem and it will be referred to later. In the meantime the absence
of conjunctire pai‘enchyma is worthy of notice. '

The tracheides of this zone are generally small in diameter

and vary considerably. The largest are only about 45w to 50/1& while
the /
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the small ones are So/u, and under. Thosg nearest the periphery are
_;&gj_n_k___e__:ra.lly. the I1a.rgeat and they abut on the j_.n_ner tracheides of the
outer xylem zone which are not much larger than the outer tracheides
of the mixed pith. Zhe thickenings on the walls of the inner ele-
ments are scalafiform in the smallest but reticulate in the largest.
In the same tracheide the transition between scalariform and reticul=-
ate thickening is often clearly seen (Pl. 1 fig.2.) The largest of
these elements have rarely more than 3 rows of pores on each wali.

The outerllzone of the stem xylem is four to five cells deep
thus .constituting a ring of solid wood round the inner zone. The
elements of this ring are much larger than those of the inner wood
hut these of the inner layers are much smaller than the others.
The average size is from loo/w to 130/), but near the .'bifurdation to be
noted shortly, some of the elerents are as much as 250}1. in diameter.
Some of these large tracheides may be seen in Pl 1. figs. 4, 5, and 6.
At the departure of a petiole-trace larger elements also occur (Pl 1.

fig.8)s Like those of the inner zone, the outer tracheides are long,
|

--i@i-nt.ed, and their walls reticulateiy thickened but there are 6 to 9
108 of pores &y the walls. The pores on the walls of the elements
of both zones are about the same size. Groups of small tracheides
ey occasionally be seen in the outer mylem zone but these are the
Mrotoxylem elements of a petiole trace and do not belong to the stem
itgels,

Outgside the xylem there is generally a dark dayer which in very

thin section is seen to consist of celludar tissue. This tinsuem.

no /
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10 doubt represents inner cortexAphloem but it seems to have been com-
posed of very delicate elements which are too much crushed to warrant
nore than a passing notice. The outer cortex, on the other hand,
ig generally well preserved. It congists of a thick-walled par-
enchyma but there are no sclerotic layers present. This outer cor-
tex is sometimes produced into ragged protuberances.

To the stem xylem petiole and root-traces are attached but they
:"o_nly occur at considerable distances. In the material examined only
three or four of such emissions have been noted and only in éhe case
yas a root=trace found joining the stem. In the case of each of
these appendages, howewver, there ia sufficient evidence to show that

the d.eparture is protostelic f?ﬁ-—-&'i

‘the outer xylem ring is never
broken, thus exposing the inner zone én the surface of the cylinder.

Branching of the Stem.

In several of the stems exsmined it was possible to cut long
geries of sections but the changes were very slight except in the
'neighhourhood of the emission of a petiole or root=-trace. In one
Bpecimen, however, just above the point of departure of a petiole-
tl‘aca, I was fortunate enough to discover both a root-trace emission
m@ bifureation of the stem. These three divisions all took place
vithin a length of 1% inches. In another case just above a petiole
itace departure the very small solid stem was discovered, this being
Irobably an unequal dichotomy of the stem, for the Mm division
Yag & diatiéqc);fdicﬁotomy.

Pl 1. fig. 3 represents the first stage of the bifurcation (the
mal) /
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gmall trace wt tr. represents a root trace which arches over at this

nt and the top of the arch is here shown), and the inner zone of

gt %-vx,qm

pixed pith is distinctly alongated, as is the wholeA Roughly speak=-
ing the stem xylem ig an ellipse. Higher up the stem the mixed pith
.emﬁea into two large masses connected by a thin neck or &n other
ords becories figure-of-eight shaped the outer xylem still remaining
glliptical. As a result of this the large elements previously noted
s of the

L
ﬂa_:!e-f'oundhoutaidaA he narrow neck connecting the two masse

gixed pith P1 1. figs. 4 and 5.  The pith then divides into two

 separate masses and the outer xylem becomes eight-shaped with large

wlem elements in the constriction of the eight (Pl 1. fig. 6) and

finally the two parts separate. The division is into two equal

parts 1.e. it is a dickotomy. During the division there is no appear=

ance of & branch gap i.e. the departuretof the branch is protostelic.

Hence all departures of petiola,root,amd branch have proved to be

protostelice. The small solid branch - if it be a branch = is of

quite gimilar to a case noted in Diplolable

ntirely disappeared at a

-1n‘herest becauvse it is

.'-'remnri (Solm§), where the w wood almost e

bifurcation of the stem. Such a reduced branch also might be expect-

ol to show primitive characteristics and to give some indication of

the race from which the plant had spEunge. The evidence from this

_-ﬂﬂﬁcimen points to an ancestor with a golid stele and this is in har-

mony with the evidence from a study of the petiole.

Histology of the Petiole.
the junction of the petiole

It is generally admitted, that at

and the stem, ancestral characters may Dbe expected Bo 1t 18

) portant 7

very im=



21,
igportant that the changes in the petiole~trace near the base should
e __c'_'a;réfully noted. In making a more minute examination of the

xylem tissue in this region it will be found more convenient to work

gg_:-fhe_ petiole and not down as in the general description.

The first figure to be noted is Pl 11, fig. 16 which represents
j;ri—'ﬁ'an'averae gection of the stem in a rather flattened condition.

..-1\%""1" a short arm of parenchymatous tissue may be geen stretching

fron the central mixed pith into the outer xylem. Near the end of this

radial arm are some rather small elements which constitute one of

{he protoxylem groups of a petiole-trace. The other protoxylem

group is not differentiated until later 80 that!at this early stage,

L%
the difference & phase of the two ends of the petiole-trace is quite

mrked, . In the next section of the series (Pl 2. fig. 15) the arm

"t ig very much longer and the protoxylem group is at the end of the

am furthest from the inner zone of mixed tracheides and pa.reichyma.

Mere is still no sign of the second protoxylem group. Figure 14,

which follows, shows one group of protoxylem elements igolated in the -©

outer xylem zone, the arm of paremchyma and its accompanying small

fracheides having disappeared. On tbe inner margin of the outer

Wod, a short distance round fr

om where the first medullary arm appear-

. o
¢d, & second small sinus containing protoxylem may be seen at "A".

Te next sectidn represented by fig. 13 shows the first protoxylem

group (Prx. 1) well out in the outer zone and the second group (Prx 2)
Wite distinct.
In P1 1. £ig. 12 both groups are clearly seen and in the next two

| sections /
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gotions (Ifj_ga. 11 and 10) little change can be noticed. One group

yg come to lie close to the margin of the stem xylem while the other

js 8t the outer extremity of the arm of paredchyms and small tracheides.

hen the jevel of fig. 9 is reached, however, the second arm has dis-

ppeared and at that end of the stem xylem there are two sunk protox=-

vlem groupPSe At the same time the whole end of the stem has a dis=

tinet bulge on it. (A closely similar stage is seen in P1 1. fig 1.)

e section higher up (fig. 8) the bulge on the stem is still more

:p‘m_neunced, jndeed the petioke-trace has now become & distinct body

by a number of very large tracheides. The

pinected to the stem at c,

jrotoxylem groups are placed at opposite foci of the elliptical trace.

In the section above that gjown in fig. 8, the trace has separ=

ied from the stem as an elliptical mass (fig. 7)e This trace was

followed for three sections more but no change was noted, and above

The subsequent changes in the petiole-

limce will be followed in another series which starts with a much

st about the level shown in P1 Lo i Bigy
The first gsection

trughed section ju 8. Below

this level both stem and petiole have rotted away.

Bif this new series which is figured, is shown in P1 111. fig.32.

-trace is closely adpresse
This group is

fore the much distorted petiole d to the

stem xylem and only one protoxylem group can he seen.

hui‘t'e gimilar in position and shape to either of those in P1 1. fig. 7.

Lfew sections higher up however, each protoxylem group has divided
into twe (Pl 111. fig. 51 prx) and an island of parenmchyma 1is devel=
ped &t each end separating the two parts into which each prétoxylem

B 1o (ric. 51 fo.). Tig. 30 vepresents the highest

Prection /
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gection in this same series and at the top of the trece there
is & mere filament of xylem tissue on the outer margin of the
island of parenchyma. A closely similar specimen is represented
by Pl. 1V. fig. 29a where one end of the trace is open while
the filament is just leaving the other end. There has been
some slight lateral crushing in this sbecimen es is indicated by
the flattened cortex but it has not affected the trace very much.

In P1. 1il. fig. 29, however, e closely similar trace is
shown, and there appears to have been no distortion in this case,
- The right-hand end of the trace is open and shows the bay "g" with
the protoxylem elements at each side. The other end is closed
and, there also, the two groups of protcxylem are clearly seen,
So far no distinct pinnas-trece~bar has been detached from the

petiole~trace; the filaments however, no doubt represent very

)
reduced examples of such departures. The trace showm in Pl. 1I1I,
fig. 28 while practicelly identical in form with that of fig. 29,
is slightly larger, and ¢n the left-hand end the filament of

Xylem of fig. 29 is represented by a stouter bar. Unfortunately
these petioles were only short fragments/genErally less than

half an inch 1ong,so that the pinna-trace-bars could not be
followed very far. In one example, however, from which about

20 sections were prepared two of these bars were followed a short
distance but they never, as far as could be seen, passed out

into pinnae. Though these figures, then, are taken from differ-

ent specimens it will be noticed that as the trace increases in

size /
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size the pinna-trace-bar becomes better and better developed.

Pl, 111., fig. 27 represents a cross section of another
of these peticle fragments which is exactly similar to that of
fig. 28. The one end is open and the other closed by a pinna-
trace~bar in exactly the same condition as in the latter figure.
In this specimen at a higher level the pinna—trace-bar_became
detached from the peticle trace and showed some signs of dividing
into two. (Pl. 11., fig. 26b.) A twisting of the whole petiole-
trace at this level gives a much longer appearance than is shown
in Pl. 1I11., fig. 27. 1In the next figure (fig. 25) an exactly
similar section is represented. The plane of section in this
case 1s horizontal except at the left-hand side. In this spec-
imen there is also & reduced pinna-trace<bar given off from the
petiole-trace and as in the case of fig. 26 the bar shows signs
of dividing in the middle to form two traces.

Passing to the trace shown in Pl. II., fig. 24 the first
thing to be noticed is that it has suffered no distortion and
that it is quite similar to that of fig. 25. In general form
it greatly resembles Pl. Il1l., fige. 29 but it ia larger and the
pinna-trece-bar "b" at the top of the figure is much better
developed than in that specimen. The petiole from which the
section of fig. 24 was prepsred is about 6 inches long eand higher
Up two pinns-traces were noted. They were fairly well developed
but did not penetrate the cortex to enter into distinct pinnae.
The outer cortex (0.c.) in this figure is alsoc worthy of notice

Since /
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since it contains no sclerotic layer.
A very similar example is shown in Pl. II., fig. 23, This

trace is not quite so long as the last but it is much stouter
and the ber "b" is rather better developed. Yet this bar also
never gives rise to traces which enter into distinet pinnae. In
figs 23 it is practically divided into two but both'die out
higher up. The outer cortex in this specimen had a distinect
sclerotic band towards the periphery. Up to this point all the
traces examined would have been referred to Dineuron had they
occurred separately and indeed would still be referred to that
genus unless the next three stages had been discovered. The
first of these transition examples is shown in Pl. II., fig. 22.
it is essentially like that of fig. 23 but a flattening is making
its appearance ®n both sides and the pinna-trace-bar is exceed-
ingly well developed. A similar flattening may be noted in
Pl, 11., fig. 26 but this is due to the obliquity of the plane of
- Section. Pl. 1I., fig. 21 exhibits another of these transition
stages. Here the trace gives some indication of a waist. The
Pinna—trace-har-is also much more robust than in the last figure.
This trace is exactly intermediate, both in size and shape, be-
tween the Dineuron-like example of fig. 24 and the normal
Metaclepsydropsis trace of figs. 17 and 18.

~ In the specimen shown in fig. 20 we have the last of the
transition types. A distinct wailst is shown|thus giving the

appearance of an hour-glass to the trace. An early stage of

Pinna-trace /
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pinna-trace departure is also demonstrated by this specimen and
the bar is quite robust and well developed. Even this specimen
would probably be referred to Metaclepsydropsis dupléz with some
nisgivings. Fig. 19, however, supplies the last link in the

chain and while the trace shown in it would at once be accepted

as typical of getablensxdronsis duplex,there is one peculiarity,
the broad waist, which links up the trace of fig. 20 with those
of figs. 17 =nd 18.

While it would be absolutely impossible to pass from the
trace of Pl, II., fig. 17 to that of Pl. I., fig. 7 or even that
of Pl, II., fig. 24, yet when all the intermediate stages are
shown it becomes not only possible but quite simple. The whole
development may be summed up thus:- the demands made on the
xylem of the petiole ys more and more robust pinna-traces have
caused the petiole-trace (1) to become larger, and (2) to in-
crease the size of the ends so as to accommodate the much leeser
pinna-tracs~bar. A closely similar conclusion was arrived at in
thé case of the petiole-trece in Diplolabis romeri but instead
of the ends of the trace becoming inflated they were drawn out
into two long arms at each end.

In P1. 1V,, fig. 39 an 1ntere§ting example is shown. The
specimen was very short but it happened to include the portion of
the petiole to which the pinnae are attached. These pinnae
Wwere seen to be quite normal though small. This has led me to

believe /
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pelieve that the specimen must have been a portion near the top
of a petiole. In that region we would naturally expect the
trace to be smaller and, if the hypothesis be correct that the
hour-glass shape was impressed on the petiole-trace in order that
it might accommodate more robust pinnae, we would also expect
that the petiole-trace near the apex would revert to its ellip-
tical form since the pinnae diminish in size near the top of the
frond. The trace in this example is exactly similar to that
in Pl1. Il1., fig. 21 except that it is smaller and this latter
figure represents a section well down towards the base of the
petiole.

Turning now to examine the pinna-trace, we find that one of
the earliest obvious stages in its development on the petiole-
trace 1s seen in Pl. IIl., fig. 38, where, at "g" a round island
of parenchyma is seen. At each side of this island there are
groups of small elements - the protoxylem. Such a stage, how-
ever, is not the earliest that can be seen for the protoxylem
groups may be observed before the island is formed, 1l.e., when
there is a groove at the end of the petiole~-trace and not an
island, (P1. 11., figs. 17, 18, 19, 22, 23, 24, prxla, prx.,®).
They may be distinguished at sn even lower level (fig. 21, prx ¢°
Prx,gc or fig. 17 prxlb, prx.gb). Pl., 1I. fig. 18 is probably
just below the level at which the last vest&ges of these groups

are visible but the bay or groove which results from the island

opening /
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opening to the outside, is seen shallowing away at C.

A stage beyond that of fig. 38 is shown in Pl. 1i. fig. 21
at the lower end of the trace. The island of parenchyma which
was circular in the former figure is elliptical in the latter
and has still two protoxylem groups, one at each end of the major
axis of the ellipse. At a still higher level (Pl. IIi. fig. 38
lower end of trace) the island is much 1argeg)and the protoxylem
groups of the pinna-traces vertically above the pair represented
by the pinna-trace-bar we are considering, are quite distinect on
the inner margin of the island. A somewhat similar example may
be seen at the top of the trace in Pl. 1i. fig. 20. There are
at this stage four protoxylem groups arranged round the island.
The groups at the ends of the island become spread out on the
outer margin and then divide into two. The stage just before
the division is shown in the last mentioned figure.

Passing to the top of the trace in Pl. II. fig. 22 it will
‘be noticed that the pinna-trace bar has four protoxylem groups
peculiar to itself. These have been derived as indicated above
from the original two groups. There are thus six groups round
the island which has now attained a larger size. Two closely
similar examples are figured in Pl. Il. fig. 21 and fig. 18 at
the top of the trace in each case. In figs. 17 and 19 the bar
has become detached from the petiole trace and gives some indic-

ation that it will divide into two equel parts, Pl. 1II, fig. 34

represents /
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represents a stlll later stage where the division is complete
and two curved xylem strands are produced. iIn the section above,
other protoxylem groups make their appearance on the inside of
pach of the curved xylem strands, but they are near the lower
ends of these strands and not in the centre. Two sections above
this lest one these extra protoxylems are distinct and the arc
of xylem is converted into a double arc (Pl. 1II. fig. 35.) In
Pl, 111, fig. 36 - about 3 sections above fig. 35 - the small
traces are cut off from the larger median bundles. The small
bundles pass out to supply aphlebiae and during their passage
outwards they each bifurcate. The two branches of each bifurca-
tion pass out at the same level and not, as in Diplolabis romeri,
at different levels.

The larger median bundles - destined to supply pinnae - be-
come more curved (Pl, IV., fig. 40) and finally pass out at the
same level into the pinnae of which theres are two for each pinna-
trace-bar, in some cases, however, the incurved ends unite and
the arc then becomes a closed ring of xylem (Pl. IV. fig. 41.)
Such a closed trace is very interesting and probably indicates
an ancestral character. Very few of such annular traces have
been discovered and unfortunately they could not be followed far
snough to see if they ultimately resumed the open form. In one
secondary pinna a similar character was noted and here the emission
of the tertiary pinna is exactly comparable with the emission of

the /
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the secondary pinna from the primary.in Clepsydropsis antigua
N o by Dr. P. Bertrand.! = This 1l been calied wq -
the "extra-marginal® type of emission,

Apart from these abnormal cases the pinna-trace is opem and
consists of reticulatsly thickened tracheides with scalariform
protoxylem elements in the sinuses formed by the incurved ends.
The pinnae of one order are cut off from the ends of the trace of
lower order and pass out altsrnately at each side.

The foliage and fructifications are quite unknown though
several groups of sporangia (probably synangia since there arse
always four sporangia in a group and there is sometimes only one
wall between two sporangia) occur in the same sections as contain
the petioles and pinnae of this species. In the absence of evi-

dence of continuity, however, it would not be safe to connect the

two.

Histology of the root.

The root trace is very similar to that of Diplolabis gémeri
(Solms); it is barrel shaped and consists of reticulately thick-
eéned tracheides. There are two protoxylem groups of scalariform
elements situatsed one at each end of the barrel-shaped trace.
in one specimen a rootlet scems to be given off from the main
trace but it is very much crushed and one cannot determine whether
the smaller rootlets were similar to the large ones. Another

Spscimen curved up at first but ultimately turned and grew in the

Qpposite / e N

1. P, Bertrand. Etudes sur la froude des Zygopteridus.
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opposite direction to the departurs of a petiole trace lower
down. Very few root-traces were discovered and then only the

xylem was preserved.

Comparison with other spescies.

In their memoir on the fossil Osmundoceae, Kidston and Gwynne-

Vaughan have divided the Zygopterideae into three great groups,
and, although few stems belonging to this family are known, at

' least one of the recorded specimens belong to each group.
dnkyropteris corrugata, (Williamson), A. Brongmiarti, (Renault),
and probably A. scandeus, (Stenzel) belong to the first group;
Diplolabis romeri, (Solms) and Metaclepsydropsis duplex, (Williamson)
to the second; and Etapteris di-upsilon (Zygopteris Grayi),

(¥Williamson) to the third. The stele of the stem in all of these
species is elther circular or roughly stellate in transverse
Section. When examined in detail, however, there are consider-
able differences between them.

In comparing the newly discovered stem of Metaclepsydropsis
duplex with the others we shall begin with the simplest known
type (it is also the oldest known type) Diplolabis romeri. This
latter species is derived from the same locality as M. duplex.

In it the stem xylem is circular in trsnsverse section and con-
Sists of two kinds of tracheides both of which have reticulate
thickenings on their walls. The xylem elements are arranged in

two Zones, the inner of which contains only short, square-ended
tracheides, /
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gragheidas, while the elements of the outer zone are long and
pointed. The inner tracheides are smaller in diameter than
those of the outer zone and they are arranged in vertical series
as though they had been derived by the septation of long ele-
ments, Thers is no conjunctive parenchyma.present in the stele.
The stem branched dichotomously and was a rhizome.

The departure of the petiole-trace from the stele is protos-
telic and the trace is at first elliptical with sunk protoxylem
groups one near each focus of the ellipse. In the subsequent
development of the petiole~trace long arms are gradually produced
and the trace then becomes H or X shaped., Pinnae depart from
the petiole in pairs, one pair alternately on each side so that
four rows of pinnae are produced on the one petiole. The root-
traces also leave the stem xylem in a protostelic manner, they
are diarch and barrel-shaped.

As we have seen, the stele of M. duplex 1is also circular
in outline and the xylem consists of two kinds of tracheide.

Both kinds are long, pointed and reticulately thickened, except
the smallest in the inner zone, which have scalariform thickenings
on their walls. There is conjunctive parenchyma present, how-
ever. The stem branched didkotomously and was a rhizome as in
the last species. _

The petiole-trace left the stem stele in & protostelic menner
85 an elliptical mass with two sunk protoxylem groups but its

Subsequent /
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subsequent development 1s quite different from that of Dinlolabis
romeri. No arms are produced but both ends of the trace become
dilaﬁ?d- In D. romeri the island of parenchyma enclosed by the
entering pinna-trace~bar is constant in size whereas that in
M, duplex gradually diminishes until it is exceedingly small,
when it opens to the exterior and a small groove is left in the
petiole trace instead of the wide V shaped groove betwsen the
arms in D. romeri.

The pinnae are borne in four orthostichies just as in Diplol-
abis but occasionally the trace becomes closed as in Clepsydropsis.
The roots of M. duplex are also quite simllar to those of D.
romeri. I have gone into considerable detail in this comparison
as these two species have many points of similarity and form two
important links in the chain of evolution among the Zygopteridese.

In comparing M. duplex with Ankyropteris corrugata a great
Similarity in the shape of the stele must be noted. Both have
two zones of tracheides and there is conjunctive parenchyma in
the inner zone in each. But while only a few of the elements in
the inner zone in M. duplex are scalariform tracheides, all the
8lements in both:zones of *A. corrugata have that type of thickening.
It has also been shown that the arms of parenchyma and tracheidal
tissue which radiate out from the inner zone of the stem stele
d0 not persist for any great vertical distance in M. duplex. In
the case of A. corrugata, on the other hand, these arms seem to
persist /
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persist for a greater vertical distance, so much so, that the
outer zone of the stels xylem appears to consist of five groups
of tracheides alternating with five parenchymatous arms which
project from the inner zone. The largest tracheides in A, cor-
rugata appear in the centre of each group and in M. duplex the
largest are in the central portion of the outer xylem; but if
the radiating arms broke up the outer ring as in A. corrugsta
the smaller tracheides would be situated along the sides of the
arms and then the large tracheides would occupy a central position
in the resulting groups of the outer xylem zone. In both species
these radiating arms of parenchyma and tracheides are intimately
connected with the petiole-trace departure, and this emission is
more distinctly protostelic in character in M. duplex than in
A. corrugata. In the type of branching shown by both species
there is a striking similarity, it is a dichotomy in each case
and in neither case has any "axillary" branching been recorded.
It is also worthy of notice that the Botrychioxylon-like specimen
shown in Pl. IV. fig. 46 as paralleled in Williamson's figure of
ﬂ;_cg_z;mgggg.l (Pley Tigelq )

The petiolar development, however, is entirely different in
the two species A. corrugata having only two rows of pinnae and
these, as Kidston and Gwynne-Vaughan point out,2 being little
more /

1. Williemson, Phil. Trans. Roy. Soc. Vel 16] 157¢

2. Kidston & Gwynne-Vaughan, Trans. ROy. Soc. Edinr. Vel xLvil 190
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more than scale leaves.

The French Permian species A. Brongniarti is also very sim-
ilar to M. duplex as far as its stem stele is concerned. In
size they are almost identical but in A, Brongniarti the rad-
iating arms are exceedingly well developed and the tracheides
have all scalariform thickenings on their walls. Very little is
known about this species particularly about the petiole-trace,
but the petiole referred by Renault to the species is distinctly
of the Ankyropteris type. The branching of the stem is of the
"axillary" type now shown to be of the nature of an unequal dict-
otomy .

Compared with Etapteris di-upsilon (Zygopteris Grayi) the
stem of M. duplex is very distinct. The stellate structure of
the stem xylem in the former species is the result of the rapid
emission of petiole-traces, and, when one has departed, the out-
line becomes rounded at that part of the stem and not stellate.
The arms of parench&ma and tracheides radiating from the central
zone of the stem xylem are much more prominent here than in
A. corrugata or A. Brongniarti. The type of branching also in
this species is an unequal dickotomy. The petiole-trace which
is emitted from the stem belongs to the third group as defined by
Ki&aton and Gwynne-Vaughan. This correlation of the petiole
known as Etapteris di-upsilon, (Wwilliamson) with Zygopteris Grayi
has only recently been published by Dr. Kidston.l The species

is /

1. Ann. Bot. Vol. XXIV April 1910.
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is therefore distinct from M. duplex in all its salient festures.

inkyropteris (Zygopteris)scandeus, (Stenzel) is another
zygopterid fern with a stellate stem stele. It was in this
species that the presence of the "axillary" branch was first de-
monstrated and in some respects it is closely similar to Etapteris
di-upsilon. The petiole-trace, however, is of the Ankyropteris
type. It is thus quite distinct from M. duplex.

Quite apart, then, from the appearsnce of the petiole-trace
K. duplex may be distinguvished from all other species of the
Zygopterideae by the structure of the stem. As regards the
petiole-trace itself there is no species so far described with
which it is likely to be confounded in its mature stages but as
has already been shown the early stages of the petiole might quilte
well be confused with Dineuron. It is quite true that no speci-
men of Lineuron has besen discovered which has as large a stele
as M. duplex but it is quite conceivable that some species of
Dineuron may be discovered with a peticle-trace as large as that
of the early stages in the trace of M. duplex. None of the
early stages of petiolar development in the latter species is com-
‘parable with Clepsydropsis. In Diplolsbis, on the other hand,
there was a distinct resemblence to that species in the early

form of the petiole-trace.

SUNMAry .
In this paper a fern stem is described and the evidence for

referring /
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referring it to Metaclepsydropsis duplex, (williesmson) is cited.
The stem is shown to be a long, dicfoXomousiy branched, rhizome
from which petioles and roots are only emitted at considerable
intervals; indeed, although several inches of é;: stem were
cut into trensverse sections, only one petiole departure was ob-
served. Several pieces of the stem were discovered. Branching
of the stem is shown to be of the nature of e dickotomy.

The petiole-tirace is followed from the earliest stages of
its differentiation from the stem until it departs as a separate
trace. From that level it is followed through several series
until the norme&l form of the M. duplex petiole-trace is attained.
The Dineuron-like type of the early petiole-trace is recorded.

The pinna-trace departure is next studied and the changes
noted from the time the pinna-trace-bar leaves the peticle-trace
until the tertiary pinnae are reached. Several cases of abnormal
traces are noted in which the xylem forms a closed ring. The
resemblance which sucﬁ abnormal types has with what is the normal
form in Clepsydropsis is commented on.

Root-traces are also observed and they are diarch with a
barrel-shaped xylem mass. '

The cortex is dealt with in general terms as there is nothing
of special note in its organisation. In the cortex of the stem
and early stages of the petiole, however, there is no sclerenchyma
Present.

One specimen is recorded which shows secondary thickening but

it /
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it is probably abnormal. It appears similar to Botrychioxylon.
The specles 1s then compared with the members of the

Zygopterideae which resemble it.

Metaclepsydropsis duplex, (Williamson).

1874. Rachiopteris duplex, Williamson. Phil. Trans. Roy. Soc.
Vol. 164.

1689. Asterochloena (Clepsydropsis) duplex, Stenzel. Die Gattung
Tubicaulis.

1896. Clepsydropsis sp., Renault. Bass. honill. et perm. d'aﬁtun
et D'Epinac.

1909. Metaclepsydropsis duplex, P. Bertrasnd, Etudes sur la frownde
des Zygopteridees.

Diagnosis.

Stem long, dichotomously branched; xylem of stem circular
in transverse section, 2 mm. &tn diameter, elements in two zones.
Inner zone of long, narrow, reticulately or scalariformly thick-
ened tracheides together with some conjunctive parenchyma.  Arms
of inner zone radiate into outer zone in certain places. Quter
xylem of long, broad, reticulate tracheides. Protoxylem groups,
of scalariform elements, not cauline but decurrent from the petiole
into the stem, disappear at outer margin of inner zone. Cortex
without sclerenchyms.

Petiole-trsce at first elliptical in transverse section with
& sunk protoxylem group near ¢ach end. Ends ultimately

and /
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and trace becomes hour-glass shaped with sinus at centre of each
end. Protoxylem groups two at each end situated on sides of
sinus. Tracheides with reticulate thickenings except protoxylem
glements which are scalariform. Primary pinnae in four orthos-
tichies; 1inserted on petiole in pairs. Pinna~-traces of third
order enter those of second order in marginal or extramarginal
manner in two orthostichies. Insertion of secondary pinnae on
primary similer to tertiary on secondery. Trace of primary pinnae
sometimes closed but open lower down. Last traces to join
primary pinna-traces are from aphlebise. Aphlebia-traces bi-
furcate during passage through petiole-cortex.

Pinna and aphlebia-traces unite to form pinna-treace=bar
which joins petiole-trace. Aphlebia-trace branches pass out &t
same level.

‘Root-traces large, barrel-shaped, diarch.
Foliage and Sporangia unknown.

Localities. Calciferous Sandstone Series, (=Culm) Pettycur, Fife.

amd Btvtvar o, Feblebwiery, Saalfeld
gn
Conclusions agh General Considerations.
In the light of recent discoveries of stems of Zygopterid

and Osmundaceous affinities it is not surprising that the stem of
Eﬁlﬁglgggxgzgﬁggg should be such & simple¢ ons. As & matter of
fact it is not so simple &s that of Diplolabis ;omeri,(Solmgh At
the same time it must rank next to Diplolabis in order of com-
Plexity for the elements of its axis are chiefly reticulate

tracheides /
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tracheides and the mixed pith does not play so importent a part
as in Ankyropteris corrugate and the other known zygopterid
stems. The radiating arms of parenchyma and trscheides so
prominent in A, corrugata sre also present in M. duplex but they
are not so well marked. In all cases they are intimately con-
nected with the emission of the petiole-trace and imdssd the
radial arm shown in Pl. II., fig. 15, a, is shown to be intimately
related to one of the protoxylem groups of the trace of Pl. I.
Pdge 7 Indeed the insertion of the petiole-trace into the stem
hasAbeen the cause of the stellate appearance of the latter in

Ebapteris di-upsilon (Zygopteris Grayi). A similar cause may be

assigned to the apparent grouping of the xylem into certain areas

in A. corrugata and A. Brongniarti. In other words the depart-
ure of the petiole-trace is beginning to have a greater effect

on the stem xylem in M. duplex then it had in Diplolabis, and the
series from Diplolabis to Etapteris (Zygopteris Grayi) through
sietaclepsydropsis and Ankyropteris corrugata and Brongniarti fore-

shadows a type of petiole-trace departure which will no longer be
pProtostelic but cause a gap in the outer xylem ring. In the
ZYgopteridaae the departure seems to have been protostelic in all
cases but the Osmundaceae show the change from the one type to
the other. M. duplex is thus, as far as the axis is concerned,
distinetly intermediate between the D;glolabis type and that of
Ankyropteris corrugate. Indeed it holds the same position among
the Zygopterideae witn four rows of primary pinnae, that

Bnkyropteris /
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Ankyropteris corrugata does among those with two orthostichies

of such appendages.

Dividing up the Zygopterideae according to this criterion,

as Kidston and Cwynne-Vaughan have done, we establish the two Shwv/—

series Diplolabis romeri - Metaclepsydropsis duplex - Etapteris

di-upsilon (Zygopteris Grayi) and Ankyropteris corrugata -
Ankyropteris scandeus. To make the intermediate position of M.

duplex in the first series quite clear the following table has

been inserted :-

y Diplolabis. Metaclepsydropsisa

hape of stem Circular with Circular with
exylam in tran- inner and inner and outer

sverse section. outer zones. ZONes.

Etapteris.

Pentagonal with
inner and outer
ZONes .

_ With conjunctive par-
yjpe of Stele. i Solid, enchyma in central
A : Z0ne.

With conjunctive
parenchyma in
central zone.,

hm of Jouter zone. long, pointed,long, pointed, ret-

Long, pointed,

reticulate. iculate, scalariform.
cheide )inner zone. Short, square-long, pointed retic- Long, pointed,
ended, reticu-| ulate or scalari- scalariform.
— P late. form.
ms radiating
tom_inner zone. Absent. Slightly developed. Strongly developed
L) Equal Equal Unequalled dic-
/e of branching. dichotomy. dickotomy . Rotomy, so-called

—

«axillary” branch.

It has been shown that the reticulate type of thickening on

the walls of tracheides is more primitive than the scalariform

type, s0 that as far as we can judge M. duplex occupies a position

above /
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above Diplolabis in the Bygopterid series and the other eriteria
at our disposal all point to the same conclusion.

Before passing to a discussion of the systematic position
of the petiole 1 wish to enumerate the reasons for believing that
the stem was a rhizome; (1) the xylem of the stem is small com-
pared with that of the petiole, (2) the internodes, if we may
call the distance between two petioles by this neme, are long, (3)
what evidence there is regarding the distribution of adventitious
roots seems to indicate that they are irregular in their occurrence,
(4) the petiole-trace is at first small and then grows larger, as
though it were supported in the lower portion, either by overlying
vegetable matter or soil and did not attain its maximum develop-
ment until it got above the substratum, (5) there is no sclerenchyma
in the cortex of the stem or of the lowest part of the petiols,
(6) the pinnae are in four orthostichies on the petiole and the
latter must therefore have been held erect.

The study of the petiolsr development has demonstrated
certain poings of interest. The term "arm" has been used to
Characterise the portion of the petiole-trace between the proto-
xylem groups and the"horizontal-bar" and while such arms do exist
in Qiplolabis and most other zygopterid petioles they do not occur
in Metaclepsydropsis duplex. The increasing size of the island
of parenchyma at the emergence of & pinna-trace-bar from the petiols
1o doubt gives the petiole-trace at certain levels the appearance
Of'having such arms, Pl. I1., fige. 18, but this stage is not

constant /
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constant. As has been already pointed out the ends of the trace

in M. duplex have become dilatated insteadlof being produced into
arms. This has permitted the insertion on the petiole of more

robust pinnae. In Dineuron we find a petiole-trace quite similar

to that of the early stages in M. duplex. In no case, however,
have petioles of the former genus been discovered, which had
dilatated ends.

Etapteris on the other hand appears to be a case where the
dilatations have increased so much that they have become quite

arm-like. The origin of the arms in this case is quite different

 from that of the arms in Diplolabis. Here they =re mere swell-

- ings similar to those on the outer ends of the arms in Diplolabis

and on the ends of the trace in M. duplex. Dr. P. Bertrand has
pointed this out in his memoir on the Zygopterid petiole-trace

and has also shown how the pinna-traces arise from the petiole-
trace. As Dr. Bertrand has also pointed out there is some slight
trace of arms comparsble with those in Diplolabis.

In order to decide whather arms are present on the petiole-
trace or not, it is necessary to examine a section immediately
above the level of a pinna-trace bar departure. In the case of
Diplolabis very distinct arms may be seen with the protoxylem
groups at the snds and the same applies to Etapteris, but Meta -
¢lepsydropsis and Dineuron do not exhibit such arms, the ends of

the trace have grooves in them and in these grooves lie the proto-

¥ylem elements. The grooves of Metaclepsydropsis and Dineuron
are thersfore equivalent to the wide bay in Diplolabis, Zygopteris

and /
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and Etapteris. In all cases the development of new pinna-
traces is essentially similar, small tongues of xylem elements
are developed round each protoxylem group end these grow towards
one another until they meet and form aj xylem bar across the end
of the trace. The bay or the groove now £ssms an island of
parenchyma.

| in Diplolabis the xylem bar is well developed and the size
of the island is constant, as is also the case in Zygopteris.
In Etapteris the tongues of xylem do not meet but break away and
unite after bfing detached; this is rather a specialised type

of pinna-trace departure. Dinesuron and Metaclepsydropsis, how-

ever, exhibit quite a different type. The small groove is

bridged across much more guickly than in Diplolabis and Zygopteris

. but subsequent growth causes the island to become larger and

1arger until it reaches a maximum at the level of the departure

of the pinna-trace-bar. In Dineuron, it is true, the island
aﬂgs'not reach the proportionate dimensions that it does in
lietaclepsydropsis but the increase is distinct and I believe that
these two genera must be grouped together.

Such a grouping would necessitate a division into two groups
of Kidston and Gwynne-Vaughend! first subdivision of the
Zygopterideae with quadriseriate pinnae. In the first group
would be included all forms with well-marked arms and the bay
between them always constant in size;

Dipleolabis romeri (Solm§)

Zygopteris /
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Zygopteris primaria Cotta.

The second group would include forms where distinet arms
are not developed and where consequently the bay is reduced to
a mere groove. The island of parenchyma formed by the bridging
of this groove becomes gradually larger until a maximum is

reached just before the departure of the pinna-trace=bar;

Dineuron ellipticum, Kidston, & D. pteroides, Renault

Metaclepsydropsis duplex, (Williamson).

This subdivision, however, is based entirely on the mature
form of the petiole trace. In members of each division
(Diplolabis and M. duplex) it has been shown that in early stages
of petiolar development the traces are distinctly similer in
appearance to that of Dineuron.

in a recent paper on Diplolabis romeri I drew attentiion to
an hypothetical type of petiole-trace (Erotoclepsydropsis) from
Which some other Zygopterid traces might be derived, and, in a

tabular form, 1 indicated what I believed to be the relationship

of these Zygopterid petioles to one another. The table is in-

serted below, and in it M. duplex has been placed in close re-
lation to Dineuron, in fact it has been considered one of the
forms directly derived from a Dineuron ancestry. Zygopteris and
Diplolabis have been grouped as a second derived form and Etapteris
as the third. 1t is exceedingly interesting to find that the

discovery /
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discovery of the stem and early stages of the petiole-trace of

M. duplex has entirely confirmed the view set forth in that

tiblg:__ v ad
j ‘Pmm%aJquyd?qpsis
E |
5 | ]
E Clepsy dropsrs Zkﬂfuraﬂ _
e 1 RS
b5 Melaclepsydropsrs Liapreris
It s b
[ i)
L RN IR Dpplelstis |
35
S8
---% ________________________________________ et L R T
§ . ¥
S Zygopleris

Of course all this grouping has been based on the hypothesis
that the forms of the trace at low levels in the petiole (i.e.
at early stages of development) are comparsble with ancestral
forms. This is also the basis of the work of Kidston and
Gwynne-Vaughan 6n the fossil Osmundaceae and of Sinnott's studies
on recent ferms. The hypothesis seems reasonable and when
applied to Diplolabis and Metaclepsydropsis (two forms closely
allied on other grounds) the results lead tc the same conclusion,
and show that evolution was parallel in these two genera.

As far as the relationships between the Osmundaceae and
Zygopterideae are concerned the stem of M. duplex occupies an
important position. In the medullation of the zygopterid stele

the series taken was Diplolabis, Ankyropteris corrugata, Etapteris

di-upsilon (Z., Grayi). Now this is open to criticism, for the

first /
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f&nat and last have quadriseriate pinnae and petiole-traces with
two planes of symmetry while the central type has biseriate
pinnae and one plane of symmetry in the petiole-trace. If we
substitute M., duplex for Ankyropteris we strengthen the position
from two points of view for (1) we get a series of forms which
are similar in all respects and (2) we may construct a parsllel
series in the zygopterideae with biseriate pinnae asnd one plane
of symmetry thus :~ Ankyropteris corrugatas-A. scandems. To
complete the series in this second main division of the Zygopteride
we only want a form with a solid stem stele similar to Diplolabis.
Clepsydropsis may supply this form for the stems referred to
that genus by Dr. Paul Bertrand are not above suspicion.
Clepsydropsis petioles have not been traced into these stems and
until this is done the Cladoxylons cannot be accepted as the
stems of Clepsydropsis.

Meanwhile the general trend of evolution as shown in the
Zygopterideae is parallel to that demonstrated by Kidston and

GW¥nne-Vaughan in the Osmundageae namely from a simple to a more

complex type i.e. both groups show an ascending series as we pass

upwards in the geological series.

In eoncluding this paper I desire to express my thanks to
Dr. Kidston, Dr. Scott and Miss Benson with whom I have been in
constant communication during my work on the genus described here.

1 have also benefited greatly by a study of Dr. Psul Bertrand's

nmemoir /
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EXPLANATION OF PLATES.

PLATE _1I.
METACLEPSYDROPS1S_ DUPLEX.

Fig; 1. Transverse section of stem. Xy = outer xylem; p = pith

with tracheides; prxy, Prx, protoxylem groups.

Slide 1126 X

Figs 2. Longitudinal section of stem. x, = outer xylem; x, =
inner xylem.

Slide; 1128 X

i

Fig. 3. Dictotomy of the stem, stage 1. x; = outer xylem; x,
inner xylem; rt. tr. = root trace.

Slide 1120 5.4 SR i

Figs 4. Dictotomy of stem, stage 2. lettering as in last figure.

Slide 1121 XN g

.?1g. 8. Dictotomy of stem, section above fig. 4. x = outer xylem;
Xoy Xo = inner xylem.

Sidde 1122 X 94

Fig. 6. Dictotomy of stem just before the branches separate.
Lettering as before.

Slide 1123 e

Fi&o 7. Insertion of petiole-trace in stem. Petiole trace detached

prx;, prxo = protoxylem groups;ixi and X, 8s before.
Slide 1110 x 18
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Pig. €.

Fig- 9.

Figo 10.

Fig. 11.

Fig. 122.

g, 13.

Fig. /

2.
Insertion of petiole-trace in stem. Petiole-trace at-
tached . Xy = outer zone of xylem; Xo = inner zone:
Prxy, Prx, = protoxylem J = large xylem elements.

Slide 1109 Xu 18

Stage below that of fig. €. prxl, prx'J = protoxylem groups
slide 1108  x 18

Section further in than fig. 9. prxl, Prx, = protoxylem
groups as before. '

slide 1107 x 18

Below fig. 10. al = rgdisl srm from inner xylem zone;

Prx., pPrx, = protoxylem groups.

1
Slide 1106 X 18

Stage preceding that of fig. 11. Lettering as before.

Slide 1105 x 18;

PLATE 2.

METACLEPSYDROPS1S DUPLEX.

Insertion of petiole trace in stem. Stage below Pl. I.
1

Tlgs 12, Prx,, Prx, = protoxylem group; & = arm of
parenchyma and tracheides radiating from inner xylem
zZone.

Slide 1104 S i,



figs 14.

Fig. 16.

Fig. 17.

Fig. 1€.

Fig /

=
L )

Section following that of fig. 13. Prxl = first proto-
xylem group; sl = sinus which is really the beginn-
ing of another radial arm similar to that of fig. 16.

Slide 1103 x lE.

Section below that shown in fig. 14. prx, = first
protoxylem group of petiole trece; a = radial arm of
parenchyma and tracheides.

Slide 1102 x 18.

Section below that shown in fig. 15. pPrx, = protoxylem
group; a = arm of tracheides and parenchyma radiating
from inner zone of stem axis.

Slide 1101 x:18.

Transverse section of mature petiole-trace showing hour-
glass shape. w = waist; " b = pinna-trace bar; g =
groove; prx = protoxylem groups; end - endodermis.

Slide 1146 X 17is

Transverse section of meture petiole~trace showing a
large island of parenchyme at one end and an open groove
at the other. w = waist; b = pinna-trace bar; g =
groove; prx = protoxylem group; is = island of par-
enchyma; ¢ = shallow depression - the last bestage of
the groove.

Slide 11858 x 17.



pigs 19

Figa 20'

F1g¢ 22,

Pips 08,

4.

Section similar to fig. 1€. Pinna-trace bar just de-

tached from petiole-trace. Waist not &s well marked

as in last two figures.

Slide 1181 x 17.

Example of a petiole-trace with "waist".still less marked

than in fig. 18. At the top an early stage in the de-
velopment of the pinna-trace bar is shom.

Slide 1167 X IV

3
1

Transverse section of petiole-trace in which the "waist"

is scarcely developed at al%. A pinna-trace bar is
shown attached to the petiole-trace at the top of the
figure. Prxbl, prbe, prxcl, perQ = protoxylem groups
on petiole-trace; PrXys prx?, prxﬁ; prx4 = protoxylem
groups on pinna-trace bar; 1is = island of parenchyms:

b = pinna-trace bar.

Slide 1171 x 1.

Section of & petiols-trace from which all indication of a

"waist" has vanished. Lettering as in other figures.

Slide 11852 ¥ A=

In the peticle-trace of this figure a further reduction to

en elliptical trace is cleerly seen. The pinna-trace
bar (b) is a much reduced one and the pinna-traces do
not pass beyond the cortex of the petiocle. lie. they are

reduced.
3lide X
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Fige 24, Transverse section of petiole-trace showing distinct el-
| liptical form of trace. Pinna-traces in this case
also are reduced. The outer cortex (o.c.) has no
sclerotic layer.

Slide 1194 x 1E.

Fig. 25. Rather oblique transverse section of a reduced petiole-
trace. Pinna-trace bar (b) does not divide into two
pinna traces.

Slide 1189 X

Flg. 26. Another oblique transverse section of petiole-trace.
Pinna-trace bar shows & double curve but it does not
divide into two to supply two pinnae.

Slide 1204 x 15.

PLATE 3.

METACLEPSYDROPS1IS DUPLEX.

Figs 27. Transverse section of petiole-trece. Pig. 26 shows this
same petiole-trace at a higher level.

Slide 1199 x 15.

Fig. 28. Transverse section of petiole-trace similar to that of
Big. 27.

Slide 1184 X

Fig. 29, Transverse section of another closely similar petiole-trace

Slide 13€9 % 17
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Fige 30. FHFurthest out section of a series showing the connection
between petiole-trace and stem xylem.

Slide 1242 Xpr s by

Pig. 1. Section below that shown in fig. 30. The interval be-

tween is about + inch. pPrx, prx = protoxylem groups;
is. = island of parenchyma; st. = xylem of stem.

Slide 1240 Xy [50

Fig. 32. Section some distance below that of fig. 31. Petiole-
trace crushed ageinst stem. Two sections below this the
two unite but are very much crushed at that level.

Slide 1233 X1y /9D

Fig) 36« Transverse section of peticle-trace closely similar to
that shown in fig. 21. This is inserted to show the
great similarity,- at this level, of the traces of
Metaclepsydropsis and Dineuron.

Slide 1180 X

Fig. 34. Transverse section of petiole showing the division of the
pinna-trace bar into two equal xylem arcs.

Slide 124¢& X %3

Flg, 36. Transverse section above that of fig. Z4. (There are three
other sections between these two). The xylem arcs of
the last figure are each dividing into two traces, a

large one and a small one.
Slide 1244 x 83
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fige 56 Section above that of fig. 3E. There are now five traces
in the petiole. The petiole-trace itself, two large
xylem arcs - the pinna-traces, and two small arcs -
the aphlebia-traces.

Slide 1243 X §.3

Pig. 37. Trensverse section of petlole to show the arrangement of
the tissues. The sclerotic outer zone of the cortex
is very distinct. The petiole-trace is shown more
highly magnified in Pl. Il., fig. 21.

Slide: 11731 X 653

Fig. 38« Petiole-trace of fig. 36 more highly magnified. g =
groove; prx = protoxylem groups at the sides of the
groove.,

Slide 1243 x 19.

PLATE 4.

METACLEPSYDROPSIS DUPLEX.

Flg, 89. Transverse section of petiole-trace at & high level in
the petiole.

Slide 1140 x 7%

Fig. 40. Transverse section of normsl pinna-trace. The shape is
like a horse-shoe with opencends.

Slide 1261 X
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INTRODUCTION.

Probably the commonest type of foliage among the impressions of Carboniferous
plants is one which simulates that of our living ferns. These palmozoic fronds were
originally believed to belong to the true ferns, but recently some of them have been
taken from this group and included in the Pteridospermesz. There remain, however,

a large number of fronds the true affinities of which are yet doubtful. Thus, though

there are still a considerable number of species which belong to the ferns, the number

of doubtful examples and of those now definitely known to be pteridospermous far
exceeds the number of those attributed to the Filices. Indeed, we cannot now consider

the latter group to have been dominant during the Carboniferous epoch.

What is true of the carbonised impressions is equally true of the petrifactions. In
the petrified speciméns, however, it is rather easier to determine which are likely to
belong to the fern group and which are not. It was among these petrified examples,

indeed, that the first indications of the Pteridospermes (Cycadofilices) were detected,
and it was also from petrified specimens that the seed habit among fern-like plants was
demonstrated.

There are several well-marked genera among the ferns* of Carboniferous times,

and recently a great deal of attention has been devoted to this group. Mr ArBER (1)
has instituted the group of the Primofilices to contain the ancient paleeozoic ferns
such as the Botryopteridese and Zygopteridese. Dr Scorr, Professor Bowek, and others

have discussed the relation of paleeozoic ferns to recent forms, showing how they may
be classified, and that that classification is in harmony with the geological evidence.

* The Botryopteridesw, though very different from modern ferns, are generally classed with the Filicales. Under

that name (Botryopterides), two very distinet orders are placed, viz. :—Botryopteris and Zygopteris, The differences
between these, however, seem too great to allow of their inclusion in the same order. In what follows I use the
terms Bofryopterides and Zygopteridew as representing ovders which are as distinct from one another as, say, that of
the Osmundace is from either of them,
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Dr Kipsrox and Professor GwyNNE-VAvaHAN have worked out a scheme of evolution
among the Osmundacese founded upon the hypothesis that the original representatives
of that order had solid woody axes, and this is receiving much support from a com-
parison with other groups. The specimen described below has also a very distinet
bearing on this question.

All the above-mentioned recent research has been from an evolutionary and
taxonomic standpoint, with the intention of clearing up many of the difficulties
continually met with in studying a flora which is at best fragmentary.

The classification of paleeozoic ferns has been attempted from two standpoints. M.
Pavr BERTRAND (2), who has just published an exhaustive treatise on the Zygopteridea, has
taken the form of the petiole-trace as his basis of classification, and has demonstrated
five distinct series among the members of that order. He does not, however, lay much
stress on the anatomy of the stem. As few zygopterid stems are known at present, this
classification founded on the petiolar structure is quite a feasible one. As our knowledge
of the stems of this order increases, modifications may have to be made in his scheme.

In their work on the fossil Osmundacee, Dr Kipsron and Professor GwyNNE-
VauegHAN (6) have called attention, on the other hand, to the nature of the stem
structure. They show that the stems of the older members of that order exhibit
characters which may be regarded as primitive, such as the absence of any pith in the
centre of the stele and the protostelic departure of the leaf traces. The fossil Osmun-
dacez can thus be arranged in an ascending series, and their occurrence in geological
time corresponds with their position in this series. A parallel development can be
demonstrated among the Lepidodendres. In the zygopterid alliance, however, no such
series has been established ; but, as these authors remark,* “if the zygopterid line of
descent is at all close to the Osmundaceous, we must be prepared for the existence
of a Zygopteris with a solid xylem like that of Thammopteris, the central elements
consisting entirely of short traches without any parenchyma. Such a discovery, in
fact, we hopefully anticipate.”

In this paper it is proposed to deseribe a zygopterid stem which satisfies the
requirements of the above prediction. Some specimens of a portion of the petiole
belonging to this fern have been recorded previously, but these fragments have not
been sufficiently long to give an adequate idea of the complete structure even of the
petiole itself. ~Of course, specimens of fossil plants showing all their various members
in organic continuity are of the rarest occurrence, but I have been fortunate enough in
this case to obtain specimens exhibiting stems, petioles, and roots in actual connection
with one another.

Zygopterid stems and petioles have been obtained from several different horizons,
but the specimens described here were derived from the lowest of the great Carboni-
ferous subdivisions—the Calciferous Sandstone Series (Culm)—to which the rocks at
Pettycur belong. The petrifactions occurring at Pettycur are either found lying loose

* K. and G.-V., Trans. Roy. Soc., Edinburgh, vol. xlvi. pt. iii,, pp. 663, 664.
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on the shore, or, as has been demonstrated,® embedded in the overhanging cliffs.
Some of my specimens were obtained from loose blocks, while others occurred 77 sifw in
the agglomerate which forms the cliff near Pettycur House. I have collected two large
blocks (one being about 1 ft. 6 ins. x 1 ft. x 1 ft., and the other 1 ft. x 9 ins. x 6 ins.), and
a small rounded fragment about 6 ins. diameter, containing petrified specimens of this
plant. I have further been able to obtain numerous detached petioles and pinne of the
fern from the agglomerate at Pettycur House. All these specimens, with the exception
of one of the first-mentioned blocks, were obtained i situ in the cliff. The plant
petrifactions were more or less continuous in the blocks, and thus it was possible to
prepare long series of sections illustrating the structure of the various members of the
plant. These sections were cut approximately at equal distances from each other, the

Stage oF [ Stage ofF Srage oF _STGE_E?_F_ Stage C'_FH" j Stage of ;

Wl o1 g 18 | PLii Prg. 21 | PLil Fig 24 | i1 il Fig 25 | PlLirfig 26 | Pl rig 28 | Slides

/  — 701 - 711

2 713 —- 733

3 650 - 700
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5 340-356
4284-284p

6 ————r—— | 335-338

7 331-334

Fie. 1.—Diagram illustrating the amount of the overlapping in the various series of sections cut from the
petiole-trace of Diplolabis rimeri.

interval between the sections being from (% in. to % in., though in some cases it did
not exceed {15 in. In general, the changes in the specimen from section to section are
not rapid. The slides examined, which number about 250, were prepared either by
myself or by Mr F. Puruips of the Sedgwick Museum, Cambridge, under my super-
vision. From one petiole 55 slides were prepared in series, but even that number was
not sufficient to illustrate completely all the stages in the change of form of the petiole-
trace. The various series which were prepared overlap so much, however, that there is
no doubt of the stages described below, each series serving to check the others. The
extent of the overlapping is indicated in text-fig. 1.

The mode of preservation of most of the specimens is somewhat peculiar. The
xylem elements are generally clearly preserved, but the thin-walled tissues of the cortex
are not as a rule well petrified. Even in the xylem elements the erystallisation of the
calcite has often distorted the walls. In the softer cortical tissues, the spherules of calcite

# (orpoN, Trans. Geol, Soc., Edinburgh, vol. ix. pt. iv., 1909,
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growing from the centres of erystallisation have so distorted the cells that the latter
have become completely disintegrated. When the small spherules had grown out so
as to touch each other, the carbonaceous matter from the ruptured cortical tissue was
imprisoned between them, and thus a pseudo-cellular structure was produced. Fach
individual spherule resembles a cell, but careful examination shows that the ontlines are
not really cell walls. This has occurred throughout the whole block, so that, at first
sight, the entire mass appears to be a continuous cellular tissue with various xylem-
strands traversing it. Closer examination, however, reveals the true nature of the
pseudo-cellular structure, and shows that the various strands really belong to separate
and distinet plant fragments. Plate L. fig. 11, illustrates this structure exceedingly well.
At first sight, the strands st., pet. tr., rt. tr., z and 2’ are all apparently set in a continu-
ous parenchymatous tissue, but a comparison with Pl I. fig. 10 shows that the strands
st., pet. tr., and 7t tr., belong to one plant, while z and 2/ are really outside the
cortex, though the pseudo-cellular nature of the whole matrix masks this to a large
extent.

Although the peculiar preservation obliterates the softer tissues, there is no difficulty
in delimiting their extent, and so continuity can be established between the stems and
the other members. This continuity is confirmed by a study of the xylem tissue, which
is continuous in all cases. Indeed, it is largely from a consideration of the xylem that
the results to be described below were obtained.

In a Preliminary Note read to the British Association at Winnipeg,* I gave this plant
the provisional name—Zygopteris pettycurensis, but indicated that I expected to be
able to demonstrate that it really was identical with Zygopteris romers (Solms), and this
has proved to be the case. Before considering the general structure, however, it will be
well to recall the history of this interesting species. Like many another fossil, this plant
has had a checquered history. In 1892 Count Sorms-Laveace (11) gave the name
Zygopteris romert to detached petioles with peculiar traces. These specimens were
obtained by Sorms and Herr VorgerL from the Devonian of Falkenberg. Similar
petioles were discovered in the Lower Carboniferous rocks of Esnost in France and called
Duplolabis esnostensis by RENaULT (8) in 1896. In 1908, M. PreLourpE (7) described a
partially disintegrated specimen from Esnost under Flicheia esnostensis. This new
genus and species is identical with some of my specimens which can be traced into the
normal petiole-strand of Diplolabis romeri. The five strands are derived by the arms of
the trace breaking away from the horizontal bar. An example of a rotted trace com-
parable with those figured by this author is reproduced in PL IV. fig. 46. M. PavuL
BerTRAND (2), in 1909, recognised that RENAULT'S specimens were identical with those
of SoLms, and has therefore reverted to the original specific name rdmeri, while retain-
ing RENAULT'S genus Diplolabis.  This course I have also followed here.

The specimens from Pettycur are much more complete than those previously
obtained elsewhere, and my work on them has convinced me that we are dealing with a

* Report Brit. Assn., Winnipeg, Section K, 1909.
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yery primitive type of stem and a petiole-trace which might be placed in several differ-
ent form-genera according to the relative position in the petiole of the section under
consideration. These Pettycur specimens are the first examples of this species recorded
from a British source, and are interesting both from a botanical standpoint and on
account of their geological age, since this species helps to link up more closely the flora
of the Caleciferous Sandstone Period in Scotland with that recorded from the Culm and
the Devonian on the Continent.

G'ENERAL STRUCTURE.

The structure of the stem is exceedingly simple. It consists of a fair-sized stele
(the xylem being 3 to 5 mm. in diameter), surrounded by a cortical zone whose tissues
are not as a rule preserved, though its limits are indicated. A typical transverse section
of the stem-xylem is shown in Pl I fig. 1; and in Pl L fig. 9, o.c., the cortex is
delimited by the lighter-coloured area surrounding the stele. The outer cortical zone
is rather darker than the matrix containing the specimen, and so the outer boundary of
the cortex is quite distinet, PL L figs. 9 to 11, o.c. In some specimens the dark outer
layers of the outer cortex are preserved, but the cells do not appear to have been sclerotic.

The xylem, however, is usually well preserved, or at least sufficiently so to be traced
continuously through the block. Occasionally even the xylem has become partially
decayed or disintegrated during petrifaction. As seen in PL L fig. 1, the xylem of the
stem is circular in transverse section, and consists of an outer and an inner zone z and &’
respectively. The elements of the outer zone, which show a strong suggestion of radial
arrangement, are long, pointed tracheides without any admixture of parenchyma.
The inner tracheides are short, square-ended, and reticulately thickened; they are
very distinet in PL L. fig. 7. The two kinds of wood can easily be distinguished, even
in transverse section, for the elements of the inner wood are rather smaller in diameter
than these of the outer xylem. They are not radially arranged, and the walls appear
to have been more delicate, since these are often much distorted even in cases where
no distortion is visible in the outer xylem (PL I fig. 1). In longitudinal section the
distinction is exceedingly obvious (PL I fig. 5, « and #/). There is no secondary wood.

Diplolabis romeri, in possessing a solid stele with two kinds of xylem elements,
closely resembles the Permian osmundaceous stem, Zalesskyca gracilis (Eichwald), or
more nearly Thamnopteris schlechtendalii (Bichwald). Both of these stems have been
shown by Kipston and GwyNNE-VAUGHAN (6) to possess an inner and an outer xylem.
In habit, however, D. romeri differs from these osmundaceous specimens, for its stem
was long and often branched, while appendages were given off only at long intervals
and not in a close spiral. Indeed, the whole appearance of the stem of this plant
strongly suggests that it was a rhizome. Numerous petioles of Diplolabis rémert oceur
associated with the stems described above, and in some cases such petioles can be traced
into the stem. In the normal petiole the trace is X-shaped, or the two sides of the ‘X
may be separated by a horizontal bar of xylem )=(, or the trace may become quite
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H-shaped by the two arms on each side leaving the horizontal bar at 90° (P1. IV. fig. 42).
At intervals pinnee depart from these petioles, and, except in a few details, the
departure of the pinna-traces from the petiole-trace is exactly as RENavLT has stated.
His material was not complete enough, however, to show these details. In the Pettycur
specimens I find that, shortly after the departing pinna-trace-bar* (Pl IV. fig. 42 b)
has left the petiole-trace (and while still in the cortex of the petiole), it divides up into
several traces. The division is probably into two and then into four. Of these four
traces, the two extreme are smaller than the two mean. The large median strands
soon become C-shaped and pass out into the pinnse. Pl IV. fig. 42 shows the xylem-
bar departing from the petiole-trace, while PL. IV. figs. 43, 44, 45, 47, and 48, pin. ir.
show the pinna-trace at different levels.

The smaller traces on the extremes of the pair of pinna-traces hecome gutter-shaped
or even rounded, and no doubt supplied aphlebize. They divide into two in passing
through the cortex of the petiole, thus producing four traces which leave the petiole in
pairs, one of each pair being derived from each of the original aphlebia-traces. These
aphlebia-traces do not enter the pinnz, but emerge at their bases. No such aphlebia-
traces appear at the base of the petioles, but they are found at every normal pinna
departure (Pl IV. figs. 43, 44, and 45, aph. ¢r.). Similar bundles have been recorded by
WiLniamson (15) as departing at a similar level in the petiole of Metaclepsydropsis
duplex. He called them “ ternary bundles,” 7.e. secondary pinnz. They are, however,
specialised pinnee, and, by their cortex remaining fixed to that of the petiole and of the
pinna for a considerable distance, they would serve hoth to support the heavy pinnz to
some extent, and to prevent these latter from snapping away from the petiole if the
plant were subjected to any strain.

As the two pinna-traces pass slowly out through the cortex of the petiole they diverge,
and so, when the pinnee themselves are free from the petiole, there is an angle of more
than 90° between them. This angle increases as they pass out. At the same time, the
angle between the plane containing the two pinnz and the vertical plane T of the petiole
is a small one. The open side of the pinna-trace always faces the petiole; and the
whole array of secondary pinnz belonging to each primary pinna, .e. each “spread” of
secondary pinne, lies in a plane facing obliquely upwards towards the main rachis.

The pair of pinnz immediately succeeding are on the opposite side of the petiole ;
the next pair are inserted vertically above the first pair, and so on. There are thus
four orthostichies of primary pinne, and therefore of secondary pinna-spreads, hut the
small angle between the plane of the two departing pinne and the vertical plane of the
petiole, coupled with the large angle hetween the pair of pinnz, causes the whole frond
to assume a more or less hilateral character (text-fig. 2). It is not bilateral in the
sense that all the primary pinnse face in one direction, for those on one side of the

* Tt is convenient to have a special name for the arc of xylem formed by the fusion of the two entering pinna-
traces. The pinna-trace-bar (the name explains itself) has been used for this xylem arc.
t See A. G. TaNsLEY (14),
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N le face towards those on the other, 7.e. the petiole rachis is analogous to the stem of
 Jiving ferns, since the pinnee face the petiole in the same way that the fronds of modern
~ ferns face the stem.

Each pinna-trace is at first bow-shaped, but the ends gradually turn inwards until
~ they almost meet, thus giving a C-shaped trace. An intermediate stage between the
- bow-shaped and the G-shaped trace is shown in PL IV. fig. 47. In its subsequent

- divisions the pinna-trace gives off small bundles from its free ends alternately on each
- side. These, in turn, continue to divide in a similar manner. The ultimate branchings

- Elevation

Fio. 23,

i, 2o — Pl of e pivnee e the wuckils of Diplolabis romer, The tendency to s dorsiventrsl snungenient is indisetod.
T, 3k, — Mlhevtion showing the vertice] srysngement of the plune on the rechis, Pt by, =pstiole fues ;
P tr. =pinna-trees ; aph. tv, =sphlebia-trece,

of the pinnz, the foliage, and the sporangia of this interesting fern are unknown,
! mm referred certain symzngiﬂ to D, romeri on the gl‘@ﬂﬂd& Qf sssociation
socistion eannot, however, be taken as a eriterion of any relationship between
fing mow to follow this petiole into the stem, we find that at a lower level of
the parts eorvesponding to the vertical lines of the H bend outwards until
gl made by each of those four arms and the horizontal bar of the H becomes
over 150 (PL. 11 fig. 27).
. Bach of these avms has a protoxylem group near its apex on the inner side (P 1L
, pr). At this point the strands of & pair of reduced pinna join together, and
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the single bow-shaped strand thus formed then joins on to the )=—(-shaped petiole-strand,
bridging over the space between the two arms on one side of the petiole-trace and
enclosing an island of parenchyma between the entering pinna-traces and the two arms.
The island then becomes smaller in size and the xylem-bar divides in the centre, one
half disappearing gradually into each arm. The diminishing size of the arms in pro-
portion to the horizontal bar is very marked at this stage (PL II. fig. 26). Another
pair of traces of reduced pinna enter at a still lower level, and again a bridge is formed,
but the island now enclosed is very small indeed compared with that enclosed by the
pair of pinna-traces immediately above. The petiole is still free from the cortex of the
stem at this point. Continuing downwards, this second bridge is seen to bend in
towards the inner margin of the island (Pl IIL. fig. 40), which thus becomes reniform
in shape, and ultimately the middle part of the xylem bridge fuses with the end of the
horizontal bar of the H-shaped petiole-trace, cutting the island of parenchyma into
two. It is just about this point that the petiole enters the cortex of the stem. The
protoxylem groups are situated one in each parenchymatous island. The xylem on the
outside of these islands now disappears into the arms on each side just as in the case of
the first-mentioned reduced pinna-traces, but, in disappearing, it leaves the end of the
trace tridentate (Pl. IIL. fig. 34). The three arms are very short: two of them
correspond to the two arms of the trace higher up, and the third—the central arm—is
produced by the union of part of the entering reduced pinna-traces with the base of the
island of parenchyma which they enclose.

At this stage another bridge of xylem joins into the petiole-strand and connects the
ends of the two outer arms of the tridentate end; thus a reniform island is again
produced. In this case, however, the two extremities of the island are on the inner
side, 7.e. point towards the middle of the petiole-trace, whereas, in the former reniform
island, the two extremities pointed out from the trace. At least one protoxylem group
enters the trace with this new strand, and so there appear to be three protoxylem groups
bordering the island, one at each extremity and the third in a median position at the
apex of the island (Pl IIL fig. 31, pra., pra.,, pre.;). Further down, the two inner
protoxylems fuse, and thus the tongue-like central arm of the trace disappears. In this
way an elliptical island is substituted in place of the reniform one. The trace mean-
while has become rather shorter and more dumb-bell shaped. The island of parenchyma
soon dies out, and we are left with a double protoxylem group sunk in the xylem at
each end of the dumb-bell shaped trace (PL II. fig. 21). The trace now becomes shorter
and more rounded, while the double protoxylem groups unite in pairs. This takes place
at each end of the trace, and so we have now one sunk protoxylem group at each end
of an elliptical xylem. Immediately below this level the trace joing on to the stem
without any gap being formed in the outer xylem zone of the latter. The petiole-trace
gradually disappears into the stem, but the petiolar protoxylems can be followed down
into it for a considerable distance before they disappear (PL II. figs. 21-16, and Pl L
figs. 15 and 14).
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Historocy or THE StEM.

The stem-xylem is of great interest, since it consists of tracheides without any
admixture of parenchyma. Further, the thickenings on the walls of all the elements
are porose or reticulate, a type which recent work has shown to be 'the most primitive of
all. These reticulate thickenings can be distinctly seen in Pl I. figs. 5 and 6. The
inner zone of the wood, which is composed of short elements, appears to have offered less
resistance to crushing strains than the outer zone, and, as a result, its tracheides have
generally suffered considerable distortion during petrifaction (PL I fig. 7). These inner
xylem elements vary considerably in size ; some are two or three times as broad as they
are long, while others are much longer than broad ; the diameter varies from 100 u to
120 #. Where vertical rows of these short elements occur, there is a suggestion that
they may possibly have arisen by the septation of long tracheides. No trace of xylem-
parenchyma can be detected intermixed with these tracheidal elements, and hence we must
conclude that the plant possessed a solid xylem axis, 7.e. the awis was a protostele. The im-
portance of this will be seen later, when the systematic position of the species is discussed.

Towards the outer boundary of the inner xylem narrow scalariform elements may
occasionally occur. These are shown in longitudinal section in Pl I fig. 8, where the
thickenings are clearly scalariform. Such groups constitute the protoxylem, though
probably they are petiolar protoxylems which are decurrent into the stem for a consider-
able distance, and not truly cauline.

The elements of the outer xylem zone are greater in diameter than those of the
inner zone, and they consist of elongated, reticulate tracheides with a mean diameter of
160 ». Towards the periphery the elements tend to become slightly smaller. Some-
times groups of small elements can be detected, as in PL I. fig. 15, pr. ; these are the
protoxylems of a petiole-trace which is being differentiated from the stem, and which
will become detached higher up the stem. As mentioned above, these protoxylem
groups die out as they pass downwards into the stem, but only after they have reached
the boundary between the outer and inner xylem zones. Owing to the pseudo-cellular
structure previously referred to, the tissues outside the stem-xylem are almost entirely
disintegrated. There is no trace of phloém or of inner cortex that would warrant more
than a passing notice, but small patches of the outer cortex are undoubtedly preserved.
This outer cortex has no special features. It consists of a thick-walled parenchyma, but
it contains no sclerotic layers.

From the stem there depart, at intervals, petioles and roots. The distance between
the points of emission of any two petiole-traces is considerable. In no case, however,
1s the outer xylem-ring of the stem ruptured by such emissions, so that the inner xyllem
takes no part in the formation of the leaf-trace, ¢.e. these organs leave the stem in a
protostelic manner. The roots are quite irregular in their distribution, as can be observed
n PL T. figs. 9, 10, and 11, where photographs of three successive sections are shown.

These sections were cut rather thicker than usual, and they are about Lin. apart. In the
TRANS. ROY, SOC. EDIN,, VOL, XLVIL PART IV. (NO. 24). 15
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first (fig. 9) a root (»t.) is passing towards the upper part of the figure from the left-hand
lower corner : in the second (fig. 10) another is observed about to depart from the centre
of the right-hand side (immediately below the petiole in the drawing, but really above
the departing petiole-trace) ; while in the third (fig. 11), the root shown in the last
figure is seen detached though still in the cortex of the stem, and another root is seen
going towards the lower left-hand corner. This irregular distribution of the roots will
be referred to again when we discuss the question whether the stem was a rhizome or
an erect aerial shoot.

Branching of the Stem.

Several stems were examined, and in some cases they continued for a considerable
distance. In one case, continuous serial sections were cut for nearly seven inches with-
out reaching either end of the specimen. In the case of other stems occurring in the
same block a considerable length could be followed, but the preservation was very bad.
In these last examples, gaps occurred in the xylem-tissue, and in places it had all decayed
away, though the same stem could be again recognised a few sections further on. In
the parts of the stem which were continuous, branchings were sometimes met with, and
in all cases the branching was dichotomous. Even at these bifurcations the outer
xylem-ring remains unbroken, so that every departure from the stem, whether of root,
petiole, or branch, is protostelic. In Plate I. figs. 1 to 4, the various stages of the
branching are figured. The first figure shows an almost circular cross-section of the
stem-xylem, with no sign of an approaching bifurcation. In the next section the xylem
becomes elliptical in shape and much larger. The inner zone increases in size along
with the outer, and forms an ellipse concentric with that formed by the outer zone. In
the following section (fig. 8), the inner xylem has become contracted in the centre and
thus assumed a dumb-bell shape, while the outer xylem remains elliptical. At the
next stage the outer xylem also becomes dumb-bell shaped, and the inner xylem divides
through the middle into two groups (fig. 4). The outer xylem of the stem is here
8-shaped with the inner xylem in the loops of the 8. \Vith the outer xylem dividing
through the middle, two equal branch strands are produced. It is interesting to note
that the inner xylem never, on any occasion, abutted directly on the periphery of the
stele. It will be seen that this branching is distinctly protostelic, and also that it is a
true dichotomy. In one case examined, the inner xylem showed a tendency to diminish
in size just before the bifurcation, and in one of the branches of this particular dichotomy
there is an almost entire absence of inner xylem for a short; distance above the point of
bifurcation. In no case, however, is there any branch gap.

Historocy or THE PETIOLE.

A typical transverse section of the xylem of a petiole is figured in PL IV. fig. 42.
This may be taken as the normal Diplolabis petiole-trace as described by ReNavLr.*
* “Bass. houill. et perm. d’Autun et d’Epinac,” pp. 17 and 18, Gites mindraus, 1896.
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This xylem consists of a short rectangular central portion—the horizontal bar of the
H—,* and four arms, one arising from each angle. These arms are thinnest where
they join on to the horizontal bar of xylem, and they become considerably hroader
near their free ends. At their extremities, however, each arm tapers sharply and ends
in an acute claw-like portion which is bent almost at right angles to the arm. The
smallest elements are found in the sinus formed between the arm and the claw-like
end. These claw-like ends are the beginnings of a pair of pinna-traces. They are
not present just after the pinna-trace-bar (such as b, P1 IV. fig. 42) has departed from
the petiole-stele. At the departure of the pinna-trace-bar the ends of the arms are
blunt (P1. IL fig. 29, and Pl. IV. fig. 42). In the latter figure—fig. 42—the blunt ends
are indicated at «,a, but the bar b is only completely detached from the arms two
sections higher up the petiole. The arms face one another in pairs, and so each end
of the trace resembles a pair of engineers’ calipers, more or less closed, according as
the pinna-traces are completely developed or not. In the figure referred to above
(fig. 42), the space between one pair of arms is completely bridged over by the pinna-
trace-bar (b), which at a later stage breaks away and divides to supply a pair of pinne.
The pair of arms on the opposite side of the trace are also developing xylem which
will ultimately form a complete bridge between the arms. In its turn, this bridge
will leave the petiole-trace and give rise to the next pair of pinna-traces. This side
of the petiole-trace shows remarkably well that each arm contributes equally to form
the bridge (fig. 42, ¢, ¢). In PL II. fig. 29, another specimen is shown where there are
no bridges between the arms, but the main trace is exactly similar to that of Pl IV.
fig. 42. This figure (29) represents a section at the outer end of a series (No. 3,
text-fig. 1) which we shall follow in towards the stem. It is therefore a very important
illustration, since the whole interpretation of the specific character of this plant depends
on the identity of the petiole of fig. 42 with that of fig. 29. In another series, similar
to No. 3, text-fig. 1 (viz. No. 2, text-fig. 1) the last stage shown is just slightly beyond
that figured in fig. 29. The chief difference in this series is that a pair of reduced
pinnz are represented by their traces only. These traces are very small, but can
easily be distinguished. They can be followed into the petiole-trace; indeed, fig. 28
(from Series 2) is the section where the last appearance of these reduced pinnee can be
detected. The two left-hand arms in that figure are connected by a bar of xylem
elements, though it can only be followed in the photograph for a short distance from
the upper left-hand arm. The bar is merely a thread one cell deep, but it is complete.

Returning now to fig. 29 and passing down the petiole, the first change to be noted
18 that the arms diminish in breadth near their outer ends, and remain either equally
broad until they taper at their extremities (PL II. fig. 28, d and 27); or they diminish
gradually throughout their length, and then suddenly taper as before at the ends
(PL IL fig. 26).

* The horizontal bar is equivalent to the “apolaire médiane - of Bertrand. (Vide Etudes sur la JSronde. des
Zygoptéridéss.)
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Each arm in Pl II. fig. 28 is shorter in proportion to the length of the horizontal
bar than is the case in fig. 29. Further in towards the stem (PL I[I. fig. 27) the four
arms bend towards one another in pairs, and on the right-hand side at p; and p,, two
traces belonging to another pair of reduced pinnee can be distinguished. These two
traces are connected together by a thin line of crushed cells, and there is also a con-
nection between the two ends of the double trace and the tapering ends of the adjacent
arms. Thus we have in fig. 27 an island of parenchyma formed similar to that in
Pl IV. fig. 42, between the bar b and the two arms. In this case, however, the
bar is poorly developed, and probably supplied a very reduced pair of pinnee; the
island is not so broad as that in fig. 42.

We have now seen two pairs of reduced pinna-traces entering the petiole, and the
only difference between them lies in this, that the lower pair is more rudimentary
than the upper. For, in the upper pair, the traces were followed in through the
cortex until they joined together, and the united trace became fused on to two adjacent
arms. In the lower pair, however, there was no actual fission of the two traces,
though the xylem was aggregated into two large groups which were connected to the
arms and to one another by a thin filament of xylem cells. Both pairs of reduced
traces failed to reach the exterior; they disappeared in the outer cortex. Still
continuing downwards, the lower combined pinna-trace disappears gradually into the
arms, thus leaving them open. Below this level the arms are still closer than they
were before (PL II. fig. 26), and they are still shorter in proportion to the length of
the horizontal bar, which now constitutes the bulk of the trace. 'I'he trace has still,
_ however, a typical zygopterid form, having four arms with a protoxylem group lying
at the extremity of each. Still going lower down the petiole, we find the arms are
again bridged over by what is probably the xylem-bar of a still lower pair of reduced
pinna-traces (PL IL fig. 25, b). In this case, however, there is no evidence that the
connecting bridge of the xylem was ever aggregated into two groups, but it remains
as a thin strand one cell deep between the arms. Since the arms have become shorter,
as indicated above, the island of parenchyma between the two arms and the connecting
xylem bridge is very small.

Before proceeding further, we had better recapitulate the results derived from
following the petiole-trace downwards. The arms of the petiole-trace have been
reduced in length compared with the horizontal bar, they have arched over towards
each other in two pairs, and they have lost the dilatations at their extremities. Three
pairs of reduced pinna-traces have been met with, and each pair is more rudimentary
than the pair immediately above. We have now reached the stage represented in
PL II. fig. 25.

Continuing inwards, the bridge shown in fig. 25, b bends in at its centre towards the
end of the horizontal bar (which now constitutes almost the whole of the petiole-trace).
Thus the island formed by the bridge and the two small arms becomes reniform in shape
(Plate IIL fig. 40). The two ends of the island c, ¢ point outwards from the petiole-
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trace. The central portion of the xylem bridge then unites across the centre of the
island with the horizontal bar, and thus two small islands are produced (Plate III.
figs. 39, 38, and 37, 4s., 4s., and Plate II. fig. 24) with a protoxylem group on the
inner side of each. The xylem on the outer edge of the two islands now thins out
and gradually disappears into the two very short arms (Plate III. figs. 36 and 35),
thus leaving the end of the trace open, with a prominence in the middle (fig. 34).
The tridentate appearance is still more clearly seen in fig. 33. The petiole now enters
the cortex of the stem.

Immediately below the stage in the last figure, yet another bridge appears between
the two arms (Plate IIL. fig. 32, d). In some of the slides examined, this bridge seemed
to give rise to a root-trace, but it was always cut longitudinally, and could never be
followed very far out. Whatever the trace belonged to, petiole or root, the bridge
again connects the two arms, but it does not fuse with the central pillar of the
tridentate end of the petiole-trace (Plate III. fig. 82). The persistence of the
prominence causes the island to be reniform and it is concave outwards.

Thereafter the reniform island becomes elliptical in shape (Plate IIL. fig. 30).
This has obviously been derived from the other by the disappearance of the xylem
separating the protoxylem groups. It is therefore permissible to conclude that the
pillar was originally derived from the division of a protoxylem group, and the sub-
sequent separation of the two parts by xylem-tissue. In the elliptical island only
two protoxylem groups occur, one derived from the last trace which joined the petiole,
and one from the fused petiole protoxylems. Thus the two protoxylem groups lie in
a line parallel to the long axis of the petiole-trace. Up to this point the protoxylems
at each end of the trace lay in lines perpendicular to that axis. The island of
parenchyma now completely disappears, and the petiole-trace takes the form repre-
sented in Plate 11. fig. 22, where two groups of protoxylem elements pru., and pra.,
are found at each end of the trace. At the level of this figure the petiole-trace is
rather dumb-bell shaped, but, at a lower level, it becomes more rounded in outline,
PL II. fig. 21. The double protoxylem groups are still, however, very distinct. These
double groups eventually fuse into one as in PL IL fig. 20, pra. and pra.,, A similar
succession can be traced in Plate I. figs. 11, 10, and 9. (The petiole-trace of fig. 11
is shown more highly magnified in Pl II. fig. 21.) In fig. 10 the trace is elliptical,
and has also two double protoxylem groups, one at each end. These double proto-
xylem groups are closer together than the corresponding groups in fig. 11. In fig. 9,
only one protoxylem group is seen at each end, and it is derived from the double group
of the petiole of fig. 10. ;

In P1. II. fig. 20 the stem is also shown, and, in the section below, the petiole and
the stem are fused together. Plate IL. fig. 19 represents the second section below
fig. 20, and there the petiole-trace is firmly fused to the stem-xylem. We have thus
followed the Diplolabis petiole of PL. 1I. fig. 29 into the stem of PL L fig. 1. :

The lowest trace which departs from the petiole is quite close to the point where
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the latter joins the stem, and among other ferns, e.g. the Osmundacese, this is exactly
where numerous roots occur. This trace, therefore, may quite well be a root.

One point which must be noticed here is that the two ends of the petiole-trace never
show the same stages simultaneously. The difference in development of the departing
traces at opposite sides of the petiole increases as we ascend. At the level of Pl IL
fig. 23, the difference in phase of the traces at the two ends is not great. The ends
of this trace are shown more highly magnified in PL III. figs. 33 and 41. From
a comparison of fig. 41, showing one end of the trace, with fig. 86, showing the
other end at a higher level, it will be seen that they are in the same phase. Between
these two sections two others were prepared, so that the difference in phase between
the two ends of fig. 24 corresponds to about four sections, or % in. to 4 in. Near
the union of the petiole with the stem the difference in phase is much less. In PL I.
fig. 10, pet. tr., the only dissimilarity is that one end of the trace has become free
from the stem before the other. This difference is always exhibited until the xylem
of the petiole has become completely merged in that of the stem, as is shown in Pl IL
figs. 19, 18, and 17, where the top part of the trace is distinetly more merged in the stem
than the lower end. In fig. 18 the petiole-trace as a whole is becoming completely
incorporated into the stem-xylem, and in fig. 17 the fusion is still more perfect. The
petiole-trace has now lost its identity except for the protoxylem groups which are still
very distinet (pra., and pra.,).

The stage before fig. 17 is seen in Pl. II. fig. 16, where again the protoxylem groups
are distinet (pra., and prz.,). The elongated shape of the whole stem-xylem, the trun-
cated outline at one end, and the two distinet protoxylem groups are the only indica-
tions of petiolar departure that can be seen. PL L. figs. 15 and 14, represent still earlier
stages in the departure of the petiole-trace, and the protoxylem groups are coming to lie
almost on the periphery of the internal xylem. At the earliest stages observed, the stem-
xylem is slightly elliptical, with two adjacent protoxylem groups lying at the border
of the inner xylem. This fact that the petiole is decurrent into the stem for such a long
distance makes it impossible to say whether the stem had protoxylem groups peculiar
to itself or whether the only protoxylem groups present belong to the petiole-traces.

Among the Botryopteridese we meet with this same difficulty. Another interesting
fact is that, as in the Botryopterides, the tracheides of the petiole of Diplolabis
romers are larger than those of the stem. The average diameter of a stem tracheide 1s
160 u for the outer xylem and 100 u to 120 » for the inner xylem. The average for.
the petiole-trace is 200 x. This difference in size of the tracheides of stem and petiole
is very marked in Botryopteris antiqua Kidston.

As mentioned ahove, the stages of the petiolar departure were examined in more
than one series, but no one series gave a complete sequence of these stages. There is,
however, a great amount of overlapping (see text-fig. 1), and it has been possible to
give an estimate of the distance between the departure of the petiole-trace from the
stem, and its assumption of the typical Diplolabis form. This distance is between
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65 ins. and 7 ins.  In order to show clearly the early stages of the petiole-trace figured in
Pl IL. figs. 21 to 24, and P. III. figs. 30 to 34, I have inserted text-fig. 3, where only the
petiole-trace outline, the protoxylem groups, and the islands of parenchyma are indicated.

We shall now return to P1. IV. fig. 42 and examine the departure of the pinne from
the normal petiole-trace. In that figure two distinet stages of pinna-trace departure
are seen. On the left-hand side, the two claw-like projections from the arms are very
distinet, whereas, after the departure of a pair of pinna-traces, the extremities of the arms
become exactly like those on the left-hand side of PL IL. fig. 29, with blunt ends, though
short claws soon appear as on the right-hand side of that figure.

Since the ends of the arms are enlarged equally in fig. 42, the arms apparently take
an equal share in the formation of the pinna-traces. On the right-hand side of fig. 42
the claw-like processes have united in the centre. At a, a the line of abscission along

A
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I'i¢. 8. —Outline drawings of the early stages of the petiole-trace. The protoxylem groups are shown as black dots.
The arrows indicate the path of these protoxylem groups as they come to lie at the ends of the short arms.

which the bar of xylem & will break away from the arms of the petiole-trace is very
digtinet. Along the bar itself groups of small cells are easily seen ; these are the proto-
xylem strands, and they are arranged in a perfectly symmetrical manner with regard to
each other and to the horizontal plane of symmetry of the trace. When the bar be-
comes detached from the petiole-trace it breaks up into two and then into four strands.
The two inner (Pl IV. fig. 43, pin. ¢r.), which are much larger than the two outer
(aph. tr., aph. tr.), are destined to supply the pinnz. These four strands continue in
the petiole cortex for a considerable distance before they diverge into the various organs
they supply. In the specimen figured in Pl I. fig. 12, the traces supplying the two
pinnz can be recognised quite distinetly at the lower end of the specimen, as is proved
by sections cut from that end. This means that they continue to travel upwards in the
petiole as distinet, separate strands, without showing any change in form, for nearly
three inches before they pass out into the pinnz. In shape the two larger traces
resemble that shown in PL IV. fig. 47, though at first they are rather flatter (BL. IV.
fig. 48, pet. tr.). Higher up they become still more curved (PL IV. fig. 44), and ﬁﬂff“)ﬂ
in the pinna, form almost a complete ring. Where the secondary pinna-traces are given
off from the primary pinn, the ring becomes more horseshoe-shaped (Pl IV. fig. 48).
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In PL IV. fig. 44 the pinna-traces are cut very obliquely, but it is obvious that they
would be almost circular in outline had they been cut transversely. In fig. 45 of the
same plate, the section above fig. 44 is shown. The pinna-trace on the right-hand side
is cut almost longitudinally as it is passing into the pinna. The trace on the left-hand
side has already passed out. These traces really pass out on the same level, but this
section is not perfectly transverse.

The smaller pair of bundles, derived by division of the same bar as gave rise to the
pinna-traces, are also seen in figs. 44 and 45. In fig. 44 they have each bifurcated
(aph. tr.). One branch of each bifurcation passes rapidly through the cortex of the
petiole to the outside, while the other branches continue for some distance further in
the petiole and then they also bend suddenly outwards. The presence of large aphlebiee
in this position supports or buttresses the departing pinnee, which are each almost as
large as the petiole they sprang from.

Each primary pinna-trace passes into a separate pinna ; neither is atrophied ; then
each gives off traces, alternately on either side, to supply the secondary pinne. In
Pl. IV. fig. 48 one of the pinna-traces is seen. At the lower left-hand corner is one of
the secondary pinna-traces (p,), on the right-hand side of the primary pinna-trace
another secondary trace (p,) is seen, while a third (p;) has just become detached on the
left-hand side.

The tissues of the petiole, external to the xylem, are occasionally well preserved.
This is especially true of the specimens found isolated in the tuffs at Pettycur House.
In the specimen figured in PL IV. fig. 46 there is a layer, two to three cells deep, on the
inner side of the arms, which consists of very delicate tissue of small elements. Probably
it is due to the xylem of the arms offering some protection to this tissue against decay
that it is preserved at all. In the island of parenchyma enclosed by the arms of the
petiole-trace we also find the inner cortex to some extent preserved. Outside the layer
of delicate tissue referred to, there is a zone of decayed tissue probably representing the
phloém and other stelar tissues. Outside this, patches of cellular tissue are occasionally
preserved ; these patches consist of delicate parenchyma and are the remains of the inner
cortex. One patch is shown in Pl IV. fig. 46, <.c. This inner cortex probably extended
all round the petiole stele, filling in the clear space usually seen between the petiole-trace
and the outer cortex. The outer cortex forms a stout zone surrounding the more internal
tissues, and may be divided into two parts, an inner and an outer. The inner consists
of typical thick-walled parenchyma, and the outer consists of sclerotic cells. The
sclerotic outer cortex is figured in Pl. IV. fig. 50, and the inner portion of it can be
distinetly seen in P IV. fig. 46, and also fig. 43.

Hisrorogy or THE RoOT.
The examination of the root has proved less satisfactory. It is small in diameter
compared with the stem (PI. . fig. 4, 7¢t. tr.), but very large for a root. Usually great
numbers of these roots are seen detached and scattered all through the block, but one
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or two examples have been found in continuity with the stem. A typical transverse
section is shown in PL 1V, fig. 49 ; it consists of an elliptical mass of xylem with a
protoxylem group at each end. Like the xylem of the stem and petiole, that of the
root consists of scalariform and reticulate tracheides, the former occurring in the pro-
toxylem groups. As has been pointed out, when considering the histology of the stem,
these roots appear to rise irregularly and not in definite rows.

Root-like bodies were also noted as oceurring near the base of the petioles. Un-
fortunately, the sections showing these somewhat peculiar traces in this position pass
through the petiole transversely, and therefore through these traces longitudinally.
They did not extend for any distance, and so all that can be stated with confidence at
present is that they were certainly not normal pinna-traces. On the other hand, they
may not have been roots, but bundles supplying outgrowths of the petiole base just as
similar bundles pass out higher up at the pinna-trace departures to supply aphlebiz.
Further evidence, however, is necessary, and this evidence may be supplied in the
future when well-petrified specimens of the stem are discovered. The locality at
Pettycur House may possibly yield such examples.

SUMMARY.

The stem of Diplolabis romert is circular in transverse section, and consists of
xylem without any conjunctive parenchyma. The xylem is aggregated into an inner
zone of short tracheides and an outer zone of long tracheides. The internodes are long
and the stem is frequently branched.

The petiole-trace is at first elliptical, with two sunk protoxylem groups, but it
rapidly elongates until it resembles that of Clepsydropsis in shape. Further up the
petiole, the trace is similar to that of Zygopteris; but, still higher up, it assumes the
form of the normal Diplolabus petiole-trace.

The root-traces are barrel-shaped, or elliptical, with a peripheral protoxylem group at
each end, 7.e. they are diarch.

The cortex is not generally well preserved except in the petiole. Two regions may
be distinguished in this tissue, an inner and an outer. The outer zone in the petiole is
sclerotic towards the periphery. In the stem cortex, however, there is no evidence of
selerenchyma.

Diplolabis, B. Renault, 1896.
The characters of the genus arve those of its only species, D. rimert.

. Diplolabis romeri (Solms).
1892. Zygopteris rimerd, Solms, “ Ueber d. in d. Kalks. d. Kulm v. Glitzisch-Falkenberg in S. erhalt,
Strukturb. Pflanzenveste,” Bofan. Zeitung, vol. 1, 1892, '
1896. Diplolabis esnostensis, B. Renault, “ Bass. houil. et perm. d’Autun et d’Epinac” (fig. 11 & 14,
pp. 17 et 18).
TRANS. ROY. SOC, EDIN,, VOL, XLVII. PART IV. (NO. 24). 107
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1896. Rachiopteris esnostensis, B. Renault, “Bass. houil. et perm. d’Autun et TEpinac” (pl. xxx. fig, 5 d 8).

1896. Diplolabis forensis, B. Renault, “Bass. houil. et perm. d’Autun et d'Epinac” (fig. 6 & 10,
pp- 14 ef 15).

1908. Flicheia esnostensis, F. Pelourde, “ Observations sur un nouveau type de Petiole fossile le Flichein
esnostensis, nov. gen., n. sp.,” Mémoires de la Société ' Histoive naturelle &’ Autun, xxi.

1909. Zygopteris pettycurensis, Gordon, Report British Associazion, Winnipeg, 1910.

Localities. Devonian of Falkenberg, Culm of Autun, and Caleiferous Sandstone of
Pettycur, Fife.

Diaanosis.

Stem long, frequently branched, the xylem strand consisting of two kinds of
tracheides. Inner tracheides short, square-ended, reticulately thickened and arranged
more or less in vertical rows. Outer tracheides long, pointed, reticulately thickened,
rather larger than the inner tracheides. No xylem parenchyma present. Xylem strand
circular in transverse section and from 3 to 5 mm. in diameter. Inner xylem 15 to
3 mm. diameter. Protoxylem groups of scalariform tracheides probably belong to the
decurrent petioles and not to the stem itself. They are seen either between the inner
and outer xylem, or passing through the outer xylem. Cortex of stem without scleren-
chyma. Root-traces very large, barrel-shaped, diarch.

Petiole-trace at first elliptical but gradually becoming H or X-shaped; the arms
inclined at a high angle to the cross-bar of the H. Protoxylem groups, of scalariform
tracheides, situated one near the apex of each arm, in a sinus. Tracheides of petiole-
trace reticulately thickened. Ends of the arms dilated. Pinnz in four orthostichies.
Pinna-traces inserted on the arms of the petiole-trace in pairs. Each pair unites to
form a bar of xylem before it joins the arms. Two small aphlebia-traces, one on each
side, join the pair of pinna-traces. The four fused strands constitute an arc or bar of
xylem which closes over the ends of the two arms. The bar encloses with the two arms
a large triangular island of parenchyma. Trace of the pinna horseshoe-shaped, and not
unlike that of Metaclepsydropsis duplex. Secondary pinna-traces tend to assume the
same shape as the primary ones.

Aphlebia-traces branch once, one branch passing out at a higher level than the other.

Sporangia and foliage unknown.

CoNCLUSIONS AND GENERAL CONSIDERATIONS.

From the characteristic form ultimately assumed by the petiole-traces which arise
from the stem deseribed above, there can be no doubt that the stem is that of a
Diplolabis. The petiole to which this generic name was applied has now been
recorded from three localities, from the Devonian rocks of Falkenberg, from the Culm
measures of Autun, and from the Calciferous Sandstone Series of Pettycur, Fife.
Among the specimens from these localities no characters can be found sufficiently
distinet to discriminate the petioles specifically. TFven D. forensis (Renault) cannot be
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distinguished from D. rémeri, or at least, although the original specimens appeared
different, there are no characters which might not easily oceur among different
individuals of the same species. The only difference between D. forensis and D).
rdmert is apparently the greater length of the horizontal bar of the trace as compared
with the length of the arms, and its consequent relatively thinner appearance. This is
exactly the sequence shown in Diplolabis romeri in the same petiole, as we trace it
upwards. Indeed, Pl 1I. fig. 28, would be called D. forensis, and fig. 29 D. romeri. 1
therefore propose to include D. forensis under the name D. rimer.

I have already mentioned that D). rimers had a creeping rhizome, and the evidence
on which the assertion is made may be briefly stated here. The grounds for this are
(1) the internodes are very long; (2) the stem frequently branches; (3) the xylem of
the stem is about 4 mm. diameter while that of the petiole is 6 mm., t.e. the petioles
are very heavy in proportion to the stem; (4) the pinna are arranged in four ortho-
stichies, and the petiole must therefore have been held erect ; (5) the roots are given off
irregularly and in all directions; (6) there is no evidence of any sclerenchyma in the
stem. Taken together, these afford sufficient evidence in support of the contention that
the stem was a creeping rhizome, the petioles being held erect as in Pteris aquilina.

The elements of the stem-xylem are reticulate tracheides and there is no conjunctive
parenchyma. The xylem, however, consists of two zones, the inner of short elements
and the outer of long elements. The stem is therefore a good example of a protostele.
The elements are all reticulate, and therefore belong to the most primitive type known ;
but, since there are two distinet types of tracheide in the stem, the latter cannot he
considered the most primitive possible protostele. In more primitive stems we would
expect to find only one type of reticulate tracheide, namely, the long type, and, in that
the tracheides of the inner xylem of D). rimeri are usually arranged in vertical rows,
this more primitive stem is distinctly indicated. It appears as if the short tracheides
were derived from long ones, by the latter becoming segmented. The stem-xylem of
D. rimeri, therefore, probably represents a stage in the development, first, of a stele
with a mixed pith, and finally of a medullated monostele.

The discovery of a solid zygopterid stem similar to that of the osmundaceous plant
Thammopteris—i.e. with two types of wood and no xylem-parenchyma— has been foretold
by Krpsrox and GwyNNe-Vaveaay. The stem of D). romeri exactly suits this prophecy,
and its discovery is a striking testimony to the high probability of the truth of a theory
which they have recently elaborated. We would naturally expect to find the most
primitive types among the oldest rocks, and the stem of D. rdmeri also bears out this
expectation. The plant has been recorded in Devonian and Calciferous Sandstone
(Culm) rocks, all of which contain a more ancient type of flora than that of the Permo-
Carboniferous sevies. All the other zygopterid stems belong to higher horizons and
are less primitive. Among the Zygopteridew, the stems of Ankyropteris corrugata
(Williamson) and 4. Brongniarti (Renault) show the strongest superficial resemblance
to D, romeri, but their tracheides are scalariformly thickened, and both possess a paren-
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chymatous pith with a system of internal tracheides. The other known zygopterid
stems are still more complicated and distinet. Thus, among the known Zygopterideze
the stem of D). romers is the most primitive in its anatomy, and it is also among the
earliest known zygopterids in time.

The position of this genus in the zygopterid alliance is exactly paralleled by that of
Thamnopteris schlechtendalii (Eichwald) among the Osmundacez. In this latter species
a solid protostelic stem-xylem is also present, but again it is not the most primitive
stele conceivable on theoretical grounds. The internal short tracheides are reticulately
thickened, but the outer long elements have multiseriate pits on their walls. Probably
more primitive examples of the Osmundacea possessed porose or reticulate tracheides.

We have seen that the shape of the trace at different levels in the petiole is very
cistinet. If sections cut near the base of the petiole were compared with sections cut
higher up, they would be classed in different genera according to current nomenclature.
Of course, it is just at the base of the petiole that we would expect ancestral characters
to be preserved, and this, I think, is what actually occurs. The trace at first is elliptical,
with a sunk protoxylem group at each end, but without any islands of parenchyma.
In one specimen examined, this elliptical shape is retained even after the islands of
parenchyma do appear, and then the trace bears a strong resemblance to that of Dineuron.
In all the other examples, however, the trace has become dumb-bell shaped before the
islands are present. At this stage (Pl II. fig. 22) the trace resembles to a great extent
that of Clepsydropsis antiqua. The single elliptical specimen, on the other hand, is
distinctly similar in form to Dineuron.

Returning to the normal Clepsydropsis stage we find that, at the first departure
from the petiole-trace, viz. the trace of the root-like body (or, it may be, very reduced
pinna-trace-bar), a constriction forms across the island of parenchyma. On this trace
departing from the petiole-trace the end remains open, whereas in Clepsydropsis the
constriction becomes complete and the departing trace is a closed ring, while the end of
the trace is also closed. Further along the petiole, in D. rimers, the short arms (PL 1L
fig. 24, and PL IIL fig. 33), which are formed by the first departing trace leaving the
end of the petiole-trace open, become larger and longer until a stage closely resembling
that of the normal petiole-trace in Zygopteris primaria results. Still passing upwards
in the petiole, the arms of the trace become more and more prominent, and the
horizontal bar less so, until the normal Diplolabis type is attained. In this one petiole,
therefore, the trace at different levels is exactly similar to the characteristic petiole-
trace in three of the more primitive members of the Zygopterides (if we regard simplicity
of the xylem of the petiole as synonymous with primitiveness). There are thus the
Clepsydropsis, the Dineuron, and the Zygopteris stages. When the stems of any of
these three genera are discovered, we shall expect to find that their stem is at least as
simple in structure as that of D. romeri, and probably more so.

In brief, the changes in the petiole-trace of Diplolabis, as we ascend in the petiole,
may be stated as follows :—The arms of the H or X become more and more important
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in comparison with the horizontal bar the higher we go, until a constant stage is reached.
This constant stage we may regard as the normal Diplolabis petiole-trace. Thus we
cannot regard the Zygopteris primaria trace as derived from that of Diplolabis, but we
must consider the Diplolabis trace as having been evolved through a Zygopteris
primaria stage. It is also clear that the Zygopteris primaria stage must come some-
where between the Clepsydropsis stage with the arms non-existent, and the Diplolabis
stage with the arms dominant.

As far as we can judge from the sequence shown in the petiole-trace of Diplolabis
romeri, the earliest zygopterid petiole-trace must have been elliptical, with two sunk
protoxylem groups—one at each end. A petiole with such a trace is, of course, entirely
hypothetical ; but, if the early stages of the petiole-trace of Diplolabis are of any
phylogenetic value, such a type must certainly have existed at some previous time.
This type we may call the Protoclepsydropsis petiole. The stem of this type would
have been solid, as in Diplolabis, but probably all the tracheides would be of one type.
The traces which would depart from such a stem must of necessity have done so in a
protostelic manner. If the petioles were given off at infrequent intervals, the general
shape of the xylem would be circulav in transverse section, 7.e. similar in outline to that
of D. rémeri. But if, on the other hand, the internodes were short, then a stellate
form would be impressed on the xylem, since more than one trace would be shown
connected with the stem in any transverse section. M. Paur BrrTraND has derived
the Zygopterides from a different type, also hypothetical —the FKoclepsydropsis—with
a stellate stem-xylem. This stem, however, has a pith, and the islands of parenchyma
are shown decurrent into the pith of the stem.® The stem of Diplolabis throws some
further light on this question, and the Protoclepsydropsis, as defined above, seems to be

_more in accordance with the known facts than the Foclepsydropsis. Further, the
Protoclepsydropsis comes much nearer to the type from which the Osmundaceze appear
to have been derived, but this will be considered shortly. The relationships of the
Zygopterides immediately connected with Diplolabis may be expressed in the table of
text-fig. 4.

From the hypothetical type, Protoclepsydropsis, the other zygopterid stems have
been derived by the formation of a pith. As has been lately pointed out, the increase
in diameter of the stem-xylem probably causes the central tracheides to become func-
tionless as far as water conduction is concerned, though they probably serve as storage
tissue.  With this change of function the shortening of the tracheides may be correlated.
D. romeri exhibits this type of stem-xylem. A still further extending of the idea
shows how the Ankyropteris corrugata type would be evolved from the Diplolabus.
The tracheides would never be differentiated as such, z.e. the cells would remain
parenchymatous.

Our conceptions of palmozoic fern genera are gradually becoming clearer, and the
work of Berrranp, KipsroN and GwyNzi-VAavuGHAN, ArBar, TaNsLey, and others have

* Titudes sur la fronde des Zygoptériddes, p. 261,
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indicated that a strong family likeness exists between the Osmundacew, Zygopteridea,
and Botryopteridew. The discovery of the stem of Diplolabis has still further
strengthened this general position, as it indicates that evolution in the zygopterid stem-
xylem was along the same lines as that shown in the Osmundacez.

In their petiolar structure the Botryopteridew seem to stand much nearer the
Osmundacez than ave the Zygopteridew. In Botryopteris antiqua Kidston, for
example, I find that the petiole-trace has a single sunk protoxylem group which lies
adaxially in the trace and soon comes to lie adaxially on the periphery of the trace. In
its subsequent divisions the trace gives off primary pinne in two orthostichies. This is
quite similar to the osmundaceous trace, which in general has a sunk protoxylem group
on the adaxial side. Gradually the trace opens up on the adaxial side as we ascend
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Fic. 4.—Table illustrating the relation of Diplolubis to the other Zygopteridewm in which two pinna-traces are
derived from a single pinna-trace-bar.

until it becomes horseshoe-shaped ; the protoxylem strand has meanwhile divided into
several branches, all lying on the inside of the horseshoe-shaped trace. Here, again,
there are two orthostichies of primary pinns.

The Zygopteridew, on the other hand, have two sunk protoxylem groups in the
petiole-trace, and two or four orthostichies of primary pinne. In the cases where there
are four orthostichies, the arrangement of the pinna on the rachis would not appear to
have been very successful, for the pair on one side must necessarily shade the pair on
the other side, if the petiole were held flat; if the petiole were held erect, as was the
case in D. rdmert, the higher pinnge would shade the lower.

The discovery of Kinston and GwyNNe-VavaHAN, that several traces in their speci-
men of Thammopteris schlechtendalii possessed two protoxylem groups, is exceedingly
interesting as econnecting the osmundaceous leaf-trace with the zygopterid type of trace.
Thus Thammopteris schlechtendaliv seems to indicate an ancestral velationship with the
Zygopleridez.

In stem structure the Botryopteridea are certainly more primitive than either of
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the other two groups—the Zygopteridea and the Osmundacew, though the petiolar
structure is not more primitive than that shown in the Osmundacea. On the whole,
the Botryopteridew seems much neaver the osmundaceous type than are the Zygopterides.
Indeed, the Zygopteridesx seem to form a side branch from the main line of fern descent,
which did not survive into the Mesozoic period. The Osmundace, on the other hand,
seem to have been a late branch, which was better suited to the conditions prevailing
in Mesozoic and Tertiary times, and therefore they have persisted until to-day.

In conclusion, [ desire to express my thanks to the many friends who have given
me assistance in my work. I am especially indebted to Mr ARBER, under whose super-
vision I have carried on my research. The Master and Fellows of Emmanuel College,
Cambridge, have supplied me with the machinery necessary for the preparation of sections,
and Professor T. M‘KuNxny HucHEs has given me every facility in his laboratory at the
Sedgwick Museum, Cambridge. [ have also to thank Professor James Grikie for
similar facilities in Edinburgh University and for communicating this paper. Finally,
I am greatly indebted to Dr Kipsron, Professor GwyNne-VaveuaN, and Dr Scorr for
many valuable suggestions and the advice they have given me in this research during
the past two years.

My thanks are also due to the Executive Committee of the Carnegie Trust for a
orant to defray the cost of the illustrations in this paper.
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EXPLANATION OF PLATES.
(Figuves are all from untouched negatives.)
Prare I.

Diplolabis rimert.

Tig. 1. Transverse section of stem-xylem. . =outer xylem ; x!=inner xylem. x12. (Slide 742.)

Fig. 2. Transverse section of stem near a dichotomy. . =outer xylem; wxl=inner xylem. x
(Slide 735.)

Fig. 3. Section following that of fig. 2. @ =outer xylem ; «!=inner xylem, x12. (Slide 736.)

Tig. 4. Section following fig. 3. @ =outer xylem ; ».!=inner xylem ; s/, ¢, = voot-trace (compare relative
size of root and stem). x10. (Slide 737.)

Fig. 5. Longitudinal section of stem-xylem. . =outer xylem; a.!=inner xylem. x10. (Slide 806.)

Tig. 6. Longitudinal section of outer xylem showing reticulate fifting of tracheides. x 30  (Slide 806.)

Fig. 7. Longitudinal section of inner tracheides, showing the short tracheides with reticulate thickenings.
% 48. (Slide 807.)

Fig. 8. Longitudinal section of protoxylem elements with scalariform thickenings. x 130. (Slide 338.)

Fig. 9. Oblique transverse section of stem-xylem near a dichotomy. One arm of the branch is cut trans-
versely (st.,), the other is cut obliquely (st.,). A petiole and a root are also shown passing out. st.; sf.,=the
two branchesof thedichotomy; pet. fr. = petiole-trace ; £.1r. = root-trace; o.c, = outer cortex. x 3:2. (Slide 338.)

Fig. 10. Section following that shown in fig. 9. sf.=stem-xylem ; pet. ir. = petiole-trace ; #f. #r. = root-
trace ; 0. ¢c.=outer cortex; z =root-trace lying ontside the stem-cortex; z!=petiole-trace external to outer
cortex., x3'2. (Slide 337.)

Fig. 11. Section after fig. 10. Lettering similar to that of fig. 10. #f. {r, = root-trace of fig. 10 after the
xylem has become detached from that of the stem ; ##. t7.! =root-trace, leaving the stem at a higher level than
the former. x3:2. (Slide 336.)

Fig. 12. Specimen of petiole with pinna departing from it. Elevation. pef, = petiole; pin. =pinna. x 2

Fig. 13. Same specimen as fig. 12. Plan. pel. = petiole ; pin. =pinna. % %.

Fig. 14. Transverse section of stem showing an early stage of petiole departure. w.=outer xylem ;
@l =inner xylem ; pra., pra. = petiolar protoxylems. x10. (Slide 771.)

Fig. 15. Transverse section of stem following that of fig, 14. . =outer xylem ; x.!=inner xylem; prw.,
pra.=petiolar protoxylems.  x 10. (Slide 772.)

13,

Prarg II.
Diplolabis rimert,

Rig. 16, Transverse section of stem and petiole following fig. 15. . =outer xylem; a.!=inner xylem;
pre., pre.=protoxylem, % 10. (Slide 773.)

Fig. 17. Transverse section above fig. 16. .= outer xylem ; #.!=inner xylem ; pra., prie. = protoxylem.
x10. (Slide 775.)

Fig. 18. Petiolar departure, later stage than fig. 17. Petiole-trace distinet. . = outer xylem ; 2.!=inner
xylem ; pra., pra.=protoxylem. x11:6. (Slide 740.)

Iig. 19. Petiolar departure, stage beyond fig. 18. ., z.,' and prw. as before.  x 11°6, (Slide 741.)



THE STRUCTURE AND AFFINITIES OF DIPLOLABIS ROMERI (SOLMS). 785

Fig. 20. Petiolar departure, pefiole-trace free from stem-xylem.
(Slide 742.)

Fig. 21. Petiole-trace—transverse section—while still in cortex of stem,
ito two. pra., pregt, pre., pregt=protoxylems.  x 7'5.  (Slide 336.)

Fig. 22. Transverse section of petiole-trace similar to that of fig. 21, but slightly further out. It is still,
however, in the stem-cortex, Lettering as before. % 10. (Slide 285.)

Tig. 23. Transverse secbion of petiole-trace beyond fig. 22,
chyma ; d.=departing trace (root?). x10. (Slide 343.)

Fig. 24. Section following fig, 23.
344.)

Fig, 25. Stage after fig. 24. b.=xylem-bar (fhe united traces of two reduced pinne) ; is., 4s. =islands of
parenchyma, one large one af fop and two small ones at lower end.  x 11. (Slide 348.)

Fig. 26. Stage following fig. 25. prw. =protoxylems. Arms are now distinet. x 10. (Slide 284L.)

Tig. 27. Stage beyond that of fig. 26. prw. = protoxylem ; p.,, p., = united traces of a pair of reduced pinne ;
the traces are connected together by a thread of xylem. x7. (Slide 719.)

Fig. 28. Stage above fig. 27. Trace similar to that of Diplolabis forensis Renanlt,
x 7. (Slide 726.)

Fig. 29. Stage following that of fig. 28. This is the normal Diplolabis rimeri trace. pra. =protoxylem.
x 7. (Slide 699.) .

z., 2,' and pre., as before. x 1146

Each protoxylem has divided

t.=tongue of xylem ; is., és. =island of paren-

t.=tongue of xylem ; ds, s, =island of parenchyma. x11. (Slide

pre. = protoxylem.

Prare ITI,
Diplolalis rémert,
Series of photomierographs illustrating the ehanges in the peliole-lrace.

Fig. 30. One end of a transverse section of peliole-trace above stage of Pl IIL fig. 22. ds.=island of
parenchyma. x25. (Slide 341,)

Fig. 31. Section above fig. 30, same end of trace. 7 =tongue of xylem; pra =protoxylem. x25
(Slide 342.)

Fig. 32. Next section above fig. 3l. # =tongue of xylem; d.=departing trace (root?). x25.
(Slide 343.)

Fig. 33. Section above fig. 32. Note tridentate end of trace. x 22, (Slide 344.)

Fig. 34. Following fig. 33. Arms closing over to unite with xylem tongue. X 25. (Slide 345.)

Fig. 35. Section following fig. 34, Arms unifed with tongue of xylem. Two islands.  x25.
(Slide 346.)

Fig. 36. Stage after fig. 35. The two islands of parenchyma are very distinet. x 25. (Slide 347.)

Fig. 37. Trace beyond stage of fig. 36. is., 4s. =the two islands of parenchyma. x 25, (Slide 348.)

Fig. 38. Section above that shown in fig. 37. ds., és. =islands of parenchyma. x 25. (Slide 349.)

Fig. 39. Stage after fig. 38. ds., ¢s. =islands of parenchyma. x25. (Slide 350.)

Fig. 40. Two sections above fig. 39. The two islands have united into one. ¢, e=two ends of reniform
island of parenchyma. x 25, (Slide 352.)

Fig. 41, Trace of fig. 33, other end of trace, to illustrate the difference in phase of the two ends of the
same trace, x 22, (Slide 344.)

Prare IV.
Diplolalis romeri.

Fig. 42. Transverse section of normal Diplolabis rimeri petiole-trace. ., a.=lines of abscission of pinna-
frace-bar ; &= pinna-trace-bar; ¢, e¢=claw-like ends developed from the ams. They ultimately join and
form the next pinna-trace-bar. x 14. (Slide 793.)

Fig. 43. Transverse section of petiole showing the division of the pinna-trace-bar. pin. fr.= pinna-trace ;
aph. tr, = aphlebia-trace ; o. ¢. =outer cortex. x 2+4. (Slide 789.) _

Fig. 44. Transverse section of petiole showing bifurcation of aphlebia-trace. pin. tr.=pinna-trace ;
aph. tr. =aphlebia-trace (four of them). x2:2. (Slide 796.)
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Fig. 45. Transverse section of petiole above fig. 44. The pinna-trace on the right-hand side is cut almost
longitudinally ; that on the left-hand side has already passed out through the cortex. The two traces pass
out together, but the section is not quite level. One part of each aphlebia pair has also passed out through
the cortex. pin. fr.=pinna-frace ; aph. tr.=aphlebia-trace. x2:2. (Slide 797.)

Fig. 46. Transverse section of petiole-trace showing relation of Flicheia esnostensis to Diplolabis rimerd.
@ = Flichela trace ; h=half of the normal Diplolabis frace; 7. ¢, =inner cortex; o. e. = outer cortex. x 10.
(Slide 800.)

Fig. 47. Transverse section of pinna-frace immediately after the pinna is free from the stem, x 10.
(Slide 809.)

Fig, 48. Transverse section of piuna-trace dividing to give the secondary pinna-traces. Stage beyond
fig. 47. pin. tr. = pinna-trace ; p.q, P.g, P.g=secondary pinna-traces. x 10, (Slide 324.)

Fig. 49. Transverse section of root-trace. prw. = protoxylem. x36. (Slide 791.)

Fig. 50. Part of outer zone of outer cortex in petiole showing sclerenchymatous tissue. This is from
lower end of petiole shown in Pl. I. figs. 12 and 13, x43. (Slide 811.)

Fig. 51. Longitudinal section of petiole-trace showing reticulately thickened tracheides, x 30. (Slide
812.)
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Staurcopteris burntislandicea. P. Bertrand 1907.

When Williamson first recorded this species he referred it
to S, Cldhemia the Coel Meesure Species, but in 1907 it was ele-
vated to the position of a distinct species by Bertrand. The
differences between the two ere very slight and it is just pos-
sible that we may have to revert to the old name in spite of the
difference of stratigraphical positicn between the two plants.

All the specimens recorded are fragrents of petioles and
pinnae, though strictly speaking petioles and pinnae should not
be used and petioles of various orders would be better since there
is little difference between one trace and the brenches it gives
of I As a rule the petiole traece is in the form of & cross
with one sunk protoxylem group near the outer end of each arm.
This is not an invariable rule, however, because 1 find in one
of my specimens that one of the arms has becoﬁé detached from the
other three and that there is parenchyme between the single arm

and the rest of the trace. Such an exsmple recalls strongly the
jﬁ?ecimen of £. Oldhamia figured by Téﬁéley l} as one of the

Strongest specific differences between S. burntislendica and

§;_Qigg§m;§ was that the trace in the former never divided into
;Pieces. It is on this specimen, therefore, that the doubt ex-

- Pressed above about the correctness of Bertrand's diagnosis, is

- founded.

| One interesting point about the petiole is that it bifurcated.

irl, T%ﬁéley A. G. "Lectures on the Filicinesn Vascular System"
ﬁ_ - New Phytologist Reprint No. 2. 190€,




2.
In P1. B. fig. 7 an example of such a division is showm. The
trace here has eight protoxylem groups and, no doubt, four of
these belong to each branch. 1 have not yet followed this
example until the bifurcation was completed but there seems no
doubt that it did so. surrocunding the xylem of the trace is
a zone of delicate parenchyma with two or four groups of large
cells which are probably the phloem (Pl. A. fig. & ph.). Oﬁt-
side the delicate tissue of this zone is & layer of thick walled
parenchymea and about half way through the layer the cell walls
are at their ﬁhickest. Towards the exterior they get thinner
walled again but whether they form an serenchyma is doubtful.
A well marked epidermis of palisade-like cells is present in
the best preserved specimens (Pl.jéq fig. 8 ep.)s No sporangia
have ever been shown to belong to this plant though some assoc-
iated sporangia have been referred to it.

Alweys associated with these petioles, also, there occur
peculiar bodies described by lrs Scott under the name Bensonites
fusiformis. These are elongated oval masses of delicate paren-
chyma with some signs of vascular tissue in the centre while at
the top there is a cavity containing usuelly one but sometimes
iwo spore-like bodies. Their constant association with S.
burntislandica led Mrs Scott to suppose that they were the fruct-
ifications of this species but absolute continuity must be in-
sisted upon and proved before this can be accepted without

hesitation. /
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PRELIMINARY .PAPER

ON TWO NEW SPECIES OF HETERANGIUM FROM PETTYCUR, FIFE.

The Calciferous Sandstone of Pettycur has, so far, yislded

only one species of Heterangium - H.Grisvii - but this plant is

o1

exceedingly common. Certain points in the anatomy of that speciss
at once distinguish it from the Upper Carbonifefous members of the
genus and the specimens to be described below can also be separ-
ated from it with great esase,

One of' these new Heterangium species is at present represent-
ed by a single stem from Pettycur and another from Berwick, but
several stems of the second occurred in one small block of the
Pettycur material. To the former 1 propose to give the name

Heterangium Arberi in honour of Mr. Arber but the second species

1 dc not propose to differentiate specifically meanwhile.

Heterangium Arberi SD.nov.

General Structure.

As mentioned above in addition to the stem from Pettycur,
which forms the type of this species, Dr. R. Kidston has collected
a stem probably identical at Whit;aégr Water near Edrom Church,
Berwickshire. The Pettycur specimen is beautifully petrified,
whereas the structure of the berwickshire one is not so well pre-
served, The asnatomy will therefore be described from the former
specimen.

Unfortunately this example occurred near the surface of a

block /
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block and wes only about 5 to 52 inches in length. The stem which
was probably 1.6 to 1.8 cm. in diameter is shown in Plate 1 fig. 1.
Wherc ihe petiole base joins the stem there is an enormous develop-
ment of buttressing tissue between the sclersnchyma of the stem
and that of the petiole, and so the stem often appesars very much
larger than it really is. The 1leaf base also was decurrent into
the stem for a considerable distance below the point where the
petiole trace enters the stem and this also causes the latter to
be irregular in outline. The axis itself is about .7 cm. in
diameter and is not much crushed in general. At some point or
other every tissue of the stem is well preserved and thus it is
possible.to obtain a fairly complete knowledge of its anatomy.

The axis is nesarly always well shown but sometimés the ring of the
cortex is not continuous especially the portion opposite a depart-
ing petiole trace.

Tne wood of the axis consists of a primary cylinder and a
secondary zone (plate 1, fige.2); the primary wood is composed of
anastomosing groups of tracheides as is typically the case in
Heterangium but the groups ars considerably larger than those of
Heterangium CGrievii and there are fewer of them., The conjunctive
parenchyma is much better developed than in Heterangium Grievii
and presents another peculiarity in that it contains numerous
Secretory sacs similar to those found in the pith of Lyginodendron
and in the primary wood of the Medulloseae, especially Sutcliffia
insignis, Scott.

The /
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The ring of secondary wood is continuous round the periphery
?tufhe-primary wood and each group of primary xylem is bounded

externally by a wedge of secondary wood. The principal medullary

Egimary cylindef. In the wedges themselves the rows of tracheides
?fé:separated by the secondary meﬁullary rays. Sometimes a ray
curs between every two rows of tracheides but usually!therercare
wwveral rows of tracheides between the rays. '

The phloem tissue is well preserved in places. It consists
long elements with thin walls and light brbwn contents. No
'inite sieve plates can be detected in longitudinal section. In
phloem region and especially opposite the primasry medullsry
s, secretory sacs may occasionally be seen.

s The inner cortex which abuts on the phldem consists of thin
led parenchyma associated with long sécretory sacs which have
distinct epithelium. The whole of this inner cortex appears to
lﬁrgely composed of mucilage cells. Towards the periphery of
zone the cells become tangentially elongated and form a

inct layer between the thin walled inner cortex and the thick
ed outer cortex.

I¢wgln the outer cortex three regions may be distinguished, an

r parenchymatous zone; a hypodermal zone of sclerotic nests in
ler celled parenchyma; and an outer parenchyma. The more
“ﬁfal region consists of large celled thick walled parenchyma

Prequently contains elongated secretory sacs. (B1.1. fig. 8
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however in the vertical direction. The great

tension of these cells has apparently caused them to divide

in some cases; and cross walls appear in a few of them dividing
1%0911 into two. (Pl. I, fig. 9,a) This inner region of the

r cortex contains neither secretory sacs nor secretory cells,
hypodermal layers of the outer cortex consist of a reticulum
sclerenchymatous elements, the interspaces of which reticulum
filled in by & small-celled parenchyma.(Pl. II, fig. 9,:%2, 0.c
-sclerotic nests of cells contain long elements which have

mely thick walls and small lumens. Large and léng secretory

!_- |
¢s are very numerous in the sclerotic outer cortex and these

._sametimes sﬁrrounded by the sclerotic nests or they are partly
.sd by the parenchyma of the cortex. The great length of

lI8se sacs and tﬁe general appearance of their contents would lead
';ha supposition that they are the result of cell fusion. No
l'élium can be distinguished lining these sacs and what Dr.

- . says of Sutecliffia is equally applicable to Heterangium

, viz. "Secretory orgens probably of the nature of gum

ls, though no clear evidence of an epithelium has been obtain-
LQ%Effrequent in the cortex, especially in association with the
us strands."

he sclerotic hypoderm is usually the outermost tissue seen

occasionally parenchymatous tissue is present on its

. /



The Petiols.

The petiolar trace departs from the central axis in an

‘exceptional and highly interesting menner. Several of the anasto-

"associated at one part of ths periphery, and join together into
e xylem group which possesses a sinuous outline. As the trace
sses outwards the secondary wood disappears (plate I,'fig. 8).
some extent the trace now assumes a more circular appearance,
E%“bugh the sinuous outline may still be traced. 1In the specimen
ined 1 have not been able to follow sny trace between this
age snd the stage at which the petioles bedome free. The
tions showing the petiolar continuity with the stem are very
quely cut and we must therefore turn to similar detached
loles. The idéntity of the detached petioles is very obvious
:;ﬁEDUnt of the characteristic appearance of the cortical
ﬂlaﬁues. In these associated petioles the trace is concentric
1 a very markedly crenulate margin. No roots, foliage, or

tifications are known.

Histolopy.

fﬂe*The-protoxylem elements are confined to the peripheral groups
gylem tissue, and these elements are in all cases exarch (plate
fig. 5 prx.) and not mesarch as in Heferangium. These elements

scalariform or sub-spiral thickenings. The secondary wood



:nfxained a considerable thickness all round the central stale.
ﬁhb secondary zone ls from 18 to 20 cells deep and just below the
;Eriphery at A the cells becoms rather smaller than those either
on the outside or the insiﬁe, and thus this region simulates in
‘appearance the autumn wood in recent plants.
The tracheides of both primary and secondary wood have
ﬁjitiseriate pits on their walls. Pl. 1, fig. 4. The elements of
. primary wood.are much larger than those of Heterangium Crievii
gach group also contains a greater number of tracheides. The
junctive parenchyma is also much better developsd than in that
)ecies. Thus the primary wood contains fewer though larger
ups of xylam-élements than does that of Heterangium Grievii,
interspersed with.the'conjunctive parsnghyma are numerous
retory cells and also long secretory sacs. The principal
jullary rays are broad, and so, as & rule, are the secondary

The primary rays broaden out when they become free from the

The phloem is on occasion well preserved but no sieve plates
be detected on the cell walls. The whole of the tissue in

ls region rssembles elongated parenchyma.

The cells of the inner cortex are sxceedingly peculiar. The
e tissue consists of very thin-walled elements and has the
arance of being mucilage tissue. This tissue consists of

1 parenchymatous cells with dark brown contents. I1n additior

e are numerous long secretory sacs interspersed in this tissue
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ﬁ;n-adcount of its soft nature the inner cortex is only preserved
}@ﬁppatches in the stem but in the petioles it is often quits
fi&ﬁtinct. Owing to the delicate nature of the inner cortex, the

%@tioles-are invariably crushed, so that they assume an elongated

.vﬁiiptical form. The outer cortex is very intsresting on account
{affits hypodermal sclerenchyma and its secretory sacs. Just after
fmleaf trace has departed from the stem a gap appears in the
'sclerotic hypoderma opposite to it; snd the cortical parenchyma
f the petiole is seen in continuity with the inner zone of the
er cortex of the stem. In transverse sections of the stem
3sing through this region the sclerotic part seems to have bent
towards the xylem in two claw-like curves. The breadth of the
wrenchymatous cortex of the decurrent leaf base is very consider-
ble in this region as can be seen both in longitudinal and in
ansverse sections. When the petiole trace becomes free the
 Brenchyma closes in unfil the ring is ageain complete.

The secretory sacs in this sclerotic region are very inter-,
ing particularly on account of their great length. Similar
38 without epithelium are described as probably of the nature of
canals by Dr. Scott in the case of Suteliffia. It is just
5ible that a lining of epithelium was originally present.

It is to be hoped that other examples of this interesting

1t will be discovered in order that a clear knowledge may be

of the course of the petioles in particular.

Eeterangium /
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Heterangium Arberi sp. nov.
Qiagnpsis.
:H Stem with a& single axis consisting of multiseriately pitted

cheides and conjunctive tissue. Protoxylem groups peripheral
‘exarch; and secondary wood developed réund the whole axis. A
iinct phloem occuré in the normal pcsition. Leaf bases long
and decurrent. Leaf traces of a peculiar sinuate form. Strand in
%free.petiole more or less concentric, but the xylem is crenu-
ed. Inner cortex of the stem and peticle contains nurerous
-canals. The outer cortex resembles that of the Medulloseae

| particularly that of Sutecliffia in that it contains pum-csnals

sesretory sacs without epithelium tut of great length and size.

Affinities.
While provisionally classing this new species in the genus
.é¥angium there seems to be considerable room for doubt whether
is its proper systematic position. The axis is distinctly
& typical Heterangium and differs chiefly in the occurrence
ecretory sacs and the exarch character of the protoxylem. The
o cortex has no sclerotic discs as in Heterangium Crievii and
outer cortex is exactly similer to that of Sutcliffia except
it has no accessory tundles. The Medulloseae have several
@s or rather possess & dictyostele which is generally of

derable size. 1t would seem reasonable tc suppose that this

ostelic condition was originslly derived by the dividing up
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of & monostele and among the more ancient specimens we would

expect monostely and not dictyostely. In Zuteliffia from the

Lower Coal Measures an approximation to this condition is seen

but still the dictyostely is distinct. In that case, as in all

the other ledulloseae, the primary wood is essentially like Heter-

angium except that it is exarch,
Heterangium Arteri comes from & still lower horizon then that

from which Sutcliffia is derived and in certain directions shows

a greater advance towards the dMedulloseae thaen sny other species
m@_ﬁeterangium bitherto described., At the same tlme the petiolar

‘trace shows features which distinguish it from all the species of

eterangium and Medulloss at present known. These very features
gver wight also bte expected to appear in e primitive member of
be Kedullosecae and it appears to me that this new species com-
nes more characters typicsl of Heterangium and of the Nedullosesa
hen any other plant hitherto described,

since ‘this parer was written 1 have discovered another spec-
| among the Pettycur petrifactions. &So far it has corfirmed

b observations recorded heres and one example of an sdventitious

-

has been found. 1t is hoped that furither study will reveal

> points of interest.

Heterangium nove SpP.

} This new species of Heterangium was discovered in a small

nt of the Pettycur Limestone near Petiycur Harbour. in
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the block, which was about 6" diameter there were 2 sisms. A

o]

typical transverse section is shown in Pl. 11 fig. 14 and the
most striking features it presents are the absence of conjunctive
parenchyma in the primary wood, the great development of second-
sry wood, and the Lyginodendron-like sclerotic outer cortex.
That the primery wood is so0lid is not guite proved but it cer-
tainly contains very little parenchyma, if sny. The dlameter of
the primary wood is also exceedingly small and measures from 1.4
mm. to 1.5 mm. The small size of the primary woocd is constant
in ell the specimens cxamined, as is also the strong development
of the secondary xylem. The protoxylem elements appear to be
* slightly =sunk in the wood of the primsery sxis, i.e. they are
mesarch, though the centrifugal wood beyond the protoxylem
elements consists of tracheides which are not much larger than
those of the protoxylem.
Leaf traces occur in all the transverse sectlons tut their
number is small compared with the number ususlly shewn in a
:transverse section of H. Grievii. In this new species the number
£

{hevar exceeds 3 or 4., These traces are also peculiar in that

|

ﬁﬁhey occacionally have secondary xylem at their bases on thre
yﬁbaxial side. They travel upwards for a long distance and then
Pass out through the cortex to supply the petioles.
Ly The middle cortex is & very nsrrow zone and is usually quite
decayed. ¥nere present, however, it does not exhibit the sclerof
Plates so charscteristic of H. Crievii. The outer cortex consists
of /

o,
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of thick-walled parenchyma and contains hars of sclerotic fibres
similar to those in H. Crievii., These bars continue down into
the stem for a long distance before they znastomose with any
‘neighbouring bar and so & reticulum of sclerotic tissue with leng
narrow meshes is produced. This is quite similer to what occcurs
in H. Grievii. 1n Pl. 11, figs. 11 & 12 photographs of the
s¢lerotic outer cortex of Heteranglium sp. and of H. Grievii res-

pectively &re shown, while in figs. 14 & 13 the stems of the

m

€
species are also photographed. These figures are of the same

_dimensions among themselves, i.e. the stems are of the same di-
mensions, and the cortex; though more highly magnified than the
stempg, is megnified the same number of diameters in both cases.
These figures show the differences beiween the two species.

‘The roots of this new specles are also shown in atftachment

- ®ith the stem; they have the typical Amyelon orgenisation and

. usually have a considerable amount of' secondary wood developed
round them.

The small diameter of the primary wood and the small number

. of petiole-treces seen in any transverse section seem to indicate
that this species had a scrambling habit. It does not seem to

. have branched very, often as noc such bifurcation has so far been

] ]lle't. Wi th -

Heterangium Ne. SP.

( The following preliminary diagnosis may be giveni- Ctems

- with /

o

&
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with small primary wocod and cenjunctive parenchyma, in consequence,

small in amount, if any is present at all. Secondary xylem well

developed. Frotoxylem groups mesarch. Petiocle trece double as
in H. Grievii, but usually with secondary wood near its base.
Middle certex small in amount and contaings no sclerotic plates.
OQuter cortex consgsiste of a meshwork of sclerotic tissue with its
interstitial spacec parenchymatous.

Roots of the Amyelon type.



nepatives by ths sutvor,)

= primary wood: %X, = secondary wood; i.C. = inner cortewn:
P 0a.C. = pabPenehymatous ouler corlex; £C«.0.C, = scierdliic
culer cdrtexn.

A 18 % 4

D He Arberl transverse gection of xylem. Yei ¥es S B T
0Cs 88 befores.
4 16 % T
Je Hl. Arbverli longitudinal radial section. xl; ¥ Oela;
ac hefore.
3E4 x D
%o H. Arberd longiiudinal sesction in part. X,1 X.; &8
before; ph = phloem; m.r. = meduallosy ray.
€4 x 83
Sa Two xylem wedges to show exarch wood. H 8 x?; Mmsles
as before, prx = protéxylem; Lebs = zome of smaller celled
secondary ¥ylem comparable with Ausumn wood.
100 3 x 23.
€

Petiole trece departing from stem. xi; X,; ag belors.
pet. tr - petiocle trace.

204% x 8,
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Transverse scgction of smell petiole. HNote hundlie

(vebe) which iz broken up accidentally inte 7 porticrs,

" ITransverse section of psrt of outer coritex. c.c, =

rarenchyma of outer cortey; Sc.n. = sclerctic nests;

SeS. = sgcretory =acs; 0.C. 7z, = outermost zone of cortex.

3
160 =B o B0
Plate 11,

Longitudinal sectior of outer cortex. Z.: 0.Cs =

inner zone of outer coriex: 35 0.,2. = gutsr zore of outer

cortex; 2.a. = cross walls on distended parenchyma cells;

S0 Y

= selerotic nest.

JE4 % 50%

Longitudinal section of outer zone of outer cortsx;

S5.8. =

secretory ssc; Sc.n. = sclerotic nest.

S84 ¥x 3C.

Heteranglum sp. transverse section of outer sclerotic

cortex. sc.b. sclerotic bar; p. 0.c. = parenchyralous

outer cortex.

}.

4

A x 30.

sterangium Crievii sclerctic cortex. Sc.b. & p. 0.C.

as belore.

E73 % 30.

Trensverse section of Heterangium Crievii; x ; X553 OeCo

as /
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Plate 2,
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Heterangium Crievii. Williamson 1E72.

This, the most ancient known example of the genus, was de-
scribed originally by Williamson under the name Dictyoxylon
Grievii but shortly afterwards he referred it the genus Heter-
engium. Specimens are exceedingly common at Pettycur and they
are generally well preserved though usually crushed,

Tne axis is composed of a great number of small, anastomosing
groups of tracheides set in a ground tissue of parenchyma. These
tracheides have multiseriate pits on their walls except the
protoxylem elements which have spiral thickenings. These proto-
xylem groups are arranged round the periphery of the metaxylem
but slightly below the surface, i.e. they are sunk and mesarch,

A zone of secondary xylem sometimes surrounds the primary cylinder
but it is often very irregular in its development and distrib-
ution. in some cases such secondary wood only occurs where ad-
ventitious roots join the stem. Such roots were discovered by
Miss Eenson and myself, about the same time, and we shall describe
them in & joint-paper. They are either triarch or diarch and

we have never found any without secondary xylem. The peculiar
aggregation of secondary wood round the point of emission of

the root traces'is very interesting.

kxternal to the woody axis there is & zone of prloem and
delicate parenchyme but it is not usuelly preserved. Surrounding
the phloem there is a layer 5 or € cells deep of thin walled

mucileginous /
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mucilaginous tissue. There are no ducts present and the tissue
is speclially abundant where the root-traces are passing out.
1t is generally well preserved in the roots themselves,

The inner cortex, which is outside the mucilaginous zone,
also consists of thin walled parenchyme but it contains vertical
rows of sclerotic discs. These do not pass continuously right
round the stem but there are generally severel verticsl series
of such discs in each stem. Special transverse and longitudinal
sections pass bhetween the series of discs but such sections are
very reare.

The outer cortex is very narrow. It is made up of alter-
nate ereas of thin walled parenchyma and sclerotic fibres. In
longitudinel section the fibres are seen tc be elongated and the
groups anastomose. There is thﬁs a reticulum of fibrous ele-
ments in the outer cortex. The meshes of this reticulum are
very long and narrow.

Turning now to the petiole traces, we find that they are
emitted in rapid succession but that they travel up through more
then one internode so that 1C or more traces may be seen in one
trensverse section. The petiole bases also are decurrent for
long distances into the stem. The trace is concentric snd hes
a constriction in the middle which is often very deep so that
there is the sppearance of & double bundle. There are never,
however, two separate masses of xylem in the peticle bundle.

Though no foliage has ever been recorded in continuity with

the /
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the petioles of H. Grievii, there is good reason to refer

sphenopteris elegans to this species. The small sclerotic disecs

which stand out so markedly on a weathered surface of HE. Grievii
are also distinectly visible on the carbonised impressions of
S. elegans., As such discs are unknovn in any other species there

is every resson to accept this correlation of foliage and stem.

Sphaerostoma ovsale (williamson) 1876.

Williamson made two species to contain what were afterwards
shown to be differently orientated sections of one species.

These were Conostoma ovale and Conostoma oblonga. Professor

Oliver and Nr Salisbury have just published & memoir on Conostoma
end have shown that tﬁe Pettycur specimens do not belong to the
Conostoma group. Miss benson has given the name Sphaerostoma
to the Pettycur seed but no description has yet been published.
In one small part of a blecck 1 discovered quite a nest of
these seeds but unfortunately there was no indication of the
plant which bore them. There were probably between 60 and 70
of these seeds in the one small piece but the preparations are
not all completed yet. In the case of one example great care
was taken to obtain a perfectly radial section and Fl, A. fig. 4
represents this specimen. At the chalazal end a single vascular
bundle enters the seed but this divides up into from 7 to 9
strands, which radiate out and keeping parsallel to the outer coat
of the sced end close together round the micropyle.

The /
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The outer coat or testa is poorly preserved and the whole
layer looks llke one continuocus mass without cellulsr structure.
At the micropyle however, the preservation is better and the
testa is seen to consist in that region of radislly elongated
cells. They get longer near the top of the micropylar oriféce
and so the opening appears to be on the top of a broad dome-
like papilla.Entering the micropylc we reach the sinus between
the free epidermis of the nucellus and the inner layer of the
integument (testa), (Pl. A. fig. 4.s.). Immediately below the
micropyle in the opening into the pollen chamber (Pl. A. fig. 4
Pe«Co.) the wall of which is the epidermal layer of the nucellus.
The lower part of the pollen chamber is produced upwards as a
cone of delicate tissue and completely plugs up the opening of
the pollen chamber. 1t seems to have been a mechanical arrange-
ment for allowing pollen in only under certein conditions.
Apart from this truncated conical plug the nucellar tissue is
not preserved.,

L N
This seed has been referred to Hetersngium Crievii on the

grounds of association but we now know two other Heterangia from
Pettycur and one other seed so that this correlation cannot be

accepted.



[Extracted from the Proceedings of the Cambridge Philosophical Society
Vol. xv. Pt. v.]

On « new species of Physostoma from the Lower Carboniferous
tocks of Pettycur (Fife). By W.T. Gorpon, M.A., B.Se., Falconer
‘ellow of Edinburgh University, and Advanced Student Exhibi-
ioner of Emmannel College. (Communicated by Mr E. A. Newell
Lrber)

[Rccsr.f 7 February 1910.]

Among the rarer petrifactions of plant-remains occurring in
he Calciferous Sandstone Rocks at Pettycur are seed-like bodies
f various kinds, Perhaps the commonest example is Lepido-
arpon wildianum, Scott*®, while occasionally the pteridospermous
ructification—Conostome ovale, Williamson, is also met with.
Inder the name Conostoma intermedia} Williamson also placed
vhat are probably elongated specimens of C. ovale. These two
eed bodies are very distinct, for Conostome has a fuunel-like
nicropyle, whereas Lepidocarpon has no true micropyle. The
negaspore in the latter was exposed to the exterior by means
f a slit-like aperture between two enveloping outgrowths from
he sporophyll.

Last year Prof. Oliver§ published his work on Physostoma
leguns, and showed that in that genus the apex of the seed
onsisted of closely adpressed, free, tentacular processes; the
nicropyle was thus capable of great enlargement.

In the same paper he refers to C. ovale as being probably the
eed of Heterangium grievii, Williamson. The ounly evidence
wwever is association.  Recently, while examining a new species
f Heterangium from Pettycur, I discovered several specimens of
7. ovale, and among them what appears to be a new and distinet
eed. The specimen had been cut through in an oblique tan-
rential direction, but by careful preparation I was able to get
me of the sections more nearly radial. One section is through
he micropylar orifice and the other passes through the chalaza.

(GENERAL STRUCTURE,

The seed is radially symmetrical and is considerably larger
han C. ovale. The following table gives the dimensions of the
new seed and those of C. ovale,

* Seott, Phil. Trans. Roy. See. B, Vol. oxcrv. 1901, p. 201,

T Williamson, Ihid. Yol. cuxvir., 1877, p. 243, I Jbid. p. 246.
§ Oliver, Ann, Pot. Vol xxrin, 1409, p. 73,



396 Mr Gordon, On @ new species of Physostoma

New Seed (Physostome) Conostoma ovale
Length ...... 38 mm. 32 mm.) Average of
5 radial
Breadth ...... 33 mm. 2-1 mm. sections

The length of the new seed is probably greater than indicated,
since both sections are oblique, and 4 mm. would probably not
be an excessive estimate of the true length.  The breadth is alsg
considerable, and indeed the almost globular shape of the seed
is striking. The base is rather flat and the micropyle is not
prominent.

The seed at the apex shows a number of tentacular processes
and the outer surface is studded with small peg-like hairs, The
ocenrrence of these characters warrants its inclusion in the genus
Physostoma as lately defined by Oliver.

All the Pettycur seeds I have examined are poorly petrified
and this new one is no exception. The deseription must there-
fore he meagre.

The nueellus is capped by the pollen chamber but there is
no dome-like projection of the nucellar apex into the cavity of
the pollen chamber. Indeed, in that region the seed is quite like
Conostoma and not Physostoma,  Outside the membrane of the
nucellus the tissues are all deeayed; only the vascular bundles
remain.  Near the chalaza however and in one of the apical
processes a slight amount of delicate parenchymatous tissue
can be observed, but it is too fragmentary to warrant detailed
description,

The outer layers of the integument have all decayed into a
structureless dark zoune about -2 mm. thick. There are no ribs
on the outside of the seed, but the whole periphery is covered
with small dark dots. These lie in a zone concentric with the
seed and about ‘1 mm. outside.  Near the micropyle these dots
are secn to occupy the ends of short finger-like cells which clothe
the seed externally. They are quite similar to the peg-cells of
Lagenostoma and may be equivalent to the hairs on Physostoma
elegans. In this new specimen the hairs are equal in length all
over the surface. In outline the hairs are short and have rounded
ends. )

The most interesting part of the seed, however, is the micro-
pylar end.  There we find a pollen chamber in the usual position
at the apex of the nucellus. The orifice of this chamber 1s not
visible owing to the obliquity of the section and it is uncertain
whether there was a funnel-shaped aperture as in Physostoma
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elegans or a depressed aperture as in Conostoma ovale. The
micropyle which lies immediately over the opening of the pollen
chamber is also cut tangentially and in the most radial section
is clearly bounded by three separate tentacle-like processes,

The chalazal end is also interesting from the fact that the
bundles enter the seed independently as in Physostoma.

This new species of Physostoma, which is more ancient than
P. elegans recently described by Professor Oliver, combines
with its Physostoma characters, others which are typical of the
genus Lagenostoma.  The tentacular processes at the apex
suggest affinities with Lagenostoma in that they are less di-
vergent than in Physostoma (ie. they clasp the pollen chamber
more tightly), and thus the sced has the whole apex flattened
as_in Lagenostoma.  On the other hand the structure of the
pollen chamber, so far as is known, is quite unlike that of
Lagenostoma.  The sced may however eventually require to be
placed in a new genus.

In conclusion I have to thank my supervisor Mr Arber for
his kindly criticism and advice,
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Amyelon sp. The root described under this nsme is

one of very doubtful affinities. 1t resembles to some extent
tre root of Sphenophyllum Pl. B. fig. 6 rt., but it also re-
sembles the supposed roots of Heterangium Arberi. The primary
wocod is very small but there is a remarkable development of
secondary xylem. Very little is known, however, about the re-
lationship of this root-body. Pl. E. fig. € represents &

transverse section of this root.

Tragquairia Carruthers 1872.
Several specimens referable to this genus have been dis-

covered. In bhis memoir of 1€&79 Williamson assigns Traquairis

to the Lycopodiasles and not to the Radiolarie as Carruthers

did. Mrs Scott has recently read & paper on this genus but it
has not yet been publicshed. In the meantime the affinities

are douttful. The structure is very simple; the body is a
small spherical organism with muricated spiny outgrowths from
the investing wall. Inside in some ceses smsll cells have been

found.



EXPLANATION OF PLATES.

Photographs from untouched regatives.

PLATE A.

Fig. 1. Transverse section of stem and pstiols of Botryopteris

antiqua. st = xylem of stem; o0.c. = outer cortex;
ret = petiole-trace.

Slide G, 752 x 15.

Fig. 2. Transverse section of Botryopteris antiqua.
st = stem xylem; 1i.c. = inner cortex; o0.C. = outer
cortex; pet = petiole-trace; prx = petiolar proto-
xylem.

Slide 7886 X 26

Fig. 3. Transverse section of Eotryopteris antigua.

st = stem xylem; prx, = protoxylem decurrent into

1
stem; pet = petiole-trace; prx, = protoxylem of
petiole; o0.c. = outer cortex; rt = root-trace.

Slide 590 x 15.

Fig. 4. Longitudinal radial section of Sphasrostomas gvale.

n = nucellus; mi = micropyle; ¢ = chalaza; PpP.C. =
pollsn chember; s = sinus; t = plug of tissue clos-
ing pollen chember orifice.

X 10 .

Fig. /
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Fig. &. DPhysostoma sp. Obligue section. p.c. = pollen chamber:

n = nucellus; 8.5 Bo, Bz, = tentacular processes

forming micropyle.

% 10.

Fig. ©. Lepidodendron Veltheimianum, transverse section of

small twig. x = axis; p = pith cavity; o.c. =
outer cortex; l.b. = leaf-base.

x 10

Fige. 7. Lepidodendron Veltheimianum, longitudinal section of
two buds showing imbrication ol leaves.

x 4.

Fig. &. Stauropteris burntislandica, transverse section of petio]

X = petlole trace; prx = protoxylem groups; ph =
Phloem; 1.c. = inner coriex: o0.C. = outer cortex;

e = epidermis.

Slide x 30

Fig. 9. Lepidodendron Veltheimianum, longitudinal section of

ligule. x = xylem of axis (scalariform tracheides);
vV.b. = bundle of 1leaf; 1lg = ligule.

Slide 9227 ¥ &0

Fig. 10. Lzpidodendron Veltheimianum. A few leaf bases (impressi

only.)
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l. Dineuron ellipticum. Transverse section of petiole

2.

3.

4.

o
®

showing pinna departure. Pet. tr. = petiole trace;

pin. trl, rin. tr. = pinna traces; 0.C. = outer

cortexe.

3lide JOO x 20

Dineuron ellipticum. 3Section below that of fig. 1.

Lettering same as before.

3lide 100 A x A0

Dineuron ellivpticum. Section below fig. 2. Slide Jo0R

Dineuron ellipticum. Transverse section of petiols
trace. x = xylem of trace; prx = protoxylem groups;
g = groove on end of petiole trace which closes in to
form the island (is.) of other end; &s. = islsand of
paréenchyma; b = pinna-trace bar.

5lide ¥ B0z

Dineuron gllipticum. Transverse section of petiole.

x = xylem of trace; o.c. = outer cortex; sC. =
sclerotic outer cortex.

S1lide x 20,

Sphenophylium insigne. Transverse section of stem

showing root departure. x= axis of stem (xl = primar

wood; X, = secondary wood); Prx = protoxylem

!

groups /
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groups; rt. tr. = root trace.

Slide x /5

Fig. 7. Stauropteris burntislandica. Transverse section of
petiole to show bifurcation. x = petiole trace;
prx = protoxylem groups; 1i.c. = inner cortex; ph =
phloem; o.c. = outer cortex.

Slide x 30

Fig. 8. Amyelon sp. Transverse section of wood. X = primary

wood; x, = secondary wood.
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