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INTRODUCTION

The Clyde Plateau Lavas form the main mass o;t‘ two
ranges of hills in the west of Scotland, They are the
Campsie Fells in Stirlingshire and the Kilpatrick Hills
in Dunbartonshire, The Lavas are part of the Calciferous
Sandstone Series of the Lower Carboniferous formation,
According to J.G.Ce Anderson (in Richey, 1938) thé following

succession holds good on the Dumbarton side of the Kilpatrick
Hillssw

Clyde Plateau Lavas
Basaltic Ash

Spout of Ballagan Sandstone
Ballagan Beds

The Ballagan Beds overlie, without apparent unconformity,
the Upper 0ld Red Saﬁdstone. E They“‘consiét Jlargely of greyish
or greenish shales and nodular cementstones, interbedded with
thin layers of sandstones. Fish sca.les and teeth occur in
the éhales.  The Spout of ﬁallagén Sandstone is a fairly

| maésive white o:;:'. fellow séndgstone‘,ﬁ som:eﬁmes gritty but not

pebbly,

Overlying the Spout of Ballagan Sandstone is a considerable

thickness of .basaltic :_a_sl;l, .which, immediately under the lavas,

becomes more sedimentaIy in charagter and includes ashy sandstones,



shales, fireclays and thin coal seams, - At two points where
these sedimentary rocks outcrop beds containing plant remains
have been discovered, Previously these plant beds and

their associated ashes were considered to be interbedded in

the Lavas but further investigation has suggested that more
likely they belong to the pre-laval position, repeated by
faulting, They are thus attributable to the basal part of the

Calciferous Sandstone Series and are probably the equivalent

of the Cementstone Group,

The first plant bed to be discovered was in Glena.rbuck
near Bowling. There does not appear to be any record. of its
discovery but most probably it was found by the Geologioa.l

Survey about 1870 A number of petrified epecimens of

ﬂgia ficoides Bron@. d one of 1ep1dodendroid secondary

cortex in the Hunteria.n Museum Palaeobotanical Collection of the

University of Glasgow are labelled "Glene.rbuck Bowling, 1872",

L5

but there is no indication as to the identity of the collector.
Three were presented to the Museum by Professor A. Dickson,

'ﬂ'ﬁ -ﬂ-..-r

t*woib‘y aT I.Ir,. John Young, a;ld one by Professor F.O. Bower.
About 1930 I.I.r. Robert Brosn drew to the attention of Professor
John Walton the occurrence of petrified plant remains in these
beds and further search yielded a large number of calcareous

nodules containing petrifications and also a number of plants



preserved in the form of compressions. According to Mr,

Brown (MS., 1937), "the section . . . « consists of beds of
coal, shale, carbonaceous clays and tuffs, among volcanic

ash, In the upper part « « o+ « there is a bed of coal which
has been burned by the overflowing lava. In the underly_ihg ;
beds of tuff the petrifications are found, their position
usually marked by coaly streaks in the strata, The petrifications
have been formed by the infiltration of calcium carbona’c; and
other minerals ¢« o« o & About 30 feet below the level of the
bed where the petrifications were collected there“i&s a bed of
dark chert with shrinkage cooling cracks on the surface. No
plant remains have been found in it, Its occurrence in these
beds may indicate hot spring conditions « « « « and the hot
water from these springs, carrying gas and minerals may have
been the cause of the fine preservation of the plant remains,"
Most of the plant remains in the_ bed are;petrified, but
preserved as compresgsions are several small lepidodendroid
twigs and a number of fragments of fronds of Aneimites acadica
Dawson. - The only new species previously described from the

bed is Lyginorachis brownii Calder,

- P _E-.I..‘



The following is a complete list of the species

previously described or recorded from the beds-

FILICALES
Botryopteris a.ntigua. Kidston Walton et al., 1938.
? PIERIDOSPERMAE
Lyginorachis 'brovmiif Calder Calder, 1935,
Aneihmitree;aca,dicﬁai i ﬁl)a.wson Walton et als, 19358,
TCORDAITALES
1 ‘Ehdo;_cylon zonatum ‘ ocott Lacey, 1953,

The other plant bed in the Kilpatrick Hills is in an
outcrop of eedimentary rocks in a shallow gorge cut 'by a small
tributary on the south side of the Loch Humphrey Bu.rn , about
half wa.y between Loch Humphrey and Greeneide Reservoir,
Appa.rently the first record o:f.‘ fossil plants from this locality
is in a letter dated 12th Februa.ry, 1886 fron a Mr. Jemes
Bennle of the G9010gical survey, Edin'olu:rgh to Mr. Robert Kidston.,
It mentions the Loch Humphrey Burn locality as 'being the source
of the fossil plents enclosed with the letter, but it gives no
clue as to theiri identity.} In a paper on Araucarlo;_cylon (now
Eristthyton) fasciculare Scott (1899) records that the specimen
was given to him by Mr. Kidston.' It came from near the Loch

Humphrey Bnnn where it was found by Mr James Renwick in 1898,



Its horizon is given as that of the Calciferous Standstone
Series, later, Scott (1924) described Calamopitys radiata
and Bilignia resinosa from the same locality, Both specimens
were found in "beds of coarse ash agglomerate on the south side
of Loch Hu.mphréy Burn", Although both specimens were from

the same bed he attributes the former to the Oil Shale Series
and the latter to the Calciferous Sandstone Series, Cementstone
Groupl Kidston (1923) records a number of species
presqi'ved as compressions from the "escarpment on south side

of Loch Humphrey Burn where stream with waterfall enters, about

% mile below the Loch",

Pollowing their discoveries in Glenarbuck Mr, Brown
and Professor Walton extended their search to the Loch Humphrey
Burn area, Jqsﬁ before the tri‘bufca.ry enters the main burn it
falls down a cliff of volcanic ash‘abou’; 80 fee? high and most
likely it was from the foot of this cliff that tﬁe plants
described by Scott were obtained, Iurther investigation by
Mr. Brown and j?rOfessOr Waltc;n (Walton, 1949a) fesulted in
the dis;:overy at the top of the cliff of a "small but rich
bed of finé saﬁdstoge * ¢« ¢ o in the shales“overl'ying the
bed of coarse volcani¢ ash in which the earlier discoveries of

petrified plants had been made," . Probably the compressions

.,



recorded by Kidston came from this bed. According to

Tyrrell (Walton, 1949a) the sandstone consists "of a mixture
of angular quartz grains and fragments of basal% minerals,
and the plants are preserved in a mixture of this material

in & base of calcium carhonate, He is of the opinion that
the sandstone was not directly deposited ash but was probably
ash whiph had been first deposited on a land surface and then
washed, tOgethkeI'; with other sandy and silty material, into a

pool or small lake in which the plant fragments also

accumulated,”

i

The ft;lidwing. is a complete list of the 3peciés

previously described or recorded from the bedss~

CALAMITALESs*- = - |

Archaeocalamites Eﬁrgp‘e;tii Solms., Wélton, 194%b.

A, i:'*adia'.tﬁs"“ﬁronign.lflsiﬂt ‘ Walton, 1949%b.
FILICALES:

Etapteris tubicaulis G¥pp Walton et al., 1938,
PROTOPITYALES:

Protopitys scotica Walton Walton, 1957.

PTERIDOSPERMAE ¢

| annof'achis trinervis (Calder Calder, 1935,
Calathospermum ScOoticum Walton Walton, 1940, 1949,a.
Alcic;orno;gteris haiiei Walton Walton, 1949’ Ce



FILICALES ET PTERTDOSPERMAE INCERTAE SEDIS:

Rhacopteris hiné.eguilatera *Gﬁpp.* | Kidston, 1923,

R. lindsaeformis Mb. i{idston, 1923,

R Eetiolafa G;pp. iVa.lton, 1957.

R._ robusta‘ Kié.ston Walton et al,, 1938.
Rhodea spp. | Walton, 1957.
Spathulopteris ettingshausenii.. Walton et al., 19386,
Se obovata:: R | Walton et a.l.; 1958,
Speno;p_t;eridium pachyrachis Walton et ‘afl., 1928.
Telangiﬁm .affine L.& H, Kidsté:ﬁ, 1F923.

T. bifidum L. & H. Kidston, 1923,

? CORDAITALES:

Calamopitys radiaia écott ‘ ~ Scott, 1924.
Bilignia resinosa Scott -+, Scoty, 1924,

i

Eristophyton fasciculare (Scott) zal. Scott, 1902, 1918.
Ee rwaltonii- Lacey. .+ - Lacey, 1953,
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MATERIALS AND METHODS

All the material from the Glenarbuck beds was collected
by Professor John Walton and Mr. Robert Brown between 1930
and 1935, Recent investigation of the locality by the
present author yielded some more material but it was badly

weathered and of little use for structural investigation,

Most of the specimens are petrified in calcite but occasionally
other minerals s Such ag pyrite are also present, Except

where stated otherwise the material was investigated by means

of peel sections prepared by the recent modified technique
described by Joy, Willis and Lacey (1957). Dilute hydrochloric
acid:(l part acid to 30 parts water) wasemployed as the mordant,
.Transfer preparations and.nitrocellulose tpulls! were made from
conpressed .specimens . of Aneimites acadica and: the lepidodendroid
twigs but as they did.not reveal any structure, even on

maceration, they . were.rejected.

i 4 -ﬂt

Most of the Loch Humphrey Burn material was among that

n-r-il.“‘"l-i ;“‘-r
J-'.!- ,.fh.'___ '-_-.

Lt e

iobtained by Professor Walton and Mr. Brown during the same period

J"I-.

as they collected in Glenarbuok. All their specimens were

-‘t

placed in the Hunterian Museum Palacobotanical Collection, which

- i

Lﬁ!ﬂ‘-lnl'

is housed in the Botany Department University of Glasgow,

i e
A lr v ert HL * 4

Additional material from this locality was collected by the author,




Unlike those from Glenarbuck the petrifications from
the Loch Humphrey Burn beds are not preserved entirely in
calcium carbonate, Frequently some cells of a specimen
are filled with calcite while adjacent cells contain silica,
pyrite or, occasionally, other materials. Successful peels
were made from most specimens, however, by etthing first in
dilute hydrochloric acid (1 part of acid to 30 parts of water)

for 45 to 60 seconds and then in concentrated hydrofluoric acid

for about the same length of time, In the case of Geminitheca

scotica some petrological sections were used.

& g o
2 \.*J

-

The compressions were investigated by means of transfer
preparations -and 'pulls!, many of which were later macerated
in either pitric acid or Schulze!s fluid (concentrated nitric
acid and potassium chlorate) ’ ,foilowed by treatment with very
dilute ammonia or other alkali. For epidermal structures

'pulls' were usu.ally found to be q_uite adequate , which was rather

vy ': i :

fortunate tas it was fou.nd that the cuticles disintegrated in

I"i"'u._

g ] e

acids:“ | The most successful results in the investigation of

*f v { au

ovulate fructifications Were obtained by macerating transfers

by the method described by Harrls (1944) After maceration

iy ok
in nitric acid, on a slide under a cover-slip, the specimen

' . b ” {e

Was washed :Ln water and then treated with a weak alkali, in this

L L
h. I-I- e - X
4#1‘ w4 --*nf f S -l'-'!r"" “‘ 11 '!:l,r
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case a phosphate buffer of pH 7,8. The reaction was
watched carefully through the microscope and when the desired
stage was reached the reaction wgs stopped by adding a strong
solution of sodium chloride. By this method some cell
structure, e.g., in the nucellus and integument, is rendered

visible, which would be destroyed by the use of strong alkalis.

In the case of petrified sporangia, e.g. Alcicornopteris

hallei and Protopitys scotica, spores were obtalined by

dissolution of small fragments of the specimen in dilute
hydrochloric acid. The suspension so obtained consisted
largely of spores, It was washed in water and then a drop

was mounted in glycerine jelly, Some ‘spores were mounted in
corn syrup, Withoﬁt a cover-slip, a method described by Radforth

(1938), but there is no obvious advantage over glycerine jelly.

The use of hydrofluoric acid after hydrochloric acid,
wven after repeated washing, usually resulted in the formation

of a fine precipitate, probably of calcium fluoride, which

obscured detailed structure of spores. It was eliminated,
at first, by the promofom “acetone flotation method outlined
by Frey (1951). Later it was found that a solution of zinc
bromide of sp"ecifié gravity 2,3 was more suitsble than the

bromoform/acetone mixture, because it is miscible with water,
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All peels and other preparations used in the investigation
have been placed in the Figured Slide Collection and all hand
specimens in the Hunterian lluseum Palaeobotanical Collection.,
Both collections are housed in the Botany Department, University
of Glasgow. Throughout this work the abbreviation 'F,S.C.!

refers to the Figured Slide Collection and !'Pb! to the Hunterian

lluseum Palgeobotanical Collection,
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PART 1.

THE FLORA OF THE GLENARBUCK BED
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The following species are here described:-

Lepidophloios kilpatrickensis sp. nov,

Lepidodendron solenofolium sp; nov,
L. brevifolium Williamson

Le cf., brevifolium Will,

Lepidocarpon wildianum Scott
Dineuron ellipticum Kidston
Heterangium grievii Williamson

Pteridosperm 'seed!

The following species are here recorded from the bed

for the first time, but are not mentioned further:-

Protocalamites cf, Eettxcureh;is Scott ex Lotsy
Stiggggia'ficoideé Bronggiar£~
Metar,clepdsxdrogsis duplex Williamson

cf.ﬁ Mittagia seminiformis Li:gnier

12,
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LEPIDODENDRALES

Lepidophloios kilpatrickensis sp. nov.

The new species, Lepidophloios kilpatrickensis, is
based on a number of petrified axes collected from Glenarbuck
bed, The axes which can with certainty be ascribed to
this new species range from under 5 mm, to over 2 cm, in
diameter and most of the fragments are 2 cm. t0 4 cm, long.
A1l the axes are calcifieqd, Numerous peel sections have been
made from all the specimens, and using the Croft Parallel
Grinder Mr. C.A, Hopping prepared three series of sections,
two longitudinal and one transverse, These were particularly
useful in tracing the origin of the leaf-traces and in
reconstructing the leaf cushions, The following petrological
sections were prepared from a specimen with halonial branchings:
one longitudinal section through the main axis and both side-
branches, two transverse sections of the main axis, and three
transverse sections of one of the side-branchess  The following

description is based largely on these six sections,
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DESCRIPTION

In the general arrangement of its tissues I;.kiigtrickensis

agreés closely with other iepidodendroiéiépecies (pl. 1 fig, 1).
Many of the éxes show branching by uﬁequal dichofomj'.‘ Usually
only one branch is present in each specimen but in some cases
two sﬁb-0pposite branches a.I:e present, | Branchingmoccl:ﬁrs by the

separation of the xylem cylinder into unequal columns which

soon become rounded off,

The steles=~ The xylem cylinder is protostelié w:{th
exarch ﬁrotoxyiem. | In no specimen has any secondary xylem
been observed. The prétbrylem forms more or less projecting
groups of small tracheids, 4 B to 20° p'in dismeter, and arranged
:a}.t.ffairiy'#fegﬁlazi' iﬁtéﬁalé round the surface of the xylem cylinder.
Th,éée‘jﬁféjecﬁng*péoto%lém 'gfoﬁp's are :hfréaaeﬁtiy referred to

collectively as the tfcorona! of the xylem cylinder,  The

—-*‘ Eh,.-l

proto:qylem trachei.ds haire usually scalariform but occa.sionally

sPira.l thickening. The leéf-fi:'aceé}afé derived dii‘éctly from

1

the protoxylem groups and consequently, :Ln ‘transverse section,

e . - :; . *E ¢~
the extent to wh:l.ch the protoxylem groups project from the su:r:face

. b 2

f the cylinder depends upon the 1evel oi‘ ‘che section relat:we

3

ar S Pl oo sYae o mn s we 3 ey AR ’
to the outwa.rd passage 0f the leaf-traces (Pl, 1 fige. 2).
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Usually the whole protoxylem group passes off from the
stele as a leaf=trace, leaving a groove in which a new
protoxylem group eventually arises, Occasionally a much
larger protoxylem group is present and in such cases only a

part of it passes off to form the leaf-trace, Since each

new protoxylem group is formed in the groove left by the

departure of. a leaf-trace at a lower level the leaves must

be arranged in vertical series,

The largest metax;ylem tracheids, at the centre of the
stele, are up to 210 n in diameter, while the smallest at the

periphery ’ may be as small as 25 P The 1ongest tre.che:.d which
it was possible to measure is 1.8 mm. long, The tracheids
ha.ve the scalariform thickening chs.racteristic of the Palaeozoic

1yccpod3. The be.rs are abcut 3 n broad a,nd 8 p apart.

Occasionally some of 'l:he bars fork and in a few ‘bracheids there

af P

is a trensiticn to reticulation. | The p:l.ts appee.r to be

"

5 :nv‘l-, -r '\1_"' ] ﬁ;.‘_‘_ﬁ_

narrowly bordered. | The better preserved 3pecimens shcw

- - -IHLI. ﬂ‘ - ‘1
- 'h'.l.:.’ * -\.-'ﬁ ‘d. —?“' ‘I Y -d"‘ _* & 1‘ L ‘llr ’mgi : *_ﬁ-" J,i- '#.l-'_‘! T _

the double series of fine thres.ds , sometimes k:nown as

N b Bl i . r"-‘ i‘i e odoy "st' ’.- J‘? :-.a 1“*& .

- K "j.,.n.!p.f" e e

"Willianson's strlaticns" ) bridglng the plts and connecting

..l
si P
- '-e-' ‘-.I'!‘ ‘...-ﬂ"".j b. _I‘J'. 'h-#"h.qiﬂ -ilq,.;..

the adjacent ba.rsa. In longitudinal section of the tracheids

st

g r -k 1.3&_ N

=1 W
P W
‘l-'l! 11'.'nw-
h e“ejﬂt i

the nature of the apparently ‘bordered pits is clea.rly seen,

. l-'l' # I|.'* ‘.# -"...l' "‘"'.' - -+ :-‘*1 =
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The bordering is due to the fact that the bars themselves
are double structures, a feature which has already been

described and illustrated by several authors, e.g. l;c;rghoorn A

and Scott (1958). Each heif. of the bar is comnected to the
corresponding half of the adjacent bars by a thread system.
That the thread system is double is clearly shown at "a"

11_1 Pl, 1 Fig. 3. The arrangement of the threads in thisﬂ
species appears to be somewhatf similar to that described by
Calder (1953) in Lepidodendron 'brom;ii Unger so. frhe
threads do not Jjoin directly on to the scalariform bars but
are‘attached to s continuous strip of material appa.rently of
the sa.me composition as themselves and extendlng the full
1ength o:f.' the bar (Pl l Fz.g. 3) That it is not a tertiary
layer of thickening completely surrounding the bar, as was
tentatively suggested by Calder, is quite obvious in longitudinal
section,”and in. specimens where degradation has progressed
furthers, In the latter case the threads and the strip of
material: to.which they are gttached are!often detached from
the bar (Fl..1 Fige 4), while in more' extreme cases the

bar itself has:almost.disappeared, .though'the threads are
still present,-....This feature is dealt with more fully in the

discussion,:--..; The threads anastomose frequently. They are

t G FE FU T 4 AW 1 iy (e oy o > f “'
- 1 ] |
*

" :-" 'JJ--.LJ}‘ ;.ﬂd’m-l.i.,.pwh‘! # "t
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about 1 11 in diametéer-' but they broaden, in the plane of
the bars of thickening, to 2 R 1o 3 p where they join on

to the continuous strip.

In most of the axes there is a gap between the xylem
cylinder and the cortical tissue. The exceptions to this are
one small twig and the smaller branches of branching axes,
The following description of the phloem and the inner cortex
is based on the petrological sections , mentioned previcusly,

through such a branching specimen. It is possn.ble that the

i

side branches are cone peduncles and are, therefcre, nct

2 ¥
- I

tYPiCal. This seems unlikely as most are over 1 cm, in

diameter and possess a well develcped secondary cortex,

1.~=?" o i‘a iﬂ. - ._.L L

Immediately extemal to the xylem cylinder is a
layer, three ‘tc Lfcur cells wide, of parenchymatous tlssue

E(Pl. 1 Fig- 5) In transverse s_ect:.cn the cells appear to

T . - + ,.,..n‘ ' 3y 2 R

be more OT less isodiametric, and of fa,lrly uniform size,

ot R 35;

They are quite small being cnly 20 p. tc 25 B in diameter.

'\jﬂ ...*J. - ﬂ —

'I'hey‘ are arrangcd in vertical series and have transverse end

L]
m bw

alls. ’I'heir length varies frcm 20 )1 tc 50 Mo They have

e ,,.-ur

s W

iy

]

P ey W ;wn?; -

dense cell ccntents. External to th:Ls layer is the tissue

;p
& l-
A F e E it 1 - m H" J ~ o - '\'!H‘* "|...-,_ a "

- +

WhiCh has been : referred to by various authors as tphloen!

L=
ik
a~ ~ "J"'"-'"-F:r*"‘:"' i a7 * !r-ﬂ-**r ""“HL “u ’* i s ALl Y

or 'secretory tissue's It is here called phloem. It consists
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of from one to three layers of large, thin-walled cells
interspersed with a few smaller cells, of which some have
dark contents (Pl. 1 Fig. 5 and Text-fig. 1A). The
largest cells are of c;onsidgrable size and extend for the
full width of the zone (Pl. 1 Flg. 5)e The vertical dimension
of ’che cell is usually the shor’cest and the end-walls are
usually transverse., They tend to occur in vertical series
but often their arrangement is very irregular, There is no
evidence of any break-down of the jehé-:wa.lls such aé has been
described in other species of the genus (Wa.lton, 1953, Pe 52)e
The 1umen of the cells is filled w::.th a, clear yellom.sh green
substance , and there are frequently granula:c cell contents

present in the centre of the cell,

-~ ~The Erimé.rx cortex:= - The ﬁrima:y cortex is composed
of th:;:'eé layers which a.x;é cleariy demercated from one another.
The innext'*cbrte‘x, adjaceht to the i:hlbezﬁ, ‘consists of a layer,
up to ten 6¥e];13“iwide' , of ;ﬁall , chiﬁ-’-{vailed, axially?eioné:ated,
radially seriated cells (Pl, 1 Fige. 5, and Text-fig. 1B).
The ‘Eé:ngentigli dimensisn Es%‘gTeéfer tha.ﬁ**tiate radial. The
middle cortex consists of thin-walled parenchymatous cells which
tend to be rather elongated tangentially (Pl, 1 Fige 5)s Towards

the outside of the zone this elongation becomes more pronounced
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. Text-fig. le  L.kilpatrickensis. A, transverse section

Wy =6 gt AR T U Mau oy vk el A Yry

~of the phloem, x 100; B, transverse section of part of

- the inner cortex, x100; . C, transverse section of part of

Lo -

the outer cortex showing the initigtion of the secondary

. cortex, x 60; D,
~ ne 4 G st e, T

—

+

transverse section of the secondary
cortex, x 100, (A, B & C drawn from slide F.S.C. 658;
- W Pt v e e TR w0+ CovT o e a v R -

.. D, drawn from slide F.S5,C. 1340).
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and in the two or three outermost layers periclirral«“
divisions have frequently occurred. Occasionally, as a
‘result of this division, the outer layers are radially
seriate, Throughout the zone the cells are loosely packed
agnd there are large intercellular spaces. . Only one fragment
of an axis has been found in which at least part of the middle:
cortex was not preserved, The oulter cortex consists of. large

celled parenchyma, the cells.towards the inside being thin-
walled and more.or less isodiametric, and the cells towards
the periphery relatively thick-walled and slightly elongated
axially. In the older axes the cells of the outer cortex,

external to the secondary cortex, show frequent evidence of

both anticlinal and periclinal division (Pl. 2 Fig. 6).

The seccndarx cortexs= The term "secondary cortex'

® jh'.-a"

ay e -ﬁ!- __:u- -
R -5~ é}, N " * . e

is here used in place of the more usual but inaccurate "perldem“

%eral authors , e.g. Beck (1958) have pOinted out that the

i'"
g ﬂr

secondary cortex of the Lepidodendrtdx must have been a living

" 1'"9 'f' l."'l' ; h "E.-.- - """ *
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tiesue and therefore could not have resembled a periderm.
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In mcst axes the seccndary ccrtex is well deve10ped and only

H-“ < - *T_;_ 'e. f 4 1—'1“\ i:

frcm 'I:he smallest which arei under 5 mm. in diameter is it
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ccmpletely absent. Most cf the smaller branches show an

1

early stage in Tite :Lnitiation. At about the middle of the outer
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-

ccrtical zone & discontlnuous layer of cells, one to three cells



20,

wide, shows a number of periclinal divisions (Text-fig. 1C).
In slightly older specimens further division has resulted

in the formation of short radial files of cells (Pl. 2 Fig. T).
Some of the files extend for the fullh width of the secondary'
zone, but many do not, At this stage the cells are
relatively thin-walled, In the oldest axes found the secondary
cortex is forty to fifty cells wide e.ndv the cell bwalls are
heavily thickened (Text-fige 1D)s 1In tnensverse gection

the cells are rather irregular in shape but there is a
tendeney for them to be square to rectanguiar. | They e.re
axially elongated and in radial view appear to have transverse
end-we.lle"; in te.ngential view the ends of the cells} are
tanered. Most of the radial files of cells extend for the
qull width of the secondary zone R but many do not extend to
%they inner margin of the zone, while a few do not reach the
Outer Emargin, a few ehort files of ten to fifteen cells do
not reach either mergin:' The number of cells along the outer
‘{me‘rgin of the zone is grea,ter then the number along the inner
margin by almost 10% in a stem of diameter approximately 2 cm.

{~ ¢

The outermost cells tend to be 1arger and to have rela.tively

‘ _., F ‘}h.- = -~ - 1

’thin walls, but there is no evidence of the preeence of a

E

definite ce.mbie.l layer. Some of the short files of cells

'aIe obviously the result of radial d1v1sion in some of the initial
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files, while othersappear to have been interposed (Text-

fig, 1D).
- Secretory ducts:- A tangential series of secretory

ducts 1s present in the outer zone of the primary cortex
immediately inside the secondary zone, In many cases
they do not appear to be true ducts because the centre of

~each is occupied by large, irregular, apparently convoluted
cells, with clear yellow contents. Presumably these cells

are in process of dissolution because in many of the ducts

in the larger axes only a few rémains of cell walls are
‘present in the ducts, They are surrounded by an irregular
layer -of very small cells derived from the adjacent cortical
‘cells by:division in all planes (Pl, 2 Fig. 8). In transverse
‘view the.ducts gre usually circular though in.some the
w‘bangential'-diameter may be up to three times the length of

the ra.dial one. There is considerable variation in vertlcal

NS :..!i W .y ﬁ-ﬂ ;

extent: most ducts are from three to five t:l.mes as long as
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broad but a few are more or less isodlametric and some may be

1.:!1' 1" 't -~

ten tofi:f.‘teen timea a.s 1ong as broad. As in the specimens of

Lepidthloios wunschlanus Ca.rr. descrlbed by Wa.lton (1935) there

o n‘l;-u A e e L Al T } N —J

is a def:.nlte correlation between the secretory ducts gnd the

'lr-il-

leaf-traces. | The usua.l situat:.on is that the leaf-trace passes
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between two ducts, which converge on it and become united
with the phloem of the trace. Sometimes only one duct

is associated with a trace and occasionally a trace may have

no associated ducts.

In the secondary cortex there are frequently occurring
pockets where many of the radial and some of the tangential
walls of the cells have disappeared, giving the appearance,
in transverse section, of tangentially elongated cells with
papillate walls (Text-fig, 2).  These pockets are filled
with a clear yeliow substance similar in appearance to that
in the secretory ducts in the outer primary cortéx. The
pockets are not of any great vertical extent. Since there
does not appear to be any disturbance or distortion of the
surrounding tissues it seems that they were a natural feature

and that they performed some secretory function.

1 '“1'1#1-_;,, *

Secretory canals'hé.vve ‘bee}l.described in the secondary
cortex of several speciés‘of*]fe;;idédendrid, but there is some
doubt as to whether they are tru_‘é lysigenous canals or whether
they are merely the result of ;)oor presexrvation of parenchymatous
tissue. Seward and Hill (1900) proposed the former view, which

has been disputed by ﬁﬁ&éld (1940). In any case it is

cerfain that the canals, 1I such they really are, have developed
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Text-fig. 2.  ~L.kilpatrickensis, Transverse section of

part of the secondary cortex, showing the break-down

of some of the cell-walls, x 50, (Drawn from slide

FeSeCe 652)
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Text-fige, 3.  L.kil atrickensis, Transfusion tracheids

kJ

in the leaf cushion, X 320, (Drawn from slide F,S.C. 1332).
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from bands of parenchymatous tissue, and are not comparable

with those of L.,kilpatrickensis,though in all probability

they performed a similar function,

The leafetraces:- The size of the leaf~-trace, as

would be expected, varies with the size of the stele, e*.g.

in transverse section the traces arising from a stele of
diameter 0,35 mm, contain six to twelve trabheids; from a

stele 0,62 mm, in diameter the. traoes oontain nine to eighteen
traoheids; and from a stele 2 mm, in diameter they contain

from sixteen to twenty-eight tracheids. | The traoheids seldom
exceed 25 nin diameter and the trace appears to consist entirely
of protoxylem‘ elements ‘the smallest being at the centre of the
traoe. By the time the Ltrace reaches the secondary cortex,
horever, lar%er tracheids up tow 50 }1 in diameter are frequently
present. They hate soalariform thickehlng and are presumably
meta.x;ylem elements. | On becomlng detached from the xylem cylinder
the 1eaf-traoe continues to rise very steeply ’chrough the tissue
1mmed1ately surrounding the xylem and through the phloem, It

..I“

appears to cross the phloem on a bridge of the inner tissue.

The exaot behavn.our of the strand in this region is not very
clear in the materlal available , but a strand of very small
phloem elements, also w:Lth olear cell contents, appears to

aocompany the strand on the abax:.al side and the traoe acquires
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o sheath of slightly elongated parenchymatous elements.

Exactly where this sheath is developed is not quite
clear, but it is present when the strand enters the inner
cortical layer, It may be derived from the inner
perenchytous layer surrounding the xylem cylinder, In

& <.
the inner cortex the angle of the trace dicreases to about /

450 and this angle remains fairly constant until the trace
reaches the seoondary cortex, On entering the outer cortex

an abaxial strand of loosely packed, isodiametric 1pa.renohymatous
cells acoompanies it on the a.'bama.l side (Pl. 2 Flg. 9)e

This is the pariohnos strand which remains in olose association
with the leai‘-traoe until after it has entered the leaf cushion.
The course of the pa.riohnos strand and the leai‘-tra.ce through
the secondary cortex is horizontal a.nd all their cells are

very much elongated radra,lly. The horizonta.l course through
the secondary cortex is a result of the rgpid radial expansion
of tha.t tissue, as a.lso, presu.ma.'bly, is the elonga.tion of all
the elements of the trace a.nd its a.ssooia.ted tissues, In
the outer 1a.yer- of the primary cortex, Ph ’externa.l to the seoonda.ry
oorjteac, the oells regain the:.r origlnal dimens:.ons and the
1ea.f-traoe again rises at an angle of about 45 to the

? 4 .--:_- -ﬂ'ﬂe

horlzonta.l. At a.bout the level where it enters the leaf

cushion there is a marked development of transfusion tissue round

ﬁ“""a".:"
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the trace. The transfusion tracheids are short and
broad, with transverse end-walls, All the walls have a

well developed reticulate thickening (Text-fig. 3).

The leaf cushions:=- The leaf cushion is composed

mainly of large celled parenchyma with intercellular spaces.
The cells towards the outside of the cushion tend to be
smaller than those at the centre. In tangential section
through the base the cushions are ;:oughly diggand-shaped
(Text-fig, 4G), with, usually, the horizontal measurement
slightly greater than the vertical, though tﬁere is
considerable variation in this; sometimes in one cushion
the vertical dimension is the greater, while in an adjacent
cushion the horizontal dimension is the grera:geét. The
cushion is strongly keeled from its point of attacbtément /
to the stem to the base of the leaf-scar, which is situated
at the upper' end of the cushion and is usually almost three
times as broad as it is high (Text-fig, 4B). There does
not appéar to have been g defiﬁite abscigfj.on 1a$rer and tf;éla
withered remains of the leaf are often siill present,* even
in the larger axes. The cells of the leaf are much smaller
than {:hose of the cushion and the traﬁsition between the two

$
tissues is very sudden. Abscisfon usually occurred at this

i
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Text-fig., 4. L., Kilpatrickensis. A, radial section of

a leaf cushion reconstructed from tangential sections,
B-G; H, radial section of a leaf cushion reconstructed

from transverse sections, I -~ N;' O - R, radial sections

of leaf cushions to show the veriation in size and shape.
Vascular tissus black, parichnos strand stippleds All
sections x 12 (B =~ G drawn from slides F.S.C. 1269 - T1,
1274, 1277, 12813 - I-N from F.S.C. 1327, 1328, 1330, 1332,
1334, 1338; 0 - R from F.S.C, 701, 701, 1309, 805.




26,

cushion at its point of attachment to the stem, and the
cushion attains its greatest width at about two-thirds

of the way from the stem to the scar, tapering slightly in
both directions, The cushion often sags slightly at the
base (Text-Fig. 4 O-R). The centre of the leaf-scar is
slightly concave and the lea.f-trace forms a $light projection
at or Just below the mid point of thﬂeﬁscar. The branches

of the parichnos strand form two small depressions, one

on each side of the leaf-trace (Text-figs. 4)s The ligule
pit is rather variable in shape, but on the whole it tends to
be rather short and broad. The pit opening is directly above
the broadest part of the cushion, and the pit slopes backwards
towards the axis. The canal is narrower than the base of
the pit. In transverse section the pit is broadly, rounded
triangular, with the ba.se of the triangle slightly concave,
o and the apex directed towards the axis (Text-fig. SB) At
the broadest point of the pit the apex of the triangle is
often prolonged to form a sort of smus, which is seen in
1ongitudinal eection in text-—figure 4P.ﬁ % Towards the base
the pit tends to become more rounded in section (FP1,2 Fig. 11).
The epidermis of the pit consists largely of rather flattened

cells (Text-fig, 5A), which are more or lesg isodiametric in

surface view (Text-fige5B)e It has a thick cuticle.  The
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Text-fig, 5. L. kilpatrickensis. A, transverse section of
the ligule pit, x 90; B, tangential section of the

.. apidermis of the ligule pit, x180. (A drawn from

slide FeS,C. 1328; B from slide F,S.C, 701).
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ligule is occasionally well preserved., It is rounded
triangular in transverse section and is ciuite short and

fate It tapers to an acule apex which' does not project

out of the pits It is composed of a uniform tissue of small,
isodiametric, thin-walled cells, frequently with dense contents

(P1, 2 fig, 11).

The leaf=-trace enters ti1e cushion usually at an angle
of about 450. It dips slightly as it passes under the 1
ligule pit, Tand then rises steeply to the leaf-scar. The
parichnos strand does not divide;unt‘il after the trace has
passed under the pit. The two branches of the parichnos

dip slightly away from the trace, and then run up parallel
to the surface of the cushion until they reach the leaf-scar,

They do not 'become attenuated as they approach the scar, and in

tangential section through the cushion, immediately behind the

scar, they are seen as circular depressions lying one on each

-&

eidé o:l:‘ and at about the ame level as, the vascular strand.,

Thus in a compression they would moet probably 'be represented by

£

two small indentations. The tissue 1y1ng between the branchea

rrrrrr

of the pa.richnos and the eurface of 'the leaf cushion has a

L. L | ﬂ"--"' L

columnar arrangement with numerous elonga’ced air spaces running

ek

from the parichnos strand to the surface (Pl. 2 Fig, 10)
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Though the preservation of the epidermis is rather poor

and consequently it is impossible satisfactorily to

decide the point, it seems likely that these air spaces did
not communicate directly with the surface but were closed by
stomata, In some the lgrge-~celled parenchyma lying below
the parichnos strand has broken down to form usually a
number of small air cavities, but occasionally a single
large one, In some cases the parichnos strand itself has

broken down.

As mentioned previoué}j , within the leaf-cushion
there is g con;idepéﬁle;deverio;)ment of transfusion tissue
round the leaf-trace;‘ It is confined mainly to the lateral
and adaxial sides of ::he trace, and its greatest development
is between the trace and the base of the ligule pit. None

has been found in the ligule itself, however,

r
™
!
- e N - i

4 leghe v

N J*A.hgrﬁeconstruction c;f’ two leafrpgghions as they would
most likely appear in a compression is shown in Text-fig. 6.
It is based on a series of tangential longitudinal sections,
The most important features are that the scar is at the apex
of the cushion and is transversely elongated, that the chushion
is strongly keeled, thatl the branches of the parichnos strand

leave small identations, one on each side of the vascular trace,
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Text—fig. 6e - "Likilvatrickensis. Two leaf cushions
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reconstructed from serial tangential sections, x 12,
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and that the opening of the ligule pit is hidden behind

the 1eaf-scar.

SPECIFIC DIAGNOSIS

Lepidophloios kilpatrickensis sp. nove. :-

Branch fragments of an arborescent lycopod. Branches,
at least those up to 2,5 cm, in diameter, with a solid
protostele and no secondary xylem., Protoxylem forming
more or less prajecting ridges on the surface of the xylem
cylinder., Leaf-traces derived directly from the protoxylem
groups, Primary cortex three-layed, inner radially seriate,
two outer layers parenchymatous. Secondary cortex of thick-
walled, vertically elongated cells, arranged in radial files.
Leaf cushions usually rhomboidal, with horizontal and vertical
axes more or less equal, strongly keeled, not imbricating,
Leaf-scar transversely elongated, rounded-rhom‘t;caicial, at apex
of cushion. Scars of leaf-trace and branches of parichnos at
or s}ightly'beIOW'the mid-line of the lééf—scar. Ligule pit

O

short and wide, sub-triangular in section,

sxgtxpes:-

’Sﬁecimens Pb3319a;b,c,d,e,f’in‘the Hunterian Museum
Palacobotanical CBllecfioﬁ, and the slides made from them,

F.S.C. 652-710, T38-740, 804-806, 1269-1340, in the Figured
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Slide Collection, both in the Botany Department, University

of Glasgow,

SYSTEMATIC POSITION AND COMPARISON WITH OTHrER SPECIES.

The distinguisliiné featui:es between the two genera
Lepidodendron and Lepidophloios have i‘or long been the subject
of muchncontroversy. Anatomically they appear to be
iniistinguishable and therefore the generic separation is
based almost entirely on the form of the leaf cushions. Some
writers, e.g: Scott (1920), consider that the ma.,jor distinction
is tha.t in LeEidOEh].OlOS the horizontal mea.surement of the
cushions is greater than the vertical, whereas in De}gidodendron
the vertical measurement is the greater. Others, e.g. Weiss
(1902), consider that in Lepidophloios, as well as being
horizontally elongated the 1eaf-chshions im'brica.te over-
1apping from a‘bove downards; Neither of these cha.racters will
suffice to distinguish.all speCies. Kidston.(1893), in his
monograph on the British species of Lepido;p_hloios, gave a
diagnosis of the genus ’. from which the following extractshave
been ta.ken:- "scale-like I;af-cushions, at or near whose
summit it plé.ceé. the leaf-cicatrix"; -"leaf-cushions imbricated,

upright or deflexed"; "leaf-cicatrices transversely oval,

rhomboidalmor;rhombSidal-;longate".” Watson (1907) selected

E o]
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as the most significant character in this diagnosis the
fact that the leaf cushions imbricate, and he based his
separation of the two genera on this single feature, His
rule is that "if a normal radius of the stem can be drawn so
as to cut more than one leaf' cishion, the specimen is a

Lepidophloios". That this character is in itself insufficient

is obvious frc;m the fact that the leaf=cushions of some undoubted

species of Lepidodendron are imbricated, e.,g, L,brevifolium
(Williamson, 1872, Pl. XLI; Fig. 1)s Arnold (1947) says
that in Lepidophloios the transverse diameter of the leaf
cushion exceeds the vertical and that the leaf-scar is below
the mid-=line of the cushion, That this is not always the
case has been clearly shown by Kidston (1893) in twigs of
Lescoticug Kidst, | In this- species the leaf cushions on
small twigs are directed upwards, whereas in older iwigs the
cushions are directedh downwards a;nd the scaxr actually hangs
below the base of the cusﬁion. An even clearer demonstration
was given by Walton (1935) who showed both stages to occurh in

a single twig of L.scoticus..

'The only conclusions that cen be drawn from these
varied views is that to some extent Lep*irdodendron and

Lepidophloios grade into each other ;nd thaf fhey cannot be
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geparated by any single character, as many authors have
attarﬁpted wﬁtggi“fs somewhat intermediate between the
two, but the balance of evidence indicates that it is nearer
to Lepidophloios. The following are the reasons for
accommodating it in that genus:=-

1, The leaf cushions tend to be transversély

elongated,

2. The leaf-scar is situated at the apex of the
cuehion.

3« The leaf=-scar is more or less rhomboidal and

is over twice as broad as it is high.,

The only criterion in which L, kil:gatrickensis differs
materially from Kidston' diaglosis is tha.t the leaf cushions
do not imbricate ’ but as mentioned previously this does not
appear 1o be g critical featu.'re since imbricating leaf

cushions are present in some species of Lepidodendron,

'y
The erection of a new species of Lepidophloios seems to
require some justificatlon, and for this reason fairly detailed
comparlsons ha.ve Eeen made m.th a.ll poss:L'bly similar or related
species of Lepidodendron and L Eidoyhloios. It is unlikely that
L.k:.lpatrickensis could 1?9 c}eselyqu allied tof any Upper Carboniferous

species, and therefore detalled comparisons have been restricted
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mainly to axes of similar size, from the Lower Carboniferous
and the Upper Devonian. Table I summarises the differences

Ipatricke - -
between L. msgnd other species of Lepidodendron.

In making comparisons as many as possible of the following

features were taken into consideration:-

1., The stele = whether or not a medulla was present.

2. The corona and the method of departure of the
leaf=traces, Calder (1934&) has I;binted out that‘

in Lepidodendron and Lepido;ghloios there are at least

two methods of formation of the 1eai::-£races. In one
typé R worked out in detail for LeEidodendron harcourtii
W:Ltha.m by Bertrand (1891), each trace is derived

from the inner tracheids of a coronal ridge which
ispl‘its into Wo to pgrmit the outward passage of the
;;a;ce. | This tyjpe is usua.lly found in species with a
medullated stele, In the other type the leaf-trace
a.rises, according to Scott (1920) , "directly from the

angles of the prima.ry wood“., and this is the type

et el g,

found in L. kilpatrlckensis.

Je. The:phloem, which unfortunately is usually poorly

-preserved or completely destroyed, and the secretory

ducts in.the outer cortex.. ..
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4. The zonation of the primary cortex.
5« The secondary cortex.

6. The leaf cushions.

Three species have been recorded from the Pettycur
Linéstone,, which has been ascribed to the Calciferous Sandstone
Series and is therefore of approximately the éame age as the
Glenarbuck bedse Thesé species afe Lepidodendron petiycurense
tKldStOIl, Lo brev:Lfolium Williamson, regarded by some authors,

}e.g. H:erer (1927) s a8 being identical with L.velthelmi
S‘cernberg, and Lepidophloios scottii Gordon. K:Ldston (1907)
descr:Lbed L:P_‘ ei:;txcurense from a single axa.s, which is protostelic
and ha,s a well developed ring of secondary wood. As these are

e

the only features described it is impossible to make a detailed

:;mﬁé;lson > but what evidence is available indicates that there
v'«:as pr?b?,p}y ;ery 1itht1*e‘re;=.emb1bancer between the two species,

The follov;iﬁé n;easuz:;r;énts a.r‘e takenq:t‘rom Kidston's type specimen,
slide No. 544 in.the Kidston .Collection, The total diameter

of the xylem cylinder of L.pettycurense was about 10 mm, while
the primary wood.itself measured only°2 mm,, which is roughly

the same as the diameter-of the prima.ryt xylem cylinder of the
largest specimen of L.kilpatrickenéis."m%eck (1958) has poin{ted
out that.there is really no definite proof that L.pettycurense is

in fact a Lepidodendron. In the case of the other two:-species
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detailed descriptions are available. L.scottii, described by
Gordon (1908), differs from L.kil;gatricicensis mainly in the

- gtructure of the stele and in‘the leaf cushions, Even

in axes of 2.5 cme Or less in dismeter the stele is either
completely medullated or has a mixed pith. The leaf-traces
arise like those of L,harcourtii, The leaf cushions differ
markedly from those of L.kilpatrickensis, They are elongated
‘horizonta.lly and have a considerable sag, so that they over-
lap from above downwards, The ligule pit opens far back
from the leaf-scar and the canal is oval in section, whereas
that of L.kilpatrickensis is subtriangular, L.brevifolium,
described by Williamson (1872, 1893), also diff.ers fron
L.kilpatrickensis in being solenostelic, but the method of
féfmation *of the leaf-traces is éimilar in the two species,
The leaf-cushions have lateral Wiﬁgs, so that they imbficate,

and their height greatly exceeds their width.

Lepidophloios wunschianus Carruthers is another species
recorded from the. Calciferous Sandstone Series, at Dalmeny
(Seward and Hill, 1900) end at Laggan, Arran. A complete

account of the trunks a.nd branches of the Arran specimens has

been given by Walton (1935). L.mmschiéﬁus ié“ similar to

- £

L.kilpatrickengis in having prot;stelié bréﬁches but it differs




~ in the method of departure of the leaf-traces from the stele,
The organisation and arrangement of. the secretory ducts in
the outer cortex is the same in both species and the leaf

cushions appear to differ only.in minor details, In L.wunschianus

the two branches of the parichnos strand become attenuated as
they approach the leaf-scar, and therefore they would most
likely not be visible in a compression. This’t’"isﬂ ‘ﬁo% so in
Ii.kilp_atrickens"is. | Also the liéule pit of L.mzhécﬁianus is
very iong and'na;'row (Walton, 1935, Text-fig, 6) wfliie; that of

L.k’ilgm 'a'trickeﬂéis tends to be short and broa.d'.m

The only other Scottish Lower Carboniferous species
preserved as a.petrification is Lepidodendron brownii Unger sp.,
described. by Calder (1933) from the Lower Limestone Group of
the Carboniferous Limestone Series,. atl East Kilbride, Lanarkshire,
It differs i*‘:r:omﬁ L.kilpatrickensis in being solenostelic and in
the fact that the cells of the outer cortex have well developed
longitudinal.ribs of thickening.. There is little possibility

of its being confused with L.kilpatrickensis and so it will not

be‘ considered further,

Renault described two species of Lepidodendron with proto-

o

stelic branches from the Culm of France. They are L.rhodumnense

s I ek £ T

Rgnaultf(1$‘79) and L.esnostense Renault (1896). Any confusion
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of L.kilpatrickensis with either of these two species is
precluded on account of the very characteristic development

of their secondary cortex. 1In both species it consists of
anastomosing plates of thick-walled elongated cells, forming

a network which is occupied by large parenchymatous cells,

Of the Devonia.n species lLepidodendron caracubense
Schmalhausen and lLepidodendron see.lfeldense Solms-Laubach
(1896) are kmown from small protostelic axes,  According to
the descrrption by the Zalesskys (1921) the secondary cortex of

L.caracubense is like that of Renaultt!s two species, though they

do not show fhie very clearly owing to the poor preservation

of their material. In L.saalfeldense the leaf cushions and

the outer layers of the cortex are not preserved. The main

distmguishing feature appears to be tha,t the cells of the
secondez'y eortex have unevenly thlckened wa113.  The cells
of the outer part of the mddle cortex tend to be e.rranved

in radlal rows, a feature alsb ehown by some specimens of

L. kilEatrickensis. Beyond thie the compa.rison cannot be

.
2o oy

carried.

E

- The only compression species of Lepidophloios to be

considered is L.scoticus Kidston,. ._which* is. of very frequent

occurrence in~fhe Calciferous Sandstone Series of Scotland.
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According to Kids.ton (1893) the leaf-cushions on young

axes are directed upwards and are not keeled,s The

branches of the parichnos strand, and the leaf trace are
represented by three small depressions a little below .the
centre of the leaf-scar, In the specimen figured by Walton
(1935, Text-fige 8) and in several specimens in the Hunterian .
Museum Palaeobotanical Collection, Glasgow University, Botany
Department, however, the cushions are definitely keeled, and
only the remains of the leaf-trace are vis:Lble on the leaf-
SCaXe This latter type seems to be the usual form a.nd it

is on this that the comparison is based. The probable
appearance of the 1eaf cushions of Miiil_c__mﬂg in a
compression has already been described. The cushions would
be strongly keeled and the branches of the parichnos, and

the leaf-trace, would show on the leaf-gscar. - FProbably
lateral pits would be .present_below the scar owing to the
collapse of the columnar tissue running between ‘the branches
of the.parichnos and the surface .of .the cushion. These are

not present in lL,scoticus. 1In the shape of the leaf cushions,

the shape and position of the.leaf-scar, and in the fact that
the ligule pit ishidden behind the scar, there is a strong
similarity between the two species, suggesting a possible,

fairly close,relationship between them, Still, it is possible
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that the similarity is merely superficial and that
anatomically they were widely different. According to

a nanuscript note by Bower in a copy of Gordont's paper

on L.scottii (No. Q.G. 136 in the Pamphlet Collection,

Glasgow University, Botany Department) Kidston himself
believed L,scottili to be identical with his species L.scoticus,

though he was unable to prove it..

In conclusioﬁ, although L.kilpatrickensis bears a

stronz similarity to L.scoticus it does not seem likely that the

two are identical. They are possibly closely related, but the
proof of such a relationship is impossible%on.the avallable
evidence, Of the species kmown as petrifactions L.wunschianus

is the closest to Lekilpatrickensis,

DISCUSSION OF CERTAIN MORPHOLOGICAL FEATURES.

(a) The pits of thejtracheidé.

Thé‘naturehénd 6rigin of the double series of fine
tthreads! connecting adjacent scdlariform bars in the trachelds
éf'msny of the Pélaeozdic lycopods has for long been the
subject of ﬁuch;antroversy; They were acutally first mentioned
and'figuredrhy'Witham (1833, Pl;B, ?ié. 10), but they were
first descr:{.bed in deta;il ‘r;y Williamson (i869) , Whoappears to

have considered them as part of the secondary wall., Seward and
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and Hill i(1900) advanced the theory that each series of
fthreads? reﬁrgsented the remains of a pit-closing membrane

" which had become torn due to contraction, Most other
authors, Solms-Laubach (1892), Duerden (1933), Pannel (1942),
Wesley and Kuyper (1951) and Fry (1954) have interpreted
them, in some way or other, a&s being secondary wall étmctures.
Calder (1933), after an examination of L.brownii, tentatively
suggested that tertiary thickening had occurred in the
tracheids, and that the vertical !'threads! were part of a
tertiary deposit.  Barghoorn and Scott (1958) interpret

the threads as constituting part of the primary wall., Beck
(1958) agrees with them, and, in fact, their view is the most
convincing yet put forward, They coin for the 'threads'! the

term 'fimbrils', which will be used hereafter,

As has previously been mentioned, the scalariform bars
end the fimbril systems connecting them are double,
Consgquently any theory interpreting the fimbrils as being
secondary or té?tiary implies the total removal of the primary
wall and the middle lamella, Barghoorn and Scott point out
tha;.t‘ this interp;etation is contrary to Jthg normal degradative
sequence, Barglzoorq (1952) has shown that in the anaerobic

degradation of wood there is a uniform. and consistent sequence
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of degradative changes showing a fundamental relationship
to the lamellar structure of the cell wall, The order of
break-down is as followss-

1, The centraldiayersb of the secondary wall,

2e The innermost layers of the secondary wall.

D The outermost layers of the secondary wall.

4. The primary wall,

According to Barghoorn and Scott, &f the normal |
sequence of degradation has occurred in the lepidodendrid
trach‘eiids the residues must consist of primary wall remains,
perhaps occasionally associated with the outermost layers of
the secondary wall. Consequently the fimbril system must
represent part of the primary walle Also the lepidodendrids
must have had a thicker primary wall than is usually found in

the tracheids of the vascular plants,

The most likely interpretation of the peculiar tracheid
structure of L,kilpatrickensis in which the fimbril system has
apparently become separated from the scalariform bar (Pl, II
Figs 4) is that delamination of the primary wall has occurred.
This view is supported by Barghoorn (persomalcommunication), who
points out that a similar feature can be readily seen in living

plants in the bordered pits of some conifers., Delamination

o e 4 §
byt PR,
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occurred perhaps because of the break-down of pectic

compounds within the thick primary wall,

(b) Features of the cortex,

It has usually been assumed that the space surrounding
the stele in many o;E the Palaeozoic lepidodendrids is due
merely to poor preservation of delicate parenchymatous tissue.
This has recently been questioned by Beck (1958) who has
suggested that the space may be a true circumstelar lacuna.

In his species Levicaulis arranensis he postulates that the

lacuna was formed as a result of circumferential growth during
the development of the secondary cortex; since there was no
compensating growth in the inner cortex it was pulled oulwards
from the stele and eventually tears occurred in its ;.nner
margin, He suggested further that the sanme prbcess nmight occur
in other épecies. As evidence for this theory in the case 08(
Levicaulis he shows that the ratio of the width of the primary
cortex to the diameter of the primary xylem is more or less
constant (0,765 to 0.876) and is independent of the presence
of a gap around the stele, Had the gap been merely the result
of -poor preservation this ratio would not be constant, This is
a very plausible theory and might well apply to Levicaulis but

unfortunately it.cannot apply to L.kilpatrickensis for the

following reasonss
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1, The ratio of the preserved primary cortex to the
diameter of the stele is not constant. . The figure
obtained for a number of stems varied from 0,18 to 3,00, -

a marked contrast to the figures obtained by Beck.

2o The relative amount of primary cortex preserved varies

from one specimen to another, e.ge., in an axis of diameter 4o2mm.

only about O,1 mme 0f primary cortex was preserved, and yet in

an axis 8 mm,. in diameter all the tissues are perfectly preserved.

e In axes where a circumstelar space is present there is

no trace of tﬁe phloem of of ‘the ;leiicate radially seriate

tissue of the inner cortex,

4o The cells of the inner layer of the preserved cortex
correspond in size and shape with those of the middle cortex

]
-

of oomplefély perserved éxes.

Clearly these facts do not accord with Beck!s suggestion
and 80 1t 1s unlikely that a lacuna could have been formed here
by the method he supposes. On the other hand it is possible
that a lysigenous circumstelar lacuna could I;ave been developed

by dissolution of .the imner and part of the middle dortex., This

iiiii

preserved cortex is always clearly demarcated (Pl.I fig. I and
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Pl. II fig, 9). Had the circumstelar spa.ée been merely

the result of deca,:y one would expect the cortex to be

progressively less well preserved towards its inner margin.

wlt.

The nature and origin of the secondary cortex have
been extensively discussed by several autﬁors , notably Kisch
(1913) and Beck (1958) and it is not proposed to go further
into the matter here, It is sufficient to state that the
numerous short radial files of cells present in the secondary
cortex add further proof to Beck!s theory that the secondary
cortex has originated by the devélopment of a succession of
zones of meristematic activity rather than from a single

zone analogous to a phellogen, as was previously thought.

A further interesting feature of the primary cortex is
the frequent evidence of cell division in all of .its three
layers: the inner cortex is radially seriate, periclinal
divisions occur frequently in the outer part of the middle
cortex, and in the outer cortex external to the secondary zone
most of the cells show evidence of anticlinal division (P1, <
fige 6 ). The obvious conclusion which can be drawnm
from this is tﬁat the primary cortex remained in a meristematic
state for a considerable part of the life of the plant. This

would in part account for the large size attained by the plants




An spite of their relatively small secondary development,
The division of the outer cortex must have occurred in
Trespons’e to the great circumferential expansion of the

axis due to the development of the séccndary cortex,

456



Lepidodendron solenofolium sp. nov,

Two specimens of lepidodendroid twigs have been
referred to Lepidodendron solenofolium sp, nov,, One
is represented by a series of four longitudinal sections
through a small twig 2 t0 3 mm, in diameter, the other
by three transverse sections of a badly crushed axis which
was probably 12 to 15 mm, in diameter., All the sections
are peels, Both SPecimensigiructurally fairly well

preserved and both are still bearing leaves, which are the

most interesting feature of the plant,

DESCRIPTION

The stem:- The xylem cylinder is very similar to

that of Lepidophloios kilpatrickensis, It is protostelic

with exarch .protoxylem. No secondary xylem is present,

The protoxylem groups form characteristic coronal ridges
arranged at irregular intervals round the surface of the

xylem cylinder, exactly as in L.kilpatrickensis. It differs
from that species in that the ridges a.naétomosé Focca.sionally.
Although the mode of origin of the leaf-traces cannot
definitely be determined from the three transverse sections
available it most probably resembles that of L.kilpatrickensis,

i.e., the traces are derived directly from the protoxylen

points, There is no evidence of any relationship between
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the anastomosis of the protoxylem ridges and the

departure of the leaf=traces, such as was demonstrated in
L.harcourtii Witham by Bertrand (1891). TUndoubtedly
spirally thickened tracheids are present in the proto-

xylem groups and in the leaf-traces, The metaxylem
tracheids have the usual scalariform thickening and show

the same double fimbril system as glready described in
detail for L.kilpatrickensis, =~ The metaxylem trachelds vary
from about 25 to 200 p in diameter, the largest being at the
centre of the stele, The walls of the larger tracheids

are not as thick as those of the smaller tracheids at the

periphery,

The phloem and inner cortical layers are not
preserved in either specimen.  The outer cortex is
parenchymatous, the cells tending to be slightly elongated
axially. No secondary cortex is present in either stem,

In this fesPect L.solenofolium’ resembles L.brevifolium Will,

rather than L.kilpatrickensis. In L.brevifolium the secondary

cortex is frequently lacking even in stems 2 cm. in diameter,
In L.kilpatrickensis it is present in stems under 1 cm. in

diameter, The cortex is unusueally narrow,
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The leaves: All the leaves are still
attached to the stems, In transverse view of the
stem the leaf cushions are keeled and have well developed
lateral wings, which imbricate slightly (Text-fig. TA).
The cushion is composed of a fairly uniform parchenchymatous
tissue, The ligule pit (Pl.3 Fig. 1) is long and narrow,
widening slightly towards the base, where the ligule is
situated. The ligule is fairly small, more or less

tongue-shaped, and composed of a uniform small-celled

P&renChyma (Plt 3 Fign 1):

Above its point of attachment to the stem the leaf
becomes rather irregularly rhomboidal in section (Pl.3
Fige 2). It has a thickened hypodermal layer, from
one to six cells wide, The cells of both the ground
parenchyma and the hypodermal layer tend to be arranged in
longitudinal series, The centre of the leaf is occupied
by a cavity (Pl.3 Fig. 2) which is continuous with the
circumstelar gpaces It is possible tilat both are lysigenous
lacunae,s The arguments for and against this hypothesis
as it concerns the stem have been dealt with in discussing
the circumstelar cavity of L.kilpatrickensis, In the case
of the leaves, supporting the view that the cavity is a

true lacuna and not merely the result of poor preservation of
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A, transverse section of the

B, transverse

section of the parichnos strand, showing the armed

parenchyma, x 210, (Both drawn from slide F¢S.C. 732)s
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delicate tissue is the fact that the other delicate

tissues of the leaf, the ligule, the arm parenchyma of

the parchnos strands, and the aerenchyma between the
parichnos and the epidermis, are quite well preserved.
Against 1t is the fact that, although the cavity is very
regular in shape, being almost circular in section, there
does tend to be a progressive deterioration in the state

of preservation of the tissues towards the centre of the leaf,
As in the case of the circumstelar cavity insufficient
evidence is available to decide tﬁis point but what evidence

there is tends to support the view that the central cavity

of the leaf is a true lacuna.

The position of, the leaf-trace varies considerably,
but usually it lies on the abaxial side of the cavity,
projecting slightly into it (Pl.3 Fige. 2), while at irregular
intervals round the cavity are scattered transfusion tracheids.
This appears to be the only development of such tissue in the
leaf, an’, unusual situation in a lepidodendrid. The
parichnos strand forks after it has passed under the ligule
pit, and the two branches diverge and pass up the abaxial
side of the leaf (Ple3 fig.2). They extend almost to the

tip of the leaf, ' The parichnos tissue is quite well preserved,
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It congists of armed parenchyma cells with prominent
intercellular spaces (Pl.3 Fig. 2; Text-fig. TB).

Between each branch of the parichnos strand and the
epidermis there is a longitudinal strip of parehchymatous
tissue with large intercellular spéces (p1. h3 Fige 2)e *
Probably two longitudinal stomatal bands coincide with
these strips of aerating tissue. Unfortunately tangential

sections of the leaves at this point are not available.

DIAGNOSIS

Lepidodendron solenofolium spe. nove:

Branch fragments of an arborescent lycopod. Small
branches p:r;'otostelic, with no secondary xylem, Protoxylen
groups forming more or less projecting ridges along the
surface of the xylem cylinder. Leaf-traces deﬁ#d directly /\/
from these ridges. Secondary cortex not developed in twigs
up to 12 mm, in diameter, Leaves persistent, keeled, with
lateral wings, imbricating slightly. Ligule pit long and
narrow, broadening near the base, rounded triangular to
circular in transverse section. Ligule small, tongue-shaped.
Leaves with central longitudinal cavity, around which are
scattered transfusion tracheids, Leaf-trace on abaxial
side of cavity, often projecting slightly into it. Parichnos

strands, consisting of armed parenchyma, persisting through

£ e R ok e Cw ey
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almost whole length of leaf, Aerating tissue present

between parichnos strands and epidermis.

Syntypesse The two specimens represented by
slides number F.S.C. 732, 785, 786, and F,S,C. 733 - 736,
in the Figured Slide Collection, Glasgow University Botany

Department.

DISCUSSION AND COMPARISCNS

The important characters on which the new species is
founded are the structure of the xylem cylinder, particularly
the corona, the shape and structure of the leaf cushions and
the structure of the leaves, No other species has apparently
been described which has both protostelic branches and leaf
cushions with prominent lateral wings. Only six other
lepidodendroid species with protostelic branches have been
described from Lower Carboniferous horizons, and in none of

these do the leaf cushions resemble those of L.solenofoliun.

They are:-
Lepidophloios kilpatrickensis sp., nov.
L.wunschianus Carruthers - Walton (1935)

LeEidodeﬁdron caracubense Schmal, - Zalesskey &
- ,. dalesskey (1921)

L.esnostense Renault (1896)

L.pettycurense Kidston (1907)
L.rhodumnense Renault (1879)
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As the main distinguishing features of the last
five species have already been discussed when comparing,
them with L.kilpatrickensis detailed comparisons are not
necessary here and it will suffice to mention briefly the
characteristics in which they differ from L.solenofolium,

Lekilpatrickensis and L.wunschisnus differ in the shape and

structure of the leaf cushions and in the broad cortex.

Le.pettycurense differs in that even in the smallest branches

known secondary Xylem is present. In L.caracubense,

L.esnostense and L.rhodummense the secondary cortex has a

very characteristic reticulate structure and is present even
in the smaller twigs, So there is little possibility of

confusion between these species and L.solenofolium. The

differences between L.kilpatrickensis and other lepidodendraid

species gre summarised in Table I.

In his comprehensive survey of the leaves of the
aborescent lycopods Graham (1935) recognises eighteen types,
about half of them undoubtedly belonginé to species of

Lepidodendron and Lepidophloios, and three further types
were described by Reid (1941). The leavefof L.solenofoliunm

do not fit in with any of these typés. The main difference

is in the arrangement of the vascular tiséue around a central

lacuna (or possibly a central strand of very delicate parenchyma),
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and in the parichnos strand, Usually the branches of

parichnos strand are absent from the greater part of the

length of the leaf, e.g. Lepidophyllum minor Graham (1935,

pe 596), or are present as two narrow abaxial, subhypodérmal
strips of aerating tissue, e,gs L.brevifoliunm, In
L,solenofolium the parichnos strands are well developed
almost to the tip of the leaf and comprise typical armed
parenchyma, ©So far as is known no other lepidodendroid
species has been described in which the parichnos itself
consists of such tissue, though it is present in the leaf

cushions of some species, e,g, L.vasculare Binney (Seward,

1910), lying between the parichnos and the surface, Thus

L.solenofolium possess g further type of leaf hitherto unknown

among the arborescent lycopods,
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Lepidodendron brevifolium Williamson,

Lepidodendron brevifolium was first described by
Williamson (1873) from petrified axes found in the Pettycur
Limestone at Burntisland, Fife. These beds are part of the
Calciferous Sandstone Series, Two other petrified axes have
been tentatively attributed to this species, one from the
Calciferous Sandstone Series of Berwickshire, described by
Calder (1934), and one from a Lower Carboniferous horizon in
New South Wales, Australia, by Barnard (1928), Both of these
specimens possessed the i)igloglon type of structure axd were
completely decorticated, Solms~Laubach (1892) described
and figured twigs of a Lepidodendron which he considered to be
specifically identical with the plant from Buratisland. Though
he did not name it he could only be referring to L,brevifolium
because at that time it was the only lepidodendroidspecies
described fLrOm the 1ocalify. so far ;s is know;l this is the

only record of small branches or twigs other than those from

Burhtislang.

Dawson, in a letter to Williamson (1873, p. 310), expressed
the view that the Burhtislandspecies is identical with the

impressiomn species L,veltheimii Stermberg, This view has

been supported by séveral later authors, including Hirmer (1927).
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Jongmans (1929, ppe 130-131) has strongly criticised this
identification and has retained the name L, brevifolium

for structurally preserved specimens,

Two small fragments of axis have been found in the
Glenarﬁucli beds which can with certainty 'bé attributed to
L.brevifolium - specimens Pb336la and b in the Hunterian Museum
Palaeobotanical Collection. The smaller axis is about l.5 mm
in diameter (including the leaf-cushions). The larger is
rather oval in section, the shorter diameter being about 8 mm,
and the longer 13 mm, QNeither axis has any secondary tissue,
either xylem or cortex, Several transverse peel sections were
prepared from both axes, and longitudinal peel sections were

made from the larger specimen.

Both axes have been compared in detail with sectioms,
in the Xidston Collection, of twigs of L.brevifolium from
Burntisland and with the original description by Williamson (1873).

The following are the features on which the identification with

Lebrevifolium is based:

l. The steles=-
The xylem cylinder (Pl. 3, Fig, 3 and 4) is solenostelic
and has exarch protoxylem, but in néither specimen is the

medulla preserved, It is possible, though very unlikely, that at

least in the smaller axis the apparent presence of a medulla is due



to the fact that at the time of preservation the xylem had

not completely differentiated, and that consequently the

gap in the centre of the xylem c¢cylinder is the result of a

lack of preservation of the immature metaxylem elements., There

is considerable evidence against this., lMany twigs of considerable
size from Burntisland specimens of L.brevifolium have a well
preserved medulla, In species with protostelic branches, e.g.,
Lekilpatrickensis and L.wunschianus, the Xylem is fully .differentiated

even in the smallest twigs known, which in the case of L,kilpatrickensis

~are less than 5 mme in diameter., A further point is that in both

of the new specimens the largest metaxylem tracheids are situated

at tl}eqmn.ddle of .the xylem ring (Pl. 3 Fige 3), whereas if the

stele was merely an immature protostele the largest tracheids would
be expected to occur at the inner margin of the ring. The xylenm

of the three steles figurea\'by Williamson (1873, P1 XLI, Figs. 3, {f!c\
4 gnd 8) show exactly the same arrangement as do .the two

Glenarbuck specimens, Thus it seems reasonable to conclude that

the stele actually was meduallated,

There is no clég,r distinction between the metaxylem and
the protoxyléﬁ. The p:;'otoxyiem tra.‘cheids are aggregated into
rathez; 111-defined :hgroups which aISI;ear as small ,* very obtuse
prc;,jections ,Fin:egltzl;.rly spaced round outside of the xylem

cylinder (Pl, 3 Fig., 3; cf. Williamson, 1873, Pl. XLI, Fig. 8).

There is no well defined corona. The origin of the leaf-traces
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has'not been worked out in detail, but they appear to arise.
directly from the protoxylem groups in much the same way as

do those of L.kilpatrickensis. This is the method of origin

of the leaf-traces of L.brevifoli{:m as recorded by Calder (1934,
Pe 5T ) No vundoubted spirally thickened tracheids have been
observed in the protoxylem groups or in the leaf-traces. All

the metaxylem tracheids show the typical lepidodendroid type

of scalariform thickening, with an occasional transition to
reticulation, This also has been recorded in L,brevifolium

by Calder (1934). - The tracheids show the double fimbril
structure, which is similar in appearance to that already described
in L.kilpatrickensis, Although Williamson does not mention

the presence of the fimbrils in L.brevifolium they are present

‘in-most of the sections of that species in.the Kidston Collection
(e.g. Slides 4971-9) s and their occurrence has been recorded by

Seward and Hill (1900), Barnard (1928) and Calder (1934).

The phloem is not preserved in either sﬁecimen.

2e The cortex:-

The cortex is poorly preserved in the smaller axis and
almost completely lacking in the larger, a layer only about 0.3
mme wide, immediately inside the leaf cushions, being preserved,

In the smaller axis the cortex appears to have been a fairly uniform
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parenchymatous tissue, There is no evidence of any definite

zonation of the cortex such as is usually found in the axes of

lepidodendrids, This lack of zonation is a conspicuous feature

of the smaller twié;s of L.brevifolium (cf., Williamson, 1872, Pl.XLI,
fige 2)e  The almost complete lack of preservation of the cortex
of the 1argerfspecimen indicates that it was probably of a very
soft parenchymatous nature, especially since most of the leaf
cushions are still intact. Consequently it is unlikely that

a secondary cortical zone could have been present in the axis,

as such a tigsue would almost certainly have been more resistant

to decay than would the parenchymatous leaf cushions. Williamson
(1873, pe 290 and Pl.XLII, fig. 9) comments on the usual lack of
preservation of the greater part of the cortex,of L.brevifolium:
"the tissue is usually limited to the outer-most part, viz. to

the subepidermal parenchyma and a small portion of the subjacent
prosenchyma", Examination of sections of twigs of L.brevifolium
has revealed that frequently axes of 10 to 20 mm. in diameter
possess a similar narrow region of preserved cortical tissues to
the Glenarbuck specimens, and in axes where the entire cortex is
preserved (though invariably compressed) the secondary cortex

is either spa:;sely developed or completely lacking. Initiation

of the secondgry cortt# appears to have occurred at anut the

game time as, p:;fﬁgephaps slightly before, the development of the

gsecondary xylem.



3« The leaf cushions:—

Williamson barely mentioned the leaf cushions and
leaves in his original description of L.brevifolium, though he
includes sections of both in his figures. No complete description

is available and therefore comparisons have been made largely from

Kidstonts sections.,

The leaf cushiona of the larger Glenarbuck stem are very
muich elongated axially (Text-fig, 84,B).  They have well
developed lateral wings, so tﬁa‘c to some extent they are imbricated
(Text-fige. 8C). Most of the cushions shown in transverse section
in Text-Fig, 8C can be closely matched by leaf cushions in one
of the sections figured by Williamson (1873, Pl, XLII, fig. 9)
and all are closely comparable with sections from Burntisland
specimens, The leaf-trace and the parichnos strand behave in
the marmer usual for species of Lepidodendron. The ligule pit
is fairly long and narrow, and more or less oval in section, with
the longer diazmeter orientated radially to the axis. Often the
immer side of the pit is rather acute in section (Text-fig, 8 C,D)o
The ligule is small, rather oval in section, and tapers gradually
to an acute apex, It is composed of a uniform, small-celled
parenchyma (Pl. 3 fig, 5). The ligule and ligule pit of
L.brevifolium were described by Solms-Laubach (1892). Incidentally,

this and the almost simultaneous description of it in L,selaginoides
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" Text-fig, 8. L. brevifolium, A & B, tangential sections

of leaf cushions , X 10; C, transverse section of
part of the larger axis, showing the leaf cushions, x 10;
D, transverse section of the smaller axis, x 18, (A & B

dravn from slide F.Se Co 13423 C from slide F.S.C. 1341;

' D from slide F,S.C. 744).
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Sternberg by Hovelacque (1892), was the first demonstration
of the presence of a ligule in the Lepidodehdraceae. The
1iguie and its p:’t:'l: figured by Solms-Laubach (1892, Fig. 2)
are rounded triangular in section, as are a few in Burntialand
specimens., However, in so far as they are preserved, the
ligule and its pit in most axes of L.brevifolium are similar -

in size and shape to those of the Glenarbuck stems,

4, The leaves:- All the leaves are still present on

-the amaller Glenarbuck axis but as only a few transverse sections
were prepared little information is available concerning their
structure, = In the case of the larger axes many of the leaves
are still attached but their preservation is unsatisfactory,
especially towards the apex, '~ Nevertheless they are sufficiently

well preserved for their gross structure to be determined.
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The leaves of L.'brevifolium have been described by Graha.m

(1935) The 1eaves of 'che Glenarbuck axes aTe rather different
in cross SeCt:LOI]. from that flgured by Graham (1935, Fig. 1),

but thle is of 1ittle significance as the same applies to many
of the leaves of twigs from Bu:cntisland. | Tha reason for this,

as Graham himself indica‘tea, is that the shape of the 1eaf in

.!-. w!{?‘

section variea m.th the relative position of the sections In

"'-u'.-'h-! 'nh-l'-c-.r,...,. "#"
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transverse view near the cushion the leaf is rather

irregularly rhomboidal (Text-fig. 94). Further up the
abaxial side beocomes more rounded and the adaxial side tends

to become concave, apart from- a curious dorsal ridge (Text-
fig. 9B), which gradually peters out towards the middle of leaf,
At about the middle the leaf has the appearance shown in Texte
fige 9C, Many of the leaves of Burntisland twigs follow this
pattern, but there is considerable variation, even in the leaves
on a single twige In some cases the adaxial side c;f the leaf

remains convex, like that figured by Graham (1935, Text-Fige 1).

Anatomicallsr the Glenarbuck leaves coincide more or less
with those described by Graham, The leaf has a well developed,
thickened hypodermis, about two cells wide, but owing to poor
preservation it is impossible to determine whether or not it
extends completely round the leaf, asd it does in Graham!s
specimens, Abaxially, on each side of the central vascular
strand, is a sub=hypodermal strip of parehchymatous tissue
with numerous air spaces (Text-fig 9A,C, and this seems to be
a continuation of the parichnos strand. The stomata (Text-
fig. 9D) are confined to two longitudinal strips which coincide
with the aerating tissue (Text-figs. 9A=C)e They are very
simple and do not appear to have any definite éubsidiary cells.,
They are not sunken but are level with the other epidermal cells

and are orientated parallel with the axis, They are arranged in
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. Text-fig., 9 IL,brevifolium., A, B & 0, transverse sections

of leaves, at increasing distances from the leaf cushion

x 50; D, surface section of part of the leaf epidernis
showing papillae (stippled) and a row of stomata, x 180,
In A, B & C the branches of the parichnos strand are
stippled and the extent of the stomatal strips is indicated
by brackets, (A, B and C drawn from slide F.S.Ce 13413

D, from slide F.S.Ce. 1346),
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regular longitudinal rows and there are four to six rows in each
stomatal region. In the non-stomatal region the epldermis

consists of two typés of cell: fairly regular cells which tend

to be slightly elongated axially, and small, rounded papillae
(Text-fig. 9D). The arrangement of the stomata is more regular
and the alternationof the elongated cells and papillae more
irregular than in Graham's leaf, but this can be explained by
individual variation. Twigs of L.brevifolium from Burntisland show

g similar wvariation.

Takinrg into account all the evidence listed above there
can be little , if any, doubt that the two twigs from Glenarbuck

are specifically identical with L.brevifolium from Burntisland,




Leﬁidodendroh cf, brevifolium Williamson |

~ Three fragments of a completely decorticated axis, from

the Glenarbuck bed, have tentatively been ascribed to Lepidodendron

brevifolium Williamson, All are of the Diploxylon type, i.e.,

they.' ha{re a central meduilé. surrdunded byia ring of primaiy

xylen; and a broad ring of secgndary xyldem. Almost certainly

the fragments are* parts of a single axis, ka.s in all three a vein

of g réddish-bbown minei';.l runs through the medulla, and corresponding
parts of the secondary wood of each are pyritised, the rest

being calcified. As each fragment is about 10 cm, long the

original fragment was about 30 cm, in length.

There has been slight compression of the fra.gments,w so that
they are siightly oval in transverse section; the shorter diameter

is about 3.2 cm,, the long 4 cm, Neither the pith nor the

extraxylary tissues are preserved.

DESCRIPTION.
The primary xylems=  The pith is approximately 1.4 cm by

0.7 cme in diameter and is surr;auhded by a ring of primary xylem
1 mm, to 2.5 mm, ﬁde. The tracheids t;if the primary xylem are
rather ‘distortég.’ The protoxylem elements are not clearly
differentiated from 1;he metaxylen and# the pro‘toxylem groups do not

form well marked coronal ridges. In transverse section the




outer nargin of the primary xylem has a slightly undulating
outline, the protoxylem groups forming small and rather illdefined,
obtuse projections (Pl. 4 Fig. 1). . Although the origin of the
leaf-traces has not been worked out in detail it is fairly certain
that the traces arise directly from the protoxylem groups, in a
similar fashion to those of L.kilpatrickensis, .No short,
isodiametric tracheids (the !'barred! cells of Williamson) have

been observed at the periphery of the primary xylemn,

Betweex; tﬁé primary and secondary xylem there is a
discontinuous layer of apparently parenchymatous tissue, comprising
more Or less ;hsodiametric cells, Only the protoxylem groups
appear to be directly in contact with the secondary xylem, No
short tracheids, like those described by other authors (e.g.
Barnard, 1928, p. 668) have been discerned in this region, but

quite possibly this is because of the very poor state of preservation

here,

The secondary xylem:- The secondary xylem cylinder is
9 mm. to 12 mm, thick, The tracheids tend to be Tather square
in transverse. view, and they are much narrower than those of the
primary zone (Pl. 4.Fig. 1). . Towards the inner margin of the
secondary Xylem there is a marked decrease in diameter of the

tracheids, and as a consequence the radial rows taper sha.rpiy




(Pl, 4 Fige 1)s . The numerous rays are uniseriate for the
greater part of their length, and most are from one to four
cells deepe The exceptions to this are the very broad rays
carrying the leaf-traces, The rays increase to up to six cells
wide and about the same in depth as they approach the primary
xylem, The tissue of the ray eventually becomes continunouswith
thé layer of parenchyma lying between the primary and secondary
wood (Pl., 4 Fige 1)s . The cells of the rays are thin-walled and

radially elongated.

The tissues of this axisq are more degraded than those of

L.kil a:‘l';rﬁ-ickensﬂis > ﬂ.solenofoliuh and L.brevifélium already described
and consequently the tracheids of both the primary snd secondary xylem
show even more ciearly the structuren of the double fimbril system,

The fimbrils and the stirip of wall material to which they are

attached are frequently completely separated from the scalariform

bars (Ple 4 Fig, 2), while in many instances the bar itself has
almost disappeareqd,

The leaf-traces:- As already mentioned', the leaf-traces
appea.fh"lrzod aris‘ew diiéctiy from the protoxylem‘ groups. After it
hﬁs ‘become defachéﬁ from the p;'imary xy'lem* cylinder the trace
continues to rise steeply, almost parallel to the primary axis, for

a short distance, It then makes an almost right angled bend and
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passes on a more or less horizontal course, through a broad

ray (Pl. 4 Fig. 3) to the periphery of the xylem., The only
elements of the trace which have been preserved are very harrow,
apparently spirally thickened, protoxylem tracheids, and a few
undoubtedly scalariform tracheids at the periphery of the trace,
The smallest elements are at the centre of the trace (Pl. 4 Fig. 3).
Occasionally a small strand, consisting, in trensverse view, of
only one or two elements, accompanies the trace on its abaxial
side (Fl. 4, Fige 3)e It consists of short, more or less
isodiametric trackeids with scalariform thickening on the walls,
These appear to be identical with the !'transfusiont! trachelds
occurring in the leaves and between thé primary and secondary

wood of most lepidodendroid species.

Branchings= The axis shows two vertical sezu'ieS of
branches arising alternately, on the longer diameter of the ’axis
(Pl. 4 Fig. 4). Branching occurs by the separation from the outer
lPEI' t of the primary xylem cylinder of a small column of xylem
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