INTRODUCTION

Earlier contributions in this series on the Cu. Bomumer Collection of plants from the
Wealden of Belgium have been concerned with the Taxodiaceous conifers (Harris, 1953) and
a number of cones belonging to the Pinaceae (Arnvin, 1953 and 1957b). The present paper
brings to a conclusion the Pinaceous remains (except for isolated woods which have not so far
been studied at all) and deals with four further species of cones and some vegetative material
also believed to be of Pinaceous affinity.

Methods. — In dealing with the vegetative remains, it has been found uselul to
employ other techniques besides the standard softening and celloidin embedding procedure.
External cuticles are, in general, very poorly preserved in this material, and if the standard
maceration treatment in nitric acid + potassium chlorate is employed, nothing usually remains
but a few useless shreds of cuticle. Preparations of reasonable quality, however, have been
obtained by sticking fragments of leaves, which have first been soaked overnight in hydro-
fluoric acid to remove fine particles of mineral matter, to thin cellulose acetate film, and
then removing the carbonaceous substance by soaking in peroxide + about 2 % sodium carbonate;
after an hour or two only the delicate cuticles are left adhering to the film. Another technique
that has been of some value in studying leaf anatomy, has been to macerate fragments by first
swelling them in potassium hydroxide, and then transferring them to peroxide+soda; here
after a few minutes they become macerated in such a manner that when squashed gently under
a cover-slip the cells tend to separate in much the same way as in recent material macerated
in chromic acid.

Note on dimensions. — Most of the specimens in the collection have been
removed from the original matrix, but the small specimen of Pityostrobus villerotensis shown
in figure 6, plate X, is in situ, and it is striking how much smaller the cone is than the cavity
(impression) that it occupies in the now dry matrix. The following are the dimensions (taken

in the plane of compression) :

Length of specimen ... ... ... ... 2,5 cm
Length of impression ... ... ... ... 3,0 cm
Breadth of specimen ... ... ... ... 1,2 cm
Breadth of impression . ... ... .. 1,5 cm

The linear dimensions of the fossil are thus nearly 20 9% less than those of the impression.
The fine-grain matrix itself has presumably shrunk to some extent on drying, so that it may
well be that the linear dimensions of the specimen are nearly 25 9 less than originally. There
is no reason to suppose that this one specimen may have shrunk more than any other. Some
correction, therefore, should perhaps be applied to the macroscopic dimensions given in the
descriptions.
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FURTHER CONIFERS OF THE PINACEAE

FROM

THE WEALDEN FORMATION OF BELGIUM

Order CONIFERALES.

FamiLy PINACEAE ().
Genus PSEUDOARAUCARIA FLICHE.

Pseudoaraucaria gibbosa (Coemans) n. comb.
Pinus. gibbosa COEMANS, 1866, p. 13, pl. V, fig. 2

Material assigned to this species consists of a few cones, all somewhat damaged, some
scales and an abundance of cone-axes and fragments of axes.

Although all four of the more or less complete cones that I have examined are somewhat
larger than Coemans’ specimens, I am convinced that they belong to the same species.

The species is clearly classifiable in the organ-genus Pseudoaraucaria Fricae which has
recently been recognized as a distinctive cone-type in the Pinaceae (Arvin, 1957q).

Emended diagnosis. — Cone ellipsoidal or ovoid, (2,5-) 3,6 (-4,4) cm long,
(1,4-) 2,1 (-2,5) cm broad; apex truncate or slightly depressed.

Bract obovate, 1,5 mm broad; free part about 2,5 mm long.

Ovuliferous scale typically about 16 mm long, 9 mm broad, bent so that the
upper laminate part makes an angle of about 130° with the lower seed-carrying portion; inter-
seminal ridge narrow, scarcely overarching the seeds; apex of scale thin, rounded to sub-acute,
with a terminal triangular umbo 2 mm long.

Seed 3-6 mm long, 2 mm broad; wing 11 mm x4 mm, covering most of the upper
surface of the scale.

Vascular system of the axis much dissected; supply to the bract simple, arising
from the bottom of the « leaf-gap »; supply to the ovuliferous scale horseshoe-shaped, arising
from the sides of the gap. Seed-trace strong, passing into a tube-like basal extension of the
sclerotesta.

Tissue on the adaxial side of the lower part of the scale composed of narrow, elongated,
thin-walled cells; sclerenchyma in the lower part of the scale confined to the lateral regions
and to the top of the interseminal ridge.

() Following ENGLER’s « Syllabus der Pflanzenfamilien » (1954) the name Pinaceae is used in
preference to Abietaceae as was used in earlier papers in this series.
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Resin canals distributed in a ring of about 21 in the cortex of the axis; adaxially
distributed in the basal part of the scale, some canals lying immediately beneath the seeds.

Horizon. — Wealden.

Lectotype.— The one from La Louviére figured by CoEmans.

Localities :

1. Houdeng-Aimeries.
2. Baume, La Louviere.
3. Culot, Villerot.

Detailed description : External form. — The somewhat fragile struc-
ture of this cone probably accounts for the fact that it is represented largely by pieces of
cone-axis bearing only the extreme basal portions of scales. In fact, I have seen only four
specimens which still have most of their scales attached, whereas I have counted over sixty
axes or axis-fragments. The axes, a typical example of which is shown in figure 1, plate III,
are generally unaccompanied by a débris of scales, so they were probably preserved in their
present state; the fact that some clay matrix is present between the remaining scale-bases also
suggests this.

Although in size the specimens vary considerably (as judged largely by the isolated
axes), the cone is on the whole smaller than Pseudoaraucaria heeri (ALvin, 1957b) with which
species there is a general resemblance in external form and gross structure.

The scales are compactly arranged in 3+ 5 spiral ranks. The abaxial surface bears fine
longitudinal striations, and in well preserved examples there is a prominent, terminal, tooth-
like appendage, which, by comparison with the living pines, may be called an umbo. These
processes are particularly clear in BommeRr’s photograph (Pl. I, fig. 1), although the same cone,
the opposite side of which is shown in its present state in figure 4 on the same plate, has since
become damaged so that only a few of the umbos remain. In no other specimen are the tips
of the scales sufficiently well preserved to show them.

A typical scale from the middle region of the cone, but lying at right-angles to the plane
of compression, shows a knee-bend about one-quarter of the way from the base to the apex
(P1. I, fig. 2 and 7). The lower portion is attached to the cone-axis at an angle usually rather
less than 90°, but towards the base of the cone this angle is greater and the scales are more
sharply bent, and towards the top, the angle is less and the scales are straighter (Pl. I, fig. 2).
The scales which happen to lie in the plane of compression are variously distorted so that
sometimes they are quite straight and flat, and sometimes (chiefly those from the lower part
of the cone) artificially strongly bent with a much shortened basal portion (Pl. I, fig. 8).
It was probably scales of this kind that Coemans examined, so that he overlooked the bend.

At the extreme base and apex of the cone, the scales are small and sterile, as is quite
usual in the Pinaceae.

The bract (P1. 1, fig. 9) becomes {ree from the ovuliferous scale just below the
knee-bend. It has a rounded apex.

The seeds are situated in depressions in the basal portion of the scale on either side of
the narrow interseminal ridge. Distally the seeds carry large, longitudinally striated wings
which together cover the whole of the laminate portion of the scale except a narrow distal
border (Pl. I, fig. 7). The body of the seed is usually somewhat curved, especially on the
side towards the scale, so that only about the lower two-thirds (containing the kernel) is
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I16. 1. — Pscudoaraucaria gibbosa (COEMANS) n. comb.

A-IF : series of transverse sections of the scale; b, bract trace; o, ovuliferous scale trace; bs, bract; mr, interseminal ridge;
ol, outer layer of the testa; se¢, sclerotesta; sr, ribs of the testa; sf, seed trace; w, wing; 7, resin canals. All except D

from series I'l; A from section 1/8; B, 4/3; C, 7/13; E, 11/2; I, 18/16; D from F2/7/5. All x15. — G : longitudinal section
through the base of a scale, passing through a seed; labelling as before. I'6/2/4. x15. — H, I : reconstructed longitudinal
sections based on series I'6; I, passing through a seed; I, in the median plane; labelling as before. — J: cells from

the abaxial tissue lying below the dotted line in fig. B-E. F1/3/10. x400.
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orientated parallel to the lower part of the scale (text-fig. 1, H). The exposed face of the
seed is convex as seen in cross-section (text-fig. 1, B and C). As seen in surface view (Pl. I,
fig. 7) it is almost semi-circular in outline, the side in contact with the interseminal ridge
being straight, but the opposite side, the upper part of which is joined to the wing, distinctly
curved.

Anatomy. — a) The Axis. — The axis in the specimen shown on Plate I,
figures 2 and 3 is about 5,5 mm in diameter at the base, but tapers slightly towards the apex.
The broadest pieces of isolated axes are about 6,5 mm.

The transverse section (PL. I, fig. 10) shows the much dissected vascular cylinder giving
off traces to the appendages. In form and mode of origin the traces conform to the usual
Pinaceous type (PL. 1, fig. 11).

The wood consists mainly of radially arranged tracheids which in radial longitudinal
section occasionally show unseriate bordered pits (Pl. II, fig. 3). The elements of somewhat
scalariform appearance in this [igure are probably only poorly preserved pitted ones. The rays
arc mostly unseriate, and there is some indication that ray tracheids may be present. I have
scen no resin ducts in the wood. Phloem is not preserved.

The pith (PL. II, fig. 4) consists of fairly thick-walled cells with conspicuous pits and
dark reddish-brown contents. These cells are isodiametric to elongated, and tend to lie in
somewhat corrugated files.

The most conspicuous feature of the cortex is the ring of about 21 resin ducts. These
give off branches which pass nearly horizontally into the scales (Pl. I, fig. 10 and 11). Each
scale appears to receive four branches, two from each of one pair of axial canals.

The tissue of the cortex is mostly rather like that of the pith, but grades into a much
larger-celled tissue in the scale-bases (Pl. I, fig. 10).

b) The scale. — Soon after it leaves the axis the ovuliferous scale trace flattens
out to form a broad band, and the bract trace moves away to enter the free part of the bract
before fading out (text-fig. 1, A and B). Just beyond the bend in the scale, the flattened
scale strand begins to break up, until about thirty are eventually formed (text-fig. 1, D, E
and F). The phloem sides of the small strands are not strongly curved as they are in Pinus,
but more or less flat.

In the scales investigated, the upper pair of the four resin canals which enter the scale
appear to fuse, thus forming a median duct lying just above the scale trace. The lower pair
divide to give a pair of small ducts which run eventually into the bract, and two which
continue in the ovuliferous scale (text-fig. 1, A). A short distance beyond the extreme base
of the scale, the uppermost resin duct becomes strongly inflated and then branches. The two
lateral ducts also branch, so that in the region of the seeds there are several scattered in the
tissues above the vascular system. It is possible that some of the smaller ones may begin
and end blindly, and not as branches from the main ones. Some come to lie just underneath
the seeds where these, at dispersal, would presumably have separated from the scale (text-fig. 1,
C-E and II); but the tlissues here are very poorly preserved, and it is difficult to be sure of
the exact distribution. TIn the upper part of the scale the resin ducts become more or less
evenly scallered on both sides of the vascular system (text-fig. 1, F).

The distribution of fibrous tissue of the kind shown in transverse section in text-
figure 2, B is confined, in the lower part of the scale, to the cross-hatched areas in drawings A-F
in text-figure 1. The abaxial tissue lying below the dotted line in figures C-E is composed
of narrow, elongated cells with quile thin walls, and containing a yellowish substance often
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in the form of a ring or cylinder (text-fig. 1, J). It is possible that this material may
represent the shrunken and altered remains of an inner and perhaps thick wall-layer, but
I would suppose that the tissue was different in some way from the fibrous tfissue present
elsewhere, and that it was not merely differently preserved. In Cedrus there occurs, in a
comparable position in the scale, a fibrous-like tissue in which the cell walls are apparently
fatty in nature.

The rest of the ground tissue in the lower part of the scale is composed of a large-
celled parenchyma of the kind shown in text-figure 2, A.

A transverse section of the upper part (Pl. 11, fig. 2) shows two slightly sunken bands
of fibres, one on each side. Figure 1, plate II, shows a section in the intermediate region,
just above the seeds.

¢) The seeds. — In structure the seed is similar to that of Pseudoaraucaria loppineti
(Auvin, 19574). There are well-defined sclerotic ribs running longitudinally down the seed
on opposite sides (text-fig. 1, B, sr). These should probably be regarded as part of the ouler,
soft layer of the testa, but they are more or less in contact with the true sclerotesta and
appear in places to grade into it. They extend backwards into the chalazal cushion (text-fig. 1,
G and H), where they together form a rather diffuse mass of isodiametric sclerenchyma lying
above the stalk-like basal extension of the sclerotesta which encloses the vascular supply (Pl. I,
fig. 12; text-fig. 1, C). There are histological differences between the sclerenchyma of the
ribs and that of the sclerotesta, for whereas the latter consists of angular stone-cells, the
ribs are made up of rounded cells of very variable size. A similar difference in cell shape
is reported by Quisumsing (1925) in the seed of Pinus.

The sclerotesta seems variable in thickness : in two seeds from the same cone it measured
50 p. and 200 .

The rest of the outer layer of the testa and chalazal cushion (shown stippled in text-
figure 1, A-E, G and H) is composed of irregular, thin-walled cells. The inner soft layer of
the testa which is typically present in gymnosperm seeds, is recognizable in that region where
the integument is free from the nucellus; it consists of a thickened epidermis and a partly
broken down sub-epidermal layer. Elsewhere, there is only a dark structureless layer between
the sclerotesta and the megaspore membrane.

Cutinized membranes removed {rom the seeds by maceration yield the finely papillate
megaspore coat, and a cap-like membrane showing cell-outlines which is believed to be the
nucellus cuticle. Part of this is shown in text-figure 2, C.

The vascular supply to the sced is relatively strong. It departs from the scale system
some distance above the chalaza (text-fig. 1, D and G) and proceeds downwards to enter the
tube-like prolongation of the sclerotesta. 1 have not been able to find out how far it reaches
before fading out.

There are no resin cavities in the seed itself.

I have failed to find pollen in macerated seeds.

Discussion. — The following species are now classilied in the genus Pseudoarau-
caria :

P, loppinety BREICHE . <o wex wes  gon oo Albian-Cenomanian. France.

P. major FLICHE nge e e SO, T Albian-Cenomanian. France.

P. benstedi (MANTELL) ALVIN . ... ... ... Lower Greensand (Aptian). England.

P. heeri (COEMANS) ALVIN ... ... ... ... Wealden. Belgium.

P. gibbosa (COEMANS) n. comb. .. ... ... Wealden. Belgium.
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The most important characters separating Pseudoaraucaria gibbosa from the other species
are : 1) the comparatively soft structure of the basal part of the scale; 2) the tube-like basal
extension of the sclerotesta; 3) the close association of resin ducts with the seeds.

The first of these characters is of interest since the virtual absence of sclerenchyma
from the scale in Pseudolariz represented one of the chief points of difference between the
cone of this recent genus and the other species of Pseudoaraucaria (Arvin, 1957b). Thus,
in this character, P. gibbosa tends to draw the two genera closer together. There are, of
course, still important differences, such as the absence of an umbo in Pseudolariz.

The third character could be interpreted as a condition intermediate between that in
Pseudoaraucaria bestedi in which there are resin cavities in the testa, and that in the other
species which apparently lack such cavities. It suggests a possible mode of evolutionary
origin of seed resin cavities which are characteristically present in Cedrus, Abies, T'suga and
Keteleeria among the living genera of Pinaceae.

The genus Pseudoaraucaria, if in fact it does represent a natural group of species, for
only the cones are known, was probably an important one in the Cretaceous period. That it
was widespread both geologically and geographically is suggested by the fact that a cone
almost certainly belonging to the same assemblage has been figured by Penny (1947) under
the name « Abietites sp. » from the Upper Cretaceous Magothy flora of North America. It is
not unlikely that a critical study of the « Abietites » cones in this flora, of which several have
been only superficially described, would reveal the genus to be well represented.

Genus PITYOSTROBUS NATHORST.

Pityostrobus hautrageanus n. sp.

This species seems quite distinct from any previously described; I am therefore describing
it under a new name derived from the locality.

Diagnosis. — Pinaceous cone, cylindrical or elongate-ovoid, more than 6 cm
long; breadth, 2,5-3,2 cm (cone open); apex sub-acute.

Bract less than 1 mm long.

Ovuliferous scale typically 2 cm long, 0,9 cm broad at the widest part (i.e. about
three-quarters up from the base) where the scale is somewhat thickened; apex sub-acute, not
or only slightly reflexed. Umbo small, terminal.

Seed 4x2 mm; wing typically 8 x 3,5 mm, asymmelrical, reaching about two-thirds
the length of the scale, becoming very thick where it joins the seed. Sclerotesta about 0,2 mm
thick, smooth except on the side in contact with the scale. Outer layer of the testa rather thick,
containing more or less loose, dark brown cells suggestive of tannin-filled cells.

Vascular system of the axis only moderately dissected; bract trace simple, arising
from the bottom ol the « leaf-gap »; scale trace horseshoe-shaped, arising from the sides of the
gap. About 12 small strands with curved phloem sides in the upper part of the scale.

Resin canals in the cortex of the axis numbering about 21; distributed abaxially
and laterally in the scale base; becoming scattered in the upper part.

Fibrous tissuec in the basal part of the scale confined to the middle of three layers
of tissue lying abaxially to the vascular system. Pith of thick-walled cells, mainly elongated,
but some isodiametric and lying in nests or small horizontal plates.

Pollen of Pinus type.
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A-C. — Pseudoaraucaria gibbosa (COEMANS) n. comb.
A : cells of the tissue lying adaxial to the vascular system in the basal part of the scale. F1/3/11. x400. — B : cells from
the fibrous tissue at the extreme top of the interseminal ridge. F1/3/10. x400. — C: cell-outlines from the nucellus
cuticle. F7a. x225. (In B, dark cell contents are shown solid black.)

D-L. — Pityostrobus hautrageanus 1n. sp.

D-G : series of transverse sections of the scale; r, resin canals; w, seed wing; f, abaxial fibrous tissue: of, outer
layer of the testa; sc¢, sclerotesta. All from series G1l; D from section 2/8; E, 5/4; ¥, 7/13/ G, 9/4. All x15. — H : median

longitudinal section through the base of the scale; b, bract trace; o, ovuliferous scale trace. G3/11/3. x10. — I : tangen-
tial longitudinal section through the cone-axis showing part of the vascular system; o, b, as before; ¢, « leaf-gap ».
G3/6/1. x10. — J: cells of the pith in transverse section. G2/6/4 x400. — K, part of the abaxial fibrous tissue from

the base of the scale in transverse section; at the top the fibrous tissue grades into parenchyma. G1/2/14. x400. —
L : part of the parenchyma lying immediately abaxial to the vascular system at the base of the scale. G1/2/14. x400.
(In J, K and L, dark cell contents are shown solid black.)























































































