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surface of the testa, whilst the rest of its substance is made up of others, a less
regular in size and form. W.ithin this portion of the seed the layer, fig. 61, &', is seen
on both sides of the seed, intervening between the sclerenchyma just described, and the
prosenchymatous folds of the canopy, and which layer obviously corresponds with the
similar one shown in figs. 65 and 66 of my memoir, Part VII1., and probably also with
the layer a' of fig. 69 of the same memoir. Fig. 63 represents a portion of this tissue
as seen in fig. 61. It consists of extremely delicate prosenchymatous, barred or spiral
cells, such as are seen in so many living seeds. When writing my previous description
of Lagenostoma ovoides, | was not aware of the extreme distinctness of this layer asa
differentiated portion of the testa. | presume it may be regarded as the endotesta,
though the exact identification of these subdivisions of the testa in recent and fossil
Gymnospermic seeds is necessarily difficult and somewhat uncertain.

Fig. 64 isa vertical section through the shorter axis of Cardiocarpon anomalum. The
memoir, Part VIII., fig. 119, showed the aspects of this seed when cut through in
the plane of its maximum diameter. The present figure exhibits the appearance of
the same seed when intersected in the plane vertical to that of the above figure. We
find the exotesta at a—the delicate prosenchymatous endotesta at b; the prolonged
micropylar canal at d ; the Chalaza, with the prolonged funiculus at i, i\ and what in
the previous memoir | have designated the perispermic membrane at g.

At a very early stage of my researches my attention was arrested by the circum-
stance that the fragments of wood and bark found in the calcareous modules, both of
the Oldham and Halifax districts, were frequently drilled through by numerous circular
canals. It soon became obvious to me that these passages had been produced by
Zylophagous animals.  Similar borings have been described by Dr. Dawson in his
Triassic Dadoxylons from Prince Edward Island,* and still later by M. Charies
Brongniart from some of the French carboniferous strata.!

Fig. 65 represents a specimen of some prosenchymatous bark, which has been per-
forated by animals of diameters varying from about *0066 to 0011. The creatures
have not merely pushed the prosenchymatous cells aside, but have eaten their way

through them. | was long perplexed by the occurrence of many specimens like
that represented in fig. 66. | found numerous groups of small, round, or oval
spore-like bodies, like those seen at apb. The

composing each cluster being generally of very uniform size. Under high powers
they exhibited a somewhat granulated structure. At length the truth dawned upon
me that these were the copros of vegetable feeders—probably the same as those that
had drilled the round holes in fig. 66. | noticed that these objects were invariably
lodged in cavities from which the tissues had been extracted. Thus in both, 66 a and
the cellular parenchymas, a and b', have been eaten away, and the copros, a and

* *Report on tbe Geological Structure and Mineral Resources of Prince Edward Island, by X
D awson, LL.D., assisted by B. T. Harrington, B.A., 1871, plate 3, fig. 27.
4 “Annales de la Societe Entomologique de France.” Seance du 12 Avril, 1876,
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have been deposited in the cavity left as the result of the manducatory efforts of
the animals. Their variation in size is obviously also a result of corresponding
variations in the Zylophagi, whilst their uniform granular structure is explained by
their origin. These copros are exactly like those of the phytophagous larvae of recent
insects; but beyond this probable association of them with insect forms, | discover
no grounds for arriving at a more definite identification.

In 1874, Count castracane announced to the Academia del Nuovi Lincei, at Rome,
that after subjecting pulverised coal to a process of combustion and afterwards to the
action of certain chemical reagents, he not only found the siliceous frustules of Diatoms
in the residual ash, but that many of these Diatoms were of well-known living species.
The coals thus operated upon were derived from near Liverpool, from Newcastle, and
from the French coal-field of St. Etienne. This discovery, if real, possessed an obvious
importance. Hence its verification or the reverse became very desirable. My colleague,
Professor R oscoe, kindly allowed Mr. smith, one of his able assistants, to subject
numerous specimens of coal to Count Castracane’s process. The coals thus experi-
mented upon were the following Yorkshire and Lancashire ones —

Bradford Better bed.
Worsley Binns.
., Roof of Cannel.
: Cannel.
” ” Base of bed.
., Fourfoot. Top of seam.
, Black.
” Dow.
” " Bottom of seam.
” " Top of seam.
” Brassey.
" . Roof of coal.
" Trencherbone. Top layer.
" ” Middle coal.
.  White.
" Y Roof of coal.
., Yard.
Middleton (Yorkshire) Main.
3 ” SettleBlack.
%ijj . Adwal. Top of Cannel.
» " Main.  Top of coal.
Australian coal. Three samples.

The result of these investigations was to obtain a series of preparations of coal-ash
3 X2
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of very diversified character, but in no one example did | giscover the smallest frag-
ment of a Diatom.

Mr. F. Kitton, Of Norwich, informs me that he examined samples of Welsh
Durham, and Newcastle coals, as well as others from “ Inland ” collieries, and from
Scotland. Like myself, he could find no trace of Diatoms. The Lev. E. O’'Meara *
of Hazlehatch, near Dublin, states that he examined specimens from the Whitehaven
coal-field. He says in a letter: “ The result was that in all cases not the slightest
trace of Diatomaceous forms was found; and if any had been present | have no doubt
they could not have escaped my observation.” The same correspondent also informs
me that the Lev. George Davidson, Of Logie Coldstone, Aberdeen, a gentleman
highly competent to conduct such investigations, also examined a series of coals with
the same negative results. Under these circumstances | can only conclude that Count
Castracane has been mistaken as to the source of his Diatoms.

Cecilcisphcera.

It only remains for me to examine a group of objects which may have no claim to
be noticed in this series of memoirs, since it is quite possible that they may ultimately
prove to be animal and not vegetable forms; but having already inquired into ore
supposed fAlmvith the result of relegating it to the vegetable kingdom, it may
not be undesirable to examine some other carboniferous organisms, for which a Radio-
larian rank is also claimed.

Attention has already been directed to these objects by Professor Judd. In the
discussion that succeeded the reading of a memoir on siliceous sponges by Mr. Sotias,
before the Geological Society of London, Professor Juda is reported! to have “referred
to the discovery of Radiolarians in carboniferous rocks near Chester, and stated that,
on dissolving portions of the rock that show the Racliolarian structure, the latter
entirely disappears, but at the same time the rock itself furnishes small crystals of
quartz.  This seemed to be confirmatory of Mr. Sorras’s statements —  that
siliceous organisms imbedded in calcareous rocks might have their siliceous elements
replaced by carbonate of lime.

| am indebted to Mr. sidaanr1, of Chester, for specimens of the limestone in ques-
tion, which comes from Lhydymwyn, near Mold, in Flintshire. It is a very fine-
grained limestone of a light brown colour, containing vast numbers of the minute
objects referred to by Professor Judd.

It is impossible to obtain these organisms free from their investing matrix, hence
they can only be examined either in thin sections of the limestone as transparent
objects, or on polished flat surfaces as opaque ones. The differences which they exhibit,
according to the method of viewing them, throw7 some light upon their morphology-

* Now unhappily lost to science, May 6th, 1880.
f ‘Quarterly Journal of the Geological Society of London,” May, 1877, p. 835.
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The most indisputable feature which they present is that they are all hollow spheres,
most of which are furnished with varying forms of peripheral appendages.- The true
sphere-wall is always darker than either the investing matrix or the contents of the
spherical cavities when examined by transmitted, and when seen by reflected,
light. In these respects the conditions are identical with those presented by the shells
of Foraminifera seen in the same matrix. The differences seen in various parts of each
object are of material value in enabling us to distinguish between primitive organic
elements and secondary infiltrated ones. The former appear to be always opaque, and
to exhibit structural organic features. The latter are always translucent and crystalline.
Differences are further observable according to whether a very thin section is taken
out of the centre of a sphere, or whether a sphere is merely cut into two equal or
unequal halves.

The discrimination of species, when we only know the objects through sections of
them, is always difficult and sometimes impossible. At the same time it is often
desirable that we should have provisional names whereby to recognise certain typical
forms. Hence | venture to follow the plan adopted in the case of the
in which latter the purport of the names, generic as well as specific, is understood to
have no reference to real genetic distinctions. | propose for the objects under considera-
tion the generic name of Calcisphcera, as not involving any premature hypothesis
respecting their nature.

Fig. 70 represents the inner portion of a hemisphere of viewed as an opaque
object. | select this for our first consideration, because it exhibits these organisms in
their simplest form.  Its maximum diameter is about *006, whilst the thickness of the
sphere-wall is about '00058. | can detect no trace of structure in the sphere-wall,
neither has it any peripheral appendages. It is simply a smooth sphere—with a thick
sphere-wall and an equally smooth internal spherical cavity—the latter portion being
occupied by a crystalline calcic carbonate, which has obviously reached the cavity as a
solution that filtered through the permeable sphere-wall.

Fig. 79, Calcisphcera cancellata.—This is rather a rare form. The drawing represents
a thin equatorial section viewed by transmitted light. The central sphere cavity is
filled with infiltrated crystalline calcic carbonate. The sphere-wall is now not only
double, but the inner and outer layers enclose between them numerous small cubical
compartments separated by radiating partitions. The compartments are filled, like
the central sphere-cavity, with infiltrated translucent calcic carbonate. This object is
of the same size as fig. 70.

Fig. 67, Calcisphcera fis also of the same maximum size as fig. 70, though,
like that object, we find it of very variable dimensions, the smallest specimen being
not more than an eighth part of the diameter of the larger ones. The central sphere-
cavity as seen by transmitted light is filled with crystalline infiltrated calcic carbonate.
This is surrounded by a dark sphere-wall, which is obviously not homogeneous, but
has rather the appearance of being composed of radiating fibres. | suspect that this
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is a modification of the condition seen in fig. 79, only the radiating partitions are much
more numerous, and consequently the compartments are very much smaller. But
externally to this sphere-wall we now have a second investing layer, which is semi-
translucent by transmitted light, and in which the existence of numerous opaque
radiating lines is sufficiently obvious. | presume that this is a second sphere-wal]
constructed like the inner one, but that, in it, the primary calcareous radiating parti-
tions have been extremely thin, whilst the larger, long, narrow cavities which they
enclose having been hollow, are again filled by calcic carbonate, hence the greater
translucency of this outer sphere-layer as compared with the inner one.

Fig. 69, Calcisphcerahexagonata.—This form is not very uncommon, thot
so than the variety last described. The central cavity is again filled with crystalline
calcic carbonate, and the dark, double-inner sphere-wall is now more clearly defined
than in fig. 67. The space between the two layers of which this sphere-wall consists,
is again occupied by radiating opaque partitions separated by translucent lines. Its
distinctive feature is seen in the outline of the outermost investing layer. So far as
structure is concerned it differs in no respect from the same layer in fig. 67—save that
it is somewhat thicker—but it has a perfectly hexagonal peripheral outline, the sides
of the hexagon being almost geometrically equal in size; occasionally they exhibit a
slight degree of convexity. The specimen figured is rather larger than fig. 67, having
a diameter of about *0066.

Fig. 68, Calcisphcera Sol.—This form exhibits a general resemblance to fig. 67, only
both its opaque, inner sphere-wall, and its outer translucent layer are thinner in pro-
portion to the entire diameter of the organism than in that species. Its distinctive
feature, however, is found in the outermost sphere-wall, which is prolonged into
numerous elongated pointed radii, arranged with a considerable degree of regularity
both as regards size and position. These radii are somewhat translucent, like the
investing layer of which they appear to be extensions. | think it would not be
difficult, by persevering search, to find specimens linking this form to that of fig. 67.

Figs. 71 to 77 appear to represent a series of modifications of fig. 70, inasmuch as
in them the sphere-wall appears to be single and homogeneous, but much thinner than
in that example, and the surface is drawn out into a series of tubercules and spines of
very variable number, length, and acuteness. In many, the section of the sphere is
rounded, as in fig. 71. In others it is pentagonal as in figs. 72 and 73, whilst in 76
it becomes trigonal. But | find so many connecting links between these varieties that
| propose to unite all this series under the name of Calcisphcera . So far as |
can discover, the entire series differs from figs. 67, 68, and 69, in the simpler structure
of the sphere-wall.

Fig. 78 is a representation of an example in which, as also in fig. 75, the section has
only cut off a small tangential slice from one side of the. sphere> the remainder of the
hemisphere being seen through the somewhat translucent matrix in which it is
embedded. It is larger than the other specimens figured, the diameter of its sphere
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cavity being 1. Its superficial protuberances are not drawn out into acute spines,
but are short, obtuse tubercles, which are irregularly distributed over the surface of
the hemisphere. Fig. 75 exhibits a combination of these short tubercles with elon-
gated spines in the same individual, hence this specimen may be regarded as a largely
modified example of the group which I have designated C.

The only additional example of the Welsh series to which | would call attention is
that represented by fig. 80, but as seen under a one-sixth objective. It is enlarged
190 diameters. It may belong to the type of S. spinosa, but that is not certain. Its
importance is found in the minute but obvious foramination of its sphere-wall, a
condition that readily explains the surface structure of such examples as fig. 67.

Such are the objects which Professor Juda believes to be Carboniferous Radiolarians
—a conclusion which neither | nor my experienced friend Henry Brady, F.B.S., are able
to accept. In support of this determination | would call attention to some specimens,
myriads of which constitute almost the mass of a “ Corniferous limestone” from the
Devonian beds of Kelly’s Island, U.S.A., for specimens of which | am indebted to Mr.
Brady, and which we both believe to be closely related to the Welsh organisms. These
objects have also been spherical bodies, having a diameter of from *06to *04. Like
the Welsh specimens, they are more opaque than the mean of the surrounding matrix,
when viewed by transmitted light, and more brightly white when examined by reflected
light. The limestone consists almost entirely of perfect examples and fragments
of these objects, the intervals between these being chiefly occupied by a translucent
crystalline carbonate of lime. Each organism has been a hollow sphere. The sphere-
wall has been much thicker in proportion to its entire diameter than is the case
among the Welsh specimens. Externally, the transverse section of each sphere pre-
sents an undulating outline, due to the intersection of prominences and ridges that
characterise its surface. Sometimes these projections surround the entire section;
but more frequently, as is the case with fig. 81, they are absent from limited
portions of the periphery. Occasionally these ridges may be seen pursuing an oblique
direction like the bands crossing the nucules of a Chara. The central cavity is
always occupied by crystalline infiltrated carbonate of lime. Though the sphere-
wall often exhibits a granular texture, I discover a radiating structure in a sufficient
number of the specimens to convince me that, in this respect, they have closely
resembled some of the Welsh objects. Since I cannot learn that this American form

has received a name, it may be designated robusta. Whilst 1 am

thoroughly satisfied that these objects are not Radiolarians, it is not easy to say what

they are. Like the Traquarice,they are altogether different from all known Rac
larians. The Bonstitutes the chief part of the material of the Corniferous

limestone, which appears to have been as much indebted to them for its calcareous
matter as the chalk is to the Foraminifera. Hence in this case any idea of a substitu-
tion of calcareous matter for silica is out of the question. They are, and obviously
have always been, calcareous organisms, and the Wrelsh examples present many
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features leading to the same conclusion. * The structure of the latter forms is diffe-
rent from that of any existing Radiolarians.Instead
skeleton which would allow the calcareous ooze, constituting the matrix, to penetrate
freely into the interior of each sphere-cavity, all such intruded material has been
absolutely excluded from those cavities. The interior of each is occupied, not by
amorphous matter like the investing matrix, but by crystalline calcic carbonate, a
solution of which had obviously filtered through the porous sphere-wall, and crystallized
within the interior of a closed cavity. In this respect the conditions of the objects
correspond exactly with those of the carboniferous ,which I find associated
with them ; I am convinced that no known Radiolarian would exhibit similar con-
ditions. Then their form is more like that of the Foraminiferous Orbulina than any
Radiolarian. Occasionally chance sections like figs. 73 and 76 remind us of a Dictyoca;
but other specimens, such as figs. 74 and 77, show that these apparently regular sym-
metrical forms and arrangements of the spines are not characteristic of the organisms.
Even in fig. 76 the second unsymmetrical spine to the right hand of the figure is fatal
to the idea of the object being a Dictyoca. It is obvious that these organisms were
closed spheres with a sphere-wall so nearly solid as to exclude all inorganic matter save
such crystalloids as were in a state of solution, and which, consequently, were capable
of reaching the sphere-cavity by infiltration.

But a further difficulty stands in the way of our regarding these objects as Radio-
larians. Unable generally to accept Mr. soi11as’s hypothesis of the replacement of
silica by calcareous matter, 1 am still less able to do so in the case of the objects under
consideration. | have already said that such a hypothesis is wholly inapplicable to
the C. robusta (fig. 81), and it appears to me equally so to the other forms. Mr. H.
Brady has arrived at the same conclusion. But anxious to obtain the opinion of some
of our leading chemists on this point, 1 showed my specimens to Professors B oscoe and
Schortemmer, and they both express their inability to understand how such a sub-
stitution could take place. | presume that on the subject of organic chemistry no higher
authority than Professor schortemmer could be appealed to. After examining my
specimens, he writes to me as follows : “ | dont know what morphological evidence you
may possess rendering it probable that the minute calcareous objects in limestone that
you showed me were originally siliceous animals or organisms; but | should require
such evidence to be overwhelmingly strong before | should accept such a conclusion.
I know of no agency by which siliceous structures could be converted into calcareous
ones, by mineralogical substitution, under the condition in which these organisms
exist, embedded'in a calcareous matrix. The fact that the silicawas of animal origin does
not appear to me to render the possibility of such a substitution more probable,
have already shown that such morphological evidence as Professor Schortemmer
demands is non-existant—hence I am impelled towards the conclusion that these
Calcisphcerce were calcareous, and not siliceous organisms, and consequently were not

* In litera. Jan. 22, 1879,
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Radiolarians. Unfortunately, such a negative conclusion is more readily arrived at
than a positive one, telling what these objects really were. They are wholly unlike
any living organisms that we are acquainted with. Their spherical form suggests the
possibility that they may have been the tests of some extinct form of Protozoa. The
porous tissue seen in fig. 80 gives some support to the idea of their having been
Foraminiferous—and the radiating structure seen in so many of the transverse sections
IS quite compatible with the same idea. On the other hand it is not impossible that
they may have had some affinity with the recent Rhabdoliths and Coccoliths, though
this does not seem very probable. The only other possibility that suggests itself is
that they may be reproductive capsules of some marine form of vegetation, but no facts
yet discovered afford any definite support to this hypothesis. Mr. Brady informs me
that in one instance he found indications of spore-like objects in the spherical cavity,
but the whole of the thousands which | have examined were entirely devoid of such
elements. This fact is suggestive of their having been filled with some material
incapable of fossilisation—e.g., of sarcodic protoplasm, pointing to a Protozoan nature.

I have once more to acknowledge the assistance | have received from Mr. Spencer
and Mr. Binns, of Halifax, from Mr. Earnshaw, of Oldham, and especially from Mr.
W unsch, of Glasgow, to whom we owe the discovery of the magnificent carboniferous
forest of Laggan Bay, and whose invaluable aid demands my warmest thanks. Mr.
Siddan1, of Chester, has laid me under obligation for the Welsh limestones, and |1 am
indebted to Mr. Henry Brady forcalling my attention to the corniferous limestone of
Kelly’s Island.

Index to the P lates.

PLATE 14.
Lycopodiaceous P lants.

Arran Lepidodendron.

Fig. 1. Transverse section of one of the youngest twigs. a. Central vascular
bundle, c. Leaves, c. Foliar vascular bundle. Enlarged 16 diameters.

Fig. 2. Central vascular bundle of fig. 1. a'. Small vessels at the periphery of the
axis, from which the foliar vascular bundles () arise. Enlarged 37
diameters.

Fig. 3. Transverse section of a larger branch, a. Central vascular bundle expanded
into a medullary cylinder. b. Foliar vascular bundles, c. Leaves.
d. Cellular® medulla, e Delicate parenchyma of middle bark, f Rem-
nant of the bast-layer of the outer bark. Enlarged 3 diameters.

Fig. 4*. Portion of a vessel of the vascular cylinder, a. Transverse Lignine bars.
b. Longitudinal threads of Lignine.

mdccclxxx. 3y
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Fig. 4. Central vascular axis of fig. 3 enlarged 14 diameters. Vascular
medullary cylinder. a'. Vessels going off radially to form the free
foliar bundles, ¢. d. Cellular medulla.

Fig. 5. Transverse section of a still larger branch, Vascular medullary cylinder
d. Cellular medulla, e Middle bark corresponding to e of fig. 3
g. Inner portion of prosenchymatous bark. h. Bast-layer of outer bark

i.Exogenous layer of vascular axis. Three-fourths the natural

Fig. 6. Transverse section of the vasculo-medullary axis of a stem of large size

a.Vascular medullary cylinder, d. Medulla, i. Enlarged e
vascular cylinder. Natural size.

Fig. 6a. Segment of a section like fig. 6 enlarged 3 diameters.

Fig. 7. One of the rhomboidal scars of a cast of the outer bark-surface of a large
stem. Three-fourths the natural size.

PLATE 15.
Halifax Lycop

Fig. 8. Small crushed Lepidostrobus from Halifax enlarged nearly 12 diameters.
a. Vasculo-cellular axis. b. Clusters of macrospores, c. Upper part
of the strobilus. d. Clusters of microspores in their sporangia.

Fig. 9. Sporangial cluster of four macrospores, showing that the ““peduncular
appendages” are but collapsed portions of the spores. Enlarged 34
diameters.

Fig. 10. Tangential section of a sporangiferous bract from Halifax, with its sporan-
gium filled with microspores. a. Bract. Db. Outer sporangium-wall
c. Inner membrane of the sporangium. Enlarged 45 diameters.

Fig. 11. Transverse section of the central axis of the strobilus figured in Plate
22, fig. 53, of memoir, Part IX. a. Medulla, b Vascular cylinder,
c. Innermost cortical parenchyma. d. Outer cortical parenchyma.
e. Bracts, f. Sporangia. Enlarged 12 diameters.

Fig. 12. Central axis of fig. 11, enlarged 45 diameters, a. Medulla, b. Vvascular
cylinder, c. Badial breaks in the continuity of the cylinder, d. Inner-
most cortical layer, d'. Badial prolongations of d, apparently accom-
panying vascular bundles proceeding outwards to the bracts.

Fig. 12a. Transverse section of a pentamerous fruit (?) from Halifax.

Calamostachys.

Fig. 13. Longitudinal section of a specimen of Calamostachys Binneyana from
Halifax, a. Vascular axis. b. Cortical layer of the axis. c. Sterile
* bracts, d. Fertile bracts or sporangiophores. d', d'. Empty passages
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in the bark through which vessels passed to the bracts and sporangio-
phores. eSporangia. Enlarged 14 diameters.
Transverse section through a sterile bractigerous disk of a
Binneyana. a.Vascular axis. Cortical layer of the axis. c.
gated cells passing horizontally outwards to the sterile bracts,
c. Parenchyma of the bractigerous disk. Sporangia, f Transverse

sections of the apices of the bracts of the next inferior sterile verticil.
g. Tips of the next inferior sterile bracts. Enlarged 16 diameters.
Transverse section of Calamostachys Binneyana made in the plane of a
verticil of the fertile bracts, and with the entire cortical layer preserved.
a. Central vascular axis. b.Innermost cells of the
and outermost parenchyma of the same. Bases of sporangiophores.
d". Peltate extremity of a sporangiophore. e Sporangia containing
spores. Enlarged 22 diameters.

PLATE 16.

Transverse section of the vascular axis of a strobilus of Calamostachys
Binneyana (?). a Vascular axis, b, b. Radially disposed additions
to the central vascular bundle, disposed in three radiating groups,
c. Middle cortical layer. Enlarged 46 diameters.

PLATE 15.

A mother-cell with three daughter-cells (spores ?) from a sporangium of
Calamostachys Binneyana. Enlarged 405 diameters.

PLATE 16.

A sporangium of Calamostachys Binneyana filled with parenchyma.
Enlarged 162 diameters.

Ferns.

Transverse section of a stem or petiole of Rachiopteris insignis. a. Outer
cortex, b. Middle cortex, c. Inner layer of cortical cells. Enlarged 15
diameters.

The central portion of fig. 19, enlarged 62 diameters, b. Middle cortex.
c. Inner cortex. d. Cellular bundle-sheath with a line of dark-coloured
cells, h. e f. Large and small peripheral vessels, the former filled with
tylose cells, g. Cells enclosed within a loop of the vascular bundle.
Enlarged 46 diameters.
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21. An oblique, semi-longitudinal section of the central part of fig. 20. (Refer-
ence letters as in that figure.)

22. Similar section to fig. 20, but from a specimen containing no tylose. (Refer-
ence letters as in that figure.)

PLATE 17.

23. A divergent vascular bundle passing off laterally through the middle
cortical layer of a part of the section, fig. 21. Enlarged 62 diameters.

PLATE 16.
23a. A transverse section of a petiole of rdbusta. Enlarged 30
diameters.
PLATE 17.

Cryptogamic Reproductive Organs.

24. Transverse section through a matured capsule of Sporocarpon elegans in
its matured state. Enlarged 93 diameters, a. Hour-glass bases of
unicellular hairs, b.Peripheral extensions
mediate between the states a and d. Spaces between the hour-glass
cells, a, and occupied by an intermediate layer of cells.

25. Tangential section of a crushed example like fig. 24, the cells being
intersected radially at a, and transversely at c where their outer
extremities are exposed. The interior is occupied by a cluster of large
cells. Enlarged 93 diameters.

26. A yet more tangential section of a Sporocarpon elegans displaying the
symmetrically disposed, outer ends of the cells at its peripheral surface,
and passing obliquely into the internal cavity of the organism at the
interior of the section. Enlarged 93 diameters.

27. Similar section to fig. 26, but yet more peripheral. Enlarged 93 diameters.

28. Oblique section through a part of the cellular-wall of Sporocarpon elegars.
a. Its inner surface formed of the expanded centripetal extremities of
the hour-glass cells, b. The inner portions of the constricted parts of
the same cells, c. The outer expanded portions of these cells, d. The
free portions of the cells prolonged into hairs, e, e'. Delicate cell-walls
of cells forming the central layer, and connecting the hour-glass con-
stricted cells. Enlarged 320 diameters.

29. A superficial tangential section of the object designated Sporocarpon
compactum in the memoir, Part IX. Enlarged 93 diameters.
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PLATE 18.

Fig. 30. Peripheral extremity of one of the outermost cells of fig. 29. Enlarged
170 diameters.
PLATE 17.

Fig. 31. Transverse section of a specimen apparently uniting Sporocarpon elegans
with S. compactum, and filled with large cells. Enlarged 170 diameters.

PLATE 18.

Figs. 32, 33, and 34. Mother-cells, containing daughter-cells, from the interior of the
specimen of Sporocarpon represented in fig. 69a of the memoir, Part IX.
Enlarged 322 diameters.

PLATE 17.

Fig. 35. Transverse section of Sporocarpon pachyderma. a. Outer wall of branch-

ing and interlacing cells, b.Inner membrane. Enlal
Fig. 36. Transverse section of a second specimen of S. pachyderma with the inner

membrane, 6, enclosing small spore-like granules. Enlarged 162 diameters.

PLATE 18.
Fig. 37. A portion of a tangential section of the outer wall a, of a specimen like
fig. 36. Enlarged 750 diameters. Transverse sections of tubular

portions of the branching cells, b. Intercellular meshes enclosed within
anastomosing branches of the cells.

PLATE 17.
Fig. 38. Transverse section of Sporocarpon asteroides. Enlarged 163 diameters.

PLATE 18.

Fig. 39. Transverse section of Sporocarpon ornatum. a. Inner.layer of the
conceptacle wall. b. Thick middle layer, c. Strongly marked cells
occupying indented portions of the organism, d. Very large, loosely
aggregated cells, occupying its prominent ridges. Enlarged 16 diameters.

Traquaria (Carruthers).

PLATE 19.

Fig. 40. A young example, with the unbranched spines in a flexible state. Enlarged
160 diameters, a. Wall of the capsule, b. Hollow muricated spines.
e. An ill-defined investing tissue.
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PLATE 18
Fig. 41. A slightly tangential transverse section of a Traquaria. a. Wall of
the capsule. b.Tubular spines, e. Investil
diameters.

Fig. 42. Transverse section of a young example, displaying a double inner mem-
brane, f /', the latter occupied’by numerous cells. Enlarged 150
diameters.

PLATE 19.

Fig. 43. Small portion of the capsule-wall of Traquaria seen near its inner surface.
a. Sections of free portions of five tubular spines, b. Bases of tubular
spines, close to the capsule-wall. Enlarged 200 diameters.

Fig. 44. Part of fig. 43. Enlarged 660 diameters, a. Small mucronate projections
of the exterior of the tubular spines, giving off branching and interlacing
tubular (?) threads, which spread through the investing substance, fig
41, ed. Coalescing portions of several tubular branches.

PLATE 18.

Fig. 45. Transverse section of a specimen of Traquaria with more rigid tubular
spines, a. Capsule-wall. b. Spines with openings at the points corre-
sponding with the murications of figs. 40 and 41. e Investing substance.
f. An inner membrane containing numerous large cells, g. Enlarged 113
diameters.

Fig. 46. Transverse section of a crushed specimen, a. Shattered capsule-wall.
b. Muricated spines, b'. Crushed and broken spines imbedded in the
investing substance, f An inner membrane splitting into two at/.
f'\ A yet more internal membrane, with numerous flattened circular
prominences. Enlarged 113 diameters.

Fig. 47. The tubular spine, b,of fig. 46. Enlarged 240 diameters
broken off tubular branching processes like those seen at a', a'.

PLATE 19.

Fig. 48. Portion of the internal membrane, ", of fig. 46. Enlarged 660 diameters.
f . Flat-topped areolae, each surrounded by a circular depression, f , and
forming the summits of corresponding prominences, f.

Fig. 49. Part of a transverse section of a , showing tubular spines
branched at their summits, 6, and expanded at their bases, .« >
into numerous branching tubules, in contact with the capsule-w
e. Investing substance. Enlarged 322 diameters.

Fig. 50. Fragments of four tubular spines, exhibiting the murications of the pree
ing figures developed into branching tubes b, . Enlarged 340 diameters.
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Zygosporites.
Zygosporites brevipes. Enlarged 637 diameters.

Single ray of Zygosporites brevipes. Enlarged 2258 diameters.
Zygosporites P Enlarged 850 diameters.
Zygosporites longipes. Enlarged 450 diameters.
Zygosporites pcontaining cells in its interior.
Zygosporites brevipes, exhibiting an inner membrane.
PLATE 2o.

A tangential section of Sporocarpon elegans. Cells seen at the surface

of the sphere, b. Peripheral prolongation of the cells into hairs, Con-

stricted portions of the hour-glass cells, e. Similar constricted portions,
as seen under a lens of high penetrating power, and showing the radiating
walls of the middle layer of cells (fig. 28, e), filling up the intervals between
the constricted portions of the hour-glass cells.
Transverse section of Zygosporites (?) oblongus. Enlarged 1260 diameters.
Tangential section of the same.

Miscellaneous objects.

Part of a transverse section of a branch of a Dadoxylon, exhibiting a
pair of cellular prolongations of the pith, apparently destined to form the
medullae of two branches. Enlarged 10 diameters.

PLATE 19.

Slightly oblique longitudinal section of a Lagenostoma ovoides. a. Testa.
a’. Inner layer of testa, b. Canopy, c. Lagenostome. g. Embryosac.
Enlarged 18 diameters.

Portion of the testa, a, of fig. 61, composed of sclerenchymatous cells.
Enlarged 200 diameters.

Portion of the inner layer (fig. 61, a), of the testa, composed of spiral pro-

senchymatous cells. Enlarged 249 diameters.

PLATE 2o0.

Longitudinal section through the shorter diameter of Cardiocarpon
anomalum. a. Exotesta. b Endotesta. d. Prolonged micropile.
i. ChSlaza. i'. Funiculus (?)
. Fragment of bark perforated by zylophagous animals of various sizes.
. Copros (a, b') of zylophagous animals, left in their borings.
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Calcisphcerce. Thesupposed Radiolarians of the Welsh Carbonifero
Fig. 67. Calcisphcerafimbriata, seen as a transparent object by transmittec

Fig. 68. Calcisphcera Sol, seen as a transparent object by transmitted light.
Fig. 69. Calcisphcera hexagonata, seen as a transparent object by transmitted light
Fig. 70. Calcisphcera Icevis, seen as a transparent object by reflected light.
Figs. 71-78. Various modifications of C. spinosa, seen as opaque objects by reflected

light.
Fig. 79. Calcisphcera cancellata, seen as an opaque object by reflected light.
Fig. 80. Calcisphcera spinosa (?)seen as an opaque ok
Fig. 81. Calcisphcera robusta, from the comiferous limestone of Kelly’s Island
U.S.A.

All the above objects are enlarged 112 diameters, except fig. 80, which is
enlarged 180, and fig. 81 is magnified 33 diameters.

Supplementary Observations.
(Added August 12, 1879.)

| have obtained some important additional information respecting some of the
organisms described in the preceding memoir since its communication to the Society,
especially in reference to the supposed Radiolarians, hitherto known as

| am indebted to Mr. casn, of Halifax, for some valuable specimens from his
cabinet, originally prepared by Mr. Binns. The most important are a series of sec-
tions of a crushed Lepidostrobus in all of which Traquarice occur, under such conditions
as leave no doubt that they are the macrospores of a Lycopodiaceous plant. The
structure of a transverse section of the axis of this fruit is represented in fig. &,
enlarged 16 diameters. Its vascular centre, a, is a nearly solid cylinder of vessels, in
the middle of which are what appear to be a very small number of cells representing
the medulla. The entire cylinder has a diameter of ‘05. The vessels are uniform in
size, except at the extreme periphery where they are very small, as is usual with the
Lepidodendroid cones. Surrounding this vascular axis we have numerous small cellular
cylinders, b, each one of which contained a foliar vascular bundle supplying the bracts
or sporangiophores of the cone; the vessels composing these bundles have disappeared.
The similar disappearance of the inner and middle cortical layers of the axis of the core
has left these foliar cylinders isolated. Both this isolation of the individual cylinders®
the mode in which they are clustered round the vascular axis, and the disappearance o
the vessels of each foliar bundle are features identical with what we see in nearly
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our sections of Lepidostrobi. The detached masses of prosenchyma, c, c, are portions
of the outermost cortical layer of the axis of the strobilus, which are being prolonged
radially into the usual Lepidostroboid sporangiferous bracts. Extensions of these
bracts radiate, in a more or less fragmentary form, to the circumference of the specimen,
which even in its imperfect state indicates a cone having a diameter of fully an inch.
Interspersed amongst these bracts or sporangiophores are the usual sporangia, the wall
of each of which displays the structure so common amongst these carboniferous Crypto-
gams, viz..—a single series of cells elongated vertically to the surface of the sporangium,
and having their two extremities flattened, so that the two surfaces of the sporangium
wall exhibit the ordinary aspect of tubular thick-walled parenchyma (fig. 83), whilst
vertical sections present the aspect seen in fig. 84 or that of cylindrical parenchyma.

One of these sporangia is shown in fig. 85, a, enlarged 16 diameters, and contains
three of the Traquarian macrospores. At a are fragments of two other contiguous
sporangia. Throughout the greater part of its extent the sporangium wall, , exhibits
the appearance of fig. 84, but here and there its flexures have caused it to be intersected
obliquely, as at a"where it resembles fig. 83. Two of the macrospores are intersected
nearly through their centres, the third one more tangentially, hence its apparent smaller
size. The specimen from which this and other similar sections were prepared not only
places the vegetable nature of these Traquarice beyond the possibility of doubt, as
well as demonstrates the fact that they are Lycopodiaceous in character, but from the
excellent preservation of the macrospores, throws further light upon their structure.

That the specimens with tuberculated but unbranched spines (represented by figs.
40, 41, and 42, of the earlier portion of this memoir) are immature, whilst those repre-
sented by figs. 45 and 46 are more matured examples, is now clear. | think there is
no doubt but that in the young state there was a distinct outer exosporium and an
inner endosporium. At an early period the exosporium became differentiated into
two layers. Of these, the inner one (represented byf in fig. 42) retained its structure-
less, spherical form, being undistinguisbable from the endosporium, fig. 42 f*, in all
points save in its more external position. The outer layer of this exosporium, fig. 42, a,
on the other hand, underwent a development into a system of ramifying tubes, the com-
plexness of which exceeds what | had observed to be sufficiently remarkable when the
earlier part of this memoir was written. There is now no doubt that the minute pro-
jections, afrom the radiating spines of fig. 44 with the delicate branching threads
which spring from those projections, are the early conditions of the branching tubes
seen in fig. 50. The almost invisible threads expand into a series of tubular dichoto-
mous branches.

Fig. 86 represents a portion of a tangential section of one of the macrospores from
Mr. Cash’s Strobilus. At a we find what 1 assume to be the inner structureless
layer of the differentiated exosporium, now very distinctly separated from its outer
tubulated one ; b, d represent the transversely intersected bases of 11 of the branch-

ing tubes, a, pof the figs. 4049 of the memoir. We now see that in addition to
MDCCCLXXX. 3 Z
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the shorter radiating branches given off from the entire length of the tube, there *
a special basal series, fig. 86, ¢, much longer and less freely supplied with secondary
ramifications than is the case with the upper ones. These basal branches appear to
be similar to the upper ones in their general features and origin, those radiating from
each central tube forming a system independent of the corresponding ones given off
by its neighbours. They interlace most freely, enclosing the endosporium in a perfect
network of superficial ramifications, but | have not been able to detect a single
example in which they anastomose with those of the surrounding similar systems of
tubes.

We obtain further light on this subject from fig. 87, which represents a portion ofa
macrospore from the same strobilus, but which has been intersected vertically. The
drawing exhibits the bases of three of the tubular spines, b, and b™, the two
former being the principal ones in focus. The spines have been cut through longi-
tudinally and tangentially, so that we look into their interior, which is very large in
comparison with the thickness of the enclosing tube-wall. The spine, b™, lies deeper
in the section, which has only sliced off a little of its base. At ¢ we have one of
the large basal branches of b. We now see that it gives off short, thick, lateral
branches, d, in every direction, downwards as well as upwards. These branches sub-
divide by repeated dichotomisations, each of the secondary and subsequent branches
being very short. Hence each of these secondary branch-systems constitutes a
dense tuft of hollow tubes, whose repeated and peculiar ramifications remind us of
the characteristic branching of a tuft of the well-known sea-weed, Chondrus crispus,
only in the case before us the ultimate subdivisions are so fine that we fail to trace
their individual outlines where they interlace with those of the neighbouring tufts.
This condition probably explains the nature of the network shown in fig. 43, and referred
to on page 513 of the memoir. The lateral branches, e, given off from each spine become
rapidly shorter as we ascend, but in all those above the basal series, ¢, we find the
ternary clusters of branches to be more numerous and more closely crowded together
than in these basal ones; in other respects they present no differences. There isin
them the same succession of curvilinear dichotomisations as before. The consequence
is that the primary spines and their secondary branches are closely invested by a dense
interlacing network of these ramifications. In the earlier part of the memoir | suggested
the probability that these tubes had been invested by a plastic substance, in which the
ultimate ramifications of the tubes distributed themselves. | am now satisfied that
whatever may have been the case with the immature macrospores the matured ones
were not so invested. W hat gave that appearance was merely the imperfectly preserva-
tion of the minute extremities of these ramifying tubules. We have at c", in fig. 5, the
intersected portions of other branches corresponding to ¢, but emanating from other
spines.

Whilst these portions of the organism are now interpreted without difficulty, ot e
features of the structure become less easy of explanation. Proceeding upon t®
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supposition that each of these Tragucirice was a spore, and as such, primarily a single
cell, it was easy to regard the branching tubes as outward extensions of the spherical
exosporium, originally the outer cell-wall of the organism, The development of the
remarkable ramifications of the sporocarp of the Fungoid , described
by Professor Bornet,* appeared to furnish an illustration of the mode in which these
radiating and branching extensions had been formed, but in the latter example the
central stem of each branch-system opens at its base by a wide communication with
the central cell cavity of which its tubules are but extensions. When describing
fig. 43 (p. 513) | pointed out that the specimen there delineated appeared to favour a
similar explanation, but those now described seem to tell a different story. 1t will be
seen that the bases of each of the three principal stems, and b™, are closed and
not open. | have examined every available specimen of Traquaria in reference to this
point with the utmost care, but they all seem to lead to the same conclusion, viz. :
that in their matured state each of these branching spines is closed at its base and
thus assumes the form of a separate, unicellular, branching trichome; that they are
really trichomes is, however, too improbable to be accepted as true. Hence the only
conclusion at which | can arrive at present is that they were primarily mere extensions
of the exosporium, but that when this exospore became differentiated into two layers
and the outer one developed its remarkable system of branching tubes, the latter organs
became separated from one another and each had its basal aperture closed in by the
contraction of that part of its exosporial wall; the inner layer of the differentiated
exosporium meanwhile retaining its primary simplicity as a thin spherical cell-wall.

Another feature of interest in these objects is the condition of the cells contained in
the interior of several of the macrospores. The modification of the endosporal cells
seen in some of the recent Selaginellce, especially the large cells which p feffer not
only compares with the endospermic cells of but even designates by
the same name, invest the study of these ancient forms with importance. | have now
met with nine examples of these Traquarian macrospores containing cells. Some of
these are already represented in figs. 42 and 45.

I find several modifications in the cellular contents of these spores, which are
probably significant. In one to which | will refer as A (fig. 45), the endospermic
cavity is filled with comparatively large, thin-walled cells, which compress each other so
closely as almost to constitute a loosish parenchyma, their individual diameters being
about '0036 ; none of these cells display any definite organised contents. In specimen
B, for which I am indebted to Mr. spencer, Of Halifax, the endosperm consists of
similar cells, though of smaller size, having a diameter of from *0011 to *0015. Most of
these are like those of specimen A, though less closely packed, and about six of them
contain each a single small, round, dark-coloured cell, having a diameter of about *00036.
A third specimen, C, which | obtained from Mr. Binns, of Halifax, is filled with similar
thin-walled transparent cells (diameter *0014, *0015), but now every cell contains one

* ‘Annales des Sciences Naturelles,” 5e serie, tom. 17, pi. 20, figs. 7—3.
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of the smaller, dark-coloured cells, the diameters of these latter varying from about
*0011 to '0009. In specimen D in the same slide as B, | find many of the thin-walled
cells (diameter *0013 to *0015). Some of these are empty, and have lost some of the
turgid, rotund form that usually characterises them. Others are more rounded, and
each one contains, in its interior, one of the smaller, dark-coloured cells (diameter
*0009 to *0007). Intermingled with these larger cells are many examples of the
smaller ones, which | expect have been liberated from the interiors of the empty
larger ones. Specimen E only contains a few of the large, thin-walled cells (diameter
*0015, *0014). Some of these are empty, two of them contain each a cell, with a
diameter of about '0009, and in one other was a single example of the smaller cells
(*00015). Along with these is a very large number of the smaller cells in a free state.
This specimen is in the cabinet of Mr. Cash. Specimen F is that of which portions are
represented in fig. 87, and some of the endosporal cells of which are represented in fig. 8s,
enlarged 320 diameters. At a is a portion of the enclosing endosporal membrane. At b
are some of the large thin-walled cells (diameter *0013, *0014). Each of these contains
an inner cell, having a diameter of from *0009 to *0008, whilst each of these inner cells
again contains, usually adhering to one side of it, a somewhat irregular dark mass of
rather variable size. Of these larger cells my section of the spore contains about a
score. But along with them we have 300 or 400 of the smaller, dark-coloured cells, ¢
of somewhat smaller size than those already described, their diameter ranging from
*00058 to *0004. These are aggregated into a loose irregular central group, detached
from the endosporal membrane, and condensed at its innermost portion into an opaque,
somewhat defined mass. The true nature of the apparent central membrane f" of
fig. 46, is now clear enough. It consists of an aggregated layer of these small cells,
of which the mean diameter is about *00055. Why they should have assumed 0
much the aspect of a continuous membrane as they have done is not so clear.

From the above description | think we may conclude that the large turgid cells, b
belong to the earlier stage in the development of this macrospore, and that the smaller
and far more numerous ones, ¢, belong to a later stage. The degree of advancement
in the development of these endosporal structures does not appear to correspond
exactly with that of the respective exosporal tissues; still there is sufficient of an
approximation to such a correspondence to sustain my general conclusion that the
specimens A, B, c, and D are all immature spores, whilst E, F, and. the crushed
specimen fig. 46, are highly matured ones. At the same time, A is undoubtedly a
more advanced growth, so far as the exosporium is concerned, than B, C, and D ; but
much less so than any of the remaining three, in which the small dark-coloured cells
are so abundant. The question now arises, What are these dark objects ? That they
are cells is certain. In many of them the true cell-wall is sufficiently obvious, thoug
in most it fits so closely upon its cell contents, as to be almost invisible. | have
now no doubt that in fig. 46 the outer cell-walls are in contact, and that the trans
parent ring surrounding each central circular body represents the space between that

cell-wall and its contents,
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In the sections of the strobilus many of the sporangia contain a quantity of dis-
organised fragments, which appear to me to be the remains of microspores. Of course
this Traquarian macrospore now merges its specific individuality in the strobilus of
which it forms so characteristic a feature. But as it is desirable that the well-known
name should be retained in connexion with it, I propose for the entire cone the name
of Lepidostrobus Traquaria.

In the previous part of the memoir (p. 510, fig. 38) | described, under the name of
Sporocarpon #a structure which appeared to me to be a spherical reproductive
organ, and not a mere section of some cylindrical body. Mr. spencer, 0f Halifax, has
obtained several additional examples of this organism, which demonstrate the correct-
ness of my previous conclusion. They vaiy much in the size, shape, and number of
their radial appendages, but in the peculiar features of their regular parenchymatous
tissue, and in the perfectly spherical form of their central cavity, they agree with the
example already figured. The one now represented (fig. 89) displays a second mem-
brane (a) within the clearly-defined spherical cavity; this membrane encloses an
opaque, spherical mass (6). Similar conditions are seen in several of the other Sporo-
carpons which | have already described.

| am indebted to Mr. George W i1d, Of the Bardsley Collieries, Ashton-under-Lyne,
for the fine specimen of a new Zygopteroid form of fern-stem or petiole, of which a
transverse section is given in fig. 90, enlarged nearly 6 diameters. Mr. w i1ra found the
specimen in a shale heap, containing the usual marine Ganister fossils (Goniatites,
Aviculopectens, &c.), and which had come from the roof of the *““Bullion” coal near
Burnley. The maximum diameter of the slightly ovoid section is three quarters of
an inch, but we certainly have not the entire bark, which has lost some of its
external portions, though how much | cannot ascertain. Its present outermost layer
of large cells corresponds pretty closely with that seen in bibractiensis,
immediately below the prosenchymatous layer which constitutes its peripheral portion;
as a corresponding prosenchyma forms the periphery of the allied R. , and,
though in a less degree, of the R. gdescribed in this memoir, it is m
that a similar layer invested the coarse outer parenchyma of the plant under con-
sideration.

The vascular axis, a, approaches nearer, in its general contour, to that of R.
tiensis, than to that of R. Lacattii,especially in the trim neatness of its vess
the perfect parallelism of the two sides of the central bar, , which in R. Lacattii
are oppositely convex. But the two transverse bars, , a', differ from the similar ones
m R. bibractiensis, in the absence of the very distinct peripheral bands of vessels
somewhat imperfectly shown at a", in fig. 49 of my sixth memoir. In the plant now
described, the outer margin of each of the transverse bars, a', a', is occupied, as in
R. L, by a series of vessels much smaller than those constituting the rest of the
axis, and from which the foliar (?) bundles have arisen. Surrounding this vascular
axis is a thin layer of parenchymatous cells, b, which | expect has originally formed
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the symmetrical boundary or endoderm, enclosing a sheath of endophloeum that has
invested the axis, but which has disappeared. At ¢, ¢, we have a pair of vascular
bundles passing upwards and outwards, also enclosed in a supposed phloem boundary
and at d, d,is a second similar pair which have entered the coarse parenchyma
outer bark, but which are immediately surrounded by a parenchymatous zone, e, of a
much more delicate texture. At/ on the opposite side of the section, we have a
single bundle passing outwards, which from its symmetrical form and central position
seems to correspond with the united bundles of each of the two opposite pairs. Here
again the bundle,” is surrounded by thin-walled parenchyma.

The greater portion of the tissues of the middle and inner bark have disappeared.
Here and there we obtain faint glimpses of them, indicating that they consisted, as is
usually the case in these ferns, of delicate, thin-walled parenchyma.

On turning to vertical sections of this plant, we find that they agree with similar
ones of the other species of the Zygopteroid group of fern petioles. Fig. 91 exhibits a
vertical section through the central part, a, of the vascular axis, enlarged 56 dia-
meters. Its vessels, a, are now seen to be of the most perfect scalariform type that I
have hitherto met with amongst these carboniferous ferns. Immediately external to this
vascular axis is a thin investment of three or four layers of very long and narrow,

thin-walled, square-ended cells, b, pthe extreme delice
invisible save under high magnifying powers. Vertical sections through the transverse
bars, a, of the vascular axis, show that whilst the greater number of its vessels are

the same type as those of the single central bar, d, the outermost ones, some of which
become detached to form the foliar (?) bundles, ¢, d, and f, approach more closely to
spiral vessels. The foliar bundles themselves consist wholly of vessels of the spiral
type, enclosed in a distinct investment of delicate, oblong, square-ended cells. The
outer bark, his seen to consist in the vertical section, of vertically disposed
cubical parenchymatous cells of large size and coarse texture.

The orientation of the supposed foliar bundles in symmetrical pairs is a curious
feature in several of these Zygopteroid forms. | have already described its occurrence
in Rachiopteris duplex and R. Lacattii. The peculiar form which the transverse section
of the vascular bundle of the specimen now described exhibits, so closely resembles
that of two severally inverted Greek capital letters, that the stem may be provisionally
recognised as Rachiopteris di-upsilon.

Index to Figures.

PLATE 21.

Fig. 82. Transverse section of the central axis of a Lepidostrobus from Halifax-
Enlarged 16 diameters. a. Cen
investments of the vascular bundles going to the bracts, c, ¢. Portions
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Fig. 83.
Fig. 84.
Fig. 85.

Fig. 86.

Fig. 87.

Fig. 8s.

Fig. 89.

Fig. 90.

Fig. 91.
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of the prosenchymatous tissues of the bracts or sporangiophores of the
cone.

Superficial aspect of the cells of the sporangium-wall.

Vertical section of a portion of a sporangium-wall.

A sporange, a, a",containing three two of which are inte
equatorially, and the smaller one tangentially. Enlarged 16 diameters.
a. Fragments of two other sporangia.

Portion of a tangential section of one of the Traquarian macrospores of
the strobilus. Enlarged 225 diameters, a. Inner structureless layer of
the exosporium. b,d. Transversely intersected bases
radiating tubular spines, c¢. Long radiating, tubes given df* from the
base of each spine.

Portion of a transverse section of the outer or tubular layer ofthe exosporium
of a macrospore. Enlarged 640 diameters, b, b', b™. The basal portions
of three radiating tubular spines, with their lateral branches, c. Large
basal tubular branch of the spine, b, corresponding to ¢, ¢, of fig. 86. . A
similar tube of the spine, b', b". d. Secondary tufts composed of dicho-
tomouslv branching tubes, e, e Secondary tubular branches of the
upper portions of the primary spines.

Portion of the contents of the endosporium of fig. 87. Enlarged 320
diameters, a. Portion of the endosporial membrane, b. Large thin-
walled cells, c. Smaller dark-coloured cells.

Transverse section of a specimen of Enlarged 18
diameters, a. Inner free membranous capsule, b. Condensed central
substance.

Transverse section of a petiole of Rachiopteris di-upsilon. Enlarged nearly
6 diameters, a, d Vascular axis. b. Thin layer of sma
matous cells, ¢, c. A pair of vascular foliar (?) bundles, d, d. A second,
yet more external pair of similar bundles, f. An undivided symmetrical
bundle, apparently similarto cand d. h. Coarse, large-celled parenchyma
in vertical columns.

Vertical section across the middle of the central vascular bundle, a, of
fig. 90. Enlarged 55 diameters, a. Scalariform vessels. 5, b. Thin
investment of narrow, oblong cells.
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