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PREFACE

In 1901 our Morphology of Spermatophytes, Part I, was published,

which comprised a presentation of the gymnosperms. It had grown

out of a special course given to graduate students for several successive

years, and although most of the ground had been traversed in this

way several times, the larger part of the material in the book was

taken from the contributions of other investigators. There was some

new material included, but the chief contributions of the book were

certain illustrations and the organized presentation of the group as

a whole for research students.

During the last decade the special course referred to has been

continued for successive generations of graduate students, with a

constantly widening range of material and from new points of view.

In addition to this extensive and repeated critical examination of

material, a number of special investigations have been carried on in

the laboratory. These investigations have been planned so that

there might be not only a research contact with all regions of the

gymnosperm series, but also a clearing up of unknown or doubtful

forms. These special contributions from the laboratory have aggre-

gated twenty-six since 1901, and have dealt with fourteen genera,

distributed as follows: in Cycadales, Dioon, Microcycas, Encephalar-

tos, Ceratozamia, and Zamia; in Ginkgoales, Ginkgo; in Coniferales,

Pinus, Thuja, Torreya, Phyllocladus, Podocarpus, and Dacrydium;

in Gnetales, Ephedra and Gnetum. This has enabled us to pre-

sent the living groups from an entirely different standpoint, and

to use many illustrations prepared in this laboratory. The present

account, therefore, is based upon our own work, supplemented by

the work of other investigators, rather than a compilation from liter-

ature, supplemented by occasional personal observations.

Furthermore, the last decade has been one of unprecedented

activity in the investigation of gymnosperms, as a comparison of the

bibliography of the volume of 1901 with that of the present one will

indicate. In this period the number of titles has increased from

112 to 420, some of the additions being accounted for by the larger
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inclusion of paleobotanical material. Aside from a far more com-

plete knowledge of the living groups, including as it does now at least

the salient facts in reference to almost every genus, there have been

two notable advances. In the first place, during this period vascular

anatomy has developed as a subject of first importance, and some of

its most conspicuous contributions have been in connection with the

origin and relationships of gymnosperms. In the second place,

paleobotany has brought to light during the last decade more facts

of importance in reference to the history of gymnosperms than in

reference to any other group of plants. This has enabled us to treat

of the extinct groups in a way that was impossible ten years ago.

Attention is called to the fact that on the basis of new knowledge

we have reorganized our presentation of the gametophyte, by recog-

nizing the spore as its first cell, rather than the mother cell, as in the

previous volume.- This needs no explanation, as it seems clear that

the sporophyte generation ends and the gametophyte generation

begins with the appearance of the spore. The plan of grouping the

special literature of each great division in chronological order at the

end of its. presentation, and the general literature of gymnosperms

in alphabetical order at the end of the volume, is continued. Such

illustrations #s have been copied are not only credited, but also referred

to the publications in which they first appeared.

The authors appreciate, perhaps more keenly than anyone, that

a book of this nature in a certain sense is out of date as soon as it has

left the press. Papers will continue to appear which would have

been of great service in this volume, and yet perhaps no great group

of plants is just now in better condition for a presentation which

professes to be only a concise summary of knowledge, useful in

stimulating and guiding further research.

JOHN M. COULTER

CHARLES J. CHAMBERLAIN

T H E UNIVERSITY OF CHICAGO

May 1910
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CHAPTER I

CYCADOFILICALES

The discovery of this paleozoic group of gymnosperms has been

one of the remarkable achievements of the present decade. Including,

as it does, the most fernlike assemblage of seed plants, the discovery

is of enormous importance to phylogeny. A brief sketch of the

development of our knowledge of the group will serve as an introduc-

tion to the fuller account.

The Carboniferous period is notable for its fernlike vegetation

(n), which has been estimated (56) to make up at least one-half of

the known flora. The classification of the leaves is based upon form

and venation, and a number of frond genera have been described,

which, although necessarily artificial, are sufficient for the cataloguing

of material. The association of sporangia with these fronds is by

no means general; in fact, an enumeration (11) of the frond species

from the British Carboniferous showed an association of fronds and

sporangia in less than one-fifth of them. It was assumed, without

question, that the sporangium-bearing fronds must be those of ferns,

and the opinion became current that the sporangia indicated that these

ferns were of the general Marattia type. Hence there arose the belief

that the most dominant vegetation of the Carboniferous could be

spoken of as a Marattia plexus, including a far greater diversity of

forms over a far wider geographical range than do the Marattiaceae

of the present flora. This view involved also the belief that the

relative age of eusporangiate and leptosporangiate ferns had been

settled by the sure testimony of history.

In 1883 STUR (7) had become so impressed by the fact that the

large majority of the carboniferous fronds remained persistently

sterile, in spite of the increasing accumulation of material, that he

suggested that these forms might not be ferns. In view of the sub-

sequent discoveries, this statement, based only upon persistent nega-

tive evidence, appears like a prophecy. However, a few years later

(11) sporangia were discovered upon the persistently sterile fronds

of a species of one of the largest of the frond genera (Sphenopteris),
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which seemed to represent clearly the synangial habit of the Marat-

tiaceae. Furthermore, the anatomy of the petioles of other frond

genera was described as being much like that of the petioles of the

Marattiaceae. Such results seemed to confirm the old view that the

sterile frond genera were not only ferns, but also ferns of the Mar at Ha

type.

In 1887 WILLLIAMSON (5, p. 299) first recognized uthe presence

in the carboniferous flora of plants combining the characters of ferns

and cycads" (86); and in 1896 WILLIAMSON and SCOTT (18)

described the anatomy of Lyginodendron and Heterangium. In

the same year WEBER and STERZEL (17) described the anatomy of

Medullosa. These are prominent stem genera, which belong to some

of the sterile frond genera; and these observers discovered in them

an anatomical structure distinctly intermediate between that of

ferns and that of cycads. In view of this fact, in 1899 POTONIE (20)

named the group Cycadofilices} basing it upon anatomical features, its

composite character being indicated by the name. The striking

anatomical feature of the Cycadofilices is the association of sec-

ondary wood with a fernlike vascular system. There was no occa-

sion, on this account, to remove Cycadofilices from pteridophytes,

as secondary wood occurs in Sphenophyllum, Lepidodendron, Cala-

modendron, etc., and also in existing species of Isoetes, Selaginellay

Psilotum, and Equisetum. Xor would this character even remove

the group from ferns, for a cambium occurs in Marattia, Angiopteris,

Ophioglossum, and Botrychium (63). In fact, secondary wood evi-

dently originated independently in many groups and at many times

(50), and therefore could not be made the basis of an important

segregation.

In 1903, however, OLIVER and SCOTT (39) announced that certain

characteristic seeds belonged to the fronds of Lyginodendron Old-

ha mi urn, and the association with pteridophytes was at an end. In

the same paper the group name Pteridosperms was proposed, to

include those Cycadofilices that bear sqeds. Since then other seed-

bearing fronds have been discovered, until now all of the prominent

frond genera are involved.

Finally, in 1905 KIDSTON 5̂4) announced the discovery of the

microsporangia of Lyginodendron Oldhamiunu and all of the important
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structures, of this form at least, had been assembled. These micro-
sporangia at once suggested that the sporangia heretofore thought
to demonstrate the occurrence of paleozoic ferns of the Marattia type
might be the microsporangia of pteridosperms. In this way the
dominant Marattia plexus has disappeared, and the question has been
raised as to the evidence of ferns in the Paleozoic. In any event, the
pteridosperms have replaced the ferns as a dominant paleozoic group.
SCOTT (56) has stated that scarcely 20 per cent of the "fern fronds"
of the Carboniferous offer any real evidence of being true ferns; and
that 30 to 40 per cent of the unassigned remainder may be assumed
to fall in the same ratio. In consequence of this, he suggests that
since the Carboniferous has been described as the " Reign of the higher
cryptogams," remembering that Cordaitales were associated with
pteridosperms, it had better be characterized as the " Reign of the
primitive seed plants."

It seems impossible at present to recognize a group of pteridosperms
as distinct from Cycadofilices, and there is a growing impression that
the two groups are coextensive. As SCOTT (82) remarks, the pterido-
sperms "have proved much more extensive, and also more remote
from the ferns, than at first realized." Under the circumstances,
it would seem proper to retain for the group the older name. It
seems clear, also, that it should take its place as a group of gymno-
sperms coordinate with Cordaitales, Cycadales, Coniferales, etc.,
for it is impossible as yet to construct a definition which would exclude
it from gymnosperms on the basis of characters of so high an order
as those which separate gymnosperms from angiosperms. For this
reason, we have appended to the older name the termination that
makes it conform to the names of groups of similar rank, and shall
refer to it hereafter as the Cycadofilicales (84).

1. The vegetative organs

The general fernlike aspect of the Cycadofilicales was the con-
spicuous feature of their habit, an aspect due to their foliage (fig. 1).
The evidence indicates that there were climbers and trees among
them, as well as the more usual habit among modern ferns. In
order to understand the combination of fernlike and cycad-like char-
acters exhibited by the vegetative structures of the Cycadofilicales,
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it is necessary to present brielly the vascular anatomy of the
pteridophytes, and especially that of the ferns. This will serve not

only as an introduction to
Cycadofilicales, but also to
the vascular anatomy of
gymnosperms in general.

VASCULAR ANATOMY OF

PTERIDOPHYTES

The most important
recent advance in our
knowledge of the vascular
groups has been made by
the students of vascular
anatomy. Morphology had
become almost entirely re-
stricted to a study of the
structures associated with
reproduction, for these
structures seemed to offer
the only clue to the larger
relationships. An enor-
mous mass of facts had
been accumulated in refer-
ence to the anatomy of
the vegetative structures,
but it was not organized
so as to be of service to the
morphologist. Now vascu-
lar anatomy has emerged

as a subject organized upon a morphological basis, and its value in
supplementing the older morphology cannot be overestimated. In
fact, it is really the extension of morphology to include the vascular
system.

The three conspicuous kinds of vascular axis among pteridophytes
are (i) the protostele (fig. 2), which is a single, solid, concentric vascu-
lar cylinder; (2) the siphonostele (fig. 3), which is a hollow vascular

FIG, 1.—-Veuro pie?is: impression
from photograph by KIIISTOM,

frond.—
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FIG. 2.—Cleichenia pubescens: transverse sertinn

connection of these types has given rise to consider-,1,1,
o f opinion, but for our purpose the general s i Z ^
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in the adult stems of species of Gleichcnia (fig. 2), HymenophyUum,

Lygodtum, and the paleozoic Botryopteris (36).

Which of the two kinds of siphonostele has been derived directly

from the protostele is a question under discussion. One view (31)

is that the amphiphloic condition was the first to appear, and that by

the gradual reduction of the internal phloem the ectophloic stage

Fie. 3.—AdianJutn pcdatum: transverse section of stem, showing the amphi-

phloic siphonostele; X 25.—After COULTER (88).

was reached. The other view (36) is that pith appeared first in the
solid stele (protostele), without any internal phloem, which would
make the ectophloic siphonostele more primitive than the amphiphloic.
The investigators concerned with these views have arranged such
convincing series that it seems reasonable to suppose that both kinds
of siphonostele may have arisen directly from the protostele. In any
event, the sporeling of such a fern as Adianlum begins with a pro-
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tostelic stem, which merges directly into a siphonostelic condition
vith interna phloem; while in Osmmda, although there is usually
n the \dult stem a siphonostele without internal phloem, m O.
: ; l ^ ( ^ ) — a l l y internal phloem * ^ " ^
type of siphonostele is extensively displayed among ferns

The prevailing
stelic (10), occurring in
aceae, Marattiaceac, etc

• A mimotypic grnus

Imong the ordinal ferns is the poly-
^ Dicksoniaceae, Cyathe-

i n e **?*
bv some tasonombts as a species of Gleichema,



8 MORPHOLOGY OF GYMNOSPERMS

aquilina (fig, 5), the figure referred to showing nine smaller peripheral
vascular strands and four much larger central ones. It has been
shown (31) that the young stem of Pleris is not polystelic, but that the
vascular cylinder is an amphiphloic siphonostele, like that of Adiun

turn. In growing to the adult stage it passes gradually into the poly-

FIG. 5.—Pferis aquilina: transverse section of stem, showing the polys tele; X10.—

After COULTER (88).

stelic condition by the overlapping of elongated leaf gaps (see below),
and also by the passing of peripheral vascular strands into the pith.

It is evident that the various types of stele are not restricted to
different groups of ferns, but may be found as the adult condition at
all levels. For example, in existing gymnosperms the ectophloic
siphonostele, made up of collateral bundles, is the characteristic
type of cylinder. Whether this was attained by way of the polystelic
condition, as has been suggested (36), or directly from a siphonostelic
condition, may not be clear; in any event, it would seem to be the
most advanced type of cylinder, but it is found at various levels among
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pteridophytes, as for example in Osmundaceae among ferns. In

the usual sequence of fern families, the polystelic condition is found

at both extremes; and the confessedly primitive protostelic condition

persists in the midst of the fern series. The inference is that in various

ways, along various lines, changes in the primitive protostelic con-

dition have developed. To arrange all the types of stele in a linear,

phylogenetic series seems to be not only unnecessary, but also con-

trary to all previous experience with phylogenies.

Assuming that the polystele is merely a split-up siphonostele

(31, 36), there are just two types of central cylinder, the protostele

and the siphonostele, the former being the more primitive. JEFFREY

has shown (31) that siphonosteles are of two fundamental types:

(1) those with both leaf and branch gaps (phyllosiphonic), and (2)

those with branch gaps alone (cladosiphonic). The phyllosiphonic

condition is associated with large leaves, and the cladosiphonic with

small ones; and therefore JEFFREY recognizes two great primitive

stocks of vascular plants: the Lycopsida, which are cladosiphonic

and microphyllous; and the Pteropsida, which are phyllosiphonic

and megaphyllous. To the latter stock belong the ferns, gymno-

sperms, and angiosperms. This association of ferns and gymno-

sperms is a strong confirmation of the conclusion reached in other

ways as to their phylogenetic connection.

The leaf gap, characteristic of the Pteropsida, should be under-

stood clearly. A transverse section of the vascular cylinder of Adian-

tum, passing through a leaf gap, shows two crescentic vascular strands

facing each other (fig. 6), one being a section of the leaf trace, the

other a section of the siphonostele which the leaf gap has made incom-

plete. At the edge of the gap the external and internal phloems

become continuous. Farther up the stem the gap closes, and the

cylinder becomes complete again. There is sometimes danger of

mistaking a branch gap for a leaf gap, but the latter should be recog-

nized by the fact that it occurs immediately above the leaf trace to

which it belongs. A true leaf gap is always related to a single trace,

so that if several traces appear in relation to a gap in the vascular

cylinder, and especially if they are related to the sides of the gap, it

is not a true leaf gap. It should also be noted that gaps in the vascu-

lar cylinder may occur where the vascular tissues are much reduced
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in amount and break up into a loose network, and these hold no
necessary relation to the vascular strands of leaves or branches (80).

Vascular bundles have also been characterized by SCOTT (24)
according to the relation of the protoxylem to subsequent xylem
elements. The procambium strand that appears in the plerome does
not develop vascular tissue simultaneously throughout its whole

transverse section, but be-
gins at one or more definite
points, and from each of
these points the subsequent
xylem extends in one or
more directions. This first'
group of vessels (spiral and
annular) constitutes the
protoxylem, and the subse-
quently formed xylem of
the primary bundle consti-
tutes the metaxylem. If
the proloxylem is in con-
tact with the phloem, the
metaxylem thus being all
centripetal, the bundle is
called exarch (fig. 7); if
the protoxylem is sur-
rounded by metaxylem, the
bundle is called mesarchFKJ. 6. - Aiij tin turn ptdatWHH transverse sec-

tlon of stem; the smaller bundle is a leaf trace,
Dpiwisitf the k-af gap in the central cylinder;
X16.—After JEFFREY (37).

(fig. 8); if the protoxylem
is in contact with the pith
(or at the center of a solid

xylem strand), the metaxylem thus being all centrifugal, the bundle
is called endarch (fig: 9). These types are not rigidly restricted to
different,.great,groups, but they are vety_servicea}jle.irvV/rmJ?;a.afv:/?r
with other characters. In general, exarch wood is considered to be
the most primitive type, characteristic of roots, common in the
stems of lycopods, and occasional in the stems of ferns. Mesarch
wood is very characteristic of ferns, so much so that when it occurs
in any part of the vascular system of gymnosperms, it is spoken of
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as a fern character. Among seed plants the prevailing type of wood
is endarch, and on this account it may be regarded as the most ad-
vanced condition.

~ pith

Flo. ;.•—Exarch position of protoxy-
lem.—After WoBSDBU. (36).

FIG. 8.—Mesarch position of
lem.—After WOKSDELL (36).

It is important to understand what is meant by the transition from
the concentric to the collateral bundle, and from the mesarch to the
endarch condition of the xylem. Starting with a siphonostele made
up of mesarch concentric bundles, which are thus of distinctly fern
type, it is supposed that there
has been a gradual reduction
of the inner tissues. When the
whole of the internal phloem
has disappeared, the concentric
bundle has become collateral,
but it is still mesarch'. Later,
when the whole of the centrip-
etal metaxylem has disap-
peared, the mesarch xylem has

become endarch. In some cases
I-u;. 0.—Lrularch position of protoxy-

there may be internal secondary lem_After WORSDELL (36).
wood, and that disappears after
the internal phloem and before the centripetal metaxylem. When the
endarch collateral condition is reached, the vascular cylinder is dis-
tinctly of the gymnosperm type. Therefore, when mesarch xylem is
found among gymnosperms, it is regarded as a primitive feature; but
not so primitive as would be the occurrence of concentric bundles.

:
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Students should be warned that it is not always easy to distinguish

metaxylem elements* especially in very young tissue and in the foliar

extremities of bundles.

VASCULAR ANATOMY OF CYCADOFILICALES

The anatomical peculiarity of this group is that it displays the

vascular types described above as characterizing the ordinary ferns.

and in each case adds to them the formation of secondary wood. The

best known of these stems u ill be considered briefly.

f!er

FIG. 10.—Hetcrangium Grievii: transverse section of stem; x, central mass of

primary wood; ar'. secondary wood beginning to form; next the phloem ami pericyrle;

ic, inner cortex (x in this zone is a sclerotic group); //, leaf traces; r, base of an adven-

titious root; oc, outer cortex, present only in places; pet, base of petiole; Xabout 5.—

After SCOTT (87).

HETERANGIUM.—The stems referred to this genus occur from the
base of the Carboniferous into the Permian, one of the oldest and
best investigated species being H. Grievii (18). The slender stems,
not over 1.5 cm. in diameter, are ribbed by the decurrent bases of
petioles. The vascular axis is a protostele (fig. 10), very similar to
that of Gleickenia pubescens (fig. 2), the single vascular cylinder being
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solid and concentric. Near the periphery of the included xylem there

occur small strands of protoxylem, which determine the mesarch

character of the bundle. Thus far, the structure is distinctly fernlike;

but in addition there is a narrow zone of secondary wood about the

primary xylem cylinder. The elements of this secondary wood are ra-

dially arranged, with numerous (multiseriate) bordered pits, and the

zone is traversed by pith rays. The large leaf traces are collateral at

their junction with the vascular cylinder, but they become concentric

before entering the petiole. Although the leaf trace is single in H.

Grievii, in other species of the genus it becomes double.

LYGINODENDRON.1— One of the most common stems preserved

in the British Coal-measures is Lyginodendron Oldhamium, fully

described by WILLIAMSON and SCOTT (18), and possibly including

a group of species. The stems are long, slender (3 mm. to 4 cm. in

diameter), and branching. The vascular axis is a siphonostele,

without internal phloem (fig. 11), as in Osmunda (fig. 4), the cylinder

inclosing a large pith. A variable number (5-9) of isolated primary

xylem strands occur next to the pith, being distinctly mesarch, with

the larger part of the metaxylem centripetal (fig. 12). While most of

the tracheids of the metaxylem have bordered pits, those next to

the spiral elements are usually scalariform (87). The main part of

the vascular cylinder, however, consists of a broad zone of secondary

wood, whose tracheids, with multiseriate bordered pits, occur in regular

radial arrangement, and which is traversed by pith rays. Very

evident gaps in the vascular cylinder are associated with the leaf

traces, so that the siphonostele is phyllosiphonic and is thus definitely

related to the siphonostele of Filicales. The leaf traces near the cen-

tral cylinder are single and collateral, but soonthey fork and gradually

become concentric, so that in the petiole (once called Rachiopteris

aspera) a pair of concentric bundles occurs. The association of col-

lateral bundles in the stem with concentric bundles in the leaves is

a distinct Osmunda character, and is met also among the cycads.

Occasionally in L. Oldhamium there is a development of vascular

bundles with reversed orientation (xylem next to that of the primary

bundle) in the pith. Outside the cambium there is also evident a

zone of phloem, broken up by the pith rays (fig. 13).

1 The generic name sometimes used is Lyginopteris Potonic.
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The roots of L. Ohihamium, long known as Kaloxylon Sookeri,

have been preserved so perfectly that their structure has been deter-

Vic. tJ.—Lygitl&Uttdfon OldJutmium: the large pith contains numerous dark
masses of sclerotic cells; bordering uj>on the pith at various places may be seen the
primary wood (p), comparatively scanty in amount; next is the secondary wood (s),

constituting almost the entire mass of the woody cylinder; a narrow zone of phloem
surrounds the secondary wood, and just outside the phloem, in the inner cortex ft),

are the leaf traces (t); ni/xt is the outer cortex (<>), with numerous radially arranged
bands of srleren'hyma; X3.—From photograph by KlDSTON.

mined with great completeness. There are usually three to eight
alternating xylem and phloem strands, and in the larger roots there
is distinct secondary growth, every stage in its development having
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been observed. SCOTT (24) remarks that "it is certainly a fact of
great interest that the roots of our fossil, which in their primary
condition much resemble those of marattiaceous ferns, or of 11 dm in-

thostachys among Ophioglossaceae, should exhibit a mode of second-
ary tissue-formation absolutely indistinguishable from that of typical
dicotyledons or gymnosperms." At that time it was not realized
that L. Qldhinnium was a gymnosperm. There are cases in which

I-'IG. 12.—Lyginodendron Oldhantium: part of transverse section of stem showing
a jiriniary xylem strand and adjacent tissues; px, proioxylem; xt centripetal primary
wood; x', centrifugal primary wood; *•, secondary wood; r, medullary rays; p, pith;
J.T, secretory sac; Xioo.— After WILLIAMSON and SCOTT (18).

the growing point has been preserved so perfectly that it is evident
there was no such definite apical cell (87) as characterizes most fern
roots.

MEGALOXYLON. —This stem genus occurs in the British Lower
Coal-measures, and has been described by SEWAKD (21). The
vascular cylinder only is preserved, being 4 to 5 cm. in diameter, and
is a protostele, as in Heterangium; but the secondary wood is more
abundant and resembles that of Lyginodendron. The most interest-
ing feature, however, is the exarch structure of the primary wood,
in contrast with the mesarch structure of both Heterangium and
Lyginodendron. The exarch structure occurs in some ferns, as in
Lygodium, and SfWASD remarks that " in anatomical characters the
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two genera Lyginodendron and Hclerangium approach most nearly
to the Osmundaceae and Gleicheniaceae respectively; in Megalo-

xylon, on the other hand, the structure of the primary xylem affords
evidence that the Lygodium type of stem was also represented in the
cycad-fern alliance which played so prominent a part in paleozoic
vegetation," Another characteristic feature of Megaloxylon is the
structure of the metaxylem, which is usually made up of very short
tracheids, often broader than long, interspersed with parenchyma,

a structure suggesting
a storage rather than
a conducting region.
This feature is shared
by the Permian Za-

lesskya, which has been
shown to be a primi-
tive member of the
Osmundaceae (87).

CYCADOXYLON.—

The stems of this
genus have been re-
ported from the Lower
Coal-measures and
from the Permian, and

7.

Fie. 13.—Lyginodendrott Oldhamivm: part of
transverse seclion of outer portion of stele; x1, second-
ary wood; r, medullary rays; cb, cambium; ph,

primary phloem; pk*, secondary phloem; ss, secretary
sac; pd, pericjerm; X 52.—After WILLIAMSON and
SCOTT (18}.

it is evident that the
type was an important
one during the Paleo-
zoic. Some of the
preserved vascular cyl-

inders are large enough (14 cm. in diameter) to suggest stems as
large as those of small trees. The anatomy resembles that of
Lyginodendron. in fact one of the species was described as L.

robustum. There is the same siphonostele, with abundant second-
ary wood traversed by broad pith rays and containing elements
of the same character. Two differences, however, are notable.
One is the endarch character of the primary vascular strands.
This character is not clear in all the forms, and in some a small
amount of centripetal xylem is claimed; but in any event, the
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group as a whole shows the complete or nearly complete elimina-
tion of centripetal xylem in the primary strands. The other notable
difference is the development of regular zones of secondary xylem
between the primary cylinder and the pith (fig. 14). These cenlripe-
tally developed zones have reversed orientation, and two or more
successive ones may appear. It will be recalled that this feature of

FIG. i^.—Cycadoxylon rohuslum: jmrl of transverse section of stek showing

inner portion of normal wood, with two anomalous zones of wood and bast; *•, nor-

mal secondary wood; x3, ph3t first inverted band of xylem and phloem: X*, pk+,

secondhand; p, pith; Xia.—After Scon (87),

Cycadoxylon appears in certain specimens of Lyginodendron (>ld-

hamium, the two genera evidently being closely related.

MEDULLOSA.—The stems of this important type are found through-
out the Carboniferous and Permian deposits, culminating in the
latter and then disappearing, and it seems to have been one of the
most abundant of the Cycadofilicales. Some of the species were
large trees of fernlike habit, and others had long slender stems. In
every case the stems were clothed by the sheathing bases of leaves.
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The oldest known species of Mcdullosa, and the simplest in its
stem structure, is M. anglica, from the Lower Coal-measures of
England, and described in detail by SCOTT (22). The stems
average 7 to 8 cm. in diameter, and are distinctly polystelic
(fig. 15), resembling Ptcris (fig. 5) in this regard. The vascu-
lar ^bundles are usually three in number and are concentric, each
one of tin1 w km strands being surrounded by a zone of secondary
wood. This combination of polystely and secondary wood is the
chief anatomical feature of the group, and is said to distinguish it
from all living plants. The secondary xylcm elements resemble

ab oc

FIG. i$,—Mtduilosa nu^uu: transv :ion of stem showing three large k-af
!>i, b, c); ab, be, position of next leaf bases above; si, the thrcr steles; //, leaf

tracts; an, accessory rings at wood and bast; pd, periderm, forming a ring around
IL-II-S; r, adventitious root; oc, hypodennis; sclerem -hymn band between IC;L(

|p;i>r and M>-m\ slightly rtduced.—After SCOTT (aa).

those of H'I'terangium and l.yginodendron, being radially arranged
tracheids with bordered pits on the radial walls. In fact, each one
of the several steles of Mcdullvsa so closely resembles the single one
of Heterangium, that the Medidlosa type is believed by some (36, 72)
to have been derived directly from the Heterangium type; and to
have given rise in turn to the Lyginodendron type by the organization
of the polystele into a compact cylinder (siphonostele), accompanied
by the degeneration of the internal vascular tissues. The opposing
view claims that the polystelic condition of MahtUosa is derived from
the siphonostelic, as in ferns (Pteris, 31); and that the Medullosa

type is to be regarded as a modification of the Lyginodendron type,
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rather than intermediate between the Heterangmm and Lyginodrn-

dron types. The polystely of Medtdhsa, however, is said (87) to
differ from that of ihe ferns (such as Pteris), in that apparently it
holds no relation to the presence of leaf gaps. The absence of leaf
gaps in MrthtUosa and its allies has suggested that polystely arose
within the family, quite independent of polystely among ferns. Occa-
sionally vascular strands appear also in the cortex, as among tin-
cycads.

The leaf trace of McduUosa is at first concentric and with secondary
wood; but later the secondary tissue disappears, the bundle branches
repeatedly, and ihe branches become collateral and exarch. According
to JSCOTT (24), "each leaf stalk n
ceived a large number of vascular
bundles, as many as 70 to 80 in all,
derived from the repeated ramifi-
cation of several of the principal
If; if traces. The supply of
bundles did not all enter the leaf
base from the stem at the same
level; they passed in successively
in groups corresponding to the
\arious principal leaf traces from
which they were derived."

The later species of Mvdulhsa,

so far as their structure is known,
are more complex anatomically than M. anglua, the vascular bundles
being more numerous, and differentiated into an inner group of
smaller bundles and a more or less complete peripheral zone of larger
ones (fig. 16). All the bundles have the same general structun
those of M. anglica. In the older stems of certain forms, however,
there is an excessive development of secondary wood on the outer side
til" the peripheral bundles, so that a section of the stem shows a broad
zone of secondary wood surrounding the relatively inconspicuous
inner region.

In a specimen of M. Sidlata gigantea, whose vascular region is
over 45 cm. in diameter, in addition to the large mass of secondary
wood developed on the outer side of the peripheral bundles, thnv

1' • \i tduUosa Solmsii: 1N

transverse section of side; si, '

rin^s"; phi, outer zone <>f bundles; fli,

inner zone of bundles; a and b, bundles
which have branched ofl from the Inner
zone; Xa.—After Wi.m-.k and STEKZEL

(17) in FOTONI£ (20).
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are three concentric cortical layers of wood, a succession of cortical

cambiums appearing, similar to that found in certain genera of living

cycads. In this form numerous bundles also occur in the pith, which

is another feature of some of the modern cycads.

CLADOXYLON and COLPOXYLON are other stem genera with poly-

stelic structure as in Medullosa. In the former genus, a devonian

form, the vascular structure is complex, the steles often being elon-

gated and curved in section, and sometimes fusing, but each stele

has its own zone of secondary wood, in which the tracheids are scalari-

form. The latter genus is permian, and is interesting in that the

stems are protostelic below and polystelic above.

Recently SCOTT (68) has described a SUTCLIFFIA (S. insignis) from

the Lower Coal-measures, which he regards as " a new type of Medul-

loseae." If so, it is like a Medullosa reduced to the Heterangium

condition, for it is protostelic and there is only a slight amount of

secondary thickening, but from this main axial stele secondary steles

become detached at intervals. Moreover, the xylem is exarch, as

contrasted with the mesarch condition in Medullosa. However, the

leaf traces are numerous, complexly branching, and anastomosing.

Such a complex leaf structure connected with a protostelic stem

cylinder is said to be a unique combination, and suggests a reduction

of the central cylinder. The Medullosa connection is still further

suggested by the mucilage canals and reticulate peripheral bands of

sclerenchyma.

CALAMOPITYS is a stem genus of the Devonian and Lower Carbon-

iferous that is very suggestive of Lyginodendron, with small pith, few

and comparatively large mesarch primary bundles, a thick zone of

secondary wood, and a leaf trace that forks on leaving the cylinder.

The leaf traces are quite distinct, however, in being concentric in

the cortex and in dividing on entering the leaf, so that the petiole

contains several bundles.

PROTOPITYS is a remarkable isolated form of the Devonian and

Lower Carboniferous with an abundant development of secondary

wood. The large pith (elliptical in section) is surrounded by a con-

tinuous zone of primary wood, of unequal thickness but not broken

into bundles.

The preceding stem genera are not all known with certainty to
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belong to Cycadofilicales, but they include forms known to be such

(Lyginodendron, Heterangium, Medullosa); others almost certainly

such because of their evident relationships (Colpoxylon, Sutcliffia,

Megaloxylon, Calatnopitys, Cycadoxylon); and others possibly such

because they are Cycadofilices. Each of the genera cited represents

a stem family of the same name, except that Heterangium is included

in the Lyginodendrineae (Lyginodendreae), and Colpoxylon and

Sutcliffia in the Medullosineae (Medulloseae). Cycadofilicales are

known to extend beyond the range of these stem genera, for seed-

bearing fronds have been discovered the structure of whose stems is

unknown. The stems already described, however, show a wide

anatomical range for the group, being protostelic {Heterangium and

Sutcliffia)) siphonostelic (Lyginodendron, Megaloxylony Cycadoxylon,

etc.), and polystelic (Medullosa, Cladoxylon, Colpoxylon, etc.); while

the xylem of the stem ranges from exarch (Sutcliffia), through mcsarch

(the general condition), to endarch (Cycadoxylon). The leaf traces

also range from the usual simple forking to a profuse branching and

anastomosing. So far as vascular anatomy is concerned, therefore,

the Cycadofilicales exhibit as wide a variation and the same kind of

variation as do the existing ferns, and they add to these characteristics

those of existing gymnosperms.

THE LEAF OF CYCADOFILICALES

To distinguish the leaves of Cycadofilicales among the innumerable

paleozoic "fronds" that have been preserved is at present impossible.

It has been suggested (60) that the prevailing dichotomy of paleozoic

fronds may be indicative of Cycadofilicales rather than of ferns, but

such a character cannot be used with any definiteness. In fact,

SCOTT has said recently (82) that from the frond alone it cannot be

told whether a paleozoic plant is a fern or one of the Cycadofilicales.

The best that can be done is to select those leaves whose connection

with stems or with seeds testifies to their nature. In this way most of

the large frond genera have contributed representatives to the Cycado-

filicales, but it may be that some of their other members are ferns.

At least, so artificial an assemblage as a large frond genus would

suggest such a possibility. The certain or probable cases of leaves

belonging to the Cycadofilicales are as follows:



22 MORPHOLOGY OF GYMNOSPEKMS

The foliage of Hclcrangium and of Lygfoiodendron has been shown

to be of the Sphenopteris type, one of the great and heterogeneous

FIG. 17.—Spkenopleris elegant (probably foliage of Helerangium Grievii): part of
frond; X§.—After STUR (7).

frond genera of the Paleozoic, in general habit like Asplenium (82).

The foliage of Heterangium Grievii is probably Sphenoplrris degans,

the leaf being large and stalked, several times pinnately compound,

and with numerous small leaflets (fig. 17). SCOTT (24) describes
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H. Grievii as "a fernlike plant, with a long, upright or perhaps

trailing, ribbed stem, bearing large and graceful, finely divided fronds,

much resembling those of some recent Aspleniutn." The foliage of

Lyginodendron Oldhamium is Sphenopteris Honinghausii, the leaves

being very large and pinnately dissected. The leaflets are described

(86) as fleshy and incurved, with often dilated vascular endings as

though connected with glands, and suggesting plants of the salt water

swamps of today. SCOTT (24) thinks that it was probably "a climbing

plant of the scrambler type, a suggestipn which is confirmed by the

presence of spines on the stem, and on all parts of the compound

leaves."1 To this Sphenopteris type of foliage have been referred

numerous sporangia, both those supposed to be of ferns and those of

Cycadofilicales. It has been suggested (82) that the species with

forked rachis are probably Cycadofilicales, and that some of the

others are probably ferns.

No leaves have been definitely associated with the stem genus

Cycadoxylon, but the associated occurrence of distinctly cycadean

leaves, resembling those of Dioon and of Zamia, suggests the pos-

sibility that the foliage was of that type.

Among the leaves referred to Medullosa and its associates, the most

abundant and conspicuous are those described under the great frond

genera Neuropteris (fig. 18) and Alethopteris (A. lonchitica is probably

the leaf of M. anglica), all of whose species probably belong to Cycado-

filicales (82). These frond genera, along with Odontopteris and

Dictyopteris, are often grouped as the frond family Neuropterideae,

and are thought to be generally seed-bearing. The leaves are very

arge, several times pinnate, and with ovate or oblong leaflets. Their

petioles, often of great length and repeatedly branching, have been

described under the form genus Myeloxylon, the structure being very

much like that found in cycads.

One of the largest of the frond genera, including many of the

most striking of the carboniferous "fronds," is Pecopteris. Through

the researches of GRAND 'EURY (52) it is known that one of the species

(P. Pluckenetii) is seed-bearing; and the sporangia (as Daclylotheca,

for example) borne by other species are probably the microsporangia

1 As many tree ferns are very spiny, the presence of spines in Lyginodendron cannot

be u.'>ed as evidence of a climbing habit.
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of Cycadofilicales. SCOTT (87) concludes that "on present evidence
there is every reason to believe that a large proportion of the fern like
paleozoic plants with pecopterid foliage will find their place, like
P. Phukenetii, among seed-bearing plants." There is also good
evidence that other species represent the foliage of carboniferous
tree ferns, though of course different from our Cyatheaceae; the spo-'
rangia of other species suggest the Marattiaceae; and still different

Yu:. 18,—Naaropteris heterophylla:

by KIDSTON

]>:irt of frond; slightly enlarged.—From

characters of other species join with all the preceding to indicate that
Pecopteris is a most heterogeneous assemblage of foliage.

Alternates (or Adiantites) is a frond genus characteristic of the
Lower Coal-measures (Devonian to Middle Coal-measures), whose
leaflets resemble those of Adiantum. It has not been found attached
to a stem, and there is no knowledge of its vascular anatomy; hence
the leaves continued to be regarded as those of ferns until WHITE

(49) discovered specimens bearing seeds.

Kven the devonian genus Archaeopteris (or Palaeopteru), once
referred by some to Hymenophyllaceae and by others to Marattiaceae,
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is now thought by KIDSTON (64) to belong most probably to the
Cycadofilicales.

From the above statement it is evident that all of the so-called
"fern fronds" of the Paleozoic may well be "under suspicion." At
the same time, the actual proof of their connection with Cycadofili-
cales applies to so few species that it is very unsafe to assume that
there is no residuum of ferns among them.

2. The spore-producing members

THE MICROSPORANGIUM

The microsporangia of Cycadofilicales were naturally regarded
at first as the sporangia of ferns, and it was not until 1905 that a
definite connection with one of the Cycadofilicales was announced
(54). The microsporangia were those of Lyginodendron Oldhamium,

thus completing in a remarkable way our knowledge of that form.
The original announcement ("54) by KIDSTON was followed later
(64) by his full description and discussion.

The stamen referred to proved to belong to ZEILLER'S form genus
Crossotheca, to which "fructifications" of a certain type have been
referred, and constituted a new form species (C Honinghausii).

The sporangium-bearing frond is dimorphic, but the fertile pinnules
are associated in the same frond with the sterile ones. To apply the
terms microsporophyll and stamen to this situation may be confusing
without an explanation. The whole frond is not strictly a micro-
sporophyll, and therefore not a stamen, but it well represents a frond
on its way to becoming a microsporophyll. In fact, only certain
pinnules bear microsporangia, and for convenience these fertile pin-
nules may be spoken of as microsporophylls or stamens. Each of
these primitive stamens (pinnules) has a very stout pedicel, which
is bent at its union with the oval blade, on the under surface of which
six or seven bilocular sporangia are developed (fig. 19). The spo-
rangia are fusiform and pointed (about 3 mm. long and 1.5 mm. in
maximum breadth), and apparently entirely free from one another.
The long axis of the sporangium is attached to the surface of the blade,
presumably in connection with a veinlet, and at the margin of the
blade the free tip is bent downward. When young, the free ends
bend inward, and the group of sporangia resembles a hemispherical
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radiate sorus (fig, 20). At maturity, the tips spread apart, forming
a hanging fringe from the under surface of the blade, which then
"resembles an epaulet" (tig. 21). In transverse section each spo-
rangium is seen to be composed of two loculi, circular in section and
separated by a thin partition. The accompanying diagrams (figs. 22

FIG. H). —Crossotheca Sdninghausii: jmrtion of frond with several "stamens,

(64).

and 23) show longitudinal and transverse sections of this stamen.
Dehiscence takes place by a longitudinal slit along the adaxial face,
the spores of both loculi thus being liberated simultaneously. The
microsporcs are 50 to 75 ft in diameter, having a surface rough with
blunt points.

The discovery described above raised the question whether all
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the species of Crossotheca are stamens of Cycadofilicales. Recently
Miss BENSON has announced (83) the discovery of a new species of
Crossotiwca (C. Grievti), which is described as the stamen of Heter

angium GrieviL There are now recognized, therefore, nine species,
and all of them have the general "epaulet" character described for
C. Hdninghausii. They differ only in such details as the form of
the sporangium-bearing blade (oval, cordate, or lobed), and in the
number and form of the sporangia. So similar are these species that
it seems safe to infer that they are all
stamens of Cycadofilicales. The foliage
of all of them is known, except that of
C. Hughesiana, and includes species
of Pecopteris (as P. exigua) as well as
of Sphenopteris (Lygmodatdron).

In 1887 KIDSTON (u ) described
fronds of Neuropteris hekrophylia

(Medullosa) in which both the pinnae
and axis end in slender, naked, dichoto-
mously divided branchlets, each ulti- "^B ^
mate division terminated by a four ^ ^ ^ ^ H ^ ^ ^
valved body. At the time these Fw. so. Crossaihtca Hdtdng-

bodies were regarded simply as the * " " * i*irliim ()f fn'n<l w i l h s ix

,, r ... .. u r r c-' ,u young stamens; X2.5.—From

"fruct.iications" of a fern. Since the -pllllll,,ra|lh tiv KlDSTON (
5
64)

seeds of this species have now been
discovered, it is apparent that these bodies must represent its raicro-
sporangiate structures. "Fructifications" of this kind, terminal
on naked, ultimate branchlets of a more or less modi tied frond,
with valves more or less united at base, have been referred to the
form genus Calymmatotheca. At least some of them are sporangia
more or less united below and free above, and in some cases the
dehiscence (internal) and the spores have been found. Of course
such a structure is a synangium,1 but its terminal relation to
ultimate branches of the frond is quite different from that of the
synangia of existing Marattiaceae. There is danger of confus ng
these structures with the cupule-like investment of such seeds as

1 This term is used with no implication of an opinion as to the nature

the structure.
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Lagenostoma {Lyginodendron), and perhaps they may be spoken of
as the "cupule" style of stamen, in contrast with the "epaulet" style
of Crossotheca. In fact, it is altogether probable that Calymmato-

theca Stangeti (STUB in 1877), a stellate, six-rayed structure, repre-
sents the cupule-like investment of a seed that had dropped. On
he other hand, ARIJKR (77) described from the coal fields of Germany

^-rr~*-!">*^ what he regarded as a remarkably
small seed {Carpolithus Nathorstii)

occurring on the frond of a Sphenop-

ieris; later NATHORST (81) nvesti-
gated its structure, and found it to
be not a seed, but a microsporan-
giate structure. Miss BENSON ,(41)
has described a genus (Telangium)

of this Calymmatolheca type, to
include certain digitate clusters of
ilu: Paleozoic, which she referred,
from indirect evidence, to Lygino-

dendron Oldhamium; but since the
stamen of that form has now been
determined by direct evidence,
Telangium remains to be connected,
possibly with some other form in-
cluded under the same name.
Telangium was described as term nal

hausH: portion of adcrosparopfayll with on ult imate branches of the leaf,
maturemicroapOTaagia; X3.5.—From but ScOTT (87) has concluded that
photograph by KIDKOK (64). ^ s y n a n K i a | , , r o u p o f ]on% a n d

pointed sporangia was "seated on a flat disk or lamina, quite com-
parable to the fertile pinnule of Crossolheca. SELLARBS (40, 74), also,
has described a spore-bearing structure (Codonotheca) from the Coal-
measures of Illinois, which is a cup-shaped body composed of six
bladelike valves united below and free above, and bearing spores liber-
ated on the inside (fig. 24). The association of these structures with
the remains of Neuropieris suggests that they arc stamens belonging
to some species of that frond genus. The stamens of Aneimiies are
unknown, but intimately associated with the seed-bearing fronds there

Fli;. ; j . - Crossuthrca
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occur structures of the Calymmatotheca type. It must be confessed
that while the Crossolheca or "epaulet" type of stamen is distinct

22 23

REGS. 22, 23,—Ctossotheca Tloninghavsii: fig. 22, diagrammatic longitudinal
section of stamen; fi^. 23, diagrammatic transverse section of stamen; /, limb; $, spo-
rangia; »i, rotk matrix.—After KIDSTON (64).

enough, the so-called Calymmatotheca or "cupule" type is in con-
fusion, and so far as it represents microsporangiate structures at all,
they may be referred ultimately to Crossolheca or to
ordinary marattiaceous synangia, like those of
Kauljussia,

.Although actual organic connection of stamens
with plants known to be seed-bearing has been
discovered as yet in only two or three forms, it
is evident that a much wider range of forms is
indicated. All structures of the Crossolheca type
may fairly be considered probable stamens of
Cycadofilicales, and some of the Calymmatotheca

structures, so far as they are distinct from large
marattiaceous synangia, are doubtless such also.
It must be noted, however, that the frond genera
and the sporangium genera cross one another's
boundaries. For example, Crossolheca occurs on
both Sphenopteris and Pecopteris; while Calym-

matotheca (or its equivalents) occurs on Neurop-

teris, Sphenopteris, and probably Aneimites. The dimorphic charac-
ter of the fronds is quite marked in all these cases, and it sug-
gests the question whether other dimorphic fronds, bearing sporangia
of a different type, may not belong to Cycadofilicales. Furthermore,
the great frond genus Pecopteris, one of whose species, at least, is
known to belong to the Cycadofilicales, possesses all the types of spo-

Fic. 24.—Codo-

noliteca; X 2.—After
Shi I \RDS (40).
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rangia once supposed to belong to the paleozoic Marattiaceae. This

throws suspicion on all sporangia of paleozoic "fronds."

It is to be expected that among the Cycadofilicales there will be

found microsporangiate structures indistinguishable from the spo-

rangia of paleozoic ferns. This statement is emphasized by the fact

that even the stamens of the mesozoic Bennettitales bear synangia

closely resembling those of existing Marattiaceae. It would be useless

to consider here the numerous fructifications," mostly those of

Pecopteris, which may or may not prove to be microsporangia; this

has been done recently by SCOTT (82). It is well to note, however,

that there is every gradation from naked branches bearing abundant

free sporangia (as Urnatopteris, whose sporangia have apical pores,

and which is strongly suspected of belonging to the Cycadofilicales),

to free and often solitary (Dactylotheca, also probably one of the Cyc-

adofilicales) sporangia on ord'nary leaves, and finally to synangia of

various kinds (the radiate or Kauljussia type prevailing). In Pecop-

teris Pluckenetii, whose seeds have been found, GRAND 'EURY reports

(62) "stellate groups" of sporangia on the margins of pinnules, a

description applicable to the sori or incomplete synangia of marat-

tiaceous ferns.

The danger of too hasty reference of sporangia to Cycadofilicales

is illustrated by Stauropteris Oldhamia, investigated by SCOTT (57).

Its very slender and numerous ultimate branchlets occurred " in dense

faggot-like groups," and bore terminal sporangia. The fact that the

ovules of Cycadofilicales are also often terminal on ultimate branch-

lets, and that some of the Cordaitales bear microsporangia in the

same way, made it tempting to infer that Stauropteris belonged to

the Cycadofilicales. Later, however, SCOTT (70) was fortunate

enough to secure preparations of the sporangia of Stauropteris con-

taining germinating spores, which showed distinctly their fernlike

character. The great interest of Stauropteris in connection with

Cycadofilicales, therefore, is to show that the terminal position of

sporangia on ultimate branchlets occurred among ferns.

In any event, it is evident that the synangial microsporangia of

Cycadofilicales and the synangia of marattiaceous ferns were so much

alike as to imply common origin (74).
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FIG. 25.-—Lagenaatomis Lemaxii

(restored): the seed is surrounded
by a glandular cupule.- Vfte

it and SCOTT (48).

THE MEGASPORANGIUM

Numerous detached paleozoic seeds have been discovered, but
it must be remembered that they include the seeds of both Cordaitales
and Cycadofilicales. The seeds defi-
nitely connected with Cycadofilicales
are comparatively very few, but the
structure of at least two of them is
known with remarkable completeness.

LAGENOSTOMA.—In 1903 OLIVER

and SCOTT (39) announced that a
species of this seed genus is the seed
of Lyginodendron Oldhawiiwt, and in
the following year the full account
appeared (48). The seed species was
a new one, and was described as Lage-

nostoma Lomaxii (fig. 25). The seeds
were not found in actual organic con-

nection with the foliage (Sphenopieris)

of Lyginodendron, but the numerous and
peculiar capitate glands borne on the
cupule correspond in every detail to those
on the vegetative organs of the associated
Lyginodendron, and represent a character
not possessed by any other associated
plant There seemed to be no doubt
that the reference of the seed to Lygino

dendron was fully justified, a conclusion
further confirmed by a comparison of
the anatomical details. Another Sp
of Lagenostoma (L. ovoides) was known;
and later ARBER (51) described L. Kids-

Ion ii and L. Sinclair ii from casts, but
important in that the seeds were con-
nected with branching axes that repn
naked branches of a frond (fig. 26). It is

evident, therefore, that the leaves of Lyginodendron were dimorphic,
one form being the familiar sterile foliage of the Sphenopieris type.

FIG. 26.—Lagenostoma Sin-

cluirii: two seeds on branches
of ihc rachis, each seed sur-
rounded by a cupule.—Afler
ARBER (51).
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the other a form reduced wholly or partly to naked branches,
ultimate branchleta bore terminal seeds of the Lagenostoma type.
There was no more organization of a strobilus than in existing ferns
with dimorphic leaves. Additional species have been described
also by ORAND EURY (53), who found in the Lower Coal-measures
a very large number of small Lagenostoma-\\V.c seeds associated with
species of Sphntopteris under conditions that seem to make it certain
that they belonged together.

l ie . 27.—Lagtnosioma Lomaxii: longitudinal section through apex of seed; o,

opening at tojj of pollea chamber; •/, integument; », central core of noceUm; »r',
octet har<l layer oi nucellus; p, pollen chamber; .(,'. pollen grains; «", pari of mxcelhis
supporting the pollen chamber; m, megggpore Rtanabwne; Xabout 50.—After OLIVER

and SCOTT (48).

The structure of Lagenostoma LontaxH lias been described in full
by OLIVER and SCOTT (39, 48). The seeds occur in the Lower
Coal-measures, and each one is invested by a lobed cupule "springing
from the pedicel just below the base of the seed and extending above
the micropyle, at least in young specimens. The cupule appears
to have been ribbed below and deeply lobed above, and in form it
may bq roughly compared to the husk of a hazelnut, of course on a
very small scale" (fig. 25). The integument, which is free only in
the region of the pollen chamber, is a remarkably complex structure.
A transverse section shows an outer heavy zone, and an inner one
consisting of several chambers (usually nine) filled with parenchyma,
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each chamber being traversed longitudinally by a single vascular
strand, the strands being connected with the main bundle that enters
the chalaza. The pollen chamber is peculiar in that it is not the usual
open cavity in the beak of the nucelius, but is a cylindrical (bell-
shaped) crevice between the epidermis of the free tip of the nucelius
and its central core of tissue (fig. 27). The archegonia probably
occurred in a ring be-
neath this crevice. Our
p r e p a r a t i o n s of L.

ovoides from LOMAX show
the method of formation
of this peculiar pollen
chamber (figs. 28 and
29). The free beak of
the nucelius is covered
by an epidermal layer
whose cells have thick,
resistant walls. Within
this layer, near the base
of the beak, the thin-
walled tissue begins to
break down; and this
breaking down extends
upward beneath the epi-
dermis to the apex of the

FIG. 28.—Lagtnostoma ovoides: longitudinal
section of a seed; Xiz.—From photomicrograph
by LAND.

beak, resulting in the
characteristic crevice-like
pollen chamber surround-
ing a central core of tissue. A diagrammatic longitudinal section of
the seed is shown in fig. 30; and diagrammatic transverse sections at
various levels through the pollen chamber, in figs. 31-34. The contrast
of this Lagenostoma method of pollen chamber-formation with the ordi-
nary method, such as occurs in the Stephanospennurn type of seeds (see
below), in the cycads, etc., is striking. In the latter case the pollen
chamber begins to develop at the tip of the nucelius and is central;
while in La-genosioma it begins to develop at the base of the nucellar
beak and is peripheral. It must be understood, therefore, that the
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"nucellar beak," which is said to "arise from the floor of the pollen
chamber," is in reality a core of tissue left intact in the formation of
the pollen chamber. An important feature to note in the seeds of
this group is that the open tube of the pollen chamber projects a
little through the micropyle, so that the passage for the entrance of
the pollen grains is nut furnished by the micropyle, but by tin: pro
truding nucellar beak (86, 87).

• • / / /

I to -•" —Lagenostoma avoided: longitudinal section through apex of seed shown

in fig. aS, illustrating an early stage in tht- formal ion of thy pollen chamber; K, central

portion of nuct-llus which becomes the core .shown in fig. 27; «', outer hard pan <>f

nucellus; p, beginning of j>ollen chamber; m, megasporc membrane; V, integument;

X36.

The impression described as Lagenostoma Sindairii (51) shows
the same type of seal dig. 26), so far as external characters are con-
cerned, and furthermore it shows its connection with foliage of the
Sphcnopieris type.

It is evident that in comparing these seeds with those of living
gymnosperms they must be regarded as resembling those of cycads,
with decided peculiarities of their own. It is still further evident
that such seeds are very far from being primitive in structure, and
are no more suggestive of the origin of seeds in general than are the
seeds of existing seed plants,

PIIYSOSTOMA.—Recently OLIVER (85) has restored this genus,
described first by WILLIAMSON (2), but later referred by him (3) to
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his new genus Lagetwstoma as L. physoides. This species < >LIVER

restores as Physosloma elegans, and associates with it AxBE&'S

Lagcnostoma Kidstonii (51). P. elegans is also the Sporocarpon

onnitum of WILLIAMSON (4, 8), as well as his S. anomalum (8,19).
It is thought to belong to some one of the Lyginodendrineae (Lygino-
dendreae) not yet distinguished.

c AP"'J&

H

FlGS. 30-34!.—Lagenostoma Lomaxii: fig- 30, diagrammatic longitudinal section
of ovutc with its investing cupule; figs. 31-34, transverse section at the levels A, B,

C, D, respectively; w, central jjciriimi i>f the nurdlus. and n' the outer hardened
portion, with the jwllen chamber (p) between; ;', integument; c, cupule; b, vascular
I Hit idles,—After OUVKR

1

The seed is small and oval (5.5 to 6 mm. by 2 mm.) with a nar-
rowed base, usually ten-ribbed, and circular in section. There is
no trace of a cupular sheath as in Lagcnostoma. A very remarkable
feature, however, is that the integument, free only in the region of
the pollen chamber, is broken up into ten "tentacles," the direct
prolongations of the ten ribs (figs. 35-39). Ribs and tentacles arc
covered by long, club-shaped hairs. These tentacles of Physosto
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seem to be the units that make up the chambered integument

("canopy") of Lagenostoma, and this has suggested to OLIVER the

multiple£origin of the integument. No stony layer is developed by

the testa, and the distribution of the vascular strands is practically

as in Lagcnvstotna, a single strand ascending deep in each rib and

FIGS. 35-3Q.—Physostoma dsgtmt: fig. 35, diagrammatic median longitudina
section; figs. 36-39, transverse sections at the levels A, B, C, D, respectively; i, vas-
cular bundles; /, "tapetum."—After OLIVER (85).

passing on into the corresponding tentacle. The pollen chamber
consists of the same circular crevice as in Lagenostoma, but the embryo
sac develops into the nucellar projection (fig. 35), so that the pollen
chamber really invests the upper end of the sac ('Mike the incurved
bottom of a wine bottle"). The peripheral region of the nucellus,
from the chalaxa to the top of the embryo sac, is occupied by a remark-
able "secretory zone," made up of thin, oblong, tabular cells, and
representing what OLIVER regards as the retention of a feature present
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in the vegetative organs. Between the secretory zone and the embryo
sac, and entering into the cap of the sac within the pollen chamber,
is a region of six or more radially compressed layers of cells, which
is regarded as a "tapetum," but which may be only the region of the
nucellus compressed by the enlarging embryo sac.

T H E LAGENOSTOMA GROUP.—Associated with Lagenostoma and
Physostoma there is the seed genus Conostoma (3), and also the recently
announced genus Sphaerostoma (83), based upon WILLIAMSON'S

Conostoma ovale and the oldest paleozoic ovule known structurally.
These four genera form what may be regarded as a natural group,
belonging to the Lyginodendrineae. Lagenostoma Lomaxii alone,
of the petrified seeds of this group, is definitely connected with a
species of Lyginodendron (L. Oldhamium); while L. Sinclairii and
L. Kidstonii {Physostoma Kidstonii) are impressions which are con-
nected with foliage of the Sphenopteris type. Lagenostoma ovoides,

Physostoma elegans, and Conostoma all occur as petrifactions, but
they have not been referred to definite species of Sphenopteris or of
Lyginodendron. It had been inferred from association that one of
the species of Conostoma might be the seed of Heterangium, and now
Miss BENSON (83) has shown it to be probable that the new seed
genus Sphaerostoma (Conostoma ovale) belongs to Heterangium

Grievii.

In 1885 RENAULT (9) described Gnetopsis elliptica, in which there
are four seeds (two often abortive) inclosed in a cupule consisting of
two partly fused bracts, each of which becomes five-toothed above.
The integument expands around the micropyle and forms a chamber,
and bears two long feathery appendages. There is a central core
of tissue within the pollen chamber, and the neck of the cham-
ber divides into lobes. The endosperm and two distinct archegonia
are preserved. The two fused bracts doubtless suggested to RENAULT

a relationship to Gnecales, but the general structure is much more
suggestive of a seed of the Lagenostoma type (87).

The four seed genera referred to agree in the amount of freedom
of nucellus and integument, in the peculiar character of the pollen
chamber with its projecting beak, in the composition of the free por-
tion of the integument (distinct lobes to lobes "fused"), in the cover-
ing of mucilage hairs, in the distribution of the vascular strands, and
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in the character of the pollen grains (described below). OLIVER (85)

sees in Physostoma elegans, with its "tentacles" and "secretory

nucellar zone," the most primitive condition. The following series1

on the basis of freedom or coalescence of the integument lobes is

attractive: in Physostoma they are free and the body of the seed is

ribbed; in Conostoma the body is ribbed below and smooth above,

and the integument lobes are united, but show a tendency to separate;

in Lagenostoma the body is completely smooth and the integument

lobes are completely united to form the characteristic chambered

"canopy." The numbers of the units of integument structure vary

as follows: 10 in Physostoma elegans, 9 in Lagenostoma Lomaxii,

8 in L. ovoides, 7 in Conostoma oblonga, about 6 in L. Kidstonii (P.

Kidstonii).

The characters of Lyginodendrineae given in the preceding pages

make it possible to outline the probable features of the group. SCOTT

(87) has suggested in effect the following tentative description: leaves

fernlike (Sphenopteris or Pecopteris); stem monostelic and with

xylem mesarch; leaf trace and main leaf bundle single or double,

concentric in the petiole; reproductive organs on somewhat modified

pinnae; microsporangiate organs of the Crossotheca type; seeds radial,

cycadean, with nucellus and integument free only in the region of the

nucellar beak and with a singular vascular system, and often inclosed

(singly or several together) in a cupule.

MEDULLOSA.—In 1904 KIDSTON (44, 45) announced, the discovery

of three fragments of Neuropteris heterophylla, each of which bore a

seed "as large as a hazelnut" on a pedicel terminating a pinna (fig.

40). These seeds are about 3 cm. long, oblong in outline but tapering

to a point, and invested by a fibrous envelope. Their internal struc-

ture is not known, but they belong to a general type of paleozoic seeds

quite different in structure from the Lagenostoma type. The relation

of the seeds to the fronds is the same as in Lyginodendron, but there is

no evidence of such extreme dimorphism, the seeds being terminal

on the naked tip of a pinna which otherwise does not differ from he

ordinary pinnae. That this Neuropteris is the foliage of a Medullosa

is clear, and there is enough evidence to indicate that all the members

of this stem genus were seed-bearing, and that the seeds were borne

terminally upon more or less modified pinnae.

* The description of Sphaerostoma is not yet available.
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ANEIMITES.—In 1904 WHITE (49) announced the discovery of
seeds upon fronds of Aneimites (Adiantites) from West Virginia, the
seeds having been used to establish the seed genus Wardia. Anei-

mites is represented in the Lower Coal-measures, the general habit
of the leaf and its cuneate ultimate divisions strongly suggesting

Mr., 40.—Ncuropterh helerophylla: sci-il (Rhabdocarpus) attached to a short
pedicel bearing foliage; X a.—From photograph hv KIDSTON (44).

Adiantum (figs. 41 and 42). The seeds are borne upon somewhat
reduced fronds, occurring singly or in pairs upon pedicels that replace
ultimate pinnules. They are rhomboidal in outline and thin lenticu-
lar in transverse section, the outer covering (cupule or integument)
being latera'ly dilated and winged, especially below the middle
(tig. 43), possibly fibrous or slightly fleshy, and inclosing the less rhom-
boidal and nutlet-like structure within; unfortunately no internal
structure is preserved. Such seeds have been found in all stages of

4
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FIGS. 41-43.—Aneimitts fert&is:

fig. 4r, fragment of pinna with seed
(s); fig. 42, seed on !nng ped it d
connected with foliage; fig. 43, seed
showing wings, the latter somewhat
exaggerated; X2. — After WHITE
(49).

development, are associated with Aneimiles in most of the deposits
observed (Lower Pottsville of the Virginia region), and have been

found in organic connection with the fronds of two species. They

seem to represent a very different type
of seed (platysperms) from those found
in connection with Lyginodendron and
Mtduliosa.

PECOFrERis.— In 1905 GRAM*

'EURY (52) announced the discovery
of seeds on P. Pluckenelii. A mass of
sterile and fertile pinnules was found,
the latter bearing hundreds of seeds.
These are not borne at the extremities
of naked branchlets, the seed-bearing
pinnules being very slightly modified
and bearing a seed hanging freely at

the extremity of the principal veinlet of each lobe (fig. 44). SCOTT

(58) speaks of this as "the most striking instance of a 'seed-bearing
fern' yet brought to light." The seeds are
small (about 5 mm. long), oval, and with

narrow wings. The winged habit of these
seeds and of the seeds of Aneimites suggests

the seeds of Cordaitales, and it becomes
evident that fossil seeds can no longer be

assigned with certainty except on evidence

of organic connection. The discovery that
a species of Pecopteris was a seed-bearing

plant was one of very great interest, for it
was the last great frond genus to join the
Cycadofilicales, and it is the most con-
spicuous genus in the variety of sporangia

it bears.

PROBABLE SEEDS or CYCADOFILICALES.—

Jn the preceding cases' the evidence of the

seed-bearing habit is direct and convincing;
but in addition there is a possible range of inferences that are worth

considering. GRAND 'EURY (53) has called attention to the great

FlG. 44. — Pecopteris

Pluckcnttii: jwrtion <>f fer-
tile pinna with seeds at-
tached at ends of lobes
of pinnules; X3.—After
GRAND 'EURY (43).



CYCADOFILICALES 41

number and diversity of "fern seeds." In the assured cases, the

relation of seed to frond varies from seeds suspended on the under

surface of unmodified leaves (as in Pecopteris), to seeds in rows on a

special rachis (as in Neuropteris), and finally to seeds isolated at the

ends of ultimate branchlets (as in Sphenopteris). Beyond these few

definite cases there lies the vast assemblage of paleozoic seeds which

have constituted several times as many seed genera as frond genera,

which incidentally is another indication of the heterogeneous character

of the latter. It is evident, therefore, that there are seeds enough for

all the fronds known; and also that the seed habit discovered in one

or even several species of a large frond genus need not be imposed

upon all the species. At the same time, it is becoming increasingly

apparent that large numbers of frond species and of unassigned seeds

must belong to Cycadpfilicales.

KIDSTON'S discovery of specimens of Neuropteris heterophylla

bearing seeds is the only direct evidence that Neuropteris in general

was seed-bearing; and yet the investigations of GRAND 'EURY (43)

on the plants of the Coal-measures of France showed such a constant

association of definite types of seeds with definite fronds of Neurop-

teris that the inference seems justified that the species of Neuropteris

in general were seed-bearing plants. Among the better known seeds

thus referred are Pachytesta, sometimes reaching the size of a hen's

egg, and Trigonocarpum (one of whose species is probably the seed

of Medullosa anglica). In this general characterization the frond

genera known as Alethopteris, Odontopteris, Linopteris, Lonchopteris,

etc., are also included.

Among the Lyginodendron-like forms, the seeds (Lagenostoma

Lomaxii) of L. Oldhamium stand as the only direct evidence of the

seed-bearing habit; and yet Heterangium and other stem genera with

Sphenopteris foliage are evidently so nearly related to Lyginodendron

that one can hardly doubt that many of the species of Sphenopteris

were seed-bearing. In fact, the genus Sphaerostoma (Conostoma

ovale) is in all probability the seed of Heterangium.

The species of Pecopteris are much more uncertain, and for many

reasons no sweeping inference as to the seed-bearing habit of this

great frond genus is justified. The single known seed-bearing species

(P. Pluckenetii) is said to be an aberrant one in its frond characters.
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PALEOZOIC SEEDS.—Our knowledge of the internal structure of
seeds known positively to be those of Cycadofilicales is restricted to
the Lagenostoma group; but there is much larger knowledge of
detached paleozoic seeds, some of which may well belong to Cycado-
filicales. At least it is not out of place to consider the general charac-
ters of nnlpnrnir spprU Nnmprmm HetarVipH SPPHS nrrnr in

Carboniferous, and they have naturally been referred to gymnosperms.

Although called seeds, they have been preserved evidently at the stage

just preceding or soon after fertilization, and are ovules in the modern

sense. Especially in the Permian beds of France are these seeds

remarkably well preserved, having been elaborately described by

BRONGNIART (6) and RENAULT (16). Seeds from the English beds,

usually less well preserved, have been described by WILLIAMSON

(2, 3). The whole subject, however, has lately been reopened by
OLIVER (38), in connection with the recent rapid development of our
knowledge of gymnosperms.

BRONGNIART for convenience referred all paleozoic seeds to two

categories, which OLIVER has named radiosperms and plalysperms,

the seeds of the former being circular in transverse section or radially

symmetrical, those of the latter flattened or bilateral. Some of the

platysperms have been referred definitely to the Cordaitales, and the

same connection has been inferred for the rest of them; but the seeds

of Aneimites and of Pecopteris, described above, suggest that this

reference has been too sweeping. The radiosperms have had no

such definite assignment, until recently some of them have been found

to belong to Cycadofilicales. It is evident that BRONGNIART'S two

types hold no relation to the two paleozoic groups of gymnosperms.

There are certain general features belonging to some of the paleo-

zoic radiosperms that deserve special mention in connection with their

possible relation to Cycadofilicales. For this purpose the seed genus

Stephanospermum, formerly referred to Cordaitales but now probably

to be assigned to the Medullosineae, may be used, both because it

is the simplest and because it has been described in great detail by

OLIVER (47). The seed of S. akenioides (fig. 45) is cylindrical and

pointed, the testa being differentiated apparently into an outer stony

layer and an inner fleshy layer.1 The nucellus is entirely free from

* An outer fleshy layer might be expected, but either it has not been preserved
or has not been recognized.
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the integument or testa, in striking contrast with the ovules of living
gymnosperms, in which the integument and nucellus are free only
in the region of the pollen chamber or nucellar beak. A long and
strong nucellar beak extends into
the micropyle, and within it a pollen
chamber of great relative size is
developed. The vascular strand
entering the chalaza expands into a
plate, whose margin is continued
as a tracheal mantle investing the
nucellus beneath the epidermis
and extending to the pollen cham-
ber, "the floor of which is paved
with tracheids." OLIVER sees in this
distribution of vascular elements
a mechanism for the conduction
of water for the use of swimming
sperms in the pollen chamber.
While the pollen chamber is associ-
ated with swimming sperms, there
is no evidence that a supply of
water is necessary.

Contrasting Stephanos permum

with Lagenostoma, it is evident that
the latter approaches the structure
of cycadean seeds more nearly
than does the former, especially in
the lack of freedom of nucellus
and integument, and in the greater
simplicity of the vascular system.
On the other hand, the pollen
chamber of Steplmnospermum is
more cycadean, as well as the testa
in the development of the three
characteristic layers. It should be remembered that Lagenostoma is
lower carboniferous, while Stephattos permum is permo-carboniferous,
so that historically the former is much the older, but its structure shows
ii to have been far from the simplest type of seed. In living gymno-

Fto. 45.—Stephanospermum akeni-

oUtes: partial restoration; m, micropyle;
/\ beak of nucellus; p, pollen chamber
0, outer (sclerotic), and i, inner layer of
integument, which is free from nucclius
to base of seed; (, Lracheal mantle; a,

archegonia; wt megaspore membrane;
Xio.—After OLIVER (47).

i
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sa

sperms the nupellus and integument are entirely free in the early
stages of the ovule; and the later growth of the ovule being in the

chalazal region, the
free integument and
nucellus are carried
to the tip. This
seems to have taken
place in Lagenos-

toma, and not in
Stephanos permum;
but whether this
latter character rep-
resents an ancient
feature of ovules in
general or not can
be determined only
by a much larger
knowledge of the
structure of the
older paleozoic
seeds.

O L I V E R has

shown (46) also
that the permo-
carboniferous seed
genera Trigono-
carpum (almost
certainly to be re-
ferred to the Medul-
losineae among
Cycadofilicales) and

t d

c h b

I•[«;. 46.—Trigonocarpnm Purkinsonii: diagrammatic

median longitudinal section in the plane of the

for lettering see fig. 48.

Polylophosperm u m
are of the Stephano-
s permum type (with

broad pollen chambers, nucellar tracheal mantle, and differentiated

testa), the former being a three-ridged seed, the latter a hexagonal

one. Besides these variations in the form of the seed, other varia-
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s a

• P C b

FIG. 47,—Trigonccarpum Parkinsonii: diagrammatic
transverse section through the micrnpylc at about tin-
of pcb in fig. \'y. fnr lettering see fig. 4S.

tions may occur in the nucellar tracheal mantle, which may be re-
placed by a vascular network or by distinct vascular strands. Later,
SCOTT and MASLEN

(73) described two
species of Trigono-

carpum (T. Parkin-

sonii was probably
the seed of Medul-

losa anglica) from

the Coal-measures
(figs. 46-48) which
conform fully to the
Stephanos per mum

type of structure,
in these cases the
three layers of the
testa being distin-
guished, and the
vascular strands oc-
curring in two sets
(an outer system in
the outer fleshy
layer, and an inner
system traversi ng
the periphery of the
free nucellus), both
distinctly cycadean

characters. The FlG 4&r—Trigott0C<irpum parkinsottii; diagrammatic tram
inner vascular sys- verse section at about the level of mm in fig. 46; lettering for

f f i &S / i l i i itern forms a "prac-

tically continuous

sheath" in thelower

part of the nucellus,

and is traceable

g
- 4&-4S: *». sarcotcsta; /, its limiting layers; sc, sderotesta;

mi, micropyle; it, remains of "inner flesh"; sab, sarcotestal
bundles; pc, pollen chamber; pcb, its beak; s, septum at bottom
of pollen chamber; we, nucellar epidermis; nt, nucellar tracheat
system; mm, megsspore membrane; id, trachea] disk at chalaza;
ebb, chalazai bundle; rl and r», principal and secondary ridges;
all Xabout 3.—MASLEN in SCOTT (87).through the whole

length of the nucellus, almost to the base of the pollen chamber. A

remarkable feature1 of these winged seeds is the conspicuous micropylar
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beak, which is an extension of the ribbed bony layer often as long

as the body of the seed (in some specimens twice as long) and bears

two broad wings.

It is evident that at least two types of structure are known among

paleozoic seeds, which may be called the Lagenostoma type and the

Stephanospermum type, the former known to belong to the Cycado-

filicales, the latter very probably including seeds that must be referred

to the same group. There are certain features in common, however,

that should be noted.

A character shared by all paleozoic seeds whose structure is known

is the presence of a pollen chamber. Occurring as a circular crevice

in Lagenostoma and as a broad chamber in Stephanospermum, it

indicates in both the existence of swimming sperms. So far as the

evidence goes, therefore, the abandonment of swimming sperms by

seed plants did not begin until after the Paleozoic. It is noteworthy

that the largest pollen chambers seem to have been attained by the

Stephanospermum type as displayed in the Permian, a type which

perhaps has no successors.

Perhaps the most puzzling fact discovered in connection with

paleozoic seeds is the entire absence of any indication of an embryo.

That embryos are preserved in petrifactions is evidenced by their

abundant occurrence in the seeds of the mesozoic Bennettitales.

OLIVER (38) has suggested that perhaps the long intraseminal period

of the embryo of seed plants had not been developed in the Paleozoic;

but the abundant endosperm invested by an efficient testa seems to

be against this view. Accepting the absence of embryos from paleo-

zoic seeds as a fact, it should be remembered that the proembryo

of the more primitive gymnosperms is quite extensive, and that even

were it preserved it would hardly be recognized as an embryo. So

far as any record to the contrary has shown, all this proembryonic

development may have taken place in the preserved paleozoic seeds.

It seems possible, therefore, that the paleozoic seeds matured (develop-

ing testa) before fertilization, became detached after pollination, and

subsequently developed a proembryo which did not invade the endo-

sperm before germination, or invaded it in a very feeble way as

compared with the extensive nvasion in modern gymnosperms. Check-

ing the growth of the embryo, if it is related to the organization of a
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testa, may occur at any stage; and if the testa is formed before fertili-

zation (as may have been true in paleozoic seeds), the growth of the

embryo may well have been checked at some stage of the proembryo,

in which case there would be no recognizable embryo. That even

a well-organized testa does not check the growth of the embryo,

however, is evidenced by the fact that even among existing gymno-

sperms, as cycads, the true embryo (as distinct from an extensive

proembryo) may escape from the seed as soon as it is developed and

grow as continuously as do the embryos of pteridophytes. In such

a case, however, the chance of finding preserved a recognizable embryo

invested by the testa would be as exceptional as of finding any very

brief stage in the life history. It would seem, therefore, that in paleo-

zoic seeds there was either no resting period between intraseminal

and extraseminal development of the very young plant, or it occurred

in the proembryonic stages. SCOTT (86) has suggested as "probable

that the nursing of the embryo had not yet come to be one of the

functions of the seed, and that the whole embryonic development was

relegated to the germination stage."

Since belief in the absence of embryos from paleozoic seeds rests

as yet upon negative evidence, it should not be forgotten that the

sections of suitably preserved seeds are far too few in number to over-

come the uncertainty of negative evidence or the possibility of abortive

seeds. In fact, comparatively few seeds have been found attached

to the shoots that bore them, and seeds that have fallen off at the

immature stages suggested by all published figures of sections would

be abortive seeds, so far as experience with living seed plants is con-

cerned. Only good seeds remain on the plant, and there is no record

of a section of an attached paleozoic seed. Moreover, if the seeds

•germinated at once, as do those of the cycads, no embryos would

be found except in attached seeds. The seeds of Bennettitales that

show conspicuous embryos are all attached seeds, and it is altogether

probable that such seeds of Cycadofilicales and of Cordaitales will

also show embryos.

SCOTT (28) has described a seedlike megasporangium (Lepido-

carpon) belonging to the lycopods of the Lower Coal-measures, which

may well represent a primitive seed condition. These detached

megasporangia had already been described as seeds, but their occur-
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rence in an undoubted strobilus of a lycopod made the relationship
clear. An integument or testa, growing from the surface of the
sporophyll, completely invests the megasporangium except for a
slitlike micropyle. To discover an embryo in such a structure,
however, would be very unlikely, for it develops continuously into the
sporeling. It would seem impossible to avoid the conclusion that a
prolonged period of intraseminal rest (as distinct from intraseminal
growth) must have been established gradually, and therefore that it
may not have been attained by paleozoic seeds in general.

In comparing the majority of known paleozoic seeds with those of
angiosperms, it is evident that the latter have advanced in the recep-
tion of pollen by the micropyle, and in the nutrition of the embryo (86);
but that the general structure of paleozoic seeds is much more com-
plex, with their elaborate vascular system, pollen chamber, and often
highly differentiated testa. It has been suggested that the seed is
" an organ which required to be much more elaborate in the days of
spermatozoid fertilization, now only lingering in a few archaic sur-
vivals from the past" (86), as among cycads and in Gingko.

3. The gametophytes

THE FEMALE GAMETOPHYTE

The structure of the female gametophyte is largely a matter of
inference. In some cases delicate, collapsed tissue has been seen in
the embryo sac, but-no archegonia, unless Stephanosper mum (fig. 45)
and RENAULT'S Gnetopsis elliptica (p. 37) belong to the Cycadofili-
cales, of which there can be little doubt. The similarity in the
general development of the gametophyte of such heterosporous
pteridophytes as Selaginella and Isoetes and of cycads suggests that
the endosperm of Cycadofilicales was of the same general nature in
development and structure.

The embryo sac enlarges in the usual way, and is remarkable in
Physostoma in growing into the nucellar core of tissue which is sur-
rounded by the pollen chamber. In other known gymnosperms with
pollen chambers this core is either destroyed, resulting in a large
pollen chamber, or remains solid (as in Lagenostoma). If the exten-
sion of the embryo sac into the nucellar beak of Physostoma should
become filled with permanent endosperm tissue, there would be an
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approximation to the endosperm beak ("tent pole") that occurs among
the Cordaitales and in Gingko (85).

In the Lagenostoma group the megaspore membrane varies from
"robust" in Lagenostoma, to very delicate (only occasionally seen)
in Physostoma, and indistinguishable in Conostoma (85); in Trigono-

carpum it is distinct (73).

THE MALE GAMETOPHYTE

In the majority of cases the pollen chambers have contained pollen
grains in more or less abundance, and these pollen grains, whenever
any internal structure is evident,
contain a tissue of numerous cells.
In Lagenostoma Lomaxii " multi-
cellular pollen grains" have been
observed (38); and in X. ovoldes

germinating grains have been
found in the pollen chamber (fig.
49) associated with bodies inter-
preted as sperms (78). These
sperms are further interesting in
agreeing in form and general
appearance with those of living
cycads and of Gingko rather than
with those of ferns. In Physos-

toma degans (85) the same cell
plexus occurs in the much smaller
pollen grains (fig. 51), recalling
that of Stephanos per mum (de-
scribed below); and here also
certain associated subren i form
bodies are interpreted as sperms.
In this species a differentiation

Flo. 4(),— Lagonostoma ovoides; pollen
chamber and contents; nl, portion of
central core of nucellus; mo, wall of int. <l
Ins; />«, £», pi, p*, lour pollfii grains; 0,
sperm; a«, sperm cut across; e, protru-
sion of endospore; t, tissue probably fungal;
X 155,—After Miss BENSON (78).

of the cells in size was observed
by OLIVER, w'ho suggests that the larger cells, at least, produced
sperms, and that the smaller cells might be pro thai Hal.

In Stephanosperum akenioides (47) numerous pollen grains are
constantly found within the pollen chambers, and OLIVER succeeded
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in obtaining sections of them, showing the internal structure (fig. 50).
The cavity of the grain is completely filled (allowing for shrinkage)
with a tissue of about twenty cells, arranged in five rows radially
disposed about a central axis. In another species of Stcphanosper-

mum the same observer (47) has described pollen grains containing
only two cells in addition to the large tube cell, a structure at once
suggesting that found in existing gymnosperms.

Since the pollen grains of certain undoubted Cordaitales have
long been known to contain a tissue similar to that just described
for the Cycadolilicales, the inference is strong that this represents a

general condition of the male
gametophyteamong paleozoic
gymnosperms. Even among
existing gymnosperms there
are cases of excessive pro-
thallial tissue (as among the
podocarps and araucarians)
and of excessive spermato-
genous tissue (as in Micro-

cycas); so that the internal
tissue of the paleozoic pollen
grains may be either mainly
prothallial or mainly sper-
matogenous; or both tissues

may occur in more equal proportion. In our specimens of the pollen
grains of Physosloma, the internal tissue is not restricted to one pole of
the spore, as is true of all male prothallial tissue among living gymno-
sperms, but is just as conspicuous in the middle region of the spore.
We are inclined to the belief, therefore, that most of these internal
cells are spermatogenous. However this may be, the chief interest
lies in the fact that the male gametophyte of the paleozoic gymno-
sperms is a more extensive tissue than in most living gymnosperms;
and that in all probability it is not restricted to the production of
two sperms. That these sperms were discharged into the cavity of
the pollen chamber, after its base had broken down to the necks of
the archegonia, can scarcely be questioned. There is no evidence of
the development of pollen tubes as sperm carriers; and that they did

50 51

FIG, 50.—Stephanos perm urn aken'toides:

transverse section of i»ollen grain showing inter-

nal walk; X180.—After OLIVER (47).

I'K;. =;i,—Physosloma clfgatis: sertion of

pollen î rairt showing internal walls; the dotted
area is the cxusfxn-t where it has not been
ground away; X480.—After OLIVER (85).
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not exist even as haustoria is evidenced by the fact that pollen grains
with no tubes are found in contact with the megaspore membrane.

SCOTT (87) has called attention to the very interesting fact that in
1887 RENAULT (12), in describing the structure of Aetheotesta, a
seed allied to Stephanospermum, anticipated through inference the dis-
covery of swimming sperms among gymnosperms. In both of these
genera the walls of the pollen grains are perforated, and RENAULT

suggested "that these perforations served for the passage of motile
bodies analogous to antherozoids." He adds, "we do not regard as
impossible the existence in the past of pollen grains which, instead of
effecting fertilization by means of a tube, discharged into the pollen
chamber of the appropriate seeds antherozoids capable of performing
this function."

4. History and distribution

That Cycadofilicales were a dominant group during the Carbon-
iferous, and that they were to be found in abundance wherever the
vegetation of the Coal-measures occurred, are facts that seem to be
clearly established. It is scarcely less clear that they existed during
the Devonian. KIDSTON (64) thinks that they are plainly repre-
sented in remains of the Upper Devonian; and there are suggestions
of still greater age. This means that they can be traced to a time so
remote that no other group of vascular plants, or at least fernlike
plants, is known to antedate them. The type is distinctly paleozoic,
for, although it culminates during the Coal-measures, no trace of it
has been discovered in the Mesozoic. From their history, their
structure, and their resemblance to ferns, therefore, the Cycadofili-
cales may be regarded as the most archaic group of spermatophytes
known.

5. Relationship to ferns

At the first discovery of fernlike seed plants, it was natural to infer
that this group must have arisen from the so-called Marattia plexus
which was thought to be dominant in the Carboniferous. Subsequent
discoveries of seed-bearing plants made serious inroads upon this
"plexus," and finally the discovery of the fernlike microsporangiate
structures of the Cycadofilicales left the whole question of paleozoic
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ferns in a very uncertain state. It seems certain, at least, that no such

dominant Marattia plexus existed during the Paleozoic as has been

supposed; for an overwhelming number of the "ferns" constituting

it have been placed among the Cycadofilicales, either on direct or

on probable evidence. The character of paleozoic ferns, therefore,

has become a question bound up with the origin of Cycadofilicales.

PALEOZOIC FERNS

The present status of knowledge in reference to paleozoic ferns

has been presented recently by ARBER (60), KIDSTON (64), and

SCOTT (82). For a time, the existence of paleozoic ferns was called

in question. The increasing number of known and inferred Cycado-

filicales from the Carboniferous, and the fact that the earlier the period

the less the evidence of ferns, raised a question as to the presence of

ferns in the Lower Carboniferous and Devonian. There is general

consent now (59, 61, 82) that ferns existed during the Paleozoic, but

not as a dominant group and many of them not to be referred to exist-

ing groups of ferns. In fact, SCOTT (82) states that the evidence is

decidedly in favor of the view that a considerable group of Marattia-

like ferns existed during the Upper Coal-measures and Permian,

side by side with Cycadofilicales of similar habit, but not known to

extend to the Lower Carboniferous. When representatives of the

living eusporangiate and leptosporangiate ferns are sought among

paleozoic plants, they are not recognizable. There is an abundance

of annulate and exannulate sporangia; and in general the former have

been regarded as standing for leptosporangiate ferns, and the latter

for eusporangiate ferns. But some of the exannulate sporangia have

been discovered to be the microsporangia of Cycadofilicales; and

the annulate sporangia are very different, both in the character of

the annulus and in the structure of the sporangium wall, from those

of the modern leptosporangiate ferns. SCOTT (69, 82) has estab-

lished the sporangium genus Pteridotheca to receive the unassigned,

petrified, paleozoic sporangia bearing an annulus or with other charac-

ters indicating their affinity with ferns; and he thinks that doubtless

some of the species belong to true ferns. The paleozoic ferns in

general, which were neither leptosporangiate nor eusporangiate

ferns in the modern sense, have been called Primofilices by ARBER
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(60), an ancestral race which combined the characters of the modern

groups. In fact, the existence of leptosporangiate ferns, in the mod-

ern sense, has not been recognized until the Permian, and during

the Mesozoic the group was a dominant one and its modern families

became differentiated; while evidence of the existence of eusporangiate

ferns, in the modern sense, is not satisfactory until the Tertiary

(60, 61).

PALEOZOIC MARATTIACEAE (82).—The very large proportion of

synangia belonging to the carboniferous flora led to the inference

that the Marattiaceae were conspicuously represented. All types

of sporangia, from free to united (synangia), occur on leaves referred

to Pecopteris, and one Pecopteris (P. Pluckenetii) has been found to

be seed-bearing. It was natural to raise the question whether all

of the sporangia referred to Marattiaceae are not microsporangia.

But Pecopteris is a very large frond genus, and such sporangium

genera as Ptychocarpus, Asterotheca, Scolecopteris, and Daneites,

which are synangia borne on the ordinary foliage, have every right

to be regarded as belonging to the Marattiaceae until there is absolute

proof to the contrary. Such forms are characteristic of the Permian

and Upper Coal-measures, and are not known to occur in the Lower

Carboniferous.

In addition to this evidence of the existence of paleozoic Marat-

tiaceae, which may be regarded as negative, there is positive evidence

from the anatomy of Psaronius, & stem genus occurring at the same

horizons. The fronds borne by this stem were of the Pecopteris

type (42), as shown by constant association, and are identical with

those bearing such sporangia as Asterotheca and Scolecopteris.

Repeated investigation of the anatomy of these stems and leaves

has strongly confirmed the belief that the species of Psaronius were

stems of arborescent members of the Marattiaceae. Some of these

permo-carboniferous trees were of great size, reaching a height of

18 to 20 m. The stems were complex polystelic and the roots poly-

arch, the whole structure more nearly resembling the vascular struc-

ture of the Marattiaceae than of any other known stems. A species

(P. Renaultii) from the Lower Coal-measures is of exceptional

antiquity and simplicity, being monostelic, a single endarch vascular

cylinder inclosing pith.
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The general conclusion is that "ferns with marattiaceous affinities

formed an important constituent of the permo-carboniferous flora,

especially toward the close of that period" (82).

PRIMOFILICES.—Only one family of Primofilices has been distin-

guished clearly, and that is the peculiar group Botryopterideae,

brought to light by SCOTT (24), and probably extensively displayed

during the Paleozoic. The structure of all the important organs of

two of the genera (Zygopteris and Botryopteris) is fairly well known.

The stems are monostelic; those of Botryopteris being endarch pro-

tostelic and the vascular cylinder circular in section; while those of

Zygopteris are exarch protostelic and the vascular cylinder has a

lobed (five-rayed) section. In the latter genus the stele is differen-

tiated into a peripheral region of large tracheids, and a central region

(once thought to be pith) of small tracheids; and there is both internal

and external protoxylem. Among Botryopterideae, therefore, there

is both exarch and endarch protostely (79), and these conditions

vary in a single group. For example, one of the two groups of the

family contains Botryopteris, which is endarch; Tubicaulis, all or

nearly all of whose xylem is centripetal; and Grammatopteris, which

is exarch. The exarch protostele of Tubicaulis and Grammatopteris

has been regarded as the most primitive type of vascular strand found

in the axis of a vascular plant (75). The range of vascular struc-

ture displayed by the Botryopterideae is said (65, 75) to be sufficient

to serve as a starting point for the modern groups of ferns and for

Cycadofilicales.

The sporangia of Zygopteris and Botryopteris are elongated sacs,

with walls at least two layers of cells thick, each with a short pedicel,

and borne in terminal tufts (3-8) on a common peduncle (fig. 52) from

a branching rachis of a dimorphic leaf (ia). In Zygopteris there is a

vertical annulus band, several cells wide (multiseriate), on each side

of the sporangium (figs. 53 and 54); while in Botryopteris there is

such a band only on one side. That these sporangia are those of

ferns is further indicated by the fact that in Stauropteris, whose

affinities are probably with the Botryopterideae, germinating spores

of undoubted fern character have been found (70).

The conclusion is (82) that in habit, anatomy, and sporangia,

the Botryopterideae show that they are ferns, which in all probability
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have given rise at least to the more modern leptosporangiate and
eusporangiate ferns. It is a type older than the paleozoic Marattia-
ceae described above, and it is interesting to note that the sporangia
were free, rather than in synangia; the conclusion having been drawn
(82) that " the fossil evidence, on the whole, supports the view that
free sporangia represent the original form of filicinean fructification,

53

FIGS. ^2-54.—Zygopterts sp.: fig. 52, fo-Jr sporangia on a common pedicel; Xio ;
fig. 53, transverse section through the middle of a single sporangium, showing sections
of ihe multmeriate vertical annulus; Xao; tig. 54, Umgitudln.il section "i single spo-
rangium (lit in piane of vertical annulus; X20.—After RENAULT (la).

and that their cohesion to form synangia was a secondary modification,
though one which took place in certain groups at a very early period."
li must be remembered that Filicales are probably so ancient that
all of our evidence is relatively modern.

Two main anatomical types of ferns, therefore, probably existed
during the Paleozoic: (1) the complex-polystelic, MarattiaAWae. tree
ferns represented by the Psaronius stems, which SCOTT calls the Pako-

Maraltiaceae; and (2) the low, much simpler, monostelic forms,
represented by Botryopterideae, and constituting the very ancient
synthetic group Primofilices.

ORIGIN OF CYCADOFILICALES

Just as it was tempting at first to derive the Cycadofilicales from
the Marattia plexus of the Carboniferous, so it was tempting later
to derive them, along with modern ferns, from the Botryopterideae
(64). To search for the actual ancestral forms of the Cycadofilicales
.seems to be futile (50), for remains of the group have been traced

es

ed
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as far back as any of the Primofilices. That the group arose from

fernlike ancestors seems evident from their foliage, anatomy, and

microsporangiate structures (61). We are confronted by two alter-

natives: either the Cycadofilicales were derived from the Primo-

filices, or the two groups had a common origin far back in the

Paleozoic. It would seem to make very little difference which alter-

native is selected, for either would explain the similarities, and neither

can be proved.

MICROSPORANGIATE STRUCTURES.—The resemblance of the micro-

sporangiate structures of all the cycadophytes (see below) to the sori

and synangia of ferns is so evident that further statement seems

hardly necessary. KIDSTON (64) has called attention to the resem-

blance between the sorus known as Dactylotheca and the microspo-

rangiate sorus known as Crossotheca. There is the same relation to the

pinnules, the same radiate arrangement of the sporangia; and if the

sporangia of Dactylotheca were extended beyond the margin of the

pinnule into a free tip which bent downward, the Crossotheca type

would be reached. Of course, Dactylotheca may prove to belong to

the Cycadofilicales, but it represents a soral structure that belongs

to undoubted ferns. The terminal sporangial tufts of Botryopteris

and of Zygopteris are easily related to the Calymmatotheca type of

terminal synangium; while ordinary synangia borne upon the com-

paratively unmodified foliage leaves of Cycadofilicales (and even

Bennettitales) are exact duplicates of the synangia of Paleo-Marat-

tiaceae and modern Marattiaceae. In microsporangiate structures,

therefore, the Cycadofilicales, and even the cycadophytes, can hardly

be regarded as above the level of ferns.

MEGASPORANGIATE STRUCTURES.—While the vascular anatomy

and microsporangiate structures of the Cycadofilicales may be shown

to be so closely related to the corresponding structures ôf the Primo-

filices and Marattiaceae that a phylogenetic connection seems clear,

no such claim can be made for the seeds. As SCOTT has said (67),

" the discovery of seeds [of Cycadofilicales] hardly touches the problem

of the origin of gymnosperms, for the discovered seeds are well devel-

oped, on the cycad level; therefore they are too much advanced to

throw light on the origin of a seed, and the question of the origin of

gymnosperms remains practically as it was before, the discovery
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of pteridosperms." Theoretically, there remains a stage of progress

entirely lacking in our records, and that is the heterosporous fernlike

forms that preceded the evolution of seeds. The gap between the

homosporous Primofilices (or their unknown ancestors) and the seed-

bearing Cycadofilicales is an enormous one, including the evolution

of both heterospory and the seed.

Proceeding on purely hypothetical grounds, the most natural

inference is that homosporous sporangia began to differentiate into

the heterosporous condition; that the microsporangia continued

with relatively little change throughout the cycadophyte phylum;

and that the megasporangia developed with comparative rapidity

into ovules. Miss BENSON (41) has suggested that the ovule is a

transformed sorus, explaining the peculiar integument of Lagenostoma

by regarding the tissue-filled chambers as the sterilized peripheral

sporangia of a radiate sorus or synangium. OLIVER (85) infers from

the free integument lobes of Physostoma that the integument of the

Lagenostoma group originated as a multiple structure, the nature of

the units (free lobes in Physostoma, coalescent chambers in Lagenos-

toma) being an open question. His suggestion is that they have

arisen as new formations, without any phylogenetic connection, being

related to the encasement of reproductive structures that so frequently

precedes or follows fertilization. This view would mean that the

origin of the integument was contemporaneous with the origin of the

seed itself; and that the cupule (as in Lagenostoma) is a second such

encasement. However true either of these suggestions may be with

reference to Lagenostoma, the relation of the seeds to the fronds and

a comparison of the position of seeds with that of microsporangiate

sori compel the belief that ovules often may have arisen by the trans-

formation of sori, a transformation probably introduced by restricting

a sorus to a single sporangium. If, as seems possible, a sorus of

free sporangia is a more primitive condition of ferns than a synangium,

it may be that free sporangia not grouped in a sorus represent a still

more primitive condition, and that neither synangium nor sorus holds

any relation to the origin of the ovule. After all, the important

and obvious fact is that an ovule is a transformed sporangium, and

that the phylogenetic stages in this transformation are absolutely

lacking.
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6. Relationship to other gymnosperms

When OLIVER and SCOTT (39, 48) proposed the name Pteridosper-

tnae, "to embrace those paleozoic plants with the habit and much
of the internal organization of ferns, which were reproduced by means
of seeds," it was with the claim, implied in the name, that it represented
a third great group of seed plants, coordinate with gymnosperms and
angiosperms. Fuller knowledge and a stricter definition of the group
was awaited with interest. Later, SCOTT (58) said that a strict
definition was not possible as yet, but that the following provisional
one was suggested: " Plants with the habit and certain of the anatomi-
cal characters of ferns, bearing on fronds only slightly differentiated
from the vegetative foliage seeds of a cycadean type of structure."
There seemed to be no sufficient reason for establishing a group
coordinate with gymnosperms upon such comparative features; for
it certainly possessed the important character of gymnospermy. Still
later, SCOTT (69) formulated his reasons for regarding pteridosperms
as worthy of separation from gymnosperms, under two categories:
(1) megasporophylls and microsporophylls little modified from
ordinary vegetative fronds; (2) anatomical structure more fernlike
than in gymnosperms. The cycadophytes as a whole have equally
fernlike foliage and sporophylls, and the anatomical peculiarities
can nearly all be duplicated among the more primitive gymnosperms.
The group is then defined as follows: "Male and female sporophylls
little differentiated from the vegetative foliage; no cones formed;
anatomy of either stem, or leaf, or both, of a filicinean type, as was
also the habit." It is hard to see that such characters are more
important than those which distinguish the acknowledged groups of
gymnosperms, and of equal importance with those that distinguish
gymnosperms from angiosperms. We are compelled to regard
pteridosperms as the most primitive known group of gymnosperms,
and our reasons for calling them Cycadofilicales have been given
above (p. 3).

There is no more suggestion of the organization of a strobilus,
and no more extreme differentiation of a sporophyll, than among
ferns; so that in these respects the group has remained at the fern
level. Among living cycadophytes, the megasporophylls of cycads
do not always form a compact strobilus, and every gradation is found
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from loosely arranged sporophylls that have retained features of the

foliage, to the very compactly arranged and much modified sporophylls

of such a strobilus as that of Zamia. It is this tendency among the

cycads that may be added to the burden of testimony indicating the

origin of all cycads from a group in which no strobili were organized

and no sporophylls differentiated.

It may be said that in microsporangiate structures the Cycadofili-

cales made very little progress; but these are also fernlike in both

Bennettitales and Cycadales. In megasporangiate structures, the

PvraHnfiiirfllps are far advanced, for the seeds are distinctlv of the

so-called cycadean type, and so far removed from the fern level that

we seem to be no nearer the origin of seeds than before the discovery

of the group.

The relationship of Cycadofilicales to Bennettitales and Cycadales

seems so evident, the historical sequence being as definite as the mor-

phological, that NATHORST and WORSDELL (72) have adopted the

name Cycadophyta for the phylum including these three groups. It

would seem as if this gymnosperm phylum, extending from early

Paleozoic to the present time, is thoroughly well established.

The relationship of Cycadofilicales to the other gymnosperm

groups is by no means so clear, but their intimate association with

the Cordaitales, as well as the morphological resemblances of the two

groups, suggests that Cordaitales may be the beginning of another

gymnosperm phylum which diverged from Cycadofilicales much

earlier than did the cycad phylum. The presentation of this testi-

mony will be given under Cordaitales.

In any event, there seem to have been two., great phyla of

gymnosperms, both differentiating from the Cycadofilicales, or each

arising independently from the progenitors of the Cycadofilicales.

One of these phyla has already been called the Cycadophytes, and

includes the Cycadofilicales, Bennettitales, and Cycadales; the other,

which arose either from the more ancient Cycadofilicales or their

immediate ancestors, and includes Cordaitales, Ginkgoales, and

Coniferales, may be called the Coniferophytes. The reasons for

excluding Gnetales from these connections will appear in the dis-

cussion of that group; but as between the two phyla proposed, the

Gnetales would certainly be related to the second.
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CHAPTER II

BENNETTITALES

Bennettitales are as characteristic of the mesozoic flora, from the

Trias to the Lower Cretaceous, as are the Cycadofilicales of the paleo-

zoic. The historical and morphological succession is so distinct that

there seems to be no reasonable doubt of the phylogenetic connection

of the two groups. The Mesozoic has long been called " the age of

cycads," but it was recognized that the mesozoic forms differ sd much

from the modern ones as to justify speaking of them as "anomalous"

or "aberrant" cycads. The type genus, Bennettiles, was described

by CARRUTHERS (2) in 1867, and in 1870 he established (4) the group

Bennettiteae as an assemblage of aberrant Cycadales.

The best known foreign localities for the remains of Bennettitales

are in Western Europe and India; but by far the richest display of

these forms has been found in the United States and Mexico. These

North American forms have been described chiefly by WARD (II , 12),

and their structure has been skilfully investigated and set forth in

great detail by WIELAND (22). The three prominent American locali-

ties that have yielded material are in Maryland, in the Black Hills

of South Dakota and Wyoming, and in the Freezeout Hills of Wyo-

ming; while the recently discovered Mexican locality is in the moun-

tains of western Oaxaca (30). The remarkable Mexican deposits

were discovered by WIELAND (30) in 1909, and they bid fair to surpass

in abundance of remains and in interest even those of the United States.

The region is a great plateau of Oaxaca on the southern edge of the

Cordilleras facing the Pacific, and known locally as "Mixteca Aha."

A section through 2,000 feet of " Rhat-Liassic" is full of the remains

of cycadophytes, and among them there is a profusion of the strobili

of Williamsonia, a most interesting addition to the cycadophyte flora

of America. Unfortunately, silicified remains have not yet been

found.

The best known and largest genera of the group are Bennettites,

Cycadeoidea, and Cycadella; other genera (not American) are Buck-

landia, Williamsonia (also Mexican), Cycadocephalus, Yatesia,

65
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Plolophyllum (from India), etc. There is more or less confusion as
to generic limitations, and the names cited are not applied uniformly
by all writers. For example, the Cycadeoidea Buckland of American
authors is a synonym of Bennettites Carruthers of European authors,
but it is convenient to use the two names at present to distinguish
American and European material of the genus. To the morphologist
the group is a very consistent one, and at this stage of knowledge
the differences among genera and their nomenclature are of minor
importance.

i. The vegetative organs

The habit of Bennettitales was much more diversified than that
of existing Cycadales. The tuberous type of trunk (fig. 55) prevails
among the known forms, and short columnar trunks also occur, both
of which types of body are familiar among cycads; but there are
also tall and slender forms, as Williamsonia gigas (fig. 56); and
branching forms occur, commonly resulting in multiple crowns (as
in Dioon and Zatnia), and in the case of Williamsonia angustijolia

(Anomozamites, 17), a form which flourished in the early Triassic
of southern Sweden, and probably represented in Mexico (30), the
body was slender and widely branching (fig. 57). The recently
described (31) Wielandiella, from the Jurassic beds of England, is
also slender and widely branching. The largest specimens are
from the Black Hills region, huge tuberous bodies of Cycadeoidea

occurring over a meter in height and more than half that in diam-
eter; while the species of Cycadella from the Freezeout Hills are
said to average only 35 cm. in height and 20 cm. in diameter.
The columnar trunks from the United States are over a meter in height,
and in the case of Cycadeoidea Jenneyana such trunks reach a height
of three to four-meters.

The compact forms are covered by an armor of closely imbricated
persistent leaf bases, and a crown of cycad-like leaves. Among these
leaf bases numerous short, axillary branches are wedged, each bear-
ing a terminal strobilus that projects more or less beyond the armor
(fig. 55). These numerous axillary, cone-bearing dwarf shoots,
borne on a monopodial trunk, are in sharp contrast with the habit
of Cycadales, whose sympodial trunks bear a succession of terminal
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strobili. A possible relation between the two is evident when it is
remembered that in reality ihc apparently terminal strobili of Cyca-
dales are borne on a succession of branches which build up the sym-
podial trunk. If the cone-bearing branches of Bennettitales were
restricted more and more to the tip of the axis, the cycad condition

FlG. ^.—Cycadeoidea W island H; upper part of a largf trunk fuund near Herman,
South Dakota; numerous strobili project more ur L-ss through lite annur; the dark
circular holes arc cavities from which StrobiU have fallen; height of .specimen, 54 cm.
From photograph hy THEESSEN.

might follow. In fact, there are cases which may be interpreted as
showing this tendency among the Bennett i la k-s, and occasionally
cycads develop lateral groups of strobili, as in Encephulartos (p. 121J.

The restoration of Williamsonia gigas (4), from the Lower Oolite
of the Yorkshire coast, long known as Zamia gigas (i, 3), shows
(fig. 56) a slender columnar shaft bearing a crown of large leaves, the
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whole habit suggesting that of one of the taller species of Cycas.

The stem was covered with rhomboidal scars, and the strobili were

borne on long (20-30 cm.) stalks covered with spirally arranged scale

56. —Williamsania gigas: restoration showing stem with leaf scars, crown

of leaves, and two spherical and periunclcd strobili.—After WILLIAMSON* (3).

leaves, and arising within the crown of leaves. This species of Wil-

liamsonia differs from the other Bennettitales chiefly in these long
peduncles. In WiU'mmsonia angustifclia (fig. 57), whose leaves have
been called Anomoza miles minor, the small strobili occur singly in



forks of the widely spreading branches (also in Wielandiella), evi-
dently being terminal structures, and the narrow pinnate leaves, only
7-8 cm. long, form rosettes about the forks. In general habit, there-
fore, the Bennetti tales show a range that may well connect the more
open, branching forms of the Cycadofilicales with the very compact
and usually simple body of the Cycadales. It has been suggested
(2()) that Bennett ties (Cyeadeoidea) and W iUiamsonia may be regarded

as representatives of two groups of Bennettitales.

FlG. 5 7. II" Mia msonia (A nomosamites) attgustifoli>i: f>r;» nch ing trun k. wi [ h rosettes
of leaves and strobili at the forks; about J natural size.—After NATHORST (17).

A second striking external feature of the Bennetti tales is the
occurrence of scales densely packed between the leaf bases and about
the strobili, and also covering the crown. This is distinctly
the so-called ramentum of ferns, the scales being one layer of cells
thick, except in the central region, the cells becoming much elongate!
(fig. 58). In certain species of Cycadella, a dwarf genus distinguished
by its abundant ramental covering, WARD and WIELAND describe
the- ramentum and armor of leaf bases as making up half the bulk
of many trunks. While ramentum is not lacking in any of the Ben-
in ni tales, so far as known, there is every gradation in its abundance

lien-

ince,
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some trunks bearing but little. Among the cycads, certain genera,
as Dioon, Bncephalarios, etc., produce long one-celled or two-celled

hairs which may be regarded as re-
placing in a general way the ramrn-
turn of ferns and of Bennettitales,
but they are so different from the
scales that make up the ramenturn
that the latter Qiust be regarded

as a very distinct feature of the
Uennetti tales.

FlC. 58. — Cycadelln ramentosti:

1 r;m sverse section of the ramentum of
1 lie leaves] X66.- -After WISXAHD (22).

VASCULAR ANATOMY

The anatomy of the stem is
very much like that of the stem of
Cycadalcs. A transverse section
shows a very thick cortex, usually
a comparatively thin vascular cylin-
der, and a large pith with mucilage
or gum canals or reservoirs. The
vascular cylinder is made up of
collateral endarch bundles, so that

the most advanced type of gymnosperm cylinder had been attained;
in fact, it had been attained by some of the Cycadofilicales. Jn
Cycadeoidea Jenneyana and C. mgens the vascular cylinder is so
massive (22) as to suggest the cylinder of Cordaitales, being made
up of successive woody zones. Among the cycads there is sometimes
a succession of vascular zones which arise from a succession of
cortical cambiums; but in these species of Cycadeoidea the cylinder
is so compact that it suggests a persistent primary cambium.

The vascular cylinder of Bennettitales and of Cycadales is regarded
by WORSDELL (23) as giving clear evidence of its derivation from the
Medullosa type of cylinder among the Cycadofilicales. His proofs
are largely obtained from investigations of the cotyledonary node
and strobilar axis of certain cycads, polystely having been found in
the cotyledonary node of a species of Encephalartos, and a very irreg-
ular orientation of bundles in the peduncle of Stangeria. According
to this view, the cycadean cylinder has been built up by the regular
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arrangement of the separate steles of Medullosa, accompanied by

the elimination of internal vascular tissues out to the protoxylem.

In any event, the type of cylinder displayed by Lyginodendron, which

according to this view was formed in the same way, would be the

immediate progenitor of the cycadean cylinder, the only change

necessary being a transition from the mesarch to the endarch condi-

tion, a transition completely or at least very nearly attained by Cyca-

doxyton, and seen in the seedling of Ceratozamia. It was in this con-

nection that WORSDELL (23) extended the very useful group named

Cycadophyta, suggested by NATHORST, to include the Cycadofilicales,

Bennettitales, and Cycadales, NATHORST'S "cycadophytes" including

the mesozoic plexus of cycadean forms and the living cycads.

The leaf traces, at first endarch near the vascular cylinder, soon

become mesarch, as in cycads, and this structure characterizes the

foliar bundles. It is altogether probable that the mesarch condition

passes into the exarch in the ultimate foliar branches of the vascular

system, for this is evident among cycads as the bundles become sim-

pler; but the prevailing mesarch type of leaf trace and leaf bundle

is an important reminder of fern connections. It is in connection

with the leaf traces, however, that a striking contrast between Bennet-

titales and Cycadales appears. In the latter group, several vascular

strands leave the cylinder and enter a single leaf, two of them follow-

ing a more or less devious route through the cortex, resulting in the

so-called "girdles." Among Bennettitales a single bundle leaves

the vascular cylinder, and in passing directly through the cortex

toward its leaf breaks up into numerous smaller bundles that enter

the leaf. The "girdle" habit will be discussed under Cycadales,

but at this point it is important to note that the direct course of the

leaf trace, characteristic of the mature stems of Bennettitales, is found

in the vascular connections of the sporophylls and cotyledons of

Cycadales.

THE LEAF

The leaves, arising in a crown from the top of the tuberous or colum-

nar trunks, closely resemble those of Dioon, Zarnia, etc., both in form

and in structure. In fact, the abundant detached leaves found in

certain mesozoic deposits have suggested the establishment of such

leaf genera as Zatnites, Dioonites, and Cycadites; while Otozamites and
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Anomozamites are leaves differing from those of any living cycads.
The mature fronds of Cycadeoidea ingens are estimated (22) to have
attained a length of three meters. The leaves of the slender and
widely branching Williamsonia angustifolia (Anomozamites) seem
to have occurred in clusters at the ends of branches and at the forks,
each cluster surrounding a small terminal strobilus (fig. 57), and
composed of leaves which were linear in general outline and pinnate
with short, broad lobes.

The absence of scale leaves from the crown of the tuberous and
columnar forms, alternating with the foliage leaves, has been
remarked; but scale leaves are related to strobili. Among Cycadales
the terminal strobili necessarily involve the association of their envelop-
ing scales or bracts with the crown of foliage leaves; among Ben-
nettitales the lateral position of the strobili prevents any association
of their scale leaves with the foliage of the crown, and such leaves
or bracts form the characteristic husklike covering of the strobili.
Among Cycadales the enveloping bracts are much more open, but
they are as definitely related to individual strobili as among the
Bennetti tales.

2. The spore-producing members

THE STROBILUS

Perhaps the most important result of WIELAND'S investigations
(7> 8, 9, 16, 22) was the discovery of the bisporangiate character of
the strobilus. At first it was supposed that this might be an excep-
tional condition in the group, but it has now been found in so many
genera and species that it is known to represent the general condition.
In a recent examination of certain species of Bennettittales from the
Jurassic beds of England, NATHORST (31) concludes that two species
of Williamsonia and Cycadocephalus Sewardii bore monosporangiate
strobili, but the general occurrence of bisporangiate strobili seems
assured. WIELAND found bisporangiate strobili not only in numerous
sections of American material, but examined the best known European
forms (Cycadeoidea etrusca, C. Reichenbachiana, Williamsonia gigas,

and W. angustifolia) and found bisporangiate strobili in all of them
(26). The microsporophylls (stamens) have disappeared when the
seeds are mature, but in seed-bearing strobili the former position of the



stamens is always shown by a distinct "shoulder" or "hypogynous
disk" on the receptacle between the enveloping sterile bracts and
the seed-bearing structures. This interpretation is confirmed by the

fact that in strobili
containing matu re
stamens the ovulate
structures are always
present in a very young
stage. It may be pre-
sumed that when the
stamens were mature,
the ovules were ready
for pollination. The
period between pol-
lination and the ap-
pearance of a fully
formed embryo is
usually long enough
among gymnosperms
to account for the
absence • of stamens
from the strobili of
B en netti tales bearing
mature seeds. It may
be unsafe to assume,
as yet, that there were
few Bennettitales with
monosporangiate stro-
bili, but at present the
bisporangiate strobilus
is one of the out-
standing features of

. 59.—Cycadeoidea: restoration of an unexpanded
alrobilus, with part of the enveloping liairy bracts re-
moved; 18 folded fronds are shown as in C. dacolenxis;

about natural size, or not nearly so large as various ex-
amples.—Figure and description after WIELAND (22).

the group.
The general structure of the strobilus is as follows: The tip of

the axillary dwarf branch or peduncle is expanded into a hemispherical
receptacle or is continued more or less as a thick axial receptacle.
Upon this receptacle three sets of members are developed in spiral
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succession (fig. 59): (1) the outermost (lowest), a series of heavy,

imbricated bracts completely inclosing the structures within; (2)

next a series of the characteristic leaflike microsporophylls (10-20

in number); (3) on the top of the hemispherical receptacle, or on

the conelike tip of the axial one, a large number of remarkable ovulate

sporophylls intermixed with still more numerous sterile ones (" inter-

seminal scales"). The recorded length of the larger ovoid strobili

is 4 to 7 cm.; while smaller ones (as those of Cycadella) range down

to 1 cm.

A strobilus of this type, characterizing an extensively displayed

group of mesozoic gymnosperms, has tempted to much speculation

as to its relation to the flowers of angiosperms, which seem to have

begun to emerge into notice during the same time. Following

WIELAND'S original suggestion (22), OLIVER (21), and ARBER and

PARKIN (24) have further elaborated the same thesis, and SCOTT (28)

has expressed the opinion that "the affinities between mesozoic

Cycadophyta and the angiosperms appear extremely significant/'

and that it is "difficult to resist the conviction that the ancestry of

the angiosperms, so long shrouded in complete obscurity, is to be

sought among the great plexus of cycad-like plants which dominated

the flora of the world in mesozoic times." OLIVER has suggested

angiocycads as the phyletic name of Bennettitales (or some allied

stock) as possible ancestors of angiosperms. ARBER and PARKIN

have analyzed the strobilus situation and given it a terminology.

An anthostrobilus is a bisporangiate strobilus in which the mega-

sporophylls are above the microsporophylls, as in Bennettitales and

all angiosperms. The earlier form of this strobilus is called the

proanthostrobilusy in which there is gymnospermy and the micro-

sporophylls have not reached the real stamen form; a definition

evidently constructed to describe the strobilus of Bennettitales. The

later form of anthostrobilus is the euanthostrobilus (or "flower"),

in which angiospermy has been attained and a well-marked perianth

has been developed. This phylogenetic suggestion further supposes

a hypothetical group of plants to intermediate between the Bennet-

titales (or their equivalents) and the angiosperms, to which the name

hemiangiosperms is given. LIGNIER (25) has dissented from this

view of the origin of angiosperms, for he regards the strobilus of
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Bennettitales as an "inflorescence" rather than a "flower"; and he

has enriched the terminology of the strobilus further by adding

pteridostrobilus as a stage before the proanthostrobilus, to include

the grouping of fernlike microsporophylls and megasporophylls in

monosporangiate strobili. WIELAND (30) has also dissented from

the substitution of the new term hemiangiosperms for the long-used

proangiosperms of SAPORTA. The possible relationship of gymno-

sperms to angiosperms does not come within the province of this

volume, but in connection with the structure of the strobilus of Ben-

nettitales its responsibility for speculation in reference to the origin

of the angiosperms should be known.

In any event, it is safe to conclude that if the Cycadofilicales gave

rise to the strobilus-bearing cycadophytes, there were at least two

lines of development: one leading to forms with bisporangiate strobili

(Bennettitales), and the other to forms with monosporangiate strobili

(Cycadales).

THE MICROSPORANGIUM

WIELAND'S investigations (22) of Cycadeoidea indicate that the

microsporophylls (stamens) are remarkably uniform in character.

In number they range from ten (C. Jenneyana) to twenty (C. daco-

tensis). In form they are elongated, pinnate, fernlike leaves, with

about twenty slender pinnae, beneath which there are borne two

lateral rows of close-set synangia (fig. 60). It has been suggested

that these sporophylls should be called bipinnate, on the ground that

the synangia represent ultimate pinnules. The only advantage to

be gained from this somewhat doubtful interpretation is that it serves

to distinguish the microsporophylls of Cycadeoidea (so far as studied)

from the simpler ones of Williamsonia. The sporophylls are united

at base into a "disk" and become free and pinnate above the ovulif-

erous apex of the receptacle. The condition might be described

as that of monadelphous stamens, and it suggests the monadelphous

stamens of Welwitschia (Tumboa), in which the strobilus is also

bisporangiate. All the microsporophylls are inflexed, so that the

upper third lies with its back against the ovuliferous apex of the

receptacle, and its synangia against those of the rest of the sporophyll

(figs. 59 and 60). We must imagine the straightening and possible
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spreading of these remarkable stamens during the shedding of poilen

(fig. 60). The strobili of Williamsonia gigas, regarded by WILLIAM

SON as "male Bowers," have been rein vest iga ted by LIGNIER (18},

who has discovered them to contain a stout pyriform axis from which

the seeds had probably become detached after maturity, and also

Fie. 6o.— Cycadeoidea dacatensis: semi-diagram ma tic sketch of strobilus; the
ovulaU- cone in ihe renter is covered by short-stalked ovules and interseminal scales;
one staminate sporophyll expanded, and one still folded; outside the staminair siw>r<>-
phylls are hairy bracts; a little less than natural sir-e.—After WIELAND (aa).

traces of the stamen set. Recently NATHOEST (31) has found addi-

tional "male flowers" of Williamsonia on the Yorkshire coast, and

confirms the view that they are bisporangiate strobili of the cyca-

deoidean type. About the same time WIELAND (30) discovered

a well-preserved staminate disk of Williamsonia in the Mexican

deposits, which he describes as being a "reduced campanulate form,"

comprising eight to ten small and strictly once-pinnate sporophylls,
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which project only 1.5 cm. beyond the disk, each bearing two lat-
eral rows of synangia along the rachis. This remarkable "reduction"
of the stamen set, as compared with that in Cycadeoidca, has inten-
sified the suggestion of an angiosperm connection.

That the stamens of Bennettitales bore synangia of the ordinary
Maraltia type (fig. 61) has been shown to be true of all the forms

Ftc. 61.—Cyctidetridca dacotensis: part of transverse section through unexpanded

microsporophyll, showing synangia with loculi arranged in two rows; some of the
loruli contain pollen grains; X25.—After WlELAND (32).

examined, including the older known European species. The struc-
ture of the synangia seems to be almost identical with those of Maraltia

or of Danuca (fig. 62). Superficially there is a wall of heavy cells,
and between it and the sporangia! chambers there is a more delicate
tissue. The sporangial chambers are separated from one another
by partitions consisting each of a single plate of cells, and form two
rows, between which the synangium dehisces in two valves. It is
evident that this structure has advanced little beyond the fern level,
and might well belong to Cycadolilicales or to Filicales. In fact,
the free portion of a microsporophyll, if detached, would certainly
be mistaken for a Mtirattin-Wkc fern. This relatively stationary
character of the microsporangiate structures appears throughout the
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whole cycadophyte phylum, including even the Cycadales, and is
one of its striking features.

THE MEGASPORANGIUM

If the microsporangiate structures of Bennettitales have advanced
little beyond the fern level, no such claim can be made for the mega-

sporangiate structures. They are not only
remarkably different from the corre-
sponding structures among Cycadofilicales,
but they are even more different from those
of the Cycadales.

The description of Bennetlites Gib-

son'-ianus, as given by CARRUTHERS (2),
SOLMS-LAUBACH (5, 6), and SCOTT (10),

may be used as an introduction to the
situation (fig. 63). From the convex
surface of the hemispherical receptacle a
great number of slender stalks arise, which
pass vertically upward, or diverge slightly
toward the curved surface of the " fruit."
The central stalks are the longest, the
outer ones gradually diminishing in length,
so that the general outline is oblong or
obovate. Each of these stalks bears at
its tip a single erect seed, with the micro-
pyle directed outward. The seeds are so
placed that the long axis meets the sur-
face approximately at right angles. The
spaces among the stalks are packed with
stales, which are dilated at tip, between
the seeds, so as to form a continuous en-
velope, interrupted only by the small pits
through which the micropylar tubes project.

The corresponding structures of the beautifully preserved Cycade-

oidea Wielandii (fig. 64) have been more fully described by WIELAND

(22). They conform to the description of Bennetlites given above,
but many additional details are given. In the lower part of the ovulif-

62.—Cycadeoideada-

colensis: longitudinal section
of synangium, showing stalk,
hard oulcr layer of cells, por-
tions of wall layers of cells,
and two chambers containing
pollen grains; X40.—After
WIELAND (22).
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erous region only interseminal scales occur; above this there are usually
five or six scales packed around each seed pedicel (fig. 65). The
scales are slender (filiform) at base and gradually thicken upward
in prismatic form to the seeds, where the faces are hollowed lo receive
them. Above the seeds the
scales enlarge again and their
tips form a complete mosaic,
perforated only by the micro-
pylar tubes.

In the group of species
with more or less elongated
receptacles, as Cycadeoidea

dacoiensis (fig. 66), the nu-
merous scales and pedicels are
relatively short and of uniform
length, so that in a young stage
the conical tip of the axis, as
WIELAND suggests, appears
like a brush.

There are two interpreta-
tions of these scales and pecU-
cels. LICNIER (25) maintains
that the scales are bracts in
whose axils the pedicelsappear;
and that therefore the pedicel
is an axial structure bearing

Fie. 63.—Bennett ties Gibsmitmus: dia-
gram erf seed-bearing strobilus; the seeds,
each containing a dicotyledonous embryo,
are l>ornc on long pedicels; between the
seeds are the EnterseminaJ scales with dilated
ends; surrounding seeds and scales are
overlapping bracts.—Modified by SCOTT(ic)
after SOLMS-LAUBACH (5) and POTONI£

(6a).

an ovulate "flower" reduced

to its lowest terms. This view

necessarily regards the strobilus

of Bennettitales as an "inflo-

rescence/' which, in so far as

it means a compound (branching) strobilus, is represented among

gymnosperms by the ovulate strobili of certain of the Pinaceae and

by both strobili of the Gnetales. The same investigator (19) has

also satisfied himself, by an examination of BenneUites Morieri, that

in all the scales which enter into the composition of the strobilus the

terminal enlargement is due to hypertrophy and is not a reduction

stage.
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The general and apparently inevitable interpretation has become

more assured since the discovery of Cycadofilicales. In that group many

of the seeds are borne terminalIv

upon reduced filiform branches

of a modified frond; and it is

natural to infer that the seed pedicel

of Bennettitalcs represents such a

frond reduced to its lowest terms,

that is to a single seed-bearing stalk.

This means that the seed pedicel

is a foliar rather than an axial struc-

ture, and that it is a case of exces-

sive reduction, which has resulted

in a simple, one-seeded megasporo-

phyll (carpel). There seems to be

no better way of disposing of the

interseminal scales than to regard

them as sterile and specialized

megasporophylls. One of the most

striking features of liennettitales,

as constrasted with Cycadofilicales,

is the relatively slight reduction

of the microsporophylls, associated

with the very great reduction of

OIL1 megasporophylls.

The structure of the seed is what

has come to be spoken of as the

cycadean type (figs. 67-69). There

is a distinctly three-layered testa

(outer and inner fleshy layers and

a middle stony layer), which is

evident chiefly in the region of the

integument free from the nucellus

(29). The inner layer of the

testa is said to form the lining

of the long micropylar tube, which

reaches to the surface of the ovulate

FIG. 64.-—L'ycadtoidtfi WielandiL

radia I longitudinal section of seed-bearing

BtrobBos, «iih partially restored bract

tips; the arrow indicates d im lion vertical

to I he trunk, the section passing through

the exact median and vertical plane of

the axis of fructification; m, x, p, and c,

respectively the medulla, xylcm, phloem,

and cortex of the trunk as seen in radial

longitudinal,section; a, insertion of armor

on cortex; /. old leaf bases; d, insertion

of dehiscent hypogynous disk; », erecl
seed; ft, hair-covered bract,—figure and

description after WOELANO (32).

*
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structure. A most interesting feature is the occurrence of a basal
cupule, for it suggests a remnant of the completely investing cupules
of certain seeds (Lagenostomx) of Cycadofilicales. The usual nucel-
lar beak and large pollen chamber, characteristic of this type of ovule,

FIG. 65.—Cycadeoiden Wietandn: transverse section uf a |>f>niun "f the so
bearing strohilus, showing seed-stalks with their tcniral 1>undk*s, and interserainaJ
scales jiatk^ii between.—From photujfraj)!] by !ii l-rm don made by WIELAND.

are evident, and also a heavy nu^aspore membrane. It must be

recognized that the structure of the seeds of Iiennettitales is not known

with such compk-k-ness as is that of Lagenostoma, so that a definite

comparative statement is impossible at present. The conjectural

situation is possibly the true one, which the abundance of material

should soon establish.
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3. The gametophytes

In his examination of pollen grains, WTELAND (22) discovered
appearances of cell structure, but it was not determined whether
these appearances belonged to the wall or not. If they are internal
cells, a series was obtained from the cutting off of one lenticular cell
up to live cells. Since the pollen grains of Cycadofilicales and Cor-

FIG. 66.-—Cycadeoideti dtuviensis: longitudinal section through strobilus, from a
photograph; X2.—After WIELAND (22).

daitales are known to have become multicellular, it would not be
surprising to lind in the pollen grains of Bennettitales a more exten-
sive tissue than is developed in the pollen grains of Cycadales. The
formation of swimming sperms cannot be doubted, on account of the
structure of the ovule and the relationship of the group.

.



No recognizable trace of a female gametophyte has been observed,
for all of the sections of strobili have shown either very young and
structureless ovules or mature seeds with fully developed embryos.

4. The embryo

One of the characteristic features of Bennettitales is the large
dicotyledonous embryo completely filling the embryo sac, in fact
Tilling the whole seed to the testa, with the
exception of the nucelhir k a k (figs. 67-69).
The numerous sections of strobili that have
been made show that this remarkable em-
bryo., much the larger part of whose bulk
consists of two cotyledons, was quite uniform
in appearance and was very favorable for
preservation. Unlike the embryo of any
other known gymnosperm, it destroyed
practically all of the endosperm during its
intraseminal development. Unusual as this
is, however, it is merely a difference of
degree, since the embryos of all gymnosperms
encroach more or less upon the endosperm.
The contrast in this feature between Bennet-
titales and Cycadofilicales is all the more
remarkable from the fact that the former
group is believed to have been derived from
the latter. If this view is a true one, a
remarkable change in the intraseminal de-
velopment of the embryo has been supposed
to have taken place during the passage of
cycadophytes from the Paleozoic into the
Mesozoic; but it should be remembered that
probably the embryos of Bennettitales are
in evidence because the strobili remained attached to the plant (p. 47).

Jt has also attracted attention that this bulky, dicotyledonous
embryo gives no evidence of the long, slender, and tortuous suspensor
characteristic of all living gymnosperms except Ginkgo. Those who
are familiar with sections of the seeds of Cycadales and Coniferales,

FIG. 67. — Btnnettitts

Gibsonittiius: mature sect!

showing embryo with two

somewhat unequal coty-

ledons; the tesia shaded

with parallel rail mi lines;

at the base of the seed and

in the pedicel the vascular

supply is shown. — After

SOLUS-LAUBACH (5).
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however, will recognize the fact that this is negative testimony. In
a fully developed embryo the suspensor may have become scarcely

a

L— //

F t c . (>8

FIG. 68.—Bcnnctiites Morieri: longitudinal section of seed; a, micropylar tube;

b, prismatic layer; c, pulpy tissue; d, "corpuscular" mass; e, interseminal scale;

/, embryo space; gt remains of nuccilus; A, chalaza; *', tubular envelope; A, micro-

[ivlar canal; I, nucellar beak; m, pollen chamber; n, fibrous stratum; o, basal expan-

sion of n; p, pedicel bundle.—After WIELAND'S reproduction (23) of LIGNIER'S figure

(18).

I'm. fk>,—Cycadeoidea WieUuidii: longitudinal seciiun of seed; a, micropylar
tube; ft, expanded summit of interseminal scale; c, slightly palisaded layer of heavy-

wallcd cells, which forms the true external coat of the seed, but is covered in all the

basal region of the seed by the woody and tubular cells of the cuplike extension (k)

of the cortex of the seed pedicels; e, wall of nucellus ending below the chala/.a in an

expanded cup-shaped base; /, a structureless zone or simply a space between e and

g; g, stringy remains of cells expanding into a cup below; A, chalaza; ;', woody scalar!*

form tissue; k, continuation of the beftvy-walled tubular cells forming the outer layer

of the seed pedicels, which overlaps the outer layer of the seed (c) and forms the cupllkc
seed support or husk; /, central bundle of pedicel; m, remnant of aborted seed and

micropylar tube at the center of summit of interseminal scale; Xt2.—Figure and

description after WIELAND (12).
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recognizable, except to one very familiar with the situation; and there
may be many sections that would not show any trace of it. The
obliteration of the suspensor would be even more extreme in the case
of an embryo that has completely or approximately obliterated all
the tissues within the testa. At the same time, the embryo of Ginkgo

suggests the possibility that the embryo of Bennettitales may have
lacked an elongated and slender suspensor, and that there was simply
a suspensor-like elongation of the massive proembryo. In certain
sections WIELAND (20) has discovered the seed filled with a tissue
which suggested to him proembryonic tissue. It is altogether unlikely
that the embryo in its proembryonic stage would have destroyed all
the endosperm. The tissue in question is probably that of the embryo,
through which both transverse and longitudinal sections are possible
that would not show the dicotyledonous character, or the figure
published might indicate three cotyledons.

It is tempting to cite the embryo of Bennettitales as evidence that
the primitive embryo of gymnosperms was dicotyledonous. Recent
investigations, however, have shown that Bennettitales cannot be
used for or against this view until the anatomical structure of its cotyle-
dons has been determined. The embryo of this group, as we know
it, is probably far from representing even the most primitive embryo of
mesozoic gymnosperms; and behind the Mesozoic there stretches the
long series of paleozoic Cycadofilicales, whose embryos are unknown.

5. History and distribution

This characteristic mesozoic type ranges from the early Triassic
into the Lower Cretaceous, being extraordinarily abundant during
the Jurassic. In the United States the remains of Bennettitales are
known from the Triassic of Pennsylvania and North Carolina, through
the Jurassic of Colorado and the Potomac formation of Maryland,
to the Upper Jurassic and Lower Cretaceous of the Black Hills of
South Dakota and Wyoming. The recently discovered Mexican
remains of the group occur in the Lower Jurassic (Lias) of the moun-
tains of western Oaxaca (30). The known historical range of the
group in Europe is even greater, beginning with the early Triassic
(Williamsonia angustifolia) of southern Sweden.

The remains have been found in abundance wherever favorable
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mesozoic deposits occur, ranging through North America, Europe,
and Asia, and extending into the arctic regions; so that Bennettitales
were evidently a world-wide type of great prominence. It is to be
expected that investigations in the southern hemisphere, and espe-
cially in the mountainous region of western China, may much extend
our knowledge of the group.

6. Relationship to other gymnosperms

The question of the gymnosperm relationship of Bennettitales is
concerned with the relation to Cycadofilicales and Cycadales, the
two other members of the cycadophyte phylum. It is hardly worth
while at present to consider the vague suggestions of relationship to
the Cordaitales, to the Ginkgoales, and even to the Gnetales. The
present evidence for such connections is too slight to merit serious
discussion.

There seems to be no good reason for doubting that the mesozoic
Bennettitales were derived from the paleozoic Cycadofilicales. This
view has been expressed by including both groups in the cycadophyte
phylum, and this view seems to be justified by both history and struc-
ture. The Bennettitales began to rise into prominence as the Cycado-
filicales declined, and undoubtedly lingering members of the latter
group continued into the early Mesozoic, and early members of the
former group existed during late Paleozoic; so that Bennettitales
may be said to have carried forward into the Mesozoic many of the
primitive features of the Cycadofilicales, associating with these fea-
tures others of more advanced type in the phylum.

A summary of these primitive features will serve to emphasize
the connection with Cycadofilicales. The ramentum is a character
that indicates the general connection of both groups with ferns. The
vascular anatomy and the direct leaf traces of the Bennettitales agree
so closely with those of the siphonostelic Cycadofilicales that the rela-
tionship seems obvious. The lateral branching of a monopodial
axis is a feature of both groups, the more open and widely branching
bodies of Cycadofilicales being carried forward into the Bennettitales in
such forms as Williamsonia angustifolia (Anotnozamites) and Wielandi-

ella, but becoming much compacted in the later members of the group.
This more compact body arose in connection with the organization of
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strobili and a restriction of the function of the branches. Instead

of remaining elongated, foliage-bearing branches, with sporangia

borne on more or less modified leaves, they became short branches,

without foliage, but with bracts and sporophylls arranged in a stro-

bilus by the shortening of the axis. That the short, lateral, strobilus-

bearing branches of Bennettitales have been derived from elongated

branches with foliage more or less modified to bear sporangia appears

to be a safe conclusion. The bisporangiate character of the strobilus

is probably to be explained by the bisporangiate character of the

fronds of those Cycadofilicales which gave rise to Bennettitales.

In addition to ramentum, vascular anatomy, direct leaf trace, and

lateral branching, a conspicuous feature which the Bennettitales

have carried forward from the Cycadofilicales is the microsporophyll,

both in form and in the structure of its sporangia. In fact, the modi-

fication of the ordinary Marattia-like frond is much more extreme

among certain of the Cycadofilicales. So clear is the resemblance

of these microsporophylls to "fertile fronds" of ferns and of Cycado-

filicales, that it is not disguised by their monadelphous character,

which is probably related to the development of such large organs

upon a shortened axis. The so-called "disk" or "basal union" of

the stamens, it must be remembered, is due to a final simultaneous

growth of the whole zone of tissue from which the stamens began to

arise as separate members.

The change in the megasporophylls was mare extreme, but it

does not differ in kind from that observed in the microsporophylls. It

is simply a still greater reduction, which in this case is carried to an

extreme; a naked branching rachis bearing terminal ovules upon its

ultimate branches, common among the Cycadofilicales, has become

a single ovule-bearing stalk. The connection is still more evident

when it is noted that the cupule investing the seeds of certain

Cycadofilicales has become a basal cupule in the well-protected seeds

of Bennettitales. The extreme modification has been attained in

the differentiation of sterile and fertile megasporophylls, and their

organization into a single fruitlike body.

The most inexplicable feature in this supposed connection of the

two groups is the transition from a seed with no evident embryo to

one containing relatively the largest embryo among gymnosperms.
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However, even if this is really a difference (pp. 46, 47), it deals with

the common condition of seed plants during the Paleozoic, and would

belong to the development of seed plants in general.

The resemblance of Bennettitales to Cycadales is so evident that

reasons for keeping the two groups separate are more necessary than

reasons for claiming that they are genetically related. The vegetative

body in external appearance, and in the anatomical structure of both

stem and leaf, seems to be so exact a reproduction of that of Cycadales

that an intimate relationship of the two groups is an unavoidable

conclusion. If this were the only testimony, no one would suggest

a separation of Bennettitales and Cycadales; and, as it is, this testi-

mony justifies the belief that the two groups are more intimately

related to one another than to any other gymnosperm group.

The divergent characters of Bennettitales, however, are very

striking, and force the conclusion that the two groups, although

undoubtedly of common origin, are divergent groups, and that "transi-

tions" from the Bennettitales to the Cycadales, in the important differ-

ences between the two groups, need not be expected. In such a

feature as its fernlike ramentum, the Bennettitales might be regarded

as on the way to Cycadales. The direct leaf traces, also, may be

associated with the monopodial habit, and this might be conceived

of as passing into the slow-growing sympodial habit of Cycadales,

which may hold some causal relation to the formation of "girdles."

Even the lateral branching, represented by numerous dwarf fertile

shoots, may be conceived of as being more and more restricted to

the apical region until the condition in Cycadales is attained. In

fact, this restriction has apparently reached the cycad level in Williarn-

sonia gigas, whose strobili are borne on "peduncles" arising from

within the crown of Zamia-like leaves.

In the strobili, however, extreme specialization is met in almost

every feature. The bisporangiate character, the closely enveloping

bracts, the monadelphous and pinnate microsporophylls bearing

synangia, the admixture of sterile and fertile megasporophylls, the

reduction of the fertile megasporophyll to a single pedicel bearing a

terminal erect ovule, the organization of both kinds of megasporophylls

into a compact fruiting body, the development of an embryo which

destroys completely the endosperm during its intraseminal develop-
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ment, all taken together present a combination of characters that

serves to set the group very distinctly apart from other gymnosperms,

and suggests that it represents the end of a gymnosperm phylum.

The testimony, on the whole, indicates that the Cycadofilicales

gave rise to at least two mesozoic phyla: one with monosporangiate

strobili, represented in the present flora by Cycadales; the other

with bisporangiate strobili, which culminated in the Bennettitales

and ife probably not represented in the present flora. Whether there

was first a common stock from the Cycadofilicales, which later differ-

entiated into the two groups, or the two groups emerged from the

Cycadofilicales independently, is a question that can be discussed

rather than decided (27).
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CHAPTER III

CYCADALES

The living cycads form a small natural group containing only

nine genera and less than one hundred species, all of which are tropical

or subtropical. Four of the genera belong exclusively to the western

hemisphere and the other five to the eastern.

Of the western genera, Zamia contains about thirty species and

ranges from southern Florida to Chili. The three other genera are

very limited both in number of species and in distribution: Micro-

cycas is monotypic and confined to western Cuba; Dioon, with three

species, is found only in southern Mexico; and Ceratozarnia; with

two or perhaps more species, has about the same range as Dioon, with

which it is associated in some localities.

Of the five eastern genera, Cycas is the most prominent, both in

number of species and in distribution, its sixteen species ranging

from Japan to Australia. The four other genera are very restricted:

Macrozamia, with fourteen species, and the monotypic Bowenia

belong to Australia; while Encephalartos, with twelve species, and

Stangeridy with two or more species, belong to southeastern Africa.

The genera are sharply defined, but such species as are based only

upon leaf characters are open to suspicion, because the leaves vary

greatly with the age of the plant. In 1901, when the first edition of

this book was written, little was known of the morphology of any

of the cycads except the widely ranging and consequently easily

accessible Cycas and Zamia. Since then, Dioon, Ceratozamia, and

Microcycas have been studied, so that the life histories of all the occi-

dental genera are quite well known. Some additional information

in regard to the oriental genera is also available, but many important

features in the life histories of the Australian and African forms are

still unknown. This increased knowledge of the cycads themselves,

together with extensive studies of the Cycadofilicales and Bennettitales,

allows a more satisfactory presentation of the group than was possible

a few years ago.

The cycads are distinguished from the other living gymnosperms

91



92 MORPHOLOGY OF GYMNOSPERMS

and from the Cordaitales by the unbranched stem, with a terminal

rosette of comparatively few, large, branched leaves, which gives the
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FIG, ?o.~Dioon edute: ovulate plant on rocky hillside at Chavarrillo, Mexico;
tlif trunk is 1.5 m. high, and shows the armor of leaf bases throughout its entire
length.—After CHAMBERLAIN (46).

columnar forms the habit of the tree ferns or palms (fig. 70). The

definitely organized strobili readily separate the cycads from the
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Cycadofilicales, and the monosporangiate strobilus separates them
from the Bennettitales. The multiciliate sperm, now demonstrated
for all the genera except Macrozatnia, Bowenia, and Encephalartos,

and certainly present in these three also, is a character shared by
Ginkgo, and doubtless by all of the extinct orders.

i. The vegetative organs

The stems are columnar or tuberous, the former kind prevailing
and often becoming quite tall. The Australian Cycas media reaches
a height of more than twenty meters; the Mexican Dioon spinulosum

(fig. 71) becomes twelve meters high; the Cuban Microcycas is nearly
as tall; while Encephalartos, Ceratozamia, and some species of Macro-

zatnia form trunks of considerable size. In the tuberous forms the
stem is either entirely subterranean or appears more or less above
the surface. All stems are typically unbranched, but branched
individuals are not rare in cultivation and are readily found in
the field (fig. 72). Doubtless all the genera have their branching
individuals, but most of the branching is due probably to injuries
or to the germination of seeds in the nest formed by the crown of
leaves.

A striking feature of the cycad trunk, especially in the columnar
forms, is the investing armor of leaf bases, recalling the large persist-
ent leaf bases of the marattiaceous ferns. In some forms, as in Dioon

edule, the armor is so persistent that even in an old plant the number
of leaves which it has produced can be determined with reasonable
accuracy. From the number of leaf bases, the average number of
leaves in a crown, and the duration of the crown, the age of a plant
can be estimated. The plant shown in fig. 70, with a trunk less than
two meters high, is probably about 1,000 years old. In the smaller
tuberous forms and in some species of Cycas, the armor is not so per-
sistent, and may be visible for only a short distance below the crown
the lower portion of the stem becoming quite smooth and free from
leaf bases.

VASCULAR ANATOMY

A transverse section of the stem of a cycad (fig. 73) shows a large
pith, a relatively thin vascular cylinder of collateral endarch bundles
and a very thick cortex containing the numerous conspicuous " girdles"
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(leaf traces). The contrast with stems of Ginkgoales and Coniferales
is striking, these groups having relatively small pith, very thick

FIG. 71.—DI'OOH spimtlosum: on llie Hacienda de Joliet near Tierra Blanca

(Mexico), March i<|oS; the tallest plant is about 10 m, in height.—After CHAMBER-

I.ATN (64}.

vascular cylinders, and a comparatively thin cortex. Systems of

mucilage canals occur in the cortex and in the pith, connecting with



CYCADALES 95

FIG. 73.—Mkrocycas calocoma: three plants; the one at the right (q .5 m. hi

shows neither crown ncir liase; the height of the middle branching specimen is sug-

gested by the l\vt> (Ren, one of whom is standing on the ground.—After CAI.DWELI.
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one another through the foliar gaps. The presence of foliar gaps
is an evidence of fern connection, and this is confirmed by the usual
occurrence of mesarch bundles and sometimes of concentric bundles
in all regions of the vascular system outside of the primary cylinder.
If such bundles as occur in leaf traces, leaves, peduncles, and cotyle-
dons, were present in the primary cylinder, it would correspond
to that of Lyginodendro?if which is that of Filicales except for the
secondary wood.

FlG. 73.—Zamia fioridana: transverse section of stem, showing the large pith,
rather narrow zone of xylern and phloem, and the thick cortex traversed in various
directions by oblique sections of the leaf traces (girdles); aboul natural size.—After
COULTER {75).

A historical resume* of the development of knowledge in reference

to the vascular anatomy of the stem of Cycadales has been published

by WORSDEIX (20), from which the following facts are obtained.

In 1829 BRONGNIART (I ) described the stem of Cycas revoluta, re-

futing the idea that cycadean stems are similar to those of monocotyle-

dons. In 1832 VONMOHL (2) investigated Cycas and Encephalartos,

discovering in a species of the latter genus the meshwork of vascular
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bundles in the pith. In 1841 MIQUEL (3) published his monograph
of the group, and included the anatomy of several genera. In 1861
METTENIUS (4) published the account of cycadean stems which long
remained the chief source of information concerning them, including
Cycas, Encephahrlos, Dioon, and Zamia, and discovering in the last
two genera none of the secondary cortical bundles characteristic
of the first two. In 1885 CONSTANTIN and MOROT (14) investigated
Cycas siamensis, and stated that the cortical cambium has its origin
in the pericycle. In 1890 SOLMS-LAUBACH (16) traced the vascular
bundles of Slangeria from the peduncles to the stem cylinder, and

ir V
FlB. 74.—Cycas revolula: transverse section of stem, showing pith, two concentric

zones of xvleni, cortex, and armor of leaf bases; one-half natural size.—After BEONC-

NIART ( l ) .

found no evidence of cortical bundles. In 1891 STRASBURGER (17)
brought together the knowledge of stem anatomy with reference to
Cycas, but did not include other genera. Then came the work of
WORSDELL on Macrommm (20) and Bowmia (30), and that of SCOTT

(23) on the peduncles of cycads. Since 1900 the vascular anatomy
of cycads has been investigated with increased intensity, including
every region of the body, and especially the seedling.

The primary cambium may be short-lived, as in Cycas; or it may
be persistent, as in Zamia, Dioon, and Stangeria. Even when it is
persistent, the accumulation of secondary xylem is very slow, and
there are no growth rings even when the stem is several years old.
In case the cambium is short-lived, a succession of secondary cambiums
in the cortex produce cortical cylinders (fig. 74). The first cortical
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cambium produces a vascular cylinder as prominent as the primary

one; the second develops much smaller and more widely separated

bundles; and this continues with diminishing constructive power

until the outermost cylinder is recognized only by the appearance of

a small bundle here and there. These cortical bundles are produced

in Cycas, Encephalartos, Macrozamia, and Bowenia; and in Cycas

they are concentric. In Macrozamia and Bowenia WORSDELL (20, 30)

discovered a tertiary cambium, appearing between the successive

secondary cambiums, and giving rise to small intermediate bundles

with reversed orientation, the xylem being directed toward the xylem

of the next outer bundles. This suggested that the original structure

of all the cortical bundles of these genera was concentric, and that

in the layers of concentric bundles the meristem of the inner portion

of each bundle became gradually less functional, until in most cases

the concentric bundles have become collateral. The cortical concen-

tric bundles of Cycas, the concentric bundles in the peduncles and

leaves of several genera, the evidence of incomplete concentric bundles

in the cortical cylinders of Macrozamia and Bowenia, all indicate

derivation from an ancient stem type in which layers of concentric

bundles were developed, such a type as exists among the Cycado-

filicales (23).

In Encephalartos and Macrozamia a system of bundles is also

developed in the pith, forming a dense network, each bundle being

accompanied by a mucilage canal in contact with the phloem. Some

of the smaller bundles pass out through the leaf gaps, the xylem and

phloem strands joining the corresponding elements of the primary

cylinder, and the mucilage canals passing on to join the cortical canal

system.

An account of the anatomy of the seedlings of Ceratozimia, Dioon,

Microcycas, and Zamia will furnish a basis of comparison. Cerato-

zamia is peculiar in the fact that one of the cotyledons is abortive, but

it has been made to develop by eliminating the influence of gravity

(58). The seedling has been investigated by SISTER HELEN

ANGELA (59), the outline of whose results is as follows. The vascu-

lar plate of the transition region is irregularly four-cornered, all of

the xylem being in the center, sometimes in a solid mass, sometimes

interspersed with pith cells (fig. 75). This protostelic condition may
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persist above the plate more or less, in one case for a distance of
1,6 mm., above which a siphonostele is established. The develop-
ment of the tetrarch root is delayed, its four protoxylem poles being
inserted upon the cotyledonary bundles, and the entire xylem system
of the root being
bordered periphe-
rally by cambium.
The smgle cotyle-
don, which is often
lobed at tip, is mul-
tifascicular, usually
with a l ternat ing
mucilage ducts, but
all the vascular
strands are derived
from three bundles
that connect with
the vascular plate
(figs. 76, 77).

These three
strands are not of
the same rank, and
their relation to the
vascular plate of the
transition region
should be under-
stood. Two of file
angles of this plate
are directed toward
the center of the
two cotyledons (tht

Fie. 75.—Ceratozamia mtxicana: transverse section
of vascular plait: of seedling, showing the protostelic con-
dition; px, protoxylem; X225.—After SISTER HELEN*

AN'GKLA (59).

usual abortion of one cotyledon in Ceratozamia does not affect this
orientation), and therefore may be called cotyledonary; and the
other two are in the plane between the two cotyledons/and there-
fore may be called intercotyledonary. The median vascular strand
that enters a cotyledon is connected directly with the adjacent
cotyledonary angle or pole of the vascular plate, and therefore is a
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primary strand. The two lateral strands that enter a cotyledon are

branches of the two primary strands that are connected with the two

intercotyledonary angles or poles, and therefore are secondary strands.

The primary strand from an intercotyledonary angle follows a very

short radial course and then forks, the branches taking a tangential

course in opposite directions and passing into opposite cotyledons.

Each primary intercotyledonary strand, therefore, sends a branch

into each cotyledon; while each

primary cotyledonary strand is

connected with a single cotyle-

don as its median strand. This

median strand usually does not

fork until well within the coty-

ledon of Ccratommia; in some

other cycads it forks sooner;

and in others it is said to be

double from the beginning.

N ~ \ / 3 This variation in the forking
. „ . . .. of the median strand accounts

FIG. jo.—Ceralozamia mexicana: diagram
representing connection of cotyledonary bundles f o r t n e reports of three Or four
with the vascular plate; A, B, C, D, the four vascular bundles occurring at
main cotyledonary bundles; C, median bundle ^ b a s e of e a c h c o t y l e ( l o n .
of developed cotyledon; D, median bundle of ,
aborted cotyledon; a, «', lateral bundles of In Ceratozamta the lateral
aborted cotyledon; b, K lateral bundles of strands and also the bifurcated

developed cotyledon; /•, f>, ft f*, the four prin- m e d i a n strand branch, so that
cipal groups of foliar bundles; c, cotvledon; , , , . , .
/, leaf.-After SISTER HELEN ANGELA <"S9).

 t h e cotyledon becomes multl-

fascicular. The xylem of the

cotyledonary strands is mesarch at the base of the cotyledon, but

becomes exarch in the upper part.

In the early stages of the seedling several groups of extrafascicular

cambium appear (fig. 78), but in seedlings two years old only the

slightest trace of them can be found. The stem develops as a sympo-

dium, and the number of vascular strands entering successive leaves

increases, sometimes with great regularity, as from three in the cotyle-

don to seven in the fourth leaf. The origin of these leaf strands is

exceedingly complex, as they represent a few of the ultimate brandies

from four (or three by the fusion of two) original foliar bundles con-
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nected with the central cylinder (fig. 79). There is no girdling of
leaf traces in the younger stages, the traces being at first vertical;
but with the radial increase of the inclosed leaves and stem tip girdling
becomes apparent. The xylem of the leaf traces is endarch, but it
becomes mesarch in the base of the leaf and remains so to the tips of
the pinnae. In a later study (66) the extrafascicular cambium of
flu- seedling of Ceratozamia was investigated. In over eighty seed-
lings, ranging in age from a few months
to over two years, only one small extra-
fascicular bundle was found, although
the central cylinder was surrounded by
several groups of cambium cells. It
these groups should function in the
production of vascular bundles, the
result would be strongly suggestive
of polystcly. The innermost extra-
I'asficular cambium groups arise in the
pericycle, near the transition region,
but the others appear later.

The vascular anatomy of the seed-
ling of Dioon edule has been investi-
gated by THIESSEN (62), antl illustrates
the origin and course of the leaf traces
of cycads, concerning which there has
been much misapprehension. The
vascular plate of the transition region
is four-cornered in section, with a pro-
toxylem group at each corner, and, as
in Ceratozamia, it is protostelic and soon
j hisses into the siphonostelic condition in the seedling stem. The four
protoxylem groups of the vascular plate are continuous with those of
the root, which is therefore tetrarch. The primary strands from the
intercotyledonary angles of the transition plate are related to the coty-
ledons exactly as described above for Ceratozamia, but the primary
strand from each cotyledonary angle forks, so that four strands enter
the base of each cotyledon (fig. 80).

The connections of the leaf traces of Dioon are simpler. The

FIG. 77,—Ceratosamia m

cana: diagram of vertical view of
vascular supply of cotyledon*, wi
the usually aborting cotyledon lias
been made to develop; A, B, C, D,

the four main cotyledonary bundles.
—Made for this work by SISTER

HELEN* ANGELA.



IO2 MORPHOLOGY OF GYMNOSPERMS

Jkko A dorety

FIG. y&.—Ceratuzamia mcxkami: transverse section of hypocotyl slightly beJow

exit of cotvlcdonary traces; the diagram shows the position of the stele, surrounded

by three large groups of extrafascicular cambium (a, b, s), and some smaller groups

like e and r; the drawing shoivs a portion of the section indicated in the diagram,

including one of the groups of extrafascicular cambium (a), parts of b and a, and also

the smaller groups (c and r); the bundles of the stele are mesardi, with considerable

centripetal xylem.—After SISTEH HELEN' ANGELA (66).

I
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current statement has been that two leaf traces leave the vascular
cylinder on the aide away from the leaf they are to enter, swing around
to left and right in wide curves through the cortex, forming the charac-
teristic, girdles, and so pass to the leaf. This needs amendment
as follows. As usual in cycads, a variable number of scales succeed
the cotyledons before true foliage leaves are developed, but the traces
of scales and leaves are the same. In Dioon four strands leave t he-
central cylinder for each scale or leaf, at indefinite but well-distributed
points. Two of them leave
approximately on the side of
the cylinder toward the leaf,
and without branching pass
more or less directly through
the cortex to the petiole. The
two other strands leave the
central cylinder approximately
on the opposite side, describe
wide right and left curves
about it through the cortex,
and so enter the petiole, where
they begin to branch freely
(iig. 81). The leaf traces of
the cycads, therefore, include

CO. 79.—Ceratozamia mexicana: d ia-
gram of vascular plate of seedling, showing
origin of leaf bundles; d, d', lateral traces
of first leaf; e, «', Buddie traces of same;
rest o£ lettering as in fig. 76.—After SISTER

HI: 1 KX ANGELA (59).not only "girdles," but also
direct traces. The vascular
strands of both leaves and cotyledons are endarch at their junction
with the cylinder, but gradually become mesarch, and in the upper
stretches of leaf or cotyledon the exarch condition is approached
more or less completely. This transition from endarch to mesarch
and perhaps exarch seems to be a common feature of the foliar
strands of cycads.

The origin of the "girdle" is a very obscure problem. In connec-
tion with Ceratozamia it was stated that the girdling became evident
in connection with the diameter increase of the inclosed group of
leaves and stem. It would be a natural inference that the curve of
the girdle is produced by the growth of the group of organs within;
but in Dioon it is evident that the girdle is established in the procam-
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-tb ,.--"-

FIG. 80.—Dioon edule: semi-diagrammatic
reconstruction of part of vascular system of em-
bryo; cot, cotyledon; tb, tubular part of cotyle-
dons; cs, cotyledonary strands; H~li, foliar
strands of first leaf; li-t*. foliar sirands of
second leaf; vp, vascular piatc; a, protoxylem
elements continuing downward into the hypo-
cotyl.— After THIESSEN (62).

bial stage of the strand, and
that its final course is laid
down from the beginning.

The seedlings of Zinnia

{Z.fioridcma and Z. integri-

jolia) have been studied
recently by MATTE (68)
and are found to confirm
the results obtained from
the preceding genera. The
vascular plate of the cotyle-
donary node is a protostele,
and each cotyledon receives
three vascular strands, as
described for Ceratozamia.

At the base of the cotyle-
don the strands are mesarch
or even concentric, but in
the middle region they be-
come exarch and remain so
to the tip, where transfusion
tissue occurs and probably
has replaced the centripetal
xylem. The tap root is of
the usual tctrarch type, be-
coming reduced to triarch
or even diarch toward the
tip.

The study of the seed-
1 i ngsof Microcycas by SISTER

HELEN ANGELA (65) con-

firms the general situation
described for Ceratozamia,

Dioon, and Zamia, and
shows some interest ing
variations. Microcycas is
peculiar in the extensive



fusion of its cotyledons. They
arise as two distinct organs,
but in the older embryos the
fusion is so complete that serial
sections from the apex down-
ward almost to the apex of
the plumule do not reveal the
characteristic "seamy
cases the abutting epidermal
layers having disappeared. As
in Ceratozamia, there is no
"resting stage" of the embryo,
which emerges from the testa
as soon as it is formed. In
Ceratozamia, Dioon, Micro-

cycas, and Zamia, and pre-
sumably in other cycads, the
root is much delayed in its
development, not being formed
when the base of the embryo
ruptures the testa and exposes
a small brown disk of dis-
organized tissue, which repre-
sents the remains of the once
extensive coleorhiza, and
through which the root may
not penetrate until the soil is
reached or even until after the
exit of the plumule.

An interesting deviation is
shown in Microcycas by the
vascular cylinder of the tran-
sition region, which is not a
protostelic plate, as in the pre-
ceding cases, but is siphono-
stelic from the beginning (fig.
82). The four cotyledonary
strands remain distinct, and

Fie. 81.—Dioon edulc: semi-diagram-
malic reconstruction of part of vascular svstem
of embryo, to show especially the girdling;
/,, I*, traces of first and second leaves (£>, L1);

Vp, vascular plate; px, protoxylem groups;
o, xylem elements continuing from proto-
xylem groups of p i a t e t o form ^ g pnmixvlem
• if the primary root.—After TtttESSEN (62).
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their elements become continuous with those of the four poles of the

root, which is at first tetrarch, but may become triarch toward the tip.

Each cotyledon contains eight or ten vascular strands, with alternating

mucilage ducts, the strands being all derived from the branching of

three main bundles that join the central cylinder. In the young

stem four large groups of leaf traces alternate with the four cotyledo-

nary groups, and just above the cotyledonary node they close together

to form the central

- - X s

FIG. 82.—Microeycas calocoma: semi-diagram-

matic transverse section of the central vascular sys-

tem of the seedling above the cotyledonary node,

composed of four groups of leaf traces (/», } 3 , /3, /••);

.1, B, C, D, main cotyledonary traces.—After

SISTER HELEN ANGELA (65).

cylinder. In this case,

also, the course of the

girdle is evident in its

procambial stage; and

all the strands change

from the endarch con-

dition to the mesarch

and finally the exarch in

passing from the cen-

tral cylinder toward the

tip of the cotyledon or

leaf, and transfusion

tissue is abundant in

close connection with

the centripetal xylem.

In Microeycas also there

are remnants of a broken

up cambial zone in the

cortex of the young stem, not so distinct as in Ceralozamia and never

forming an extrafascicular bundle.

The seedlings of these four genera may be regarded as representa-

tive of the seedlings of cycads in general, and the situation may be

summarized as follows: At the cotyledonary node there appears

a quadrangular protostelic plate or a siphonostelic grouping of four

sets of cotyledonary strands (Microeycas), in both cases connecting

with the four poles of the tetrarch root, which later may become triarch

or even diarch. At the base of the cotyledon three or four vascular

strands occur, connected with three of the poles of the quadrangular

vascular plate. In Zamia and Dioon cdule these strands seldom
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branch, so that the cotyledons contain only four vascular strands, and

this seems to be true also of some species of Cycas, of Macrozamia,

and of Stangeria; but in Ceratozamia the branching may reach twelve

cotyledonary strands; and in Dioon spinulosurn, Microcycas, and

Bowenia the branching is even more extensive. When the root is

diarch, as in some species of Cycas, it is the intercotyledonary poles

that are suppressed, and although the corresponding strands are

represented in each cotyledon, their basal endings are free in the cor-

tex. The leaf traces are usually four in number; the two inner ones

arising from the proximal side of the central cylinder and being more

or less direct; the two outer ones arising from the distal side of the

central cylinder and forming the characteristic girdles of the cortex

in their course to the leaf.

In a general review of seedling anatomy Miss THOMAS (57) con-

cludes that in all cycads four or six vascular strands enter the cotyle-

don, and that the primary root is prevailingly tetrarch, with a strong

tendency to become reduced toward the apex to the triarch or diarch

condition. For example, in Cycas siamensis there are four cotyle-

donary strands, but in connecting with the root two of the strands

(the intercotyledonary ones) die out and the root is diarch.

In a similar review of the seedling anatomy HILL and D E FRAINE

(67) conclude that the number of vascular bundles at the base of each

cotyledon ranges from two to eight; that these bundles in general

are mesarch and become exarch; that the transition phenomena

occur so rapidly that most of the hypocotyl shows root structure;

that the cotyledonary strands are not of equal value in the production

of root structure; and that after the initial root structure is attained

the number of poles may be increased at lower levels.

Certain occasional situations have been recorded, which are inter-

esting not only in what they imply, but also in suggesting a search

for their wider occurrence. For example, the concentric bundles

at the base of the cotyledons in Stangeria, vthe polystelic condition in

the earlier stages of the peduncle of Encephalartos, the cortical strands

in the base of the peduncle of Dioon (61), and the mucilage canals

in the root of Dioon are all features that fit into the general anatomi-

cal condition of the cycads, as described above.

In his conclusions from an investigation of the vascular anatomy
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of cycads MATTE (40) lays special stress on foliar strands, which he

regards as of more phylogenetic importance than the vascular axis of

the stem, his unit of structure being the "meriphyte." In this work

the leaves and sporophylls of representative species of all the genera

were examined, and the seedlings of Cycas, Dioon, and Encepha-

lartos. The well-known omega (ft) outline of the foliar arc was

found to hold for the whole group, even the complex arrangement

of the strands of Bowenia (43) being referable to it. He also dis-

covered in the ovulate sporophyll of Ceratozamia (35) three or more

accessory vascular strands near the abaxial surface, in addition to the

usual transverse row of strands; and inferred from their inverse

orientation (xylem abaxial) that the sporophyll is really a union of

two sporophylls.

THE LEAF

The crown of large leaves at the apex of the stem gives the cycad

its palmlike or fernlike aspect. In Dioon edule, as it grows in the

field, a new crown of foliage leaves is produced every other year.

When just unfolding, the new crown is easily distinguished from the

previous one (fig. 83), but a few months later, after the new crown

has fully expanded, the presence of two crowns can scarcely be noticed.

In fig. 70 the leaves of the new crown are obliquely erect, while those

of the previous crown are horizontal or somewhat reflexed. Below

this older crown may be seen some midribs of leaves of a still older

crown, the leaflets having fallen off. Below these naked ribs may be

found all stages down to the typical crown of persistent leaf bases.

It is certain that in greenhouses a crown of Dioon edule may persist

much longer than two years. In Cycas revoluta it is said that a crown

is formed every other year, but information in regard to the duration

of crowns, as they occur in the field, is scanty and uncertain. In seed-

lings there is only one leaf, or occasionally two, and for a considerable

period the leaves appear singly at irregular intervals, the production

of a whole crown of leaves at one time being a feature of the later

history of the individual.

The leaves are once-pinnate in all the genera except Bowenia, in

which they are twice-pinnate. They vary in length from 10 cm. in

Zamia pygmaea to more than 3 m. in some species of Cycas. The

number of leaflets varies greatly even in adult leaves, which in Dioon
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edide often have more than 100 leaflets on each side of the rachis.

The number increases gradually with the age of the plant, the first

C I

leaf of Ceratozamia having two or four leaflets, while the leaf of a

fully grown plant has as many as 100. The margins of the leaflets

are entire or variously serrate (figs. 84-89), while in Macrozamia

heteromera they are dichotomously branched. In Dioon edule the
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leaflets of the seedling are conspicuously spinulose, like the adult

leaflets of D. spinuhsuin, but in OIIICT pfotfus 'die uimgtiih are per-

fectly smooth, the spinulose condition of the seedling of D. edule

being a juvenile character indicating an ancestry with spinulose

leaves (figs. 84-87). The venation is various; for example, the

leaflets of Cycas have only a midrib without any branches; those of

FiGS. 84-89.—Pinnules of cycads: fig. 84, part of leaf of seedling of Dioon edule;

fig. 85, pan of adult leaf of same; fig. 86, part of leaflet of seedling of Dioon spinnlosum;

fig. 87, part of adult leaf of same; fig. 88, part of adult leaf of Zamiajloridana; fig, 89,
detail of venation of I«if of Zamia fioridana; figs. 84-88, one-half natural size; fig. 80,
X4-

Stangeria have a midrib with numerous veinlets; those of other genera

have no midrib, but form more or less parallel veins, some of which

run the entire length of the leaflet without branching, while others

branch dichotomously and often anastomose (fig. 89). Circinate

vernation, characteristic of ferns, appears in the midrib and pinnules

of Cycas and in the midrib of Stangeria, Ceratozamia, and Zamia, but

otherwise it does not occur.

The leaflets are tough and leathery, a texture due to thick-walled
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hypodermal cells. The epidermis is strongly culinized, as in conifers,
and the stomata, which in all the genera except Bowenia occur only
on the under surface, are deeply sunken. In most forms the mesonhvll
is differentiated into palisade and spongy parenchyma, both rich in
chlorophyll, but in addition to this some leaves, as in Cycas, have
colorless cells, elongated parallel with the leaf surface, lying between
the palisade and the spongy parenchyma. A general view of the
structure of a leaflet is shown in figs. 90, 91.

i

90

FlG. 90.—Cycas revoluta: part of transverse section of pinnule, showing the

cholorophyH-bearing palisade layer, the elongated colorless cells in the middle region,

beneath this a few layers of mesophyll, and the lower epidermis with two stomata.

FIG. QI.—Dioon edule: part of transverse section of pinnule, showing palisade

layer, lower mesophyll region without elongated colorless cells, and lower epidermis

with two stomata.

The first leaves of the seedling are almost always scale leaves, one

or more of which form a protection for the first foliage leaf. Suc-

ceeding leaves are similarly protected, and when crowns begin to be

produced each young crown is covered by a large number of thick,

brownish, hairy scale leaves. Young cones are similarly protected,

the scale leaves covering the young staminate cone of Dioon edulc

being as thick, fleshy, and hairy as the ovulate sporophylls, and in

such cases they form an appreciable part of the armor. In some

species of Macrozamia there are no scale leaves at all.
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THE ROOT

The primary root continues as a strong tap root, with a scanty
display of branches (fig. 92), but with numerous small secondary
roots. Although dichotomous branching has been thought to be
restricted to the secondary roots, under conditions described below.
HILL and D E FRAINE (67) state that in Stangeria the primary root may
branch dichotomously. The soil about the roots is full of low algal

FIG. 93,—Zamiafioridana: entire plant, showing strong lap root

J

and fungal forms, and in many, perhaps all, of the genera, some of

the secondary roots become infected, in which case they become

negatively geotropic. Near the surface of the ground they branch

profusely and dichotomously, forming the so-called "root tubercles"

which occur in coralloid masses just above or a little below the sur-

face (fig. 93). A study of sections shows that the dichotomy so con-

spicuous to the naked eye is only apparent, the root apex remaining

between the two branches. REINKE (6), SCHNEIDER (18), and

L I F E (31) have contributed mostly to our knowledge of these peculiar
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roots. LIFE found that
forms effect an entrance

at the very inception of a branch, bacteroid
and multiply rapidly in the cells of the apical

region. The presence of the bacteroids
causes a considerable enlargement of
the intercellular spaces and a disor-
ganization of some of the cells. Algae
soon appear in the intercellular spaces
and their multiplication still further en-
larges them. In its fully developed
condition the algal zone, in transverse

^w

FIG. 94.—Cycax revoluta: transverse
section of a "root tubercle," showing
the conspicuous algal zone; X20.—
After L IFE (31).

section, appears as a conspicuous ring
about midway between the stele and
the periphery (fig. 94). The alga has
been described as an Anabaena, but
l o°kf m O r e l i k e a N°St0C> although it is
possible that there may be more than
o n e a]ga L I F E believes that the
t u b e r d e s g e r v e b o t h j n a e r a t i n g a n d

in assisting in nitrogen assimilation.

From a recent study ZACH (73)^135 concluded that a fungus is not

(he cause of the tubercles, although a mycelium is abundant in them;

FIG. ^.-Cycas r^olu.a: ncg-
ativfiv geotropicroots in coralloid
masses, as (hey appear just above
the surface of the soil; aboul
natural size.
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and that it is not a symbiont, but rather a parasite against which the
cell reacts as a phagocyte.

2. The spore-producing members

THE MICROSPORANGIUM

All the living cycads are strictly dioecious. The staminate strobili

usually occur singly in the
center of the crown (fig. 95),
but several may appear at
once, as is frequently the case
in Zamia and EncepJwlartos.

The first cone produced bv a
plant is always terminal, but
all subsequent ones are lateral.
Growth from an apical meri-
stem is continuous until a cone
is produced, in which case the
meristem is used up in the pro-
duction of the cone, and a neu
nimstemappearing at the base
continues the growth, pushing
aside the cone and assuming
the erect position. Miss F.
GRACE SMITH (56) has shown
that the trunk of Zamia is
really a sympodium, the pro-
duction of a cone being fol-
lowed by the development of
a branch which quickly be-
comes erect, so that the trunk
does not appear to be branched
(figs. 96-98). In Encepkal-

artos Friderici-Guilklmi and
in E. Altensteinii PEARSON

(47) has described a group of

FIG. 95.—Dioon edulc: upper portion of three to six cones arranged
plant «itfa staminate cone; photographed at s v m r a e t r j c a i ] v a b o u t the apex,
Chavarnllo, Mexico, September IQO6; one- J , • l

third natural size—After CHAMBERLAIN (63). so that in these cases there is
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no sympodium, the summit of the vegetative axis continuing the
growth of the stem. Such a condition among the cvcads connects
with the branching habit among Bennett itales.

I v I

3B

FlGS. 96-98.—Zamiafioridana: fig. 96, longitudinal section of apex of stem, showing
a young staminate cone; v, lateral stem tip; /, my young leaf; fig. 97, longitudinal
section of apex of stem, showing two young staminate cones; v, stem tip; I, young
leaves; fig. 98, diagrams based upon preparations like those shewn in figs. 96 and 97;
a, sympodium, showing relations of strobili, crowns, and trunk; b, the same with
internodes shortened; c, internodes shortened until the cones arc on a level, as in
Zamia.—After F. GRACI Sunn ( >6).

The length of the staminate cones varies from 2 cm, in some species

of Zamia to more than 50 cm. in species of Encephalartos and Cycas.
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The sporophylls are spirally arranged in a compact strobilus, and show
only slight traces of the pinnate character of the vegetative leaves.
At the apex and base of the cone the sporophylls are sterile, and the
remaining sporophylls bear abaxial sporangia in two more or less
distinct groups separated by a median sterile line (fig. go.). In the
median region of the cone the sporangia cover the entire abaxial sur-
face of the sporophylls and sometimes even their margins. In all
the genera the sporangia occur in soral groups of live, four, or three;

but some sori may contain only two
sporangia, and in the more highly
specialized forms some of the spo-
rangia may occur singly. The sori are
surrounded by one-celled or two-celled
hairs, and such hairs appear even on
the lower portion of the sporangia
(fig:., ioo, i n ) .

The number of sporangia on a
sporophyll corresponds roughly to the
size of the sporophyll. The following
estimates have been made by Miss F.
GRACE SMITH (56) and by CHAM-

BERLAIN (63): Dioon spinitlosum 750,
Cycas circinalis 700, Encephalartos

Caffer 700, Macrowmia Miquelii 600,
Encephalartos villosus 500, Dioon eduU

300, Ceratozamia mexicana 250-300,
Slangerw paradoxa 260, Microcycas

calocoma about 120, Bowenia spectabilis

67. A large number of sporangia on a sporophyll, and also the larger
number in a sorus, may be regarded as primitive features, while
fewer sporangia on a sporophyll and fewer in a sonis are probably
due to reduction.

The first full account of the development of the microsporangium
was published by TREUB ( I I ) in 1881, who investigated especially
Zarnia muricaia. LANG'S (22) work on Slangeria paradoxa confirmed
TREUB'S results in a general way and cleared up some doubtful points.
Later, Miss F. GRACE SMITH (56) studied abundant material of very

l i t ; . <.)(). Dioon eduie: photo-

graph of two microaporopbyUs;
X|-—After CHAMBERLAIN (63).
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young staminate cones of Zamia floridana and CHAMBERLAIN (63)
described spermatogenesis in Dioon cduie.

The sporophylls first appear as minute papillae, giving the young
cone a wavy contour as seen in longitudinal sections (figs. 96, 97).
According to Miss SMITH, there is in Zamia a single archesporial cell,
the first division of which may be either periclinal or anticlinal, but
in any case primary wall cells and primary sporogenous cells are soon
formed (figs. 101-104). In Stangeria LANG (22) first recognized the
archeaporium as a hypodermal plate of four cells (figs. 105-109).
By comparing these figures with those of Miss SMITH, it is evident

Fin. TOO.—Micros]lorophylls of eycads: A, CycascirchtaUs (a, entire sporophvl],
showing sporangia on under surface; h, four groups of sporangia; c, same as b after
the pnilen h:is been shed); B, Zamia integrifalta (a, entire sporophyll; b, c, clusters of
sporangia),—Abt Ac, after BLUME; the rest after RlCHAKDj the whole £tgUIt taken
from KNOLER and PRANTI/S N'atitrlicheu I'Jiuttzenfamil'icn.

that Stangeria develops like Zamia, the hypodermal plate having
come from a single cell. The later stages are essentially the same in
both accounts. A sporangium wall several cells in thickness is
developed, and also a large mass of sporogenous tissue, from the
periphery of which the tapetum is differentiated. While the origin of
the tapetum was not studied in Dioon, fig. no would indicate that it is
more probably derived from the wall cells. The resemblance of the
cycadean sporangia to those of the m&rattiaceous fern Angioptcris

is quite striking, the principal difference being the companuiwly
scanty development of the tapetum in the cycad (fig. m ) . As the

mature, the epidermal layer of the sporangium becomes thick-
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ened, and the layers between the epidermis and the spores disorganize,

as in the sporangia of ferns. Two rows of elongated thin-walled

cells bordered by cells with

thick walls give the de-

hiscence much the appear-

ance of that of Angiopteris.

The formation of micro-

spores from the mother cell

has been described by

JUHANYI (5) and by Miss F.

G R A C E S M I T H (56) for

Ceratozamia, ;ind byTsEOB

(11) for Zamia muricata.

With the appearance of the

cell plate in the first divi-

sion, a ringlike thickening

of cellulose appears on the

wall of the mother cell, and

proceeding from this ring a

thick wall develops between

the two daughter cells.

Each of these two cells

divides and heavy walls are
formed again, and within

this heavy four-celled and

often lobed case the micro-

spores are organized. The

number of chromosomes in

103

TIGS. 101-104.—Zamia floridana: early
stages in the development of the micros poran-
gium; fig. 101, single hvpodermal archesporial
cell; fig. loa, fiTSt ]>ericlinal division; fig. 103,
usual divisions following stage shown in
[in-vious figure; fig. 104, longitudinal section
of a sporangium in a more advanced stage; all
figures X020.—After F. GRACE SMITH (56).

the pollen mother cells of

Ceratozamia and Zamia is

12; other numbers (7, 17)

have been reported for

Ceratozamia, but technic

at thai time was hardly

adequate to meet the trying

demands of such difficult nuclei. Miss F. GRACE SMITH counted 50

cases in Ceratozamia, and in forty-six found 12 chromosomes, in three
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ii chromosomes, and in one case 13 chromosomes; in Zamia 25
nuclei were examined and all showed 12 chromosomes. CHAMBER-

LAIN (46, 63) found 12 chromosomes in the pollen mother cells of
Dioon edule, 12 at the mitosis which gives rise to the ventral canal
and egg nuclei, and 12 in cells of the endosperm.

FIGS, r05—109.—Sjangeria paradoxa: development of mfcrosparangtum; fig. to;,
section showing two of the four cells forming the archesporial plate; fig. 106, each
cell of the plate divided into an inner primary sporogenous cell (shaded) and an outer
primary wall cell; rig. 107, a more advanced stage; fig. IOS, still more advanced stage,
showing tapetum (shaded) and sporogenous cells (.t); fig. ICJ, mature microsporan-
gium; /t tapetum; w, crushed cells of the wall; figs. 105-108, X266; fig. IO-J, X66.—
Uter LANG (22).

The output of spores has been estimated by Miss F. GRACE SMITH

(56) and by CHAMBERLAIN (63). When spores are very small and
closely packed together, and the spore mass is nearly spherical, die
number in a sporangium may be estimated by the formula ITTR*.

To apply the formula it is necessary only to count the number of spores
in a radius from the center of the sporangium to the tapetum, sub-
stitute this number for R in the formula, and make the calculation.
There is some error because the spore mass may not be exactly
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spherical, and because the formula does not regard the small spaces

between spores, but the error is far less than the variation in the out-

put of individual sporangia of

average size. It is recognized

that this formula could be used

only when spores are very small

and sporangia very large. Esti-

mating in this way, CHAMBER-

LAIN (63) found the output of

spores in Dioon cdule to be

30,000; Miss F. GRACE SMITH

found it to be 26,000 in En-

ccpkai-arios villosus, 8,000 in

Ceratosamia, and 500-600 in

Zamia flaridana. In general

the results favor the view that

the output is larger in the more
Fro. , i o . - 0 « w « cdule: mirrospo-

rangium; detail showing thickened epider-
mis, wall cells, tapetum, and sporagenous

X250,—AfterCHA\IBERLAI>; (63).

toward the more highly special-

ized forms.

Fie, in.—Dioon (date; microsporangium; two of the sporangia of a sorus,
showing extensive sjmrogenous tissue and scanty tapetum; two-celled hairs growing
on the base of the s|jorangium; X55.—After CHAMBERLAIN (63).

Since the spore is regarded as the first cell of the gametophyte

generation, it will be considered in the section on the male gametophyte.
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THE MEGASPORANGIUM

The ovulate strobili usually occur singly in the center of the

crown (fig. 112), but sometimes, especially in Encephalartos, two or

more may be produced. The ovulate strobili of cycads are the

largest known, those of Dioon spinulosum reaching a diameter of

23 cm., with a length of 50 cm. and a weight of 14 kg. The long and

comparatively slender strobilus of Microcycas sometimes reaches a

length of 94 cm., but is not so heavy; the weight of 9.5 kg. as well

as the length of 94 cm. reported by CALDWELL (52) is exceptional.

The strobili of Encephalartos and Macrozamia are not quite so large,

and in Ceratozamia they are seldom more than 26 cm. in length; in

the remaining genera they are comparatively small, perhaps the small-

est being that of Zamia pygmaea, in which they may be less than

3 cm. in length. If the group of ovulate sporophylls of Cycas be

regarded as a strobilus, it may be the largest and heaviest of all;

but we have not had an opportunity to weigh it or to measure a fully

grown specimen.

In all the genera except Cycas the megasporophylls are in compact

strobili, the first strobilus being terminal on the primary axis of the

plant, while all the others terminate secondary axes. PEARSON (47)

states that in Encephalartos Friderici-Guilielmi and in E. Altensteinii

there are three to six cones symmetrically arranged around the apex,

so that there is no sympodium, but the vegetative apex continues

the growth of the stem, as already noted in the staminate plants of

these species. In Cycas the sporophylls bear considerable resem-

blance to the foliage leaves, and are arranged like an ordinary crown

of foliage leaves, with the bud for the next crown in the center (fig.

113); hence the trunk of the ovulate plant of Cycas is always a continu-

ation of the primary axis, and never a sympodium as in all other

cycads, including the staminate plant of Cycas itself, and also except-

ing cases in which several cones may be arranged around a persistent

vegetative apex. It can hardly be doubted that the compact strobili

are a later development from the Cycas type. Occasionally, even

in compact strobili, the meristem, instead of producing the stunted

sporophylls which usually terminate the strobilus, produces sporo-

phylls resembling foliage leaves; and in Encephalartos WIELAND (51)

figures a strobilus with transitions between the sporophylls and the
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ordinary pinnate leaves. The Cycas condition resembles that of

the Cycadoiilicales, and not at all that of the Bennettitales. HOW-

FIG. 112.—Dioon edule: ovulate rone (30 cm, in length) in ihi? center of the

crown; some of the leaves have been trimmed away.—After CHAMBERLAIN (46).

ever, the stamina te sporophylls of the Bennettitales are bome like

the ovulate sporophylls of Cycas, the principal difference being that
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in the Bennettitales the meristem, after producing the staminate
sporophylls, produces an ovulate strobilus which terminates that
axis; while in Cycas the meristem, after producing ovulate sporophylls,
produces vegetative leaves.

In Cycas revoluia the megasporophylls are- more nearly like the

FIG. 113.—Cycas revoluta: loose ovulate strobilus, Kochi, Fosa, Japan, Au
1909.—From photograph by MiYAEX.

vegetative leaves than in any other cycad (fig. 114). C. circinalis

and C. Normanbyana show more reduction, but the pinnate charac-
ter of the vegetative leaf is still conspicuous. In Dioon edule the
[(innate character is not conspicuous, but the blade is still leaflike,
and the strobilus has to some extent the loose arrangement of sporo-
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phylls characteristic of Cycas (figs. H2, 114). In D. spimdosuni

and in Stangeria the sporophylls are still less leaflike, and the strobilus

Cg *"-3 tf

FIG. 114,—Megasporophylls of cycads: A, Cycas revoluta; B, Cycas drclnaUs;

C, Cycas Normanbyana; £>, Dioon edule; E, Enctphalartos Preissii; F, Zamia integ-

rifolia; O, Ceratosamia tnexicam.—A, after SACHS; C and P, after VON MULLER;

E, after MIQUEL; F, afiiT RICHARD; Bt D, anfl G, drawn for ENGLER and PRANTI.'S

A7CT/. Pfiansetij., from which the entire plate is taken.

is much more compact; while in the remaining genera the sporophylls

show very little of the leaflike character and are organized into hard

compact strobili (fig. 92).

In Cycas revoluta several ovules are

borne on the margins of the sporophyll

(fig. 114), as is also the case in C. circi-

naliSy in which the leafy portion is more

reduced; but even in the genus Cycas the

number of ovules becomes reduced to

two, as in C. Normanbyana and C.

siamensis (fig. 115). Two ovules are

characteristic of all the other genera,

\^' f" with only occasional exceptions. The

two ovules are really borne on the margins,

but the sporophylls are so reduced that

they seem to be borne on the under sur-

face of a peltate structure (fig. 114, Ft G).

In all the genera the ovules are sessile, but

in Dioon the crowding of the ovules in

the strobilus results in a stretching of the

tissue of the sporophyll so that it resembles

a stalk (fig. 116).

FIG. 115.—Cycas siamen-

sis: sporophyll with two ovules;

in the upper part of the sporo-

phyll the pinnules are united

into a solid mass, but the lower

pinnules are still free; one-half

naiural siz<\ — After Miss

STOPES (42).
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The size, color, and surface of the ovules differ in the various
genera and even in the species of a genus. The largest ovules are

Fie. 116.—Dioon tduie: longitudinal section of strobilus, showing crowding of
ovules and consequent development of false stalks; this strobilus is 33 cm. in length.—
After CHAMBERLAIN

formed in Cycas circittalis, in which they become 6 cm. long and 4 cm.
wide. The ovules of Dioon. spimdosum are almost as large, and from
these dimensions all sizes are found down to the tiny ovules of species
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of Zamia, which are less than 3 mm. in length. The color is as

various as the size, white, creamy, pink, and various shades of red

predominating. Within the same species there is not nearly so much

variation in color of ovules as

in size. Some ovules are densely

hairy, as those of Cycas revoluta;

while others, as those of Dioon,

are perfectly smooth. The general

topography of the ovule, which

is fairly well known in all the

genera, is shown in fig. 117.

Important among the earlier

contr ibut ions are those of

WARMING (8, 9) on Cycas in 1877

and 1879, and of TRETJB ( I I , 13)

on Ceralommia and Zamia in

1881 and 1884. Later, WORS-

DELL (27a) paid particular atten-

tion to the anatomy of the sporo-

phylls of most of the genera.

LANG (22) studied several stages

in the development of the ovule

of Stangeria, and OLIVER (36)

made a comparative study of the

ovules of the older gymnosperms.

In 1904 MATTE (40) and Miss

STOPES (42) published inde-

pendently and almost simul-

taneously very comprehensive

FIG. 117.—Dioon edule; longitudinal
ion uf OVUle after pollination, but

about three months before fertilization:
o, abscission layer; e, endosperm; i,
inner fleshy layt/r (between s and w); ibt

bundle of inner vascular system; m, micro-
pylc; «, free portion of nucellus; o, outer
fleshy layer of integument; ob, bundle of
outer fleshy Jayer; j>, basal papilla; s,

stony layer of integument; X2.—After
CHAMHEKLAIN (46).

accounts of the vascular anatomy

of the sporophylls and ovules

of all the genera. MATTE'S

account treats of the entire vas-

cular structure of the Cycadales, while Miss STOPES deals particu-

larly with the ovules, and includes a discussion of the integument as

well as of the vascular system. In 1906 CHAMBERLAIN (46) described

the ovule of Dioon edule, paying particular attention to the structure

of the integument and nucellus.
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The earliest stages in the development of the strobilus, sporophylls,
and ovules have not been studied in any of the genera, even so late
a stage as the row
of megaspores hav-
ing been noted only
in Stangeria, Cera-

tozamia, and Zamia.

In these genera the
tnegaspore mother
cell when first rec-
ognized was deep-
seated in the nucel-
lus and surrounded
by a mass of cells
doubtless homolo-
gous with the
"spongy tissue" of
conifers. In Stan-

geria (29) and Cera-

tozamia (11) the
mother cell gives
rise to a row of
three cells, and in
Zamia {74J to a row
of four cells, the
innermost of which
becomes the func-
tioning megaspore
(figs. 118-120), the
first cell of a new
gametophyte.

There is a single
massive integu-
ment, and the nu-

Fics. 11S-120.—Megas|x>res of cycads: fig. 1 iS,
Sumgeria paradoxa, showing the functional niegasjx>re
enlarging at the expense of two functionless cells of the
megaspore row; X250; fig. 119, Ceratozamia longifolia,

showing row ui ihite1 i.e+hsr i.̂ t~"Vwt*Rr*\/OTfrrMrfiii'i:

spare) beginning to enlarge; X266; fig. 120, Zamia flori-
dam> t h & row o f f o u r megasP° r t s-—Fie. 118, after LANG

„ . , , fay); fig. ncj, after TREUB (.11); fig. 120, after F. GRACE

cellus is free only S M I T H (?4>

for a short distance.

At the apex of the nucellus, some time before the shedding of

pollen, a vigorous growth results in the formation of the character-
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istic beak, which is forced up into the micropyle; while in the center

of the beak and below it cells break down and form the beginning

of the pollen chamber. After the reception of the pollen the beak

closes and hardens, effectively shutting in the pollen grains; while

the pollen chamber continues to enlarge for several months by the

breaking-down of adjacent tissue, until

it finally extends entirely through the

nucellus, leaving no obstruction be-

tween the pollen tubes and the female

gametophyte (figs. 121, 122).

The integument consists of three

easily recognized layers: an outer and

an inner fleshy layer of rather simple

structure, and a very complex stony

layer between them. Many of the

cells of the stony layer are elongated

in various directions and are often

curved, thus making not only a very-

hard but also a very tenacious tissue.

The two sets of vascular bundles are

found in the fleshy layers. Whether

the single integument has always been

single or has arisen from the fusion of

two structures, as if the cupule of a

Lagenostoma had fused with the in-

tegument, is an open question. The

cupule of Lagenostoma was doubtless

fleshy, and contained vascular bundles

which might correspond to the outer

vascular bundles of the cycadean ovule;

while the single fleshy layer of the integument, within the stony layer,

contained the inner bundles. The structure of the stony layer, how-

ever, is very different, being simply a modified epidermis in Lagenos-

toma, while it is an extremely complex tissue several cells thick in

cycads.

If there is a boundary between the inner fleshy layer and the nucel-

lus, it is not conspicuous, but the innermost layer of cells next the

FIGS. 121, 122.—Dioon edule:

general view of the nucellus with

pollen tubes; fig. 121, pollen cham-

ber and pollen tubes (November 20)

about two months after pollination;

X40; fig. 122, uollen tubes (in

May) after thv poQeo chamber has

extended entirely through the nu-

cellus; XlO.—After CHAMBERLAIN

(63).
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endosperm is differentiated into an endosperm jacket orJa^tuir'^a?
conspicuous as the tapetum of any fern or angiosperm microsporan-
gium. In the mature seed the outer fleshy layer remains fresh for
a while, and then either dries or decays. All the sporophytic tissue
within the stony layer, including the inner fleshy layer, the nucellus,
and the base of the ovule, becomes reduced to a thin dry membrane
in which the bundles of the inner vascular system are the most notice-
able feature.

I

e n 1

s

123 124 125

Fics. 1*3—X3$.—Dioon eduiei photographs of ovules aftiT allowing cosin to enter
the bundles; fig. 123, vertical view showing 14 bundles; the cusin has spread and
exaggerated the size of the outer bundles; % 124, photographed after the endosperm
and part of the inner fleshy layer had been removed; fig. u ; , transverse section;
s, stony layer; o, outer fleshy layer, showing cut ends of bundles of outer vascular
system; ;, inner fleshy layer with bundles; n, inner fleshy layer and fused portion of
nucellus; e, endosperm; all X2.—After CHAMBERLAIN (46).

The vascular anatomy of the ovule in its broader features is quite
uniform throughout the group. There is an outer set of vascular
strands, consisting of a few bundles, that traverses the outer fleshy
layer of the integument and extends with little or no branching from
the base of the ovule to the micropyle; and an inner set traversing the
fleshy layer just within the stony coat, extending to the free portion
of the nucellus, branching dichotomously, and often anastomosing.
A general view of the two systems of bundles is shown in figs. 123-
125. After investigating all the genera except Mkrocycas and Cera-

tozamia, WOKSDELL (27a) states that two bundles leave the vascular



MORPHOLOGY OF GYMNOSPERMS

cylinder of the cone axis and branch, so that usually there are found
in the stalk of the sporophyll four bundles, the two outer ones of which
supply the two ovules (fig, 126). The bundle passing to the ovule
divides twice before the outer and inner vascular systems of the ovule
are established. Miss STOPES (44) finds that the inner system
belongs to the inner fleshy layer of the integument rather than to the
nucellus, because the bundles, especially in Cycas, continue in the
inner fleshy layer beyond the
free portion of the nucellus

/ / / / , ./Srift .-
y/ .

c

FIG. 126,—Stangtria

diagram of the vascular system of
the megasporophyll.—After U'ORS-

IIKLL (27a).

FK;. 127.—C\cas circinatis: diagrammatic
longitudinal section of nearlv mature seed: 0.

murr Ik-shy layer, with a bundle (</) of iht» nutt-r
vasoilar system; s, stony layer; i, inner fleshy
layer, with a bundle ft') of ihe inner vascular
system; c, central vascular strand.—After Miss
STOPKS (43).

and extend into the free por-

tion itself. She concludes

also that these bundles, in the simplest cases, are the branches of a

single central strand, only a few branches coming from the side

bundles (fig. 127). The relation of the inner and outer sets of

vascular strands to the bundles of the sporophyll may be seen by

studying figs. 128-131, taken from MATTE'S monograph on the

vascular anatomy of cycads (40).

The vascular bundles of the sterile portion of the sporophyll above

the ovules are generally mesarch, as in the foliage leaves; and in the

bundles of the outer fleshy layer of the integument the mesarch
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character prevails; but in the rather feebly developed bundles of the
inner set of strands of the ovule it is not always easy to distinguish
the protoxylem. These weaker bundles are collateral, with but

123 129

130 13f

FIGS. 128-131.—Diagrams of course of vascular bundles in sparophyU and ovule:
fig. 12S, Enctphalartox villosus; course of bundles in megasporophyll; 0, 0'', o", three
bundles passing to the ovule; fig. 129, small portion of the upper part of the ovule
on a larger scale; fig. 130, Aficrocycas calocoma, vascular supply of ovule and sporo-
phyll; tig. 131. Ceratozamia mexicana, vascular supply of ovule and sporophyU.—
After MATTE (40).

little phloem, and when mesarch the development of centripetal
xylem is very slight. The large central bundle, which in Cycas

and some other genera gives rise to most of the inner set of vascular
strands, is concentric or nearly so.
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3. The gametophytes

THE FEMALE GAMETOPHYTK

The megaspore is the first cell of the female gametophyte. It
germinates immediately, a prolonged period of free nuclear division

being accompanied by a
much greater increase in
the size of the embryo
sac than in the quantity
of cytoplasm, resulting in
the formation of a large
central vacuole. which
I tresses the cytoplasm
with its nuclei against
the megaspore mem-
brane. Although cell-
formation has not been
studied among cycads, it
is evident that it begins
at the periphery of the
embryo sac and advances
toward the center, as has
been described for other
gymnosperms (figs. 132-
134). From the figure it
will be seen that cell-divi-
sion is more vigorous at
the periphery. Even
after the gametophyte
has become cellular
throughout, sugar is the
principal food content of
the cell; but as the ovule
approaches its full size,

134

FIGS. 132-134.—Dioon edule: stages in the

development of the endosperm; fig. 132, small

portion of periphery of endosperm some time after it

has become cellular throughout; fig. 133, still later;

the two rows (ti) have come from a single row (like

u) of the preceding figure; fig. 134, mature endo-

sperm, showing thick megaspore membrane at the

left, the outer row of cells with little or no starch,

the next row with smalt stan.h grains, and the rest

with large starch grains; the evenly shaded cell

contains tannin; all XS8.—After CHAMBI-. KI \I N (46).

starch becomes increas-

ingly abundant, and in the mature seed it occupies almost the entire

cell. The cells of the outermost layer are sharply differentiated

from the rest, not only by their smaller size, but also by their almost
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entire lack of starch. The layer next within is also somewhat
differentiated, its cells being much larger than those of the outer
layer, but much smaller than tliose of the ordinary endosperm cells
of the remaining vegetative portion of the gametophyte. Many cells,
like the evenly shaded one in rig. 134, contain tannin.

135

136

is. 135-138.—Dioon edule: development of the archegotuum; fig, 135, the
archegonium initial (November); fig. 136, central cell and neck cell (December);
fig. 137, arehegonium in January; fijj. 138, upjjer portion of arrhegonium in March;
alt XSS.—After CHAMBERLAIN (46).

The development of the archegonium has been described for
Cycas revoluta by IKENO (27) and for Dioon edule by CHAMBERLAIN

(46); isolated stages are known in other forms. In Dioon edule the
archegonium initials, usuaLly four or five in number, may be seen
early in November, more than five months before fertilization. The
initial soon divides, giving rise to a primary neck cell and a central
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cell. The central cell is all that remains of the "axial row" of bryo-

phytes and pteridophyte's, true neck canal cells having been eliminated

from the history of the archegonium. The primary neck cell divides

almost immediately, forming the two neck cells which are character-

istic of the whole group. After remaining for about three months

with little change, the neck cells grow rapidly and project prominently

above the general level of the surrounding tissue (figs. 135-138).

For some time the central cell increases in size much faster than

in cytoplasmic content, so that a large vacuole presses the scanty

cytoplasm into a thin layer against the cell wall. As the central cell

approaches full size, its cytoplasmic content increases and it receives

various food substances from the surrounding tissue. This accumu-

lation of food substances by the central cell may be spoken of as the

nutrition of the egg, although in a strict sense the term egg cannot

be used before the mitosis which gives rise to the egg nucleus and the

ventral canal nucleus. During the enlargement of the central cell

its wall becomes greatly thickened and chemically modified, contain-

ing besides the original cellulose both pectin and amyloid substances.

The wall also becomes conspicuously pitted, and this thick pitted

wall is called the egg membrane. Through the pits in this membrane

food materials from the surrounding tissue enter the central cell,

although during its earlier developmental stages it receives material

by the ordinary methods of transferring substances from one cell to

another. GOROSCHANKIN (12) described pits with fine strands of

protoplasm connecting the jacket cells and the egg, and a year later

TREUB (13) saw the pits in Cycas circinalis. In his work upon

Cycas revoluta IKENO (27) investigated this subject and found that

large quantities of food material pass through the pits into the central

cell. He likens this process to the passage of food materials from

the follicle cells into the eggs in many animals. In the Abietineae

ARNOLDI (28) describes even the passage of entire nuclei through

the pits. Miss ISABEL SMITH (41) investigated the egg membrane

of Zamia floridana and found that the cytoplasm of the egg protrudes

through the pits into the jacket cells and forms processes which she

called haustoria, and showed that the structures described as nuclei

by ARNOLDI might have been tangential sections of the enlarged ends

of haustoria. STOPES and FUJII (50) found that a delicate membrane
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closes the pit and that communication between the jacket cells and
the central cell is only through fine strands of protoplasm (Plasmodes-

men) traversing the pit-closing membrane, and claim that it would
be absurd to suggest that protein granules travel from the jacket cells
to the central cell. In Dioon edule, according to CHAMBERLAIN (46),

•

143

139 141

140 U G • 142 144

the same X37S; figs. 141-143, Dioon edule; X800; fig. 144, Encephahrtos Lehmanii,

showing the Pl.ismodesmen; from j. free-hand section which had been treated with
sulphuric add; X 1,100. —Figs. 139, 140, after IKEKO (27); figs- 141-143, after
CHAMBERLAIN (46); fig. 144, after STOPES and Fuji! (50).

substances pass from the jacket cells into the haustoria as readily
as from one part of the cell into another. Doubtless a pit-closing
membrane exists here, as elsewhere, during the earlier development
of the central cell, but as the haustoria grow larger and project into
the cells of the jacket, the closing membrane is ruptured. The
situation may be better understood from a series of figures by the
various investigators (figs. 139-144).
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A ventral canal cell in cycads was first described by STRASBURGER

(7) in 1876 for Cycas spkaerica, and the next year WARMING (8)
described one in Ceratozamia robusta, but soon concluded that In-
had been mistaken. TREUB (13) in 1884 failed to find any ventral
canal cell in Cycas circinalis, and from that time it was generally
believed that the cycads have no ventral canal cell. In 1898, however,
IKENO (27) made an unmistakable demonstration of the critical

.
•

••' xm . "• •«**•
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FUSS. T45-147.—The ventral nucleus in cycads: fig. T45, Cycas revoluta; mitosis
which produces ventral canal nucleus and egg nucleus; X375; fig. 146, Dioon eduie;

later stage, showing that no cell plate is appearing in connection with the spindle;
X350; fig. 147, Dioon fdule; the mitral > anal nucleus disorganizing, while the egg
nucleus is increasing in size (no wall lias been formed between ihc nuclei); X4I.—
li#. 145, after IKENO (27); figs. 146, 147, after CHAMBERLAIN (46).

mitosis in Cycas revolula (fig. 145), his .figures showing that no wall

is formed between the ventral canal nucleus and the egg. WEBBER

(26) in 1897 reported a small cell cut off from the apex of the arche-

gontum in Zamia, but in 1903 COULTER and CHAMBERLAIN (^)

showed that here too there is only a nuclear division. More recently,

CHAMBERLAIV (46) has shown that there is a ventral canal nucleus

in Dioon and in Encepkalartos (figs. 146, 147). The figure of Dioon

shows not only that there is a nuclear division that gives rise to the

ventral canal nucleus and egg nucleus, but also that wall-formation

between the two nuclei has been so completely suppressed that no

trace of its initiation is seen in the spindle.
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It is probable that this condition is characteristic of the cy-
cads, with the possible exception of Microcycas. Doubtless this
free nuclear condition is less primitive than that shown by Pinus

and some other gymnosperms, in
which a wall is formed between the
ventral canal nucleus and that of
the egg. CALDWELL (52) states
that in Microcycas there are often
two or three free nuclei in the
archegonium, and suggests that
the extra nuclei may have arisen
from the division of the free ventral
canal nucleus, but more probably
from the fusion of two or more
archegonia. From a study of CALD-

WELL'S figures, LAND (54) suggests
that these archegonia are not primi-
tive, but are homologous with the
muitinucleate "archegonial tubes"
of Wthvitschia, so that the condition
would be intermediate between that
which prevails in gymnosperms and
that which characterizes angio-
sperms. The fact that the neck
of the archegonium in Microcycas

is only feebly developed seems to
favor this view. The archegonium
situation in Microcycas is shown in
figs. 148-150.

During the early stages in the
development of the archegonia there
is not only no archegonial cham-
ber, but the archegonial region of
the gametophyte is slightly elevated.
Later, the rim of the elevation grows rapidly, while the -growth of
the elevation itself is checked, so that what was at first the most
•levated portion becomes the bottom of the archegonial chamber

150

Tics. 148-150.—Microcycas calo-

coma: fig. 14S, geru'ral view of trans-
verse section of endosperm, showing
numerous scattered archegonia; X3;
fig. 14c),archegonium with one nucleus;
<755 fy>- I5°> wch<gania with three

nuclei, "probably resulting from the
fusion of three archegonia''; X270.
After CALDWEU. C52).
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/ a

FIG. 151.— Dioon eduh:

development of the archegonial
chamber; tl, the condition in
December, the endosperm some-
what elevated over the arche-
gonia; /, in February, the
chamber appearing as a slight
depression; a, in April, shortly
before fertilization; all natural
size. — After CHAMBERLAIN'

(46).

(fig. 151). The number of archegonia varies considerably: in
Cycas revoktta there are two to eight, with three the most fre-

quent number; and in Dioon editle, one
to ten, with four the most frequent. All
the cycads that have been examined fall
within these limits, with the single ex-
ception of Microcycas, In this genus
CALDWELL (52) reports more than 200
archegonia scattered over the entire sur-
face of the gametophyte, and some of
them may even open into the median
cleft where the centripetal growth of the
gametophyte has not completely replaced
the large central vacuole. Usually the
archegonia are grouped at the micropylar
end of the gametophyte.

In the heterosporous pteridophytes the megaspore wall is thick
and highly differentiated, and it has long been known that the endo-
sperm of Cycas is surrounded by a membrane which is the homologue
of the spore coat of the pteridophytes. With the retention of the
megaspore in the sporangium, the spore coat would naturally become
reduced as the retention became more and more pronounced, so that
the thickness of the megaspore coat, or megaspore membrane as it
is more usually called, is one of the factors to be considered in esti-
mating the relative antiquity of the different forms. At present,
however, little dependence can be placed upon this factor, because the
thickness of the membrane differs decidedly at different stages in the
development of the ovule. In Dioon edtde (46) the thickness of the
membrane during free nuclear division in the endosperm is about 3 /*,
just before the beginning of the archegonial chamber about 5 /*, while
in the germinating seed it has increased to 9-10 p. Not enough stages
have been measured in any other form to make comparisons reliable.

The most extended investigation of this subject is that of THOMSON

(45), who studied not only cycads, but also the other living groups
of gymnosperms. He finds that the membrane is differentiated
into two layers, an exospore, which is suberized, and an endospore
of complex composition. The inner region of the endospore, next
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to the endosperm, contains a substance related to pectin, toward
the middle the pectin is replaced by cellulose, and the cellulose is
replaced in turn by suberin in the
outer part of the endospore, where
it borders upon the suberized exo-
spore. In structure the endospore
is rather homogeneous, while the
exospore is formed of little columns
or fibrillae, which give it a dis
tinctly striated appearance (fig. 152).
The outer walls of the endosperm
cells bordering upon the endospore
become suberized, and might some-
times be mistaken for a part of
the endospore itself. The mem-
brane in Dioon edule is shown in tigs.
136, 137, where it is in contact with
the endosperm above the arche-
gonia; and in fig. 153, which shows
the comparatively homogeneous
endospore and the exospore con-
sisting of club-shaped bodies with
an ovoidal outer portion connected
with the endospore by a stalk.
In sections more than 1 or 2 /* in
thickness, the region of the stalks
appears as a nearly black line, so

FIGS. 152,153.—The megaspore
membrane of the cycads: fig. 152,
Cycas revoluta; three free nuclei of
the endosperm at Lhe left, tolls at

the endosperm jacket at the right,
and the megaspore mem bra no 14.5^
ihick) between them; fig. 153, Dioon

edule; section of megaspore mem-
brane showing inner homogeneous
layer and outer layer of dub-thapcd
bodies; X 1,200.—Fig. 153, after
THOMSON (45); %. 153- after
CHAMBERLAIN (46).

that there seem to be three layers,
the extra layer being only an optical effect due to the stalk region.

THE MALE GAMETOPHYTE

The microspore is the first cell of the male gametophyte. The
peculiar Uiickening of the wall of the microspore moth.LT cell, making
it resemble a heavy, four-celled case containing the four spores, has
been described by JFJRANYI (5) for Ceralozamia longijolia, and by
TREUB ( I I ) for Zamia murkata (fig. 154). JURAXYI (5) gave also
a fairly full account of the germination of the microspore of Cera-
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longijolia. His material, which was secured by growing

the spores upon juicy pears, showed four cells in the spore, and no

further divisions seem to have occurred during such early stages in

the formation of the pollen tube as could be obtained in this way.

In 1896, in a preliminary paper (19), followed by the full paper (27)

in 1898, IKENO presented a detailed account for Cycas revoluta;

while in 1897 (26) and 1901 (32) WEBBER

published his results for Zamia integrijolia.

More recently CALDWKLL (52) has described

the male gametophyte of Mirror yeas calo-

coma, and CHAMBKRLAIN {63, 70) that of

Dioon edule.

The microspore has two sharply differ-

entiated coats, the exine and the in tine.

The exine is thickest in the basal region of

the spore, and becomes very thin toward

the apex, where the pollen tube is to emerge;

while the intine is thinnest in the basal

region, where it is in contact with the thickest

portion of the exine, and thickest along the

sides of the spore (figs. ^5-159).

The microspore germinates while still

in the microsporangium, the nuclear divi-

sion forming two unequal cells, a small

persistent prothallial cell, and a larger cell,

the antheridium initial. Immediately after-

ward the nucleus of the larger cell divides,

forming two unequal cells, one a small cell

so closely applied to the prothallial cell that it looks as if it had

arisen by the division of the prothallial cell itself, and the other the

tube cell. This second small cell has been called the generative

cell, although it is probable that it cannot be regarded as the primary

spermatogenous cell, since one of its daughter cells (the stalk cell)

has proved to be persistently sterile throughout gymnosperms. In

Cycas revoluta, Zamia Jloridana, Encephalartos villosus, and Dioon

edule the pollen is shed in this three-celled condition (fig. 156);

the other genera have not been studied with sufficient thoroughness

to warrant any statement as to the shedding condition.

FIG. 154,—Zamia tttttri-

axiti: three stages In the
development of microstores
from tlic mother re!I, the
lowest figure shriwin;.', the
four micros [lores within the
thick - walled structure;
lowest iiifure, X466; other
two, X596.—After TREUB

00.
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It is generally accepted that the cycads are wind-pollinated.
PEARSON (47), however, observed insects dusted with the pollen of
Encephalartos villosus, and believes it is probable that they effect

'55

156

..

b:
r..
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159

FIGS. 155-159.—Dioan edtile; the germination of the raicrospore; fig. 15 s;, the
nucleus in early prophase of the first mitosis, exine and inline sharply differentiated
(August 14, 190;); fig. 156, the shedding stage (September 1906); fig. 157, beginning
of the pollen tube; I, tube nucleus; j>, generative cdl; p, prothalliaJ cdl; fig. icS,
the generative cell divided (October 21, 10071, giving rise to stalk ni l [s) and bo
cell (ft), no blepharoplasts visible; fig. 159, later stage (November 20, 1906), the body
1 I'll much elongated and thi- blepharoplasts with very conspicuous radiations; figs.
1.S5-157. Xr,a6o; fig. 158, X 1,000; fig. 159, X630.—After CHAMBERL,UX (63).

pollination. In Dioon edule (63), when the pollen is shedT a large

pollination drop oozes from the micropyle, just as in gymnosperms

which are known to be wind-pollinated, and in this case, also, insects

dusted with pollen were found in the staminate cones, but there was

nothing further to indicate that pollination was being effected through
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their agency. Until insect pollination is proved, it is safer to assume

that the pollen is carried by the wind, as is generally supposed.

Whether in artificial culture or in the pollen chamber, the pollen

tube begins to grow at once, but in cultures the growth is very limited,

neither JURANYI (5) nor STRASBURGER (7) having been able to get

the division of the generative cell. Under natural conditions the

development continues without interruption from pollination to fer-

tilization, a period of about four months in Cycas revoluta, about

five months in Zamia floridana, and about six months in Dioon edule.

The pollen grain end is pushed into the open cavity of the pollen

chamber, while the haustorial end penetrates the nucellus, branching

occasionally and running so near the surface that the brown lines due

to the tubes are easily visible to the naked eye. Starch is abundant

in the pollen grain and during all stages in the development of the

pollen tube.

The generative cell soon divides, forming two cells which have

been called the stalk and body cells on account of their usual relations

to each other in most gymnosperms. In IKENO'S figures of Cycas

revoluta (27) these two cells lie side by side, and it would seem that

either might function further; while in Zamia, Dioon, Microcycas,

and Ceratozamia they have the more usual fore and aft position

(fig. 159). The stalk cell does not divide again, but increases greatly

in size and becomes filled with large starch grains; and since it has

been found to be sterile in all gymnosperms, it may be regarded as

representing the actual stalk cell of an antheridium. In that case,

the body cell is the real primary spermatogenous cell. The body

cell increases both in size and cytoplasmic content, but contains little

or no starch. As these two cells enlarge, the prothallial cell behaves

in a peculiar way, pushing into the stalk cell until it often presses

against the wall between the stalk and body cells (figs. 158, 159).

The most interesting feature in the development of the male game-

tophyte is the fact that motile sperms are produced. The cilia by

which the sperms swim are the culmination of the development of

a small body called the blepharoplast, which appears in the body cell

several months before the latter divides. When first unmistakably

distinguishable, there are two blepharoplasts, one at each pole of the

nucleus of the body cell, but occasionally they may be nearer together
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(fig. 166). The blepharoplast is surrounded by a beautiful system
of radiations, so that the whole structure has exactly the appearance
of a centrosome with its aster. In Dioon edule, during early stages,
the rays appear very coarse on account of globules which become

160 161 16?
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FIGS, 160-165.—Cycas revoluta: fig. 1O0, pollen grains at shedding stage; X500,
fig. 161, later stage, showing prothallial cell (p) and generative cell (#), the lube nucleus
not shown; X200; fig. 162, generative cell divided, giving rise to stalk and body cells;
X500; fig. 163, the stalk nucleus (J) being crowded out, and blepharoplasts appearing
in the body cell (6); X500; fig. ifi-f, the body cell shortly before division, showing two
well-developed blepharoplasts; X750; fig. 165, the two male cells resulting from the
division of the body cell; the beaks of the nuclei are attached to the cilia-bearing
bands; X200.—After IKE.VO (37).

attached and spread along them (fig. 159); later they become smooth
and even. During the earlier stages in the development of the body
cell, when it is more or less elongated in the direction of the long axis
of the pollen tube, the blepharoplasts lie in the plane of the long axis;
but as the pollen tube enlarges, the body cell gradually becomes nearly
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spherical and the blepharoplasts rotate through 00°, so thtLt ihey
become transverse to the long axis of the tube (figs. 159-169). The
body cell divides in the plane of the long axis of the tube, giving rise
to two sperm mother cells. As division of the body cell appioai I

V «

166
I,,/

c

1

169

FIGS. 166 idg. Zatnia jtoridana: i'lft;. 166, end dl pollen tube with prothalli&l
b, tnd ilif bod> cell with young blepharoplajtt; Bg. 167, later stage,

showing blepkaroplflia in fore nn<l nh potition; %. 16S, division nf bodj cell; In
scctiiin the blepfaaroplaate ;i|i]R-;ir as broken circles; fig. 169, the two n i b refoldug
from ilii- ilrvi'ii'in erf the Imrli cell; ihr blepfau'oplfttl elongating Into a band.—After

WXB8ZS

the blepharoplast becomes wry much vacuolated, and during the
rli\'isi«n it breaks up into a large number of granules which fuse
together and thus initiate the formation of a spiml band (figs. 168,
\t»)\. While the band is being formed, it is intimately connected
with the nucleus (fig. 165), and when completed it is a spiral of five
or six turns, lying just below the surface and giving rise to numerm
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cilia that pass through the outer border of the sperm and project
for some distance.

It has been daimed that the two cells formed by the division of
ilu- 11 become ciliated and are themselves thi- Bperms. IK I

0

V

170 172

111

FIGS. 170-172. Sperms •>•• u not formed wiihin mother

..Ms. Imt u constating "f the entire transformed halves of body cells: fig, 170, Zamia;

pollen tube «ith ipermi JUM before thej begin to iwtm; Xtjo; fig. 171, CyeasmW«M.

the S)M mis ai the beginning ol movement; fip. 173, (><TU,T nwthtta: the sperms s«im-

m i n K f r e t - l y i n t h e l u b e ; X 8 8 . — F i g . 1 7 0 , a f t e r W Z M K S (.f->i; f i g s . 1 7 1 , 1 7 3 ,

JOt (48).

dcs< iil>Ltl IIIL- sperms of Cyca^ as perfectly naked, and Wi BB] B

[2) found the same condition in Zotitfa, where he was unablr t<>

ind any inclosing mother tell, a l though he looked for it. M I V A K I

(SI ;ilso looked fur an inclosing cell in Cycas and saw a thin mem-
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brane, but could not determine whether it belonged to the sperms or
might be only the Hautsckicht of the cytoplasm of the pollen tube.
In such a case the two sperms would simply become loosened from
the stalk cell and swim away (figs. 170-172). In Dioon edule, accord-
ing to CHAMBERLAIN (63), the division of the body cell gives rise to

V «
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Ero. 173.—Dioon edule: photomicrograph of end of pollen tube, showing that

the two sperms are formed within sperm mother cells; the walls of the mother cells

can be seen between the sperms and surrounding them; X720.— After CHAMBERLAIX

(63).

two sperm mother cells, inside of which the sperms are organized

and from which they are discharged. This conclusion is based upon

an examination of both living material and sections. The photo-

micrograph reproduced in fig. 173 shows the two sperms within their

mother cells.

In Cycas, Zamia, and Dioon two sperms are formed in the pollen
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tube; but in Microcycas CALDWELL (52) describes and figures sixteen
to twenty sperms (figs. 174, 175), and four sperms are found occa-
sionally in Ceratozamia (53). It is evident that in Microcycas the
body cell has given rise to eight or ten spermatogenous cells, each
of which has produced two sperms. Cupressus Goveniatia, described

..-,

•

B

175

FlCS. 174, 175.—Microcycas calocoma: fig, 174, pollen tul>t- showing nine sperma-
Uigcnous tells, in mast of which the blepharoplasts are seen; X160; fig. 175, later
stage showing sections of 15 sperms; X450.—After CALDWELL (52).

by J inx (39), has four to twenty sperms, all derived from the body
cell. The large number of sperms is doubtless a primitive character.
as both investigators suggest, but the cases seem somewhat different,
since in Microcycas the condition may have persisted from earlier
forms, while in Cupressus Govcniana it is more likely to be a reversion.

The sperms of cycads are remarkably large, in fact larger than any
;
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known in other plants or in animals. They are usually slightly

longer than broad, in Zamia floridana being 222-332 M in length

and 222-306/* in width; in Dioon edule 300p in length and 230 M

in width; in Cycas revoluta 180-210 M- in width; and in Microcycas

calocoma about 60 p in width. As shown in fig. 173, the nucleus is

very large, with only a thin sheath of cytoplasm. Such large bodies,

of course, are easily visible to the naked eye, and since the pollen

tubes are transparent, it is easy to observe the movements of the

sperms.

The cilia begin to move while the sperms are still within the mother

cells, and their movement is accompanied by pulsating and amoeboid

movements of the cytoplasm and nucleus. The peripheral portion

of the partition between the sperms soon breaks down, and the two

sperms, still attached to one another, often begin to swim in the old

body cell before they escape into the general cavity of the tube. When

free from one another, the principal movement is straight ahead, with

a rotation on the long axis. The movements may continue for several

hours before the sperms are discharged from the tube. For some

time before the sperms are discharged, the portion of the pollen tube

which projects into the pollen chamber becomes more and more turgid,

until finally a rupture occurs at or near the wall of the pollen grain

which still caps the end of the tube. One sperm escapes in two or

three seconds, but the other may be half a minute in getting

out. Experiments have been made to determine whether the sperms

are chemotactic or not, but so far with only negative results.

FERTILIZATION

When the pollen chamber breaks through the base of the

nucellar cap, the portion of the megaspore membrane covering the

archegonial chamber is ruptured, so that the two chambers form

one continuous cavity. The archegonial chamber is moist, but con-

tains no liquid until the turgid pollen tubes begin to discharge. The

sperms swim in the liquid discharged from the pollen tubes and enter

the necks of the archegonia (fig. 176).

Fertilization has been described in three cases: in Cycas revoluta

by IKENO (27), in Zamia floridana by WEBBER (32), and in Dioon

edule by CHAMBERLAIN (70), who has also observed it in Ceratozamia
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mexicana. In these four forms the entire sperm enters the egg, but

the nucleus soon slips out from the cytoplasmic sheath, and leaving

it with its ciliated band in the upper part of the egg moves toward

FIG. 176.—Dioon edule: upper part of ovule at time of fertilization, showing
integument, nucetlus, and both male and femalf gametophytes; reconstructed from
sections of several ovules'—After CHAMBERLAIN (73).

the egg nucleus. The ciliated band was observed by LANG (29)
in the upper part of the egg of Slangeria, so that in this form also it
is evident that the sperms are motile and that the whole sperm enters
the egg. The sperm nucleus is much smaller than that of the egg,
and it penetrates some distance into the egg nucleus before the bound-
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ary between the two becomes indistinct (fig. 177). Nothing is known

of the behavior of chromatin during fertilization.

The prominent development of the pollen tube as an absorbing

organ suggests a question as to its original
significance. In the Cycadofilicales the
pollen grains are in close proximity to the
egg, and there is nothing to indicate that
any pollen tube was formed. In the cycads
and in Ginkgo the pollen tube in the earlier
stages of its development functions only as
a haustorium. The pollen grain end, with
its cell complex, projects into the pollen
chamber and gradually approaches the egg,
not by actively invading any tissue, but
merely by elongating into the enlarging
pollen chamber. The portion which actively
invades the nuccllus is somewhat longer than
the part in the pollen chamber, but has a
much smaller diameter and never carries
the sperms. In all other living seed plants,
the pollen grain remains just where it falls,
and die pollen tube acts both as a haus-
torium, actively invading the tissue, and as
a sperm carrier. It seems safe to assume

that the pollen tube was originally a haustorium, and that its function

as a sperm carrier was developed later.

4. The embryo

In 1877 WARMING (8) described some of the later stages in the
development of the embryo of Ceratozamia, but in all cases the embryo
had already passed through the base of the egg and invaded the
endosperm. In 1884 TREUB (13) gave a comparatively full account
of the embryogeny of Cycas circinalis, and this account was to some
extent confirmed and supplemented by IKENO'S (27) study of Cycas

revoluta. Later, COULTER and CHAMBERLAIN (33.) investigated
Zamia Jloridana (figs, 178-181), and more recently CHAMBERLAIN (70)
has described the embryogeny of D'too-n edide (figs. 183-185).

FIG. tyf.-—Zamiafiori-

datut: fertilization; ilu-
smaller sperm nucleus has
pressed into the egg nu-
cleus, but still retains its
inniiiur; the ciliated band

is still visible at the i'>|>

of t he L'gg; X 20.—AI n T

W E B U K R (26) .
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FIGS. fi&-\&i.—Zamiafioridana: fig. 178, free nuclei of proem I >iw, X16; fig.

tissue at base <?f proctubryo; X 24; %• 1S0, differentiation into suspensor and embryo;

X29; fig. 181, young embryo showing long suiptuwj., natural size.—After '
CEKI.AIX (33) .
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After fertilization there is a prolonged period of free nuclear divi-
sion, in which the mitotic figures are intranuclear and the spindles very
conspicuous (fig. 178). Since some have regarded the blepharoplast
as a centrosome, these figures have been examined with great care, and
it can be stated confidently that no centrosomes are concerned in their
formation. The free nuclear divisions are simultaneous, just as in

the germirmt ion of the megaspore or in the
early development of endosperm in most
an «ios perms. The number of successive
free nuclear divisions in Zamla Jloridana

(33J was* estimated as ' eignt, giving" 250
free nuclei before any walls begin to n\>

pear. In Cycas revoluta no estimate was
made, but there are certainly as many
as 256 nuclei and very probably more.
In Dioon edide 170) there are at least nine
successive- divisions, giving 512 nuclei,
but the divisions become irregular and
not perfectly simultaneous; hence one
i;innot assume that if the number is over
512 it will be 1024.

In Cycas circitmlis, according to
TRKDB (13), a large central vacuole
appears and crowds all the nuclei to the
periphery, so that they form a parietal
layer (fig. 182J. In Cycas revoluta IKENO

(27) gives a different account of the
formation of the central vacuole, stating
that a large number of small vacuoles are
formed, and that the cytoplasm of the

central portion of the proembryo with its contained nuclei then
disorganizes, leaving a parietal layer of cytoplasm and nuclei, while
a single large vacuole occupies the center. IKENO'S account is doubt-
less true for Cycas revoluta, and probably holds for C. circinalis also.
It is evident that the proembryo becomes a sac, somewhat thickened
at the base, but with the wall composed of one or two layers. In
Cycas revoluta, after this stage has been reached, there are a few

FIG. I 82.—£ 'ycax circi-

nalis: beginning of wall-
formation in proembryo;
X35.—After JxKUB (13).
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. 183-185.—Diootk rdule: development of proembryo; fig. 183, base of
nil>ryo, showing character of segmentation at a stage when the mtirc egg is seg-

mented; X108; fig. 184, diagram of entire pn .it the stage shown in
t h e scgmff i i in inn is disappearing in the upper region; X J O ; fin. iK^, permaoeni walls
at the base, but as yet no differentiation into regions; free nuclei above; membrane (m)
of egg not yet ruptured.; X108.—After CBAMBEBLAIH (70V
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simultaneous free nuclear divisions at the base of the proembryo
before walls begin to appear, and at the same time ami to tic divisions
may take place in the upper portion. The peripheral walls of the
proembryo are a new formation, entirely independent of the wall
of the egg. At this point the work of IKENO stops, and beyond it
WARMING and TREUB give very little detail.

In Zamia florid-ana COUT.TKR and CHAMBERLAIN (a) found a
different condition, no central vacuole being present even at a rather
late period, when the suspensor has begun to elongate (fig. 180).

Walls begin to appear at the base of the
proembryo, just as in the beginning of
wall-formation in the endosperm of most
angios perms.

In Dioon edule (70), at the close of the
free nuclear period, walls appear simul-
taneously throughout the whole egg, but
the walls are weak and evanescent, except
at the base of the proembryo, where they
become permanent (figs. 183-185). Dioon re-
sembles Zamia in having no central vacuole
during the proembryo stages, but at a very
late stage, like that shown in fig. 182, the
egg becomes empty and preserves its con-
tour only on account of its very thick
membrane.

After wall-formation has become established at the base of the
proembryo, the sequence seems to be about the same in all the forms
which have been studied. The cells bordering upon the large cen-
tral vacuole, as in Cycas, or upon the free nuclear area, as in Zamia

and Dioon, undergo little or no change in form, while the cells imme-
diately below them become greatly elongated, constituting the suspen-
sor (fig. 180). The cells at the tip remain meristematic, arid from
this apical region the embryo proper is organized.

The suspensor is massive and tortuous and is remarkably long (rig.
181), that of Dioon edule, when straightened out, frequently reaching a
length of 70 mm., but it has never been observed to branch or to bear
more than one embryo. The suspensors start separately from the

FIG. 186.—Dioon eduk:

lungLtuduiat section of
mature seed, showing em-
bryo with two cotyledons
and plumule, endosperm,
inner fleshy layer repre-
sented only by a line, stony
layer shaded, and outer
fleshy layer; natural size.—
After CHAMBERLAIN (70).
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several archegonia, but soon become twisted together, so that what
appears to be a single suspensor is composed of two or three or more
suspensors in its upper portion, each terminated by an abortive embryo,
while beyond the region of abortive embryos stretches the single suc-
cessful suspensor with its embryo. It is this twisting together in the
upper part that makes the
whole structure look like
one suspensor with several
eggs at one end and a
single embryo at the other.
During these stages the
tissue in the archegonial
region disorganizes, so that
there is formed a large
cavity which later becomes
packed with the tortuous
suspensor.

The single successful
embryo rapidly invades the
endosperm, and for a time
increases in size with Uttfc
internal differentiation. At
the base of the embryo there
develops a conspicuous and
peculiar s tructure, the
coleorhiza, and at the oppo-
site end the stem tip and two
cotyledons, while the root
appears rather late (ii g.
186).

The usual number of
cotyledons is two, but three united throughout their entire length
have been found in Encepkalartos (71). In 1879 WARMING (9)
described the single peculiar cotyledon of Ceratozamia, and an
examination of abundant material from the field confirms the
description, but SISTER HELEN ANGELA (58) noticed that the
strobilus disintegrates and frees the seeds before the cotyledon has

) 9 r
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FIGS. 187-19/).-—Cefatosamia nttxtanta; em-
bryo and germination of the seed; figs. 1
rSS, normal embryos with <i single lateral coty-
ledon; X5; fig. 189, embryo with two cotyledons,
from seed which had been on a eiinostat during
the entire period of cotyledon development; XS;
figs, 100-194, successive stages in germinal1

X j ; in all figures, c, cotyledon; clt coleorhiza;
/, scale leaf; /, first foliage leaf; r, root; s, sus-
pensor.—After SISTER HELEN ANGELA {58, 59).
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begun to develop. Suspecting that gravity might be concerned
in the suppression of one of the cotyledons, she placed seeds upon
a clinostat during the entire period of cotyledon development, and
these seeds developed regularly two cotyledons (figs. 187-194).

The mature seed has a fleshy and variously colored outer coat,
developed from the outer portion of the integument, and an inner
stony coat, extremely hard and tough, derived mostly from the middle
region of the integument. Within the stony layer is a thin, dry
membranous layer derived partly from the nucellus and partly from
the inner fleshy layer of the integument and containing the inner
vascular system of the ovule. In Encephalartos7 Cycas, Ceratozamia,

and perhaps other genera, the ovule often reaches its full size and seed-
like appearance whether pollination has taken place or not. In Dioon,

ovules which have not been pollinated usually abort, and consequently
greenhouse material, and even cones in the field, if widely separated
from staminate plants, are likely to have only abortive ovules.

Seeds germinate readily if simply placed on the surface of moist
soil. If covered by the soil, they are raised to the surface, but not
much above it, by the cotyledons, which always remain within the
seed coats.

In Dioon, Zatnia, Ceratozamia, Microcycas, and probably in all
the other genera, the intraseminal development may be followed
immediately by the germination of the seed, no resting period being
necessary. The coleorhiza, which in early stages constitutes a con-
siderable portion of the embryo, becomes reduced to a thin, hard,
brown cap which protects the more delicate structures while the micro-
pylar portion of the stony coat is being ruptured and the young seed-
ling is emerging. After the coleorhiza has broken through the seed
coat, the tardy root pierces it and soon thickens into a stout tap root.

5. History and distribution

That representatives of the Cycadales existed during the Mesozoic,
side by side with the predominant Bennettitales, is a safe inference,
but the evidence is extremely meager. Strobili thought to be stami-
nate cones of cycads have been used as the basis of the form genus
Androstrobus. The structure of a few of these species suggests a
possible connection with cycads, but NATHORST (60) has shown that
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one of them is the strobilus of a heterosporous lycopod, which he has

named Lycostrobus. SCOTT (69) regards the evidence of the existence

of mesozoic cycads on the basis of staminate strobili as not convincing.

The testimony from ovulate strobili is more definite. The evidence

of Zamia-like forms is unsatisfactory, but megasporophylls like

those of Cycas are recorded from various strata of the Mesozoic, in

one case with a seed attached. While the occurrence of Cycas-like

forms seems to be established, NATHORST (55) has found that the

pinnae of several of them contain double vascular bundles, rather

than the single one of the living Cycas, and for these he has proposed

the genus Pseudocycas.

Fragments of the vegetative structures cannot be used to differen-

tiate Cycadales and Bennettitales, so that strobili are essential and

these must be well preserved. In summing up the evidence for the

existence of mesozoic cycads, therefore, SCOTT (69) says that the

whole question "is in an unsatisfactory condition and the evidence

is singularly meager."

In view of the above statements, it is evident that there are no

facts as to the distribution of mesozoic cycads. That they were widely

distributed may be inferred from their relationship to the Bennettitales,

from the increasing abundance of cycads in more recent deposits,

and from the present distribution of the group. The distribution

of the living cycads has been stated at the first of the chapter.

6. Relationship to other gymnosperms

The relationship of Cycadales to Bennettitales and Cycadofilicales

is the only one that needs consideration, since the other gymnosperm

groups can be connected with it only by way of the Cycadofilicales.

Under Bennettitales (p. 86) this subject was discussed somewhat in

detail, and little need be added here.

That Cycadales are connected with the Bennettitales in origin

seems clear; in fact, no two great gymnosperm groups have so many

features in common. The transition from the trunks of Cycadeoidea,

with their numerous lateral strobili, through such a form as Wil-

liamsonia gigas, with its several strobili appearing from the center

of a crown of leaves, to the cycads, with a usually solitary and ter-

minal strobilus, seems natural, and suggests that the Cycadales are
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an offshoot from the Bennettitales. And yet, the striking differences

in the strobili of the two groups seem to contradict such an easy

disposition of the question, and suggest independent origin from the

Cycadofilicales.

The bisporangiate strobilus of Bennettitales, with its pinnate

stamens and stalked ovules, suggests an origin from the groups of

Cycadofilicales with stalked ovules and marattiaceous microsporo-

phylls. The Cycadales, on the other hand, taking Cycas and Pseudo-

cycas as its oldest known representatives, suggest an origin from groups

of Cycadofilicales bearing ovules as did Pecopteris Pluckenetii. This

separate origin is further emphasized by the fact that in the one

case bisporangiate strobili are developed, with a characteristic rela-

tion of microsporophylls and megasporophylls; and in the other

monosporangiate strobili are produced, with the dioecious habit;

and still further by the fact that in the one case a monopodial stem

with direct leaf traces is maintained; and in the other a sympodial

stem with its characteristic "girdles" is established. It is recognized

that such differentiations from Bennettitales are conceivable, but it

is easier to conceive of them as having arisen from such a synthetic

group as the Cycadofilicales than from such an extremely specialized

group as the Bennettitales. The historical testimony that will answer

this question will be forthcoming only when the actual connections

with Cycadofilicales are discovered.

The Cycadales are remarkable in the retention of more primitive

characters than are possessed by any living group of gymnosperms.

The swimming sperms are shared by Ginkgoales, and the structure

of the ovule that goes with them, but the vegetative structures are more

fernlike than in any other living group. In this sense it is proper to

speak of Cycadales as the most primitive of living gymnosperms;

but it must be remembered that they are probably not so old as either

the Ginkgoales or the Coniferales.
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CHAPTER IV

CORDAITALES

The fcordaitales were brought into recognition as a great group

of paleozoic gymnosperms by GRAND 'EURY (2) and RENAULT (3).

For a long time they were regarded as the dominant gymnosperm

group of the Paleozoic, but since the discovery of Cycadofilicales it

has become evident that these two gymnosperm groups were equally

prominent in Paleozoic times, although the Cordaitales may still be

regarded as the prevailing gymnosperm forest type. Side by side the

two groups appear in our earliest records, culminated in a great diver-

sity of forms and in an astonishing display of individuals during the

Carboniferous, and then disappeared.

The detached parts of Cordaitales were long known from Carbon-

iferous and Devonian deposits, and had received various generic

names. For example, the petrified wood was called Araucarioxylon

(showing a structure resembling that of Araucaria) and Dadoxylon;

casts of the pith cavity were called Artisia or Sternbergia; the roots

were known as Amyelon, etc.; shoots bearing the large, parallel-

veined leaves were called Cordaites, and other similar generic names

with various prefixes; the catkin-like clusters of strobili formed the

genus Antholithus; the individual strobili ("flowers") were called

Cordaianthus, etc.; and a multitude of seeds constituted such genera

as Cordaicarpus (Cardiocarpus), Cycadinocarpus, etc. The assem-

bling of these fragments was begun when WILLIAMSON (I) found

Sternbergia casts inclosed in Araucarioxylon wood; and it was con-

tinued when GRAND JEURY found the Antholithus "inflorescence"

in connection with the leaf-bearing shoots of Cordaites. Finally stems,

roots, leaves, strobili, and seeds were brought together and Cordai-

tales became permanently established through the extended researches

of GRAND 'EURY (2) and RENAULT (3). Unfortunately, during the

last thirty years little additional information concerning the structure

of the group has been obtained. The details of vegetative structure

are as clear as those of any group of fossil plants; but the record of
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the details of the reproductive structures is a very scanty one for so

great a group,'and leaves very'much to be desired.

1. The vegetative organs

The Cordaitales were tall and slender trees, the trunks often reach-
ing a height of 10 to 30 m. before branching (fig. 195). This long

slender shaft (60 cm. or
more in diameter) bore a
dense crown of branches,
on which were produced
a great abundance of
large and simple leaves.
No such habit is known
among existing gymno-
sperms. SCOTT says (8)
that the short-leaved
species might suggest
Agathis or some forms
of Podocarpusy both
coniferous genera of the
southern hemisphere;
" but the large-leaved
species must have had
a habit very different
from anything which we
are accustomed to associ-
ate with gymnosperms at
tin: present day." The
branching habit, at least,
suggests Coniferales
rather than any of the
cycadophytes; and the
same may be said of the
simple leaves, but their
size is far beyond that
attained by the leaves of
conifers.

FIG. IQ5,—Dorycordaites sp,: restoration,
showing roots, trunk, and crown, the latter com-
posed of branches bearing large lanceolate leaves
and clusters of strobili.—From SCOTT'S (25) modi-
fication of GRAND 'EURV'S figure; the modifica-

tion consists principally in shortening the irunk,.
which is many times longer than represented here.
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VASCULAk ANATOMY

A transverse section of the stem of Cordaitales shows a combina-
tion of cycad and conifer characters (figs. 196, 197). The relatively
large pith, sometimes reaching nearly 10 cm, in diameter, is a cycadean
feature, and is peculiar in being discoid; while the thick vascular
cylinder is as distinctly coniferous. The cylinder is collateral endarch
in the forms originally described, in contrast with the mesarch con-
dition of such a type as Lyginodendron (Cycadofilicales); but SCOTT

(25) has found occasional
centripetal xylem in certain
stems. There is no dis-
tinction evident in trans-
verse section between
primary and secondary
wood, but radial sections
show a more extensive
transition region than usual,
from the narrow spiral
vessels of the protoxylem
to the pitted tracheids that
form the bulk of the second-
ary wood.

The secondary wood is really indistinguishable from that of Arau-

caria (20, 21), the large proportion of paleozoic wood referred to
A raucarioxylon and Dadoxylon having been found to be that of Cor-
daitales. Such wood is recognized by the fact that the bordered pits,
restricted to the radial walls, are densely crowded in two or more
rows (multiseriate), becoming hexagonal in outline. While in general
"annual rings" may not be recognizable, in certain specimens the
occurrence of such rings is strongly suggested (fig. 197). The medul-
lary rays are narrow, usually one or two cells thick, or the principal
rays may become three cells thick.

The leaf traces are usually, perhaps always, double, a feature
characteristic of the Cycadofilicales, and plainly seen in Lyguiodoi-

dron, in which form, however, the two strands unite before joining
the central cylinder (fig. 198). The collateral endarch leaf trace
becomes collateral mesarch in the leaves, a well-known cycadean

196,—Cordaites .Sutclifjii: transverse
section of stem; «t, pith; x, xylcm; p, phloem;
t, double leaf traces; c, i-ortex; natural size.—
From photograph of section made by I.OMAV
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combination; and as the bundles approach their terminations in the
leaf the centrifugal xylem may "die out" (8), resulting in an exarch
bundle. In fact, Miss STOPES (13) states that the exarch bundle
is apparently characteristic of the majority of cordaitean leaves.
In modern cycads this dying out of centrifugal xylem may occur at

any level in the leaf, so that
exarch bundles are not necessarily
restricted to vascular termina-
tions.

The vascular anatomy of Cor-
daitales evidently connects the
group, by descent or common
origin, with such Cycadofilicales
as the Lyginodendrineae; but
this connection is made still more
evident by the occurrence of
whole series of anastomosing
forms (24). One of the most
notable of these is Poroxylon,

' w t l o s 'e »eaut]funy preserved ana-
tomical structure has been de-

scribed in detail by RENAULT and
B E R T R A N D ( j - l t w a g o H j .

nally found in the Permo-Car-

boniferous of France, a period

,. , o 7 , c»r<tu;,es s , , (?): truo-
verse section of st«-m; the pith is small ami
the extensive wood shows rin^s that re-
*n,blc growth ring* the structures out-
side the secondary xylem have not been
[jreservedinamraiW.—From photograph
of section made by IX>MAX.

much .too recent to be regarded

as containing members of the phylogenetic series leading to Cor-

daitales.

The stems of Poroxylon are slender (approximately 1.5 cm. in

diameter), with a complex branch system, and bear spirally arranged

and simple leaves separated by rather long internodes. The pith is

relatively large and continuous, and the vascular cylinder is collateral

exarch according to BERNARD and RENAULT. Furthermore, the

leaf trace is double, the two strands being separate and mesarch to

die central cylinder; and they remain collateral mesarch in both

cortex and leaf. In Lygiuodcndron, it will be remembered, the col-

ateral strands of the leaf trace become concentric when they enter the



CORDAITALES

petiole. If the cordaitean leaves of Poroxylon (see below) are added
to this combination of the vascular anatomy of Lyginodendron and
Cordaites, there seems to be good ground for regarding Poroxylon

as one of the Cordaitales with strong Lyginodendron affinities; the
foliage will hardly permit the converse alternative. Certain stems
recently discovered in the Lower Coal-measures of England were
referred at first to Poroxylon (25), but these, together with certain
other stems referred to Cordaites, have been made by SCOTT and
MASLEN (27) the basis of the new genus Mesoxylon, whose name

FIG. 198.—Cvntijttr'- sp,: [>;iri of transverse section of stem; p, pith; X, .\
fill, phloem; /(, leaf trace; c, cortex; X6—After Scorr (25).

suggests its intermediate character. The pith is relatively large
and discoid (as in Cordaites); the leaf traces are double at first, but
divide further before entering the leaf; and the leaf traces are mesarch
from the first (as in Poroxylon). The genus is regarded by its authors
" to completely bridge the gap, so far as anatomy is concerned, between
the Poroxyleae and the Cordaiteae."

From the Lower Carboniferous of Scotland, SCOTT (9) has obtained
evidence of stems that show a connection between Cycadolilicales
and Cordaitales even more clearly than does Poroxylon, and they
have the advantage of bein^ in a far better historical position to play
the r6Ie of actual connecting forms. The group of stems considered
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is usually referred to Cordaitales, but they differ from other known

stems of Cordaitales in certain important features. Pitys is known

as yet only from its pith and wood, the latter being araucarian (and

therefore cordaitean) in type, but with remarkably broad medullary

rays. The principal feature, however, is the occurrence of numerous

small mesarch strands which are imbedded in the pith at some distance

from the cylinder of wood, and which must represent the primary

xylem. The araucarian cylinder of secondary wood and the mesarch

primary cylinder is a combination of features belonging to Cordaitales

and Lyginodendron. Dadoxylon Spenceri, probably from the Upper

Carboniferous, also has mesarch primary wood, cordaitean secondary

wood, and double leaf traces. SCOTT (9) says that this stem " sug-

gests, perhaps more strongly than any of the other species described,

a truly gymnospermous stem, which may well have belonged to one

of the Cordaiteae, but which still retains the last relics of the primary

wood structure characteristic of the Poroxyleae and Lyginodendreae."

He is of the opinion (25) that Pitys and Dadoxylon probably belong

to a plexus of forms connecting Cycadofilicales of the Lyginodendron

type with Cordaites, but nearer to the latter. Therefore, he proposes

to recognize Cordaitales as including the three groups Poroxyleae,

Pityeae, and Cordaiteae, in which there are all gradations from

primary wood that is distinctly mesarch to that which is completely

endarch. In our terminology these three names would be Poroxy-

lineae, Pityneae, and Cordaitineae.

THE LEAF

The leaves are borne in spiral succession on ultimate branches.

They are usually simple, elongated, with parallel and repeatedly

dichotomous venation (except in the grasslike forms). Naturally

they were first thought to be the leaves of monocotyledons. They

occur sometimes in dense masses, packed together in layers "like

damp beech leaves on the ground of our forests" (5).

There is considerable diversity of form, which has been made the

basis for generic distinctions. For example, the leaves of Cordaites

are spatulate with blunt ends (fig. 199), reaching a meter in length

and about 15 cm. in width; those of Dorycordaites are lanceolate and

sharp pointed (fig. 195), and little inferior in length; those of Poacor-
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daites are grasslike, not over half a meter long and about a centimeter
wide. In still other cases, the leaves are said to be comparatively

F:G. rgo..—Cordaites laevis: restoration of branch whh spatufate leaves and

branches bearing numerous strobili; a large bud is shown at the right.—After GRAND

'EUKV (2).

short and obovate, even branching dichotomously, a type suggestive
of the leaves of Ginkgo.

The recorded anatomy of the leaves has all been obtained from
Cordaites, and is very characteristic (figs. 200-202). Each of the
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conspicuous parallel vascular bundles is invested by a strong sheath
which abuts above and below on a hypodermal strand of fibers.
These bundle sheaths connect laterally by transverse "bridles"

of thickened cells.
which may represent
3 "transfusion tissue."
In some cases the
hypodermal ribs occur
only in connection
with the bundles;
while in other cases
they are developed
between the bundles.
The mesophyll in some
leaves is differentiated
into palisade and
spongy regions, and
in others it is very
little differentiated.

There is really
greater variation in
the leaves of Cor-
daitales than is usually
appreciated (16), and,
as in the case of the
anatomy of the stem,
they suggest possible
connections in various
directions, namely,
w i th Cycadofilicales
on the one hand, and
Coniferales and Gink-
goales on the other.

The leaves of Poroxylon are of the same general type. They are
spirally borne on rather widely separated nodes of a slender stem,
and are simple, broad, thick, and petioled, with parallel veins repeat-
edly dichotomous. The blade is stiffened by hypodermal strands

202

I ;IGS. 200-202,—Corduites: transverse sections of

leaves; fig. 200, C. angttlostriatus (?); r, ribs, of

sclerenchyma; tn, mesophyll; o, centrifugal xylem;

i, centripetal xylem; x, protosylem; p, phloem; b,

bundle sheath; c, elongated cells connecting bundles;

X60; fig. 2or, C. rhombinervlsy showing sderenchyntii

ribs only in connection with bundles; X50; fig. 202,

C. Ungvlatus, showing well-developed palisade tissue;

X50.—After RENAULT (3).
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of fibers on both sides; the large bundles are connected by transverse
bridges of thick-walled cells; and the mesophyll is compact. Such,
a form and structure is entirely unlike anything known among ferns
or Cycadotilicales, and certainly approximates that of the leaves of
Cordailes. SCOTT (8) says that such a leaf organization is comparable
to a single leaflet of such a cycad as Bowenia.

THE HOOT

Amyelon radicans is a root of the Coal-measures known to belong
to Cordaites, and often preserved in remarkable detail (fig. 203).
It bears irregularly arranged bunches of lateral roots, which have
been examined recently by OSBORN (26). The thick cortex is

FlO. 203.—Amyelon, the root of Cordailes: p, letrarch primary xylom; x, secondary
xylem showing growth rings; ph, phloem; d, periderm; Xo.—From photomicro-
graph of section made by LOMAX.

divisible into two regions, the inner of which contains dark cells that
show fungal hyphae. The conclusion is reached that "Cordaites

was probably a tree inhabiting saline swamps, and having bunches
of coralline rootlets on its roots, such as are known to occur in many
recent plants growing under similar conditions." As only one case
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of mycorhi^a had been reported previously from the Coal-measures,
this observation is one of special interest.

2. The spore-producing members

THE STROBILI

The small strobili, not often more than a centimeter in length,
are borne laterally upon short, simple or branched, lateral shoots

(iig. 204). These strobilus-
bearing branches suggest in-
florescences; and although
occurring among the leaves,
they do not always seem to
be axillary. These structures
were recorded under the
general name Anlholilhus until
GRAND 'EURY found Antho-

lilhus in connection with the
leaf-bearing shoots of Cor-

**iW!i| I jygb daites. Since many of the
strobili cannot be referred with
certainty as yet to the definite
species of Cordaitales, the form

FIG. 204.—Cordvitts: portion of stem
showing one leaf and four branches, each
branch bearing numerous strobili; Xj.—
After GBAND 'EURY (2).

genus Cordaianthus has been

used to record most of them.

Our knowledge of the internal

structure of Cordaianthus has

come chiefly from the few sections made by RENAULT (3). Both

kinds of strobili are sheathed by bracts, so that it is not always

possible to distinguish them externally.

THE MICROSPOKAMHtM

In Cordaianthus Penjonii (fig. 205) the staminate strobilus (1 cm.

long) consists of a thick axis bearing spirally arranged bracts, among

which stamens are inserted. The stamens are either solitary or are

grouped near the apex of the axis. Each stamen consists of a more

or less elongated stalk bearing at its tip a cluster of three to six erect

sporangia (fig. 206). The wall of the sporangium is a single layer

•
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of cells, and the dehiscence is longitudinal. The stalk is traversed

by a single vascular strand which sends a branch to the base of each

sporangium. There is no evidence that the stamens arise from the

axils of bracts, but the two
structures seem to replace
each other; in fact, the
stamen stalk is very little
modified from the bract
form. In Cordaianth it y
Saportanus the stamens are
fewer in number, being
restricted to the apical region
of the strobilus, and the
stalks are shorter.

It is evident that this
strobilus is to be interpreted
as a mixture of sterile and
fertile microsporophylls. If
the sterile sporophylls were
suppressed, the general con-
dition of the staminate stro-
bilus of Ginkgo would be
attained, but the sporangia
of that form are borne
differently. This interpreta-
tion implies that the stami-
nate strobilus of Cordaitales

is a simple one, and that the ^ saumtkus PenfonH: bngi-
Stamen Stalk is a filament. tudinal section of staminate strobilus, sbo\un>;

T h e suggestion that each m ™l»rang ia borne on long stalks; through-

• u a .„ » QnH °Ut t i e sP° ran8 iun» ^Si™. but especially below

stamen is a "flower, and itj a r e nunierous steriIc W s . ^ [ a L ^ t c r

that therefore the stamen RENAULT (3).
stalk is a branch (pedicel),
is an attempt to interpret this strobilus by the staminate strobilus

of Gnetales or by certain types of angiosperm inflorescence, an

attempt which singularly disregards the sequence of evolution.

The terminal and erect microsporangia of Cordaitales were

. aos.-Cordaumtkus PenfonH:
i
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regarded as a unique feature among gymnosperms until the terminal
and erect microsporangia of Cycadofilicales were discovered. The
Calymmatotheea type of stamen bears a terminal and erect synangium.
in which the sporangia occur in various degrees of "coalescence."

If such sporangia should fail to organize a
synangium and should remain separate,
such a stamen as that of Cordaitales would
be the result.

THE MEGASPORANGIUM

The young ovulate strobilus can scarcely
be distinguished from the staminate, the
ovules at that stage being completely hidden
by the overlapping bracts. RENAULT'S

description (3) of Cord-aianthus Williamsonii

will illustrate the structure of the strobilus
(fig. 207). Upon a thick conical axis con-
spicuous bracts are inserted in spiral
succession, and in some of their axils there
arises a very short dwarf branch, which bears
some small bractlets and a terminal ovule.

The ovule (fig. 208) has two integuments,
the outer one being described as thick and
fleshy, the inner one delicate but later be-
coming hard. The two integuments are free
from one another below, but arc more or less
united above. They may correspond to the
outer fleshy and stony layers of the single

integument of cycads and Ginkgo. There is nothing to indicate
the presence of an inner fleshy layer. The nucellus is nearly
distinct from the integument, and develops a prominent beak
which contains a large pollen chamber. A single vascular strand
enters the chalaza and sends out two systems of branches, one
into the outer integument, and the other into the peripheral region
of the nucellus. The freedom of integument and nucellus, and
the occurrence of the inner set of vascular strands in the nucellus,
are the striking features of the Stephanospermum type of seed,

1

Kic. 206.—Cordaianthus

section showing
three stamens with their
sporangia; the stamen in
the middle bears four RJKJ-

rangia, the one farthest to
the right having dehisced;
X 23.—After RENAULT (3).
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are transversely

narrowing the

described by OLIVER (14), and probably represent a more primitive
condition of the ovule than that of the Lagenostonia type. As stated
under Cycadofilicales, both types probably occurred in both Cycado-
lilicales and Cordaitales; but as yet only the Lagenostoma type is
known to belong to the former
group, and only the Stephatio-

spermum type has been asso-
ciated with the latter group.

In Cordaiantkus Grand

'Euryi (fig. 2og) the bractlets
borne by the short ovuliferous
shoot are much larger, and a
very prominent and resistant
nucellar beak projects into the
micropyle and forms a passage-
way to the large pollen chamber.
The cells of the lower part of
this beak
elongated,
passageway.

The ovulate strobilus evi-
dently differs from the stami-
nate in being compound; that
is, a branch arises from the
axis of the strobilus to bear
the ovule. This character is
distinct from any tendency
shown by the strobili of the
cycadophytes, and is evidently longitudinal section Of su-obitus, showing

• one that is continued in numerous sterile bracts and two ovules; X10.
, c / ->•<: 1 —After RENAULT (2)

those groups of Coniferales U J '
(especially Abictineae) in which the "ovuliferous scale" is believed
to represent a reduced axillary shoot. RENAULT suggests a more
distant resemblance to Taxus, in which genus, as well as in Torreya,

the terminal ovules are borne on short foliage-bearing shoots. In
this comparison, however, while the ovuliferous branches are evi-
dently similar, the compact strobilus of Cordaitales is lost in the
branching of Taxus and Torreya.

FlC. 2O7.— WUtfomsonUi
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When the numerous detached paleozoic seeds were grouped as
radiosperms and platysperms (12, 14), it was supposed that the latter,

at least, belonged to the Cordaitales, because
such as had been definitely referred to the
group were of the more or less flattened type.
However, since the discovery that certain
of the Cycadofilicales, as Ane writes and
Pccoptcris Pluckenelii, bore seeds of the
platysperm type, it is evident that the ref-
erence of any seed to Cycadofilicales or
Cordaitales must await the discovery of its
actual connection. As a result, many de-
tached seeds, heretofore referred with con-
siderable confidence to Cordaitales, are now
in uncertainty; but out of the vast numbers
found, many of them must have belonged
to this group. GRAND 'EURY (17) has
called attention to the fact that there are
many more seed genera that probably belong
to Cordaitales than there are shoot genera
{Cordailes, etc.) to receive them.

Among those that seem most certain are
those somewhat flattened seeds with heart-
shaped base that have been included by
RENAULT in the genus Cordaicarpus {Cardio-

carpus of BRONGNIART) . The testa, derived
from a single integument, is differentiated
into outer fleshy and stony layers. There
are two sets of vascular strands: one
traversing the outer fleshy layer; the other
forming a tracheal plate at the base of the
relatively free nucellus, which gives rise to a
tracheal mantle in the peripheral region of
the nucellus, similar to that in Stephana-

sperm u m, but not so complete (14). The

usual nucellar beak is very prominent and projects into the micropyle.
The whole structure agrees so closely with that of the ovules described

FIG. 208. — Cordaian-

thus WilUamsonU: longi-
tudinal section of ovule,
showing upper portion of
nucellus, lower portion of
nucellus free from (he in-
tegument, cavity which
doubtless contained the
female gametophytc, outer
integument, inner integu-
ment free from the outer
integument below but more
or less applied to it above,
bract, and secondary axis
! >cari ng ovule; X 3 5.—After
RENAULT (3).
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above, under Cordaianthus Williamsonii, that there can be no reason-
able doubt that the seeds belong to Cordaitales. Cycadinocarpus of
RENAULT is interesting from the fact that the inner set of vascular
strands does not enter the nucellus, but is said to traverse the inner
layer of the testa, which in this case must be the third or "inner fleshy"
layer. This distribution of the
vascular strands is the same
as in the seeds of Cycadales.

The seeds known as 7?&aMo-
carpus, formerly supposed to
be forms of Cordaicarpus

{Cardiocarpus) and therefore
belonging to Cordailes, have
been found by GRAND 'EUXY

(16) associated with leaves
believed to be those of Poro-

xylon. If this connection is
confirmed, the inclusion of
Poroxylon among the Cor-
daitales would seem to have
passed the doubtful stage.

Since the investigation of P
FIG. 2QC).—L'ordaiunthKs Grand 'Euryi:

-in of beak of niKpL-llus; vedged in
ihe passageway are iwo large pollen grains,
the lower fine showing [xirl of the surface
uf ihe exine and also tile multicellular interior;

X225.—After RENAULT (3).

the testa of the seeds of cycads

by Miss STOPES (15), in which

it was made clear that the testa

is differentiated into three

layers (outer fleshy, stony, and

inner fleshy), the temptation

is to read this structure into the interpretations of the seeds of Cordai-

tales and Cycadofilicales, and there seems to be enough confirmation

of such an interpretation to justify it in some cases. It is conceivable

thai the inner fleshy layer, which in cycads contains the inner set of

vascular strands, might be confused with the peripheral region of the

nucellus, provided the testa and nucellus are organically continuous,

as in modern seeds. In such cases the inner fleshy layer would be

distinct only in the free part of the integument, and since in the testa

stage it becomes merely a papery layer, it might not be recognizable
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in a fossil. Such confusion of inner fleshy layer and nucellus in many
paleozoic seeds, however, in which the testa and nucellus are free,
seems impossible. In an ovule of this character, the inner set of
vascular strands could not make the very evident connections with
the region of the pollen chamber without traversing the nucellus. In
such cases, therefore, it is by no means inconceivable that the inner
fleshy layer of the testa was not represented.

In whatever character the seeds of Cordaitales differ in structure
from modern seeds, these peculiarities are shared by Cycadofilicales;
and this association is further emphasized by the entire absence of
any trace of an embryo in any of the sectioned paleozoic seeds (p. 46).

3. The gametophytes

Pollen grains of the Cordaitales have been found in the sporangia,
in the pollen chambers, and in the passageways ("necks") leading
to them (figs. 206, 209). The grains are comparatively large, and
with a rough outer coat; and they are said to be larger in the pollen
chambers than in the sporangia, indicating growth after pollination.
The striking feature, however, is the presence of a group of internal
cells (fig, 209), which are said to be more numerous after pollination
than before. Such a cell plexus has been observed in the pollen
grains of Cycadofilicales, and was discussed in that connection (p. 49).
It seems to be a safe inference that several, if not all, of these cells
were spermatogenous, and that swimming sperms were liberated
when the archegonial and pollen chambers had become continuous
by the breaking down of the intervening tissue, as in Ginkgo and the
cycads. SCOTT (18) has called attention to the interesting fact that
in 1896 RENAULT (6) suggested this possibility, before the announce-
ment of the discovery of swimming sperms in Cycas and Ginkgo.

No traces of pollen tubes1 have been observed in any of the paleozoic
seeds, although pollen grains have been found in the pollen chamber
after it had extended entirely through the nucellus to the megaspore
membrane, bringing the pollen grains into direct contact with the
female gametophyte. It is very probable that the sperms were dis-
charged from the pollen grains about as from the microspores of
modern heterosporous pteridophytes.

In pollen grains found in the pollen chambers of ovules not defi-
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nitely referred as yet to either Cordaitales or CycadofiHcales, similar
groups of internal cells have been found, as in Stephanos pvrmum

(p. 5o)j indicating that the male gametophyte among paleozoic seed
plants must have been more primitive in structure, in the amount of
either prothallial or spermatogenous tissue or both, than in living
seed plants. It is interesting to note, in this connection, that an
excess of male prothallial tissue, as compared' with the other living
gymnosperms, has been found among the podocarps and araucarians.

int

• •f uvulc; mi, micropyle; int, integument; pc, pollen chamber with pollen grains; nu,

nucellus; ar, archegonia: pr, female gametophyte.—After RENAULT (2).

In some of the sections of the seeds of Cordaitales, the mature
embryo sac, containing the female gametophyte (endosperm) with its
archegonia, has been found, as in a species of Cycadinocarpus (fig.
210). In the figure cited it is evident that the endosperm has
encroached upon the nucellus almost to the testa, and that it has devel-
oped a characteristic endosperm beak which supports the settling
nucellar beak, as in Ginkgo, in which form HIRASE aptly likens the
endosperm beak to a "tent pole." Two archegonia are evident in
the section, and opened into the archegonial chamber which sur-
rounded the base of the "tent pole" like a moat. This peculiar
endosperm beak is one of the several characters that show a close
connection between Cordaitales and Ginkgoales.CO
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Perhaps the most important testimony furnished by such sections
as the one just described is as to the condition of detached paleozoic
seeds. It is evident that when these seeds had formed a heavy testa
and had dropped from the parent plant, there had been no such
embryo-formation as takes place in modern gymnosperm seeds before
shedding. It may be that fertilization had occurred, and that the
proembryo had formed within the archegonium; but it is certain that
there had been no further development of the embryo. The absence of
embryos from paleozoic seeds, therefore, might be due to the fact that
they had not formed when the seed was shed; and therefore the change
in later times was a longer retention of the seed before shedding,
accompanied by a later maturing of the testa; but more probably
the seeds sectioned had dropped prematurely (see p. 47 for a fuller
discussion)

4. History and distribution

The Cordaitales were contemporaneous with the Cycadofilicales,
disappearing from the records in the Devonian, along with the Cycado-
filicales, occurring in great profusion during the Carboniferous, and
not recognizable beyond the Paleozoic. So far as the historical
records go, therefore, the Cordaitales are just as ancient seed plants
as are the Cycadofilicales. It is only upon inference from compara-
tive resemblance to ferns that a greater age is assumed for the Cyca-
dofilicales.

The geographical distribution of Cordaitales, also, must have been
as extensive as that of Cycadofilicales; and they probably formed
extensive forests in connection with the arboreous pteridophytes.
Their known distribution during the Carboniferous is only limited
by our knowledge of the deposits of that period. They must have
displayed a profusion of forms and structures that is meagerly shown
by their known remains. It is not unreasonable to suppose that a
fuller knowledge of their structure and variations will go far toward
settling the problems connected with the origin of the later conif-
erophytes.

5. Relationship to other gymnosperms

The question of the origin of Cordaitales is a choice between two
alternatives. They were either derived from the Cycadofilicales,
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or the two groups had a common origin from a still more ancient group

of fernlike plants. The historical evidence favors the latter alterna-

tive, for the two groups are distinct as far back as the record goes;

but it must be remembered that this is negative evidence. On the

other hand, although both groups are certainly extremely ancient,

their similarities suggest so close a relationship, confirmed by the

existence of series of anastomosing forms, that the other alternative

is worthy of consideration.

On the whole, the structure of the seed is the most striking charac-

ter common to Cordaitales and Cycadofilicales. It is no longer pos-

sible to distinguish their seeds. The free nucellus and integument

that characterized certain seeds of both groups, the distribution of

the two sets of vascular strands, the large pollen chamber, the absence

of any visible embryo, are all characters that may be regarded as

primitive and as indicating a close relationship of the two groups.

As an alternative, it may be assumed that these resemblances do not

indicate a phylogenetic connection of the groups so much as they do

an early stage of seeds in general, and such seeds may have originated

independently many times from the original fern stock. This claim

can be met only by comparing the other structures of the two groups,

to discover whether there is any indication of more progress in one

than in the other, progress that would indicate that they are not at

the same level of primitiveness.

Tne organization of strobili represents a distinct advance beyond

the condition of Cycadofilicales, and it is the same kind of modification

as that suggested in the case of the Bennettitales (p. 87). It consists

in the complete differentiation of sporophylls and foliage leaves, the

consequent reduction in size of the sporophylls, and their aggregation

into a strobilus by shortening the fertile axis. The association of

bracts and sporophylls in the strobilus would be natural, some of

the bracts (chiefly the outer ones) doubtless representing reduced foliage

leaves, and some of them (notably the inner ones) being sterile sporo-

phylls. A notable complication in the ovulate strobilus of Cordaitales

is the fact that the primary axis of the strobilus bears only bracts,

the ovules appearing on short secondary axes (a compound strobilus).

It is in the vegetative structures that there appears a distinct gra-

dation from Cycadofilicales toward Cordaitales. It has been seen
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that the permo-carboniferous Poroxylon illustrates what must be

regarded as a stage theoretically intermediate between the two groups.

The general habit and the leaves are those of Cordaitales in all the

essential features. In the vascular cylinder of the stem, the secondary

wood is that of Cordaitales, but the primary xylem is mesarch as in

Lyginodendron. The leaf traces of Poroxylon, leaving the central

cylinder in pairs and finally becoming exarch in the leaves, are com-

mon to both Cycadofilicales (notably in Medullosa) and Cordaitales.

Poroxylon is too recent to serve any phylogenetic purpose except to

illustrate an intermediate stage that has persisted. It will be remem-

bered, however, that almost identical forms have been discovered

(18) in the Lower Coal-measures of England; and similar forms of

still greater age have been recognized. In fact, among the araucari-

oxylons (presumably the wood of Cordaitales) of the early Carbon-

iferous there occur stems with mesarch primary xylem; and SCOTT

(9, 10) has arranged a series of such stems connecting the Lygino-

dendron type with the Cordaites type, some of which cannot be referred

to either group without the foliage.

In view of the great antiquity of Cordaitales and Cycadofilicales,

it is perhaps safer to conclude that the similarities and gradations

described above are such as might be expected in two phyla diverging

from a common stock and living under the same conditions. Whether

this common stock is to be regarded as still more ancient Cycado-

filicales or not, is a question that probably never will be answered.

In any event, it seems clear that the Cycadofilicales, as we know them,

retained more of the features of this ancient stock than did the Cor-

daitales; and that long after the Cordaitales became distinct, there

began to arise from the Cycadofilicales two divergent branches, the

Bennettitales and the Cycadales. At about the same time, the great

phylum Coniferales probably began to emerge from the Cordaitales,

and perhaps also the less conspicuous phylum Ginkgoales.

It will be useful to summarize the important resemblances of Cor-

daitales to the living groups Cycadales, Coniferales, and Ginkgoales,

in order that their significance may be pointed out. This is especially

necessary since there is a tendency to use similar characters at random

as indicating immediate relationship. For example, the characters

common to Cordaitales and Cycadales seem to include those of higher
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order than those common to Cordaitales and Coniferales; and yet

the latter pair are regarded as much more closely related than the

former pair.

The characters in common with the Cycadales are the large pith,

the internal structure and mesarch bundles of the leaves, the general

structure of ovule and seed, and the swimming sperms. An inspec-

tion of these characters shows that they are primitive, and that they

may be interpreted as characters which both groups have retained

from some common and very distant ancestry. In other words, these

characters are just such as might have been retained by divergent

lines.

The characters in common with Coniferales are the lofty and

branching habit, the character of the vascular cylinder, and especially

the structure of the ovulate strobilus. These characters are distinctly

not primitive, and suggest at once that the Cordaitales are intermediate

between the Coniferales and the more primitive seed plants.

The characters in common with the Ginkgoales are those shared

in general by the Coniferales, except the structure of the ovule and

seed, and the swimming sperms, which are also cycadean characters.

The suggested conclusion is that Cordaitales also connect the Gink-

goales with the more primitive seed plants, and that the reproductive

structures of the Cordaitales were retained by the Ginkgoales.
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CHAPTER V

GINKGOALES

Ginkgo biloba is the only living representative of a gymnosperm

phylum that was well represented during the Mesozoic. It is almost

unknown in the wild state, the only reports of its occurrence having

come from travelers in the forest regions of western and southwestern

China (28). Its extensive cultivation, however, first in China and

Japan, and later in Europe and in the United States, has made it

very accessible. It was long included among the Taxaceae as an

exceptional member, and only since 1897 has it been set apart as

representing a group coordinate with Coniferales and Cycadales, and

all subsequent morphological investigation has confirmed this position.

The appropriate but antedated name Salisburia adiantifolia has

sometimes been used for the plant, and now and then an additional

species or two have been segregated, but the generic name Ginkgo

must be accepted, and the segregates have had little recognition.

1. The vegetative organs

The tree has the general habit of a conifer, with central shaft and

wide-spreading branches (fig. 211), and attains a height of more than

30 m., with a diameter exceeding 1.5 m. The deciduous foliage

leaves are very characteristic in form and venation, and are so sug-

gestive of the leaves of Adiantum that the common name "maiden-

hair tree" seems appropriate. The petiole is long and slender, the

blade is broadly wedge-shaped and variously lobed, and the venation

is conspicuously dichotomous (fig. 212).

The branches are dimorphic; one kind being long shoots that

elongate rapidly and bear scattered leaves; the other being the

numerous dwarf shoots that elongate very slowly and bear few leaves

in a cluster. The dwarf shoot elongates slightly each year, bearing

a terminal group of leaves, and the older portion is covered with leaf

scars of previous years. After several years a dwarf shoot may become

a long shoot, bearing scattered leaves; and then it may resume the

slow growth of the dwarf shoot again; and in some cases it may branch

(28).
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1

+ ...

in.—Gink go bitaba: o\iilate tree in the botanical garden of the Imperial

tiiy ;u TokyOj Japan; the first "spermalozuids" disinverecl in gymnosperms

were found by HIRAS£ in material taken from this tree.—From photograph by MiYAKK.
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VASCULAR ANATOMY

The transverse section of the stem of Ginkgo shows the general
features of Coniferales, namely, a comparatively narrow cortical
zone, a thick and compact cylinder of secondary wood developed
by a persistent primary cambium (in contrast with Cycadales), and
a relatively small pith (in contrast with Cordaitales). In the dwarf
shoots, however, the pith is large and the zone of wood comparatively
narrow. The primary xylem is endarch, and there is no distinct

FIG. 212.—Ginkgo biloba; leaf showing bilobei! character and dichotomc
venation; slightly enlarged.—After COULTER (54).

mesarch structure except in the bundles of the cotyledons (20)
(fig. 213). The leaf trace is double, as in all the more primitive
gymnosperms, each of the strands forking at the base of the blade,
and the resulting four strands breaking up into the characteristic
dichotomous system of veins, which may show now and then slight
traces of centripetal wood, and therefore an indistinct mesarch struc-

ture.
The vascular anatomy of the seedling has been reviewed by HILL

and D E FRAINE (51), whose summary contains the facts that Ginkgo

differs from the cycads in the rotation of the protoxylem of the cotyle-

donary traces; that a single vascular strand enters the base of each
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cotyledon; that the bundles pass from mesarch to exarch while tra-

versing the cotyledons; that each cotyledonary bundle gives rise to

two protoxylem poles of the root; and that there may be an addition

of protoxylem elements after the root structure has been organized.

The cycadean type of seedling is described (42) as consisting of

four bundles at the base of each cotyledon and a tetrarch root, which

generally becomes diarch below. Miss THOMAS (48) has proved

I it-. 21;3.—d'inkgo biloba: transverse section of cotyledon showing mesarch
character of vascular bundle; p, protoxylem; *, metaxylem; /, "transfusion tissue";
X150.—After SPRECHKR (46).

this cycadean type for the Ginkgo seedling by showing that the appar-

ently single bundle that enters the cotyledon is really a plexus of four

bundles, separating into two double bundles in the petiole, and each

of these separating into its two constituent bundles in the blade. It

is in the cotyledons that a very distinct mesarch structure is developed

(20). The relation of the number of protoxylem poles in the root

to the number of cotyledons (12, 39), that is, a diarch root related

to two cotyledons and a triarch root to three, is true only in an indirect

way. The original root is tetrarch, and is related to the four cotyle-

donary strands from the transition region, and the diarch condition
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observed is a reduction from the tetrarch condition. In
three cotyledons, which sometimes occurs in Ginkgo, the vascular
situation is modified, so that the root is ultimately triarch.

The testimony of the vascular anatomy shows that Ginkgo has
departed farther from the primitive fern stock in this regard than
have the Cycadales and the Cordaitales, only the foliar gaps and the
mesarch bundles of the cotyledons remaining to indicate the connec-
tion in vascular structure (36).

THE LEAF

There is great variation in the size and in the lobing of the leaves

of Ginkgo. The blades are often deeply cut and with more than two

lobes, and the same tree may show every gradation between deeply

twoFIG sri+—Btticra gracitis? leaf showing bi lobed character, bui each of the

principal lobes repeatedly dicho torn cms; regarded as a transition between Baiera ami

Ginkgo; natural size— After RENAULT (00).

lobed leaves and those with nearly entire margins. The leaves of
mesozoic species were much more divided, extreme forms bein<̂
palmately dissected into numerous very narrow lobes {28) (fig. 214).
In the surviving genus Ginkgo, the lobed condition is always found
in the leaves of seedlings (fig. 215), and usually on the long shoots,
leaves from the top of a tree being particularly deeply cleft- The
leaves on the dwarf shoots are usually nearly entire, but when the bud
of a dwarf shoot develops into a long shoot, the lobed character of

1
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the leaf is suddenly resumed, the contrast between the entire leaves

of the dwarf shoot and the lobcd leaves of the new long shoot being

quite marked (fig. 216). The

deep lobing is a juvenile

character, and by many would

be regarded as an illustration

of recapitulation.

During development the

blade is bent over at the

apex and the margins are

strongly inrolled (8). The

young leaves develop abun-

dant hairs, especially on the

petiole; and the hairs are

numerous on the scale leaves,

forming a distinct woolly

fringe to the petiole (28).

The deciduous habit is a very

rare one among gymnosperms,

being shared with Ginkgo only

by the coniferous genera Larix,

Taxodium, and Glyptoslrobus.

In anatomical structure the

leaves of Ginkgo resemble in

general those of Cycadales.

There is an evident but not

very thick cuticle; the stomata are mostly restricted to the abaxial

surface, the guard cells being somewhat below the level of the epi-

dermis; there is a distinct palisade tissue in the larger leaves, but not

in the leaves of the dwarf branches; and between the veins the very

loose inner mesophyll cells are elongated parallel with the plane of

the leaf surface.

2. The spore-producing members

The strobili of Ginkgo are not only monosporangiate, but the plants

are also dioecious, as in the Cycadales. Neither kind of strobilus

is bracteate, as is usual among gymnosperms; and the ovulate

strobilus has given rise to much discussion.

Flo. 215.—Ginkgo bitoba; seedlings

showing deeply bilobed I wives; the see:1

and cotyledons have not yet fallen off.
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THE MICROSPORANGTI M

?"¥ The staminate strobili consist of numerous microsporophylls
rising in loose catkin-like clusters from the axils of the scale leaves
developed at the summit of the dwarf shoot (figs. 216, 217). Com-
paring this strobilus with the staminate strobilus of Cordaitales, it

216 217

FiGS. 216, 217.—Cinkgo biloba: fig. 216, branch with dwarf shoots bearing stami-

aate strobiD anil leaves; about natural size; fig. 217, single staminate strobilus, showing

1 haractcr of individual stamens (a stalk ending in a knob Bad bearing two pendent

sporangia); X 3 . 5 — After COULTER (54}.

:

evident that if the intermixed sterile sporophylls and bracts of the
latter were eliminated, the general structure of the former would

obtained.
The strobili are first evident during the early summer of the year

preceding the maturing of the pollen (53), but are hidden in buds that

cannot be distinguished from leaf buds. The development of the

sporophylls is in acropetal succession, and the older sporangia reach
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the mother cell stage before winter (47). Material collected during

April (in Ohio) by Miss STARR (53) showed some sporangia in die

mother cell stage and others with tetrads.

The mature sporophyll has a rather long stalk, which terminates

in a knoblike enlargement, beneath one side of which usually two

pendent sporangia are borne. In material grown in the United

States there are often three or four sporangia; and SPRECHER (47)

cites cases of stamens with as many as seven sporangia. Occasional

abnormalities occur

which show even

greater variation from

the usual form (fig.

218). The more or

less expanded knob

at the tip of the stalk

may be regarded as

representing a reduced

lamina bearing sporan-

gia pendent from its

abaxial surface. The

development of this

knob has been studied

by Miss STARR (53),

to discover whether it

gives such evidence of

abortive sporangia as

had been found in Torreya (40). The large mucilage cavities begin

to develop like sporangia, and for some time there is a close re-

semblance to s]>orogenous tissue, but finally the walls disintegrate

and a mucilage cavity is the result (fig. 221). The fact that the

stamen of Ginkgo sometimes bears more than two sporangia, and

that certain fossil forms bear more than two regularly, strengthens

the view that the mucilage ducts of the knob have replaced abortive

sporogenous tissue. At the same time, it is recognized that the

mucilage ducts elsewhere in Ginkgo, as in the leaves, pass through

the same developmental stages.

Such a stamen suggests the Crossotheca ("epaulet") type among

nial rtrobil (a), normal leaves (A), and

mkrosponmgU (*).—After Fojn (.7).

n ? r -with
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Cycadofilicales. The known stamens of Cordaitales are different
(p. 172), but it cannot be supposed that the stamens of so great a group
were uniform in type.
In fact, in Anlholithus

Zeilleri, which is re-
garded as the stami-
nate strobilus of Bai-

era (a mesozoic mem-
ber of Ginkgoales), the
sporangium-bearing
structures are dichoto-
mously divided, dorsi-
ventral organs, the
ultimate divisions of
which bore eight
sporangia (49). This
structure seems to be
widely different from
the stamen of Ginkgo,

so much so as to raise
the question whether
this Anlholithus be-
longs to Baiera, and
hence to the Gink-
goales; but if the
sporangia* are ter-
minal, the parallel is
found in the known
stamens of Cordai-
tales. If the sporangia
are abaxial on the
ultimate branches,
rather than terminal,
the reduction to a
single branch would
represent the stamen

FIGS. 219-221.—Cinbgo biloba: fig. 319,

staminate strobilus in September, showing microsporo-

phylls with sporogenous tissue and mucilage ducts;

X20; fig. 220, young sporangium; the four cell* in

which nuclei are shown have come finubtlcss from a

single archesparial cell; the two inner cells arc S|J«,-

rogenous and the two outer tapetal; X485; fig. 221,

a rather late stage in the formation of a mucilage duct

in the hump; the sporogenous-like cells are breakihg

down and the surrounding cells resemble a tape turn;
of GinkgO. In either X485.—After Miss STARR (53).

"



194 MORPHOLOGY OF GYMNOSPERMS

event, the structure emphasizes the interrelationships of Ginkgoales,

Cordaitales, and Cycadofilicales.

The development of the microsporangium has been described by

Miss STARR (53). Early in July the strobili which are to mature

their pollen the following year can be recognized as small papillae in

the axils of bracts, and before winter checks the growth the oldest

sporangia at the base of the strobilus reach the mother cell stage

(fig. 219). Although the earliest stage was not seen, it was evident

that a single hypodermal cell divides anticlinally and then periclinal

divisions follow, or the order is reversed. The outer cells produce the

wall of four to seven layers, and the inner cells a large group of spo-

rogenous cells (fig. 220). The tapetum seems to be formed entirely

from the peripheral cells of the sporogenous group. In the mature

sporangium the hypodermal layer of cells (outermost wall layer)

and the layer beneath it develop thickening bands in the walls, and

in the upper part of the sporangium, near the mucilage cavity, the

walls of deeper cells are also thickened. Ginkgo seems to be the only

gymnosperm that develops an endothecium (32), in the sense that the

layer or layers of cells that show the structure and function of an endo-

thecium are hypodermal. The longitudinal slits of dehiscence of the

two sporangia face one another, and lie at such an angle that the

pollen is shed easily (32).

THE MEGASPORANGIUM

The ovulate strobili of Ginkgo are very much reduced, and

are borne in groups at the summit of the dwarf shoot (fig. 222).

The individual strobilus consists of a long stalk arising from the

axil of a bract and bearing at its apex mostly two ovules, one of

which usually aborts, although in favorable seasons it is by no means

uncommon to find both ovules fully developed (fig. 223). Occa-

sionally more than two ovules appear, and the indications are that

the strobilus of Ginkgo has been derived from one bearing several or

perhaps many ovules (fig. 224).

About the base of the ovule there is a more or less conspicuous

cup or "collar," much more prominent in the young stages of the

ovule. This collar has been a prolific source of discussion, and a

brief r£sum£ of the views as to its nature and the nature of the strobilus
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will serve to illustrate the progress of interpretation, and especially
will show the result of attempting to read the structures of a higher
group into those of a more primitive one.

In 1869 VAN TIEGHEM (2) interpreted the stalk as a petiole;
the two ovules as determined by the two characteristic lobes of the
blade; the collar as a reduced aril; and hence the whole structure as
a single megasporophyll (carpel). In 1872 STRASBURGER (4) sug-
gested that the stalk is a shoot; that the collar is the rudiment of the
first pair of leaves of a secondary shoot; and hence that the whole

FIG. 222.—Girtkgo biloba: dwarf shoots with ovulate strobilt; the leaves have been
cut away from the shoot at the right; the female gametophyte in such ovules is in a
very early free nuclear stage; X1.5.—After COULTER (54).

structure is an inflorescence of two flowers in which the carpel is

suppressed. In 1879 he modified (6) this view in so far as to conclude

that the collar represents an aril. In 1873 EICHLER (5) interpreted

the collar as the outer integument of the ovule, which view is not

necessarily inconsistent with the preceding views that it stands for

an aril; later (10) he called the collar a rudimentary carpel. In

1890 CELAKOVSKY ( I I ) stated that the stalk is an axillary shoot

bearing two or more carpels, but that each carpel is represented only

by an ovule, which means that the existence of the carpel is only

theoretical; later (25) he reaffirmed these views with greater fulness

of detail. In 1896 FUJII (17), after a study of abundant Japanese
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material, and especially taking into account numerous abnormal

cases, came to the conclusion that the stalk is a shoot usually bearing

two rudimentary carpels (megasporophylls) which are represented

FlG. 223.—Ginkgo biioba: part of a long branch bearing dwarf branches with

ovulate strobili.—After COULTER (54),

by the two collars. The abnormal cases may be Summed up as follows:
ovules on more or less modified foliage leaves; intergrad.es from nor-
mal collars to blades bearing ovules; distinctly stalked ovules; stalks
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bearing several ovules and terminating in a scaly bud (fig. 225). In
1900 SEWARD and GOWAN (28) reviewed the whole situation, studied
additional abnormalities, and coincided with the conclusions of FUJII.

And now SIIAW" (50), investigating the vascular anatomy of the
strobilus, dissents from the current view that the collar is a much
reduced megasporophyll. It seems that the bundles of the collar
show inverse orientation, and a
comparison with Lagenostoma sug-
gests that the collar of Ginkgo is
a vestige of the cupule that in-
vested seeds of the Lagenostoma

type. This claim for the cupule
nature of the collar is most in-
terestingj and if it is the true one,
it even more strongly emphasizes
the close connection of Gink-
goales and Cycadofilicales.

The evidence at present sug-
gests that the structure under
discussion is a strobilus bearing
two or more megasporoj >hylls,
which are usually reduced to the
so-called " collars," but which
sometimes resume their original
leaflike character. These ab-
normal ovuliferous leaves are
most suggestive of the ovulif-
erous leaves of the Cycadonlicales, and hence of the origin of the
ovulate strobilus of Ginkgo. While the stalk of the strobilus re-
sembles the petiole of a leaf, it is quite different in its structure.
A transverse section of a petiole shows the two bundles already
mentioned as representing the double leaf trace; while a trans-
verse section of the stalk of a strobilus shows the four bundles
which would be expected in a stem bearing two leaves (collars) at
its apex (figs. 226, 227). When more than two ovules are borne on
one stalk, there are twice as many bundles in the stalk as there are
ovuies at its apex, just as there should be if each collar were a mega-

Fi c. 2 24. —Ginkgo bit aba: axis bearing
ovules, cadi with a pedicel—After

Si'RECHER (47) .
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sporophyll. The evidence from "abnormalities," which may be
interpreted as reversions, together with the testimony of the vascular

FIG. aa^.—Ginkgo biloba: abnormalities in ovulatc structure; a, liud; b, nearly
normal sirubilus; c, leaf With irregular tlmlu'tiings; d, leaves hearing ovules; /, ihk ken-
ing at base of ovule; g, longitudinal stria t ion along the fleshy part of the seed.—After

(17).

anatomy, strongly support the view that the stalk is a stem bearing

two megsaporophylls (collars), each of which bears a single ovule.

The development of the ovule has been investigated by Miss

CAROTHUKS (46), from material grown in northern Ohio. About

the first of April no ovules are visible in the buds on the dwarf sh< ote.
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FlG. 236,- -Ciinkgo b'sloha: tninsWSC section «I leaf, showing two bundles.—Alter

HPKECHER (47).

FlG. 237.—Ginkga biloba: transverse section of the stalk of ovulatc strobilus,
ing the general structure of a stem.—After SPRECHER (47).
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but two weeks later they are 0.25 mm. long, the nucellus being

homogeneous and not wholly inclosed by the integument (fig. 228).

Not all the buds of the dwarf shoots are fertile, and the strobili in

those that are range in number from one to six. In such a bud the

sequence of structures from outside inward is, as follows: brown bud

scales, green scale leaves, foliage leaves, strobili, foliage leaves. About

229

FiGS. 228-230.—Gink go bihba; early stages in the development of the ovule;
fig. 228, nutt'llus in April, not yet covered by integument; no archesporium can be
distinguished at ihis stage; X15; fig, 329, condition May 1; Xt2 ; fig. 230, May 1,
megaspore mother cell surrounded by ''spongy tissue"; X 325.— Aftei Mi*>
CAROTHERS (46).

the first of May the ovules are o. 75 mm. long; the prominent nucellar

beak has developed, in some cases protruding from the micropyle;

a large pollen chamber has been formed, which often contains pollen

grains developing tubes; and the sporogenous tissue is in all stages

from immature mother cells to complete tetrads. According to

HIRASE (22), the pollen chamber results from the exclusive growth

of the external tissue of the beak, the inner tissue thus becoming rup-

tured and disorganized.

Usually one mother cell functions, two functioning mother cells
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iva-being found in only one ovule out of fifty at this stage. The deriva-
tion of the mother cell from a hypodermal archesporial cell could not
be traced. It is recognizable in the midst of the so-called "spongy
tissue," which may or may not he sporogenous in origin (figs. 229,
230). PAX (13) evidently regarded this tissue as representing a
many-celled archesporium; but whatever its morphological nature,
its tapetal function is clear. In the mature mother cell there appears
the peculiar "kinoplasmic mass"
observed in the mother cells of
Taxus, Larix, Taxodium, Thuja,

and certain other genera. The
reduced number of chromosomes
is eight; and although a linear
tetrad is usual, one case of bilateral
arrangement was observed, and
two cases in which the upper cell
of a row of three had divided longi-
tudinally.

The history of the tapetal zone
is as follows. During tetrad-for-
mation, this glandular-looking tissue
increases in bulk by cell division,
encroaching actively upon the sur-
rounding nucellar tissue until the
last week of June. The absorbing
cells soon become vacuola t v 11 nd
finally multinucleate (fig. 231). The megaspore membrane surround-
ing the gametophyte now shows the characteristics of its mature con-
dition, although it has not reached its maximum thickness. After
June, the tapetal zone in turn begins to be destroyed by the encroach-
ment of the young gametophyte (endosperm), which at this time is
still in the free nuclear stage, but the distinct membrane about it
has been formed. By the time the centripetal growth of the gameto-
phyte is about one-third of the distance across the embryo sac, all
of the tapetal zone has been crushed. It is evident that this zone
of cells is one that digests and absorbs, performing the "tapetal
function" for the mother cell and the early stages of the gametophyU'.

FIG, 231.—Ginkgo bitobn: muUi-
nucleate stage of si>ongy tissue; bor-
<ltTiny upon the spongy l issue at the
left is the conspicuous megaspore
membrane, and just beyond are three
of the free nuclei of the endosperm;
X650.—After Miss CAROTHERS (46).
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The single thick integument, forming a long and narrow micro-

pylar tube, is at first homogeneous, but by the last of May three

distinct layers have become differentiated. The outermost layer is

a tissue of large, thin-walled cells with numerous mucilage cavities,

and finally becomes the fleshy layer of the mature testa. The middle

layer consists of small isodiamctric cells, and later forms the stony

layer of the testa. The innermost layer consists of large, loosely

232 233

FIGS. 233, 233-—Cinkgo b/loba: diagrams of ovuIts showing the stony layer (s)

between the ratter («) and inaer (»') fleshy layers, and the collar (c); fig. 232, after the

Stony layer has become hard, l>m before the inner fleshy layer has become dry; the

inner fleshy layer and the nucellus are shaded with lines; fig. 233, after the inner fleshy

layer and nuceUus have become dry and papery; X2.

arranged, very mm-waiiea cens, wmen in me tree portion ox tne

integument are differentiated into two regions: the inner consisting of

vertically elongated cells, a tissue restricted to the free portion of the

integument; the outer consisting of transversely elongated cells, a

tissue that extends the whole length of the ovule just within the stony

layer. This inner tissue is at first delicate and watery, but soon

becomes crushed and dry, forming in the mature testa a papery layer

lining the stone and adherent to it {figs. 232, 233). This general

structure of the testa is practically cycadean (p. 128). It has come to
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be the habit to refer to these three layers as "outer fleshy," "stony,"

and "inner fleshy."
At the base of the ovule, two vascular strands enter the inner

fleshy layer on opposite sides, through a gap in the stony layer, and
continue along the surface of the layer, ending where the integument
becomes free. One of the characteristic features of the Ginkgo

testa is the suppression of one of the two sets of vascular strands
characteristic of the more primitive gymnosperms. In this case
the outer one, which traverses the outer fleshy layer, has been
suppressed.

3. The gametophytes

THE FEMALE GAMETOPHYTE

The development of the female gametophyte (endosperm) has
also been investigated by Miss CAROTHERS (46). As the functioning
megaspore enlarges, a large vacuole holds its nucleus near the micro-
pylar end. Since the megaspore, after its nucleus begins to divide,
is always vacuolate, the free nuclei are parietal from the beginning.
About the middle of May there are 16 to 64 free nuclei, well separated
in the very delicate cytoplasmic lining of the thin wall of the embryo
sac. Up to this stage (64-nucleate) the free nuclear divisions are
simultaneous, but later they become irregular, continuing until the
first of July, when there are over 256 nuclei. During this period the
ovule and the embryo sac are enlarging, and the megaspore membrane
is becoming thicker.

Preliminary to wall-formation, a delicate membrane appears
on the outer surface of the protoplast of the embryo sac, which is
easily separable from the megaspore membrane, and may be called
the endosperm membrane. To this endosperm membrane (not
to the megaspore membrane, as has been supposed) the first walls
of the endosperm are anchored, being laid down at right angles to it,
and leaving the cells open toward the sac cavity (fig. 234). After
the first walls are formed, centripetal growth of the endosperm begins,
the innermost cells, open toward the center of the sac, always being
larger than the outer ones and usually uninucleate, although they are
sometimes binucleate and even trinucleate. In the tissue which has
reached nearly to the center of the sac binucleate cells are common,
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and occasionally a multinucleate cell is observed; but in mature

endosperm tissue the cells are uninucleate. Whether this is due to

disorganization or fusion of nuclei, or to additional wall-format ion,

was not determined. Centripetal growth of the endosperm is rapid

through July and August, the sac being filled with tissue by the last

week of August. In the closure of the tissue at the center of the sac,

there is no formation of a common wall, but two distinct abutting

walls are formed, so that even in the ripe seed the tissue of the endo-

sperm separates easily at the center by a cleavage plane.

As the centripetal development pro-

ceeds, the whole gametophyte increases

in bulk, the inner cells enlarging

greatly and occasionally dividing, and

those of the peripheral region multi-

plying. Soon after the appearance of

walls and long before the sac is filled

with tissue, the endosperm becomes

green; and in a few weeks it is ihv

greenest region of the ovule, the

spectroscope showing the presence of

chlorophyll. The cells are early filled

with starch, some of it doubtless

formed by the green gametophyte itself.

Outside of the gametophyte starch is

abundant only in the outer region of

the integument. The endosperm in

its growth encroaches upon the nucellar

tissues until it destroys not only the previously active tapetal zone.

but also most of the undifferentiated nucellar tissue, whose living

cells are separated from it by a mass of the dead cells of the tapetal

zone. It is probably this zone of crushed cells that has been

interpreted as a "tapetum" in certain fossil seeds (p. 37), but

whether it w?as previously active as a tapetum in such cases cannot

be determined.

When the endosperm has reached its full development, the endo-

sperm membrane has become much thickened, and the megaspore

membrane has become extremely thick and dense. As the endosperm

Fir,. 934.—Ginkgo bilobti: walls

of endosperm cells in contact with

the endosperm membrane, and not

extending ID ihr me^aspore mem-

brane; June 5; X650.—After

Miss CAKOTHERS (46).
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is entirely free from the megaspore membrane, the latter is pushed

outward by the development of tissue about the archegonial chamber,

forming a roof over it. The megaspore membrane becomes differ-

entiated into two layers, the inner one being very thin and serving

as a base for the transversely placed "rods" of the outer layer, as

already noted in the cycads (p. 139). When the endosperm tissue has

become closed at the center of the sac, the megaspore membrane has

reached a thickness of over 6 p. According to THOMSON (41, 43),

the structure of the membrane is very similar to that of the Cycadales,

but the inner layer is not so thick. His general conclusion is that

Ginkgo is farther removed from the fern level in this regard than

are the Cycadales, and less so than are the Coniferales, in which

the megaspore membrane is variable in thickness and simpler in

structure.

The archegonium initials, usually two in number (figs. 242, 243),

but occasionally three, appear very early in the history of the gameto-

phyte, the two-celled neck and a considerably enlarged central cell

appearing before the tissue lining the embryo sac is equal in depth to

the breadth of the central cavity. The development of the arche-

gonium is exactly similar to that in the Cycadales, including the

organization of the conspicuous nutritive layer of jacket cells. At

the beginning of August (in Japan), when the tube nucleus is passing

back into the pollen grain end of the tube, as described by HIRASE

(22), the endosperm begins to develop a beak between the two

archegonia. In about two weeks this beak resembles a small column,

with its summit against the settling nucellar beak, "like a tent

supported by its center pole." This endosperm beak much enlarges

and modifies the archegonial chamber described above. Just before

fertilization, early in September (in Japan), the small and ephemeral

ventral canal cell is cut off, and the egg is matured (fig. 244). In

this respect Ginkgo is more primitive than the cycads, in which no

wall is formed between the ventral canal nucleus and that of the egg.

IKENO (30) reports that in one instance he observed a ventral canal

nucleus that had enlarged pari passu with the egg nucleus, whose

maturation resembles that described under Pinus Laricio (p. 266).

HIRASE states that about twenty weeks elapse between pollination

and fertilization.
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THE MALE GAMETOPHYTE

The first account of the male gametophyte of Ginkgo is that given

by STRASBURGER (15) in 1892. It is of interest to note that Hor-

MEISTER in 1863 (1) predicted the finding of swimming sperms in

the pollen tubes of gymnosperms; and in May 1896, at a meeting

of the Botanical Society of Tokyo, HIRASE announced (18) the dis-

covery of ciliated sperms, his preliminary paper (19) appearing in

October of the same year, and his full paper (22) in 1898. In this

connection a detailed study was made of the development of the male

gametophyte and of the phenomena connected with fertilization;

and it is chiefly from this source that the following account is drawn.

The first division of the microspore is unequal, resulting in cutting

off a small lenticular cell, which soon disorganizes and later appears

like a cleft in the heavy spore wall. No such ephemeral vegetative

cell has been discovered among the Cycadales, but such cells are

characteristic of the Abietineae.

A second unequal division occurs, and a second small cell is cut

off, which persists, and which is a second vegetative cell. This cell

also appears among the Abietineae, but in them it is ephemeral like

the first. A single persistent vegetative cell also appears in the Cyca-

dales; so that Ginkgo resembles the Abietineae in having two vege-

tative cells, and the Cycadales in having one persistent cell.

After, the two vegetative cells have been cut off, the remaining

large cell may be regarded as the antheridium initial, although the

ordinary structure of a multicellular antheridium has disappeared.

This cell divides equally, the smaller daughter cell, in contact with the

persistent vegetative cell, being the generative cell, and the larger cell

being the tube cell (fig. 235). The gametophyte is in this four-celled

stage (ephemeral vegetative, persistent vegetative, generative, and

tube cells) when pollination takes place (fig. 236), during the last of

April or early in May (in Japan).

The pollen chamber now begins to enlarge at the expense of the

nucellar tissue at the side and beneath, carrying the grains deep into

the nucellus. Early in June the chamber has enlarged greatly, form-

ing a large irregular cavity, which extends nearly to the embryo sac.

When the grains begin to put out their tubes, the opening to the pollen

chamber becomes closed and remains so, the surrounding tissue
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becoming brown and forming a resistant beak that long persists as a

cap on the sac. The pollen grains, carried well below the beak by

the deepening of the chamber, send out their tubes in every direction

into the adjacent nucellar tissue, but chiefly away from the embryo

235

238

236

f

• •

237 240

FIGS. 335-240.—Uinkgo biloba: the male gametophyte; fig. 335, pollen grain,

showing evanescent prothallial cell and persistent prothatliaJ cell; the mitosis in the

antheridium initial will form the generative and tube cells; April 24; X500; fig. 236,

[wllenat the shedding stage, with prothallial, generative, and lube cells; X500; fig. 237,

part of pollen tube July 10; X500; fig. 23H, the nucleus 0/ the generative cell baa
divided, the stalk and tube nuclei lying side by side; July 11; X500; fig. 239, the body

cell has divided; blepharopiasts are faintly visible; X120; fig. 240, the two sperms

produced by the body cell; September 11; X226.—After HIXAS£ (16}.

sac, and often directly toward the beak. Into these young tubes

tube nuclei pass, and remain there so long as the tubej system

is developing.

About the beginning of July, the tubes have penetrated the nuceL

lar tissue deeply and have branched freely, the tube nucleus remaining

where a tube begins to branch. This extensive system of branching

the
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tubes, as in cycads, seems to function only as a haustorial system.

At this stage the generative cell has the appearance of being pushed

away from contact with the persistent vegetative cell, on account of

the enlargement and development of vacuoles in the latter. The

generative cell increases very much in size, its nucleus keeping pace

with it; and these relative positions are maintained until just before

fertilization, which occurs about ten weeks later. About the middle

of July the generative nucleus divides to form the stalk and body

nuclei, lying side by side and with no separating wall (figs. 237, 238).

HIRASE says that the non-func-

tioning stalk nucleus is gradually

thrust out of the general cyto-

plasm by the growth of the

functioning body nucleus and the

organization of the body cell, and

functions no further (see fig.

163), At the end of July, the

much enlarged body cell is rich

in contents, and its nucleus is

very large. At this stage the two

blepharoplasts appear and as-

sume their polar positions, the

stage persisting for three weeks, that is, until the third week before

fertilization.

At the beginning of August the tube nucleus begins to pass back

to the pollen grain end of the tube, which it reaches in about two

weeks, consorting with the body cell, and later with the sperms, until

fertilization. During the return of the tube nucleus, the endosperm

beak has developed between the two archegonia as described above,

pushing up the megaspore membrane farther, and permitting the

grain end of the pollen tube to penetrate to the region of the arche-

gonia 1 chamber, where, freed from pressure, it becomes very turgid

(fig. 241).

During the third week before fertilization (about the last of August)

the body cell begins to divide, the division occurring in the axial plane

of the spore, resulting in two sperm mother cells lying side by side and

each containing a blepharoplast (fig. 239). In each mother cell the

FlC. 241.—Cinkgo biloba: upper parl
of female gametophvu-, showing two
archegonia, the beak like process of the
endosperm, and ihe swollen tips of two
pollen tubes; September 9; X24.—After

HlRASE (16).
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blepharoplast becomes bandlike, is attached to the nucleus, and

forms the spiral, cilia-bearing band of two and a half coils in connec-

tion with the sperms. The details of the structure and behavior of

the blepharoplast among Cycadales have been presented (p. 142),

and presumably they are approximately the same for the blepharo-

plast of Ginkgo. The mature sperms are ovoid, varying between

80 and no M in length, and between 50 and 85 /* in breadth, and are

so directed that the two adjacent sperms lie base to base (fig. 240).

It is a little over four months from pollination to the formation of

sperms, the time of which varies with the latitude. For example,

in Tokyo sperms appear between September 7 and 22, the greatest

number occurring September 17 and 18; in Sendai, 200 miles farther

north, the optimum date is September 27; in Washington the range

of time is from August 25 to September 10, with September 1 to 3

as the optimum period (29).

In 1898 several Japanese students investigated a large number

of sperms, correcting a few of the earlier statements and extending

the observations. HIRASE had described a peculiar "tail," which

FUJII (21) and MIYAKE (23) showed to be an appearance that had

no connection with the sperm. HIRASE had left the impression also

that the mother cells were transformed directly into sperms; but

FUJII and MIYAKE demonstrated that the sperms are formed within

a sperm mother cell, and they observed the cilia vibrating and the

sperm shifting its position within the mother cell. The sperms

finally break through the wall of the mother cell and escape into the

pollen tube, where they were observed "swimming from one end of

the tube to the other like a pair of large infusoria." They were

observed in active motion for two or three hours, the body readily

changing its form under pressure. FUJII (26) observed also a sperm

with two spiral bands, its sister sperm being normal; it is probable

that the blepharoplast had divided before band-formation.

FERTILIZATION

The swollen tip (grain end) of the pollen tube, capped by the old

wall of the pollen grain, contains two sperms, the tube nucleus, the

persistent vegetative cell, and whatever may remain of the stalk

nucleus. At the time of fertilization, the turgid tip of'the tube becomes
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curved, its apex being directed toward the archegonial chamber,
and discharges its contents. The sperms have been observed swim-
ming in the archegonial chamber, from which one of them passes to
the egg and enters its cytoplasm. IKENO (30) states that the male
nucleus slips from its cytoplasmic and cilia-bearing sheath upon
entering the cytoplasm of the egg. At the time of fusion the two nuclei
are very unequal, the female nucleus being about ten times larger
than the male. The mode of fusion is said to be like that described
by IKENO for Cycas revoluta; that is, the sperm nucleus gradually
penetrates the egg nucleus before losing its own membrane. It has
been determined that fertilization occurs while the ovules are still
on the tree (30).

4. The embryo

The embryo of Ginkgo has long been regarded as peculiar among
gymnosperms, chiefly on account of the absence of a conspicuously
elongated suspensor, such as occurs in Cycadales and Coniferales.
The only suggested resemblance is the embryo of Bennettitales, in
which no suspensor has been seen. ARNOLDI (34) recognized a
differentiation of the elongating proembryo into three regions: a
micropylar haustorial region, a middle suspensor region, and an
apical region which gives rise to the embryo proper. This interpre-
tation conforms in general to the three regions found in other gymno-
sperm embryos.

Another peculiarity of the embryo of Ginkgo that has been remarked
is the complete filling of the egg with proembryonic tissue, but this
peculiarity has held only in comparison with the Coniferales, Dioon

and perhaps other cycads having the same character.
In 1904 LYON (39) published an account of the embryogeny of

Ginkgo, and the following description is largely based upon his results
as confirmed by our own preparations. The first spindle is very broad
and multipolar (30), and a series of simultaneous, free nuclear divi-
sions follows, until the nuclei approximate 256 in number (fig. 245).
The nuclei do not become parietally placed by the vacuolation of
the cytoplasm, but are distributed more or less uniformly throughout
the enlarging egg. At this stage wall-formation*occurs, and the egg
is filled by a proembryo consisting of undifferentiated tissue (fig. 246).
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The cells of the micropylar two-thirds of the proembryo divide very

Iiule or not at all, but the cells of the antipodal one-third form a

242

n

244

245 246

FIGS. 243-246.—Crittkgo bilobu: archegnmum and emliryogeny; fig. 242, longi-

tudinal section of ihe neck of the arch egoni urn, showing the two cells; X 160; fig.
243, transverse section of the same; Xifio; fig. 244, archegonium shortly before

fertilization, showing ventral canal cell (v) and egg nucleus (n); X66; fit;. 245, free

nuclear stage of the proembryo; X66; fig. 246, later Stage, showing that the tissue

of the proembrya has resulted from a segmentation of the entire egg; X66.—After
STRASBURCER (4).

small-celled meristem which grows vigorously (fig- 247). This
growing region invades the endosperm as a broad, blunt cylinder,
the micropylar end of the proembryo being forced back through the
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neck of the archegonium, many of its cells being crushed, I n the axis

of the advancing cylinder two growing points are soon established,

that of the stem at the end of the axis, and that of the root very close

FIG. 247.—Gink go bihba: late stage of proem bryo; the stem and root will lie
organized from the small-celied tissue at the apex; X 160.—After LYU.V (39).

to it, the two being separated by very few cells. Later the primordia

of the two cotyledons appear in the peripheral region of the cylinder,

beginning as crescentic mounds of tissue. From an examination of

mature seeds, LYON7 (39) claims that the proem bryo sometimes

gives rise to two embryos.
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This embryogeny is remarkable for the extensive development and
massive growth of the proembryonic tissue, but in kind it resembles

250

FIGS. 248-251.•—•Ghtkgo bilohu: later stages in the development of the embryo;
fig. 34s shows ihe upper part of the endosperm and the outline of the embryo; X10;

fig. 249, drawn on a larger scale from the same embryo, shows the differentiation into

runt and stum; X40; fig. 250, embryo at about the stage shown in tig. 233; X15:

fig. 251, nearly mature embryo; Xio.
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that of other gymnosperms, and particularly that of Dioon edule,

in which there is a temporary segmentation of the entire egg. There

is an extensive region of abandoned proembryonic tissue, abandoned

in the sense that it does not enter into the structure of the embryo;

a suspensor development, which in this case is very massive; and at

the tip of the suspensor region the organization of an embryo (figs.

248, 249).

Usually there are two cotyledons, but three are by no means uncom-

mon. In all the Japanese material investigated by LYON two coty-

ledons were present except in two cases; while 15 per cent of the

material from another source showed three cotyledons; and we have

noted that material from northern Ohio sometimes shows three

cotyledons. The cotyledons are normally equal and entire, springing

apart when liberated from the seed. The former accounts of unequal

and lobed cotyledons, united at the tip, seem to have been drawn from

unusual material. The cotyledons are hypogean, as in the cycads,

but they produce stomata, chiefly on the adaxial surface. From

this Miss WIGGLESWORTH (38) concludes that the cotyledons are

true foliage leaves that have become hypogean.

Polyembryony occurs occasionally, LYON often finding two

developing embryos; but one of them usually became centrally placed

and the other became abortive; in only one case were two mature

embryos seen; in one seed three developing embryos were found.

COOK (35) examined 200 seeds (from trees cultivated in Washington),

and found four of them containing twin embryos about one-third

as long as normal embryos; twenty-four of the seeds contained no

embryos.

In germination the plumule is thrust out of the testa by the petiole-

like elongation and arching of the bases of the cotyledons, the portions

of the cotyledons that remain within the seed enlarging and function-

ing as haustorial organs, persisting through the first season. The

first two or three leaves are small and scalelike, without any develop-

ment of the characteristic blades (fig. 215). The stem soon stops

its rapid elongation for the season and puts forth at the apex a rather

close crown of leaves, a large terminal bud being the only prominent

one on the plant during the first winter.
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5. History and distribution

The leaves of Ginkgo are so characteristic that they are an unusually
trustworthy evidence of the existence of the group during previous
periods. Such leaves are found in abundance down to the Coal-
measures, and some of them at least must have belonged to Gink-
goales, though some of them may have belonged to other groups.
In fact, SEWARD (28) is inclined to think that all of the so-called Gink-
goales of the Paleozoic are Cordaitales. The genus Whittleseya from
the Lower Carboniferous, distinguished by its short petioles, seems
to be connected with Ginkgo itself by Ginkgodium, a recently described
genus from the Lower Oolite of Japan (52).

The most important fossil leaf genus referred to Ginkgoales is
the mesozoic Baiera, which differs from the leaves of Ginkgo in the
shortness of the petiole and the repeatedly and deeply dichotomous
blades (fig. 214), resulting in narrow, ribbon-like, greatly elongated
lobes (14). Such characters are not constant, for even in the existing
Ginkgo the blade is quite variable (p. 189). Of great interest are the
paleozoic leaves referred to Ginkgo and Baiera, which occur especially
in the Permian. In reference to these, the general conclusion seems
to be that they cannot be disentangled from the foliage of certain
species of Cordaitales and of Cycadofilicales, and perhaps of Fili-
cales. In any event, the evidence is convincing that Ginkgoales were
abundant and somewhat diversified during the Mesozoic, their great-
est extension occurring during the Jurassic; and it is altogether prob-
able that they existed near the close of the Paleozoic, associated with
the Cordaitales and Cycadofilicales. The testimony of the mesozoic
leaves is confirmed by the discovery of staminate strobili, ovulate
strobili, and seeds. In a staminate strobilus (Antholithus Zeilleri)

recently described by NATHORST (49) and associated with Baiera,

the microsporophylls are very different in character from those of
Ginkgo (p. 193), but this need not exclude the strobilus from Ginkgo-
ales. " On the whole, the sum of fossil evidence is of sufficient weight
to prove the great antiquity of the gymnospermous family now
represented by the maidenhair tree" (27), a group distinctly fore-
shadowed in paleozoic vegetation.

Our chief knowledge of the diversity and wide distribution of
Ginkgoales during the Mesozoic has come from the investigations of
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HEER (7, 9). Jurassic remains of the group have been found in
every country, from the arctic regions to the south temperate regions,
being abundant in England, throughout Europe, Siberia, China,
Japan, North America, and Australia (37). The prominent genera
were Ginkgo and Baiera, the former becoming more abundant in
the more recent periods and in the more northern latitudes; the latter
including the majority of the older representatives of the group.

6. Relationship to other gymnosperms

From the previous account it is evident that the question as to the
origin of Ginkgoales is a choice between two alternatives: either they
were derived from the Cordaitales, or the two groups became differ-
entiated from a common stock. The historical evidence is all in favor
of the former view, and the testimony of the comparative structures
of the two groups seems equally convincing. The mesozoic Gink-
goales seem to hold the same relation to the paleozoic Cordaitales
that the mesozoic Bennettitales hold to the paleozoic Cycadofilicales.
In fact, the connections between the former pair seem closer and more
definite than those between the latter pair. Just as the whole cycado-
phyte phylum retained characters of seed structure and swimming
sperms that belonged to the ancient Cycadofilicales, so the Ginkgoales
have retained the primitive characters of the Cordaitales. Of course
one may imagine a primitive plexus of fernlike seed plants, related
in some way to the Botryopterideae, which differentiated at various
times into Cycadofilicales, Cordaitales, Ginkgoales, and perhaps
other gymnosperm phyla (47), but however true this may be of the
contemporaneous Cycadofilicales and Cordaitales. the historical
as well as the morphological relation of Ginkgoales to Cordaitales
indicates a more immediate connection between these two groups.
SCOTT (52) expresses the opinion that Ginkgo is "the one surviving
member of an ancient stock, derived from the same cycle of affinity
as the paleozoic Cordaiteae, once the dominant type of gymnosperms."

Among living gymnosperms, Ginkgo is to be compared with cycads
and conifers. In the structure of the ovule and the seed, and in the
details of fertilization, the resemblance is to the cycads; while in
habit, stem structure, and vascular anatomy, the resemblance is to
conifers. There has recently been a tendency to discover connections
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between Ginkgo and the Taxaceae (44, 47), in which family Ginkgo

was placed by the earlier taxonomists as an aberrant member; a

connection that will be discussed under Coniferales. The characters

in common with the cycads are primitive, shared with Cycadofilicales

and Cordaitales; while the characters in common with the conifers

are distinctly advanced. At the same time, the foliage and the struc-

ture of the strobili are peculiar to Ginkgo. This combination of

peculiar characters with others belonging to Cycadales and Conif-

erales justifies the separation of Ginkgoales as a coordinate group;

and the nature of the characters justifies the conclusion that Ginkgo-

ales represent a phylum that has retained certain primitive features

in common with the cycadophytes, has advanced more in the direction

of the Coniferales, and has developed certain peculiarities of its own.
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CHAPTER VI

CONIFERALES (PINACEAE)

The Coniferales are the representative gymnosperms of the pres-

ent flora. They comprise 40 recognized genera, and approximately

350 species, constituting more than three-fourths of the present

gymnosperm flora. They are characteristic of the temperate regions

of both northern and southern hemisnheres r>resentinGr a shar1^ con-

trast to the Cycadales in their general geographical distribution.

Before discussing the morphology of this great group, it will be

necessary to survey the material as it has been organized by taxono-

mists. Two families are recognized, the Pinaceae and the Taxaceae.

Among the Pinaceae distinct strobili are formed, whose overlapping

scales protect the ovules, and whose seeds ripen dry; while among

the Taxaceae distinct ovulate strobili (in the ordinary sense) often

are not formed, at least the ovules are frequently freely exposed,, and

in any event the seeds develop a partially fleshy testa or an aril. Such

characters are superficial, but they are accompanied by important

morphological differences, so important in fact that the two families

must be presented separately.

The Pinaceae include 29 of the genera and approximately 245

of the species, so that they are the dominant conifers. Four series

of forms are recognized, two of which are doubtless artificial assem-

blages, but they serve at present to catalogue the material, and may

be spoken of as tribes.

The Abietineae are spiral forms, and have almost completely

distinct bract and ovuliferous scale, winged pollen grains, and needle

leaves. They include 9 genera and approximately 129 species, as

follows: Pinus (75 species, throughout the northern hemisphere,

mostly in extra-tropical regions); Cedrus (3 species, in Asia and

northern Africa); Larix (8 species, in North America, Europe, and

Asia); Pseudolarix (1 species, in eastern China); Picea (12 species,

in the extra-tropical regions of the northern hemisphere); Tsuga

(6 species, in North America, Mexico, and Asia); Pseudotsuga

(2 species, sometimes merged with Tsuga, in North America);

220
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Keteleeria (2 species, in China); Abies (20 species, in North America,

Europe, and Asia). It will be seen that this tribe forms the promi-

nent coniferous forest display of the northern hemisphere, and is

entirely unrepresented in the southern hemisphere.

The Taxodineae are spiral forms, with almost completely

coalescent bract and ovuliferous scale, and with wingless pollen

grains. They include 8 genera and approximately 13 species, as

follows: Sciadopitys (1 species, in Japan); Sequoia (2 species, in

California); Cunninghamia (1 species, in China and Japan); Taiwania

(105,121) (1 species, in the island of Formosa); Arthrotaxis (3 species,

in Tasmania and Victoria); Cryptomeria (1 species, in northern China

and Japan); Taxodium (2 species, in North America and Mexico);

Glyptostrobus (2 species, in China). This assemblage of restricted

genera is evidently artificial, and is scattered through North America-

eastern Asia, and the Australasian region.

The Cupressineae are distinguished from the other tribes of Pina,

ceae in being cyclic, and the strobili may ripen fleshy (as in Junip-

erus). They include 10 genera and approximately 83 species, as

follows: Actinostrobus (2 species, in Australasia); Callitris (15 species

in Australasia); Widdringtonia (5 species, in equatorial and south

Africa and Madagascar); Fitzroya (2 species, in southern Chili and

Tasmania); Thujopsis (1 species, in Japan); Libocedrus (8 species,

in California, Chili, New Zealand, New Caledonia, New Guinea,

China, and Japan); Thuja (4 species, in North America, Japan,

China, and central Asia); Cupressus (12 species, in North America,

Mexico, southeastern Europe, and temperate Asia); Chamaecyparis

(4 species, in North America and Japan); Juniperus (30 species, in

the mountains and extra-tropical regions of the whole northern

hemisphere). This assemblage also gives evidence of artificiality,

and presents some cases of remarkable distribution.

The Araucarineae are spiral forms, and have completely coalescent

bract and ovuliferous scale (so much so as to suggest a doubt of the

double nature of the structure), solitary ovules, and free pendulous

pollen sacs. They include 2 genera and approximately 20 species,

as follows: Agathis (10 species, sometimes reduced to 4, in the Malay

Archipelago, Pacific Islands, New Caledonia, and New Zealand);

Araucaria (10 species, in South America, New Caledonia, Australia,
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and the Pacific islands). The group is a very natural one, practically
restricted to the southern hemisphere, and very distinct from the other
tribes.

It is evident that it is impossible to include so many diverse forms
in one continuous account. The tribes will be considered together
when the characters justify it; but in many cases they must be treated
separately.

i. The vegetative organs

The most conspicuous feature of the body of most of the Pinaceae
is the central shaft, giving rise to a series of wide-spreading branches
(figs. 252-254). In size the Pinaceae range from small shrubs to the
largest trees. The "big trees" of California (Sequoia gigantea)

attain a height of 95 meters, with a diameter of 10 meters; but
in diameter the "big tree of Tule" (Taxodium mucronatum) in
southern Mexico far surpasses even the largest sequoias, for it has
reached the surprising diameter of 17 meters (fig. 255). The
branches are dimorphic, the two forms being characterized as long
shoots and dwarf (or spur) shoots. In some forms both kinds of
shoots bear foliage leaves; but in Pinus the long shoots bear only
scale leaves, while the dwarf shoots bear the only foliage leaves. In
Sciadopitys the condition of Pinus obtains, except that the dwarf
shoot is apparently replaced by the peculiar double needle leaf.

In the seedlings a very different behavior of the shoots may be
observed. These juvenile forms are usually very transient, but they
may be "fixed" by culture, so that the plant assumes a permanent
appearance very different from its ordinary adult form. GOEBEL

(58) has given an interesting r&ume of this subject. For example,
in Pinus the long shoots of seedlings bear foliage leaves, which may
disappear from the long shoots in the second year, as in P. silvestris,

or may continue for many years. These needle-like primary leaves
are of simpler anatomical .structure than the subsequent foliage leaves,
especially in the matter of provision for controlling transpiration. In
the juvenile forms of Larix the leaves persist during the winter, and
even in adult trees the juvenile characters may appear in first-year
shoots from adventitious buds, as we have observed also in Thuja

occidentalis (fig. 256). It is among the Cupressineae, however, that
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FIG. 252.—P.trntinlsut;<i Dougiasii: two tpedmau <>n the I,aramie Mountains,
Wyoming; the Irtre on lhe left is about 40 m. high; between lhe two large Irees anil in
ilit- middle background is a specimen of Pinus ponderosa.—-l-Yoni |>hutoi;raph by LAXD.



Kit;. 2>y sr7»WJ gigtHtet: the trunk is torn , in diameter.—From photograph

irTpossession of I S . tlent. Survey.
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the greatest amount of work has been done in fixing juvenile forms,
such relatively permanent forms being known in cultivation as species
of Retinospora. While some of the adult forms of Cupressineae, as
Juniperns commwnis, retain the
habit of spreading needles, others
develop concrescent leaves upon
their adult shoots, that is, leaves
whose adaxial faces have become
organically connected with the
adjacent stem surface, so that
they appear as green scales. In
such cast's, the Juvenile form,
with its spreading needle leaves,
presents a striking contrast with
the adult form (fig. 256). In
shoots from stumps or wounds,
the juvenile form of leaf has
been observed in Pin us. Thn}\

and Taxodium, a response quite
in harmony with J KFKKKY'S in-
terpretation of the appearance
of resin ducts as a traumatic
response. The juvenile forms
of Stiadopiiys, like those of

Pi fins, produce simple needle
leaves upon long shoots, bul
later, scales appear instead of
needles, and in their axils the-
peculiar double needle leaves aie
developed.

GOEBEL suggests that the
juvenile form probably repre-
sents the more primitive form.

It is certainly true that if the adult bodies of many of the forms,
not mentioned above, be associated with these juvenile forms, a
very consistent body is discovered for Pinaceae (and for Conif-
erales). It would follow that the replacement of foliage leaves

154. itraucaria txreisa: 1
s|K-i imen in the Washington Park
(Chicago) conservatory.
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by scales on the long shoots of Pintts and Sciadopilys, the pe-

culiar double leaf of Sciadopitys, the deciduous habit of Larix,

the i-oncrescent leaves of many of the Cupressineae, are all derived

characters, from forms with spreading and persistent needle leaves

on all the shoots.

FlG, 255.—Taxodium mucrottatuw: the "big tree of Tul t" ; at l.he height of 2 m.

(he trunk is 17 m. in diameter.

The dwarfing of certain forms is also remarkable, and is induced

by culture in Japan to produce some extraordinary results. That

extreme dwarfing may also be induced in nature has been shown by

M ACM ILL AN (94), who has recorded such cases growing in the crevices

of the slate on the coast of Vancouver Island. The dwarfs observed
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FIG. 256.—Juvenile leaves: a-d, Thuja oeeidtHtalit; a, />, seedlings; r, d,

from advenlitiuus buds; e, /, seerllings of PhyOocladuS rhomboidalit.
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there were Picea sitchensis, Tsuga heterophylla, and Thuja gigantea.

In the case of the first species ("Sitka spruce"), the largest tree, 68

years old, was less than 60 cm. high; another, 86 years old, was less

than 30 cm. high, with a trunk 1.8 cm. in diameter; a third, 98

years old, was about 30 cm. high, with a trunk 2 cm. in diameter.

VASCULAR ANATOMY

The anatomical structure of the stems of conifers, and especially

of pines, has long been a favorite subject of study, and perhaps no

vascular cylinder is more familiar (fig. 257). The mass of details

thus accumulated need not be presented in this connection, for much

of it has not been organized for morphological use. During recent

years, however, great progress has been made in such an organization,

and it should find its place in any presentation of the morphology

of Coniferales.

A transverse section of the stem shows a comparatively thin cortex,

a thick vascular cylinder built up by a persistent primary cambium,

and a small pith. These general features are the same as those of

Ginkgo, but they are in contrast with the corresponding features of

the other groups previously considered. The vascular cylinder is

collateral endarch, and all traces of mesarch structure have disappeared

from the Pinaceae, so far as investigated, except in the cotyledonary

bundles of Juniperus and of certain species of Cupressus (141), and

occasionally in the cotyledons of Tsuga canadensis, Pinus Pinea,

and P. Gerardiana (154). In Juniperus the mesarch structure is

not pronounced, and in the species of Cupressus referred to, it is indi-

cated only by one or two centripetal xylem elements. It is to be

expected that mesarch structure, at least in the cotyledons, will be

discovered in more of the Pinaceae. If the " transfusion tissue,"

generally present in the leaves of gymnosperms as an auxiliary con-

ducting system, is derived from centripetal xylem, as WORSDELL has

suggested (45), the mesarch condition in this stage may be regarded

as characteristic of the foliar bundles in general, but it would be a

later stage than true mesarch.

One of the most significant facts in connection with the vascular

cylinder of Pinaceae is the occurrence of leaf gaps (71). The presence

of leaf gaps is a constant feature of the Filicales and Ophioglossales
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(Pteropsida) among pteridophytes (p. 9), and with them it is asso-

ciated with large leaves. The contrast with Lycopsida (Lycopodiales,

etc.), with small leaves and no leaf gaps, is complete. Since the coni-

tr

nt

FIG. 357.—Piniis Larido: a cube from the secondary wood, reconstructed from

three camera drawings and showing various features of coniferous wood; in trans-

verse section at the left a few rows of small thick-walled cells of the autumn wood

are shown, and at the right the larger thinner-walled cells of the spring wood; trt

transverse section; lr. longitudinal radial section; It, longitudinal tangential section;

m, medullary ray; b, bordered pit; s, simple pit; X400.

fers are characteristically small-leaved forms, they have suggested to

some a phylogenetic connection with the Lycopodiales (30, 41, 53);

but the presence of leaf gaps associates them with the Filicales, and

indicates that they have been derived from large-leaved ancestors.

The persistence of leaf gaps when leaves are reduced in size makes
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their occurrence a character of the first importance. For example,

the leaves of Thuja occidentalis are extremely reduced, but the leaf

gaps are none the less in evidence; and the same is true of all the

numerous conifers examined (77). The conditions, therefore, which

resulted in the small leaves of conifers, did not result in obliterating

the evidence of their derivation from large-leaved forms. As JEFFREY

has stated it (77), the small leaves of conifers are of ecological rather

than of phylogenetic interest. This is a good illustration of what

he calls cenogenetic and palingenetic characters; the small leaves

of Lycopodiales are doubtless palingenetic, but the small leaves of

conifers are cenogenetic. An old feature may reappear, therefore,

in a recent form, without indicating any phylogenetic continuity.

This fact is of great importance, for it compels a decision, in every

occurrence of a primitive feature, whether it is really the retention of

an ancient character (palingenetic) or the reappearance of an ancient

character (cenogenetic). This decision must generally be a matter

of opinion, but it is often made probable by its association with mother

characters.

As has been stated, in the more primitive groups of gymnosperms

the so-called double leaf trace occurs, and this is naturally regarded

by many as a primitive feature. Among the Pinaceae the double

leaf trace is characteristic of the Abietineae, and is not a feature 6f

the Cupressineae at least. Whatever the details may be for the other

tribes, if this is a primitive character retained by the older types of

gymnosperms, it has begun to disappear among the Pinaceae. From

this point of view, one could predicate the presence of the double

leaf trace in Araucarineae and its disappearance from Taxodineae.

SEWARD (117) has called attention to the fact that the persistence of

leaf traces, even in old trunks, is characteristic of araucarians. CHAU-

VEAUD (83) has dissented from the view that the double leaf trace

is a primitive feature, calling attention to the fact that the trace con-

nected with the cotyledons of Pinus and Abies is single, and in the

course of ontogeny splits into two for the later leaves. He concludes

that the double leaf trace is a secondary formation. The cotyle-

donary vascular strand has been found to be single in all the Pinaceae

investigated, except in Araucarineae, and except that occasionally

in. 3. 5neci6S of Cwhvessus (C toruloso) there ar^ found two



CONIFERALES (PINACEAE) 231

strands in each cotyledon (141). The solitary strand in each cotyle-

don of such polycotyledonous forms as CHAUVEAUD observed, how-

ever, may hold some relation to the number of cotyledons (p. 297),

and so may not contradict the primitive character of the double trace.

A study of the vascular anatomy of seedlings of Pinaceae has

developed some interesting facts. It will be remembered that the

so-called cycadean type of seedling consists of three or four vascular

bundles at the base of each cotyledon, which are connected with

three poles of a tetrarch root that generally becomes diarch below

(120), a type of seedling that characterizes both Cycadales and

Ginkgoales. Among Pinaceae, however, the cotyledonary strands

(one for each cotyledon) are connected with the poles of a diarch root,

excepting the Araucarineae, which have seedlings of the general

cycadean type. On the basis of this character, therefore, the cycads,

Ginkgo, and the araucarians are in the same general category (with

numerous cotyledonary strands). The difference between the cycads

and Ginkgo on the one hand and the araucarians on the other should

be noted. While in the former groups the cotyledonary strands are

definitely three, among the araucarians they are usually four to eight

(154); while in A. Bidwillii they are twelve to sixteen (161). In this

last form the protoxylem poles of the root are also quite variable in

number (5-7), and their connection with the cotyledonary strands

is complex and variable. This pentarch to heptarch root becomes

reduced finally to the diarch condition. The contrast of the cycads,

Ginkgo, and the araucarians with the other Pinaceae, therefore, is

that in the latter the cotyledonary strands are single and the primary

structure of the root is diarch, while in the former groups the cotyle-

donary strands are three or more and the primary structure of the

root is tetrarch or some higher order, but eventually becomes diarch.

The most obvious contrast is with the Cupressineae and certain

Taxodineae, which have two cotyledons, each with a single vascular

bundle at base; among the other Pinaceae the situation is complicated

by polycotyledony (135).

In this connection attention may be called to the fact that in tracing

the vascular bundles from the transition region of the seedling (the

cotyledonary node) to the root, they become exarch. This persistent

exarch character of the primary xylem of all roots was long ago
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remarked by VAN TIEGHEM (35), and is taken to mean that the most

primitive type of xylem has persisted unchanged in the vascular

system of the root.

The spiral vessels of the primary xylem, through various inter-

mediate elements, grade into the characteristic tracheids of the second-

ary wood. These tracheids are arranged radially and have bordered

pits that are usually restricted to the radial walls. The pits occur

in a single linear series, except among the Araucarineae, in which

they are multiseriate, that is, in two or more alternating series and so

crowded that the pits are deformed by mutual pressure. This type

of tracheid with multiseriate bordered pits is so characteristic, that

when it was discovered entering into the structure of paleozoic woods,

they were named Araucarioxylon. As has been stated, much of the

wood referred to Araucarioxylon has been found to belong to Cordai-

tales, so that it is no longer possible to distinguish the wood of Cor-

daitales and Araucarineae; but this situation has left the impression

that the araucarian type of tracheid is more ancient than the other

type (96). Attempts have been made to distinguish the various

tribes and even genera of conifers by their tracheids, in the hope of

applying the distinctions in the determination of fossil woods, but they

have not been successful. BAILEY (153) has recently illustrated this

in the case of Picea, Larix, and Pseudotsuga, showing that such charac-

ters as wood parenchyma, spiral thickenings, and resin canals, often

relied upon in determining the genera of fossil Abietineae, are too

sporadic or variable to be used with any certainty.

The structure of the medullary rays has been found to furnish

important characters for comparative study. The varying details

of this structure are foreign to our purpose; but in general two types

of ray are recognized: (1) the linear ray, consisting of a single series

of .cells in tangential section; and (2) the fusiform ray, which is broad

enough to contain a resin canal (96). The medullary rays of the

living Abietineae are so complex, with their parenchyma cells, ray

tracheids, and elaborate system of resin canals, that they have been

used as evidence of a highly specialized and modern group. A recent

study of the ray tracheids of Cunninghamia by JEFFREY (143),

however, has indicated the possibility that the simpler rays may

have been derived from more complex ones. The marginal ray
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tracheids found occasionally in Cunninghatnia, JEFFREY has found

to be due to wounding, and he infers that this response brings back

an ancestral feature, and that the ray of Cunninghatnia has been

derived from a more complex one. Since the ray tracheids described

for certain Taxodineae and Cupressineae resemble those induced

in Cunninghatnia, the suggestion is made that this evidence favors

the origin of these groups, in which ray tracheids are a vanishing

character, from Abietineae, in which ray tracheids are an established

character. In a recent study of the origin of ray tracheids by THOMP-

SON (170), complete transitions were observed, in the young root,

from short tracheids extending between the rays to ray tracheids,

both marginal and interspersed; the inference being that ray tracheids

originate from tracheary tissue. From a comparison of living and

fossil forms, the conclusion is reached that while traumatic ray tra-

cheids are evidently vestigial in Abies, their absence is an ancestral

feature of the pines. It is evident that the whole subject of the

phylogenetic significance of ray tracheids is more suggestive as yet

than definite.

The resin canals have become of great service in discussions of

the interrelationship of the tribes. In Pinus, Picea, Larix, and

Pseudotsuga they form an anastomosing system in the secondary

wood and cortex of both shoot and root, and also occur in the outer

margin of the primary xylem of the root. In Abies, Pseudolarix,

Cedrus, and Tsuga resin canals do not ordinarily occur in the second-

ary wood of either shoot or root, and are present in the center of the

primary xylem of the root. JEFFREY (90) has discovered that in this

latter group resin canals sometimes occur in the wood of the axis

of the ovulate strobilus and in the first annual ring of vigorous shoots,

and also that they may be induced in the secondary wood by injury.

The inference is that resin canals in the secondary wood are a primitive

feature of Abietineae; that they persist longest in the reproductive

axes, leaves, and first annual rings; and that they may be recalled

as a traumatic response. In Pseudolarix and Tsuga they have dis-

appeared even from the cortex of all organs except the ovulate stro-

bilus and leaves. This reasoning leads to the conclusion that Pinus

and its associated genera are the most primitive, and that the other

genera are derived from the condition of Pinus by the disappearance
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of resin canals from the secondary wood. The same method of rea-

soning applied to the resin canals and their appearance as a traumatic

response in Taxodineae and Cupressineae results in the'conclusion

that they have been derived from the Abietineae. This has been done

by JEFFREY notably for Sequoia (78). This genus was long supposed

to be without resin ducts, but they were found in S. gigantea in the

ovulate strobilus, in the first annual ring of vigorous branches of adult

trees, and in leaf traces of very vigorous leaves of adult trees. In

S. sempervirens resin ducts are absent from all these regions; but in

both species resin ducts appear in the wood of both shoot and root

as a result of injury. It was inferred that these resin ducts, appear-

ing as a traumatic response, were an ancestral feature of Sequoia;

and if so, the suggestion of connection with the Abietineae is inevitable.

PENHALLOW (96) has reached a very different conclusion from

a study of the resin canals. According to his series, resin cells occur

in the more primitive conifers. These cells are successively scattered,

zoned, and segregated. Segregated resin cells may give rise to resin

cysts, such as occur in Abies, Tsuga, and Sequoia. In Larix, Pseudo-

tsuga, and Picea the continuous system of resin canals shows its

derivation from resin cysts by the constricted walls; while in Pinus

the walls are no longer constricted and are lined by an epithelium.

This series leads to the inference that the Abietineae are the most

modern of conifers, and Pinus the most specialized genus.

The discussion of the interrelationship of tribes is deferred to

a later section (p. 308), but the two views outlined above serve not only

to emphasize the use that is being made of resin canals, but also the

kind of facts in reference to them that are thought to be of service.

It is evident that a series may be read in either direction, and that a

traumatic response may not necessarily reveal an ancestral character.

The cotyledons have been found to be the last region of the body

to lose the primitive features of the vascular bundle. If the mesarch

structure has disappeared from all other regions of the body, it may

have been retained by the cotyledons, which have been appropriately

called the most "conservative" organs. For this reason, it is of inter-

est to note that the resin canals are not found in the cotyledons of

the Cupressineae, as witnessed by Actinostrobus, Callitris, Libocedrus,

Thuja, Cupressus, and Juniperus; but they occur in the cotyledons
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of the Taxodineae, as witnessed by Sciadopitys, Sequoia, and Cryp-

tomeria (141); they are generally present (one or two) in the cotyle-

dons of Abietineae; and there are several in the cotyledons of the

Araucarineae (154).

Even tyloses have been used in the recent intensive study of the

vascular anatomy of this group. CHRYSLER (140) has found that

they are restricted to Pinus, in which they occur in the heart of the

root and in the first year's growth of the axis of the ovulate strobilus.

This restriction was demonstrated by an investigation of the root

wood of thirty-two species representing thirteen genera, and of the

cone axis of twenty-three species representing eight genera. He finds

that, although they occur only in Pinus, they may be induced by

wounding, and raises the question whether they may be a feature

of phylogenetic importance as are the resin canals.

The latest anatomical character applied to the comparative study

of the vascular anatomy is obtained from the "bars of Sanio," which

are cellulose thickenings in the walls of tracheids and appear as hori-

zontal or more or less semicircular markings, which stand out clearly

with proper staining. Miss GERRY (168) has investigated their oc-

currence and character among the Coniferales, finding them in

thirty-five of the living genera, but lacking in the living and mesozoic

araucarians. This emphasizes the distinctness of the araucarians from

all the other Coniferales.

THE LEAF

The distribution of foliage leaves and scales is far from uniform

among the Pinaceae. There may be foliage leaves only, as in Arau-

carineae and most Cupressineae; and in case there are both foliage

leaves and scales, the two may occur on the same shoot, as in Abies,

or on different shoots, as in Pinus.

The foliage leaves of Pinaceae are quite variable in form, from small

discoid ones closely imbricated and appressed upon the axis ("con-

crescent")? as in many of the Cupressineae, to the characteristic free

needles of the Abietineae, and the broad blades of some of the Arau-

carineae (Agathis) (figs. 256, 258). In general, the phyllotaxy is

spiral, but in the Cupressineae it is cyclic. The foliage leaves are

very persistent, functioning one to ten years, the basal growth permit-
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ting them to increase in size at base with the increase in the diameter

of the axis. So far as recorded, the only deciduous forms are Larix,

Taxodium, and Glyptostrobus.

FIG. 258.—Agafhis loranthijolia: a shoot one-half natural size.—Photographed
from material furnished by Missouri Botanical Garden.
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The well-known structure of the leaf is of an extremely xerophytic

type, which the section of a pine needle may illustrate (tig. 259).

The epidermis consists of elongated, fiber-like cells, with strongly cuti-

nized walls, the guard cells being deeply sunken. The rigidity of the

leaf is due chiefly to the hypodermal layers or masses of elongated

sclerenchymatous cells. The mesophyll is uniform throughout, and

it is characterized by peculiar platclike "infoldings" of the wall.

FIG. 259.—Transverse section of a pine needle, showing epidermis (in which are
deeply sunken slomata) underlaid by wad layers of heavy-walled cells (scleren-
diyma), the mesophyll with characteristic infolded walls and containing resin ducts,
the distinct bundle sheath (endodermis) surrounding the vascular region (stele), and
the two parallel vascular bundles (xylem directed toward flat or adaxial face of leaf).

There is a single central bundle region, invested by a very distinct

sheath, and traversed by two parallel vascular bundles. The remain-

ing tissue within the sheath is the so-called "transfusion tissue,"

and consists of two kinds of parenchymatous cells: (1) those without

protoplasm and pitted, and (2) those with protoplasm and not pitted.

The former cells are thought to represent in function an extension of

the tracheid system, passing water from the xylem to the mesophyll;

and according to WOKSDELL (45) they have been derived from the
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centripetal xylem of the ancestral mesarch bundle. The latter cells

are said to mediate between the mesophyll and the phloem in the

transfer of food. The single vascular bundle as it enters the leaf

divides into two strands that run parallel and near together within

the common sheath. This is really the double leaf trace characteristic

of the more primitive gymnosperms, and separating into its two con-

stituents at the leaf base.

In the case of flat leaves the mesophyll differentiates into the pali-

sade and spongy regions, and in the broader forms the cells of the

central mesophyll may be more or less transversely elongated, and

the entering vascular bundle breaks up into several more divergent

strands.

2. The spore-producing members

The strobili of Pinaceae are monosporangiate, the two kinds occur-

ring on the same plant (Abietincae, Taxodineae, and occasionally

in Cuprcssineae and Araucarineae) or

on different plants (the prevailing

condition in Cupressineae and Arau-

carineae) . Bisporangi a te s t rob ill occur

occasionally, having been reported for

Picea excelsa (9), Pinus maritima (58),

Abies sp., Pseudotsuga Douglasii (154),

and Sequoia (42) (figs. 260-262);

and recently a remarkable plant of

Juniperus communis has been de-

scribed (97), which bears such strobili

almost exclusively. In this last case,

the strobilus consists of a few sterile

bracts at base, then two or three

whorls of staminate sporophylls, and

at the tip the ovulate sporophylls; oc-

casionally there is a whorl of sterile

bracts between the stamens and the

ovules. Such a strobilus is interesting

not merely because it is bisporangiate,

but also because the relation of the

FIG. 260.—Bisporangiate stro-
bilus of Pinus maritima: the three
lowest sporophylls on each side of
ihis section bear microsporangia;
the next sporophyll above on each
side bears a microsporangium and
also a rudimentary ovuliferous
scale in the axil; above these
there is the structure of an ordinary
ovulate strobilus; GOEBEL found
hundreds of such cones upon one
tree.—After GOEBEL (58).
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two sets of sporophylls to one another is that found in the strobilus

of Bennettitales, in the so-called "flower" of Wehuitschia, and in the'

FIG, 261,—Bisporangiate slrobili of Abies: the Btanrinate slrobilus at the lower

right corner is almost normal; all the others have microsporangia both above and

below, with ovuliferous scales between.

angiosperm flower. It is to be expected that other cases of bi-

sporangiate strobili will be reported, but they are evidently of very

rare occurrence among Pinaceae.

_E F

FiO. zbz.—Microsporangia from the strobili shown in rig. 2in: A, normal aporo-

phyll, side view; B, slightly modified sporophyll from the summit of a bisporangiate

strobilus; C, D, side and front views of sporophylls from the summit of a bisporan-

giate strobilus; E, F, side and front views of sporophylis from the base of a bisporan-

giate strobilus.
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THE MICROSPORANGIUM

The microsporangiate strobili are never terminal on the primary

axis or even upon the larger branches (figs. 263-265). Their rela-

tion to the axes, foliage leaves, and scales is variable. Sometimes

265

FIGS, 265-265.—Strobili of araucarians; fig. 263, Agatkis australis; stuminaie
(right) and ovulate strobili of same age; fig. 264, Araitcaria imbricaia; two staminate
strobili with a vegetative bud between them; fig. 365, Agathis bornensh; transverse
section of sporophyll and pendent microsporangia.—From photographs by THOMSON.

they appear terminal on small leafy shoots of the last order, and

sometimes they occur in the axils of the leaves of stronger shoots. In

Pinus they replace dwarf shoots in the axils of scales, being usually

numerous and forming a cluster beyond which the parent axis

continues its growth.
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The sporophylls follow the leaf arrangment; for example, they

are spiral in the Abietineae, and cyclic in the Cupressineae. They

are exceedingly variable in form, nearly every genus having a charac-

teristic microsporophyll. In almost every case there is an evident

differentiation into a stalklike base and an expanded terminal region

(representing a lamina) bearing the sporangia. In some cases, as in

Widdringtonia (159,176) among the Cupressineae, the lamina spreads

as a peltate expansion, the several sporangia arising from the stalk

and girdling it. In other cases, as in the Araucarineae, the lamina

is represented by a knoblike enlargement, beneath one side of which

the free sporangia hang, suggesting the stamen of Ginkgo, and also

the Crossotheca ("epaulet") type among the Cycadofilicales (fig. 265).

There is every gradation between this more or less peltate type and

the bladelike expansion of the sporangium-bearing region in the plane

of the stalk. The bladelike tip shows all degrees of development,

from conspicuous (as in Cedrus and Cunninghamia) to much reduced

(as in Pinus), and with its abaxial sporangia suggests the most primi-

tive type of sporophyll, namely that of the Filicales, which was con-

tinued among the Cycadofilicales. So far as known, no living conifer

has the type of stamen known to belong to some of the Cordaitales,

namely a stamen with terminal and erect sporangia; but doubtless

these two other types also belong to that great paleozoic group.

The number of sporangia is quite variable, being always two among

the Abietineae, two to five (perhaps more) among the Taxodineae, two

to six among the Cupressineae, and five to eight or more among the

Araucarineae. It is to be remembered that these numbers apply only

to living representatives of these tribes, and that they doubtless varied

much more widely among their predecessors.

The development of the microsporangium is of the usual euspo-

rangiate type, that is, the archesporium is a hypodermal layer of cells,

varying in number, which divides periclinally to form the primary

wall layer (outside) and the primary sporogenous layer (inside). The

primary wall layer, by successive peridinal divisions, produces several

wall layers (usually four or five in the Abietineae, three in Taxodium,

and two or three in the Cupressineae), the innermost one of which

forms a part of the conspicuous tapetum, and the outermost one some-

times developing as an endothecial layer (76). While in general
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the mature sporangium wall, after the breaking-down of the inner

layers, consists of two layers (epidermis and endothecium), in Wid-

dringtonia (159) the mature wall of the small sporangium becomes

one-layered, all the true wall layers within the epidermis disappearing.

The primary sporogenous layer, by successive divisions, produces a

mass of sporogenous cells, which finally reach the mother cell stage,

at which time the tapetum forms a complete investment of glandular

and sometimes binucleate cells.

In most of the recorded cases, the microsporangium passes the

winter approximately in the mother cell stage (figs. 266-269). This

is certainly true for Cupressus Lawsoniana (48), Pinus silvestris

(126), Larix euro pea (74), Taxodium (76), and Juniperus communis

(173). In her study of Pinus, however, Miss FERGUSON (87) states

that in most species, while the sporogenous tissue is well developed

before winter, the mother cell stage is not reached until the following

spring; while in P. Strobus even the sporogenous tissue is not well

developed until May. In Cryptomeria japonica (in California)

LAWSON (93) found that the staminate cones appear early in Octo-

ber, the reduction divisions occur during the first week of November,

and the microspores are rounded off by December. In Juniperus

virginiana in the vicinity of Chicago, the pollen mother cell divides

before development is checked by the cold weather. Observations

have not been recorded for tropical species, but we have seen the

Mexican Pinus patula (?) shedding pollen in September, which would

indicate that the pollen had been matured without any resting period.

These discrepancies show a wide seasonal variation in the develop-

ment of the sporogenous tissue. Even in the cases first cited there

is evident a certain amount of variation in seasonal range and rate of

development. For example, in Pinus Laricio and Larix europea the

mother cell stage is reached usually in October; while in Taxodium the

staminate cones do not begin to develop until September or October,

but they are in the mother cell stage at the arrival of winter (January or

earlier in the southeastern United States); in both cases the mother

cell stage is the winter stage, and the reduction divisions take place

during the following spring (March to May), but in an early winter

Pinus Laricio may not reach the mother cell stage, and a few sporo-

genous mitoses will then precede the mother cell stage the next spring.
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In the case of Pinus Laricio (in Chicago), about the first of May
the mother cells are found in various stages of division, the sporan-
gium usually having passed the winter in the mother cell stage or in a

-Tli t r
u u

267

268 2W

Frcs. 266-26Q.—Winter condition of microsporanRia: fig. 266, Pinus Laricio on

October i; fig. 267, the same on January 3; fij,'. 268, the same on April 4, showing

synapsis; while fig. 267 is probably in the mother cell stage, it is certain that sporo-

jrcnous divisions sometimes occur in the spring; iig.«6Q, Td.xns canadensis on Octo-

ber 1, showing mother cell stage.—After CHAMBERLAIN (48).

to be simultaneous as among angiosperms, for in the same sporangium

some mother cells are preparing for the first division, others contain

completed tetrads, and others represent every stage between (fig. 301).

In the same sporangium, also, the division may be simultaneous or
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successive, although the former seems to be the prevailing method;

and the tetrad may be tetrahedral or bilateral. The wings of the

spores begin to develop while they are within the mother cell (fig. 304).

While winged pollen grains are a feature of Abietineae, it is interest-

ing to note that in Pseudotsuga (156) wings do not develop, so that

winged and wingless pollen grains are found in the two tribes charac-

terized by their wings (Abietineae and Podocarpineae).

GOEBEL (70) has called attention to the fact that the dehiscertce

of the microsporangia of gymnosperms is definitely related to their

form and position, and favors the distribution of the spores. For

example, the nearly related genera Picea and Abies differ in the dehis-

cence of their sporangia, the former being longitudinal and the latter

transverse. The suggested explanation is that the upright strobilus

of Picea requires a longitudinal dehiscence for a thorough discharge

of spores; while a transverse dehiscence is more effective in dis-

charging spores from the drooping strobilus of Abies. The Cupres-

sineae were considered to be outside the range of the problem because

their small and rather globular sporangia are not definitely oriented

as in the other tribes.

THE MEGASPORANGIUM

The ovulate strobilus of Pinaceae has given rise to more discussion

than any structure among gymnosperms. The great body of litera-

ture dealing with this subject has been traversed and outlined by

WORSDELL (62), to whose account we are much indebted for the

following statement. The early discussions, which arose from the

attempt to interpret an abietineous cone in terms of an angiospermous

flower, have chiefly a historic interest. To decide whether such a

cone is a flower or an inflorescence does not seem important to the

modern morphologist, for if it holds any relation to these things it is

that of an ancestral structure which as yet has become neither flower

nor inflorescence. The question of chief interest is whether the ovu-

late strobilus of Pinaceae is to be regarded as simple or compound;

that is, whether the ovules are borne by axes of the first or second order.

Among the Abietineae the ovuliferous structures (from below

upward) consist of a small bract, a very much larger ovuliferous

scale (usually becoming woody) coalescent with the bract at the very
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base, and two inverted basal ovules (figs, 270, 271). Among the
Taxodineae and Cupressineae there is a single bract or scale structure
with two distinct apices (dorso-ventral) at the free and enlarged end
and bearing one (Juniperus) to many (Cupressus) ovules. In
Juniperus this structure becomes fleshy in the organization of the
so-called "berry." Among the Araucarineae there is a prominent
bract, a ligule-like ovuliferous scale (present in Araucaria, wanting
in Agathis), and a single imbedded ovule some distance above the
base (figs. 272, 273). The discussion has centered about the nature
of the ovuliferous scale, and a brief outline of the development of the
subject will be of interest.

Before 1827, in
which year ROBERT

BROWN announced
irymnospermy d) , the
ovule was regarded as
a pistil, and the related
parts were variously
interpreted. V

Fit;. 270.—Pinus Ltiririo: diagram of ovule and
associated structures; b, bract; s, ovuliferous scale;
v, vascular bundles; m, micropylc; i, integument;
p, pollen grains; c, cavity in apex of nucellus; «,
nucellus; g, embryo sac.

conclusion as to a
naked ovule was de-
rived from a compari-
son of the so-called
"ovule" (nucellus) of
cycads and conifers with the ovule of angiosperms. His corollary
was that the ovuliferous scale is an open carpel, but his statement
that this so-called carpel is a leaf in the axil of a bract met strong
opposition.

In 1839 SCHLELDEN called attention (2) to the fact that BROWN'S

" folium in axilla folii" is a morphological impossibility, and that the
ovuliferous scale must be a flattened axis in the form of a placenta,
the axial nature of placentas in general being one of SCHLEIDEN'S

peculiar views. This view of the branch nature of the ovuliferous
scale was concurred in later by BAILLON, DICKSON, STRASBURCI K,

and MASTERS, but without regarding the axis as a placenta.

In 1842 A, BRAUN (3) first advanced the theory that the ovuliferous
scale represents the first two leaves of an axillary shoot, which are
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fused by their adaxial (posterior) margins. His illustrative material

consisted of a cone of Larix, in which the ovuliferous scale was

replaced by a short branch bearing two leaves transversely placed

(that is, their margins adaxial and abaxial with reference to the main

axis), the bract developing as a foliage leaf. This view was accepted

later by CASPARY, PARLATORE, OERSTED, VON MOHL, STENZEL,

ENC;LEMANN, WILLKOMM, and CELAKOVSKY.

Fit;. 271.—Ovulnle structures of various Abictineae: 1, Abies ptrtinalu, ovulate
strobilus; 2, dorsal view of its bract and ovuliferous scale; 3, ventral view of same;
4, longitudinal section of same; 5, a winded seed; 6, kmjikudina.1 section of seed;
7, /'inns sifocstris, ventral view of ovuliferous scale; 8, Larix eUTOpatO, "vuliferous
scale and bract with bristle; 9, longitudinal section of same—After KERNEH (4KM.

It is of interest to note that as late as i860 EAILLON announced

(7) his opposition to the claim of gymnospermy, a position which

he maintained persistently, basing it upon the first really careful

researches in the organogeny of the structures under discussion. He

sustained Scm.i- IIU-N'S view that the ovuliferous scale is an axis,

but regarded it as an axillary shoot rather than a placenta.

In i860 DlCKSON recorded (9) some cones of Picea excelsa in which

the lower bracts were replaced by stamens, while the upper bracts
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bore axillary ovuliferous scales as in the normal cone. He concluded
that stamens are to be homologized with the bracts of the ovulifcrous
cone, and that the
ovuliferous scales
are axes of the next
higher order. Simi-
lar cones have been
reported by SHAW
(42) from Sequoia,

and by GOEBEL

(58) from Pinus.

For some, such illus-
trations settle the
sporophyll charac-
ter of the bract in
both cones, and to
them the bract of
the ovulate cone is
a carpel.

In i860, also,
CASPARY (8) con-

firmed BRAWN'S

conclusion, citing
specimens in which
branches occurred
in the axils of the
bracts, and bore
the two halves of
theovuliferous scale
as lateral append-
ages.

In 1864 PARLA-

TOBE recorded (12)
a cone of Pinus Pi nosier (P. Lemoniana) in which an ordinary dwarf
shoot with its two needle leaves sprang from the axil of every
alternate bract, replacing the ovuliferous scale. His conclusions
naturally accorded with those of BRAUN.
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FIG. 273.—Araucaria txcelsa: ovulate cone from a
tree in the plaza at Jalapa. Mexico; one-half natural
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In 1864, also, OERSTED described (11) some remarkable cones,
in which the lowest bracts had the form of foliage leaves; in the axils
of the next higher bracts were several scales as on a suppressed axis,
the two outermost being the largest and opposite; higher up the bracts
became gradually smaller and the axillary scales less numerous, but
the two outermost scales gradually increased in size and became
connate by their adaxial (posterior) margins, while rudimentary
ovules appeared at their base; and in the uppermost part of the cone
the bract was reduced to its ordinary size, and the ovuliferous
scales had fused into a single large broad structure dentate or bifid
at apex.

One of the simplest ex-
planations of these problem-
atical structures was that
proposed by SACHS (14) in

FKS. ns—Araucaria exctha: lontf- 1868, and afterward more fully

ludina! secLion of bract (b) and scale (s) elaborated by ElCHLER (19).
from cone shown in fig. 272; natural size. T h e y c I a i m e d t h a t t h e b r a c t

is a carpel, and the ovuliferous

scale a ligular outgrowth from its face, calling atu-ntion to a similar

condition in the leaves of Isoetcs and Sclaginella. Such a ligular

placenta does not appear among the Taxodineae and Cupressineae,

and in these cases the bract is evidently an open carpel.

In 1869 VAN TIEGHEM presented his conclusions (16) based upon

anatomical structure, a new point of view. He states that the

bundles of the bract and of the ovuliferous scale leave the main axis

each in its own sheath, and therefore represent independent systems

<>f boodles and independent members; that the upper bundle divides

to form an arc (in transverse section) of bundles with inverse orien-

tation, the arc arrangement showing that the axillary structure is a

leaf and not a branch; and that the inverse orientation shows that the

leaf belongs upon the suppressed branch opposite the bract. His

conclusion was that the ovuliferous scale is the first and only leaf of

an axillary branch.

In 1871 VON MOHL further strengthened BKAUN'S position by

the publication (17) of his studies of the peculiar "double leaf" of

Sciadopitys. He showed that this leaf represents the first two leaves
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of an axillary shoot, which stand transversely, and which become

coalescent by their adaxial (posterior) edges, the vascular bundles

thus necessarily showing inverse orientation. As this normal behav-

ior of the leaves of Sciadopitys exactly parallels what was claimed

by BRAUN for the ovuliferous scale, the results of VON MOHL

are almost in the nature of a demonstration.

In 1876 STENZEL described (21) striking abnormalities in cones

of Picea excelsa. In one cone leafy axes occurred in the axils of the

bracts, the first two leaves resembling ovuliferous scales more than

ordinary foliage leaves in texture. In other cones the abnormalities

recorded by DICKSON (9) were observed. In still other cones he found

the two parts of the ovuliferous scale in all stages of coalescence.

All of his material confirmed BRAUN'S view that the ovuliferous scale

is made up of the first two leaves of an axillary shoot, which stand

transversely, and are connate by their adaxial edges. In reviewing

STENZEL'S paper, ENGLEMANN reported (20) similar abnormalities

in cones of Picea Englemannii and Tsuga canadensis.

In 1879 CELAKOVSKY began publishing upon the subject, and

haS constructed a theory (24, 26, 32, 47) intended to unify the puzzling

diversities of structure. He regards the ovuliferous scale as the

representative of an axillary shoot, but formed directly rather than as

an axis with two distinct lateral leaves, which is a statement of the

ontogeny rather than of the phylogeny. In this scale he sees the

modified and blended outer integuments of the two ovules. There is,

therefore, no true carpel present; it is represented by a single ovule,

which is borne by a branch of the second order. In brief, from the

standpoint of phylogeny, this is the reduction of a leafy, ovuliferous

branch to its ovules. The foliar origin of the outer integument is

the thesis of CELAKOVSKY, and this really brings one around again

to the foliar nature of the ovuliferous scale and BRAUN'S theory. A

related view is that of KUBART (103), who from a study of Juniperus

concludes that the ovuliferous scale is an aril.

In 1892 BESSEY published (67) the view that the staminate and

ovulate cones are strictly homologous, and that the ovuliferous scale

is a chalazal development of the ovules. "The sporophyll enlarges

or remains small just as the chalazal development of the ovule into

a scale is more or less pronounced."
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The ovuliferous scale of Pinaceae, therefore, has been regarded

successively an open carpel, a placenta, a flattened axillary shoot,

the first two leaves of an axillary shoot, the first and only leaf of an

axillary shoot, a ligule, fused outer integuments, and a chalazal out-

growth. To select among these views is more difficult than impor-

tant. The testimony would seem to favor BRAUN'S general view,

and this would relate the megasporangia properly to the abaxial

surface of their sporophylls, the relation held by the microsporangia.

Moreover, it was evidently the situation in the ovulate strobilus of

some of the Cordaitales at least, and the historical connection of Pina-

ceae and Cordaitales is fairly clear. Amid all the possible details

of views, the really important fact is reasonably substantiated that the

scale and its ovules, in Abietineae at least, in some way represent a

modified axillary shoot, corresponding to the characteristic dwarf

shoot of the group; and therefore, that the strobilus is a compound

one, as among the Cordaitales and Gnetales.

Among Taxodineae and Cupressineae bract and scale form a

single structure; but the two distinct and dorso-ventral apices, and

the two sets of vascular strands with opposing orientation (the.xylem

of the one facing the xylem of the other), make the inference reasonable

that the same structures are represented as occur among the Abietineae.

Investigators claim that the case of the Araucarineae is very

different (figs. 272, 273). In Araucaria a, superficial examination

seems to show a fused bract and ovuliferous scale, as in the Cupres-

sineae, but those who have investigated the structure say that there is

no such evidence of its double nature. Even if the ligule of Araucaria

be accepted as a vestige of the ovuliferous scale, there is no ligule in

Agathis. It seems to be a needless forcing of the situation to regard

the ovuliferous bracts of Araucarineae other than they seem, that is,

simple sporophylls (117), some of which are ligulate. In a recent

study of the vascular anatomy of the ovuliferous structure of conifers,

THOMSON (164) has found definite evidence that the araucarian ovu-

late strobilus consists of simple megasporophylls. In the vascular

supply bundle for sporangia (including microsporangia) there is

developed an inverse orientation. Among the other tribes 6i Pinaceae

there are two such orientations, indicating a different condition; while
in the megasporophylls of podocarps there is the single inverse orien-
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tation. The conclusion seems evident that the ovuliferous structure

of araucarians and of podocarps is of the same nature, and that it is

a simple megasporophyll. That in so large and ancient a group as

the Pinaceae both simple and compound ovulate strobili should be

represented, would not be strange. In fact this difference between

the Araucarineae and the other three tribes only emphasizes other

differences that indicate the long separation of the Araucarineae from

the other Pinaceae.

The scales or bracts, whatever may be their morphological charac-

ter, bear a variable number of ovules. Among the Abietineae the

number is definitely two, and the ovules are inverted; but in the

other tribes of Pinaceae the number is variable. Among the Taxo-

dineae the numbers range from two in Taxodium to seven to nine in

Sciadopitys (arranged in a transverse row), and the ovules are all

erect except in Cunninghamia, Sciadopitys, and sometimes Arthro-

taxis. Among the Cupressineae the ovules are all erect, and range

in number from one or two in Juniperus and Actinostrobus to indefi-

nite and often numerous in Cupressus and Callitris. Among the

Araucarineae the solitary (sometimes two in Agathis) ovule is inverted.

One of the remarkable features of the development of the ovule

of Pinaceae is the long period that often elapses between the first

appearance of the ovulate strobilus and the maturing and shedding

of the seed (fig. 274). The schedule for Pinus Laricio growing in

Chicago is as follows. The strobilus begins to develop in the late

fall and winter; in the spring the integument and nucellus of the

young ovule are distinct, but there is no evident differentiation of

sporogenous tissue; in May the mother cell is recognizable by its

great increase in size (the stage found in the youngest evident cones);

in October the endosperm is found as a parietal layer of free nuclei,

in which condition the second winter is passed; in the following

spring the endosperm begins to develop rapidly; and in June the

archegonia are ready for fertilization, which takes place about the first

of July, at least twenty-one months after the first organization of the

ovule; in the following year the seed is shed, three winters being

included between the primordium of the ovulate strobilus and the

shedding of its seed. It is recognized that this schedule is an unusually

long one, and how far it applies among Pinaceae is unknown. In
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274.—Pinus Laricio: branch from top of thrifty tree, June 1; the four smalt

strobiii at the top are in the stage shown in fig. 280; in the strobili next below, which
are a year older, the archcgonium initials are distinguishable (fig. 289); the strobili

next below, another year older, have- died their seeds;. l«> the rifjhl is u fluster of

staminate slrobili jusl ready to shed pollen.
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Taxodium (76) the ovulate strobili also begin in the early fall (in

southeastern United States), grow during the winter, the mother

cell is indistinct in March or April, and fertilization occurs in June,

but the seed matures before the end of the year. These two schedules

probably represent the extremes among Pinaceae, at least one winter

and not more than three elapsing between the primordium of the

strobilus and the shedding of the seed. So far as the investigations

include a record of time, the mother cells are evident and dividing

during the spring, from the first of March in California to the last of

May in England.

The integument and nucellus are free from one another only in

the region of the sterile cap of the latter. In the early stages of the

ovule they appear almost entirely free, but the later growth of the

ovule is chiefly in the chalazal region, so that the free portion of the

two regions appears only at the tip of the mature ovule. An unusual

freedom of nucellus and integument is reported for the Araucarineae

(107), but complete freedom at the maturity of the ovule is recog-

nized as a primitive feature characterizing certain paleozoic seeds,

some of which doubtless belong to the Cordaitales. Cases of two

separate nucelli within a common integument have been reported

for Thuja (86).

In general the integument forms a more or less elongated but in-

definite micropyle, but LAWSON has described (156) a remarkable

organization of the micropylar tube in Pseudotsuga Douglasii. A stric-

ture of the integument midway between the apex of the nucellus and

the mouth of the micropyle results in two micropylar chambers. The

rim of the outer chamber is folded inward, and on the inner surface

of the infolded portion numerous hairlike processes are developed.

It is in this outer stigmatic chamber that the pollen grains lodge and

germinate, the pollen tubes passing through the inner micropylar

chamber to reach the apex of the nucellus. In Widdringtonia (159)

the micropylar tube is remarkably long and slender, and since the

integument is bilaterally winged, the ovule bears a remarkable resem-

blance to that of Welwitschia.

The integument differentiates into the three layers characteristic

of all the groups previously considered; but the outer fleshy layer

does not deserve its name, for it is represented only by a thin layer
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of cells that disappear with the maturing of the testa. The middle or

stony layer in this case is the conspicuous one, the seed being said to

" ripen dry "; while the inner fleshy layer is most largely and distinctly

developed, as usual, in the free portion of the integument (fig. 275).

The vascular supply of the seed has

been modified by this change in the

structure of the testa. Both inner

0 and outer sets of vascular strands

j have disappeared, the vascular con-

nections ending in a more or less

extensive tracheal plate at the base

of the ovule.

The development of the sporogenous

tissue has seldom been traced. In

Larix STRASBURGER (25) has demon-

strated a hypodermal archesporialcell,

which divides periclinally into an outer

primary wall cell ("tapetal cell") and

an inner primary sporogenous cell (figs,

276-279). The wall cell begins an

extensive series of divisions, accom-

panied by divisions of the overlying

epidermal cells, so that soon there is a

large mass of sterile nucellar tissue

capping the sporogenous cell. Pre-

sumably this description applies in a

general way to the formation of the

nucellar cap in all the forms, but in

most cases the hypodermal cells are not distinguishable from the

others, and the succession of divisions cannot be followed with any

certainty. In SciadopHys LAWSON (175) describes the differentiation

of a "pollen cushion" at the tip of the nuccllus, consisting of a loose

tissue of large thin-walled cells ihi.it receives the pollen grains. In gen-

eral, the first clear evidence of sporogenous tissue is the appearance of

one or more deep-lying mother cells, recognized first by their increasing

size. It is probable that if there is a primary sporogenous cell formed

as described a bow, it does not divide to produce sporogenous tissue,

I'"K;. 275.—Finns Luririo:

longitudinal section of ovule; o,

outer fleshy layer of integument;
/, inner fleshy layer; _t, stony layer;
p, pollen tubes; 11, free portion of
miceQas; g. gametophyte; a,
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but is the mother cell, as in angiosperras. It seems more probable
that in most cases mother cells are "picked out" direcLly from an
undiffcrentiated mass of cells. In WiddHngtonia (159) there is a
remarkable early differentiation of the nucellus into peripheral and
central regions, suggesting to SAXTON that the central group of
cells may be sporogenous; in fact, in a later paper (176) he speaks

277
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FlGS. 276-279.-—Larix europaca: fig. 276, longitudinal section of young ovule,
showing megaspore mother cell and tapetflj cells, and at the left Che beginning of the
integument (March 1}; fig. 277, the motber cell has divided; fig. 278, the row of mega-
sporcs, the innermost of which is functioning; fig. 279, the beginning of free nudeai
division within the functioning megaspore; all X150.—After STKASRURCKR (25).

of "64 megaspore mother cells." In any event, only one of them

was observed to function as a mother cell; although in the veri-

similar CaUilris two endosperm-filled sacs were observed lying in

contact.

The number of distinct mother cells is variable. For example,

in Pinus and Larix, and probably in all the Abietineae, the mother

cell is usually solitary. Among the Taxodineae the mother cells are
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solitary in Taxodium (76), three or four in Cry ptomeria (93), and
five or six in Sequoia (92); and among the Cupressineae, Thuja (86)
occasionally has two or three mother cells, and Libocedrus (131) one
to three. That the number of mother cells may be quite variable
is shown by the case of Cunningkamia, in which one observer (64)
reported several mother cells developing embryo sacs, and another

Fie. 280.—Pinus Laricio: longitudinal section of an ovule on June r, with niega-

spore mother cell in the center, surrounded by a region of more or less modified cells;

nucleus of mother cell in prophasc of reduction division; X500.

(147, 180) reported a solitary mother cell. The season for the recog-

nition and functioning of mother cells has been mentioned, ranging

throughout all the spring months for different latitudes, but there is no

char evidence whether in any case the megasporangium passes the

winter in the mother cell stage, as is often true of the microsporangium.

A well-marked feature of the Pinaceae is the development of a

more or less extensive zone of nutritive cells about the enlarging
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mother cell, which persists into the early stages of endosperm-for-
mation (fig. 280). This conspicuous zone has been taken to repre-
sent sporogenous tissue; but the most usual mistake is to interpret
it as endosperm tissue, overlooking the comparatively inconspicuous
embryo sac, a mistake first made by HOFMEISTER (10) and later cor-
rected by STRASBURGER (25). In the more recent literature of the
subject it has been referred to as the ''spongy tissue."

This differentiated region has been studied
in considerable detail in Finns (87) and
Taxodium (76), but it appears to be a general
feature of Pinaceae, as distinct from Tax-
ineae. In its later development it becomes
differentiated into three zones: (1) a ta petal
zone, consisting of large, glandular cells,
that are evidently digestive and are very
active during early endosperm-formation;
(2) a tabular zone, consisting of flattened
and finally disorganized cells; (3) a starch
zone, consisting of cells rich in starch. This
elaborate nutritive mechanism persists until
the endosperm tissue invades the surrounding
nuccllar tissue. This region may not always
be so complex as in Pinus, but the tapetal
cells are always evident.

The megaspore mother cell, deeply placed
in the nucellar tissue, initiates the two re-
duction divisions, and a linear tetrad is
formed (fig. 281). Sometimes the micropylar

daughter cell of the first division does not divide, so that there
appears a row of three cells, as in Larix (25), Pseudotsuga (156),
Taxodium (76,86), and Juniperus (132), but the TOW of four cells
has been observed in a sufficient number of cases to indicate that
the full number of divisions is usual. In Sciadopitys, according to
LAWSON (175), the division of the mother cell nucleus is not accom-
panied by wall-formation, but walls appear in connection with the
subsequent divisions of the two daughter nuclei; so that the; tetrad
comprises three cells, the middle one of which is binucleate. The

Kit;. 281.—Pintts Ltir-

k'to: a linear tetrad of four
megaspores derived from
the mepaspore mother cell;
the innermost megasporc
i-nlurging and the others
lx-'KhiniiiR to
<666.
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tetrad is not always linear, COKER having reported (85, 86) that
in Thuja, so far as he has observed, it is always tetrahedral. In case
there arc several mother cells, they may all form tetrads. In Sequoia

svmpervirens (92) the five or six mother cells form tetrads, and ten or
twt-lve megaspores begin to germinate, only two or three continuing
beyond the first division, and finally one becoming dominant (figs.
282, 283). The sterile megaspores in this species are quite prominent,

283

FIGS. 282, 283.—Sequoia semperriretts: tip. 282, longitudinal* section oi ovule,
showing six megaspore mother coils; pullen tubes arc growing down between nucellus
and integument; March 12, 1902; X83; fig. 283, longitudinal section of nucdhis.
showing eight germinating miuasporc-. i:;n h onUaining two nuclei; April ^5, 1002;
X116.—After LAWSON (92).

being clustered about the upper third or fourth of the remarkably
elongated functional megaspore (42). In Cryptomeria jafonica (93)
there arc four tetrads formed, and the centrally placed megaspore of
the group of twelve to sixteen functions. In Libocedrus decurims

(131) one to three tetrads appear, from which a single functioning
megaspore is selected; and in Pinus silvestris (36:7, 166) and Callitris

two embryo sacs have been observed. It may be inferred that two or
more mother cells and tetrads may occur in any of the Pinaceae, but
thus far they seem to be especially characteristic of the Taxodineae
and the Cupressineae,
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The chromosome numbers among gymnosperms seem to be pre-

vailingly 12 and 24, and the Pinaceae, so far as observed, conform

to this, counts having been made in Finns (38, 40, 46, 51), Larix

(59), Thuja (72), Taxodium (76), Araucaria (104), and Callitris

(159). In Sequoia sempervirens LAWSON (92) obtained counts of

16 and 32 in the endosperm and first spindle of the embryo; and the

same observer (93), without definite counting, has reported 9 or 10

as the approximate haploid number in Cryptomeria, and 8 and 16 as

the numbers in Sciadopitys (175); while in Widdringtonia SAXTON

(159) has definitely counted 6 and 12.

3. The gametophytes

THE FEMALE GAMETOPHYTE

The development of the female gametophyte (endosperm) and of

the archegonia of Pinaceae has long been known in outline for a few

forms, through the early investigations of HOFMEISTER (10, 13) and

STRASBURGER (15, 18, 22, 25, 31). The later investigations have

filled in the outlines and have included a much wider range of forms.

In general, the sequence of events is approximately uniform in all

the Pinaceae observed, but differences in detail have been discovered

whose significance and range are at present uncertain. It should

be remembered that the megaspore begins to germinate early in the

history of the ovule, that when its membrane becomes the boundary

of the embryo sac there is still much of the nucellar tissue to be

developed, and that the membrane continues to grow along with the

growing endosperm.

The division of the megaspore nucleus is followed by a series of

simultaneous nuclear divisions, until a large number of free nuclei

have been produced. Early in this series of divisions the embryo

sac, with its increasing capacity, begins to become vacuolate, and the

large central vacuole restricts the free nuclei to the layer of cytoplasm

lining the wall (fig. 284). In this parietal position free nuclear divi-

sion continues. The number of free nuclei produced before wall-

formation is probably very indefinite. The case of Taxus (52),

with its eight successive divisions resulting in 256 free nuclei, has been

applied with too much assurance to Pinaceae. It may be that this

number is a very common one among Pinaceae, but Miss FERGUSON
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(87) estimated that in cases of Finns under her observation 2,000
free nuclei were produced before wall-formation. This would mean
approximately eleven successive divisions, but there is no reason to

suppose that the regularity of the
early divisions is continued by the
later ones. This period of free
nuclear division may be spoken
of as the first stage of endosperm
development.

The second stage of develop-
ment is that of wall-formation,
during which walls appear among
the free and usually equally dis-
tributed nuclei, and a parietal
layer of cells is formed, which are
open toward the center of the
sac. The third stage is that of
centripetal growth, the parietal
tissue growing toward the center
of the sac from every direction,
until the sac becomes filled up
with tissue. In this centripetal
growth the innermost cells are
always open toward the center,
and may become quite elongated.
When the center has been reached
by the abutting relK end walk
are formed by each open cell and
the tissue is continuous through-

FIG. 284.—Pitius Slrobus: longi-
tudinal section of ovule, May 26, 1898;
pamctopliytc in the free nuclear -.-•
tion, and surrounding ii is a jacket of
spongy tissue mostly two tells thick;
X62.-AfL.-r Miss FEBGUSON (87).

out the sac. It will be noted

that this outline is in general that which was given for Cycadales

and Ginkgoales.

The details of the centripetal growth have been found to vary

widely, but this growth has been studied in a close series in very few

forms, so that no general conclusions are possible as yet. The case

of Sequoia sempervirtfts was first described by ARNOLDI (49) and

later by LAWSON (92). Free nuclear division occurs in the two
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extremities of the sac, so that when wall-formation occurs three dis-
tinct parietal regions are apparent (upper, middle, and lower), the
ends of the sac becoming filled with compact tissue while the middle
region is hardly beyond the stage of free nuclei. In filling up the
center of the sac with tissue, the belated middle region grows cen-
tripetally, its inner cells being open toward the center of the sac, as

286
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FIGS. 285-288.—Cryptoituria japottica: development of the endosperm; iig. 385,
longitudinal section of qppei portion of endosperm showing multhmcleate condition
and also that the walls are incomplete; May 26, J002; X235; fig. 286, telophase of
the mitosis which is to result in the formation of a binucleate cell like those shown in
tig. 288; May 2Q, 1903; X 1,000; fig. .187. a later stage in the same mitosis, the two
daughter nuclei completely inclosed by the kinoplasmic librils; X 1,000; fig. 288,
portion of the endosperm soon after free cell-formation; the membrane formed by
the lunoplasmic tibrits has inclosed both daughter nuclei; the free cells crowded
together resemble a tissue; May ig, 1903; X320.—After LAWSUN

usual. The details of this centripetal growth, as given by ARNOLDI,

are that when the centripctally growing walls have reached the center
and the end walls have been formed, the result is a series of radially
elongated cells, which he calls "alveoli." In these cells nuclear
division with wall-formation occurs, so that each alveolus becomes
divided into several cells. In investigating Sequoia giganlea, the
same investigator (64) discovered that the endosperm development
is uniform, and with no such regional differences and cell-formation
by alveoli as arc exhibited by its fellow species. LAWSON'S account



262 MORPHOLOGY OF GYMNOSPERMS

(92) of the first wall-formation in Sequoia sempervirens is probably

true for the first walls of endosperm in general. At the last division

of the free nuclei (in this case at the two extremities of the sac), adja-

cent nuclei remain connected by the spindle fibers, which increase

in number, and upon them cell plates are formed.

The details of endosperm-formation in Cryptorneria, however,

seem to be the most peculiar (93). The sac is filled with tissue by

centripetal growth as usual, but the formation of the permanent

endosperm is the remarkable feature. The "primary" endosperm

cells, that is, those open toward the center of the sac, elongate cen-

tripctally and by free nuclear division beome multinucleate (fig. 285).

There is then a stage when " hundreds" of these nuclei divide about

simultaneously, with no formation of a cell plate; but the kinoplasmic

fibrils extending between each pair of daughter nuclei increase in

number and curve outward on all sides, until both nuclei are com-

pletely surrounded by a sheath of fibrils, which fuse to form an

investing membrane. This method of free cell-formation goes on

throughout the whole endosperm except in the region of the archego-

nium initials; the cells become crowded, thus resembling ordinary

tissue composed of binucleate cells; and after this nuclear division

accompanied by wall plates proceeds in the usual way (figs. 285-288).

In considering these cases of Sequoia and Cryptonieria, the second-

ary formation of cells by centripetally growing primary ones ("alveoli"

of ARNOLDI) is common to both, whether the details of secondary

cell-formation are the same or riot. There is also suggested the

possibility of a permanent secondary tissue which replaces the primary

tissue, the development of the latter usually having closed previous

investigations in this direction. Random reports of endosperm cells

that are uninucleate, or binucleate, or multinucleate may find their

explanation in stages of the development of permanent endosperm

tissue.

More recently LAWSON (156) has studied Pseudotsuga, and finds

that in that form also free nuclear division occurs in the primary

endosperm cells before cross-walls appear to form the uninucleate

cells of the permanent tissue. SAXTON (159, 176) has observed the

same free nuclear division in the primary endosperm cells of Widdring-

tonia, but in this case the cells usually become only binucleate (occa-
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sionally multinucleate), and this binucleate or multinucleate condition

persists in the permanent tissue, as if the last stage of other forms

were omitted in Widdringtonia.

The development of the archegonium follows the same course

as that described for Cycadales and Ginkgoales. The archegonium

initials, selected usually from the superficial micropylar cells of the

endosperm, become recognizable by their, size at various stages in

the development of the endosperm tissue. In some cases they are

differentiated almost as soon as wall-formation has occurred in the

micropylar region; in other cases they are not evident until the endo-

sperm tissue has reached an advanced stage of growth; and between

these two extremes there is every intergrade. There is evident

among Pinaceae, and notably among Coniferales in general, a tend-

ency to develop archegonia earlier and earlier in the ontogeny of the

gametophyte, a tendency that expresses itself somewhat irregularly

but none the less clearly, and that reaches its extreme expression in

the appearance of archegonium initials immediately after the free

nuclear stage of the gametophyte (as in Torreya). The significance

of this tendency may be appreciated when it is remembered that among

Gnetales it has resulted in the differentiation of eggs during the free

nuclear stage of the gametophyte, and therefore in the elimination

of archegonia. This tendency will be discussed more fully later,

in connection with a general consideration of evolutionary tendencies

among gymnosperms.

An initial cell, recognizable usually in May or June, enlarges

considerably and then divides by a periclinal wall into the primary

neck cell (outer) and the central cell (inner) (figs. 289, 290). The

primary neck cell divides by an anticlinal wall, and this division may

be followed by others, the number of cells in the archegonium necks

of Pinaceae being very variable. The adjacent cells of the endo-

sperm grow faster than the neck cells, so that the neck opens in the

bottom of a funnel-shaped depression, known as the archegonial

chamber.

The central cell begins a remarkable increase in size, and about

it a definite nutritive jacket of endosperm cells becomes differentiated,

which may be referred to as the archegonial jacket or tapetum, and

which must not be confused with the nucellar tapetum that invests
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the mother cell and its successors (fig. 291). The cells of this jacket,

which invests not only the central cell but also the succeeding egg,

develop the usual features of tapetal cells, with densely staining cyto-

plasm and large nuclei; but their special feature is the conspicuous

thickening and pitting of the walls bounding the central cell (and

egg). At first it was supposed that through these pits the jacket

cells emptied their contents into the enlarging central cell and egg
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s. 289-292.—Phws Liirin'o: development of the arehegonium; fig. 289, arche-
goninm initial, May 28; fig. JQO, neck and central cells, June 2; fig. 291, central cell
just, before cutting oft* vuntral canal cell, June 18; fig. 292, cutting off ventral canal
cell, June a i ; X104.

(28), including the bodily transfer of their nuclei. In this way the

central cell and egg were thought to be packed with food, their cyto-

plasm being filled with large and deeply staining masses (more promi-

nent in the egg) which were regarded as the nuclei contributed by

the jacket cells. Even after STRASBCRGER had shown that these

deeply staining masses are not nuclear in nature, but that the best

organized are the so-called "proteid vacuoles," ARNOLDI (55)

described the behavior of the migrating nuclei, reporting them to

become amoeboid in the jacket cells, to squeeze through the pits, and

to regain their form in the central cell and egg. Nuclei were also



CONIFERAEES (PINACEAE) 265

said to pass from the next outer layer into the cells of the jacket,

and the jacket cells were often seen emptied of all their contents.

These details of observation have been mentioned chiefly to illustrate

the dangers of such interpretations when the sections are more than

one layer of cells in thickness. Migrating nuclei squeezing through

walls can often be seen by examining several superimposed layers

of cells. It is now known (117) that these large pits of the arche-

gonial jacket cells, in early stages, are closed by a membrane, which

is perforated only by Plasmodesmen, so that under these conditions

the bodily transfer of nuclei or any solid material is impossible. Just

what the situation is in later stages is uncertain.

The central cell enlarges and receives food material for two or three

weeks, its nucleus retaining the apical position, when it divides about

simultaneously with the division of the body cell in the pollen tube

(76, 157), to form the very small ventral canal cell and the very large

egg (figs. 292-297). The ventral canal cell disorganizes and dis-

appears with more or less rapidity; while the egg nucleus begins

immediately a very rapid and a very great enlargement. It moves

toward the center of the egg, and attains a size that seems out of all

proportion to its original bulk and to the time involved. During

maturation of the egg the characteristic changes occur in the nucleus

which were described in connection with the egg of Cycadales.

The notable feature in connection with the development of this

archegonium, as contrasted with that of pteridophytes, is the com-

plete elimination of the neck canal cells. The general tendency among

pteridophytes is to reduce the number of these cells, and among

Filicales the reduction has reached the stage of a single uninucleate

cell; but among gymnosperms even this has disappeared, and there

is no trace of neck canal cells.

The behavior and character of the nucleus of the ventral canal

cell, which is sister to the egg, has attracted attention. Usually its

disorganization is very prompt, often beginning before it returns to

the resting stage; and afterward its disorganized remains may be

seen in various stages, even to the early stages of embryo-formation.

The nuclei of the ventral canal cell and of the egg are at first exactly

similar, apparently differing only in the quantity of cytoplasm involved

in each case, and suggest that the ventral canal cell is an abortive
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egg (46). This view is confirmed by cases in Pinus in which the
ventral canal cell is very much larger than usual, and its nucleus has
reached the size of the egg nucleus and has passed through the same

• • *

•
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FIGS. 293-297.—Ptnvs Laricio: formation of ventral canal cell; fig. 293, typical

division, the ventral canal nucleus beginning to disorganize and the egg nucleus begin-

ning Lo enlarge; X500; fig. 294, disorganizing ventral canal cell; X500; fig. 295, an

unusually large spindle in cutting ofE ventral caaa) toll, the two nuclei being the same

size and showing the same developmental chanyt.^; X500; fig. 296, a lar^e ventral

canal cell formed in iliis way; X500; fig. 297, the wall separating the ventral canal

cell from the egg lias broken down, leaving both nuclei free in the cytoplasm of the

egg; nv, nucleus of ventral canal cell; no, nucleus of egg; X100.—After CHAMBER-

LAIN (51).
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maturation changes (51, 126). A similar case was reported for
Ginkgo by TKENO. Such a nucleus appears to be ready for fertiliza-
tion. In Abies balsamea (79a) the ventral canal nucleus usually
enlarges somewhat and
persists until fertilization.
There are also cases in
which the wall separating
such a ventral nucleus from
the egg has been observed to
disappear, leaving two simi-
lar nuclei free in the cyto-
plasm of the egg (51); and
such equal nuclei have been
observed in contact (fig.
29S), as if fusing (23, 44).
It seems reasonable to infer
that the ventral canal cell
is an abortive egg, which is
occasionally organized as
an egg, and which in that
condition may be. fertilized
(72), or may fuse with the
egg nucleus. The ventral
nucleus has also been ob-
served to divide (after the
fertilization of the egg),
either by amitosis (76) or
mitosis (72).

The account of the
archegonium given above
applies in general outline
to all the Pinaceae, but
there are differences among the tribes that must be considered.

Among the Abietineae the number of archegonia ranges from one
to seven, with two to five as the usual range, the smallest among
Pinaceae. The number of neck cells may be said to average about
eight, arranged in two tiers, with four cells in each tier; but there

Fie. 298—Pinto Larich: conjugation of
two nuclei which were described as male (m)
and female ( / ) , but which are doubtless the
nuclei of the egg and ventral canal cell, as in fig.
297; both nuclei are in an early spirem stage;
ii is interesting to note that the first record of
fertilization in gymnosperms (Picea, reported by
STKASBURGER 22) WHS very probably a case of
this kind; X500.—After COULTER (44).
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may be only one tier or more than two tiers, more than four cells in

each tier are known to occur, in some cases there are only two cells

in a tier, and in Tsuga canadensis (37, 60) the neck is frequently

two-celled, but often consists of three or four cells. It should be kept

in mind that a two-celled neck is a feature of Cycadales and Gink-

goales, and for that reason it has been assumed to be the primitive

type of neck. So far as we have observed, however, there is no typical

number for neck cells, the two-celled neck occurring indiscriminately

among Pinaceae, the number of cells developing apparently holding

no definite relation to phylogenetic connections. A notable feature

of the.Abietineae is the formation of a true ventral canal cell, a dis-

tinct wall plate cutting it off from the egg. This is true only of the

Abietineae among conifers; and if the elimination of the separating

wall plate, resulting in the ventral canal cell being represented only

by its nucleus, is an evidence of a further stage in the reduction of the

axial row, the Abietineae are the most primitive conifers in this charac-

ter. Even among them, as mentioned above, occasionally the wall

sometimes disappears, leaving the ventral nucleus free.

Among the Taxodineae the number of archegonia ranges from

four to sixty (4-6 in Sciadopitys, 8-15 in Cryptorneria, 10-35 in Taxo-

dium, 60 in Sequoia setnpervirens), which is the largest range among

Pinaceae. The number of neck cells ranges from two to eight

(Sequoia 2 and occasionally 4, Taxodium 2-6 or more, Cryptomeria

usually 4, Sciadopitys 4-8), forming a single tier. The neck cells of

Sciadopitys are peculiar in being vertically elongated. In Sequoia

sempervirens LAWSON reports (92) that the very numerous arche-

gonium initials are differentiated deep in the endosperm of the

micropylar region, and that the necks are pushed to the periphery

of the endosperm by the elongating central cells, being directed

toward the nearest pollen tubes, which have taken their positions

before the archegonia were formed (92). It is in Cunninghamia

(147, 180) that the archegonium initials appear very early in the

ontogeny of the gametophyte. A significant feature in connection

with the archegonia of this tribe is their grouping, in some genera,

into what may be called an archegonium complex. This means that

the archegonia are grouped in contact, invested by a common arche-

gonial jacket, and with a common archegonial chamber. Since



CONIFERALES (PINACEAE) 269

this is a feature of the Cupressineae, its occurrence among the Taxo-

dineae has tempted various investigators to use it as a reason for

transferring certain genera of that tribe to the Taxodineae. The

two tribes are confessedly artificial, but such a character is not a safe

one, for the grouping of archegonia is often indefinite and variable.

This complex has been found in Sequoia (50, 64), Taxodium (76),

Cryptomeria (93), and Cunninghamia (147, 180), but it does not

occur in Sciadopitys (175). Both species of Sequoia show an inter-

esting transition between separate archegonia and an archegonial

complex, the numerous archegonia occurring singly or in groups. In

the three other genera observed there is sometimes a layer of endo-

sperm cells between adjacent archegonia; and in Cunninghamia

(147, 180) the group of archegonia (15 in the preparation figured by

MIYAKE) surrounds a central mass of endosperm tissue. Among

gymnosperms there seems to be a sequence in the distribution of

archegonia, the most primitive situation being numerous scattered

archegonia, followed by fewer archegonia derived from superficial

cells of the micropylar region, and then by their organization into a

complex. In none of the Taxodineae has a ventral canal cell been

discovered, but in all of them a ventral nucleus is cut off, which is

sometimes very ephemeral.

Among the Cupressineae the number of archegonia ranges from

five to about one hundred, the number in Thuja (72) averaging six,

in Juniperus communis (173) ranging from four to ten in a single

complex, in Libocedrus (131) ranging from six to twenty-four in the

complex, and in Widdringtonia (159, 176) ranging from thirty to

one hundred. The neck cells appear to be always in a single tier, and

vary in number between two and eight, the number for Juniperus (132)

and Widdringtonia (176) being usually four, and Thuja (72) ranging

from two to six. In Thuja the neck cells begin to disorganize as

soon as they are formed, and are almost completely absorbed by

the enlarging central cell (figs. 299, 300). In the whole tribe the

archegonial complex is a feature, being compactly organized, with

a distinct and common jacket and a common chamber. No ventral

canal cell is formed, but the ventral nucleus is always cut off, as

among the Taxodineae. The case of Widdringtonia (159,176) deserves

special mention, and it seems to be duplicated in Callitris. Before
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FIGS. 299, 300.—Thuja occitlfiittilis: archegonium complex; fig. 209, longitudinal

section of upper portion of endosperm with three of the elongated archegonium initials;

X450; fig. 300, laLcr stage wilh necks breaking down; the nuclei of the central tells

have not yet divided lo form the ventral canal nucleus and the egg nucleus; the pollen

tube, with its body celt and stalk and tube nuclei, has almost reached the archegonium

complex; X540.—After LAND (72).



CONIFERALES (PINACEAE) . 271

the archegonium initials are recognizable, the solitary pollen tube

has passed down the surface of the endosperm just within the mega-

spore membrane, until it lies in contact with the upper third or even

the upper half of the elongated gametophyte, bearing in its tip the

body cell. This position seems to determine the selection of arche-

gonium initials, which begin to appear in groups beneath the surface,

the groups being in the upper half of the gametophyte but not at

its micropylar extremity. There is hardly a trace of a jacket layer,

and no distinct complex. A very ephemeral ventral nucleus is cut

off. The whole situation is more suggestive of Sequoia and the

araucarians than of any other known forms.

Among the Araucarineae sufficient work has not been done to

justify a general statement, but so far as known (117) the archegonia

are numerous and scattered irregularly, as in Sequoia, and some of

them are deep-seated, as in the same genus.

As the endosperm grows, the megaspore membrane grows also

and thickens, finally differentiating into two layers, the outer one

being completely suberized and the inner one containing cellulose.

THOMSON (108) has made a comparative study of this membrane

and finds it thickest and most completely developed among the Conif-

erales in the Abietineae; less developed by the Taxodineac and

Cupressineae, among which it may be quite poorly developed, as

in Libocedrus (131); while among the Araucarineae the suberized

outer layer is wanting. He concludes that the condition of this mem-

brane may be used as a test of the relative age of the gymnosperm

groups, which when applied among Coniferales makes Abietineae

the most ancient and Taxineae the most recent, in the latter tribe

the megaspore membrane not appreciably developing.

Ordinarily the endosperm invades the tissue of the nucellus uni-

formly, but among the Araucarineae (121) this invasion may be

irregular, resulting in an endosperm with a more or less dissected

contour. This is the so-called "ruminated" endosperm, which of

course is a misnomer, since it is the endosperm that is " ruminating"

the nucellus. This unusual character among gymnosperms is also

strongly developed by Torreya, in which connection it will be consid-

ered more in detail.
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THE MALE CAMETOPHYTE

The male gametophyte of Pinaceae has long been known in a
general way, but the present knowledge of the functions of the cells
dates from BELAJEFF'S work in 1891 on Juniperus (33), and STRAS-

BURGER'S work in 1892 on a wider range of forms, notably Larix

and Cupressus (38). Every year since has increased the number
of forms observed, until now a fairly complete knowledge of the
principal features of the male gametophyte is available. The onto-

;.;.-v;v^;.i
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Fte. 301.—Finns Laricio: part of microsporangium showing mitosis in pollen
mother cells, May 3; X500.

geny is comparatively uniform, so that a single account \yill include
a general outline for all forms. For this purpose, the development
of the male gametophyte of Pinus Laricio will be used.

About May 9 (in Chicago) the nucleus of the micros pore of P.

Laricio enlarges for the first division (fig. 305), a spindle is formed
rapidly (fig. 306), and an equal division follows. Before the cell
plate is organized, the nucleus nearer to the wall of the spore begins
to disorganize, and the other begins to enlarge (fig. 307). In this
way a lenticular and disorganizing cell is cut off against the spore
wall (fig. 308). A second division follows immediately, the spindle
being observed about May 25 (fig. 309). This division is a repetition
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of the first in details, and the two lenticular cells disorganize rapidly

(fig. 310), become flattened against the spore wall, and very soon

* 00
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313

}. 303-313.—Pmus Laritio: a scries fmm the formation of tetrads to the
development of the pollen tube; f>, prothallial cells; s, stalk cell; b, body cell; / . tube
nucleus; figs. 302, 303, May 3; % 304, May io; figs. 305-308, May JO; figB.309-311,
May 2$; fig. 312, June 15; fig. 313, May 1, netirly a year after the stage shown in
fig, 312; the exine (B) is shaded with short rtidiai lines, ant! ihv intine {i' with longi-
tudinal lines; X600.
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appear merely as two thin and darkly staining disks, which are over-
grown rapidly by the intine. These two evanescent cells represent
the only vestige of the vegetative tissue of the male gametophyte, and
hence are called vegetative (sometimes prothallial) cells. It will
be recalled that only one such cell appears among the cycads, and
that it persists; while in Ginkgo two appear, the first disorganizing
while the second one persists.

The third (large) cell, which is sister to the second evanescent
vegetative cell, is an antlicridial cell in the sense that it gives rise to
the series of cells that represent the antheridium in function, but

FIG. 314.—Pintix Strobus: microspore with nucleus in pcoph&se of first division;
the broad clotted [wrlion of the wal! was described as a third coal; June 7, 1898;
X810.—After Miss KKRGUSOK (87).

not at all in structure. The division of this cell follows immediately,
giving rise to the generative cell (cut oil against the evanescent vege-
tative cells) and the tube cell (the larger portion of the antheridial
cell, containing the tube nucleus). This conspicuous Jube nucleus
was regarded as the generative nucleus until 1891, when BELAJEFF

(33) discovered its true function. The uxine and intine are differen-
tiated quite early, and both are thickest at the prothallial end of the
spore (figs. 305-312). Miss FERGUSON (87) described a third coat,
but it was evidently only the thicker intine of the basal region of the
spore (fig. 314).

No further division takes place until the following spring, a period
of about eleven months, and in this condition pollination occurs.
As the pollen is being shed, a drop of mucilaginous substance secreted
by the upper part of the nucellus appears at the apex of the ovule,
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and the pollen, caught in this pollination drop, is conveyed to the
nucellus (fig. 315). The pollen tube begins to grow into the nucellus
as soon as the spore is deposited, and continues to develop until it is
checked by cold weather. The next spring the tube begins to renew
its penetration of the nucellus during April, about a year after the
pollen mother cell entered upon the reduction divisions, the large
tube nucleus enters the tube, and at the same time the generative
cell divides into the stalk cell (toward the vegetative cells) and the
body cell (toward the free cavity of the spore) (fig. 313). The
stalk cell is sterile (persistently
so among gymnosperms), and
may represent the stalk cell of
an antheridium, while the body
cell may be the true primary
spermatogenous cell. The
pollen tube branches as it
traverses the nucellus, not so
extensively as do the tubes of
cycads and of Ginkgo, but
sufficiently to indicate its primi-
tive haustorial function. After
its second start, the pollen
tube consumes about two months in traversing the nucellus, reaching
the archegonium about the first of July.

The body cell rounds off, and becoming freed from the stalk cell
passes into the tube. The separation of the body cell from the stalk
cell frees tlje nucleus of the latter, and it also passes into the tube,
where the nucleus of the body cell divides, forming two nuclei which
do not become separated by a wall. The body cell, with its two
nuclei, then passes down the tube, and when it has reached the tip,
the four nuclei may be found grouped together, usually with the
stalk and tube nuclei in advance. At this stage the contour of the
body cell may be quite distinct (fig, 316), or rather indefinite (fig. 317),
or its cytoplasm may have become so mingled with that of the pollen
tube that the nuclei lie in a common mass of cytoplasm (fig. 318).

The division of the body cell occurs just before fertilization, about
two months after the division of the generative cell into stalk and body

FIG. 315.—Cephalotaxus Vartunei: pol-

lination drops at the tips of the numerous
ovules; X3-33-—After Tisox (171).
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cells. The latter then divides and forms two equal male cells (as

in Taxodium), or only two nuclei not separated by a wall (as in

Pinus). It is this division which among cycads and in Ginkgo results

in two sperm mother cells, which later produce and discharge two

ciliated sperms. It is this contrast in spermatogenesis that must be

!*
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Fics. 316-318.—Tips of pollen tubes containing the male nuclei: m, male nuclei;
n, nuclei of tube and stalk cells; .<:, starch; fig. 316, Pinus Strobits; June 14, 1898;
the body cell maintains its outline and the two m;ile nuclei fire unequal; X230; after
Miss FEROTSOH (87); fig. 317, Pinus Laririo; the outline of the body cell is indistinct
and the two mate nuclei are equal; X500; after COULTEK (44); fig.318, Pinus Larkio;

somewhat [at£! stage than that shown in iig. 317; the cytoplasm of the body cell has
become continuous with that of the tube; the male nuclei arc equal, uud above them,
but not shown, are the stalk and tuhu nuclei; X500; after CHAMBERLAIN (51).

regarded as the most important contrast between Coniferales and the

groups previously considered. In Coniferales a cell generation has

been eliminated, and whether the daughter cells of the body cell (in

forms like Taxodium) are called sperm mother cells or sperms makes

very little difference. They are formed as are the sperm mother cells

of the preceding groups, but they do not produce sperms; on the

other hand, they function as sperms, but have no cilia. These

non-ciliated cells, produced like mother cells and functioning like
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sperms, are called for convenience simply tiiale cells. The dis-

appearance of the wall between the two male cells, leaving the male

nuclei free in the cytoplasm of the body cell, represents a further

stage in the reduction of the male element. The significant fact is

the abandonment of the swimming sperm by Coniferales, and when

one recalls the surprising persistence of swimming sperms in con-

nection with the land habit, their final disappearance marks an

epoch in the history of land plants. With the abandonment of

swimming sperms, blepharoplasts in the body cell have disappeared,

and the pollen tubes are utilized as sperm carriers.

The appearance of two evanescent vegetative (prothallial) cells

is a feature only of the Abietineae, and even among them there is

some fluctuation, the spores of Picea excelsa having been observed

(114) to produce one to three such cells. Among Taxodineae and

Cupressineae no such cells occur, the vegetative tissue of the male

gametophyte having been eliminated completely. In these tribes,

therefore, the first division of the pollen grain produces the generative
and tube cells. The ephemeral nature of the prothallial cells in

Abietineae suggested for a time that they had escaped observation

in the two other tribes, but the evidence is now too complete to warrant

any such assumption. Among Taxodineae the absence of prothallial

cells is known for Sciadopitys (175), Cunninghamia (147, 180),

Sequoia (64, 92), Cryptomeria (85, 93), and Taxodium (76); and

among the Cupressineae it is known for Callitris (85), Widdringtonia

(159), Libocedrus (131), Thuja (72, 86), Cupressus (85), Chamaecy-

paris (85), and Juniperus (85). Since this list includes twelve

genera of the eighteen included in the two tribes, there is no reason

to expect that vegetative cells will be found in the remaining genera.

In this feature, therefore, the Abietineae are in a more primitive

condition than arc the two other tribes.

Among Araucarineae, however, there is still another prothallial

situation (figs. 319-321). Two lens-shaped vegetative cells are cut

off, as among Abietineae, but they are not ephemeral. LOPRIORE

describes them (104) in Araucaria Bidwillii as giving rise to a tissue

of about fifteen cells, whose walls presently disappear, freeing the

nuclei, which then continue division, until twenty to forty-four (most

frequently thirty-six) free nuclei were observed, no divisions occurring
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FlGS. 319-321.—J4raucariaBidiiiHi't; fig.

319, portion of the prothallial end of the pol-

len grain, showing two prothallial cells, each

of which has divided, giving rise lo numerous

cells; the next division of the nucleus beyond

the prothallial complex will give rise to the

generative cell and tube nucleus; X666; fig.

320, later stage, transverse section, showing

body cell in the cenler surrounded by mi. td

which have been set free by the breaking down

of the walls of the prothallial cells; X6G6;

fig. 321, pollen tube with numerous nuclei;

on so small a Beak the male nuclei and pro-

ih:illial nuclei could hardly be distinguished;

X54—After LOPRIORE (104).

after the pollen tube begins

to develop. THOMSON (107)

has also observed many super-

numerary nuclei in the pollen

tubes of A raucaria, as many

as thirty being counted. It

adds to the interest of this

situation when it is known

that the same condition exists

among the Podocarpineae

(Taxaceae), although the pro-

thallial tissue is not so ex-

tensive in that tribe. If the

two-celled prothallial tissue of

Abietineae indicates a more

primitive condition than no

prothallial tissue, as noted

above, is the many-celled pro-

thallial tissue of Araucarineae

(and of Podocarpineae) still

more primitive ? The only

escape from an affirmative

answer is to prove that the

tissue formed by the two

original vegetative cells is to

be explained physiologically

rather than phylogenetically;

in other words, that it is ceno-

genetic and not palingenetic

(P- 230).
Another variation of general

importance is that observed

in the relative size of the two

male cells produced by the

body cell, and also in the com-

pleteness of their organization

as cells. Among Taxodineae
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(figs. 322-327) and Cupressineae (figs. 328-331) usually two equal
male cells are produced, and both cells may function and have been
observed (72,173) to function, since fertilization occurs in an arche-

326
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32/

S. 322-327.—Pollen tube structures of Taxodineae: fig. 322. Taxodium

distickum; the two male cells with stalk and tube nudei in advance; X540; after

COKEK (76); figs. 323-325, Cunnin^kamia sinensh, fi^. 323 showing the pollen grain

with generative cell (no proihallial cells) and tube cell, fig. 324 the body cell with

stalk and tube aflclei in advance, and fig- 325 the two male cells; X430; after MiYAKE

(147); figs. 326, 337, Cryptomcria japonica, fig. 326 showing the body cell with stalk

and lube nuclei in advance, and fig. ,$27 the two male cells; X666; after LAWSON (93).
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gonial complex. Among the Abietineae, however, only one of the

two male cells produced by a body cell can function, and this fact seems

328
330

329 331

In.s. 328-331.—Pollen tube structures of Cuprcssineac: figs. 328, 329, Thuja

ofcidvnlalis, fig. 328 showing the body cell with stalk and lube nuclei in advance, and

fig. 329 the two male cells; X5fk>; after LANTD (72); fig. 330, Cupressus Govetriatia,

end of pollen tube with complex of male cells, the stalk and lube nuclei in advance;

X350; after JLEL (91); fig. 331, Libocedrus decurrens, the two male cells; after LAW-

SON (131).

to be related to the tendency to eliminate one of the male cells. In
Tsuga canadensis (60) one male cell becomes larger than the other.
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In Pinus (65, 87) no wall is formed at the division of the body cell,

the two male nuclei being free in the general cytoplasm, and one of

them, according to Miss FERGUSON (87), soon becoming much larger

than the other; a condition also observed in Pseudotsuga (156). In

Picea excelsa (79) a cell plate appears on the spindle of the dividing

body cell and at once disappears, leaving the two male nuclei free

in the general cytoplasm. Just how far this tendency to eliminate

one of the male cells has gone among the Abietineae remains to be

discovered. An interesting test of this view has recently been sup-

plied by LAWSON (175) in his study of Sciadopitys. The other

genera of Taxodineae investigated have the archegonial complex and

equal male cells; while Sciadopitys has no archegonial complex and

unequal male cells. It is possible to mistake inequality of cells and of

nuclei in preparations, so that unusual care will be needed in accumu-

lating these facts, but the tendency is evident enough. In Cupressus

Goveniana a remarkable situation has been reported (91), the body

cell being said to give rise to a cell complex of four to twenty cells,

eight or ten cells being the most frequent number (fig. 330). In

Juniperus communis the body cell has been observed (173) occasion-

ally to produce three or four male cells, but only two of them were

considered capable of functioning. The only other cases known

among gymnosperms, in which the body cell gives rise to more than

two cells, are Microcycas, in which the body cell regularly produces

sixteen or more sperms; and Ceratozatnia, in which four sperms

are formed occasionally (p. 147). The multiplication of male cells

in such a form as Cupressus^ with its large archegonial complex, might

be expected, but at present no conclusions are safe in reference to

these rare occurrences.

The condition of the male gametophyte at the time of pollination

is of interest. The records are apt to be misleading if no considera-

tion is given to the fact that some tribes have prothallial cells and

others do not. So far as observed, the prevailing condition at shed-

ding is the stage following the formation of the generative and tube

cells. This means after one nuclear division among Taxodineae and

Cupressineae, and after three divisions among Abietineae, but it is

the same stage in the ontogeny of the gametophyte. Pollination at

an earlier stage has been reported for Cupressus (86) and Juniperus
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(86, 132, 157), that is, the uninucleate spore is shed; but in both

these genera the division to form generative and tube nuclei occurs

on the nucellus, before tube-formation. Pollination at a later stage

has been reported for Picea excelsa (79), in which the next division

has occurred, the generative cell having produced the stalk and body

cells. In Widdringtonia (159, 176) the divisions are remarkably

delayed. The spore is shed in the uninucleate condition, and since

there are no prothallial cells there has been no division. Unlike

Cupressus and Juniperus, however, whose pollen grains are shed in the

same condition, the nucleus does not divide until after tube-formation,

the generative and tube nuclei being observed only in the tubes. The

single pollen tube penetrates the megaspore membrane and passes

down inside of it for one-third to one-half the length of the gameto-

phyte, and only after entering within the membrane does the genera-

tive cell divide. When the tube has reached the limit of its growth,

its tip may contain only the large body cell, the stalk and tube nuclei

having a tendency to disappear. Two of the numerous archegonia

are fertilized by the two male cells.

The period that elapses between pollination and fertilization, which

covers the activity of the pollen tube and the life of its contents, falls

into two categories. One of them includes cases in which pollination

occurs one season and fertilization the next. As has been mentioned

(p. 275), this is true of Pinus Laricio, in which pollination occurs in

June and fertilization about July first of the following year. It is

also true of Juniperus communis (132, 157, 173), which has about

the same period; and in both cases the generative cell does not divide

until the second season. In Sciadopitys, however, LAWSON (175)

reports that the generative cell divides during the first season into

the body cell and a free stalk nucleus, and that the division of the

body cell and fertilization do not occur until the second season. In

Widdringtonia, also, SAXTON (176) reports that fourteen or fifteen

months elapse between pollination and fertilization. In many other

forms approximately the same periods have been observed. These

long periods may escape recognition unless there is familiarity with

the condition of adjacent structures and especially of the female

gametophytc, for two similar pollen tubes may belong to two different

seasons.
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The other category includes the cases in which pollination and

fertilization occur during the same season. The records of these

cases show considerable variation in the time of pollination, but

remarkable uniformity in the time of fertilization, which falls in gen-

eral between the middle of June and the middle of July. The period

of pollen tube activity varies approximately as follows: Sequoia (92)

and Cryptomeria (93) about fifteen weeks; Cunninghamia (147, 180)

about twelve weeks; Pseudotsuga (156) about eight weeks; Tsuga

(60) about six weeks; Thuja (72) and Picea (79) about four weeks.

This perhaps fairly expresses the range of variation within a season,

which allows for pollination from early in January to early in June.

It is evident that this feature holds no relation to tribes, either in refer-

ence to periods of one season or of two seasons; or in reference to

the longer and shorter periods of the single season; nor does the time

of pollination seem to affect the time of fertilization.

The course of the pollen tube is various. Sometimes it is very

direct through the nucellus to the archegonia, as in Cryptomeria (93),

and probably in all forms with short periods; sometimes it is devious

and branching, especially in forms with long periods; and in Sequoia

(92) the tubes penetrate between integument and nucellus, as well

as directly to the nucellus. In Widdringtonia (159) the solitary

pollen tube, after piercing the megaspore membrane, passes down

the surface of the endosperm for one-third to one-half its length, and

fertilizes the deep-seated and laterally placed archegonia (p. 271).

In Pseudotsuga (156) the pollen grains germinate in the outer micro-

pylar chamber (p. 253), and the numerous tubes pass in a tangle through

the inner chamber on their way to the apex of the nucellus, which

disintegrates in advance of the approaching tubes, so that there is little

or no resistance to their passage. In this case it is an interesting fact

that the body cell divides before the tip of the pollen tube reaches the

nucellus. Among the Araucarineae THOMSON (107, 121) has made

the interesting observation that the pollen grains are lodged on the

ligule in Araucaria and on the bract nearer the micropyle in Agathis,

and in this position send out their tubes, which grow along the surface

of the ligule or bract for some distance before entering the micropyle.

Certain unusual occurrences in the course of spermatogenesis

have been observed, which may be mentioned. COKER (86) observed
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a number of cases in Larix europea in which there is only one division

in the spore mother cells, resulting in two daughter cells that function

as microspores in the production of male gametophytes. This

condition finds its parallel in the development of certain female

gametophytes among angiosperms in which the second or both of the

reduction divisions occur as the first divisions of the ordinary game-

tophyte, which in such a case is really formed by two or four mega-

spores. This case of Larix suggests that the second reduction

division occurs in connection with the first division of the so-called

microspore, and that two spores enter into the formation of the game-

tophyte. The same observer has also reported (86) that the generative

cell is often free in the cytoplasm of the tube cell in Cupressus. In

Cunninghamia MIYAKE (147, 180) observed that in the division of the

generative cell no wall is formed, and the bulk of the cytoplasm is

organized in connection with the body nucleus, the stalk nucleus lying

free in the cytoplasm of the tube; and the same observation has

been made by NICHOLS (173) in Juniperus communis, and by LAW-

SON (175) in Sciadopitys. This reduction is like that described by

HIRASE for Ginkgo (p. 208), and may possibly presage the final elimi-

nation of the stalk cell.

FERTILIZATION

The tip of the pollen tube having reached the megaspore membrane

either penetrates it directly or flattens out upon it in a footlike expan-

sion, sending out a small branch to pierce the membrane. The body

cell divides about simultaneously with the central cell, so that the egg

and the male cell are produced a very short time before their fusion;

in Juniperus communis this period has been observed (173) to be

approximately three days. In the case of isolated archegonia (Abie-

tineae), the tube reaches the neck of the archegonium, crushes the

neck cells, and comes into contact with the egg; in the case of an

archegonial complex, the tube usually discharges its contents into

the common archegonial chamber.

In addition to the two male cells, the tube contains the stalk and

tube nuclei, and in general all four bodies are discharged into the

cytoplasm of the egg, or into the chamber of an archegonial complex.

In the latter case, two eggs are usually fertilized from a single pollen
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tube, as in Thuja (72), Taxodium (76), Sequoia (92), Cryptomeria

(93), Libocedrus (131), and Juniperus (173). The non-functioning

male cell and the stalk and tube nuclei, which are carried into the

peripheral region of the cytoplasm of the egg, gradually disintegrate

there, but sometimes the male cell and the tube nucleus have been

observed to divide amitotically, as in Pinus (66, 87). In the case of

an archegonial complex, stalk and tube nuclei disintegrate in the

chamber. A peculiar discharge of male cells is described by LAWSON

(92) for Sequoia sempervirens, the male nuclei invested by very little

cytoplasm passing out of the tube and leaving behind the enucleated

male cells, which retain their form in the tube.

In general, the functioning male nucleus slips out of its cytoplasm

in the peripheral region of the egg, and passes to the egg nucleus,

increasing somewhat in size. This behavior has been observed in

Pinus, Thuja (72), Cryptomeria (93), Juniperus (95), and Libocedrus

(131). In Taxodium COKER (76) observed the complete male cell

pass to the egg nucleus and infold it, the starch of the male cytoplasm

being seen distributed uniformly about the fusion nucleus, and even

accompanying it to the base of the egg. The same phenomenon has

been observed recently by NICHOLS (173) in the fertilization of

Juniperus communis.

In fusion, the male nucleus presses inward the limiting membrane

of the female nucleus, and the two remain distinct for some time (fig.

332). Evidence is accumulating that there is no fusion of the male

and female chromatic substance, the two chromatic groups being

distinct in Larix (54), Pinus (51, 87) (figs. 332~337)> Tsuga (60),

Juniperus (132, 173), and Cunninghamia (180) (figs. 338-340). In

Pinus the chromatin is in the resting stage as the pairing nuclei come

into contact; but as the sperm nucleus begins to penetrate, both

nuclei form distinct spirems, each of which breaks up into 12 chromo-

somes, the two groups remaining recognizable until the nuclear plate

stage. As the 24 chromosomes become oriented in the nuclear plate,

the two groups can no longer be distinguished, and it is impossible

to determine whether any given chromosome was contributed by the

sperm or by the egg. The chromosomes now split longitudinally

and 24 go to each pole, where the two daughter nuclei pass into the

resting condition. Consequently, there is no fusion of chromatin
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Fics. 332-337.—Fertilizittion in Pitius: fig. 332, P. silvestris, the sperm nucleus
entering the egg nucleus, June 19; X135; after ULACKMAN (46); fig. 333, P. Laricio,
the chromalin of the sperm and egg nuclei in the spireni stage within the limits of the
egg nucleus; X500; after CHAMBKRLAIX (jft); figs. 334-337. P- Strobus; fig. 334, a
somewhat later stage thtin that shown in fig. 333; fig. 335, the spirems of the egg and
sperm nuclei after segmentation; fig. 336, the two spirems after segmentation; the
two halves of the spindle seem to indicate the paternal and maternal parts of the
mitotic figure; fig. 337, longitudinal section, showing the orientation of chromosomes
at the nuclear plate, the egg and sperm chromosomes no longer distinguishable;
X315; after Miss FERGUSON (87).
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during fertilization in the various species of pines which have been
studied. In Tsuga it is stated that the two sets of chromosomes are
associated, but remain distinct in the equatorial region of the first
spindle. In Juniperus, while there are slight differences in details,
the essential features are quite similar. Whether this independence

FlGS. 338-340.—Fertilization in Juniperus communis: fig. 338, chromatin of
sperm and egg nuclei in late prophase within tly limits of tht egg nucleus; fig. 339,
later stage in which the egg and sperm chromosomes are no longer distinguishable;
fig. 340, first division of fertilized egg; X520.—After NOR£M (13a).

of male and female chromatin continues into succeeding cell genera-
tions or not is a most important question. In his investigation of
Sequoia sempcn,>ircns, however, LAWSON (92) concluded that in fusion
the two chromatic masses form a common network, in which the male
and female constituents become indistinguishable.

4. The embryo

The development of the embryo, as in the preceding groups,

includes two general stages: (1) the development of the proembryo,

which is the preliminary tissue developed in the base of the egg; and

(2) the growth of the suspensor into the endosperm and the develop-

ment of the embryo proper at its tip. Among Pinaceae the proembryo

is a much less extensive tissue than among Cycadales and Ginkgoales,

being a few cells at the base of the egg, the bulk of the egg functioning

'
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as a food reservoir. Since there seems to be a general tendency

among gymnosperms to reduce the proembryonic stage of the embryo,

the Pinaceae may be regarded as a more advanced group in reference

to this character than the preceding ones.

THE PROEMBRYO

The development of the proembryo of Pinus Laricio may be taken
as an illustration (figs. 341-349). The fusion nucleus retains its
central position in the egg, and organizes the largest spindle of the
free nuclear series. It is worthy of note that this first spindle is almost
always oblique (fig. 341). The two daughter nuclei are very small

at first, but increase rapidly in size,
and then divide simultaneously. The
resulting four free nuclei, after increase
in size, pass to the base of the egg,
where they become arranged in a single
plane (figs. 343, 344). There follows
a simultaneous transverse division,
which results in two tiers of nuclei,
with four nuclei in a tier (figs. 344-
346). With this division the first
transverse walls appear in connection
with the spindles, and almost at the
same time vertical walls are formed
in each tier on secondary transverse
fiber connections established between
the nuclei (129) (figs. 350-352). This
appearance of walls at the eight-
nucleate stage of the proembryo is a
remarkably constant feature of the
Pinaceae. The older accounts of

Pinus introduce vertical walls at the four-nucleate stage, but it is now
discovered that a meshwork of fibrils was interpreted as a wall (fig.
350). It must be understood that the first walls do not appear after
eight free nuclei are organized, but in connection with the organiza-
tion of the eight-nucleate stage. The lower tier of four cells is
completely walled, but the upper tier is open above, so that the nuclei
are freely exposed to the general cytoplasm of the egg.

.

FlG. 341.—Pinus Larkio: first
division of the nucleus of the fer-
tilized egg; the entire mitotic figure
h intranuclear; the two daughter
nuclei resulting from this division
are the first two nuclei of the sporo-
phytic generation; X500.—-After
CHAMBERLAIN (51).
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FIGS. 342-349.—Pmus Larkio: fjajjy stages in the development of the s]K>rophyte;

1 be u-rm procmbryo applies to all the stages except that shown in the last figure;

fig. 342, the chromatin of the egg and sperm nuclei within the limits of the egg nucleus,

shown on a larger scale in fig. 333; fig. 343, first four nuclei of proembryo, also numer-

ous proteid vacuoles (p, pollen tube; it, cavities caused by inrush of contents of

pollen tube, or according to Miss FERGUSON* they are receptive vacuoles); fig. 344,

the four nuclei {two shown) dividing at base of egg; fig. 345, eight-celled stage; fig. 346,

somewhat later stage; fig. 347, last division of procmbryo; fig. 348, the complete

procmbryo, with four tiers of cells, four cefla in a tier; r, rosette tier; s, suspensor

tier; fig. 349, suspensor tier beginning to elongate; figs. 342-344, from material

collected June 25; figs. 345-348, July 2; X104.
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The next division may occur in either tier, but usually in the upper

(open) one, resulting in three tiers of cells, two of which are inclosed

by walls. Still another division, usually in the lowest tier (fig. 347),

results in four tiers, and with this division the pnxmbryo is com-

....

350
T

Fics. 350-352.—Pin us Laricio: three stages in the formation of the proem! iryo;

fig. 350, four nuclei (two shown) at base of fertilized egg, showing the fibers which had

been mistaken for a wait; X225; tig. 351, division of the nuclei shown in previous

figure, indicating that no wall is formed at the four-nucleate stage; X3S5; fig. 35A

late telophase of the mitosis the anaphase of which is shown in the previous figure;

the transverse walls art' nearly complete and the vertical walls, formed on the radiating

libers which are already becoming conspicuous in fig. 351, are developing; X350.—

After Mis? KILDAHI, (129),

plete (fig. 348). It consists, therefore, of twelve walled cells and

four open ones, arranged in four uniform tiers of four cells each. The

functions of the tiers are definitely distributed; the lowest forming

the embryo proper, the tier next above elongating to form the suspen-

sor, and the third walled tier constituting the so-called "rosette,"
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which is the plate or group of proembryonic cells remaining within
the egg and mediating between the food supply of the egg and the
suspensor. The size and generally active appearance of the four
uppermost nuclei, exposed to the cytoplasm of the egg, indicate that
they must remain functional for some time.

This account of the proembryo of Pinus probably applies equally
well to all the Abietineae, although the account is not full for any
other genera except Picea (79) and Pseudotsuga (156). The other

355 354

FIGS, 353-355.—Proembryo of Taxodineae: fig. 353, Taxodrum dhtichum, sixteen-

cellcd embryo in three tiers, six celts in rosette, six in suspensor, and four below; X 280;

after COKKR (76); fig. 354, somewhat later stage of same; X375; after ARXOLDI (64);

fig- 355t Cttnningkamia sineusis, proem bryu of three tiers of cells; X145; after
MlYAKE (147).

tribes have received the chief attention recently, and deserve some
separate mention.

Among the Taxodineae, the proembryo of Cryptomeria (64, 93),
Taxodium (64, 76), Sihuiopitys (64, 175), Set; no in (92), and Cunning-

liamia {147,180) have been investigated (figs. 353-355). ln a^ °f them,
with the exception of Sequoia, wall-formation occurs at the appearance
of the eight-nucleate stage, but there is considerable variation in the
passage of free nuclei to the base of the egg, even in the same form.
For example, in Cryptomeria one observer (64) reports that the fusion
nucleus passes to the bottom of the egg, while another observer (93)
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reports that four free nuclei fin one case six) pass to the bottom.

There is agreement that the fusion nucleus of Taxodium passes to

the bottom of the egg before division; while
in Cunninghamia this position is taken at
the two-nucleate stage, and in Sciadopitys

at the four-nucleate stage (as in Pinus).

The indications are that this movement
occurs at any time before wall-format ion,
but most frequently after two divisions.

In general, also, the completed pro-
embryo consists of three tiers of cells
instead of the four observed in Pinus, the
"rosette" tier not being present. The tiers
may not contain the same number of cells,
as the proembryo of Taxodium will illus-
trate. Preceding wall-formation the eight
nuclei are arranged in two tiers, the upper
containing six cells, the lower two. There
is only one division of tiers after wall-for-
mation, which divides the upper tier into the
suspensor cells and the open cells; at the

same time, the two basal cells divide by vertical walls to a tier of
four cells. The completed proembryo,

therefore, consists of six open cells, six sus-
pensor cells, and four embryo cells.

The case of Sequoia scmpm<irvns (9.2)
is very peculiar among Pinaccae. There

is no free nuclear division at all, a wall

being formed at the first division, which

results in two cells nearly filling the egg

(fig. 356). Succeeding divisions result

in a linear row of five large cells, the

lowest forming the embryo, and the next

upper one elongating to form the sus-

pensor. The elimination of the free nuclear

stage and the complete occupation of the

egg by a few embryonal cells are facts diflicult to relate at present.

FIG. 356.—Sequoia scm-

penirens: first division of

the fertilized egg, showing a

wall forming between the

two daughter nuclei; X500.

—After LAWSON (92).

Ftc. 357.—Sciadopitys

•llala: secondary sus-

pensors.—After ARNOLDI

(64).
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The case of Sciadopitys 16.4, i~y presents an interesting variation,

but it is not so fundamental a difference as that shown by Sequoia.

The four tiers of the proembryo, as in Pinus, consist of opes cell,

rosette, suspensor, und embryo tiers, but the last is represented by

3&8

• 358-360.—Thuja occidental*!: psocmbfyo ;m<l earty embtyo; fig. 358,
mitoses ^ivin^ rise to eight nuclei; ihc first walls appear in connection wiLh this mitosis;
n, ventral canal nucleus; fit;. 359. later stage, after the organization of tiers; % 360,
continued elongation of the suspensor; X425.—After L \ N O (7a).

a loose group of cells, which LAWSON 1175) says become about six-

teen in number. The terminal cells of this group form the embryo,

those just above form a secondary suspensor, and there are still some

loose cells between the lu*o suspensor regions (fig. 357).

Among the Cupressineae the proembryos of Thuja (72) (figs.

358-360), Juniper us (95, 132) (figs. 361-363), and Idbocedrus

(131 i have been investigated. In all of them wall-formation occurs
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at the eight-nucleate stage; but in Thuja and Libocedrus the nuclei

pass to the bottom of the egg after the first division, and in Juniper us

the fusion nucleus takes this position before dividing. Whether this

indicates a general situation among the Cupressineae or not remains

to be seen. As among the Taxodineae, the proembryo consists of

three tiers of cells, the uppermost one being open above, but its nuclei

•

361

363

FitiS. 361-363.—Junipervs communis: proembryo and early embryo; fig. 361,
suspensor beginning to elongate; X430; fig: 362, about the same stage; lhe large
nucleus at the top is "presumably the ventral canal nucleus"; X405; fig. 363, con-
tinued elongation of suspensor; X230.—After XORE\.

soon disintegrate in Thuja. The four cells of the embryo tier in

Thuja are not in one plane, having a tetrahedral arrangement. In

Widdringtonia and Callitris (159, 176) the details of proembryo-

formation have not been observed, but the completed proembryo

completely fills the egg with a tissue of eight or more cells, resembling

in general the proembryo of Sequoia. SAXTON states (176), further-

more, that walls appear in the proembryo of Widdringtonia before the

eight-nucleate stage, which probably means that they appear during
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the transition from the four-nucleate to the eight-nucleate stage, as in

most Pinaceae. Only one of the cells of the proembryo develops the

embryo, and the one next above forms the long suspensor, while the

other proembryonal cells soon disappear.

In these three tribes of Pinaceae, therefore, the proembryo con-

sists of twelve to sixteen cells, arranged in three (Taxodineae and

Cupressineae) or four (Abietineae) tiers, the fewer cells belonging

to the Cupressineae; a statement that must exclude Sequoia, Wid-

dringtonia, and Callitris. Unfortunately, the proembryo of none of

the Araucarineae has been investigated.

THE SUSPENSOR AND EMBRYO

The suspensor cells elongate enormously, thrusting the embryo

cells into the endosperm, and usually becoming very long and tortu-

ous (figs. 364, 365). In such cases as Pinus, in which there is a sus-

pensor cell for each of the four embryo cells, four separate embryos

may begin to develop, which is the usual method, or all four cells

may form a single embryo. Even in such cases as Taxodium, in

which there is inequality in the number of suspensor and embryo

cells, the former may or may not separate from each other, resulting

in one or more embryos. Of course in such a case as Thuja, in

which the embryo cells are not in one plane, and one of them is terminal,

a single embryo is formed. Even a single embryo cell may give rise

to two embryos, if the first division is vertical and the two daughter

cells become organically dissociated. The indifference of these cells

in reference to embryo-formation is very marked, an embryo being

formed by a group of proembryonic cells (the "embryo tier"), by

any member of this group, or even by its daughter cell.

In many of the Pinaceae "embryonal tubes," haustorial in func-

tion, are developed from the basal cells of the embryo, and are found

investing the end of the suspensor and the base of the embryo, some-

times being exceedingly numerous and conspicuous (figs. 365, 366).

There is no definite sequence in the early divisions of embryo-

formation. Transverse or vertical walls may occur at any division,

although in the case of an embryo developing from a single cell the

first two or three divisions are generally transverse. The organization

of the great body regions has not been investigated, so that between
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FIGS. 364, 365.—Finns Laria'o: two
embryos with long suspensors; in fig. 365
three young embryonal tubes may be seen
between the embryo proper and the end
of the suspensor.

364
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the earliest divisions and the beginning of the vascular system of the
seedling there is a hiatus in our knowledge.

The only information in reference to the embryo of the Araucari-
neae is an early account of Araucaria brasiliana by STRASBURGER

(25) (figs. 367, 368). The stem tip is not terminal, but is covered
by a small group or layer of cells which is soon thrown off, and seems
for a time to serve as an organ of penetra-
tion or protection. This terminal group of
cells shifts the usual functions of the tiers
of the proembryo, the lowest tier developing
this embryo cap, the middle tier producing
the embryo, the tier next above (ordinarily
the rosette) forming the suspensor. It is an
interesting fact that this same feature is
found also in the embryo of Cephalolaxus

Fortune* (25) (figs. 369, 370).

The origin of the testa is but little known
in detail, but the region of its development
may be seen in fig. 275. Next to the endo-
sperm is a dry, membranous layer derived
from fleshy tissue; outside this is the hard
layer, which in the upper region, at least,
comes from the middle layer of the integu-
ment; the outermost layer, dry and incom-
plete, comes from fleshy tissue (fig. 371).

The number of cotyledons among Pina-
ceae, involving as it does the origin of
polycotyledony, is an interesting and im-
portant topic. The Bennettitales, Cycadales, and Ginkgoales have
given the impression that the primitive number of cotyledons is two, but
this still remains an open question. Among the Pinaceae the number
varies from two to fifteen, and the fluctuations hold no relation to the
tribes, except that the higher numbers are characteristic of the Abie-
tineae, in which the recorded range is three to fifteen. Among the
Taxodineae the range is two to six, two cotyledons appearing quite
uniformly in Sciadopilys, Cunningham la. Sequoia semperuirens, and
Arthrotaxis; two or three in Cryptomeria; and three to six in Sequoia

FIG. 366.—Taxodium
distickum; apparently three
embryos in a group uniting
to- form a single embryo;
the embryonal tubes are
conspicuous; XiSo.—After
COKER (76).
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gigantea. Among the Cupressineae the range is two to rive, two being
usual in Thuja, Callilris, Widdringlonia, and Actinoslrobus; two or
three in Libocedrus; and the whole range of two to five in the various
species of Juniperus and Cupressus. Among the Araucarineae,
Agathis has two cotyledons, and Araucaria two to four. These num-
bers will doubtless vary upon wider acquaintance with the forms, but
they serve to illustrate that the fluctuations occur not only between
tribes, but also within tribes and genera, and even species.

368

Fics. 367, 368.—Araucaria btasiliaua: a procmbryo filling the entire egg; only

the shaded cells belong to the embryo proper, the wedge-shaped mass of cells below

being the embryo cap; fig. 36S, later stage, showing the wedge-shaped mass of cells

being thrust aside; X153.—After STKASBtrRGER (25).

The explanation of this variation is difficult, but there seem to be

two alternatives: either the polycotyledonous condition is derived from

the splitting of two ancestral cotyledons (141, 154), or the dicotyle-

donous condition is derived from the fusion of more numerous

cotyledons. In other words, it is a question whether polycotyledony

is primitive or derived.

The argument for the derivation of polycotyledony from dicotyle-

dony has been developed by HILL and D E FRAINE (141, 154). This

befa'ef dates from ADANSON and JUSSIEU, and was supported by
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DUCHARTRE (5) and DANGEARD (36), the former calling attention
to the inconstancy in the number of the cotyledons of polycotyledonous
forms, and to the lack of any direct relation between these numbers
and the connecting vascular strands. SACHS (27) and MASTERS

(34) opposed this view, and so opinion has long been divided. HILL

and D E FRAINE find that among the Taxaceae
and many Cupressineae the cotyledons are
definitely two, each (except in podocarps)
with a single vascular strand, and the root
is diarch from the first. Among the Abie-
tineae, in which there are three to many
cotyledons, the vascular strand is single and

tetrarch, etc., the number of protoxylem
poles bearing no obvious relation to the
number of cotyledons, and variations oc-
curring in the same plant. This lack of
relationship between the number of cotyle-
donary strands and of root poles was noted
by CHAUVEAUD (68), who found in Pinus

marilima such combinations as five coty-
ledons and a pentarch root, seven cotyledons
and a tetrarch root, etc., the cotyledons in
general being more numerous than the root
poles. The argument further appeals to
the occurrence of partially split cotyledons
{Cupressus forulosa, Abies sibirica, Pinus

montana gallica, Araucaria Cunninghamia)t

and to the fact that the cotyledons are often
obviously in groups. Cases of transition
are also cited, in which the strands are

369
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FIGS. 369, ^a.—Cephalo-

• Fortune*: fig, 369,
prnembryo still within the
^Ki fig- 370, later stage
showing the elongated sus-
pensor (s); X63.—After
STRASBUHGER (25).

more or less divided, and this is accompanied

by division of the cotyledon. As an illustration of this, three entire

cotyledons were found in Pinus conlorUi Mitrrayatia, one of which was

much larger than the others and contained two separate strands, the

conclusion being that one cotyledon had split into two and the other

had remained entire. In the case of the higher numbers of cotyledons,
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the origin by splitting becomes difficult to explain, and it is believed

that in some cases the number may be increased by the coming in of

extra primordia, probably displaced from the first stem node to the

cotyledonary node. The occurrence of more or less complete cotyle-

donary tubes was also found to be quite general, twenty species being

cited.

On the other hand, it must be remem-

bered that these same facts may be used

also as an evidence that the dicotyledonous

condition has arisen from the fusion of

more numerous cotyledons. It is evident

that the question is at present an open one,

but it must be remembered that probably

our oldest group of Coniferales, older even

than the Cycadales and Bennettitales with

which we are acquainted, is the extreme

illustration of polycotylcdony, while the

youngest of the Coniferales are dicoty-

ledonous or nearly so.

It has long been expected that partheno-

genesis would be found to occur among the

Pinaceae, and recently SAXTON has reported

(158) that Pinus Pinaster ("cluster pine"),

growing at Cape Town, is parthenogenetic,

the nucleus of the egg dividing, and the

divisions continuing to all stages of the

proembryo, when there was no trace of

pollen tubes in the nucellar cap, or tubes

containing no nuclei were only part way

through the nucellus. The series was

close enough, and the comparison with

stages in the normal embryo complete enough, to make the con-

clusion reasonably safe.

HAYDON (126) has made an interesting comparison between the

theoretical and actual output of an ovulate strobilus of Pinus sUves-

In's. It seems that such a strobilus might produce theoretically about

1,500 procmbryos, which means that number of successfully fertilized

FIG. 371.—Pinus Laricio:

diagram of longitudinal sec-
tion of seed; the three layers
of the seed coaL are not sepa-
rated from each other as
shown in the diagram, Init
are tightly appressed, and the
outer may bequite incomplete;
w, remains of nucellus; /, re-
mains of inner fleshy layer;
s, hard layer; o, remains of
the outer fleshy layer.
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eggs; but that actually it produces 10 to 20 good embryos in as many

seeds.
5. Distribution

The geographic distribution of Coniferales as a whole is in striking

contrast with that of Cycadales, the former belonging to the temperate

regions of both northern and southern hemispheres, and the latter

belonging to the tropics and subtropics. The Pinaceae are massed

chiefly in the northern hemisphere, and there is no crossing of the

tropical belt by any genus except Libocedrus, which extends far into

temperate South America by way of the Andes, and reaches Australia

through the East Indian region. The main facts of distribution may

be stated in connection with the tribes.

The Abietineae, including more than half the species of Pinaceae,

are almost exclusively northern, the dominant genera, distributed

throughout the temperate regions of the northern hemisphere, being

Pinus, Abies, Picea, and Larix, genera which include 115 of the 129

species of Abietineae. China contains two endemic genera (Pseudo-

larix and Keteleeria) and North America one (Pseudotsuga); while

Tsuga is North American and Asiatic, and Cedrus is Asiatic and North

African. Both structure and distribution indicate a very natural

group, which forms the chief gymnospermous forest display of the

northern hemisphere.

The Taxodineae are a remarkable group geographically, for all

the genera, eight in number, are narrowly restricted in range, and three

of them are monotypic. If the tribe is at all natural, the distribution

indicates a former wide extension, represented now by thirteen species

in eight widely scattered and endemic genera. Four genera (Scia-

dopitys, Cunninghamia, Taiwania, and Glyptostrobus) occur only in

the China-Japan region; two genera (Sequoia and Taxodium) are

found in restricted areas of North America; while the remaining

genus (Arthrotaxis) belongs to the southern hemisphere (Tasmania

and Victoria). This distribution seems unnatural for a natural

tribe, especially when contrasted with the distribution of Abietineae.

The Cupressineae are almost as remarkable in their distribution

as the Taxodineae. Two genera, including more than half the species,

range widely through the northern hemisphere, Juniperus belonging

to the whole north temperate region, and Cupressus occurring in
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North America (including Mexico), southeastern Europe, and tem-

perate Asia. Thuja and Chamaecyparis belong to North America

and the China-Japan region, the former extending into central Asia;

and Thujopsis is endemic in Japan. Four genera belong to the

southern hemisphere, Actinostrobus and Callitris being restricted

to the Australasian region, Widdringtonia occurring in equatorial

and southern Africa, and Fitzroya with one species in southern Chili

and the other in Tasmania. Libocedrus girdles the Pacific, being the

only genus represented in both the northern and southern hemispheres,

the general outline of its range being California, Chili, New Zealand,

Australia, China, and Japan.

The Araucarineae are exclusively southern, Agathis belonging

to the Malay Archipelago and the Pacific islands to New Zealand,

and Araucaria occurring not only in the Australasian region but also

in South America. This tribe is as characteristic of the southern

hemisphere as are the Abietineae of the northern hemisphere.

By far the greatest display of Pinaceae in genera and species is

that which borders the Pacific Ocean, the chief areas being western

North America, the Australasian region, and the China-Japan region;

and throughout the whole of this vast border region Libocedrus is

represented.

The China-Japan region is notable for its eight endemic genera,

six of which are monotypic (Pseudolarix, Sciadopitys, Cunninghamia,

Taiwania, Cryptomeria, and Thujopsis), and the remaining two are

each represented by two species (Keteleeria and Glyptostrobus). That

such an assemblage of the genera of Pinaceae should have been

preserved in this region after they had become extinct elsewhere is

remarkable. The wealth of the coniferous flora of this region may be

appreciated when it is understood that 87 species and 23 genera of

Coniferales have been recorded from China (113, 146), 42 of the

species being endemic; while in Japan 48 species are recorded, 15 of

which are endemic.

Four of the genera of Pinaceae (Arthrotaxis, Actinostrobus, Calli-

tris, and Agathis) are endemic in the Australasian region; and three

(Pseudotsuga, Sequoia, and Taxodium) in North America.

These general facts of modern distribution can only be understood

in connection with the more ancient distribution of genera and tribes,



CONIFERALES (PINACEAE) 303

but the history of the Pinaceae is not in a condition as yet to supply

such definite information.

6. History

The Coniferales are certainly very ancient, for remains of

undoubted conifers occur from the later Paleozoic (Permian) on,

and the total amount of material is enormous. Efforts have been

made to determine the material upon the basis of anatomical structure,

and the literature of paleobotany is full of names suggestive of affinities

with modern genera, but the results have been disappointing. Beau-

tifully preserved coniferous wood is common in Mesozoic deposits,

but no means have been found to determine, without peradventure,

even the tribes to which it belongs. Even the strong superficial

resemblances of leaf-bearing twigs and cones cannot be relied upon

to determine affinities. For example, HOLLICK and JEFFREY (155)

have found that cretaceous coniferous remains referred with consider-

able confidence to Cupressineae, Podocarpineae, and Sequoia really

belong to Araucarineae.

It would be a matter of very great interest if the affinities of the

permian conifers could be determined, for it would go far toward

determining the genetic relationships of the modern tribes. Recently

new methods have been introduced, in connection with the study of

mesozoic material, which promise to bring much nearer the knowledge

of affinities, and with it some knowledge of the evolution of this most

important group of gymnosperms.

In 1900 SCOTT concluded (61) that there was no sure evidence

of Abietineae below the Cretaceous. In the Wealden (lowest Cre-

taceous) there are dwarf shoots bearing fascicles of needle leaves,

which are so characteristic of Finns as to leave no doubt that forms

allied at least to that genus existed; and at the same horizon abie-

tineous wood occurs. Later ZEILLER and FLICHE (82, 88) reported

the discovery of pine cones in the Jurassic of France. The discovery

was interesting not only because it brought to light the oldest known

pines, but also because the cones represented the two main series of

existing pines {Strobus and Pinaster), and therefore the pines were

already well differentiated in the Jurassic. Recently NATHORST

(148) announced the discovery of numerous winged pollen grains
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from the Triassic of Sweden, and concluded that pines flourished at

that time. These discoveries carry the Abietineae, represented by

Pinus and allied forms, through the Mesozoic, in a position to be

connected with paleozoic gymnosperms. It must be recognized that

cones and even winged pollen grains may not be sure evidence of

Abietineae during the early Mesozoic, but they must be regarded as

at least probable evidence.

The more detailed connection of living Abietineae with the paleo-

zoic Cordaitales has been made by JEFFREY (142) in his investigations

of the gymnosperm remains from the Cretaceous of Staten Island

(N.Y.), partly in connection with CHRYSLER (112) and HOLLICK

(155). The investigations involved the development of a special

technic in the treatment of fragments obtained from clay pits. The

wood of these pines of the Middle Cretaceous, known as Pityoxylon,

differs from that of living pines in the absence of marginal ray tra-

cheids, highly resinous rays, and an association of certain features of

hard and soft pines. It is inferred that these characters are ancestral

for Pinus since they persist in the cones of existing species (112).

It was in connection with an investigation of the structure of the

leaves of cretaceous pines, however, that the most interesting

connection was made, for it resulted in the recognition of what is

regarded as the direct ancestor of Pinus, which received the generic

name Prepinus (142). This interesting form had deciduous dwarf

shoots bearing numerous spirally arranged leaves, whose structure

is most suggestive. There are paired resin canals continuous to the

very base, well-marked centripetal xylem, and about the vascular

bundles a complicated double sheath of transfusion tissue resembling

that found in the leaves of some Cordaitales. Many of the true pines

of the Cretaceous were found to have this sheath, but not the centripe-

tal xylem; and JEFFREY regards the tissue adjacent to the protoxylem

in the leaves of existing pines as a relic of the inner transfusion

sheath rather than of centripetal xylem (p. 10). In this way a con-

nection is established between living pines and paleozoic Cordaitales

through cretaceous pines and Prepinus. If this connection is trust-

worthy, the Abietineae are as old as any tribe of the Pinaceae can be,

and Pinus is the oldest genus.

If Sequoia be excluded from the Taxodineae, there is no evidence
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of the existence of that tribe before the end of the Cretaceous. Until

recently, the oldest claim made for Sequoia was its occurrence in the

Wealden (lowest Cretaceous) of Portugal; but ZEILLER and FLICHE

(82,88) have announced cones of Sequoia from the Jurassic of France,

which represent both the S. gigantea and the 5. sempervirens types,

and therefore the. genus was already differentiated in the Mesozoic.

Much doubt has been thrown upon these determinations by increasing

knowledge in reference to the extensive araucarian flora of the Meso-

zoic, for cretaceous forms referred to Sequoia have proved to be arau-

carian. Of still greater uncertainty is Voltzia of the Upper Permian

and Triassic (61), which has been referred to the Taxodineae on the

evidence of certain vegetative and cone characters, the cone scales

being said to be two-lobed as in Cryptomeria. With the triassic

Voltzia and the Jurassic Sequoia in a state of uncertainty, the only

safe conclusion is that Taxodineae are not older than the Cretaceous

and that the most certain remains are those of the Tertiary.

The same statement may be made for Cupressineae, for although

Cupressus-Kke twigs and cones have been described from the Jurassic,

there is no reliable evidence of the tribe earlier than the Upper

Cretaceous.

It is clear, therefore, that the Abietineae are much older than the

Taxodineae and Cupressineae, and this historical relation favors the

view that these two tribes have come from abietineous stock.

The Araucarineae are rival claimants with the Abietineae for

antiquity, and the question as to the relationship of these two tribes

is of great interest. It is now known that there existed an extensive

araucarian flora during the Mesozoic, and that this was probably

the dominant type of Coniferales at that time. Araucarians ranged

from Greenland to Patagonia in one hemisphere, and from Spitz-

bergen to Cape Colony in the other, but apparently became almost

extinct at the opening of the Tertiary, and are now restricted to South

America and the Australasian region, having disappeared from

North America, Europe, Africa, and practically all of Asia (118, 137).

In our own country the Atlantic coastal plain evidently supported

during the Mesozoic an abundant araucarian vegetation, and from

the cretaceous clay pits of Staten Island alone, HOLLICK and JEFFREY

have described recently (155) nine new genera and recognized seven
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others; and SINNOTT (162) has added another new genus from

Massachusetts. It was in connection with these studies that the

general character of this flora was outlined. One of the important

results was the discovery that coniferous remains which had been

referred to Sequoia, Cupressineae, and Podocarpineae, on account

of strong superficial resemblances, are really araucarians.

Two types of wood structure have been described (155), which

seem to represent a phylogenetic connection of the living araucarians

with some very ancient type. The anatomical characters of existing

araucarians are summarized as follows: tracheids with radial bor-

dered pits alternating or flattened by mutual contact; resin canals

not formed as a traumatic response; medullary rays pitted only in

contact with tracheids; and leaves not on dwarf shoots. One of the

mesozoic types, including several genera whose wood has been named

Brachyoxylotiy differs in that there is an association of araucarian and

abietineous pitting, the former being restricted to the ends of tracheids,

and also in that resin canals are formed in response to injury, as in

Abietineae. The other type is represented by the genus AraucariopUys

(127), whose tracheids show the same association of araucarian and

abietineous pitting, and in which traumatic resin canals are often

present, but whose medullary rays have pits not only on the lateral

walls but also on the other walls, as in Abietineae, and whose leaves

are probably on dwarf shoots, as in Pinus. There are thus three types

of araucarians, which show intergrading characters from the existing

type through the two mesozoic types toward the Abietineae. These

intergrading characters, if they have the value that has been assumed

for them, seem to connect in some way the Araucarineae and the

Abietineae, and this connection must have been a very old one.

An abundant and world-wide araucarian flora during the Jurassic

and Cretaceous would at least suggest the existence of the tribe in

much earlier times, but the evidence from actual remains is not con-

vincing. The permian genus Walchia, whose leafy twigs are common,

some of them bearing cones, has been referred to the Araucarineae.

The habit is like that of some of the living araucarians; casts of the

pith (Tylodendron) agree closely with Araucaria, the wood is of the

Araucarioxylon type, and the small scaly cones suggest the same

connection. Even with all this agreement, however, the case is not
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proved, and the strongest evidence for such ancient araucarians is

the abundance of mesozoic araucarians. The impression that the

Araucarineae are the oldest of the Coniferales seems to have arisen,

therefore, from the abundance of the Araucarioxylon type of wood

in the Paleozoic; but since it is found that this paleozoic wood prob-

ably all belongs to Cordaitales (p. 165), the evidences of paleozoic

araucarians look very scanty. SCOTT (160) has expressed the judg-

ment that " the direct paleontological evidence, apart from theoretical

considerations, is favorable to the opinion that the Araucarineae have

the longest fossil history, probably overlapping that of the typically

paleozoic order Cordaiteae."

The general conclusion in regard to the antiquity of the four tribes

of Pinaceae, therefore, is that the Abietineae and the Araucarineae are

much the oldest, both being certainly represented throughout the

Mesozoic, and probably in the Permian, with no sure evidence as to

which of the two is the older. The Taxodineae and Cupressineae

are probably not older than the Cretaceous, and are recognized with

certainty chiefly from the Tertiary.

Recently Miss STOPES and FUJII (169) have uncovered the first

glimpse of a cretaceous flora of northern Japan, the well-preserved

material permitting sections. The most common plant was a gymno-

sperm, whose vegetative structures were named Yezonia. Constantly

associated with its remains there were strobili, named Yezostrobus,

and strongly suspected of belonging to it, but not found in actual

organic connection. The small concrescent leaves suggest the Cupres-

sineae, but they are in a close spiral and differ in structure from those

of any other gymnosperms, having a number of vascular bundles

and broad bands of transfusion tissue. Its strobili, if Yezostrobus

belongs to it, were composed of scales bearing single seeds in the

middle, whose massive integument was cycadean (three-layered, and

with vascular strands in the outer and inner fleshy layers), but whose

nucellus was free to the base (fig. 45). This combination of char-

acters has induced the authors to suggest the establishment of a

new family of Coniferales, to be known as the Yezoniaceae. There

is thus evidence of an abundant cretaceous gymnosperm flora in a

region which has preserved a remarkable series of "endemic" genera

of gymnosperms, and whose fossil flora may add very materially to
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their number. It is very probable, according to JEFFREY, that
Yezonia is the same as Brachyphyllum, the commonest conifer
(araucarian) of the later Mesozoic in the Atlantic coastal region of
the United States. Whatever the peculiar anatomy of the leaves of
Yezonia may suggest as to relationships, the structure of the seed,
with its completely free nucellus, suggests either a remarkably per-
sistent retention of an ancient character, or an abandonment of the
idea that such a character is necessarily ancient. Moreover, in these
detached seeds no embryos were found, adding force to the suggestion,
made in connection with paleozoic seeds, that the absence of embryos
is not a paleozoic character, but a character of seeds prematurely
detached.

7. Interrelationship of the tribes

All the evidence of morphology, vascular anatomy, and history
favors the belief that the Taxodineae and Cupressineae have been
derived from the much more primitive stock of the Abietineae; and
these two branches may be assumed to have arisen during the
Mesozoic.

The discussion of relationship, however, has really to do with the
Abietineae and Araucarineae, and to this discussion history can
contribute nothing decisive. The apparent anatomical connection
of these two tribes, suggesting genetic relationship, has been men-
tioned, and JEFFREY has concluded that the Araucarineae have been
derived from the primitive stock of the Abietineae. The general
outline of the argument is as follows. That abietineous wood with
resin canals only as a result of injury (as in Cedrus, Abies, Tsuga,

Pseudolarix) is less ancient than that in which resin canals are a
normal feature (as in Finns), is shown by the greater geological age
of the latter; and this is indicated further by such a Pinus-like form
as PrepinuSy which, in addition to its resin canals, has foliar vascular
bundles identical with those of Cordaitales. The inference is that
a resin canal produced by wounding is a "reversionary character."
These wound reactions occur in both of the fossil araucarian types
of wood known as Brachyoxylon and AraucariopUys, but not in living
araucarians; and since these two types show also a combination of
araucarian and abietineous pitting, both in the secondary wood and
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in the medullary rays (p. 306), the movement of evolution seems to have
been from the Abietineae toward the Araucarineae. It would fol-
low that the modern araucarians have come from ancestors (like
Araucariopitys) allied to the Abietineae through such intermediate
forms as Brachyphyllum and its allies (with Brachyoxylon wood).
It is evident that these cretaceous types could not have made the actual
connection with Abietineae, but they may represent the structure of
much more ancient forms that did.

One objection to the abietineous origin of araucarians is that the
latter were a dominant type during the Mesozoic, while the Abietineae
seem to have been scantily represented. At present it is an assump-
tion that the Abietineae were poorly represented, and so far as there
is any proof to the contrary, Pinus may have been represented by
as many species during the Cretaceous as now. At the same time it
must be remembered that these resemblances and the historical record
would be satisfied by the independent origin of the two tribes from
such a common ancestry as the Cordaitales. Therefore, so far as
the present evidence goes, it is satisfied with two alternatives: either
the Araucarineae were derived from the Abietineae at a very early
period, or the two tribes arose independently and about the same time
from the same ancestral stock.

8. Relationship to other gymnosperms

. The question of the origin of the Pinaceae was involved in the
discussion of the interrelationship of the tribes. There seems no
reason to doubt that the primitive stock came from the Cordaitales,
either an abietineous stock alone, which gave rise to the other tribes,
or such a stock accompanied by a separate araucarian phylum. It
must be remembered that Cordaitales include a range of forms
much more extensive than the Cordaitineae (Cordaiteae), forms
which show intergrading characters between Cordaitineae and Cycado-
filicales. It is from such a plexus that Coniferales as a whole may be
claimed to have been derived. To present the data which favor this
connection with the Cordaitales would be to rehearse the facts of
structure and of history that have been presented in connection with
the two groups. With Cycadofilicales and Cordaitales in mind as the
dominant paleozoic groups of gymnosperms, the latter as clearly
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leads to the habit and structure of Coniferales, as the former does to

that of Cycadales. The habit of the body, the thick vascular cylinder,

the entire leaves, the structure of the ovulate strobilus, are all con-

spicuous features of Cordaitales that are carried forward by the Conif-

erales, and are in strong contrast with the features of the cycadophytes.

Apparently the most important change observed in the Coniferales is

the abandonment of the swimming sperm with its associated pollen

chamber. It must be remembered, however, that the record of this

change is obtained by contrasting living conifers with paleozoic

Cordaitales, and that there is really no evidence as to when it occurred

or in what group.

There are two views as to the origin of Pinaceae which differ from

the one expressed above, and which deserve mention.

In his investigation of the secondary wood of Coniferales, PEN-

HALLOW (96, 133) has reached the conclusion that the Pinaceae have

come from the Taxaceae (that is, a primitive taxad stock), which in

turn are a phylogenetic branch from the Cordaitales. So far as the

Cordaitean origin of conifers is concerned, this view agrees with the

preceding one; but as to the primitive conifers, the two views are

directly contradictory; and the latter view seems to be contradicted

also by history, especially as the phylogenetic succession proposed

is Taxodineae, Cupressineae, and Abietineae, with Pinus as the most

modern genus. The conclusions are based upon the assumption that

greater complexity of structure necessarily indicates a more modern

form. It must be kept in mind, in connection with all these views, that

the tribes as represented in our present flora are not thought of as

ancestral forms, but that they represent the ends of successive branches

that have arisen from a common coniferous stock. This investigator

concludes also that the Araucarineae had an independent and direct

origin from the Cordaitales, which is one of the alternatives mentioned

above.

The other view referred to is that of SEWARD (105, 117, 118),

who has argued for the origin of Araucarineae from Lycopodiales.

This is an older view (SACHS, EICHLER, POTONIE) that had passed

out of notice in connection with recent work. SEWARD urges that the

primitive character of araucarians is shown by (1) the gradual transi-

tion from ordinary foliage leaves to sporophylls (also often green);
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(2) the uniform and simple character of the secondary wood, composed

almost entirely of tracheids with multiseriate bordered pits; (3) the

persistence of leaf traces, even in old trunks; (4) the simple sporo-

phylls (each the homologue of a foliage leaf) in contrast with the double

structure that characterizes the ovulate cones of the other Pinaceae;

and (5) the very numerous and irregularly scattered archegonia, which

are found in no other Pinaceae except Sequoia. Admitting the force

of all these characters in proving the primitive character of any group

possessing them, they merely emphasize the fact that the araucarians

are very distinct from the other Pinaceae, and must have been distinct

for a very long time. Of course this claim is only preliminary to the

attempt to establish a phylogenetic connection with the Lycopodiales,

through some such form as Lepidocarpon. The objections to this

connection are numerous, and perhaps the most fundamental one is

the presence in araucarians of foliar gaps and of wood indistinguish-

able from that of Cordaitales (116). The gradual transition from

foliage leaves to sporophylls finds a parallel among the Cycadofilicales;

and the cited characters of the archegonia are repeated in Sequoia

and Widdringtonia. SEWARD and FORD (105, 118) have been so

impressed by the isolation of Araucarineae among gymnosperms that

they have proposed a group Araucariales, coordinate with Coniferales,

Cycadales, etc.

SCOTT (160) has summed up the evidence in favor of the cordaitean

origin of the araucarians, as against their lycopodinean origin, in

effect as follows: (1) the stem structure, especially that of the wood,

is cordaitean, and is unknown among lycopods; (2) the roots are essen-

tially of cordaitean type (true of conifers in general), and show none

of the peculiarities of the roots of lycopods; (3) the leaves (with their

numerous parallel bundles) agree with those of Cordaitales, and not

with those of Lycopodiales (with a single foliar bundle); (4) the

staminate strobili and sporangia are cordaitean, and differ absolutely

from those of lycopods. The ovulate strobilus seems to be the only

support of the view that araucarians have been derived from lycopods.

The relation of the Pinaceae to the other living groups of gymno-

sperms may be inferred from the previous statements, and needs only

a brief mention. The only connection with Cycadales is through the

Cycadofilicales, and that is both very ancient and very problematical,
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involving as it does the question of the relationship of Cordaitales

and Cycadofilicales. It is evident, therefore, that Cycadales and

Coniferales are as far apart as the history of gymnosperms could

make them. The connection of Pinaceae and Ginkgoales is much

closer, for it is evidently made through their common ancestral group,

the Cordaitales. These two groups, therefore, have many characters

in common, but have carried forward differences that have made them

distinctly divergent, and they are now as far apart as two groups with

an immediate common ancestry can be. The relation of Pinaceae

to Taxaceae is obscure, but the combined testimony of history and of

structure suggests that the latter have been derived from the former.

A fuller discussion of this is deferred until the Taxaceae are presented.

The relation of Pinaceae to Gnetales is still more obscure, but a phylo-

genetic connection seems evident through Ephedra, which will be

considered later.1

1 The literature cited for Pinaceae will be found under the general list for Conif-
erales, at the end of the next chapter.



CHAPTER VII

CONIFERALES (TAXACEAE)

The Taxaceae were defined superficially (p. 220) as conifers in

which usually distinct ovulate strobili (in the ordinary sense) are not

formed, the ovules often being exposed freely, and in which the seeds

develop a partially fleshy testa or an aril. These very general charac-

ters are accompanied by such peculiarities in the morphology that the

family is presented separately from the Pinaceae. The Taxaceae

include 11 genera and approximately 105 species, two tribes being

recognized.

The Podocarpineae (podocarps) are superficially recognized by

their winged pollen grains, and are characteristic of the southern

hemisphere. They include 6 genera and approximately 86 species,

as follows: Podocarpus (60 species, throughout the southern hemi-

sphere: West Indies and South America, tropical and southern Africa,

Australasia to Japan), Dacrydiwn (16 species, Australasia to the East

Indies), Microcachrys (1 species, in Tasmania), Pherosphaera (2

species, in Australia and Tasmania), Saxegothaea (1 species, in the

Andes of Chili), and Phyllocladus (6 species, in New Zealand, Tas-

mania, and the East Indies). The dominant genus is Podocarpus,

which holds the same conspicuous place among the conifers of the

southern hemisphere that Pinus holds among the northern conifers.

This great genus is also the only one of the podocarps represented

in the northern hemisphere, extending into Japan from the East

Indies (fig. 372). Phyllocladus is often regarded as representing a

third tribe, intermediate between the other two, but its morphological

characters clearly associate it with Podocarpineae (145, 174). *

The Taxineae (taxads) have wingless pollen grains, and are found

chiefly in the northern hemisphere. They include 5 genera and

approximately 19 species, as follows: Taxus (7 species, throughout

the temperate and subtropical regions of the northern hemisphere;

also in tropical Asia and the mountains of Mexico), Torreya (4

species, in the United States, Japan, and China), Cephalotaxus

(6 species, in eastern Asia), Acmopyle (1 species, in New Caledonia),

313
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PlG. y}2.—Podocarpus dacrydioides in a remnant of a forest of Taxaceae near

Ihvorcargilt, N'i-w Zealand.—From photograph by J. CKOSBV SMITH.
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and Polypodiopsis (1 species, in New Caledonia). The New Cale-
donian representation is so small, and the affinities of Polypodiopsis

are so uncertain, that the tribe may be regarded as northern in its
distribution, in contrast with the southern distribution of the podo-
carps. The difficulty of estimating the number of species may be
illustrated by Taxus, at least 75 species of which have been described,
7 of which are recognized by BENTHAJK and HOOKER; and these have
been reduced to a single species by PILGER (81).

The Taxaceae and Pinaceae have so many features in common
that in the following account, to avoid needless repetition, attention
will be called chiefly to the differences.

1. The vegetative organs

The general habit of the body of Taxaceae resembles that of Pina-
ceae. In some forms, also, the branches are dimorphic, the dwarf
shoots of Phyllocladus being transformed into the characteristic
phylloclads (fig. 373). The phylloclads are in the axils of small
scalelike leaves, which are at first green, but later become true scales,
and are really developed by the primordia of foliage leaves; while
in the juvenile forms the first leaves are flat green needles, which are
successively replaced by shorter and shorter ones until the adult form
is reached, and the phylloclads themselves only gradually acquire
their peculiar character (fig. 256, e, f). It seems evident that this
peculiar form has been derived from forms with ordinary spreading
needles and axillary dwarf shoots.

VASCULAR ANATOMY

The structure of the stem is the same as that of Pinaceae, the
vascular cylinder being collateral endarch. Among the taxads,
however, the traces of ancient structure in the form of mesarch bundles
are of more general occurrence than in any other tribe of conifers.
Pronounced mesarch bundles occur in the cotyledonary strands of
Cephalotaxus (45, no , 141), and less obviously in those of Taxus

(no, 141) and Torreya (75); while one species of Cephalotaxus

is reported to have a mesarch stem cylinder. Among the podocarps
mesarch bundles occur in the phylloclads of Phyllocladus (115),
and there are apparently traces of centripetal xylem in the axis of
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the staminate cone of Saxegolhaea (150). It is probable that mesarch

bundles will be found to be a common feature of the cotyledons of all

G- 373-—PhyUodadtts rkomboidalis: portion of a small branch showing leaves

(/), from the axils of which come the phylloclads (/>); natural size.

Taxaceae, and that they will prove to be of common occurrence in the

peripheral parts of the shoot. However this may be, the number of

cases reported already are sufficient to contrast the Taxaceae with the



CONIFERALES (TAXACEAE) 317

Pinaceae in this feature, which is barely represented in the latter

family in Juniperus and Cupressus, and in the cone scales of

Araucaria.

The leaf trace is single, even the cotyledons being supplied by a

single vascular strand, except those of Podocarpus, in which there are

two entirely separate strands. In this feature Podocarpus (and

perhaps other podocarps) differs from the taxads and most of the

Pinaceae. In this case the two cotyledonary strands together form

one pole of the primary diarch root (141).

The tracheids of the secondary wood are in general of the abietine-

ous type, the bordered pits being uniseriate; but in Saxegothaea (150)

the pits are flattened horizontally and occasionally tend to form two

ranks, and in Dacrydium the pits are two-ranked and alternate. How

far these araucarian tendencies will be found to prevail among the

podocarps remains to be seen.

The medullary rays are simple as compared with those of Pinaceae,

especially the Abietineae. In Saxegothaea, for example, they are one

cell wide and rarely more than three cells deep. Resin canals are

not present at all in taxads; they do not occur in the secondary wood of

podocarps, so far as recorded, although they are found in the cortex;

and they are said to be wanting in the cotyledons of all the Taxaceae.

Further observation of the family for this feature, especially in con-

nection with experimental work, will probably relate it in this regard

much more definitely to the Pinaceae.

THE LEAF

The foliage leaves of Taxaceae are in general spirally arranged

(opposite and decussate in Microcachrys), and are as variable as are

those of Pinaceae. Among the taxads the free, bladelike needles

prevail; while among the podocarps there is every gradation from

the very small and closely overlapping and even concrescent leaves

of certain species of Dacrydium and of Microcachrys, to the large and

broad leaves of some, species of Podocarpus (fig. .374). In Phyllo-

cladus there are no foliage leaves, their function being performed by

the phylloclads, and leaves being represented only by scales (fig. 373).

The anatomical structure of the leaf is in general that of the leaves

of corresponding form among the Pinaceae (p. 237).
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FIG. 374.—Podocarpus Purdicana: from a photograph of a herbarium specimen;
lwo-thirds natural size.
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2. The spore-producing members

The strobili of Taxaceae are monosporangiate, and in the main
the plants are dioecious, Saxegothaea, some species of Podocarpus,

and perhaps occasionally Phyllocladus being monoecious. The
interesting observation has been made (149) that in a specimen of
Saxegothaea growing in a greenhouse at Uppsala, some of the branches
are mostly staminate and others mostly ovulate. No bisporangiate
strobili have been reported, except a single case of Phyllocladus

alpina (115), in which an ovule was found at the base of a staminate
strobilus. Although the statement is current that usually strobili
are not formed among the Taxaceae, this refers to the ovulate strobili,
for the microsporophylls are as definitely organized into simple strobili
as are those of Pinaceae. Even in the case of the ovulate strobili,
the statement must be taken with a good deal of allowance, for such
strobili do occur, as in Microcachrys and Saxegothaea, but not always
in the same conspicuous way as among the Pinaceae.

THE MICROSPORANGIUM

The staminate strobili are borne on short stalks in the axils of foliage
leaves (scales in Phyllocladus), usually appearing upon young shoots
of the same season (fig. 375). The relations of leaves and strobili
are such that if the axis of the shoot were shortened, becoming a dwarf
shoot, it would be transformed into a compound strobilus; as it is,
the staminiferous shoot often resembles a raceme (150). The
strobili are generally solitary in the axils, but they may occur in pairs
or in threes, as in Podocarpus (139) and Saxegothaea (150); and in
Phyllocladus they are borne in clusters of two to eight at the tips of
the lateral branches. In the monoecious Saxegothaea the ovulate
strobilus is terminal on the short branch in the axils of whose leaves
the staminate strobili are borne. The size and form of the strobili
are variable, ranging from 2 to 20 mm. in length, and in form from
linear to nearly spherical. The strobili consist externally of a variable
number of overlapping sterile bracts, which sometimes completely
envelop the tip, as in Torreya (101), and sometimes form an involucre-
like cluster at the base of the strobilus, as in Saxegothaea (150).

The sterile bracts (sporophylls) are replaced above by a more or
less indefinite number of stamens. Among the taxads, disregarding
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the rather doubtful New Caledonian genera Acntopyk and Poly'

podiopsts, the stamens are of the peltate type; that is, the stalk is

F I G . 375.-—Micfocacktys tetragona: branch with slaminate strobili; X2.25-—

After THOMSON (151).

capped by a peltate expansion, from beneath which the sporangia

are pendent. In Taxus the sporangia are four to seven in number,

completely surrounding the stalk; in Torreya seven sporangia begin

to develop, but only the four abaxial ones mature, so that the stamen
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appears one-sided with its pendent abaxial sporangia; while in Cepha-

lotaxus the sporangia range from four to two in number. The site of

the three abortive sporangia in Torreya is occupied at maturity by a

large adaxial resin cavity, and in some cases six or seven mature

sporangia occur (98); whether there is such evidence of abortive

sporangia in Cephalotaxus has not been determined. This type of

stamen is very suggestive of that of the araucarians; and is represented

among the Cycadofilicales by the so-called Crossotheca or "epaulet"

type. Among the podocarps the stamens in general resemble those

of the Abietineae, two sporangia being borne on the abaxial face

of a bractlike sporophyll (sometimes pendent?), whose sterile tip

is variously developed, from an inconspicuous point to a relatively

broad expansion.

The details of the development of the microsporangium have not

been followed, but at maturity the wall is three to five layers of cells

thick, the one or two innermost layers forming a somewhat inconspicu-

ous and short-lived tapetum. In Torreya taxijolia each sporangium

begins as a single hypodermal archesporial cell, which divides to form

the primary wall cell and the primary sporogenous cell. In the case

of the three abortive adaxial sporangia, their primary sporogenous

cells do not divide, but at this stage begin to break down, along with

the intervening sterile cells, and form the large resin cavity.

The records of the winter condition of the microsporangia are too

meager to form the basis of a general statement, but Taxus cana-

densis in Chicago (51) and Torreya in England (98) pass the winter

in the mother cell stage. In Torreya taxifolia in Florida (101), the

staminate strobili begin to be visible in June, the primordia of the

stamens begin to appear in August, the primary sporogenous cells

are recognizable early in September, the spores are in the shedding

condition in April, and fertilization occurs in August, making a period

of fifteen months from the first appearance of the staminate strobilus

to fertilization. It seems safe to conclude that this species also passes

the winter in the mother cell stage.

THE MEGASPORANGIUM

The ovulate strobilus is often so much reduced among the Taxaceae

as to lose the ordinary appearance of a strobilus; but in Saxegothaea
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(150) it is made up of spirally arranged and imbricated bracts that
form an ovoid cone, and in Microcachrys a definite strobilus is formed
by the sporophylls, which occur in decussating cycles of four and thus
give the appearance of a spiral arrangement. The case of Torreya

taxijolia (10r) may illustrate

the general situation. In this

form the strobili are borne in

the axils of the lower leaves

of short young shoots, usually

a pair of them on a short axil-

lary branch. In most cases

there is only a single pair of

strobili on a strobiliferous

shoot, but frequently there are

two pairs, and rarely three on

the same shoot. Therefore,

near the base of these shoots

two to six strobili may occur,

theupperpairsnever maturing

and usually only one of the

lowest pairproducing thelarge

phimlikfi seed (fig. 376). A

strobilus consists of four en-

veloping bracts and a single,

terminal, erect ovule, resem-

In. . 376.—Torreya taxifalia: ovulate
branch, April 7, 1904; natural size.—After

I.TER and LAND ( I O I ) .

with a perianth of four bracts;
but these are • evidently the
sterile bracts of a much re-
duced strobilus. The relation
of the strobili to the young
shoot is exactly comparable

to the arrangement of the staminatc strobili, the difference being that
more of the latter mature and the stamens are numerous. In this
sense, the whole ovuliferous shoot may be regarded as corresponding
to the compound ovulate strobilus of the Abietineae.

A general feature of Taxaceae, illustrated by Torreya, is the
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0

occurrence of very simple strobili, containing usually one ovule, and
borne in the axils of leaves of young shoots (fig. 377). Among the
taxads and in Phylhrtadus the solitary uwo in Cephalotaxus) ovule
is erect, while among the rest of the podocarps it is inverted. Podo-

carpus has received its name from the fact that the ovule is stipitate,
usually arising conspicuously above the bracts (fig. 378).

In Saxegotham (152} the solitary
and more or less inverted ovule is
borne on the ovuliferous scale near
the base of the adaxial face. The
ovulate cone of this genus, as stated
above, is terminal on the short branch
in the axils of whose leaves the stami-
nate strobili occur. Its peduncle is at
first short and is clothed with bracts
that envelop the strobilus, but later it
elongates, rises above the bracts, and
becomes relatively long and slender.
The resemblance of this habit to that
described for Podocarpus is evident,
although the elongating structure is not
the same in the two cases. In both
Saxcgothaea and Microcachrys there is
the same intergrading of bracts into
sporophylls above and foliage leaves
below that characterizes the araucarians.

in Phyllodadus (144) the strobili are borne at the edge of the
pliylloclads near the base, occurring singly or in pairs, and consisting
of six or eight thick bracts, each with an axillary erect ovule. This
position is understood when it is remembered that the phylloclad is
a transformed dwarf shoot.

It is difficult, and perhaps unprofitable, to compare this strobilus
situation with that of the Pinaceae; but the two families exhibit
the same general features in the position of the ovules, and differ in
the compactness of the strobiliferous region. It is in this feature that
Saxegothaea so impressed LINDLEY, who established the genus, that
he regarded it as a transition form between Taxaceae and Pinaceae,

/ •

FIG. 377.—Torreya laxifolia:

ovulate Mrobilus showing envel-
oping bracts; ti. DBCeDus; H,

inner integument; oi, outer integu-
ment; r, resin cavity; April 7,
1004; X24.—After COULTER and
LAND (101).
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In a study of the ovuiiferous bracts of Saxegothaea and Micro-

cachrys, THOMSOX (164) has discovered an inverse orientation of
the vascular bundle supplying the ovule, a feature which has been
used to prove the double nature of the ovuiiferous structure in Pina-

ceae. The same in-
version, however, occurs
in the supply bundle
for the microsporan-
gium, which is evidently
borne upon a simple
sporophyll. Among the

Abietineae, Taxodineae,
and Cuprcssineae, how-
ever, there is a double
inversion in the ovuiif-
erous structure, one
related to the sporangia]
supply, and the other
presumably related to
the modified dwarf
shoot; while among the
Araucarineae only the
sporangial inversion oc-
curs. The conclusion
is that among the Tax-
aceae and Araucarineae
the ovuiiferous structure
is a simple megasporo-
pliyll; while among the
Abietineae, Taxodineae,
and Cupressineae it is

FlG. 378.—Ovulate structurts of various conifers:
T,Agalkisaustralistwu$skxouaBCBle from inner side
(M, winged seed); 3. longitudinal section of /; j,

Aroucoria exedsa, longitudinal section of scale, etc.,
also showing the outgrowth {/) alx)ve the seed; 4,

CiinithtgiutiHiti sim-iisis, ovuiiferous scale, showing
three ovules (M), and an outgrowth (7); 5, Micro*

cachrys tdmgona, longitudinal section of ovuiiferous
scale, also showing the a rill us (a) and the outgrowth
(*'); 6, Cryptomeria ja/xmica, longitudinal section of
part of the strobilus; 7, 8, Cuprcssus Lawsottiana,

showing a young cone (7) and a later stage ($); 9,

Poddcarpua mocrofhyUa, longitudinal section, showing
ovulate structures and aril (ar).—From ENGLER and
PRANTL'S Xnt. J'lldiizcufam.

a double structure.

The developmental periods of the ovules of the Taxaceae have

not been obtained in so many cases as among Pinaceae. In Torreya

taxijolia (101) the ovulate strobilus is first apparent late in July

(in Florida), the mother cells appear during the autumn or early

winter and are in svnapsis the next April, fertilization occurs during



CONIFERALES (TAXACEAE) 325

the summer, the proembryo is formed during the autumn and passes

the winter, the embryo is completed during the next season, and the

seed is mature in the autumn. This involves two full years, from the

appearance of ovules to the maturity of the seed. Taxus (100) and

Cephalotaxus (124) have approximately the same period, and the

first winter is passed in the mother cell stage. While the total period

in each of these three genera, which really constitute the taxads,

is approximately the same, its distribution among the various

events is strikingly different. In Torreya fertilization occurs

four months after pollination, and the seed is mature fourteen

months later; in Cephalotaxus fertilization occurs fourteen months

after pollination, and the seed is mature four months later; while

in Taxus fertilization follows pollination in two months. The

only information concerning the podocarps, as yet, is that in

Phyllodadus (174) about a month intervenes between pollination

and fertilization.

The current statements in reference to the integument among

Taxaceae are confusing, because of the appearance of a second or

outer integument, which arises considerably later than the inner one,

and which has been variously called outer integument, aril, and epi-

matium. In Torreya (101) the outer integument develops the thick

fleshy covering of the seed, which gives it a plumlike appearance;

the inner integument differentiates into two layers, the outer of which

is the stony layer, and the inner consists of several layers of thin-walled

cells, distinctly differentiated only where the integument is free from

the nucellus. It is natural to see in these three layers the outer

fleshy, stony, and inner fleshy layers characteristic of the testa in

cycads, Ginkgo, and the older gymnosperms; and to conclude that

the two integuments have arisen from a single one, by delaying the

development of the region that becomes the outer fleshy layer. These

facts and the inference seem to hold good also in the case of Taxus,

the only difference being that the outer fleshy layer ("aril" in this case)

remains distinct from the inner one. In the case of Phyllodadus

(144), however, a different inference seems necessary; for the inner

integument differentiates into all three layers, the difference being

that the outer fleshy layer is represented by only two layers of cells,

which are finally sloughed off. The outer integument arises late and
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grows very rapidly, soon inclosing the ovule, but the latter finally

grows above it, and at last it is only a light leathery sheath about the

base of the ovule extending half way to its tip. From this it would

appear that the outer integument or "aril" is a new structure, having

arisen in addition to all the old ones, and is not merely a dissociated

outer fleshy layer. That this new structure should frequently take

the character of this layer is not strange, for it holds the same general

relation to the seed; and among the podocarps the tendency to develop

the fleshy character extends far beyond the integuments. In Podo-

carpus it involves the bract on the stipe; while in Saxegothaea (150)

the scales of the strobilus enlarge and fuse into a globular fleshy

mass, much as in Juniperus. In the development of the stony layer,

the transformation of tissue begins at the apex of the integument and

gradually extends downward until it completely surrounds the

structures within.

In Torreya the integuments are entirely free from the nucellus at

first, even after the mother cells are in synapsis. After that time

intercalary growth begins in the chalazal region and continues until

into the next season. As a consequence, in the mature seed the free

region of integument and nucellus is at the very tip, and is not more

than one-twentieth the total length of the seed. The same condition

exists in Taxus, and perhaps in most of the genera; while in Phyllo-

cladus the nucellus and integuments remain entirely free. The vascu-

lar connections of the ovule in Torreya and in Phyllocladus, Micro-

cachrys, and Saxegothaea only are known, and the three latter genera

are probably representative of Taxaceae in general. In Torreya,

near the limit of the outer fleshy layer, there are two conspicuous and

opposite vascular strands; while in Phyllocladus, Microcachrys, and

Saxegothaea the vascular system ends at the base of the ovule. It

is to be expected that the distribution of the vascular strands should

depend upon the presence and position of a fleshy region in connection

with the seed. The seed of Torreya is regarded by OLIVER (80)

as the most archaic of living conifers in its vascular anatomy. In

addition to the two vascular strands in the outer fleshy layer (outer

integument), the vascular plate at the base of the nucellus sends out

branches into the nucellus, which connect with a peculiar mucilaginous

layer that may represent the tracheal mantle of some of the paleozoic
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seeds (p. 43). All the other conifers have lost all traces of their
nucL'llar vascular systems.

In Saxegothaea (149, 150, 152) there is a remarkable extension
of the tip of the nucellus, which protrudes beyond the micropyle
into an irregular, flaring apex, which is said to become covered by a
sticky secretion and to act as a stigma, continuing to grow for about
two months after pollination {fig. 379). This character appears,
in less degree, in Araucaria.

*

FIG. 379.-—Saxegothaea cotupicua: longitudinal section of ovule, showing thu
stigma-like extension of the nucellus; X50.—After NOK£N (149),

The development of the sporogenous tissue has been traced by
STRASBCRGER (IOO) in Taxus, and it is presumably the same in the
other Taxaceae. The archesporium is a hypodermal plate, which
divides periclinaliy as usual. The outer cells, in connection with
the overlying epidermal cells, produce the large mass of sterile tissue
that caps the nucellus. Each primary sporogenous cell (mother
cell) is the innermost cell of a long row, and the number of
mother cells is approximately the same as the number of archesporial
cells (fig. 380). In most genera, apparently, these rows are not dis-



MORPHOLOGY OF GYMXOSPERMS

tinct enough to follow, and the enlarging mother cell is the first evi-

dence of its existence. The number of mother cells varies as among

the Pinaceae, but the only recorded cases of more than one mother

cell are Taxus, in which there are one to five, and Podocarpus, in

which there are occasionally two. In Taxus the occasional appear-

ance of more than one developing embryo sac has been known ever

since HOFMEISTKR'S investigations.

An important fact in con-

nection with the megasporangium

of taxads is the general absence

of any tapetal zone about the

megaspore and embryo sac, so

characteristic a feature of the

Pinaceae. Among podocarps,

however, "spongy tissue" occurs

in Phyllociadus (174), Podocarpus

(69), Dacrydium (174), and

Saxegotkaea, which indicates that

it is of general occurrence in the

tribe. The general lack of differ-

entiation of any glandular cells in

laxads may be regarded cither as

a primitive character or a degra-

dation.

The deep-sealed megaspore

mother cell usually forms a

linear tetrad, the innermost

megaspore functioning. As in

Pinaceae, the second division may not occur in the upper daughter cell

of the mother cell, resulting in the row of three cells originally reported

for Taxus, and also in Phyllociadus (174); but complete tetrad-

formation has now been observed in a sufficient number of cases to

establish it as the usual condition. Even the linear arrangement of

the tetrad is occasionally departed from, as has been observed in

Taxus (100). There arc exceptions as to the functioning megaspore

of a tetrad; while the innermost one usually functions, any one. may

function, and two contiguous ones have- been observed to begin

FIG. 380.—Taxits baccata: three
megaspore mother cells, each at the end
of a row of cells derived from a primary
tapetal cell; X 375.—After STR ASB L' H •; B B
(100).
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growth in Taxus (100). When the mother cells are more than

one, several of them may begin to function. This functioning

of more than one mother cell may not reach the synapsis stage, as

observed in Taxus (100), or it may proceed until the gametophytes

are well formed, as has been reported in one case of Podocarpus

coriacea (cultivated in Jamaica), in which two gametophytes were

observed in one ovule (69), and in one of them there were tracheids.

If the presence of tracheids in female gametophytes means sporophytic

tissue, as has been shown among ferns, this is a case of incipient

apogamy.

The number of chromosomes in Taxaceae has been determined

for very few forms. In Podocarpus (139) the numbers are 12 and 24,

conforming to the numbers among the Pinaceae, so far as observed;

but among the taxads they have been found to be 8 and 16 in Taxus

(100) and Torreya (99). Whether this is a feature of the taxads,

in contrast with the podocarps and Pinaceae, is a question that remains

to be answered.

3. The gametophytes

THE FEMALE GAMETOPHYTE

The development of the female gametophyte follows the general

course described for the Pinaceae (p. 259), with free nuclear division,

parietal wall-formation, and centripetal growth until the embryo sac

is full of tissue (fig. 381). The vacuolation of the sac depends upon

the rate of its growth; but in general it occurs so that the free nuclei

become parietally placed from the 2-nucleate to the 32-nucleate stage.

Actual counts of the number of free nuclei before wall-formation have

been made for Taxus (52) and Torreya (101), and found to be 256,

representing eight successive divisions. Probably this represents the

usual number of free nuclear divisions among conifers, although it

must be expected that great variation and irregularity may occur.

The behavior of the nuclei in the endosperm-formation of Taxus

has been studied in detail by STRASBURGER (100), and no fusions or

unusual conditions were discovered, as have been described for some

of the Pinaceae. An idea of the amount of endosperm growth may

be obtained from measurements made in Torreya taxifolia (101).

At fertilization the endosperm consists of 400-800 cells and measures

20 by 30 fi; while in the mature seed it measures 14 by 20 mm.
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The archegonium initials become recognizable at various stages
in the development of the gametophyte. In Taxus and Torreya

they appear as soon as the sac is full of tissue; in fact, any earlier
differentiation would occur in the stage of free nuclei and would
result in the selection of eggs and the elimination of archegonia. This
tendency to differentiate the female sexual organ earlier and earlier

in the history of the gametophytc has been
referred to under Pinaceae (p. 263); and in
this feature Taxus and Torreya stand in an
extreme position. In Cephalolaxus (124),
on the other hand, the archegonium initials
do not appear until the endosperm is well
developed; and in Podocarpus the gameto-
]ihyte is two-thirds to three-fourths its full
size when fertilization occurs. In some
cases, therefore, the principal growth of the
endosperm takes place after fertilization,
and in other cases before fertilization.

The development of the archegonium is
exactly us described for the Pinaceae (p. 263),
and no archegonial complex is formed, each
archegonium having its separate chamber
and jacket (in case there is one). In
Phyllocladus occasionally two archegonia
occur in a common jacket (174). The arche-
gonial jacket, investing the central cell and
later the egg, is not developed so constantly
or so conspicuously as among the Pinaceae.
In Phyllodadus (144) it is conspicuous,
consisting of a layer of cells with large

nuclei or several nuclei; in Cephaloiaxus (124) it is less con-
spicuous, frequently being interrupted by ordinary cells; while
in Torreya (101) it is not evident until after fertilization and is
then weakly organized. The condition of this jacket among Tax-
aceae is not known well enough to justify a general statement,
but among the taxads, at least, it gives the impression of a vanish-
ing structure, which finds its parallel in the disappearance of the

FIG. 381.—Taxus bac-

1: eight-nucleate stage of

female gametophyte; X$7$.

—AfterSTHASHI RGER(IOO).
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jacket of the mother cell and early embryo sac ("spongy tissue")

in the same group. The conspicuous archegonial jacket of Phyl-

locladus suggests that this structure may be as fully developed among

podocarps as among Pinaceae. A peculiar situation is developed in

Phyllocladus (174) in the relation of the neck cells to the jacket cells.

It had been observed (144) that the top of the archegonium is its

widest part, the whole outline being roughly funnel-shaped, resulting in

leaving the neck cells apparently detached. This is found to be due

to the rapid centrifugal growth of the adjacent tissues at the upper

end of the endosperm, but the neck cells remain anchored to the

jacket cells by a membrane.

In all the Taxaceae observed no ventral canal cell is formed, but a

ventral nucleus is cut off by the central cell, which is more or less

ephemeral. Attention has been called to the fact (p. 268) that this is

a stage toward the elimination of the ventral canal cell, and it has

been reached by all the conifers except the Abietineae and possibly

the Araucarineae. The Taxaceae in which a ventral nucleus has been

definitely observed are Taxus, Cephalotaxus (124, 130), Phyllocladus

(174), Podocarpus (69), and a somewhat doubtful case in Torreya

(99). The case of Torreya californica was an inference from a

spindle seen twice in the central cell, and it is not always easy to

distinguish a central cell from an egg. In Torreya taxi folia (101)

the series seemed to be close enough to detect a ventral nucleus if

one was formed, but no trace was found, the nucleus of the central

cell appearing like an egg nucleus from the very beginning. It is

very unsafe to infer the absence of a ventral nucleus from a single

investigation, but it is so very ephemeral in some cases that it may

have disappeared entirely in other forms. So far as any general

conclusion is safe, it may be said that among the Taxaceae the cen-

tral cell does not cut off a ventral canal cell, but that a ventral nucleus

appears which is sometimes very ephemeral, and that in some cases

even the nucleus may not be formed. In Cephalotaxus drupacea

(130) the ventral nucleus is so ephemeral that it degenerates before

fertilization; while in Podocarpus (69) it has been observed to divide

amitotically after fertilization.

Among the Podocarpineae the number of archegonia ranges from

one to eleven, being one to four in Phyllocladus alpina (144), and
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seven to eleven in Podocarpus coriacea (69). This is a meager record,

but it probably expresses the variability £,nd range in number. There

are four neck cells in Phyllocladus (174); but in the Podocarpus

investigated the number varies from two to twenty-five, the most com-

mon condition being three tiers of cells with four cells in each tier.

This extreme variability seems to hold some relation to the arrival of

the pollen tube, which permits an almost indefinite growth of the

neck or does not allow it to extend beyond the two-celled stage.

Among the Taxineae the number of archegonia has the same range

(one to eleven), being one (in one case two) in Torreya taxifolia (101),

two to four (usually three) in Torreya californica (99), two to five

(usually three) in Cephalotaxus Fortunei (124), four in Cephalotaxus

drupacea (130), and five to eleven in Taxus. The number of neck

cells varies from two to six, always in one plane: two in Torreya

taxifolia, two or three in Cephalotaxus drupacea, two to five in Cepha-

lotaxus Fortunei, and four to six in Torreya calif ornica. Such ranges

in the number of archegonia and in the number of neck cells,

even within a genus, indicate that such numbers have very little

significance.

The comparative development of the megaspore membrane in

Coniferales was referred to under Pinaceae (p. 271). The Taxineae

are peculiar in being the only tribe in which this membrane is really

a negligible feature, developing none of the structure observed in

the other tribes. If THOMSON'S conclusions (108) are true, this

indicates that, so far as this feature is concerned, the taxads are the

most recent of the conifers. Among the Podocarpineae, at least as

evidenced by Phyllocladus (174), Dacrydium (174), Microcachrys (164),

and Saxegothaea, there is a megaspore membrane of the usual two-

layered type.

Torreya furnishes a conspicuous illustration of a seed with " rumi-

nated endosperm" (figs. 382, 383). In a smaller degree this feature

appears in the seed of Phyllocladus (especially in its early stages)

and of the araucarians; but its extreme expression is exhibited by

Torreya. In the study of Torreya taxifolia (101) an opportunity

wasT given to investigate this so-called "rumination." In ordinary

seeds the endosperm invades the surrounding tissue more or less

uniformly, in the case of most gymnosperms obliterating most of the
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382

383

FIGS. 382, 383.—Torrcya taxijolia: ovules showing "ruminating" endosperm;
fig. 382, longitudinal section of ma 1 Lire seed showing embryo, endosperm, and seed
coats; X3 ; %. 383, transverse section showing endosperm with storage region in the
center, seed coats, stored food in the perisperm, and resin ducts in the outer portion;
X3.—After COUI-TER and LAND ( I O I ) .



334 MORPHOLOGY OF GYMNOSPERMS

perisperm. In Torreya, on the other hand, the invasion by the

endosperm is irregular in the extreme. It is in the season after the

proembryo has formed that the active invasion of the perisperm

begins. The extension of the endosperm into the tip of the nucellus

above the sac proceeds in the usual way, obliterating all of it except

a few peripheral layers of cells. This uniform invasion seems to be

due to the fact that in this apical region (the original nucellus) the

perisperm is not growing actively if at all. Below this small region

at the tip, however, the perisperm is very active and evidently resists

disintegration much more at certain points than at others. As a con-

sequence, it becomes eroded by the irregularly advancing endosperm,

and is left in the condition of a much dissected coast line. To the

casual observer this results in an appearance suggesting that the endo-

sperm is being invaded by plates of perisperm, but this is no more

true than that the promontories of a dissected coast line are advancing

into the sea. The suggestion of an invading perisperm is further

strengthened by the fact that within the perisperm bordering the

endosperm a dark brown and finally black band of cells is developed,

due to abundant food storage, but this really recedes as the endo-

sperm advances.

A transverse section of the mature seed of Torreya always shows

a definite and deep constriction of the endosperm in the center,

exactly opposite the two opposed vascular strands that run up on

each side of the seed through the inner part of the outer integument

(fig. 383). This constriction is the transverse section of two opposite

and deep longitudinal furrows in the endosperm, and it means that

in this longitudinal plane the endosperm encounters the greatest

resistance in invading the perisperm. This most resistant perisperm

certainly seems to hold a very definite topographical relation to the

principal vascular strands, and this relation may explain the resistance.

That endosperm is the aggressive tissue at every point, even at the

region of most resistant perisperm, is evident for several reasons.

In no case are the peripheral cells of the the endosperm broken down;

and in no case does there fail to appear one or two layers of disor-

ganized cells of the perisperm in contact with the endosperm. In

every case, also, the peripheral cells of the endosperm appear active

and very vigorous, and their different appearance in regions of more
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or less active encroachment is striking. In regions of active invasion

the endosperm cells are radially elongated, and many of them are

binucleate; while in regions of less active invasion the cells are more

nearly isodiametric and rarely binucleate.

Another proof that endosperm is the encroaching tissue may be

obtained from comparative measurements. At the time of fertilization

the gametophyte usually measures 20 by 30 /*. In the mature seed

the ordinary length of the gametophyte is 20 mm., the greatest width

being 14 mm., and the least (at the deep constriction opposite the

vascular strands) 1.5 mm. At this most resistant region of the

perisperm, therefore, where it is hard to escape the conviction that the

perisperm plate has cut the endosperm nearly in two, the endosperm

has increased its diameter against the perisperm seventy-five times.

The best reason, however, for concluding that the endosperm is the

invading tissue in this case is that this is always the behavior of endo-

sperm; and it is singular that the old explanation of "rumination"

was ever suggested.

THE MALE GAMETOPHYTE ,]

The male gametophytes of podocarps and of taxads are in such

sharp contrast that the two tribes must be considered separately.

Among the Taxineae the gametophyte of Taxus naturally received

early attention, and its principal features have been known since the

pioneer work of BELAJEFF (33) and STRASBURGER (38). At that time

it was not appreciated that the vegetative (prothallial) cells had been

eliminated, much less that this elimination was a feature of all the

taxads.

The development of the gametophyte of Torreya taxijolia (101)

will serve as an illustration and for comparison. The first division

of the microspore results in the generative and tube cells, separated

from one another by a very delicate wall or membrane. In this

binucleate condition (fig. 384) the pollen grains are shed (late in March

to early in April in Florida). Pollen tubes penetrate the nucellar cap

at once, and occupy it for about four months. The generative cell

divides early in the history of the tube, which contains almost from

the first the large body cell and the stalk and tube nuclei (fig. 385).

Shortly before fertilization (about the middle of August), the body
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cell divides into two distinct and unequal male cells, the cytoplasm

of the body cell being divided unequally (fig. 386). The behavior

of the tubes is interesting

and suggestive. They may

advance rapidly, reaching

the female gametophyte at

an early free nuclear stage

(16-64 nuclei), or they may

advance very slowly. The

course may be very direct,

resulting in a straight cleft

through the tip of the

nucellus, or it may be ex-

tremely devious. In one

case observed the tube ad-

vanced directly half-way

through the tip of the

nucellus; then proceeded

spirally downward and out-

ward to the peripheral cells

of the nucellus, several of

which it destroyed; then

turned abruptly inward,

penetrated the nucellus at

the level of the arche-

gonium, crossed the top

FIGS. 384, H.-Torrcya tavifotia: fig. 3S4, o f t h e endosperm, and dis-
tip of nucellus with pollen chamber (disintegrated charged into the arche-
ti|i of nucellus) containing a two-celled micro-
spore, the smaller cell being the generative cell
and the larger the tube cell; pc, pollen chamber;
Xsao; fig. 385, end of pollen tube in contact
with embryo sac, which is in free nuclear stage;
in the tube the stalk and tube nuclei are in advance
of the body celt; X460.—After COULTER and
LAND (IOI).

gonium on the opposite

side. In another case a

wandering tube penetrated

the inner integument before

turning back into the nu-

cellus. Very frequently

the tube pushes into the

embryo sac at the free nuclear stage, making a deep invagination

{often to *he middle of the sac), and from this pocket it turns back
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FIG. 386.—Torrcya taxifotia: median longitudinal section of female gametophyte,
showing egg with large nucleus (0), the remains of a neck cell {nc), and antipodal
haustorialcdls (Jir); also the lip of a pollen tube in contact with the egg, showing stalk
nucleus (.?/«)> t l ' b e nucleus (in), and the two unequal m;ik* cells (»;' and m3); the
upward growth of the endosperm cells forms a sheath around the pollen tube; August
12, 1004; X460.—After CoutTER and LAND (IOI).
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into the micellus. Torreya calijomica is said to differ in that male

cells are not formed, but the two male nuclei are invested by the

general cytoplasm of the body cell, and with no inequality (99),

In Taxus the microsporc is shed in the uninucleate stage, the

division into generative and tube cells occurring while the spore is

resting on the tip of the nucellus, and the pollen tubes are in the

nucellus only about two months before fertilization; otherwise the

events are exactly as in Torreya, including the formation of two very

unequal male cells (fig. 387). In Cephalotaxm the first division of

the microstore (to generative and

tube cells) occurs before shedding,

as in Torreya. Pollination occurs

from January to March (varying

with the species and the latitude),

but no further division occurs until

the following spring, when the gen-

erative cell divides, and the body

cell and stalk and tube nuclei are

found in the pollen tube; in fact, the

tube does not penetrate the nucel-

lus for nine to twelve months after

pollination {124, 130). The two

accounts of Ceplialotaxus differ

as to the character of the male cells,

which are said to be unequal in C. Fortunei (124), and in C.

drupacea (130) to be represented by two male nuclei, without

wall-formation (fig. 388). The inequality of the cells in the former

species is not so great as in Torreya and Taxus; and since in-

equality is chiefly that of the cytoplasm rather than of the nuclei,

the absence of wall-formation in the latter species might result in no

appearance of inequality. In both cases the tube reaches the female

gametophyte quickly (in about ten days in C. drupacea)] and in

C. Fortunei it reaches the archegonium neck before the chamber

is formed, so that the endosperm grows up about the tip of the tube

and may bury the archegonia.

The features of the male gametophyte of Taxineae, therefore, are

the absence of vegetative (prothallial) cells, a feature shared with

\J
FIG. 387.—Tax its baccate tip erf

a pollen tube with the two unequal

male celts; the stalk and tube nuclei
in advance; X200.—After BELAJEFF

(33).



CONIFERALES (TAXACEAE) 339

Taxodineae and Cupressineae among Pinaceae; and the unequal
male cells, possibly related to the fact that the archegonia are not
organized into a complex, a feature found among Abietineae. The
exceptional condition in Cephalolaxm is that the inequality of the
male cells is not so marked, and may disappear ̂ entirely through lack
of wall-formation.

The male gametophyte
of the Podocarpineae has
attracted so much attention
that every genus (except
Pheros phaera) has now

been investigated, and the
peculiar condition of the
vegetative (prothallial)
tissue is found to belong
to all of them (figs. 389-
396). It appears that this
feature of the podocarps
was first described and
figured in 1896 byTmBOi r
(43) for Podocarpus poly- I

FIG. 388.—Cvphaloiaxus drupacea: the two
sperm nuclei within the body cell; the stalk
nucleus (smaller) and Lube nucleus are in advance;
May 23, 1904.—After LAWSOH U3°)-

stachya.

The first peculiarity of

the tribe is that the pollen

grains are winged, except

in Saxcgothaea (149, 150),

a character that has suggested a connection with Abietineae, the

only other tribe of conifers with winged pollen grains. The

situation in Microcachrys (151, 163), however, taken in connection

wilh the wingless spores of Saxegothaea, suggests that wings may

have arisen quite independently in this tribe. In Microcachrys the

wings are not so definite in development or in number as in Podo-

carpus and Dacrydium, in which two well-developed wings occur.

THOMSON (163), examining sixty-four pollen grains, found fifty

with three wings, nine with four, two with five, and three with

six. In every case the wings are comparatively small, variable

in size, and late1 in development. Three wings are also found in
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certain species of Podocarpus (P. dacrydioides and P. jerruginea).

In this feature, therefore, Microcachrys seems to be a transition form

between Podocarpus and Dac-

rydium on the one hand, and
Saxegothaea on the other.

In the development of
the prothallial tissue, two cells
are successively cut off, as
among the Abietineae, but
the peculiarity of the podo-
carps is that these cells usually
divide, resulting in extreme
cases in a tissue of eight cells.
A further peculiarity of this
tissue is that the walls break
down and the nuclei become
free, passing into the pollen
tube with the body cell and
stalk and tube nuclei (fig.
391). It must be understood
that these supernumerary cells
are not formed as are the two
original cells, that is, in the
series of divisions from micro-
spore to male cells, but rep-
resent a secondary and
variable product of the two
primary cells. The variability
may be indicated as follows.

In Phyllodadus (144) the
two prothallial cells usually
do not divide, and the first
one begins to disorganize as
soon as it is formed (occa-
sionally persisting more or

less), but the second one persists (fig. 392), and occasionally divides

(174). This is exactly the btihavior of the prothalliuil tissue of

FIGS. 389-391.—Male gametophyte of

Dacrydium: s, stalk cell; b. body cell; /. tube

nucleus; fig. 389, D. Bidu-iliii, just after the

division into stalk and body cells; the two

prothallial cells have not divided; fijj;. 3Q0,

D. cupressmum, later stage; both prothallial
rills have divided; fig. 391, D. Uadfokum,

showing the body cell and tube nucleus, and

the nuclei of the stalk cell and of four pro-

ihallial cells; X960.—After Miss YOUNG
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Ginkgo, but in Phyllodadus the nucleus (or nuclei) becomes free.

As a consequence, the spores on the tip of the nucellus are found

to contain three or four nuclei, one or two of which are vegetative,

and the body cell. Tn Dacrydium (136) the generative cell is cut

393

Vies. 392-396.—Pollen grains of several podocarps: stalk, body, and prothallial
cells evident; fig. 302, Pkyllodadus aipina, showing an evanescent and a persistent
prothallial cell, also *talk, body, and tube cells; X950; after Miss YOUNG (174);
%• 3'J3i pollen grain of Micrdcackrys ietragtma at the shedding stage; after THOMSON

(163); figs. 394, 395, Saxcgothaea conspicua; fig. 394, the two prothallial cells, the
generative cell, and the tube cell are in a line; X700; after NORIIN (149); fig. 395,
later stage, showing body cell, and nuclei of tube, stalk, and three prothallial cells;
also several large starch grains; X700; after NOK£N (149); fig. 396, Podocarpus iotarra

Uiillii; the usual condition of pollen grain at the shedding stage, containing tube
nucleus, stalk and body cells, and (M^IH prothallial cells (only four shown) derived
from the two primary prothallial (.ells; after BtJEUNCAME (139).

off immediately after the two prothallial cells, and then it and the

second prothallial cell divide. In some cases (D. Bidwillii) usually

only the second prothallial cell divides, but in others (D. laxijolium

and D. cupressinum) both prothallial cells divide. The result is

that at pollination the spore contains three or four free vegetative

nuclei, in addition to the body cell and the stalk and tube nuclei
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(figs. 389-391). In Microcachrys (151, 163) the situation in

Dacrydium is repeated, three (more frequent) or four prothallial

cells appearing, depending upon the division of one or both of

the two primary cells (fig. 393); and the prothallial tissue of Saxe-

gothaea (149) is exactly tha same (figs. 394, 395). In these three

genera, the second

prothallial cell always

divides and the first

also may divide, and

at pollination three or

four free vegetative

nuclei are found in the

grain. Podocarpus is

much more variable

(69, 128, 139), the

number of prothallial

cells and free nuclei

varying from one to

eight (fig. 396). Only

one prothallial cell

may be cut off, and it

may not divide; but

usually there are two

primary cells, the sec-

ond of which always

divides and both of

which may, and in

both cases there may

be still another divi-

FlO. 397.—Phylbctadits alpina: tint- two unequal

male cells, with the st:ilk and tube nuclei and one

prothallial nucleus in advance; the arcbegonium shows

a four-celled neck and a definite jacket; the egg is ready

for fertilization; X440.—After Miss YOUNG (174).

sion. Therefore, there

may be one, three, four, six, or eight prothallial cells, and subse-

quently the same number of free vegetative nuclei that swarm into

the pollen tube,

This behavior of the male prothallial tissue among the podocarps

is not only constant and striking, but it is the same in kind as that

observed among the araucarians (p. 277), the only difference being

that the vegetative cells and free nuclei in the latter group reach a
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much higher number than among the podocarps. The suggestion

of a genetic connection between these two tribes will be considered

later.
The course of spermatogenesis in the podocarps, from the division

of the generative cell just before fertilization, presents no unusual
features. In Dacrydiuni (136) it was observed that the generative

Fio. SQ&.—Piiylhcladus alphia: apex of nucellus broken down by numerous pollen

lubes; the wp of the endosperm also somewhat disorganized; each archegonium is

surrounded by a definite jacket; XiSo.—After Miss KILDAHL (144).

cell divides anticlinally, the stalk and body cells being side by side

and for some time indistinguishable. Presently one of them enlarges,

rounds off, and becomes free, while the nucleus of the other becomes

free by the disappearance of its wall or membrane. In the two genera

in which the male cells have been observed, the two extremes of varia-

tion are represented. In Phyllodadus (174) the body cell divides to

form two unequal male cells, only one of which functions (fig. 397);> 7 ) ;
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while in Podocarpus (69) only the nucleus of the body cell is said

to divide and all of the cytoplasm to be organized in connection with

one of the male nuclei as a male cell, leaving the other male nucleus

thrust out at its periphery.

In Saxegothaea (149) pollen falls not only on the extruded and

broadly flaring tip of the nucellus, but sometimes also in the depression

around the ovule, and in this position pollen tubes develop and grow

over the tissues to the micropyle. It will be remembered that this

growth of pollen tubes to the micropyle from some distance outside

is one of the features of the araucarians (p. 283).

FERTIUZATON*

Among the Taxaceae the tip of the pollen tube discharges all of

its free contents into the

cytoplasm of the egg, in

the peripheral region of

which there may be found

both male cells or nuclei,

the stalk and tube nuclei,

andsuchprothalliulnuck-i

as may be in the tube.

All of these gradually

disappear except the

functioning male cell or

nucleus, although some-

limes they may still be

distinguished in the early

stages of the proembryo.

In Cephalotaxus Foriimei

FIG. 3Q9.—Torreya taxi folia: fertilization; the the non-functioning male
male nucleus is in contact with the egg nucleus; n u c i e u s h a s b e e n o b s e r v e d

the cytoplasm of the mate cell is closely applied to
the egg nucleus; the functionless male cell and stalk (55) todivideamitotically,
and tube nuclei are in the upper part of the egg; producing as manv as SIX
August 12, 1904; X46o.-Afu-r COULTER and n u d d J n phvU'odadus

LAND (IOI). '

(174) the male cells are
discharged outside the archegonium and pass between the separated
neck cells.

In Torreya californka (99), Torreya taxijolia (101), Cephalo-
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taxus Foriunei (124), and Phyllocladus (144) the functioning male

cell, with its complete investment of cytoplasm, has been observed

to come in contact with the egg nucleus (figs. 3gg, 400). In this

position, the male cytoplasm spreads from its own nucleus and invests

the egg nucleus, and this investment is very evident in the fusion

nucleus, and may persist in Torreya laxijolia as a distinct cytoplasmic

sheath even about the four free nuclei at wall-formation. This

sheath is recognizable on

account of its abundant

supply of food material,

and is doubtless of serv-

ice in the nutrition of

the fusion nucleus. In

Cephalotaxus drupacea

(130), in which male cells

are not formed, the two

free male nuclei do not

escape from the mem-

brane of the body cell

until at the time of dis-

charge.

An interesting conse-

quence of the early ap-

pearance and fertilization

of the eggs of Torreya

taxijolia may be men-

tioned. At this time the endosperm tissue has not grown, and in its

subsequent development it grows about the tip of the pollen tube,

incloses the fertilized egg, and forms quite a beak above the embryo.

Critical observations of fertilization among the conifers are not

numerous enough to form the basis of a general conclusion, but the

evidence thus far indicates that the behavior of the male cytoplasm, in

investing the fusion nucleus as a nutritive zone, is a feature of the

Taxaceae; while among the Pinaceae the male nucleus slips from its

cytoplasmic sheath in the periphery of the egg cytoplasm (with Taxo-

dium and Jumperus as exceptions). Subsequent investigation may

show that both methods belong indiscriminately to both families.

FIG. 400.—Pkyllochdus alpina: fertilization;
both male cells axe shown, the one at the right is
functional, and the one at the left is disorganizing;
X440.—After Miss YOUNG (174).
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4. The embryo

The two general stages in the development of the embryo of Pina-
ceae are repeated among Taxaceae, but there is more variation in
the character of the proembryo, and it more commonly fills the whole
egg. The fact that among Pinaceae the proembryo usually occupies
only a relatively small part of the basal region of the egg is not due
to the small number of cells, for these may be just as numerous as
among the Taxaceae, but is due to the large size of the egg at fertiliza-
tion. The proembryo of Taxaceae also differs in the lack of uniform-
ity of its tiers, the embryo-forming tier usually being represented by
a single cell, while the suspensor and "rosette" tiers may be repre-
sented by a considerable number of cells; a fact that is probably due
to the size and configuration of the egg.

THE PROEMBRYO

The development of the proembryo of Torreya taxifolia (101)
may be used as an illustration. The division of the fusion nucleus
is followed immediately by a second division, and the four large free
nuclei almost fill the small egg (fig. 401). As a consequence, there is
no such movement of nuclei toward the base as occurs in larger eggs.
At this four-nucleate stage wall-formation occurs in the usual way by
connecting fibers, the four walled cells completely filling the egg.
Division of these cells continues until a proembryo of about twelve
cells is produced, arranged more or less definitely in three tiers, as
follows: five or six in the "rosette" tier, five or six in the suspensor
tier, and one in the embryo-forming tier (fig. 402). Later divisions
may result in a proembryo of eighteen cells. It is this twelve to eight-
een-celled proembryo that persists, without further change, until
the following spring. The relatively small egg, the very large nuclei,
and the early appearance of walls are probably accountable for the
tissue-filled egg. This account agrees with that given for Torreya

californica (99).

In Cephalotaxus fertilization occurs later in the history of the game-
tophyte and the eggs are larger. In the two species investigated, C
Fortunei (124) and C. drupacea (130), four free nuclei are formed and
then assume the basal position, in which nuclear division continues
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until eight or sixteen free nuclei are produced, when wall-formation
occurs, the completed proembryo consisting of sixteen or thirty-two
cells. These cells form fairly definite tiers above, but become more
or less irregularly arranged below. Four regions or tiers may be
recognized, at least so far as their functions are concerned: open
tier (open above), suspensor tier, embryo-form ing region, and region
of the "penetratingcap," which last is a peculiar feature of the genus
(figs. 369, 370). In Taxus there are also sixteen free nuclei before
wall-formation.

401 4OZ

FlGS. 401, 402.—Torreya taxi folia; fig. 401, four-nucleate stage of proembryo;
August 12, 1904; X460; fig. 402, proembryo showing the three tiers of cells; the
entire egg is segmented; the proembryo passes the winter in this stage; August 27,
1904; X460.—After COULTLR and LAND (ior).

Among the podocarps Podocarpus (69) and Phyllocladus (144)

have been investigated. In the former genus the fusion nucleus

assumes the basal position, and sixteen free nuclei appear before

wall-formation. The three tiers of the completed proembryo are

made up as follows: fourteen cells in the open tier, fourteen in the

suspensor tier, and one binucleate cell in the embryo-forming tier.

In Phyllocladus there are eight free nuclei before wall-formation.

Among the Pinaceac, with the possible exception of the araucarians,

wall-formation in connection with the mitosis which gives rise to

the eight-nucleate stage of the proembryo is a remarkably uniform
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feature. Among the Taxaceae, however, there is wall-formation

in connection with the mitosis which produces the four-nucleate stage

(Torreya), the sixteen-nucleate stage (Phyllocladus and sometimes

Cephalotaxus), and the thirty-two nucleate stage (Taxus, Cephalo-

taxus, and Podocarpus). A large number of free nuclei before wall-

formation is a feature of the proembryos of Cycadales and Ginkgoales,

and therefore it has been regarded as a primitive character. In

general, this is probably true, but that it cannot be applied within a

range of one or two divisions is evident from the fact that the extreme

limits of free nuclei among conifers (two and sixteen) are found in

Torreya and Taxus, two of the most closely allied genera.

THE SUSPENSOR AND EMBRYO

Suspensor-formation as observed in Torreya taxifolia (101) is

probably true in general of all the genera of Taxaceae (fig. 403).

Among Pinaceae the elongation characteristic of suspensor-formation

so often appears to be definitely restricted to a single tier of proembry-

onic cells that it has produced the impression that the suspensor is

necessarily an organ of definite origin. The elongation may involve

every tier of the proembryo, and the suspensor is the total product of

this elongation. In Torreya elongation begins in the uppermost

tier ("rosette") of the proembryo, which is probably always the case

when this tier is closed, and extends gradually downward, tier after

tier, until it includes the proximal region of the meristematic cylinder

produced by the embryo-forming cell. In this case, therefore, every

tier of the proembryo "contributes" to the suspensor. The same

phenomenon was observed in Thuja (72), among the Pinaceae.

Usually a single embryo is developed at the end of the suspensor,

but in Podocarpus the constituent cells of the suspensor have been

observed (69) to separate, resulting in the formation of several

embryos from a single egg. Secondary embryos have been observed

in Cephalotaxus (130) also to bud from the group of embryo-forming

cells; and in Torreya such embryos have been seen (101) to bud

from the suspensor region during the second season. In Cephalotaxus

(124, 130) a series of long haustorial. "embryonal tubes" develop

early from the proximal cells of the embryo.

The single embryo-forming cell of Torreya (101) develops a cylin-
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drical mass of meristematic cells, and this cylinder invades the endo-

sperm, its basal cells contributing to the suspensor. Later, growing

points are organized, the root tip being deep in the cylinder, and the

two concave cotyledons completely surrounding the stem tip. The

peculiarity of the embryo-formation in

Ci-phalotaxus (25, 124, 130) has been

mentioned, in which the terminal cells of

the proembryo form a persistent cap for

the embryo during its advance through the

endosperm. That this same feature appears

in Araucaria brasiliana (25) is a matter of

interest (figs. 367, 368).

So far as known, all of the Taxaceae

arc dicotyledonous. This has been re-

garded as a primitive feature, because

Bennettitales, Cycadales, and Ginkgoales

are dicotyledonous; but the relation of

polycotyledony to dicotyledony may lead

to a different conclusion (see p. 298).

Podocarpus Makoyi has been found

(73) to be viviparous, the embryo con-

tinuing its development and the hypocotyl

passing out of the micropyle while the

seed is attached to the parent plant. It

is probable that other species of Taxaceae

will be found to show the same habit,

as it is not uncommon in other groups of

gymnosperms.

5. History and distribution

The Taxaceae have not been recognized farther back than

Cretaceous, and so far as this negative evidence can be relied

upon the family is comparatively a modern one among gymnosperms,

certainly much younger than the Abietineae and the Araucarineae.

It is possible that older Taxaceae existed, and that they have not been

recognized among coniferous remains; but until they are recognized,

the failure to find them earlier than the Cretaceous must be considered

in any discussion of phylogeny.

Frc. 403.—Torreya to
folia: proembryo showing
elongation of suspensor cells;
April 7, 1904; X460.—After
COULTER and LANT) ( IOI) .

the
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In the present geographic distribution of Taxaceae, the two tribes
are in contrast, the podocarps belonging almost exclusively to the
southern hemisphere, and the taxads as exclusively to the northern.
This associates the former tribe geographically with the araucarians,
and the latter with the three other tribes of Pinaceae.

Among Podocarpineae the genus Podocarpus is the only one that
ranges through a hemisphere, and is the only one represented in the
northern hemisphere by its extension into Japan. Both Dacrydium

and Phyllocladus belong to the Australasian region, but extend north-
ward into the East Indies; while Microcachrys and Pherosphaera

are restricted to Australasia (chiefly Tasmania), and Saxegothaea to
the southern Andes. The tribe as a whole is distinctly Australasian.

Among Taxineae the genus Taxus is the only one represented
throughout the northern hemisphere, extending southward into tropi-
cal Asia and the mountains of Mexico. The other genera are much
restricted, Cephalotaxus being found only in Eastern Asia, Acmopyle

and Polypodiopsis being restricted to New Caledonia, and Torreya

being represented by four scattered species in Florida, California,
Japan, and China. The general northern complexion of the group
is evident, and the only endemic genus, excluding the two doubtful
New Caledonian genera, is Cephalotaxus, all of whose six species
occur only in eastern Asia.

6. Relationship to other gymnosperms

The opinions that have been expressed in reference to the relation-
ships of the Taxaceae are so diverse that it is evident that the family
presents a peculiarly difficult combination of resemblances. They
have been called the oldest living conifers (133) and the most recent;
they have been connected with Ginkgo through Cephalotaxus (124,
134), and with Cordaitales on account of the structure of the ovulif-
erous shoot of Taxus (134); and the podocarps have been related
to the araucarians through Dacrydium and Saxegothaea (150).

In the absence of any history of the family, only the testimony of
reproductive morphology and of vascular anatomy is available. In
reviewing this testimony, it seems impossible to regard the family
as a natural one, in the sense that all of its members belong to the
same immediate stock. The tracheids of Dacrydium and Saxe-
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gothaea, the ovulate cones of Microcachrys and Saxegothaea, the

solitary ovule, and above all the peculiar male prothallial tissue

of all the genera suggest that the Podocarpineae are allied to the

Araucarineae, a suggestion that the common and peculiar geographical

distribution of the two tribes reinforces. This may mean only a

common immediate ancestry; but the well-known age and wide

mesozoic distribution of the araucarians, when taken in connection

with the lack of evidence of podocarps before the Cretaceous, makes

the conclusion reasonable that the Podocarpineae of today are a

southern offshoot from the mesozoic Araucarineae; and they do not

contradict any more ancient connection that the araucarians may

have had with the Abietineae.

A recent conclusion as to relationships, suggested by TISON (165),

deserves mention. It is based upon a study of the vascular anatomy

of Saxegothaea conspicua, especially that of the ovulate strobilus.

From the behavior and distribution of the two systems of bundles

found in the megasporophyll, one serving the sporophyll and the other

the ovule, it is concluded that Saxegothaea is more nearly related to

the araucarians than to the podocarps, but that through Microcachrys

it is connected with the latter so definitely that the araucarians,

Saxegothaea, and the podocarps should constitute a single group

comprising the three members indicated as subgroups. This con-

clusion depends upon the view that the structure of the ovulate cone,

especially its vascular structure, is the paramount feature in deter-

mining relationship.

A recent study by Miss GERRY (168) has thrown doubt upon the

association of the podocarps with the araucarians. She has discov-

ered that the "bars of Sanio" (p. 235), apparently a serviceable charac-

ter in the determination of coniferous woods, are present in all the

Coniferales except the araucarians. This character dissociates the

podocarps from the araucarians, and allies them more nearly with

the Abietineae. Just how much this should outweigh the other

characters which suggest an araucarian alliance is a matter of

individual judgment, but it is clear that it must be taken into

consideration.

The Taxineae present greater difficulties, for their resemblances

are not so definite, and their combination of so-called primitive and
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advanced characters is more perplexing. This is indicated by

SCOTT'S statement (160) that if any one of the tribes of conifers could

be regarded as distinct in origin, it would be the taxads. It seems

impossible to interpret the resemblances to Ginkgo as meaning any-

thing more than the retention of common characters derived from a

common ancestor, presumably in this case the Cordaitales. At the

same time, it would seem impossible to connect the Taxineae, which

have no history earlier than the Cretaceous, directly with the paleozoic

Cordaitales. The only mesozoic stock they suggest is that from

which the modern Abietineae, Taxodineae, and Cupressineae have

come; and they differ from Abietineae in some of the important

morphological features shown by Taxodineae and Cupressineae.

The geographical association also enforces this suggestion, and the

conclusion seems reasonable that the living Taxineae represent a

phylum which was derived early from the abietineous stock, and

which has retained cordaitean features that have disappeared among

existing Abietineae, Taxodineae, and Cupressineae. The greatest

objection to this connection lies in the structure of the ovulate stro-

bilus, but the condition in Taxineae, as contrasted with that of the

three tribes of Pinaceae, is one of those differences in degree rather

than in kind (see p. 322) which mark ancient separation at a time

when both groups bore more resemblance to their common ancestral

stock.

The position of Phyllocladus among Taxaceae has given rise to

such diversity of opinion that a summary of the evidence may be

useful. The three alternatives are (1) to include it with Taxineae,

(2) to include it with Podocarpineae, or (3) to constitute for it an

intermediate tribe. The taxad resemblances are (1) structure of

ovule, (2) symmetrical arillus, (3) ovulate strobilus, (4) mesarch

bundles, (5) markings of tracheids. The podocarp resemblances

are (1) male gametophyte, (2) structure of stamen, (3) winged pollen

grains, (4) megaspore membrane, (5) "spongy tissue." The taxad

features are, on the whole, more superficial and variable; and the

podocarp features are more fundamental, so fundamental, in fact,

that an intermediate tribe seems unjustifiable. It seems evident

that the testimony is strongly in favor of including Phyllocladus in

Podocarpineae (174).
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LIST OF GENERA OF CONIFERALES, WITH APPROXIMATE

NUMBER OF SPECIES

A. PIN ACE AE

/. Abietineae

6. Tsuga . . .

7. Pseudo tsuga
8. Keteleeria
9. Abies

1. Pinus 75
2. Cedrus 3
3. Larix 8
4. Pseudolarix 1
5. Picea 12

/ / . Taxodineae

10. Sciadopitys 1 14- Arthrotaxis...
11. Sequoia 2 15. Cryptomeria.

12. Cunninghamia 1 16. Taxodium. .

13. Taiwania 1 17. Glyptostrobus

/ / / . Citpressineae

23. Libocedrus.

24. Thuja

25. Cupressus

26. Chamaecyparis

27. Juniperus

18. Actinostrobus 2
19. Callitris 15
20. Widdringtonia 5

21. Fitzroya 2

22. Thujopsis 1

IV, Araucarineae

28, Agathis 10 29. Araucaria... .

B. TAXACEAE

/. Podocarpineac

30. Podocarpus 60 ^. Pherosphaera
31. Dacrydium 16 34. Saxegothaea..
32. Microcachrys r 35. Phyllocladus.

/ / . Taxineae

36. Taxus 7 39- Acmopyle.. . .
37. Torreya 4 40. Potypodiopsis
38. Cephalotaxus 6
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CHAPTER VIII

GNETALES

This group includes three genera which differ remarkably in habit

and geographical distribution. Their great diversity and scattered

distribution suggest the existence of older and more widely distributed

forms, but no such history has been discovered. They are notable

among gymnosperms for the presence of certain angiospermous

features, and for this reason they have been regarded often as a tran-

sition group between gymnosperms and angiosperms. The two most

important resemblances to angiosperms are the occurrence of true

vessels in the secondary wood, and the elimination of archegonia in

Welwitschia1 and Gnetum. The presence of a "perianth" has also

been cited as an angiospermous character, but it is not to be dis-

tinguished from the bracts associated with ovules and stamens in

other gymnosperms, as in Torreya.

The common characters that hold these three genera together in a

single group are the compound strobili (both staminate and ovulate)

resembling inflorescences in which the simple and axillary strobili

resemble flowers, the conspicuous micropylar tube, the opposite leaves,

the dicotyledonous embryo, the true vessels, and the absence of resin

canals. No one of these characters is peculiar to Gnetales among

gymnosperms, excepting the true vessels and the compound staminate

strobilus; but the combination of characters makes the group very

distinct.

The genera are Ephedra, with about thirty species growing in

the arid regions about the Mediterranean, and in tropical to tem-

perate Asia, North America, and South America; the monotypic

Welwitschia (Turnboa), in an extremely arid and restricted region of

western South Africa; and Gnetum, with about fifteen species growing

in the tropical forests of America, Asia, and Africa.

The earlier knowledge of the group was included in the accounts

published by HOOKER ( I ) , EICHLER (2), STRASBURGER (3, 5), and

1 The Brussels Congress (May 1910) included Welwitschia among the genera con-

servanda; therefore the name is used in this volume instead of the older Turnboa.
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BECCAKI (4). Since that time there has been some fruitful investi-

gation, but the comparative inaccessibility of the material has made

the investigations less numerous and complete than the importance of

the group would justify.

1. The vegetative organs

The species of Ephedra are low straggling shrubs, with long-
jointed and fluted green stems, and opposite scalelike leaves connate
in a two-toothed sheath. True foliage leaves are generally lacking,
and the whole habit is suggestive of a shrubby Eqimetum (fig. 404).

FIG. 404.—Ephedra sp., growing near Tucson, Arizona.—From photograph by
I), T. MACDOTGAT,

Welwitschia is a plant of remarkable habit (figs. 405-407). The

very tough body has the shape of a gigantic radish, which rises little

above the surface of the ground, and whose crown is sometimes 3.5

to 4. 5 meters in circumference. The broad top is more or less con-

cave and somewhat two-lobed, and from the deep horizontal groove
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which separates the crown (shortened stem) from the rest of the body

(tap root) two enormously long parallel-veined leaves arise, which

FIGS. 405-407.—Wclvnischia mirabilis: fig. 405, two views of the youngest speci-
men sent by WELWIXSCH to HOOKER, showing the leaves in an entire condition;
figs. 406, 407, side and top views of an older specimen, showing laceration of the end
of the leaf; all one-half natural size.—After HOOKER (r).

extend upon the ground sometimes for 3 to 3.5 meters, and become

split into numerous ribbons (fig. 408). The single pair of opposite
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leaves succeeds the cotyledons (fig. 455), and is the only pair of foliage

leaves produced, growing continuously at the base, where they are

protected by the groove. These leaves last through the lifetirm- oi

the plant, which is said to reach more than one hundred years.

FIR. 408.—Wclwilstltiii mirabSis: in the foreground arc two plants with lacerated
eaves; in the background are seven more plants—From a photograph by H. SCHENCK.

The species of Gnetum are either small trees or woody climbers,

being among the lianas of tropical forests (fig. 409). The leaves are

leathery in texture, and are very suggestive of those of dicotyledons,

the well-developed opposite leaves being lanceolate to ovate in outline

and pinnately net-veined.

VASCULAR ANATOMY

So far as. known, all traces of mesarch structure are lacking among
the Gnetales, although it is altogether probable that it may be found
in some peripheral members. However this may be, in this feature,
as well as in others, the Gnetales seem farther removed from the ferns
than any other group of gymnosperms, the only suggestion of con-
nection being the foliar gaps.

In Epfedra there is a persistent primary cambium, but not much
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secondary wood-formation, so that the vascular cylinder does not

become thick. The tracheary vessels are found in the inner region

of the cylinder, and consist of broad vessels associated with ordinary

gymnospermous tracheids. They are interrupted by oblique walls, and

have bordered pits as well as simple pits, suggesting an intermediate

condition between the characteristic gymnospermous tracheids and

the true vessels. A peculiar anatomical feature of the genus is the

diaphragm-like plate of cells which occurs at the base of each inter-

node, rendering the stem easily separable at the nodes. The stomata

occur upon the fluted stem in rows, and are sunken in urn-shaped

depressions formed by mounds of cuticle.

In Welwitschia the vascular system of the stem is in a very con-

fusing condition on account of the shortened axis. At the junction of

the crown (the excessively shortened stem) and the huge tap root there

is a broad plate of collateral bundles, made up of two plates in con-

tact. The vessels of the upper plate connect with the leaves and the

strobili, and those of the lower plate with the system of vessels in the

tap root. The primary cambium is short-lived, and irregular scries

of bundles suggest the existence of successive cortical cambiums, but

the testimony is too vague to use in any general conclusion. It is

reported that tracheids with bordered pits are entirely lacking, being

replaced by simple pitted and spiral vessels, which suggests a further

stage of advance in this feature than that exhibited by Ephedra. In

connection with the vascular bundles there is a conspicuous develop-

ment of fibrous sclerenchyma. A remarkable anatomical feature

of the genus is the occurrence of the so-called "spicular cells," which

are found in large numbers and are scattered throughout all the organs

(figs. 410-412). They are very large cells, fusiform or branched,

straight or variously curved, with greatly thickened walls, and often

so closely packed and interlaced that they make the tissues extremely

hard and tough. In the outer layers of the walls, and especially on

the surface of the longer spicular cells, crystals of calcium oxalate are

very conspicuous.

In Gnetum the primary cambium is also short-lived, and successive

cortical cambiums produce concentric series of vascular bundles.

This common feature of Gnetum and Welwitschia and its occurrence

among the Cycadales is a fact of interest rather than of present sig-
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nificance. In Gtteium, as in Ephedra, the secondary wood contains
true vessels associated with gymnospermous tracheids.

The vascular anatomy of
the group needs a wider range
of investigation than has been
given to it, and this has been
partially supplied by a recent
investigation by HILL and
DEFRAINE (28). The traces
entering the base of each coty-
ledon arc two in Ephedra, four
(in two pairs) in Welwitschia,

and four or five in Gnetum.

The strands of the hypocotyl
are inserted on the cotyk-
donary strands, and are four
in Ephedra, eight or less in
Welwitschia (quickly reduced
to four), and a variable
number (about 1^-15) in
Gnetum. The transition to

I1" it; s. 410-4 la.—W ckvltseh ia m Ira bills:
spicular cells from the perianth of the stami-
nale flower; fig. 410, a brandling cell, the
bisaching represented in one plane; fig. 411,
a simple ceil; fig. 412, the cut end of a long
cell, with lumen almost closed and the sur-
face covered by crystals of calcium oxalate;
X225--

•mi

411

412

root structure occurs in the
lower region of the hypocotyl,
and in all cases the primary
root is diarch.

On the whole, the meager
data available suggest a group

farther removed from ferns

than other groups of gymnosperms, and one that has developed more

or less completely the true vessels characteristic of angiosperms.

THE LEAF

The opposite leaves of Ephedra, reduced to a two-toothed and

scaly sheath, certainly suggest ancestors with true foliage leaves,

and occasionally such leaves are developed now.

The single pair of long-lived parallel-veined leaves of Welwitschia

are remarkable. The stomata are in rows and deeply sunken, and
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the mesophyll sheaths a conspicuous, central, nearly colorless tissue
which constitutes a water reservoir. This colorless middle tissue is

traversed by the very numer-
ous and strong parallel
bundles, which are con-
nected by transverse
branches. These branches
sometimes end freely in the
mcsophylt, or send out
branchlets that end blindly.
It follows that while tin-
parallel course of the prin-
cipal veins is monocoty-
ledonous, the blind ending
of some of the vein lets is
dicotyledonous.

The leaves of Cne/um

seem to differ in no essen-
tial feature from those of
dicotyledons with lea then-
texture, being pinnately and
reticulately veined, so that
the plant, except when in
fruit, Tttight be mistaken
for a dicotyledon (fig.

This assemblage of

leaves is more puzzling than

suggestive, and if the genera
I-11.. 413.—GHP/H»I GrietHom from u photo-

graph of a plant at the University of Chicago. are really of common an-

cestry, it implies a history

and a range of forms that remain to be discovered.

2. The spore-producing members

The strobili of Gnetales are compound, each strobilus being a

cat kin-like cluster of simple axillary strobili, which resemble flowers,

dally since their bracts are arranged like a perianth. While
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compound ovulate strobili occur among Cordaitales and Coniferales,

compound staminate strobili are restricted to Gnetales. If the

strobiliferous shoot of Torreya taxijolia, with its simple axillary

strobili, were compacted into a strobilus, the condition among Gne-

tales would be attained. To avoid confusion we will call these simple

axillary strobili of Gnetales flowers, to distinguish them from the

compound strobilus which they make up. It must be remembered,

however, that they are flowers only in the sense that the simple strobili

of Taxus and Torreya are flowers. The whole group is prevailingly

dioecious.

THE MICROSPORANGIUM

In Ephedra the flowers are monosporangiate and generally dioe-

cious, arising from the axils of broad imbricate bracts, which in decus-

sating pairs form a short, membranaceous strobilus (fig. 414). These

strobili occur in pairs at the nodes, one arising from the axil of each

of the opposite and minute scalelike leaves. Occasionally an ovulate

flower replaces a staminate one (18), so that the strobilus, but not the

flower, becomes bisporangiate.

The staminate flower consists of two more or less connate scales

("perianth") investing a projecting axis that bears two or more

sporangia. This stamen, which is evidently an axial structure,

may remain simple, in which case it bears two sporangia; or it may

branch somewhat above and bear several sporangia. The period of

development is remarkably short, the staminate strobilus of E. tri-

jurca first becoming evident in December (in New Mexico), the

mother cells in February, the reduction divisions in March, and

pollination in April. A " resting period " of one month for the mother

cell is a remarkably short one for a gymnosperm. The anthers mature

in acropetal succession in the strobilus, and the only account of the

development of the microsporangium of Gnetales is that of LAND

for Ephedra trifurca (18). In the organogeny of the flower the stamen

appears first, and the "perianth" later, but before there is any differ-

entiation of an archesporium. Apparently the archesporium is a

single hypodermal cell (in transverse section), dividing periclinally

as usual. The primary wall layer divides periclinally, but there are

no further periclinal divisions, so that there is only a single layer



MORPHOLOGY OF GYMNOSPERMS

between the epidermis and the tapelum. There are three or four

successive divisions from the primary sporogenous cell to the mother

cells, the tapetal cells enlarging about them and the wall cells becoming

I'll.. 414.—Ephedra anthypkiiitica: /, staminiite branches; 2, ovulate branches;
j, sterile branches; 4, staminate strobilus; 5, ovulate strobilus; 6, longitudinal section
of seed; 7, bracts of the ovulate strobilus.—After WATSON (2a).

flattened. There is not always the same stage of division in a sporan-

gium, in some cases every stage from synapsis to completed tetrads

being seen in passing from the upper part of a sporangium to the lower.

In this division the 12 chromosomes are very evident.
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In Wi'ki'itschia the flowers arc functionally monosporangiate and

dioecious, but the staminate Bowers are structurally bisporangiate

(figs. 415, 416), They are borne in

the axils of broad and closely over-

lapping bracts, whose decussating

pairs form a conifer-like strobilus

(fig£ 417, 418). These strobili are

produced upon branching axes which

arise from the crown above the foliage

leaves, or rarely beneath them. PEAR-

SON 1 20). from a field study of H•'<'(-

witsckia, states that it is probably

partially if not wholly pollinated by

insects, a statement which finds addi-

tional confirmation in the fact that

just below the anthers there are glan-

dular protuberances which, in sections,

may be interpreted as nectaries (fig.

415, 0-
The staminate flower consists of two

decussate pairs of free bracts, within

which there is a whorl of six (rarely five

or four) monadelphous stamens, each

of which bears a terminal peltate group

of three sporangia arranged in an

approximately circular synangium. In

the center there is a single sterile ovule

whose projecting micropylar tube is

spirally coiled and ends in a broad

flaring expansion (figs. 415, 416). It

is very evident that the immediate

ancestors of Welwitschkt had bispo-

rangiate flowers, a feature completely

eliminated from most of the gymno-

sperms, if they ever possessed it. The

only other gymnosperms that possess

it are the Bennettitales, and they are

416

•-. 415, 416.—Wvhvilschia

mirabilis: fig. 415, longitudinal
don of HIL1 Bower; />, bracts of

perianth; s, iriloculiir anther; (,
protuberance on the inner face of
the stamen tube; /, inner integu-
ment, ending above in the ex-
panded "stigma"; n, nuccllus of
sterile ovule; b, bract from the :i.\il
of which the flower arises; X30;
fig. 416, diagram of transverse
section of the flower at the level
of s in the preceding figure; +,
;ixis of cone.
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too* far removed from Wekvitschia in other characters to suggest any

immediate connection. Tt would be easier to imagine a bispo

rangiate offshoot from the Conifer ales.

,

418

FIGS. 417, 418.—Weltmtsdaa mirabiiis: ovulatc anri siaminatc slrobili; fig. 417,
branch with numerous ovulate strobili; one-half natural size; fig. 418, branch with
slaminate strobili; natural size.—After HOOKKR (1).

In Gnetuni the ilowers are monosporangiuk1 and mostly dioecious,

and are numerous in the axils of connate bracts, which form a series

of contiguous but not overlapping cups (closer together in the stami-



I tG 419.—Gnetum Gnomon: various phases of the life history; A, ovulate st mi til us;
B, Btrobilus upon which only one seed has matured; C. longitudinal section of a young
ovulate strobilus, X24; D, later stage, showing ovules and paraphysial hairs (h), X45;
E, longitudinal section of an immature ovulate (lower, showing "perianth" (p), inner
integument {/), rudimentary outer integument (r), and nucellus {;/); F, nucellus show-
ing three mother cullsi; G, longitudinal section of a mature ovulate flower, showing
the "perianth" (p), outer integument (eh and inner integument (i), X33; II, embryo
sac with free nuclei in a parietal layer, and showing the beginning of the constriction
which results in the antipodal and nucropylar chambers; /. cell-formation in the
"antipodal chamber," another sac which is being pushed aside is shown at the right
above, X50; J. upper portion of sac soon after fertilization, showing a pollen lube
with its nucleus (/), oospores (/), and unfertilized eggs, X340; K, embryo sac, showing
1 hi- suspensor-tike development of the oospore (g) advancing toward the ''antipodal
endosperm," X50.—All from LOTS? (15) excepting F, which is after STHASHIRCKR (10).
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422

natc than in the ovulate strobilus) and a slender cylindrical strobilus

(figs. 419-422). The strobili are axillary or terminal, solitary or

fascicled or even paniculate. The staminatc flower resembles that

of Ephedra, consisting of two coherent bracts investing a short axis

that bears at its tip two spo-

rangia. In the staminate strobilus

of Gnetum also, as in Ephedra,

ovulate flowers are freq uently

present.

It is tempting to see in these

flowers (simple strobili) the

essential features of the angio-

spcrmous flower, and to relate

1 the strobilus to the catkin-like

inflorescences of angiosperms.

^ 0 0 ^ * M While thi- parts may hold the

^^ same general relations, these

v situations may have arisen in

421 420

Fics. 420-422.—Gnctittti Gnenwn:

ovulate strobili; fig. 420, young strobflua

with six cuplikc whorls, the ovules [>rn-

jecting beyond the dense tufts of hairs;

fig. 421, a later stage, with three ovules

much larger than the rest; two ovules

in the second whorl show vm well the

projecting tip of the inner integument;

fig. 422, transverse view of the stage

shown in the previous figure.

sperms, and none of them may

have involved the history of the

angiosperms.

THE MEGASPORANGTUM

In all the genera of Gnetales
the ovulate flatter consists of a
single ovule invested more or less
closely by a pair of bracts that are
more or less connate in Ephedra,

and completely so in Welwilschia

and Gnetum. In fact, so com-

plete is the coalescence and so close is the investment in Gnetum

that this envelope has been regarded as an integument. In every

case there are two integuments, appearing in basipetal succession,

inner one forming the micropylar tube. The elongated and

projecting micropylar tube is a feature of the Gnetales, being

neither spirally coiled nor expanded at the tip in Welwitsckia, as in
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FIG. 423.—Ephcdra trifurca: longitudinal section
of ovule, showing nucellus with deep pollen chamber
[p], inner (j) and outer (a) integuments, and female
gametophyte willi reproductive, storage (s), and
haustoriat (7;) regions; X48.—After LAND (ISJ.
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the sterile ovule of the staminate flower, and with a lacerate tip whose

lobes spread during pollination in Gnetum. The three genera differ

so much in the details of the structure and development of the mega-

sporangium that they must be considered separately.

In Ephedra Injured (LAND 18, 23) the inner integument is free

from the nucellus for more than half its length, and the two integu-

ments are free from one another except at the base, and are multiple

in origin (fig. 423). The inner integument, never more than two

cells thick, appears first in two distinct parts, but the later develop-

ment is zonal, so that when this integument elongates rapidly just

before pollination and protrudes through the apex of the flower, the

exposed tip is wide open and is slit a short distance down one side.

It also contains two rudimentary vascular bundles, and there is every

evidence that it consists of two fused members. The outer integu-

ment, which becomes several cells thick and later hard, appears first

in four distinct parts, and contains as many rudimentary vascular

bundles. Such a multiple origin of integuments was described in

connection with the paleozoic Physostoma (p. 35), one of the Cycado-

filicales.

Although the single hypodermal archesporial cell was not observed,

its existence was evident from the subsequent stages, a parietal cell

being cut off, which together with the overlying epidermal cells pro-

duces a large amount of sterile tissue above the mother cell. About

the time that archegonium initials appear, the tip of the nucellus

begins to be disorganized, and this disorganization gradually proceeds

downward, until when the ventral nucleus is cut off there is a broad

circular opening, narrowing below, from the tip of the nucellus to the

endosperm (fig. 423, p). This is the deepest pollen chamber known

among gymnosperms, for it permits the pollen grains to rest upon the

necks of the archegonia. The pollen chamber is finally closed by a

plug formed by the endosperm cells, preventing the escape of the

embryo into the chamber. The development of the megasporangium

of Ephedra campylopoda, as described by STRASBURGER (3), is essen-

tially the same, except that the archesporium is said to consist of a

group of hypodermal cells.

In fruit the bracts of the strobilus become much modified in Ephe-

dra, becoming red and succulent, or much enlarged and chaffy, and
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the "perianth" persists and becomes lignified. In E. trifurca only

six months elapse between the first appearance of the ovulate strobilus

and the germination of the seed.

The development of the megasporangium of WdwUsckia is un-

known, except that a group of mother cells is present beneath long rows

of parietal cells, the inference being that a hypodennal archesporium

of several cells is differentiated.

No pollen chamber is developed

in the nucellar cap, but it be-

comes riddled by the descending

pollen tubes and the ascending

prothallial tubes (fig. 424). In

fruit the enlarged bracts of the

strobilus become bright scarlet,

and the seed is winged by the

expanded perianth.

The three envelopes investing

the nucellus of Gnetum have given

rise to much discussion, especially

as they are said to arise in acrope-

tal succession (4, 15). BECCARI

(4) regarded the outermost one

as a perianth; STKASBURGER (10)

and CELAKOVSKY considered

them all as integuments, the

n

FIG. 424.—U'elwiLichiii mirabUis:

tipper part of nuCellus, with ascending
prollialliiil tubes; /•, pro that list I tubes; s,

sterile cells of fertile region of prothal-
lium; n, nucclius; m, megaspon mem-
brane; X140.—:After PEARSON (20).

delicate middle one being only

an outer layer of the inner in-

tegument; while LOTSY (15)

recognized only the innermost

one as an integument. Usually

only ovulate flowers are found in ovulate strobili (fig. 425), but occa-

sionally staminate flowers appear. There are two kinds of ovulate

flowers (10): those of the ovulate strobili, as described above;

and those found with considerable regularity in the staminate

strobili. The latter differ in having only two envelopes, the middle

one of the complete flower being absent (fig. 426). These incom-

plete flowers usually do not function, but sometimes they develop
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far enough to contain embryo sacs (Tig. 427). In the rare cases

when they function, the three envelopes are said to develop (15),

but, as shown in the preceding figure, only two envelopes may

appear in ovules which have enlarged considerably. KARSTEN (9,

I i'.s. 425-427.—Gtietum Gncmon: longiLudina] sections, showing bract with cluster

of flowers in the axil; fig. 425, ovule in ovulutc slrobilus with two integuments and

perianth; beneath the ovule is a dense tuft of hairs, so compact that they sometimes

appeai1 rike'a-mftue1;-I\)!,:%M\-stfcriie-uV-nie hf-sninrii[ure~s£r»brius'/ xhwtrig bnrj" zwo

envelops (inner integument and perianth); the oldest stamens are at the top, and in

longitudinal radial section usually show only one sporangium (as ia the third stamen

from the lop); fig. 427, section from staminale strobilus, in which the ovule has

developed to the free nuclear stage of the endosperm; all X23.

11, 12) has found that the middle envelope always appears in a

rudimentary condition during the development of the incomplete

ovulate flowers, but gradually disappears.

This confusion of interpretation has been cleared up (25) by a
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study of the ovule and seed in comparison with those of other gymno-

sperms. The outermost envelope is undoubtedly the so-called perianth

of Gnetales, very closely investing the ovule, with its own vascular

supply, and appearing before the integuments. This last fact gave

rise to the impression that the three envelopes appear in acropetal

succession. The seed becomes slightly stalked in this perianth, and

the two integuments appear in basipetal succession. The inner one

extends above to form the long micropylar tube, and at the maturity

of the seed it completely invests the nucellus (at this time replaced by

the endosperm) as a papery layer. The outer integument becomes

differentiated into an outer fleshy layer and an inner stony layer, the

latter completely investing the seed, the former being chiefly developed

in the region of the nucellar beak. Two sets of vascular strands are

present, the outer set traversing the fleshy layer of the outer integument,

the inner set traversing the inner integument.

In Cycadophytes, Ginkgoales, and Coniferales a single integu-

ment becomes differentiated into a testa of three layers: outer fleshy,

stony, and inner fleshy. In Gnetum the same three layers are present,

but the inner fleshy one becomes differentiated in ontogeny as a

separate integument. In all cases this innermost layer finally forms

a papery lining of the stony layer. Among the Pinaceae the outer

fleshy layer is represented in the integument, but it does not develop

into the pulpy investment that characterizes the Cycadales, Gink-

goales, and Taxaceae.- The variation in the distribution of the

vascular strands among these layers should be summarized. Among

the more primitive Cycadofilicales and Cordaitales, in which the

nucellus is relatively free from the integument, the outer set of strands

traverses the outer fleshy layer (or integument) and the inner set

traverses the peripheral tissue of the nucellus. In other Cycadofili-

cales and Cordaitales, however, and in Cycadales, in which the nucel-

lus and integument are free only in the region of the nucellar beak,

the inner set of vascular strands traverses the inner fleshy layer; and

this is the condition of Gnetum, except that this layer has become

differentiated as an inner integument. In Ginkgoales the. outer set

of strands (belonging to the outer fleshy layer) is suppressed; in

Taxaceae the inner set (belonging to the inner fleshy layer) is sup-

pressed; and in Pinaceae both are suppressed.
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The development of the sporogenous tissue in the ovule of Gnetum

has been described by STRASBLTRGER (3) for Gnetum Gnemcm. The
archesporium consists of a group of hypodermal cells which cut off
wall cells by periclinal divisions, and the wall cells, together with the
overlying epidermis, give rise to the usual thick mass of sterile tissue
above the sporogenous region (fig: 419, F). Before pollination the

42B

FIGS. 4->8, 429.—Gnttum Gnemm: fig. 428, diagram of longitudinal section of
ovule, showing position of embryo sac and the "pavement tissue" beneath; X54;
li^. 42t), the embryo sac and pavement issue more highly magnified; X300.—After
COULTER (25),

cells at the tip of the nucellus become disorganized, resulting in an

indefinite and shallow pollen chamber. The several primary sporo-

genous cells are said to divide in the formation of mother cells, but

this would be a very unusual occurrence for a gymnosperm.

A remarkable differentiation of nutritive tissue occurs in the

chaln/iil region of the ovule of Gttctum Gnemon (25) during the early

stages of the embryo sac. At the eight-nucleate stage of the sac it is
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invested by the loose and undifferentiatcd tissue of the nucelkis.

A little later, the cells at the chalazal end of the sac become strikingly

differentiated, becoming more and more compactly arranged, gradu-

ally obliterating the intercellular spaces, and taking on the appearance

of glandular cells (figs. 428, 429). This compact "pavement tissue"

gradually extends deeper into the chalaza, and spreads laterally

below, becoming fan-shaped in longitudinal section, but with so

definite a contour that it was mistaken by LOTSY (15) for a compact

antipodal tissue within

/ ) . After the fertiliza-

tion stage has been

reached within the sac,

this pavement tissue

begins to lose its glan-

dular appearance, and

later it is destroyed en-

tirely by the growing en-

dosperm.

A year later, the en-

dosperm has destroyed

all of the nucellar tissue

except a very small

amount at the tip. In

destroying the nucellar

beak, the central region

FlG. 430.—Gnetttm Gnemon: tip of seed; small
amount of tissue of nucellar beak not destroyed by
endosperm; differentiation of central and peripheral
regions of endosperm, the former having advanced
into the center of the nucellar beak and spread
laterally, resulting in crushing the nucellar tissue
against the encroaching peripheral region of endo-
sperm; sections of two suspensors shown; X40.—
After COULTER (25).

of the endosperm ad-

vances into the beak and then spreads laterally (fig. 430). In the

meantime the peripheral region advances more slowly toward the

beak, and as a consequence a ring of nucellar tissue is pinched

between two growing masses of endosperm.

The division of the megaspore mother cell has been observed only

in E-phedra (3, 14, 18), in which a linear tetrad is produced. Appar-

ently the outer daughter cell of the mother cell frequently does not

divide, for the earlier accounts describe a row of " three megaspores."

A close series shows (18) that in the same species this outer cell may

divide completely, may divide incompletely, or may not divide at
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all. In no case does it divide until the inner daughter cell has com-

pleted its division (fig. 431). This situation is so general that a row

of three cells occupying the position of a k-trad hardly deserves atten-

tion. The chromosomes have been counted in Ephedra (18, 23)

and in Gnetum (25), and in both the numbers are 12 and 24, conform-

431

FTGS. 431, 432,~Ep)tiu1r<t trijurca: fig. 431, row of four megaspores, the lowest
beginning to enlarge; fig. 43a, simultaneous free unclear division to form the 64-
nucleate stage of the female gameiophytc; X500.—After LAXD (18).

ing to the remarkably uniform condition of gymnosperms in this

regard; although JACCARD (14) reports 8 and 16 for Ephedra hel-

vetica. If several tetrads are produced in a single ovule, several

megaspores may begin to function, and in the case of Gnetum several

contiguous embryo sacs with free nuclei may be formed.

3. The gametophytes "

THE PEMALE GAMETOPHYTE

The development of the female gametophyte is so strikingly differ-

ent in the three genera that they must be described separately.

The course of development in Ephedra was first outlined by STRAS-

BURGER (3), and it conforms to that described for conifers, with free

nuclear division, vacuolation accompanied by parietal placing, for-
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mation of parietal tissue, and centripetal growth until the sac is full

of tissue. The details have been given by LAND for Ephedra trijurca

(18). At the division of the megaspore nucleus, the two daughter

nuclei assume polar positions in the sac on account of the development

of a vacuole between them, which in fact surrounds the equatorial

region of the spindle like a ring. These two nuclei divide simultane-
1 1 . * f l i ' 1 . • ? J ? _ J _ _ _ - A _ _ _ _ • - » • A

the periphery of the sac. Successive simultaneous divisions follow

rapidly (fig. 432), until approximately 256 free nuclei are formed,

free nuclear division extending through a period of about twenty

days.

With the appearance of the walls the endosperm is differentiated

into distinct micropylar and antipodal regions, the former consisting

of very loosely arranged cells with extremely delicate walls, and the

latter of more compact cells. As the very rapid growth proceeds,

the antipodal tissue becomes differentiated into storage and haustorial

regions (fig. 423). The storage region comprises the greater bulk

of the endosperm and is full of starch and other foods. In the cen-

ter of it a column of thin-walled cells, richer in food than the others,

extends from the haustorial region to the base of the archegonia,

marking the path along which the embryo is to be thrust by the elon-

gating suspensor. The haustorial region consists of the one or two

outermost layers of endosperm cells at the antipodal end. The loosely

arranged cells of the micropylar region, with their delicate and some-

times belated walls, are of interest in connection with the same region

in Welwitschia, described below.

About April (in New Mexico) the archegonium initials begin to

be differentiated; two being the usual number, although one or three

sometimes occur. After the primary neck cell is cut off, it divides

at once periclinally, and other periclinal divisions follow before anti-

clinal walls are formed which divide the cell of each tier into four

cells. Eight such tiers of neck cells have been observed, and later

divisions may result in six or eight cells in a tier. The appearance

of regular tiers may be lost by .the irregular planes of the later divisions,

and the neck may resemble ordinary tissue (figs. 433-435). The

minimum number of neck cells is probably thirty-two, but there may

be many more. In any event, the archegonium neck of Ephedra is the
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longest one known among gymnosperms, and it is associated with the
deepest pollen chamber. It follows that although the pollen grains

FIGS. 433-435.—Ephcdra in'furcu: development of the archegonium; fig. 433,

the neck («•) and central cell; X 500; fig. 434, three tiers of cells in the neck, the central

cell not yet divided; X500; fig. 435, later stage, in which the neck can scarcely be

distinguished from the surrounding cells; the central cell (r) still undivided; X112.—•

After LAND (18).

rest upon the neck of the archegonium, there remains much tissue for

the tubes to penetrate.
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A zone of jacket cells (tapetum) is organized about the central

cell, the cells being at first isodiametric, but with the elongation of the

central cell they become much elongated and their walls become so

thin as to be seen with difficulty. At the time of fertilization the walls

separating the jacket cells from the egg break down altogether, and

the contents of these cells are mingled with those of the egg. Miss

BERJUDGE and Miss SAND AY (22) have reported a remarkable behav-

ior of the jacket cells of Ephedra distachya, claiming that the nuclei

of the broken-down jacket cells escape into the egg, fuse in pairs, and

produce proembryos. Such behavior was never observed in thousands

of ovules of E. trijurca (23), but occasionally jacket cells were found

resembling the isolated proembryonic cells in appearance but never in

function.

The ventral nucleus of Ephedra trijurca (18) is cut off during the

first two weeks of April (in New Mexico), and there is no trace of a

wall separating it from the egg. It remains in the upper part of the

archegonium and becomes conspicuously enlarged.

The earlier account of the female gametophyte of Welwitschia was

very perplexing, and although it is now found to have been inaccurate

and even misleading, it suggested an unusual situation, which has

been cleared up to some extent by PEARSON (27). The endosperm

begins as usual with free nuclear division, and an embryo sac with

approximately 1,024 free nuclei was observed, representing ten suc-

cessive divisions rather than the usual eight. Attention has been

called to the fact, however, that in Pinus there may be as many as

eleven such divisions, and that the number may well vary widely

among gymnosperms (see p. 259). These nuclei are distributed

through the sac, so that when cleavage of the cytoplasm by walls occurs

the embryo sac is divided into multinucleate cells. Those in the micro-

pylar region contain fewer nuclei than do the others, and these nuclei

become the nuclei of free eggs. The cells of the lower three-fourths

of the endosperm contain many nuclei, which are said to fuse and

thus produce a uninucleate tissue, and this primary endosperm tissue

continues to grow both before and after fertilization. The multi-

nucleate cells of the micropylar region, which were formerly mistaken

for archegonium initials, send out tubes into the overlying nucellar

tissue, into which the free nuclei pass, and these prothallial tubes
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meet the pollen tubes in the lower half of the nucellar cap. It is

evident that archegonia are eliminated, and that this is associated

with the fact that the sexual nuclei are differentiated before a uninu-

cleate tissue is formed. An earlier differentiation is possible only

in the free nuclear stage of the endosperm, before there is any wall-

formation; and this condition has been reached by Gnetum. The

details of the formation of the permanent endosperm tissue of Wel-

witschia need critical study, but the general outline of the situation

is clear.

The embryo sac of Gnetum has long been noteworthy for its sug-

gestion of that of angiosperms. Several species have been investi-

gated by KARSTEN (9,11,12), and Gnetum Gnemon has been described

by LOTSY (15). The embryo sac of the last species has been regarded

as illustrating a female gametophyte intermediate in structure between

the tissue-filled sacs of Ephedra and Welwitschia on the one hand, and

the sacs of the other species of Gnetum, which contain only free nuclei

at the time of fertilization. The antipodal end of the embryo sac

was described as being filled with a compact endosperm tissue before

fertilization, while the micropylar end contained free nuclei. Later

investigation (25) has shown that the tissue referred to is a nutritive

tissue developed in the chalaza in contact with the antipodal end of

the sac, and that all the species of Gnetum, so far as known, have

embryo sacs containing only free nuclei at the time of fertilization,

as described by KARSTEN.

The endosperm of Gnetum begins with free nuclear division, and

eight nuclei have been observed (25) grouped near the center of the

sac before vacuolation. Later the vacuolation of the sac results

in the imbedding of the nuclei in a thin parietal layer of cytoplasm

surrounding a large central vacuole. The number of free nuclei

has not been determined, but presumably it is quite indefinite. It

is in this stage that fertilization occurs, for the free nuclei are poten-

tial egg nuclei, although a group near the antipodal end of the sac

may be as distinctly vegetative as are the antipodal cells of angiosperms.

After fertilization, walls appear among the endosperm nuclei and

a tissue is formed, which finally invades and destroys all of the nucellar

tissue (p. 383). Under such circumstances the formation of arche-

gonia is impossible, free eggs being organized at the free nuclear stage



GNETALES 389

of the endosperm. There can be no question that the embryo sac

of Gnetum is strongly suggestive of that of angiosperms, in which the

egg is also organized in the free nuclear stage of the gametophyte;

but there is nothing in Gnetum to suggest the remarkable fusion of

polar nuclei so characteristic of the angiospermous sac. It is at least

a case of remarkable parallel development.

In all of the Gnetales the megaspore membrane is very thin, and

according to THOMSON (21) this confirms the evidence from other

structures that the group is relatively modern among gymnosperms.

THE MALE GAMETOPHYTE

The development of the male gametophyte of Gnetales was

unknown, except for occasional glimpses, until the investigation of

Ephedra trifurca by LAND (18), and it still remains the only complete

account.

A short time after the rounding off of the spore, its nucleus divides,

forming the first prothallial (vegetative) cell. This cell is pressed

closely against the wall of the spore by the enlargement of its sister

cell, from which it is separated by a wall, the only wall that appears

in the spore (figs. 436-441). A second division gives rise to the

second prothallial cell and the antheridium initial, which are not

separated from one another by a wall. The second prothallial cell

and its nucleus become flattened also by the pressure of the growing

antheridium initial, whose nucleus enlarges very much, and upon

division produces the generative and tube nuclei. The generative

nucleus becomes surrounded by a zone of cytoplasm differentiated

from the general cytoplasm, the result being a free naked cell (fig.

439)- The general cytoplasm still invests the second prothallial and

tube nuclei, with no evident boundary between them. The nucleus

of the generative cell divides, giving rise to the stalk and body nuclei,

which remain invested by the cytoplasm of the generative cell, the

body nucleus .soon becoming much larger than the other. It is in

this condition that pollination occurs (during the first two weeks of

April), the spore containing five conspicuous nuclei (two prothallial,

stalk, body, and tube) (fig. 441). The short period of this species

has been referred to (p. 371), only two months elapsing between the

first appearance of the primordia of the sporangia and the five-nucleate

grain, which is shed about two weeks later.
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After reaching the deep pollen chamber, the exine of the spore is

sloughed off and the inline with its contents is completely freed. The

two prothallial cells soon disappear, and the nucleus of the body

cell divides to form two equal male nuclei. The tube nucleus moves

around the cavity of the grain and comes to rest against the wall,

and soon after the pollen tube is put out from this point of contact

FIGS. 436—441.—Ephedra Irijurca; gerrp'naJu'r>i/

lial cell; prs and pr1, first and second prothallial cells; at, nucleus of antheridium

initial; tn, tube nucleus; g, generative cell; bn, nucleus of body cell; sin, nucleus of

Stalk cell; X 1,500.—After LAND LI8).

(figs. 442, 443). As previously stated, the greater number of pollen

grains rest upon the necks of the archegonia, and fertilization is pos-

sible within ten hours, as shown by experiment. The tube forces

its way between the neck cells, rarely destroying them in its passage.

In Ephedra distachya (22) the two male nuclei lying in the general

cytoplasm of the body cell are said to be unequal. The equality or

inequality of such cells should be based upon an estimate of their
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volume, rather than upon optical sections, which frequently appear
to show an inequality that does not exist.

The male gamctophyte of Wdwitschia is known only from a few
figures by STRASBURGER (IO),

which show a prothallial cell and
the division resulting in the
generative and tube nuclei;
supplemented by the statement
of PEARSON (27) that the nu-
cleus of the body cell divides
to form two male nuclei. These
glimpses agree with the cor-
responding stages in Ephedra,

except the presence of a single
prothallial cell, which may or
may not have been accompanied

by another oru\ Our only

knowledge of the male gamcto-

phyte of Gnetum is from the state-

ment and figures of LOTSY (15)

FIGS. 442, 443.—Ephedra tr if urea:

fig. 442, pollen grain just before ihe for-
mation of the tube; the nucleus of the
body cell is dividing to form the two male
nuclei; X500; 6g. 443, the pollen tube;
m, and »«,, the male nuclei; s, nucleus of
stalk cell; /, tube nucleus; X500.—After
LAND (23).

from Gnetum Gnemon, showing

the tube nucleus and two male celts of the ordinary type in tin- tip of

the pollen tube just before fertilization.

FERTILIZATION

The fertilization of Bphedra trijurca has been observed by LAND

(23) and, as has been stated, it may occur within ten hours after
pollination. The pollen tube forces its way between the neck cells
of the archegonium and discharges all its contents into the cytoplasm
of the much elongated egg. While tin.- sperm and egg nuclei are fusing
in the upper part of the egg, there may be seen in the overlying cyto-
plasm the ventral, second male, stalk, and tube nuclei. A dense and
darkly staining mass of cytoplasm surrounds the fusion nucleus and
extends downward through the long egg (fig- 444). This differen-
tiated mass of cytoplasm appears lirst in spherical form in the upper
third of the central cell, and docs not disappear until the proembryonic
cells are formed. In Ephedra distackya it is reported (22) that the
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TIG. 444.—Ephedra irifurca: fer-
tilization; pi, pollen tube; v, ventral
nucleus; w,. 0, fusing nuclei; mu second
male nucleus; X215.—After LAND (23).

functioning male nucleus slips

out of its cytoplasmic sheath in

the periphery of the egg, and

probably this is true of the species

of Ephedra in general.

In Wdwltschia the pollen

tubes and prothallial tubes come

in contact in the nucellar cap.

How the transfer of male cells

or nuclei is effected has not been

observed, but several eggs are

fertilized in each ovule, and

PEARSON says (26) that the cyto-

plasm of the fusion nucleus is

mainly that of the male cell,

which would practically repeat

the behavior observed in the

sexual fusion of the Taxaceae and

Taxodium,
In Gneium (15) one or more

pollen tubes enter the embryo

sac, and their tips are observed

among the free nuclei (fig. 419, / ) .

The tip of the tube becomes

distended and discharges its con-

tents (usually four nuclei), both

male cells being free in the sac

and functioning. Approximately

as many eggs are fertilized as

there are male cells discharged

into the sac, that is, twice as

many as there are entering pollen

tubes. About the fusion nucleus

a dense layer of cytoplasm

appears and soon a cell mem-

brane is formed. The discharge

of male cells into an embryo sac



GNETALES 393

containing free nuclei or cells, and the functioning of both cells dis-

charged by a tube suggest the so-called "double fertilization"

characteristics of angiosperms. The peculiarity of the angiosperm

situation, however, is not that two male cells fuse with two eggs,

but that one of them enters into a triple fusion which results in the

so-called endosperm tissue.

4. The embryo

The development of the embryo of Gnetales differs widely from

that of other gymnosperms; and the three genera differ so much

among themselves that a separate account must be given for each.

In 1872 STRASBURGER (3) described the remarkable embryo-

formation of Ephedra altissima, outlining a general situation which

has proved to characterize all the species investigated (fig. 445). The

principal features are as follows: free nuclear division up to eight

nuclei; the organization of two to eight independent cells; the inde-

pendent functioning of each proembryonal cell in the formation of a

suspensor and an embryo. The free nuclear division up to eight

nuclei repeats the early stage of the proembryo of most conifers;

but the difference appears in the separate organization and function-

ing of the eight cells, resulting in a proembryo of eight independent

cells rather than one consisting of a tissue of eight cells. Each func-

tioning proembryonal cell elongates to form a suspensor-like tube,

which emerges from the egg, penetrates the endosperm, and cuts off

at its free tip an embryo-forming cell. This is quite like the embry-

ogeny of conifers, except that several suspensors emerge from the egg

in various directions, rather than a single one emerging from the base

of the egg. It must be remembered, however, that among conifers

the constituent cells of a suspensor may separate, and an embryo

be formed at the tip of each one. This is exactly the case of Ephedra,

for its proembryonal cells act independently in embryo-formation.

Fuller details of the embryogeny of Ephedra have been given by

LAND for Ephedra trifurca (23). The behavior of the jacket cells

and of the non-functioning male nucleus, during the development

of the proembryo, is worthy of mention. Soon after fertilization,

the extremely thin walls of the jacket cells disappear, and the con-

tents of these cells become mingled with those of the egg. Shortly



394 MORPHOLOGY OF GYMNOSPERMS

before the walls disappear the jacket cells become binucleate, the

nuclei dividing mitotically and amitotically. Mitotic divisions may

occur simultaneously in every cell of both layers of the jacket, or every

division may be amitotic, or both kinds of division may occur in the

same jacket. Amitotic divisions occurring at the upper end of the

archegonium might pass easily for fusions. In some jacket cells the

B

I-io. 445.—Ephedra: A, young ovule; B, upper part of female gametophyte
after fertilization, showing the free cells of the proembryo within the two eggs; X64;
C, suspcnsors developing from the free cells, passing from the tgg into the endosperm,
and each bearing at the tip an embryonal cell; X64; D-F, later stages in the develop-
ment of the embryo; X154; A, E. cam pyhpoda; B~F, E. altissima.—After STRAS-

BUKOER (3 ) .

nucleus enlarges and becomes surrounded by delicate cytoplasmic

radiations such as appear in connection with the unfertilized egg,

suggesting the possibility of apogamy, but an investigation of thou-

sands of ovules failed to discover any evidence that these egglike

jacket nuclei ever function in the production of embryos. It is evi-

dent that Miss BERRIDGE and Miss SANDAY (22) discovered the same

situation in Ephedra distachya, although they interpreted it differ-
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ently. To them the freed nuclei of the jacket cells appeared to fuse

in pairs and to form the functioning proembryonal cells; in other

cases the jacket cells of either layer were thought to function directly

FIGS. 446, 447.—Ephcdra Irifurca: the proembryo; fig. 446, upper end of egg,

showing a group of spindles derived from the second male tell; just below are numerous

small cells which have come from jacket cells that have wandered into the egg, or from

the division of non-functioning proembryonal cells, or from both; farther down •are

two functioning proembryonal cells; fig. 447, three of five functioning proembryonal

cells; jacket nuclei in ihe egg cytoplasm; free masses of cytoplasm; also masses of

cytoplasm remaining after the procmbroynal cells have been carved out; X500.—

After LAND (23).

as proembryonal cells, in which case there had been migration of
nuclei from adjacent jacket cells and nuclear fusion.

The non-functioning male cell enlarges and occupies the extreme
upper part of the egg, a space previously filled by the adjacent jacket
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cells. As it disorganizes, an irregular group of spindles first appears,

and then a number of minute cells (fig. 446). This ephemeral group

of cells is produced probably by division of the non-functioning male

nucleus, or it may be the joint product of the chromatin of this nucleus

and of some of the jacket nuclei. In any event, its appearance in

connection with the "second male nucleus" has suggested that it

may be the physiological equivalent of the endosperm of angiosperms.

The formation of the embryo of Ephedra trifurca occurs as follows

(23)." The fusion nucleus gives rise to eight free nuclei, more or less

unequal in size, and three to five of the largest enter into the organiza-

tion of walled cells that can produce embryos (fig. 446). The free

nuclei are usually irregularly distributed through the egg, or they may

form a row through the middle. The proembryonal cells are isolated

from the surrounding cytoplasm by the development of cleavage

cracks, which finally carve out a more or less irregular sheath of cyto-

plasm for each nucleus (figs. 447, 448). In general the lower cells are

successful in producing embryos, but sometimes only the upper (micro-

pylar) ones are successful. Each functioning proembryonal cell

rounds out, and its nucleus divides. The two daughter nuclei are

at first equal, but one soon becomes noticeably larger than the other.

As a result of vacuolation the two nuclei become placed on one side

of the cell (if it is one of the upper cells), or on the bottom of the cell

(if it is the lowest one in the egg). Two papillae are put out by the

wall adjacent to the two nuclei, but the papilla related to the larger

nucleus elongates rapidly to form the suspensor and the other one

disappears (fig. 449). In one case four nuclei were seen in a pro-

embryonal cell. The suspensor develops directly toward the antipo-

dal region if the proembryonal cell is the lowest one, but it advances

outward and then downward if it is developed by one of the upper

cells. The larger nucleus passes nearly to the end of the tube, and a

cleavage plate, beginning at the wall, cuts it off in a terminal embryo-

forming cell (figs. 450, 451). The other nucleus now enters the

suspensor and functions as its nucleus, remaining at the lower end

until it disintegrates. The suspensor elongates rapidly, thrusting

the embryo-forming cell deep into the endosperm and remaining

turgid until the secondary suspensor appears, when it collapses. The

longest suspensor observed measured 3.1 mm. in length.



GNETALES 397

The embryo cell divides transversely, and this is followed by a

succession of divisions in various planes until an ovoid mass of cells

453

FIGS. 448-453.—Ephcdra trifurca: development of embryo; fig. 448, one of the
proembryos before the formation of the suspensor tube; X500; fig. 449, proembryo
with two free nuclei (s, of suspensor; e, of embryo) and a suspensor tube (/); X500;
fig. 450, a later stage, showing suspensor {s) and embryo (e); X 500; fig. 451, character
of the wall, nearly complete, which separates the suspensor and embryo; X 1,900;
fig. 453, division of embryo initial cell; s, suspensor; X500; fig. 453, later stage of
embryo and secondary suspensor; X^S0-—After LAKD (23).

is produced (figs. 452, 453). The basal cells of this group elongate

successively, forming a multtcellular secondary suspensor, which
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merges insensibly into the root cap. There are thus three stages of
suspensor-formation: the first elongation in connection with the
nucleus which later becomes the nucleus of the embryo cell; the second
and chief elongation in connection with the smaller nucleus of the
procmbryonal cell; and the formation of a secondary, multicellular

suspensor by the basal cells of the embryo.
Although several embryos may begin to
develop in a single ovule, only one of them
reaches maturity.

In Ephedra trifurca the occurrence of
vivipary is evident, at least in some cases,
numerous seedlings being observed to have
emerged from the seeds while the strobili
were still attached to the stem. In any
event, the period of rest for the embryo
must be very short, and favorable conditions
for growth may eliminate it entirely. The
whole period from the first appearance of
the ovulate strobili to the "germination" of
the seed is approximately six months.

In Welwitsch'ui the fertilized egg, within
the prothallial tube, behaves as docs the pro-
cmbryonal cell of Ephedra. As described by
PEARSON (27), it elongates toward the top
of the endosperm, and the first nuclear

FIG. AS4.-We!u'iischia d i v i s i o n jg f o i l o w e d by a cleavage wall which
mirnlnlis: a young embryo

consisting of a pyramidal cuts off a terminal embryo cell. The
general statement has been that in Wel-

witschda and Gnetum there is no free nuclear
division in the first stages of embryo-forma-
tion, but that the first division of the fusion

nucleus is accompanied by wall-formation, as in the angiosperms.
This statement must be revised, for in Weltvilschia the fusion nucleus
produces two free nuclei, which are later separated by a wall that holds
no relation to the spindle of the fusion nucleus. The suspensor cell of
Welw-itsrhia elongates extremelyj becoming much coiled and persistent,
and the embryo cell produces a pyramidal group of cells (about

group of cells, the basal
onesgivinKrisotoembryonal
tubes.—After STRASBUKOEK

(3).
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thirty-two at the time of observation), the basal ones of which develop
numerous embryonal tubes that surround the lower part of the sus-
pensor, while the terminal ones (a plate of eight cells) develop the
embryo (fig. 454). The embryonal tubes are produced from the
same region that develops as a secondary suspensor in Ephedra, but
their function is not the
same. In germination
the young seedling of
Welwitschia (BOWER 6,7)
shows a well-developed
root, a very long hypo-
cotyl, and two small
cotyledons; and between
the root tip and the
hypocotyl there is de-
veloped a very conspicu-
ous footlike ("spade-
like," 28) process that
remains in the seed as a
haustorial organ. At a
later stage the cotyledons
become more conspicu-
ous, and the single pair
of persistent leaves ap-
pears associated with
them (fig. 45$}.

The embryo-forma-
tion of Gnetum is a repeti-
tion of tli at of Welwit-

schia, at least in general outline. LOTSY'S account (15) for Gnetum

Gnemon describes the extensive suspensor-like elongation of the ferti-
lized egg, the penetration of the endosperm in various directions, the
occasional branching of the tube, and the cutting-off of the embryo
cell, but does not follow the nuclear divisions.

A recent investigation (25) of the same species has added some
interesting details. When the endosperm is fully developed, having
replaced the nucellus completely during the second season, its pe-

Fu:. 455.—Wctwitsrliia mini In'I is: a yirung
seedling, showing the cotyledons and the pair of
persistent leaves; the bilobed crown is evident just
above the insertion ot-lhe cotyledons; natural size.
—From photograph by H. SCHF.NCK.
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ripheral region contains a tangle of long, tortuous, and branching

suspensors, which are difficult to trace. During the formation of the

suspensor by the fertilized egg, free nuclear division takes place,

FIGS. 456-458.—Gut-turn Gnenion: development of embryo; fig. 456, a proembryo

showing the branching, suspensor-like elongation of the egg, with free nuclei and

cleavage walls; aJso the embryonal cell containing a nucleus and numerous starch

grains; sections of other suspensors shown, and also a small portion of the undestroyed

tip of the nucellus; X40; fig. 457, beginning of embryo-formation by the embryonal

cell, showing free nuclei and the beginning of a cleavage wall; a cleavage wall in the

suspensor is also shown; X250; fig. 458, an embryo reconstructed from several sec-

tions, showing free nuclei, cleavage walls, and the beginning of uninucleate cells;

X140.—After COULTEE (25).

resulting in a few nuclei (four in some cases) distributed along the
suspensor (fig. 456). Usually between these nuclei transverse walls
are formed by the development of cleavage plates from the wall of
the suspensor. A cell at the tip of the suspensor is cut off in the same
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way, and contains one of the free nuclei, with which numerous

starch grains are associated. In this terminal embryo cell free

nuclear division continues, accompanied by cleavage walls, until

a multicellular embryo is formed (figs. 457, 458). The formation of

cleavage walls appears to continue until uninucleate cells are produced.

As in the case of Welwitschia, it had been supposed that in the

embryo-formation of Gnetum the preliminary stage of free nuclear

division, common to other gymnosperms, had been eliminated, and

that the first nuclear division was accompanied by wall-formation, as

in angiosperms. In Gnetum Gnemon, however, free nuclear division

not only characterizes the proembryo, but also the early stages of

the embryo. In comparing Gnetum with Ephedra it will be seen

that the number of free nuclei formed by the egg in each case is approx-

imately the same, the difference being that in Ephedra several sus-

pensors are formed by independent proembryonal cells, while in

Gnetum SL single suspensor is formed by the fertilized egg.

The later stages of the embryo of Gnetum Gnemon have been

described by BOWER (8), the basal cells of the embryo group produ-

cing embryonal tubes, as in Welwitschia; and the young seedling

showing the same endospermic foot (rodlike) attached between the

long hypocotyl (bearing two small cotyledons) and the root. HILL

(26) has studied the germination of these species, and reports that

the hypocotyl soon escapes from the seed coats, leaving behind a

foot or sucker in close connection with the storage tissue. The coty-

ledons are at first small, but later enlarge somewhat and do photo-

synthetic work; and the rodlike foot in the center of the endosperm

contains vascular tissue. This foot, reported for Gnetum and Wcl-

witschia, needs investigation, for there is no such structure in Ephcdray

the only genus of the Gnetales whose germination we have seen.

In that genus the germination is as in Pinus, the cotyledons being

pulled out of the testa and spreading, and there is left no structure

imbedded in the endosperm. Whether this sucker-like outgrowth

from the cotyledonary node of Gnetum and Welwitschia is to be

regarded as a "foot," with all the morphological connections that

that term implies, or merely a special "peg" such as appears in cer-

tain dicotyledons, is a question to be decided only by one's point

of view.
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LOTSY has described (17) the occurrence of parthenogenesis in

Gnetum Via. When the embryo sac was full of loose tissue, no pollen

tubes were found, but many of the loose cells behaved like fertilized

eggs in sending out tubes.

5. History and distribution

At present Gnetales are unknown as fossils, but they give evidence

of a considerable history (24). Their great dissimilarity in habit,

structure, and habitat, associated with their widely scattered distri-

bution, indicates a relatively large group of ancestors of somewhat

general distribution. Even if this should prove to be the case, the

group is doubtless a modern one among gymnosperms.

The present geographic distribution of Gnetales has been indicated

already (p. 363). Ephedra is distinctly a genus of arid regions, its

species ranging throughout the dry borders of the Mediterranean

and extending eastward into the Caspian region of Asia, and in

similar habitats in both North and South America. The species of

Gnetum, on the contrary, belong to the tropical forests of both hemi-

.spheres; while Welwitschia is isolated from its congeners in a desert

waste of western South Africa. The facts of this distribution can

be stated, but their meaning is entirely obscure.

6. Relationships

The origin of Gnetales is very obscure, and in the absence of his-

tory any statement in reference to it must be regarded as a guess.

It is clear that Ephedra is more closely related to the other gymno-

sperms than are Welwitschia and Gnetum; and that if it is to be con-

nected with them at all, it is most reasonably connected with the

Coniferales. This general connection is so uncertain that any

attempt to select for it a particular family or tribe of conifers is pecu-

liarly unprofitable. It must be understood that the connection

referred to may mean only the parallel development of the two groups.

It is equally clear, whatever may be the connections of Ephedra

with other gymnosperms, that it cannot be separated from Welwitschia

and Gnetum. These two genera have many things in common with

Ephedra, but they have more things in common with one another, and

have advanced much farther in the development of angiospermous
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features. It is not worth while to arrange the three genera in a series,

for this would only involve the impossible determination as to whether

Welwitschia or Gnetum is the more advanced in some selected direc-

tion. Certainly they can hold no such serial relation to one another,

for they must represent divergent lines from some general common

stock. So far as the features of the embryo sac can determine advance-

ment, as measured by the angiosperms, Gnetum is more advanced than

any other gymnosperm. All that is necessary, however, is to recognize

the facts that the group as a whole, while clearly related to other

gymnosperms, is remarkable for its angiospermous features, and that

Welwitschia and Gnetum are farther removed from the other gymno-

sperms in this regard than is Ephedra.

The most interesting question in connection with the relationships

of Gnetales is their possible relationship to angiosperms. It was

natural at first to regard them as the immediate progenitors of angio-

sperms, for their structures seemed to point irresistibly to that con-

clusion. When transition groups were in vogue, there was no better

illustration of one than the Gnetales. But those who are now claim-

ing a phylogenctic connection between Gnetales and angiospcrms

do not claim it in the sense that the former is a transition group. To

many it seems very improbable that there is any connection between

the two groups, except one so distant that it does not fall within the

claim of connection. After a critical cytological investigation of the

female gametophyte and of fertilization in Gnetum, STRASBURGER

has concluded (19) that it is impossible to derive the angiospermous

embryo sac from that of Gnetum, and that such resemblances as do

exist are illustrations of phylogenetic parallels.

ARBER and PARKIN (24) have applied their strobilus theory of

angiospermous descent to an interpretation of the origin of Gnetales,

and the result may be regarded as combining the two views mentioned

above. This theory was referred to in connection with the Bennet-

titales (p. 74). These authors do not regard the Gnetales as a very

modern group, in spite of the fact that they are unknown as fossils.

It is claimed that the three survivors of this ancient group have "pro-

anthostrobili" (an " anthostrobilus" is an axis bearing both micro-

sporophylls and megasporophylls, with the latter above the former;

and a "proanthostrobilus" is one in which the ovules are gymno-
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spermous), a fact apparent in the staminate "flower" of Welwitschia,

and made true for all other flowers of Gnetales by inferring the sup-

pression of one set of sporangia. The conspicuous illustration of a

proanthostrobilus among gymnosperms is of course found among

the Bennettitales. Based upon this strobilus situation, the Gnetales

are regarded as a phylum of gymnosperms having a common ancestry

with angiosperms, the two phyla in many particulars following parallel

lines of development. It hardly seems necessary to name hypotheti-

cal groups, but these common bisporangiate ancestors have been

called " hemiangiosperms." Thus the Gnetales have not given rise

to the angiosperms; and yet the resemblances of the two are satisfied

by the parallel development of two lines from a common ancestry.

The gymnosperm connection naturally involves the Bennettitales,

and all those groups whose monosporangiate condition may be the

result of the suppression of one set of sporangia. It is recognized

that in the evolution of strobili among gymnosperms there were prob-

ably two distinct tendencies: a monosporangiate strobilus (Cycadales,

Cordaitales, Ginkgoales, Coniferales), and a bisporangiate strobilus

with the anthostrobilus arrangement of sporophylls (Bennettitales,

Gnetales, and leading to angiosperms).

LITERATURE CITED

1. HOOKER, J. D., On Welwitschia, a new genus of Gnetaceae. Trans. Linn.
Soc. London 24:1-48. pis. 1-4. 1863.

2. EICHLER, A. W., Ueber Welwitschia mirabilis, etc. Flora 47:459-464,

473-479, 480-496, 508-510, 513-520. 1863.

20. WATSON, SERENO, Botany of King's Exp. 1871.

3. STRASBURGER, E., Die Coniferen und die Gnetaceen. 1872.

4. BECCARI, O., Delia organogenia dei fiori feminei del Gnetum Gnemon L.

Nuovo Giorn. Bot. Ital. 7:91-99. 1877.

5. STRASBURGER, E., Die Angiospermen und die Gymnospermen. 1879.

6. BOWER, F. O., On the germination and histology of the seedlings of Wei-

witschia mirabilis. Quart. Jour. Micr. Sd. 21:15-30. pis. j, 4. 1881.

7. , On the further development of Welwitschia mirabilis. Quart. Jour.

Micr. Sd. 21:571-594. pis. 22, 23. 1881.

8. , The germination and embryology of Gnetum Gnemon. Quart. Jour.

Micr. Sci. 22:278-298. pi. 2$. 1882.

9. KARSTEN, G., Beitrage zur Entwickelungsgeschichte der Gattung Gnetum

Bot. Zeit. 50:205-215, 221-231, 237-246. pis. 5, 6. 1892.



GNETALES 405

10. STRASBURGER, E., Ueber das Verhalten des Pollens und die Befruchtungs-

vorgange bei den Gymnospermen. Hist. Beitr. 4:1-158. pis. 1-3. 1892.

11. KARSTEN, G., Untersuchuhgen uber die Gattung Gnetum. Ann. Jard. Bot.

Buitenzorg 11:195-218. pis. 17-19. 1893.

12. , Zur Entwickelungsgeschichte der Gattung Gnetum. COHN'S Beitr.

Biol. Pflanz. 6:337-382. pis. 8-11. 1893.

13. JACCARD, P., Le developpement du pollen de VEphedra helvetica. Archiv.

Sci. Phys. et Nat. III. 30:280-282. 1893; rev. in Bot. Centralbl. Beih.

4:230. 1894.

14. , Recherches enbryologiques sur YEphedra helvetica. Bull. Soc.

Vaudoise Sci. Nat. 30: pis. 10. 1894; rev. in Bot. Centralbl. 61:111-113.

1895.

15. • LOTSY, J. P., Contributions to the life history of the genus Gnetum. Ann.

Jard. Bot. Buitenzorg II. 1:46-114. pis. 2-11. 1899.

16. LIGNIER, O., La fleur des Gnetac&s est-elle intermediaire entre celle des

gymnospermes et celle des angiospermes ? Bull. Soc. Linn. Normandie V.

7:55-7i- 1903-
17. LOTSY, J. P., Parthenogenesis bei Gnetum Via Brongn. Flora 92:397-404.

pis. p, 10. 1903.

18. LAND, W. J. G., Spermatogenesis and oogenesis in Ephedra trijurca. Bot.

Gazette 38:1-18. pis. 1-4. 1904.

19. STRASBURGER, E., Anlage des Embryosacks und Prothalliumbildung bei der

Eibe nebst anschliessenden Erorterungen. Festschr. siebzigsten Geburtstage

von ERNST HAECKEL. pp. 18. pis. 2. Jena. 1904.

20. PEARSON, H. H. W., Some observations on Welwitschia mirabilis Hooker.

Phil. Trans. Roy. Soc. London B 198:265-304. pis. 18-22. 1906.

21. THOMSON, R. B., "The origin of gymnosperms"; a discussion at the Linnean

Society. New Phytologist 5:68-76, 141-148. 1906.

22. BERRIKGE, ETHEL M., and SANDAY, ELIZABETH, Oogenesis and embryogeny

in Ephedra distachya. New Phytologist 6:128-134, 167-174. pis. j, 4. 1907.

23. LAND, W. J. G., Fertilization and embryogeny in Ephedra trijurca. Bot.

Gazette 44:273-292. pis. 20-22. 1907.

24. ARBER, E. A. NEWELL, and PARKIN, JOHN, Studies in the evolution of the

angiosperms: the relationship of the angiosperms to the Gnetales. Annals

of Botany 22:489-515. 1908.

25. COULTER, JOHN M., The embryo sac and embryo of Gnetum Gnemon. Bot.

Gazette 46:43-49. pi. 7. 1908.

26. HILL, T. G., The germination of Gnetum Gnemon L. Jour. Roy. Hort. Soc.

34- i , 2. 1908.

27. PEARSON, H. H. W., Further observations on Welwitschia. Phil. Trans. Roy.

Soc. London B 200:331-402. pis. 22-30. 1909.

28. HILL, T. G., and D E FRAINE, E., On the seedling structure of gymnosperms.

IV. Gnetales. Annals of Botany 24:319-333. pis. 22, 23. 1910.



CHAPTER IX

EVOLUTIONARY TENDENCIES AMONG GYMNOSPERMS

The gymnosperms have been presented group by group, but they

should be viewed also as a whole. It would be possible to summarize

the facts in reference to each structure, but this not only would involve

needless repetition, but also would fail to distinguish between the

facts that are significant and those that are relatively insignificant.

There is no better way in which to develop a clear picture of a great

group than to select those facts of structure that enter into its general

evolutionary history. This has nothing to do with differences among

species, or even among genera, which may be left to the taxonomist;

but it deals with those general tendencies to change structures which

can be noted in passing from the most ancient gymnosperms to the

most recent.

While the discovery of these tendencies aids in reaching conclu-

sions in reference to the phylogenetic connections of the groups of

gymnosperms, it must be remembered that the tendencies are facts

and the phylogenetic conclusions are very uncertain inferences.

Moreover, a general tendency expresses itself throughout a great

group, and has to do with the transition from ancient to modern

forms, rather than with the breaking up of the group into several

phylogenetic lines. Failure to remember this fact has been respon-

sible for much sterile inference as to relationships, similar stages in

some general tendency being assumed to mean immediate genetic

connection. The organism is a plexus of structures, and must be

considered in its totality when relationships are being considered.

Among the general tendencies leading to the origin of seed plants,

that which resulted in heterospory must be regarded as of paramount

importance; and yet it is clear that heterospory arose several times,

and probably many times, independently, as the natural result of a

general tendency among pteridophytes. To put into the same genetic

group all heterosporous pteridophytes would be regarded now as a

morphological absurdity; and yet there have been repeated sugges-

406
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tions of relationship, especially among conifers, on the basis of certain

features of the female gametophyte, for example, features which

represent a stage in a general change that may occur in a number of

independent lines.

In passing from the ancient to the modern gymnosperms, it becomes

evident that groups differ as to the rapidity with which they respond

to a general tendency to change, and it is this difference that helps

to constitute groups. A iliodern group, for example, may associate

a number of ancient features with others that are recent; or all of

the ancient features may have been changed. This has been called

the "lagging behind" of certain structures, but this should not imply

that they are held back and will come forward later; it simply means

that for some reason they have not responded to the general tendency

among gymnosperms to change in a certain direction. The retention

of an old structure must not be confused with the reappearance of an

old structure. For example, it seems clear that the most ancient

gymnosperms were large-leaved forms, from which the small-leaved

conifers were derived; and yet small-leaved pteridophytes may have

been more ancient than large-leaved ones. If this be true, the appear-

ance of small leaves among conifers is the reappearance of an ancient

feature, and not its retention. To prove the retention of an ancient

feature demands the establishment of its phylogenetic continuity.

PHYLOGENY

Before sketching the general evolutionary tendencies among

gymnosperms, it will be of service to outline what seems to be a rea-

sonable conclusion as to the phylogenetic connections of their groups.

This statement and those that follow will be all the more clear if

freed from the details upon which they are based and also from cita-

tions. Those who know the facts and the investigators do not need

their recital; and those who do not know them would only be confused

by their recital. In connection with the following statement, the

accompanying diagrams (figs. 459-461) will assist in indicating the

historical connections of the groups, and also to some extent the rela-

tive periods of time involved.

The paleozoic groups Cycadofilicales and Cordaitales represent

the historical background of gymnosperms. They are of equal age,
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FlGS. 459, 460.—Diagrams indicating the historical con-
nections of the gymnosperm groups and the relative periods of
time involved: fig. 459, a sector of the earth, showing to scale
the thickness oi the superficial deposits (shaded) from which
fossil records have been obtained; fig. 460, the suggested
historical connections of the gymnosperm groups, all contained
within the shaded region of fig. 430.—Prepared by SISTER
HELEN ANGELA.
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so far as the records are available, and are so connected by intergrad-

ing (or rather anastomosing) forms that their relationship seems

Oriav,'Ktan

Qfmoinan

FIG. 461.—A more detailed diagrammatic presentation of the connections sug-
gested in fig. 460.—Prepared by SISTER HELEN ANXELA.

evident. The Cycadofilicales are so fernlike in every feature except
their seeds, that their derivation from some ancient fern stock
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(called provisionally Primofilices) is as certain as phylogenetic con-

nections can be. The origin of the Cordaitales, therefore, presents

two alternatives: either they arose independently from the same

ancient fern stock, or they were differentiated from the Cycadofilicales

very early. To choose between these alternatives is not very impor-

tant, but the latter one seems to be the more reasonable, because the

Cordaitales (as we know them) are much more removed from the

ferns than are the Cycadofilicales. If this conclusion be accepted,

it follows that gymnosperms began with Cycadofilicales more ancient

than any yet known; that Cordaitales branched off from Cycado-

filicales earlier than our present records; and that the two groups

constituted the extensive gymnosperm flora of the Carboniferous.

This paleozoic display of gymnosperms was succeeded by a meso-

zoic display, in which at least four groups are recognized. From the

Cycadofilicales there arose the mesozoic Bennettitales and the Cyca-

dales; and from the Cordaitales the mesozoic Ginkgoalcs and Conif-

erales were derived. The Bennettitales have been traced almost

to the Paleozoic, and their structure, as well as the habit of some of

the earlier forms, makes their connection with Cycadofilicales appear

convincing. The relation of the Bennettitales to the Cycadales is

not so clear; either the two groups were differentiated from a common

stock that arose from the Cycadofilicales and continued into the

Mesozoic, or the Cycadales were differentiated early from the Ben-

nettitales. The records indicate that the Cycadales are much younger

than the Bennettitales, and were much more scantily represented

during the Mesozoic; and therefore the latter alternative seems to

be the more reasonable. In any event, the only question at issue is

whether the gymnosperm stock which came from the Cycadofilicales

into the Mesozoic is to be called Bennettitales or a Bennettitales-

Cycadales plexus (a "common stock"); and it is altogether probable

that this stock has already been assigned to the Bennettitales in the

description of cycadophyte forms from the Triassic and Jurassic.

In the gymnosperm flora of today, therefore, the Cycadales, although

relatively a modern group, are the nearest representatives of the

paleozoic Cycadofilicales.

The Ginkgoales and Coniferales have both been traced into late

and independent paleozoic connection with the Cordaitales, and were
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well displayed during the Mesozoic. The Ginkgoales, while widely

distributed during the Mesozoic, apparently were never a large group;

and this group has continued as a single line into the present flora, and

has retained certain features of the Cordaitales which the Coniferales

have lost. The Coniferales, on the other hand, began that extensive

differentiation during the Mesozoic which has resulted in six recog-

nized tribes in our present flora. Among these tribes the earliest to

be recognized are the Abietineae and the Araucarineae, and their very

early separation is so evident as to raise the question whether they

may not be independent in origin. In any event, the other tribes

recognized in our present flora were of later origin; the Taxodineae

and the Cupressineae, and possibly the Taxineae, arising from the

mesozoic Abietineae; and the Podocarpineae possibly arising from

the mesozoic Araucarineae.

The connections of the Gnetales are altogether obscure, and every

opinion as to their origin must be regarded as very tentative. Although

they have not been discovered as fossils, the great amount of

differentiation they show and their widely scattered geographical dis-

tribution indicate a considerable history. Evidence seems to be

accumulating that they may have been derived from the Cupres-

sineae, or at least that they are closely related to that tribe in origin.

VASCULAR ANATOMY

The central cylinder of the Cycadofilicales, like that of ferns, was

protostelic, siphonostelic, or polystelic. Whatever may be the genetic

connection of these types of cylinder, the siphonostele is the type that

was carried forward in the evolution of gymnosperms. This sipho-

nostele was made up of collateral mesarch bundles, developed second-

ary wood composed of tracheids, and the bundles of all its peripheral

connections were concentric or at least mesarch.

Among the gymnosperms the universal tendency was to eliminate

the centripetal xylem, a tendency carried forward from the ferns, until

the collateral mesarch bundles of the central cylinder became col-

lateral endarch; and more gradually the bundles of the peripheral

regions became collateral mesarch and finally collateral endarch.

So early was this accomplished for the central cylinder that a col-

lateral endarch cylinder is a feature of gymnosperms in general.
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From what has been said as to the variable rate of change among the

members of a great group, it would be expected that mesarch and

concentric bundles might be found in peripheral parts of certain

species or genera whose allies had completely eliminated centripetal

xylem, or might occur occasionally in any species or genus. It is

an interesting fact that centripetal xylem appears to linger longest

in the cotyledons; and the number of gymnosperms in which it is

known to occur in this organ, regularly or occasionally, is increasing

rapidly.

In the development of secondary wood, the general tendency among

gymnosperms is to increase it in amount, so that a thick vascular

cylinder is built up by the primary cambium. This tendency is

apparent among the Cordaitales, but it reaches its most conspicuous

result in the Coniferales and Ginkgoales. This changed also the

general topography of the stem, both pith and cortex being much

reduced in relative amount. The Bennettitales and Cycadales

responded feebly if at all to this tendency, one of their features being

the retention of the general stem structure of the Cycadofilicales. In

these groups the primary cambium is either short-lived or functions

very slowly, and in some forms secondary cambium produces cortical

bundles; but the formation of secondary wood never prevents the

formation of a large pith and an extensive cortex. It is in these groups

also that the concentric and mesarch bundles are most common in

the peripheral members, being found somewhere in all forms; while

among the Coniferales the centripetal xylem has been almost com-

pletely eliminated. In vascular anatomy, therefore, the Cycadales

have retained more ancient features than any other living group.

The vascular condition among Gnetales can hardly be spoken

of in connection with general tendencies; but the appearance of true

vessels associated with the tracheids of the secondary wood is too

important to omit. In any event, these true vessels of the secondary

wood suggest that in the evolution of the vascular cylinder the original

tracheids of the secondary wood are finally and gradually replaced

by true vessels.

THE LEAF

The leaves of gymnosperms may be used to illustrate a structure

that exhibits no general evolutionary tendency, but responds more or
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less directly to the conditions of living. The most ancient gymno-

sperms possessed ample, fernlike leaves, and under appropriate con-

ditions this type of leaf persisted, as in the tropical cycads of today.

The conifers, however, have developed a very different type of leaf,

one that was well under way among the Cordaitales, and which reaches

an extreme expression in small and rigid needles or concrescent scales.

This cannot be regarded as the result of a general tendency among

gymnosperms, quite unrelated to conditions of living, such as is shown

by the persistent progressive changes of other structures. The leaf

is too variable a structure, and too closely related in its work to exter-

nal conditions to permit such an explanation of its changes.

It would be interesting to know the conditions in which needles

and concrescent disks were established; but in the absence of any

such knowledge, the sharply contrasted geographical distribution

of Cycadales and Coniferales may suggest that the conditions of

change were associated with the evolution of the land areas and of

the climate of the temperate regions.

THE STROBILUS

The Cycadofilicales are the only gymnosperms without strobili.

Although the sporophylls differ more or less from the fernlike foliage

leaves or their branches, they are not aggregated into a strobilus

distinct from the rest of the shoot. The organization of a strobilus

by the shortening of the sporophyll-bearing shoot is a conspicuous

feature of gymnosperms, and it must have been derived from the

condition observed among the Cycadofilicales.

The Cordaitales were the first gymnosperms to produce strobili,

and this is one of their conspicuous contrasts with Cycadofilicales.

The record of the structure of their strobili is meager, but it shows

several tendencies in strobilus-formation. Of primary importance

is the fact that the strobili are monosporangiate, and this monospo-

rangiate character prevails throughout the Ginkgoales and Coniferales.

Among the Gnetales, a group probably related to the general conif-

erophyte phylum, bisporangiatc strobili occur in Welvritschia. If this

connection be accepted, therefore, these bisporangiate strobili have

been derived from monosporangiate strobili. It is not necessary

to associate in one genetic connection all of the bisporangiate gymno-
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sperms, for that condition doubtless appeared independently several

times, just as the monosporangiate strobilus is known to have appeared

at least twice in distinct phyla (coniferophytes and cycadophytes).

Another fact in reference to the strobili of Cordaitales, which must

stand for the most ancient gymnosperm strobili, is that they included

both simple and compound strobili. The staminate strobilus was

simple, that is, its sporophylls were borne directly upon the axis of

the strobilus; and this type of staminate strobilus persisted through-

out the Ginkgoales and Coniferales. Among the Gnetales the stami-

nate strobilus is compound, the individual simple strobili being borne

on axes of the second order in the axils of sterile bracts which make up

the general strobilus. There is an evident relationship between the

compact compound staminate strobilus, such as occurs in Ephedra

and in Welwitschia, and the short foliage branch bearing axillary

simple staminate strobili, as in Torreya. Even in Gnetum the com-

pound staminate strobilus is a loose one; and among the taxads there

is a tendency to compact the staminate strobiliferous branch. The

conclusion is that the staminate strobilus is quite persistently simple,

but that in the more modern members of the phylum it tends to become

compound, a condition accomplished by compacting a short strobilif-

erous shoot.

The ovulate strobilus of Cordaitales was compound, at least in

the very few specimens sectioned; that is, the ovules were borne on

short secondary and bractlet-bearing axes that arose in the axils of

the sterile and overlapping bracts that constituted the strobilus.

This compound ovulate strobilus is a distinctive feature of the Conif-

erophytes, prevailing among the Pinaceae and characterizing the

Gnetales. That simple ovulate strobili may have been derived from

it is quite possible. For example, in Torreya the ovulate strobili

are simple and are axillary on short leafy branches, just such a branch

as could have arisen through the elongation of the axis of a compound

ovulate strobilus, so that the sterile bracts could be replaced by foliage

leaves. It may be said that the change may have taken place in the

other direction, and that the short leafy strobiliferous branch was

compacted into a compound ovulate strobilus; but it must be remem-

bered that the Cordaitales with their compound ovulate strobili are

very old, and that the Taxineae with their leafy strobiliferous branches
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are relatively very recent. Of course it may be discovered that the

Cordaitales included also forms with simple strobili on leafy shoots.

This possibility is further emphasized by the fact that the ovulate

strobili of the Araucarineae, and of their allies the Podocarpineae,

are simple. The former tribe is a very old one, and its connection

with the Cordaitales is either direct or nearly so, so that it is altogether

probable that such ovulate strobili occurred in that group. The

connection of the Taxineae with the Cordaitales, however, appears

to be so remote, and their relation to groups with compound ovulate

strobili seems to be so much more immediate, that it is more reason-

able to suppose that their ovulate strobiliferous branches have arisen

from compound strobili in the way described above.

Long after the Cordaitales had established their simple staminate

and compound ovulate strobili, strobili appeared in the cycadophyte

phylum, being found in Bennettitales and Cycadales; and even in

the living Cycas the loose ovulate strobilus retains the evidence of

its origin from the separated sporophylls of Cycadofilicales. The

cycadophyte strobilus has always been simple, and this may be related

to the more compact habit of body, with its lack of free branching.

The most remarkable feature of the early strobili of this phylum,

however, is their bisporangiate character, the two sets of sporophylls

holding the same relation to one another that is held by the stamens

and carpels of angiosperms; and this marks the Bennettitales as a

unique group among gymnosperms. The monosporangiate tendency,

however, which characterizes the coniferophytes, is shown by the

Cycadales among cycadophytes, and it was either established directly,

or it arose from an early differentiation of the bisporangiate strobilus

of the Bennettitales. The evidence of history favors the latter view,

but the probabilities of the situation favor the former. In any

event, both monosporangiate and bisporangiate strobili were estab-

lished among cycadophytes.

THE STAMEN

Among gymnosperms the stamen may be regarded as a very con-

servative structure, retaining throughout most of the phyla its fernlike

characteristics. Its form perhaps became almost as much differ-

entiated among the Cycadofilicales as it ever became among gymno-
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sperms. In this primitive group, in addition to microsporophylls

resembling fernlike leaves with abaxial synangia, there appeared

others that have been spoken of as the Crossotheca ("epaulet") and

the Calymmatotheca ("cupule") types, and in all probability still

others will be discovered. All of these types were continued among

the coniferophytes, with varying details of minor importance. Among

some of the Gnetales either the sporophyll has become very reduced,

or it has become suppressed, so that the microsporangia are cauline;

but even in Welwitschia the old terminal synangium is evident.

Among the cycadophytes, on the other hand, only what may be

regarded as the most ancient type of microsporophyll has been retained,

that is, the fern type with abaxial sporangia (often synangia). Among

the Bennettitales, there is so little departure from the old type that its

microsporophylls resemble pinnate fern leaves with abaxial synangia;

and even among the Cycadales the more or less leaflike microsporo-

phylls show the same character. If there is any tendency in the sta-

mens of this phylum worth noting, it is the tendency shown among the

cycads to reduce the sterile apex of the sporophyll to a more compact

peltate expansion.

The microsporangium of gymnosperms is a very consistent struc-

ture, originating from the hypodermal layer of cells, and developing

a wall of several layers, the innermost one of which is differentiated

as the tapetum. The only general tendencies to be observed are

the gradual replacement of synangia by separate sporangia, and the

more rapid elimination of all evidences of an annulus (in the general

sense). It is noteworthy that in both these particulars the cycado-

phytes, with their much more recent connection with the Cycado-

filicales, are far behind the coniferophytes.

THE OVULE

The origin of the ovule of gymnosperms remains in obscurity.

While the stamen and its sporangia repeat the corresponding structures

of ferns, the ovules of Cycadofilicales and of Cordaitales are so well

organized, even in the modern sense, that their connection with the

sporangia or synangia of ferns is entirely a matter of inference. This

means a tremendous gap between the somewhat hypothetical Primo-

filices, on the one hand, and the Cycadofilicales and Cordaitales,
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as we know them, on the other hand; a gap which there seems to be

small probability of filling up with intermediate forms. In this pres-

entation the only thing possible is to take the ovules of the paleozoic

forms as representing the oldest known ovules, and to note the general

changes that have occurred since.

To select the most primitive type of ovule from among the paleozoic

forms that have been investigated is impossible, unless it is assumed

that those ovules which are most unlike the modern ones represent

the most primitive type. This may or may not be true, but it is the

only available criterion; and by using it, we obtain the following result.

The oldest ovule had a single integument entirely free from the nucel-

lus; in testa-formation this integument differentiated into three layers,

the outer fleshy, the stony, and the inner fleshy; the ovule was sup-

plied with two sets of vascular strands, the outer set traversing the

outer fleshy layer, and the inner set traversing the peripheral region

of the nucellus; and the beaked tip of the nucellus broke down more

or less completely within the firm and resistant epidermis to form a

pollen chamber. If these are really the features of the most primitive

known ovules, the changes become very apparent, and they represent

general tendencies, for they appear in every phylum.

In the first place, the integument and nucellus, instead of remain-

ing separate, develop separately only in the region of the nucellar

beak. So early was this change that it probably represents the con-

dition of the majority of paleozoic ovules, a condition which has per-

sisted ever since. The method of development is very evident, the

integument appearing first as a distinct annular growth about the

base of the young nucellus, but later its basal meristematic zone

becoming indistinguishable from that of the nucellus. In all proba-

bility the change was brought about by the earlier appearance of the

integument, and the result has been more or less variability in the

amount of freedom from the nucellus.

The three-layered testa persists remarkably throughout gymno-

sperms, varying chiefly in the amount of development of the outer

fleshy layer. The stony layer is always strongly developed, and at

the maturity of the seed the inner fleshy layer always forms for it a

papery lining. A strong development of the outer fleshy layer, result-

ing in fleshy seeds, continues throughout the cycadophyte phjlum
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and the Ginkgoales, and is a feature of some of the Taxaceae. Among

the Pinaceae the outer fleshy layer perhaps is represented in the

young integument, but does not develop, so that the stony layer is

the conspicuous superficial feature of the seed. The probability is

that the stony layer would not develop superficially in any event,

so that it would not be necessary to regard a layer or two of cells

overlying it as representing the outer fleshy layer. The development

of the outer fleshy layer among the Cycadales and Ginkgoales

is phylogenetically continuous from the Cycadofilicales and Cor-

daitales; but among the Taxaceae there is probably no such

continuity, but a reappearance of the activity of this layer in

certain genera. Among the Gnetales, and apparently in certain

Cordaitales, the single integument of the other gymnosperms is

replaced by two integuments, the inner fleshy layer having become

differentiated as a delicate inner integument, which appears

earlier than the heavier outer integument, which gives rise to

the outer fleshy and stony layers. In Gnetum the outer fleshy

layer develops the pulpy investment characteristic of the primitive

seeds; but in Ephedra this layer behaves as among the Pinaceae.

If any general tendencies can be inferred from these facts in refer-

ence to the integument and testa, they are seen in the abortion of

the outer fleshy layer in the largest group of living gymnosperms,

and in the differentiation of the three-layered integument into two

integuments.

The vascular supply of the ovule exhibits a very evident progressive

change. When the integument and nucellus become free only in

the region of the nucellar beak, the inner set of vascular strands is

shifted from the peripheral region of the nucellus to the inner fleshy

layer, and this situation persists among the cycadophytes. Curiously

enough, it reappears in Gnetum, but in that case it is associated with

the presence of the two integuments. Among Ginkgoales the outer

set of strands is suppressed; among Taxaceae the inner set is sup-

pressed; and among Pinaceae both sets have disappeared. The

general tendency, therefore, is to eliminate the vascular strands

from the ovule; but it is puzzling to find both sets absent from the

older Abietineae, and one set still present among the younger Taxineae.

The presence of a pollen chamber is one of the most conspicuous



EVOLUTIONARY TENDENCIES AMONG GYMNOSPERMS 419

features of the primitive ovule, and its association with fertilization

by ciliated sperms is so evident that it is natural that the two disap-

peared simultaneously with the establishment of Coniferales, but

the abruptness of the disappearance is evidently more apparent

than real. The presence of an extraordinarily deep pollen chamber

in Ephedra can hardly be regarded as a contradiction to this general

statement, for in that case it is evidently of secondary origin, associated

with a remarkably massive archegonium neck.

THE FEMALE GAMETOPHYTE

The female gametophyte of gymnosperms exhibits a progressive

series of changes which is significant because it leads toward the

angiosperm condition. At this point the very important historical

record fails, and the entire testimony must be obtained from living

forms, which do not represent a series, but the ends of many series.

For this reason, and also because such progress is always very unequal

in different forms, various stages of advancement may be expected

to be found in forms grouped in a single alliance. The series, there-

fore, is not so much one which conforms to recognized groups, as a

series of stages each of which may be exhibited by members of various

groups.

The general development of the gametophyte is quite uniform;

and since the same sequence of events occurs among the hetero-

sporous pteridophytes, it may be inferred that a knowledge of the

ancient gymnosperms would not materially change this situation.

The general sequence referred to in the development of the gameto-

phyte is as follows: free nuclear division, usually accompanied by

vacuolation which results at some stage in parietal placing; the for-

mation of walls, resulting in a parietal tissue; the centripetal growth

of this tissue until it reaches the center of the embryo sac; and the

final growth of the gametophyte until it reaches its mature size. In

certain cases there may be no parietal placing, the free nuclei remain-

ing distributed throughout the embryo sac; and therefore there is

no centripetal growth, but general wall-formation throughout the

sac. The details of the formation of permanent endosperm tissue

from the primary walled cells are variable and perhaps very important

from the evolutionary point of view, but the range of forms from which
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these details have been obtained is far too small to make them of

present service in this connection.

The general tendency which runs through gymnosperms as a

whole, and which reaches its extreme expression among angiosperms,

is to mature the eggs earlier and earlier in the ontogeny of the game-

tophyte. In the most primitive condition of the gametophyte, the

eggs do not appear until the endosperm is nearly full grown; and

other gametophytes can be selected and arranged in a series showing

the gradual slipping back of the egg in the ontogeny of the gameto-

phyte, until in such a form as Torreya the archegonium initial is

differentiated as soon as wall-formation has taken place. A conspicu-

ous illustration of the inequality of response to such a general tendency

among related forms is furnished by Torreya and Cephalotaxus, the

archegonia not appearing in the latter genus until the gametophyte

is well grown. The next stage is illustrated by the situation in Wei-

udtschia, in which eggs are matured before wall-formation is complete,

resulting in the elimination of archegonia. The extreme stage in

this progressive series of changes among gymnosperms is illustrated

by Gnetum, in which eggs are matured at the stage of free nuclear

division, the most embryonic stage of the female gametophyte.

So far as the living forms are concerned, the Cycadales and Gink-

goales show little, if any, response to this tendency; and therefore

possess the most primitive type of female gametophyte among living

gymnosperms. Among the Coniferales, on the other hand, all the

stages are found, up to the one just preceding the elimination of

archegonia; and this stage is attained by Welwitschia and

Gnetum.

The general tendency of the archegonia among gymnosperms is

to eliminate the ventral canal cell. The gymnosperms are distin-

guished from the pteridophytes by the complete elimination of neck

canal cells, and this tendency to suppress all of the axial row except

the egg continues among gymnosperms. Among the living forms

a walled ventral canal cell is retained only among the Abietineae and

by Ginkgo, so far as known; but it seems to be a safe inference that

it was present among the ancient gymnosperms. In the other living

groups the wall has disappeared, and the ventral canal cell is repre-

sented by a free nucleus. In certain forms even this nucleus may
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have disappeared; and of course there is no trace of it when the

archegonia are eliminated.

The distribution of archegonia may be considered in this connec-

tion, although the tendencies do not appear to be general. It is becom-

ing evident that the position of archegonia is related to the position

of the pollen tube, which sometimes reaches the embryo sac before

the archegonium initials are selected. In cases where the pollen tube

assumes a lateral position in reference to the gametophyte (as in

Sequoia and Widdringtonia), it has been demonstrated that the latter

responds by the selection of numerous deep-seated and laterally

placed archegonium initials. It may be inferred, therefore, that the

usual micropylar position of archegonia is due to the usual micropylar

position of the tip of the pollen tube. It may be that numerous

scattered and rather indefinitely placed archegonia were a feature of

ancient gymnosperms, but there is no evidence for it; on the contrary,

the few sections of paleozoic ovules that reveal archegonia, and also

the archegonia of heterosporous pteridophytes, suggest the opposite

conclusion. In any event, they tend to become definite in number

and are then organized in two ways: either as individual archegonia,

each with its own jacket and chamber; or as an archegonial complex,

with a common jacket and chamber. The latter may seem to be a

specialized condition, exhibited chiefly by Cupressineae, but it also

seems to be the natural condition from which to derive the free eggs

of Welwilsckia and Gnelum when archegonia are eliminated from the

ontogeny.

THE MALE GAMETOPHYTE

It is perhaps impossible as yet to determine the character of the

male gametophyte of the paleozoic gymnosperms. The evidence is

accumulating that it comprised many more cells than do the game-

tophytes of most living gymnosperms; but it is not demonstrable

whether these supernumerary cells were vegetative or spermatogenous.

There are instances of supernumerary cells of both kinds among

living gymnosperms, so that they furnish no clue; and the same is

true of heterosporous pteridophytes. The balance of probability,

however, is in favor of the view that they were in the main sperma-

togenous.
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In any event, starting with the known condition among hetero-

sporous pteridophytes, the tendency among gymnosperms has been

to reduce and finally to eliminate the vegetative (prothallial) tissue,

and to reduce the sperm mother cells to two.

In certain groups (as Abietineae) the prothallial cells are two in

number; in others (as cycads) there is one prothallial cell; and in

still others (as Taxodineae, Cupressineae, and Taxineae) prothallial

tissue has been eliminated. Such prothallial cells as do appear are

sometimes persistent and sometimes ephemeral; so that the evidence

of a disappearing tissue is complete, and it actually has disappeared

in what are recognized as the most modern groups. The situation

common to Podocarpineae and Araucarineae is usually cited as an

illustration of a more extensive and therefore a more ancient prothal-

lial tissue, which connects directly with the "multicellular" pollen

grains of Cordaitales. This may be true, but all of the extra cells

are derived from two primary ones, which hold a definite place in the

ontogeny of the gametophyte; and therefore the extra cells may

represent a secondary tissue that holds no phylogenetic relation to

the more extensive prothallial tissue of older forms. In any event

it is ephemeral, breaking down and liberating its nuclei.

The number of sperm mother cells is so rigidly two, that this reduc-

tion may be said to have been accomplished by all living gymnosperms,

whatever may be the fact in reference to the paleozoic gymnosperms.

It is interesting to note that the very few instances of a greater number

of sperm mother cells occur in a group characterized by its retention

of ancient features (Cycadales), and in another group characterized

by its very modern features (Cupressineae). While phylogenetic

continuity of multiple sperms is safely claimed for Microcycas, no

such claim could be maintained for Cupressineae.

The greatest epoch in the history of the male gametophyte of gym-

nosperms, however, was the abandonment of ciliated sperms, and this

occurred in connection with the establishment of Coniferales. It is

not generally appreciated that five of the seven recognized primary

groups of gymnosperms possess ciliated sperms, and that the modern

type or truly terrestrial type of sperm was introduced by the conifers.

It must not be supposed that the earliest conifers necessarily did not

possess ciliated sperms, for these may have persisted among the
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mesozoic conifers. In fact, in certain living forms the sperms resem-

ble very closely those of cycads with cilia lacking. The abandonment

of ciliated sperms also affected the pollen chamber, the pollen tube,

and the cell generations in spermatogenesis. The pollen chamber

disappeared; the pollen tube ceased to be exclusively a branching

haustorial organ and became a sperm-carrier; while the last cell-

generation in spermatogenesis was omitted. It is this condition of

spermatogenesis that is carried forward by angiosperms to a still

greater stage of reduction. Just what cells are eliminated and what

cells remain is a question of small importance. The significant fact

is that spermatogenesis is shortened, and the ultimate cells, although

non-ciliated, are physiologically sperms.

FERTILIZATION

We have reserved for this topic, in addition to what it specifically

includes, a more detailed discussion of the sperm of gymnospcrms and

certain related phenomena of spermatogenesis and oogenesis. Using

the term sperm in a physiological sense, what appears to be a reduc-

tion series can be arranged, extending from the highly differentiated

motile sperms of cycads and Ginkgo9 presumably representative of

the sperms of the extinct groups, to the free male nuclei of Pinus.

Among the Taxodineae, Cupressineae, Taxineae, and Podocar

pineae (certainly in Phyllocladus) the sperm is a distinctly organ-

ized cell ("male cell"). In such genera as Sequoia and Thuja

these male cells closely resemble the young sperms of a cycad

immediately after the division of the body cell. No vestigt-s

°f blepharoplasts have been found in the so-called male cells, but

this negative evidence is not yet convincing. In every case, also,

they have been reported as arising directly by division of the body

cen, which means that they are not formed as sperms within a sperm

mother cell. It must be remembered, however, that apparently

competent observation maintained for a time this same origin for the

sperms of one of the cycads. Therefore, it is not an unreasonable

expectation that some of the male cells may be found to be formed

within sperm mother cells. In some genera, as Taxus and Torreya,

e t w o male cells have become unequal, one being much smaller

than the other and not functioning. The inference is that reduction
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is proceeding in the direction of the elimination of one of the male

cells. Among the Abictineae and Araucarineae the sperms are

not distinctly organized cells, but are male nuclei lying free in

the cytoplasm of the body cell, and this cytoplasm is not always

sharply delimited from that of the pollen tube. That male cells and

male nuclei have been derived from swimming sperms is a reasonable

inference, and if our proposed phylogeny is true, this series of changes

has taken place in the evolution of Coniferales. Such changes do

not indicate necessarily the relative ages of the groups in which they

are observed, but rather their relative rapidity in different groups.

Oogenesis among gymnosperms does not cover so great a range

of reduction, but it is none the less evident. What must be regarded

as the most primitive condition among gymnosperms is the association

of a definite ventral canal cell with the egg, as in Ginkgo and Finns.

Among cycads and many conifers, however, the wall between nuclei

of the ventral canal cell and of the egg has been eliminated, so that

finally the former cell is represented only by its nucleus; and in Torreya

it is probable that even this nucleus does not appear. A further

simplification of oogenesis is shown by Welwitschia and Gnetum, in

which no definite eggs are formed, but the egg is represented only by

a nucleus in a more or less definite sheath of cytoplasm.

There are certain combinations of characters among the Conifer-

ales that may prove to be correlations, but the range of observation is

too limited as yet to establish such a claim. In any event, they deserve

consideration. From those forms (Thuja, for example) with definitely

organized male cells (the most primitive condition of the sperm

among conifers) both the male prothallial cells and the wall separat-

ing ventral and egg nuclei have been eliminated (probably the most

advanced condition of these structures among conifers). On the

other hand, those forms (Pinus, for example) which do* not organize

definite male cells, have retained the male prothallial cells. Three

structures are concerned in these combinations, and in all of them

there is evident a tendency toward elimination, or at least simplifi-

cation. It is further evident that this tendency is not shown by all

three structures simultaneously. The inferences are that the several

lines have proceeded independently, and that the condition of no one

of these structures indicates the relative age of the plant to which it
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belongs, but does indicate the relative rapidity of the changes. For

example, it cannot be claimed that Finns is ancient because it has

male prothallial cells, or that it is modern because its sperms are only

male nuclei; the only claim that can be made from these facts is that

the simplification of sperms has gone on more rapidly in the Pinus

line than the elimination of male prothallial cells. Doubtless the

same conclusion applies to all characters used in phytogeny, even

to those derived from vascular anatomy. The relative position of

any form in a scheme of classification can be determined only by

averaging all its characters; and its relative age in a scheme of phy-

togeny can be determined only by the sure testimony of history.

The behavior of the chromatin in the final stages of oogenesis

in gymnosperms seems to be unique. At the nuclear division giving

rise to ventral and egg nuclei the chromosomes are very small. The

ventral nucleus soon disintegrates, but the chromosomes of the egg

nucleus form a spirem. A period of maturation follows, for which

there is no satisfactory account of the behavior of the chromatin.

The coarse reticulum of the egg is not chromatin, for most of it may

remain after chromatin again becomes demonstrable. Whatever

may be the suggested explanation, it is certain that chromatin has

not yet been traced from the telophase of the ventral nucleus mitosis

to the spirem of the resting egg nucleus with any such certainty as

has been done among pteridophytes and angiosperms.

Fertilization has been studied more thoroughly in Pinus than in

any other gymnosperm, and perhaps it represents the general situation.

In this case the discharge of the pollen tube injects all of its contents

into the cytoplasm of the egg. One of the male nuclei comes into

contact with the female nucleus and the nuclear membranes at the

surface of contact break down, so that the chromatin of the two nuclei

becomes surrounded by the membrane of the egg nucleus. A spirem

is formed from the chromatin network of each of the sex nuclei, and

each spirem segments into 12 chromosomes. In the fusion nucleus,

therefore, there are 12 male and 12 female chromosomes, which do

not fuse, but which become so mixed that they cannot be distinguished.

Each chromosome splits and finally 24 chromosomes pass to each pole

to form the first two nuclei of the sporophyte generation. In this

so-called act of fertilization, therefore, there is no blending of the
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chromatin contributed by the two parents. Whether a blending

occurs as the two. groups of chromosomes pass from the telophase

of the first mitosis into the resting reticulums of the daughter nuclei

has not been determined, but it is possible that the male and female

chromatin may remain distinct throughout the life history.

In all the genera investigated, more or less cytoplasm enters the

egg with the male nucleus. In the cycads the entire sperm enters

the egg, and the cilia may continue to move in this environment, but

the nucleus soon slips out from its cytoplasmic sheath and advances

toward the egg nucleus. In other forms, as Torreya, Juniperus,

and Taxodiutn, the cytoplasm of the male cell invests the fusion

nucleus and takes part in the formation of the proembryo. In most

genera, however, no such cytoplasm is visible, and the proembryo

is formed from a rather small portion of the basal region of the egg,

quite remote from any cytoplasm that may have entered the egg with

the male nucleus.

THE EMBRYO

The absence of embryos from the seeds of paleozoic gymnosperms

has been taken to indicate that some great change connected with

embryo-formation was introduced by the mesozoic gymnosperms.

It would be of extreme interest to know the ancient condition, but

we know only what it has become. In fact, the evidence is by no

means clear that the embryogeny of paleozoic gymnosperms differed

in any general way from that of later gymnosperms. Attention has

been called (p. 47) to the fact that the paleozoic seeds sectioned had

dropped from their plants just as abortive seeds do, and that no

sections of paleozoic seeds in connection with their plants have been

obtained. Among Bennettitales attached seeds are the only ones

sectioned, and they contain embryos. Until sections of attached

paleozoic seeds persistently show the absence of embryos, it is not

profitable to imagine what may have been the changes in embryo-

development in passing from the Paleozoic into the Mesozoic. What-

ever may have been the changes, if any, the proembryo has become

the structure showing steady and progressive changes.

The first stage in the development of the proembryo is free nuclear

division, followed by wall-formation; and in the most primitive
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condition the free nuclei are so numerous that wall-formation results

in a tissue that fills the egg. The tendency is to reduce the number

of free nuclear divisions, resulting in a reduction of the amount of

proembryonic tissue, so that more and more of the general cytoplasm

of the egg is left free from the tissue. The proembryo of Ginkgo

has retained a very primitive character, and illustrations of early

stages in the reduction of the proembryo may be observed among

the cycads. In Zantia, for example, which illustrates the extreme

amount of reduction among cycads, the proembryo is a relatively

small amount of tissue at the base of the egg. Among the Conif-

erales this reduction has been carried forward to a much greater

extent, sixteen free nuclei appearing sometimes, eight free nuclei

being the prevailing number, and four free nuclei being occasionally

attained. This results in a proembryo consisting of a small and

definite number of cells, with distinctly distributed functions. Now

and then among gymnosperms (as in Sequoia) there is no free nuclear

division, but these are interesting rather than significant exceptions.

Even among the Gnetales it is found that a certain amount of free

nuclear division precedes wall-formation. That this reduction of

the free nuclei before wall-formation is significant is shown by the

fact that among angiosperms free nuclei have disappeared, and wall-

formation accompanies the first division of the fusion nucleus.

The vascular structure of seedlings, and especially the vascular

plate with its cotyledonary connections, has become so important a

factor in discussions of phylogeny, that at our request SISTER HELEN

ANGELA has prepared the following brief comparative statement of

the situation among gymnosperms.

"Since the hypocotyl, cotyledons, and primary root are the first

organs formed in the embryo proper, it is reasonable to suppose that

they depart less widely from the generalized condition than do those

structures which develop later under the influence of the various

external factors that tend to create diversity. If in addition we

could say that developmental factors are the same within all seeds, and

that all embryos develop under similar conditions, we should have

strong ground for broad generalizations. But such a statement, of

course, would be far from the truth. Conspicuous examples of the

factors which must be reckoned with in any such attempt are the
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varying amounts of endosperm-formation in different seeds, the great
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absence of the phenomenon of rest, the slowness or rapidity of ger-

mination. And the extremes of hypogeal and epigeal development

are found side by side in the oldest living gymnosperms, Ginkgo and

Pinus, with no historical evidence as to which is the more primitive

method.

"Taking the facts as we find them, however, we cannot but be

impressed by the fairly harmonious testimony of certain evolutionary

tendencies manifested not only by the group as a whole, but by each

of the living orders. An inspection of the diagrams (fig. 462) will

help to make these tendencies apparent. The most obvious tendency,

perhaps, is that to reduce the cotyledons to the fixed number two.

Series A represents conditions as they are found among the Cycadales,

which, though younger than the Coniferales, are conceded to have

retained more primitive anatomical features. Though the order as

a whole is dicotyledonous, its more fernlike members are frequently

observed to be polycotyledonous; and cases of cotyledonary lobing

have been reported of many genera. The number of cotyledons

when fixed is fixed at two. Ceratozamia cannot be regarded as an

exception, for it is dicotyledonous in the proper sense of that term.

Among the Coniferalcs the tendency to reduce the cotyledons to the

fixed number two is- even more striking, as indicated by series B of

fig. 462. Cupressus, Sequoia, and the Abietineae, which must be

regarded as the oldest members of the Pinaceae, are characteristically

polycotyledonous; while the more modern members of that family,

as well as all the Taxaceae investigated, are dicotyledonous. Ginkgo,

though older than the Cycadales and as old as the Abietineae, resem-

bles the former order in having fewer cotyledons; three is not an

uncommon number, but two is the usual one. In the modern order

Gnetales the fixed number is two. The inclination to revert to the

apparently primitive condition has not been lost by the angiosperms;

Anemone, Salicornia, and Oenothera are frequently found with three

cotyledons.

"A second tendency that appears from comparative study is the

tendency to reduce the root poles to the fixed number two. In the

most primitive Abietineae and the more fernlike members of the
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Cycadales, the primajy root is polyarch. Even Araucaria, which is

exceptional in many respects, has been reported with six root poles,

although two is the usual number. In the Coniferales the reduction

in number of root poles is closely related to the reduction in number

6 6 7

Fie;. 461.—Diagrams illustrating the cotyledonary node 0/ ^vninosperms and its

ular connections with the cotyledons; the lobes indicate cotyledons.—Prepared by

SISTKR HGLI-N ANGELA.

Scries A. Cycadatcs: /, Diooti spiiuilosum (occasional); 2. D. I'dulc (occasional);

3, D. spimdosttm, C&atosama, Uicrocyees; -(, D. <duk; 5, Zamia fiorldana, I

: ". t vras siamcnsis; /, C. Srr»i,ntiiii.

Series H. Coniferales: 1-6, various species of the Ptnaceae; 7, Libocalrus, Taxus,

Cepkalotaxus.

Series C, Ginkgoalcs. Gnetalcs, and «tcq)tkmaJ Coniferalt's: /, 2, Ginkgo biloba;

3, 4, Arancaria spp.; 5, P<i<lo<iirpns; 6, 7. Cnetaies.

of cotyledons, for when the dicotyledonous condition is reached, the
root is diarch. Among the Cycadales, on the other hand, although

some have reached the diarch state, the characteristic root is tetrarch,

lhe intercotyledonary poles persisting after the dicotyledonous con-

dition is attained. An important consideration here, however, is

h fact that there is often a reduction in the number of poles in
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individual roots, the first-formed portion being tetrarch and the tip
diarch. In Ginkgo the diarch root is the one commonly found,
though here also tetrarchy and triarchy sometimes occur. The root
of Gnetales is diarch.

"At this point, also, comparison with the angiosperms is instructive.
Both tetrarch and diarch roots occur among the Archichlamydeae.
According to Miss THOMAS, the anatomy of the cotyledonary node
of Liriodendron tulipifera, Clematis Hendersonii, species of Quercus,

of Ricinus, and even some Compositae, resembles in every respect
that of Cycas and Dioon.

"A third tendency made apparent by this comparison of seedling
anatomy is that to reduce the cotyledonary vascular strands to the
fixed number two. The Coniferales are the only order to work out
this tendency to the end; the dicotyledonous conifers (except Arau-

caria and Podocarpus) have just two such strands, one for each
cotyledon. The Cycadales, although they have not reached that
condition, show a tendency toward it in two ways: by restricting the
branching of both median and lateral strands, and by eliminating
the lateral ones altogether; and both of these tendencies are carried
into the angiosperms. The cotyledon in Ginkgo and the Gnetales
receives two strands, which often dichotomize.

" Two very interesting facts are brought out by the diagram in the
third row of fig. 462 (series C). One of these is the strong resemblance
between Ginkgo and the Gnetales; the other is the disclosure that in
this feature of seedling anatomy, as well as in many other respects,
Araucaria and Podocarpus stand aloof from the other conifers and
show a marked resemblance to Ginkgo. These two facts may or
may not be significant; the series was constructed merely to show
that they exist."
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MORPHOLOGY OF GYMNOSPERMS

Pinaceae 235, 236, 237; Taxaceae

3i7, 318
Libocedrus, male gametophyte 280

Lyginodendron 13, 14, is, 16

M

Male cell, evolutionary tendencies 423;
Pinaceae 276, 277, 279, 280; Taxineae

338, 339
Male gametophyte, Bennettitales 82;

Cordaitales 177, 178; Cycadales 139,
141, 143, I44l Cycadofilicales 49;
evolutionary tendencies 421; Gink-
goales 206, 207; Gnetales 389, 390,

3QI; Pinaceae 273, 276; Podocarpi-
neae 330* 34<>, 34^; Taxaceae 335,
337, 339, 340, 342; Taxineae 335, 337

Marattiaceae, paleozoic 53
Medullary ray, Pinaceae 232
Medullosa 17, 18, 19; seed 38, 40

Megaloxylon 15
Megasporangium, Bennettitales 78; Cor-

daitales 174; Cycadales 121; Cyca-
dofilicales 31; Ginkgoales 194, 200,

20i% 202; Pinaceae 244, 254, 255,

256; Taxaceae 321, 327
Megaspore, Cycadales 127; Pinaceae

257, 258; Gnetales 384

Megaspore membrane, Cycadales 139;

Ginkgoales 204, 205; Pinaceae 271;
Taxaceae 332

Megasporophyll, Cycadales 124,130,131

Mesarch 10, 11

Microcachrys, male gametophyte 341;

strobilus 320, 324

Microcycas, female gametophyte 137;

megasporophyll 131; seedling struc-
ture 106; sperm 147

Microsporangium, Bennettitales 75; Cor-
daitales 172; Cycadales 114, 118,

119, 120; Cycadofilicales 25, 26, 27,

28, 29; Ginkgoales 191, 192•, 193;

Gnetales 371; Pinaceae 239, 240, 241,
243, 272; Taxaceae 319

Microspore, Cordaitales 177; Cycadales
140; Pinaceae 274

Microsporophyll, Bennettitales 77; Cyca-
dales 116,117; Pinaceae 239, 240, 241

N

Neuropteris 23, 24; frond 4; seed 38, 40

O

Osmunda, ectophloic siphonostele 7

Ovule, Cordaitales 174, 1751 176, 177;

Cycas 130; .Dioon 126:, 128, 129;

evolutionary tendencies 416; Gink-
goales 195,196,197,198', 200, 201,202;

Gnetales 376, 377, 380, 382; Pinaceae
245, 251, 254; Taxaceae 322, 323X 324

Pachytesta 41
Paleozoic ferns 52; seeds 42
Parthenogenesis, Pinaceae 300
Pecopteris 23; seed 40

Phyllocladus, archegonium 342, 343;

fertilization 345; juvenile leaves 227;

male gametophyte 341, 342; pollen
tube 343; shoot 316

Phyllosiphonic siphonostele 9

Phylogeny 407, 408, 409

Physostoma 34, 36; microspore 50

Pinaceae 220; archegonium 263, 264,

270; chromosomes 259; distribution
301; embryo 287, 288, 289, 290, 291,

292, 293, 294, 295, 296, 297, 298, 299;

female gametophyte 259, 260, 261;

fertilization 284, 286,287; history 303;
interrelationship of tribes 308; juvenile
forms 222, 227; leaf 235, 236, 237;

male gametophyte 272, 273, 276;

megasporangium 244, 254, 255, 256;

megaspore 257, 258; megaspore mem-
brane 271; microsporangium 239,

240, 241, 243, 272; microspore 274;

microsporophyll 239, 240; ovule 251,
254; prothallial tissue 277, 278; rela-
tionship 309; seed 300; seedling 231;
strobilus 238, 239, 240, 244, 246, 247,

252; vascular anatomy 228; vegetative
organs 222; ventral canal cell 266,

267

Pinus, archegonium 263, 264; embryo
288,289,290,296; female gametophyte
260; fertilization 286; leaf section
237; male gametophyte 273, 276;
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megasporangium 256; megaspore 257;
microsporangium 243, 272; micro-
spore 274; ovule 245, 254; secondary
wood section 229; seed 300; strobilus
238, 245, 246, 252; ventral canal cell
266, 267

Pitys 168
Pityoxylon 304
Platysperms 42
Podocarpineae 313; archegonium 331;

male gametophyte 339, 340, 342

Podocarpus, habit 314; leaf 318; male
gametophyte 341; strobilus 324

Polycotyledony 297
Polystele 5, 8

Poroxylon, stem 166
Prepinus 304, 308
Primofilices 54
Proangio'sperms 75
Proanthostrobilus 74
Proembryo, Ephedra 395; Pinaceae 288,

289,290,291, 292, 293, 294; Taxaceae
346, 347, 349

Prothallial tissue, Pinaceae 277, 278;

Podocarpineae 339
Proto itys 20

Protostele 4; Gleichenja 5
Pseudotsuga, habit 223

Pteridophytes, vascular anatomy 4
Pteridostrobilus 75
Pteris, polystele 8

R
Rachiopteris 13

Radiosperms 42

Resin canal, Pinaceae 233

Retinospora 225

Root, Cycadales 112,113

S

Saxegothaea, male gametophyte 341;
ovule 327

Sciadopitys, proembryo 292

Seed, Cycadofilicales 31, 32, 33, 34f 35,

36, 38, 39, 40; paleozoic 42; Pinaceae
300; Stephanospermum 42, 43; Tax-
aceae 325; Torreya 332, 333

Seedling, Cycadales 98, 99, 100, 101,

102, 103, 104, '°5> io6l evolutionary

tendencies 427; Ginkgoales 188, 190;

Pinaceae 231; Welwitschia 399

Sequoia, habit 224; megaspore 2jS;

proembryo 292
Siphonostele 4; amphiphloic 5, 6;

cladosiphonic 9; ectophloic 5, 7;

phyllosiphonic 9

Solenostele 5
Sperm, Cycadales 143, 146, 147; evolu-

tionary tendencies 423
Sphaerostoma 37

Sphenopteris 22

Spicular cells, Welwitschia 369

Stamen, Cordaitales 174; evolutionary
tendencies 415; Ginkgoales 191, 192,

193; Gnetales 371, 380; Pinaceae
241; Taxaceae 319

Stangeria, megaspore 127; megasporo-
phyll 130; microsporangium 119

Stauropteris 30
Stephanospermum 42, 43; microspore

49, 50

Strobilus, Bennettitales 72, 73, 76, 79,

80, 81, 82; Cordaitales 172, 173, ^75*

Cycadales 114, 122, 123, 125; evolu-
tionary tendencies 413; Ginkgoales
190, 191, 192, 193, 195, 196, I97> l9&'>

Gnetales 370, 372, 374, 375, 376> 3&<>;

Pinaceae 238, 239, 240, 244, 246, 247,

252; Taxaceae 319, 320, 321, 322,

323, 324
Suspensor, Pinaceae 295; Taxaceae 348,

349
Sutclima 20
Synangium, Cycadeoidea 78

Taxaceae 220; archegonium 330; chro-
mosomes 329; distribution 349; em-
bryo 346, 347, 348, 349; female game-
tophyte 329, 330, 337; fertilization
344, 3451 history 349; leaf 317, 3*8>'

megasporangium 321, 327; megaspore
membrane 332; microsporangium 319;
relationship 350; stamen 319; stro-
bilus 319, 320, $21, 322, 323, 324;

vascular anatomy 315; vegetative
organs 315
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Taxineae 313; arehegonia ^ 2; male cell

337, 338, 339; male gametophyte 335,

336,337

Taxodineae 221; archegonium 268; dis-
tribution 301; history 304; male cell
279; proembryo 291, 292; prothallial
tissue 277

Taxodium, embryo 297; habit 226; male
gametophyte 279; proembryo 2gi

Taxus, female gametophyte 330; male
cell 338; megasporangium 328; micro-
sporangium 243

Thuja, archegonium 270; juvenile leaves
227; male gametophyte 280; pro-
embryo 2Q3

Torreya, embryo 347, 349; female
gametophyte 337; male gametophyte
33&J 3371 microspore 336; ovulate
branch 322; ovulate strobilus 323;
seed 332, 333

Trigonocarpum 41, 44, 45
Tumboa 363
Tyloses, Pinaceae 235

V

Vascular anatomy, Bennettitales 70;
Cordaitales 165; Cycadales 93; Cyca-
dofilicales 12; endarch 10, 11; evolu-
tionary tendencies 411; exarch 10, 11;

Ginkgoales 187; Gnetales 366; leaf
gap 9, 10; mesarch 10, 11; Pinaceae
228; polystele 5, 8; protostele 4, 5;
Pteridophytes 4; siphonostele 4, 6, 7,
9; solenostele 5; Taxaceae 315

Ventral canal cell, Pinaceae 265, 266,
267; Taxaceae 331

Ventral nucleus, Cycadales 136

W

Welwitschia, embryo 398; female game-
tophyte 379; flower 373; habit 365,
366; seedling 399; spicular cells 369;
strobilus 374

Williamsonia, habit 68, 69

Yezonia 307
Yezostrobus 307

Zamia, embryo 151; fertilization 150;
habit 112; leaf no; male gametophyte
144; megaspore 127; megasporophyll
124; microspore 140; microsporophyli
117; sperm 145; stem apex 11$;
stem section 96

Zygopteris 54; sporangium 55


