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the new growth appears, whether of flowers or branches or of
true functional roots. A cluster of spine-like leaves or branches
in this position would need to represent a rudimentary branch
or series of branches. The arrangement of these would be
spiral or concentric, which is evidently not true of the spines.!

APOSPORY AND ALTERNATION OF GENERATIONS.

In comparison with the current application to the higher
plants of the doctrine of alternation of generations, the present
suggestion may also claim merits of simplicity and directness.

.

It is no longer necessary to imagine that two generations orig-
inally alike have become specialized, nor that one generation
is borne parasitically on the other except in the manner in which
the aposporous fern prothallus is borne.

The evolutionary history of the angiosperms can be thought
of as a definite progressive sequence, without the need of sup-
posing that one ‘¢ generation ” has deteriorated while another
has expanded. The macrospores and the vegetative prothalli,
having been completely eliminated from the life-history of the
primitive angiosperms, did not have to be gradually reduced
from a functional to a rudimentary condition.

The so-called endosperm of the true seed plants need not be
supposed any longer to correspond to the prothallial endosperm

1 Professor Edward L. Greene has pointed out to me that the spine-clusters of
Mammillaria are similar and perhaps analogous with those of certain of the
species of Mesembryanthemum, which represent marginal spines of the reduced
blade of the leaf, while the conical prominence upon which the cluster or com-
pound spine is seated may represent the petiole or base of the leaf. The flowers
and fruits of Mammillaria do not emerge, as in Opuntia, from the same point
as the spines, but from the axils of the fleshy prominences which bear the spines.
But Professor Greene considers the assignment of Mammillaria to the same
family with Opuntia an artificial arrangement, so that an analogy between
Mammillaria and Mesembryantkemum would not necessarily interfere with the
recognition of the capped Opuntia spines as roots. That the spines of Opuntia
and Cereus are not to be interpreted as equivalents of marginal projections of a
reduced leaf-blade, seems to be proven bya fact observed by Dr. J. N. Rose, that
in these genera new spines may be added one after another, even in very old
clusters. Nor is it likely that new leaves would be pushed out in this manner,
which is much more appropriate for branches or for roots. That the thorns of
some of the cacti secrete nectar, as shown by Ganong, does not exclude the pos-
sibility that they are roots. Exposed root-tips often produce secretions, and my
son Robert informs me that the secretion of the agrial roots of the corn plant
has a sweet taste. ’ ’
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EVOLUTION OF ANGIOSPERMS THROUGH APOSPORY 1YY

of the cycads and coniferse. It is not built up before fertiliza-
tion takes place, but afterward. It does not arise from a ger-
minating spore, but as a result of the conjugation of two nuclei,
comparable, perhaps, to the conjugations of adjoining cells
which occur in the prothallia of certain ferns and give rise to
the new double-celled structural phase by apogamy without the
production of antheridia and archegonia, as though the ancestral
form had all the liberty of alternatives possessed by the ferns
and had ended by combining them into the complex and hitherto
altogether mysterious reproductive processes of angiosperms.
The part of the angiosperm which, in the present view, might
correspond to the prothallus itself, is the nucellus. And even
this relation would not be direct, for the nucellus of the angio-
sperms might not be homologous with the nucellus of the coni-
fers and cycads, which, if current interpretations are correct, is
more analogous to the placenta of the mammal than to an apos-
porous prothallus.

The obviously very great and fundamental difference between
the angiosperms and gymnosperms would be adequately ac-
counted for. The homologies which have been alleged hitherto
appear very artificial, and leave us with a problem as difficult
as that which they are intended to solve, namely, how structures
derived from those of ferns or of gymnosperms could have
become so completely different in the angiosperms.

VEGETATIVE PARTS REPRESENT STERILIZED REPRODUCTIVE
TISSUES.

The deduction based by Bower on his studies of fern-struc-
tures would remain thoroughly applicable to the angiosperms,
since their vegetative parts would still represent sterilized repro-
ductive tissues. Indeed, this proposition becomes a mere truism
after the essentially sexual nature of the double-celled struc-
tures of the higher plants has been realized. The growth of
the whole plant body has been intercalated into the sexual
process. It is built up during conjugation and not after conju-
gation has been completed.

1Cook, O. F., and Swingle, W. T., 1905, Evolution of Cellular Structures,
Bul. 81, Bureau of Plant Industry, U. S. Department of Agriculture.
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FUNCTIONS OF THE APOSPOROUS PROTHALLUS.

The gymnosperms may be supposed to have the ovules and
seeds naked because they are still borne in an endosperm which
corresponds to the primitive, vegetatively functional prothallus,
though it now remains attached to the much more highly devel-
oped double-celled structure which corresponds, in turn, to the
capsule of the liverwort and the moss, the frond of the fern and

‘the leafy axis of the club-moss. The ovule and seed of the
angiosperm are borne, not on the original vegetative prothallus,
but on a structure which, if it arose by apospory, would never
have had independent vegetative functions. It need never have
been very large, and could have been reduced very readily in
becoming more specialized. There was no occasion to assume
protective or nutritive duties, since there was always an enclos-
ing capsule or carpel.

The fern and the flowering plant are alike in that their ances-
tors can be traced back to the capsules of simple thallose plants

like Anthoceros, but there appears to have been, at some very
remote point, a divergence of procedure, the group which gave
rise to the ferns and gymnosperms retaining for a much longer
period a functional prothallus which the adoption of apospory
enabled the ancestors of the angiosperms to completely eliminate.

Lastly, a certain presumption of probability may be claimed
for a suggestion which enables the peculiarities of such plants
as Nephrolepis, Begonia and Bryophyllum to be associated with
other phenomena of apospory and thus to find places in normal
evolutionary history, instead of remaining mere meaningless
ccfreaks of nature,” because they may have appeared to lie far
outside the pale of former interpretations.



