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The high character of the Columbia Uni-
versity Biological Series is more than main-
tained by its latest publication—Professor
Morgan’s book on ‘Regeneration.” It is rare
indeed to find a book which contains so large
an amount of research work and which is at
the same time of such general interest and
importance. This is no mere description of

the peculiar and bizarre ‘dime museum ex-

periments’ of experimental zoology, but rather
a thorough treatise on some of the most im-
portant methods and results of the new mor-
phology.
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To those who can read the signs of the
times it is most evident that zoology has been
passing through a period of revolution during
the past ten years. A strong reaction has set
in against the extremely speculative theories

. as to the factors of evolution, the inheritance
or non-inheritance of acquired characters, and
the whole ‘phylogeny business’ of a dozen
years ago. The present attitude of most zool~
ogists is more critical, less argumentative and
in all respects more wholesome than prevailed
when sky-scraping theories were erected on a
single square foot of fact. In this wholesome
reaction experimental morphology has played
a most important part; in fact, it was the
attempt to make biology an experimental sci-
ence which first aroused interest in this sub-
ject, and while at times some of these experi-
mental morphologists have illustrated the
uncritical methods which they have denounced,
while their conclusions have often been open
to the criticism of having been hasty and
ephemeral, no one can deny the fact that their
.work has introduced a new spirit into the
study of zoology.

In this work the author has been one of the
most productive and at the same time one of
the most careful investigators. He saw, as
apparently few others did, that the develop-
ment of fragments of eggs and embryos was
at bottom the same problem as the regenera-
tion of parts of adult organisms, and during
the past ten years he and his pupils have done
a surprising amount of work on the regenera-
tion of embryos and adults. There is prob-
ably no other living man so well fitted to treat
this subject. To almost every topic discussed
in the book, save the ones on regeneration in
plants and on hypertrophy and atrophy, the
author has made important original contribu-
tions. The literature list at the end of the
book, which is very complete,* covering the
most important papers on regeneration from
the time of Aristotle to the present day, in-
cludes 470 titles, and one tenth of this total
list has been contributed by Morgan and his
pupils. As a result the discussion of each

topic evinces a thoroughness of treatment and
a ripeness of judgment which could come only
from long and intimate acquaintance with
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the problems involved. The book is therefore
not merely a summary of the work which has
been done on regeneration, but it is also a
splendid contribution to knowledge.

In the fourteen chapters of the book the
following subjects are presented: An histor-
ical and general introduction, the external and
internal factors of regeneration in animals,
regeneration in plants, a discussion of the
supposed relation between regeneration and
liability to injury, regeneration of internal
organs, physiological regeneration, fission,
budding and autotomy, grafting, origin of
new cells and tissues, regeneration in egg and
embryo, theories of development and of regen-
eration, general considerations on organiza-
tion, vitalism and teleology. Of these topics
the ones on regeneration and liability to in-
jury, regeneration in egg and embryo, theories
of regeneration and of development and the
general considerations are of most general
interest.

The greater part of the chapter on regenera-
tion and liability to injury has already ap-
peared in Sciexce, and it need only be said
here that Morgan has established in the most
convincing manner the fact that there is no
causal relation between the two, and that
therefore it is impossible to regard the won-
derful adaptations of regeneration as a result
of the action of natural selection. It has long
been recognized that natural selection is not
so much a theory of evolution as an attempt
to explain on causal grounds the remarkable
and exquisite adaptations shown by living
things. Nowhere are such adaptations more
striking than in regeneration, and yet here it
is in some cases quite certain that such adap-
tations cannot be attributed to the action of
the Darwinian or of the Lamarckian princi-
ple. All theories which attempt to explain
adaptations hold that they are due to experi-
ence; Lamarckism, that they are the direct
result of use, disuse and need ; Darwinism, that
they are the indirect result of experience
through the survival of the fittest. No theory
yet advanced can explain adaptations to con-
ditions never experienced before, and yet in
the regeneration of animals there are adapta-
tions which are undoubtedly of this sort. The




622

credit of first having shown the inability of
natural selection to explain certain cases of
regenerative adaptation belongs to Gustav
Wolff rather than to Morgan, but the latter
has greatly enlarged and extended the evi-
dence in favor of this position. Nevertheless
the author is conservative in his treatment
of this question; he launches into no ‘railing
accusations’ against natural selection, but is
content to point out its insufficiency in the
cases under discussion, wisely leaving others
to draw their own conclusions as to its general
applicability.

Likewise in his treatment of the theories
of development and regeneration the author
shows a wise conservatism which is in refresh-
ing contrast to some of the revolutionary as-
sertions of the earlier stages of Entwicklungs-
mechanik. The author’s conclusion that
regeneration and development belong to the
same general group of phenomena and that
the same problems are met with in the two is
a most important and valuable one. His pres-
ent position that the development of egg frag-
ments is only a special case of regeneration
plus the phenomena of development is funda-
mentally like the view expressed earlier by
KRoux (°93) and unlike the position which
Driesch and Morgan formerly maintained.
Thus he says (p. 247) : “We have, however, no
reason to suppose that all the (cleavage) cells
are alike because they are all potentially equal.
Even pieces of an adult animal—of hydra or
of stentor, for example—can produce new
whole organisms, although we must suppose
these pieces to be at first as unlike as are the
parts of the body from which they arise.
Moreover we do not know of a single egg or
embryo in which we cannot readily detect dif-
ferences in different parts of the protoplasm.”
Contrast this with Driesch’s famous dictum,
‘By segmentation perfectly homogeneous
parts are formed capable of any fate,’ or with
Morgan’s former statement that ‘the micro-
meres (of the sea-urchin egg) are undifferen-
tiated blastomeres, and are not set aside to
form any special organ, because normal em-
bryos still come from such fragments without
micromeres.’

The author finds the great problems of de-
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velopment and regeneration centering in the
determination of the causes of differentiation
and these causes he finds in the organization.
What this organization is, however, cannot be
explained any more than the physicist can °
explain what gravity is. The author does not
conceive this organization to be the outcome of
the integration of biophores or other ‘vital
units,” nor can it be identified with cells.
“Just as the properties of sugar are peculiar
to the molecule and cannot be accounted for
ag the sum total of the properties of the atoms
of carbon, hydrogen and oxygen of which the
molecule is made up, so the properties of the
organism are connected with its whole organ-
ization and are not simply those of its indi-
vidual cells or lower units.”” The smallest
pieces of organisms capable of regeneration
are enormously larger than individual cells,
and therefore ‘the organization is a compara-
tively large structure.” It seems to me that in
this matter the author loses sight of the fact
that organization like individuality is a thing
of degrees and stages. There is undoubtedly
such a thing as the cell organization and this
is capable of performing certain functions;
whether or not it is able to perform the func-
tion of regeneration depends upon the animal
in question. In protozoa and the egg cells
of metazoa it is capable of regeneration as
well as of all other functions; in adult
metazoa regeneration can be accomplished
only by pieces larger than cells, 7. e., by an
organization of a higher order than that of
the cell.

In connection with the question of organ-
ization the author makes the pregnant sugges-
tion that it may consist in a system of ten-
sions in the living substance rather than in
the polarity or other properties of ultimate
units. Such a view would accord well with
the facts of regeneration and while ‘we cannot
picture to ourselves in a mechanical way just
how such a system could bring about the sup-
pression of growth in one region and allow the
maximum amount in another region,” it not
only accords well with the facts but brings a
large number of phenomena under a common
point of view.

IHowever attractive neo-vitalism may be for
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others, it has no peculiar charms for the au-
thor who refuses to be stampeded by the ap-
parently intelligent and purposive adaptations
of organisms to conditions never experienced
before or by the ‘proportionate formation of
parts’ in regenerating embryos and adults.
Such phenomena, he thinks, “may be entirely
beyond the scope of legitimate explanation,
just as are many physical and chemical phe-
nomena themselves, even those of the simplest
sort. ¥ ¥ * Even in the physical sciences it
would not be difficult to establish a vitalistic
principle, or whatever else it might be called,
if we choose to take into account such prop-
erties as the affinities of atoms and molecules,
ete. ¥ ¥ * For my part I see no grounds for
accepting a vitalistic principle that is not a
physico-causal one, but perhaps a different one
from any known at present to chemistry and
physics.” .

Finally, if the adaptations shown in regen-
eration cannot be explained by natural selec-
tion are they to be explained by some teleo-
logical principle? To this question the author
attempts no direct answer. It is pointed out
that not all forms of regeneration are adap-
tive, 1. e., useful, and that ‘unless we suppose
that some external agent, acting as we do our-
selves, directs the formative processes in ani-
mals and plants, we are not justified in extend-
ing our experience as directive agents to the
construction of the organic world.

These brief extracts do not do justice to the
author’s argument, but they serve to show his
general position on these important questions.
The book will undoubtedly take a prominent
place among the standard biological works of
the world.

E. G. C.

Die Farngattung Niphobolus. By Professor
GIESENHAGEN. Jena, Gustav Fischer. 1901.
8vo. Pp. xii +223. Price, Mk. 5.50.
For a clean piece of monographic work the

ideal conditions are a genus of plants of

moderate size whose distribution is somewhat
circumscribed, and with sufficient adaptability
to environment to have induced striking struc-

tural characters among the species. Such a

condition is represented in the present genus.
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To monograph such a genus one needs, in addi-
tion to library and herbarium facilities, to be
possessed of a good knowledge of technique
and above all to know the plants in the field.
Such a knowledge of this genus Professor
Giesenhagen gained in his travels in Sumatra
and other portions of the East Indies and the
result is a clearly written monograph of the
#afty species of the genus.

The genus forms a rather natural group
of ferns which has commonly been included
under the genus Polypodium, and is easily
recognized by the vestiture of star-like hairs
covering the lamine. The center of distri-
bution appears to be.in India and South
China where nearly one half the species (21)
are found. Westward the genus extends to
Africa (two species), mnorthward to Japan
(three species), eastward to Taiti (one
species), and southward to Australia (two
species). Endemic species are known from
most of the larger islands of this region, as
Bourbon (one), Ceylon (three), Sumatra
(one), Philippines (three), Java (two),
Celebes (two) and Borneo (one). One or two
species are well known in cultivation under
the name Polypodium Lingua.

Sixty-five pages of the monograph are de-
voted to the morphology of the genus and the
details of stem and leaf anatomy are clearly
brought out, as are the modifications resulting
from habitat and environment. This por-
tion of the work is illustratéd by a well-se-
lected series of text figures illustrating struc-
tures comparatively, which is the only satis-
factory method for a work of this sort. The
descriptive portions are very clearly and fully
made, an entire paragraph being given to
anatomical details under each species—a valu-
able and noteworthy addition to ordinary tax-
onomic description. The English methods in
taxonomy are frequently commented upon
with no uncertain sound, being characterized
as a classification with ‘hands and eies only’
(stc) by which they group together widely dif-
ferent species. The work of the English sys-
tematists who have hitherto recognized only
twenty-three species in this group, is sharply
contrasted with .the careful work of Mettenius
and Kunze in Germany. The author, how-



