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In the Universities where the chapters
have been established, the organization
takes the place of Phi Beta Kappa among
the science men, and the purpose of the or-
ganization is to recognize and associate the
men of marked ability in scientific studies.
The Society has been running long enough
to show very clearly that there is an aca-
demic side to science, as well as to literature,
and that the academic qualities promoted
by scientific studies are as important as
those fostered by the pure study of litera-
ture. It will be interesting to note in the
course of the year to what extent the culture
‘of the scientific qualifications of men gives
them power of leadership among their fel-
lows. It is certain that in business affairs
we are already observing the important
place which scientific ability takes in the
really dominant men in America. If the
conceptions of Sigma Xi are correct, we
shall see a similar condition of leadership
among the scientific scholars of the country
when sufficient numbers of such scholars
have been developed to overcome the prec-
edence which we are accustomed to grant
to literature as the standard of real scholar-
" ghip. The chapters recently started in the
University of Pennsylvania and in Brown
University exhibit the enthusiasm which is
already being kindled in this department of
university life. The charter membership in
both of these cases was composed, practi-
cally, of the whole staff of scientific profess-
ors of the university. Asan honor society,
it promises to take a leading part in all our
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universities in which science holds a prom-
inent place.

The present officers of the Society are:
President, H, 8. Williams, Yale; Vice-Prest-.
dent, 8. W. Williston, Kansas; Correspond-
ing Secretary, J. McMahon, Cornell; Record-
ing Secretary, F. C. Caldwell, Ohio; Treasurer,
E. W. Dayvis, Nebraska ; Chairman of Coun-
¢il, E. L. Nichols, Cornell.

THE BIOLOGICAL SCIENCES AND THE
PEOPLE.*

Like the American Association for the
Advancement of Science (and other similar
organizations), the Michigan Academy is an

“expression of the voluntary scientific activ-

ity of the people of the State, and depends
for its continued usefulness on a rational
interest and a helpful co-operation on the
part of the people.

It has therefore occurred to me to inquire
in what way the biological sciences, from
whose adherents the Academy draws most
of its membership, touch the people: what
in the growth of these sciences makes toward
and what away from a contributory interest
on the part of the people. By contributory
interest is meant that which aids in the
upbuilding of the sciences by adding some-
thing of importance to their store of fact or
theory. The question that is raised is then,
not what benefit do the people receive from
the biological sciences, for these are many in
the practical and in the educational applica-
tion of these sciences ; the question is rather
how may or how do the people benefit these
sciences by aiding in their further growth.

I shall speak from the zoological stand-
point, but what is true of zoology, is true,
in this matter, in large measure, also of
botany.

The question seems to be intimately as-
sociated with the recent history of zoology.

* Abstract of the address of the retiring president
of the Michigan Academy of Sciences, delivered at the
Lansing meeting, March 29, 1900.
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The year 1859 found zoologists, the
world over, working industriously and
quietly at almost purely descriptive work.
No more was expected of any zoologist than
that he should discover and record the
wonders of nature as revealed in the animal
kingdom, and that he should duly express
his astonishment at the infinite wisdom
shown by the creator in arranging all these
details. Of attempts to get at the meaning
of the details there were very few. The
popular notion of the zoologist’s aim in life
is expressed in a question that I remember
to have heard asked in my student days, by
a much respected professor of literature of
his zoological colleague. ¢ Well now what
is that animal curious for?”” In this year
appeared Darwin’s ¢ Origin of Species.” Its
effect is thus graphically described by V.
Graff in a recent lecture. It came like a
lightning flash in a period of quiet descrip-
tive work, a period which had accustomed
itself to consider the nature-philosophy ideas
of the beginning of the century as absurd
freaks of imagination, unproved and un-
provable, a period which therefore clung
anxiously to its foundation of facts. How
the theory of natural selection put life into
this dry describing, how it hurried the knife
of the anatomist, and what a broad prospect
it opened before the hitherto short sighted
eye of the systematist! About the mum-
mies of the species which, separated from
one another by carefully formulated Latin
diagnoses, filled the collections, there sud-
denly appeared the constricting noose of
blood relationship. The petrified remains
of extinet forms, hitherto shut out from the
.community of living beings, received flesh
and blood and demanded to be included
with the existing fauna and flora in a single
great genealogical tree, representing the
history of life on our earth.”

Darwin’s book brought essentially two
contributions. In the first place it brought
a mass of evidence in proof of the proposition
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that animals are related to one another by
descent. The idea of a process of evolution
is very old and Osborn has recently traced
its history from the early Greeks to the
time of Darwin. Darwin did not originate
the idea, he established it by a mass of evi-
dence and it has been ever since accepted.

In the second place Darwin contributed
the theory of the origin of species by natural
selection. This theory is so well known
that it need not be restated here, but it may
perhaps be pointed out that the theory does
not attempt to account for the origin of the
variations upon which it depends. Itis a
fact that these variations occur and Dar-
win’s theory bases itself upon this fact. He
spoke of such variations as fortuitous.
Aside from certain correlations, variations
seemed toDarwin to occur by chance,though
he did not exclude the possibility of their
being later found to be subject to law.

The idea that the multitude of animal
forms had thus originated by a process of
evolution, and that this process was gov-
erned by a simple law, affected the whole
subsequent course of zoology.

Zoologists soon came to accept not only
evolution as a process, but natural selection
as at least the chief explanation of the proc-
ess. The zoologists following Darwin made
but little attempt to study the variations
upon which the theory of natural selection
based itself, or to determine the range of
variations or their causes. Having decided
that animals were related to one another,
and having fixed the law governing the
origin of the relationship, zoologists began
to turn their attention to a study of the
degree of relationship. A mania seems to
have become prevalent for the construction
of a genealogical tree of the entire animal
kingdom. The ultimate aim of zoologists
ten years ago, or even five years ago was
animal genealogy, and such is still the aim
of many working zoologists. Paleontology,
comparative anatomy and embryology were
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believed to furnish the means for unravel-
ing animal genealogies.

All three of these lines of research have
been pursued (from the phylogenetic stand-
point) with great enthusiasm since 1859,
and they are still being pursued ; the results
have, however, fallen far short of meeting
anticipations. - From the paleontological
side it was evident from the first that many
animals had left no recognizable fossil re-
mains. In other cases the remains were so
imperfect, so difficult of access and so few
that nothing like a complete series could be
hoped for. Paleontology has accomplished
a great deal. Where it is available, it is
without doubt the safest guide, perhaps the
only safe guide in phylogenetic speculation.
On the other hand it has not, and in the
nature of its materials cannot lead to a re-
alization of the zoologists’ dream of a phy-
logenetic millenium.

Comparative anatomy bhas been to a con-
siderable extent neglected during the past
thirty years. Among the invertebrates,
where the research could be carried on by
the rapid methods of modern microscopic
technique there has been more work, than
among the larger vertebrates where it is
necessary to use the tedions method of dis-
section. Among the anatomical research
of the last quarter of a century there is a
noticeable dearth of monographic work. In
the earlier part of the century anatomists
were not so much concerned with the dis-
covery of relationships, they were content
to work long on single animals, and there
were thus produced anatomical monographs
which have not since been surpassed in
quality. With the advent of Darwinism
came a feverish haste to detect relationships,
and this resulted in a desire to compare
large numbers of animals with one another.
The time required to study the whole struc-
ture of a large series of animals was too
great for the life time of one man. Much
could, however, be accomplished by the
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comparison of a single organ through a large
series of animals—and so the comparative
anatomy of animals (monographic work)
gave place to the comparative anatomy of
organs.

A second characteristic of the compara-
tive anatomy of this period has been its
great reliance upon embryology. Its facts
have been t00 often distorted to make them
fit with the results of embryological work,
and thus what should be the base of the
pyramid has been made its apex.

Embryology was,however, the guiding star
of the post-Darwinian workers. It seemed
to offer by far the easiest and quickest solu-
tions of their problems. Itsoon developed
a technique of great intricacy and of great
accuracy, and it came to offer easy con-
quests to the ambitious investigator. Its
faintest hints at relationship were accepted
as of the utmost importance and were given
the deepest meaning. Scarcely any zoolog-
ical work was complete without its embry-
ological side. But it soon became evident
that the development of an animal could
not be construed as a simple repetition of
its ancestral history. The ancestoral fea-
tures were always more or less modified by
features impressed upon the developing
animal by its surroundings. The embryo
was, so to speak, burdened by a double
task. It not only repeated the history of its
ancestor, but it had also to adapt itself to
its own very different conditions. The de-
velopment thus came to be considered as
made up of two factors—those that were
ancestral (phylogenetic) and those that were
acquired by the embryo and peculiar to it
(ceenogenetic factors). The record was
thus said to be falsified and to pick out the
true from the false became the difficult task
of the embryologist. This was a task re-
quiring great judgment and one concerning
which individual observers were likely to
differ greatly. If an observer started out
with a certain theory as to the ancestral
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histery of an animal, all those factors in its
development which did not accord with the
theory, were apt to seem to him to be falsi-
fications of the record. Another observer
with the same facts before him, but work-
ing on a different theory, would discover
that many of these so-called falsifications
were really ancestral features.

Another factor which has hampered em-

bryology as a phylogenetic discipline has
been the too frequent limitation-of the in-
vestigation to a single organ. It is easier
to investigate a single organ through a
series of embryos than to investigate the
_entire structure of all the members of the
geries. We are able to judge correctly of
the character of a man only when we know
all the elements that make it up. And so
with a series of embryos, we must know the
whole structure, not merely a part of it.
Monographic work is here quite as neces-
sary as in comparative anatomy.

Many illustrations might be given of the
grotesque results reached in animal geneal-
ogy, principally through too great reliance
on embryology. That investigators with
the same facts before them may reach dia-

~ metrically opposite conclusions is shown in
the attempt to trace the ancestry of the
vertebrates. No less than a dozen inverte-
brate groups have been announced from
time to time as having furnished the verte-
brate ancestor. The ccelenterates, the an-
nelids, the nemertines, the crustacea, the
spiders, Balanoglossus and the tunicates
have all been candidates for this honor,
and perhaps all deserve it equally. _
‘With such results the zoological pendu-
lum may be said to have reached, for the
present, the limit of its excursion in the di-
rection of phylogeny. It is now beginning
to swing in another direction. Within the
last five years, zoologists have begun to see
that phylogenetic speculations have been to
a large extent fruitless of specific results.
They cannot be undertaken to advantage
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until we have vastly widened our field of
knowledge. Then too it is being realized
that the construction of a phylogeny of ani-
mals is, after all, not a matter of the great-
est consequence. So long as we know that
animals,are related to one another and so
long as we are able to investigate 'the laws
which have governed the establishment of
that relationship, it does not so much matter
just what the precise relationship may be.

Zoologists are then turning in other direc-
tions. There seem to me to be chiefly four.

1. There is among those engaged in purely
descriptive anatomy or embryology a tend-
ency, not yet very pronounced, but yet
growing, to return to the monographic
method of working. Thisis areturn to the
methods of the beginning of the century and
betokens a purpose to let speculation rest
for a while, until more materials have ac-
cumulated upon which to base it.

2. There is a marked tendency to study
variations, The first book on this subject
has appeared within a few years, and has
stimulated the production of many papers.
The purpose of the workers in this field, is
to determine the nature and range of varia-~
tion so as to gain a familiarity with the
nature of the materials upon which natural
selection acts. It may thus be possible, as
Bateson points out, for the investigator of the
future to say not ‘if such and such a varia-
tion should occur,’ but ¢ since such and such
a variation does occur.’ Students of vari-
ation hope also to discover some of the laws
which determine the production of varia-
tions. It is believed that they are not, as
Darwin thought, fortuitous, matters of
chance, but that they are subject to well
defined laws.

All phylogenetic speculation is based
upon the idea of homology, but the study
of variations has set our ideas of homology
toppling and until these ideas are recon-
structed we cannot hope for any final deter-
mination of animal relationships.
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3. Toward a study of the effect of envi-
ronment in inducing and modifying de-
velopmental processes. Experimental mor-
phology,experimental zoology,experimental
embryology, are new subdivisions of our
subject which express this tendency. It is
possible to subject developing animals to
the influence of various factors of the en-
vironment in order to determine their effect.
Developing eggs may be subjected to dif-
ferent temperatures, or to chemical solu-
tions of different sorts and strengths or to
the influence of electricity. In this way
we may find what influence each of these
factors has on development. Adult ani-
mals may be subject to similar changes of
environment. The results of such researches
are usually expressible by mathematical
symbols, such as geometric curves or alge-
braic equations.

Such work is only in the beginning but
it may ultimately lead to such an analysis
of the environment as to enable us to as-
sign to each of its factors its proper value
as an element in organic development.

Experimental work is also being directed
toward a determination of the internal fac-
tors of development, those which are resi-
dent in the animal itself and are not im-
pressed upon it by the environment. The
effect of the removal of portions of the de-
veloping egg, enables us to determine the
part taken by those portions in the normal
development of the whole egg. Others of
the internal factors of development may be
studied by direct observation (without ex-
periment) and by comparison.

4. Toward a study of the activities of
animals. Animals exhibit many sorts of
activities that may be classified. Those
connected with the taking of food, with re-
production, with the rearing of young, with
construction of dwellings, with community
life and so on. We are beginning to sus-

pect that many of these activities have fea-

tures that are common to large numbers of
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animals and that their origin and develop-
ment may be traced with as much certainty
as the origin and development of the organs
of the animals. Many of the activities of
man himself may doubtless be traced to an
origin in the lower animals and much light
thereby thrown on what we are pleased to
call human nature.

Monographic work in its descriptive
branches, the study of variation experimen-
tal work, and the study and comparison of
the activities of animals seem then to be the
directions in which zoological research is
now turning.

The phylogenetic phase has passed the
height of its development for the present
and must await the accumulation of new
data before it can again become dominant.
But since the study of phylogeny does not
really solve any philosophical question (but
only gives form to a question already as-
sumed to be solved) it is likely that it will
never again become ascendant. Time will
bring the solution of many of its problems,
but such solutions are likely in the future
to possess only a secondary interest.

On the other hand the new lines of work
look toward the solution of the most im-
portant questions concerning the method of
origin of organic forms.

Coincident with the gradual acceptance
of the evolution idea, and coincident with
the great development of morphological
and phylogenetic ideas in our universities,
there seems to have been a decline in popular
activity in natural history. This did not be-
come manifest immediately after 1859, but
began, perhaps, ten or fifteen years after
that date and has been in progress since
then, up very nearly to the present time.

The most striking evidence of this de-
cline is afforded by the decay of natural
history societies. In this state Detroit and
Grand Rapids each formerly supported such
societies. They were well patronized, had
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rooms of their own, held stated meetings,
and accumulated collections. The Detroit
Society has long since decayed and its col-
lections have passed into other hands. The
people of Grand Rapids are so apathetic
that there seems every reason to fear that
they will permit the collections of the Kent
County Society, to pass out of the city.

Many similar societies in other parts of
the country have had like histories. A
number of such are known to me.

This decline of popular interest has af-
fected not so much the theories of natural
history as its materials, not so much per-
haps popular interest as popular partici-
pation. It has taken place by the side of
an unprecedented activity in zoology in the
universities and colleges and in the scien-
tific work of the government.

May we not seek the explanation of it in
two directions. First in the hostility or
apathy of the. church. So long as the
study of natural history seemed merely to
reveal the wonders of creation and to mag-

nify the marvellous work of the creator,-

the church encouraged it. The evolution
idea on the other hand was strongly com-
batted by the church. While it is, per-
haps, not possible to trace the effect of this
controversy on the popular interest in nat-
ural history, we may feel sure that a state
of mind which looked upon every animal
adaptation, as upon every visitation of dis-
ease, as an expression of divine wisdom,
must have been more sympathetic toward
the study of natural history, than one
which saw in the animal only a vaguely
comprehended end-result of an evolution
process, itself subversive of accepted re-
ligious beliefs,

A further reason for the decline in pop-
ular interest may be sought in the lack of
stimulus from above. The zoologists of the
universities and colleges had become mor-
phologists. A few of them kept up an in-
terest in systematic zoology, but for the
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most part they were engaged in the labora-
tory study of the anatomy and develop-
ment of preserved animals. Existing ani-
mals, the end-results of an evolution process
were to be grouped in accordance with
their genealogical history. The activities
of animals, their habits, habitats, distri-
bution, their relations to their environ-
ment, their ecology in short—all these
were thought to be of little consequence.
Students sent out from the laboratories of
these teachers were much more familiar
with sections and dissections than with
living, or even entire animals. Once re-
moved from the laboratory with its equip-
ment of apparatus such students were
quite helpless. '

They experienced in most cases great diffi-
culty in finding again in the field the animals
that had served their laboratory studies.
These students are the persons from among
whom the membership in natural history
societies is recruited. They are the persons
who stimulate, in any community, an inter-
est in natural history studies. These young
recruits were then without interest in the
study of living animalg in their natural en-
vironment, while the people were, as they
will likely always be, without interest in
the laboratory study of anatomy and de-
velopment. That which interests the people
is not the dead end-product, but the living,
active animal, the activities of animals,
what they do and why they do it.

The people at large care but little about
the structure even of man ; they will know
only what is necessary to care for the ma-
chine, and most of that they leave to the
doctors. To know the origin of the various
structures of man does not greatly interest
them. How overwhelming on the other
hand is their interest in man’s activities. No
other human interest transcends it.

But just as the structure of man has had
a history : just as we may trace the de-
velopment of his heart or brain through
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various stages which exist in the lower an-
imals, so have the activities of man also
had a history. The'germs ofhis doings are
to be found, perhaps all of them, among the
lower animals. The social instinct, the
home-building instinet, the instinct to care
for the young, and how many others do we
find in the lower animals. That these ac-
tivities of the lower animals have given rise
to those of man there seems little room to
doubt. Just as the structure of man must
be viewed against a background formed of
the structures of lower animals, in order
that it may be understood, so must man’s
activities be viewed against the back-
ground formed of the activities of lower
animals.

Zoologists are only slowly coming to rea-
lize this fact, and in the study of variation
and its causes, in the study of the relation
between the animal and its environment, in
the study of ecology, or experimental zo-
ology, we see evidence of this realization.

In this movement, indeed, the popular
interest and the popular wisdom find their
justification. In so far as zoology affords
an explanation of the origin of human ac-
tivities, it becomes importantin the conduct
of life, in so far it justifies itself in the eyes
of the people. Zoology is now passing rap-
idly out of the ultra morphological and
ultra systematic phase, into a phase where
it will concern itself more with the activi-
ties of living animals and with the relation
of these to the environment.

In these matters it will again appeal to
the popular interest. Students from our
colleges and universities when they have
quitted the laboratory will no longer feel
themselves strangers to nature. When they
go among the people they will stimulate
the study of a rational natural history.

From this cause and from the final lapse
of the now nearly extinct opposition of the
church we may expect a popular revival of
interest in mnatural history subjects. A In-
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deed, the introduction of nature study into
our schools, the increasing number of popu-
lar books and magazine articles on natural
history indicate that this revival is already
at hand. .

In the days before Darwin natural history
societies contributed no inconsiderable part
to the advancement of the sciences of zool-
ogy and botany. This they did through
their collections and through the discovery
by their members of new species, new local-
ities and hitherto unknown habits of ani-
mals. May not the revival of popular in-
terest which seems to be at hand again
confribute to the advance of zoology ? Ob-
servations on the daily life of animals, on
their distribution and variations, on related
subjects, may be made without the elabor-
ate equipment of laboratory and library
that is necessary for morphological work.
Such observations are well possible to iso-
lated members of a society like this one,
and carefully made and well thought out,
become real contributions to our science.

. JAcoB REIGHARD.

UNIVERSITY OF MICHIGAN.

THE STEAM-TURBINE.

AN apparently important, and to the
writer, at least, new, fact in the operation of
the steam-turbine is revealed by experi-
mental investigations in progress for some
time past in the laboratories of Sibley Col-
lege, with both saturated and superheated
steam. Contrary to the usual theory of
that apparatus, it is found that a very sub-
stantial gain may be had by the use of su-
perheat, not only in efficiency but also in
capacity.

The steam-turbine is not subject to that
form of waste known as ¢ initial ’ or ¢ cylin-
der’ condensation which adheres to every
piston-engine as a consequence of the large
fluctuations of temperature which accom-
pany the variations within the cylinder be-



