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SOCIAL TYPES AND SOCIAL SELECTION.
Aspects of Social Evolution. First Series. Tempera-
ments. By ]J. Lionel Tayler, M.R.C.S. Pp.
xxviii+297; illustrated. (London: Smith, Elder

and Co.) Price 7s. 6d.

RE they not methodologically equivalent, the three
systems of classification—(a) of plants into
herbs, shrubs and trees; (b) of animals into birds,
beasts and fishes ; and (¢) of humans into the sanguine,
the lymphatic, the bilious and the melancholy? Why,
then, is it that science, having long ago given us a
Systema Naturae and a mnomenclature botanicus
and zoologicus, still leaves us almost without the rudi-
ments of a Systema Hominis and a nomenclature
sociologicus? It may be asked in reply, What of the
anthropologists and their half century of taxonomic
labours in the name of science? But the anthropo-
logical classifications belong, in appearance at least,
to natural and not human history. They do not rise
through psychology into sociology. It is true the
biologist rejects them, and must continue to do so, as
long as the anthropologist cannot formulate his funda-
mental concept—that of race—in biological terms.
Of late the anthropologist has shown signs of attach-
ing himself to the psychologist; and this suggests
another form of the initial question, Why have
anthropologists not endeavoured to formulate even a
provisional classification of psychological types? Why
have they, with unconscious naivete, been content to
accept implicitly the popular classification that
traditionally survives from early Greek thought? To
this question the positivist will be ready with his
answer, but perhaps it were wiser to leave it as a
shameful reminder to the laggard sociologist.

During the past few years there have appeared,
notably in France and in America, a considerable
number of systematic studies of psychological types.
Dr. Tayler’s book is the first systematic endeavour
towards taxonomic psychology in this country.
Written without reference to foreign sources, it testi-
fies the more convincingly to the presence of a general
movement of thought. Though tardily manifesting
itself here in systematic form, yet the movement is
conspicuously marked by British initiative, By
postulating (in ** Hereditary Genius,” 1869) the vari-
ability of psychological type and the correlation of this
variability with national history, Francis Galton made
a pioneer advance of the first importance in linking
psychology with sociology and both with biology. A
way was thus opened for several new lines of research,
of which some have been considerably developed. Of
these two only call for reference here—(a) taxonomic
studies of character and temperament, alluded to
above as being prosecuted mainly by French psycho-
logists like Paulhan, Ribéry and Fouillée, and by
American sociologists like Giddings, Patten and
Adams; and (b) evolutionist studies seeking to de-
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cipher selective processes in history and in con-
temporary civilisation whereby certain types are

eliminated and others encouraged. Of these latter
investigators, notable examples are Lapouge, Seeclk,
Ammon, Hansen, &c. ;

Dr. Tayler’s book belongs to both these lines of
research, and contributes original material—both
observational and speculative—to each. To the more

| taxonomic side, Dr. Tayler contributes (a) studies of

several selected types affirmed to be of a highly re-
presentative social character; (b) the suggestion that
the functioning of certain glands (especially the sexual
ones) is a main factor in determining temperaments,
and hence the idea that from this source are derivable
principles of division for a natural classification of
temperaments. To the more evolutionist side Dr.
Tayler contributes the conceptions of domestic selec-
tion and occupational selection as dominant factors in
that complex of historical processes which collectively
are increasingly described as social selection in contra-
distinction to natural selection.

The salient feature of the book is the contrast set
up between two opposed series of types., The one
series is composed of variants on the type generalised
by popular observation in the ‘ John Bull »’ concept.
The other series, in contrast to the first, is characterised
by (a) a more delicate and complex physiological
organisation attuned to an increasing complexity of
environment; (b) a more complete and subtle sexual
differentiation, both physical and psychical; (¢) a
relatively greater subordination of carnal to culture
interests; and (d) readier response to the social ideals
created by art, sanctioned by religion, formulated by
science. . For these two contrasted series of socio-
logical types observable in contemporary western
civilisation, Dr. Tayler uses the titular designation of
‘ primitive "’ and ‘“ evolved.” While remaining true
as a general characterisation, yet these words will
need to be supplemented by more specific designations
should a sound working hypothesis result from Dr
Tayler’s observations. Mr. Galton’s coinage, eugenics,
having been widely accepted, suggests further
utilisation. In respect of the robuster, coarser, more
carnal and materialist type, the word pal@ogenic
would at once resume its observational basis and leave
scope for further terminological development in the
study of type variants and their social environment.
In the same way the correlative word neogenic would
designate the contrasted order, whether of environ-
ment or of organism, characterised by the finer,
subtler, more cultural and idealist type.

Grant the conception of the two contrasted series of
palzogenic and neogenic types as a fundamental
principle of division in the classification of human
types of character, and the centre of interest shifts to
other than taxonomic issues. What, we ask, is or
can be known of the historical development of these
types in individual and racial evolution; what of the
interaction between themselves as individuals and as
groups; what of their environmental interrelation-
ships; what of their future phases of evolution; what
modification may be consciously devised; what ideals
consciously promoted? And, moreover, each of these
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questions has to be asked alike on many planes—
biological, psychological, economic, ethical, &c.
Thus does every initiative in science open up a whole
system of new lines of investigation. The student who
gives himself to Dr. Tayler’s guidance will be carried
no little distance along several of these new lines of
research ; and, moreover, it will be surprising if, after
that initiation, the student does not himself acquire
the momentum . of original investigation, for
evolutionist conceptions are applied by Dr. Tayler with
a fertility and a novelty as courageous as their results
are inspiring.

His evolutionist doctrines cannot be adequately
summarised in the space here available. But two of
his main contentions may be noted. Looking at
western civilisation from the environmental point of
view, he sees two large formative processes at work.
There is a process which operates in the direction of
selecting the palaogenic types and eliminating the
neogenic; and there is a process which sociologically
runs counter to this, and operates in the contrary
direction, tending to select the neogenic types and
eliminate the pal@ogenic., The social environment
which, in its characteristic domestic and occupational
phases, pertains to the plutocratic and the aristocratic
scheme of life is, in point of selective efficacy, stated
to be the sociological equivalent of the disease and
poverty, the crime and vice of the urban slums. In
contrast to the social selection exercised alike by im-
poverished and luxurious environments, Dr. Tayler
finds the counter process in the cultural activities
associated with most professional and some artisan
occupations.

Such being the speculative foundations, it will be
readily seen that Dr. Tayler’s practical policy of social
progress lies in environmental modification consciously
planned by the scientific sociologist.  The immediate
practical question thus resolves itself into asking who
and where is the scientific sociologist and what are
his credentials? The human control of environmental
modification has hitherto—at any rate since the Re-
formation—Ilain with the statesman and politician,
and such theoretical guidance as the practical re-
former has received from theologian and historian, and
in later times from economist and journalist, has not
been without a certain element of scientific foundation.
But the guidance of a new spiritual order is appear-
ing. Indications of this are visible on all sides. To
say nothing of Mr. Wells and other competent popu-
larists, examples may readily be drawn from more
recondite sources. By the president of the Scottish
College of Physicians, medical men were recently ex-
horted, with missionary fervour, to organise a crusade
for the development of a hygienic conscience. From
the rostrum of the Sociological Society Mr. Galton has
preached a eugenic conscience. A recent presidential
address of the Anthropological Institute came very near
to preaching an ethnic conscience; and have not the
psychologists for half a generation or more been
preaching a pedagogic conscience?

It is indeed manifest that we are here in contempla-
tion of that most thrilling spectacle of human drama
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~—the birth-throes of a new spiritual power. And in
the new spiritual orders there will be, as always in the
past there have been, individuals of the militant type—
brethren not content with crook and cassock, book and
bell, but demanding the sword of temporal power.
In this respect the observation may be made that
great as is the theoretical and scientific interest of
Dr. Tayler’s book, yet its practical symptomatic
interest is perhaps still greater; for it is diffused with
the militant spirit, and thus it becomes a matter of
political concern to ascertain how many fighting
brothers of Dr. Tayler’s calibre are to be found in the
order of the Neo-msculapians.

ELECTRICITY, OLD AND NEW.

Propagation de UElectricité. By Marcel Brillouin.

Pp. vi+308. (Paris: A. Hermann.) Price 15
francs.

N this book we have a reproduction of a course

of lectures delivered by Prof. Brillouin at the
Collége de France during the session 1902-03. They
were presumably addressed to an audience possessing
already a fair knowledge of electrical theory. The
author, therefore, does not aim at giving a complete
and connected account of the subject, but, with a
freedom which less fortunate teachers will envy, selects
those parts which seem to him most interesting from a
historical or theoretical point of view. The subject
matter of the course now published falls under two
heads; first, an exposition of fundamental principles,
characterised by great fulness in the historical setting
and originality in the order adopted, and second, a
detailed discussion of certain special problems. The
style is admirably clear, and the whole book is
written with a freshness which makes it very interest-
ing reading.

The title is taken to cover steady as well as varying
currents. Accordingly, the first four chapters are
devoted to an account of the work of the pioneers,
beginning with Cavendish—that wonderful human
electrometer who estimated P.D. by the kick in his
elbows—and coming down to Kirchhoff and Clausius.
The author traces very clearly the gradual progress
towards definiteness in the ideas of the magnitudes
which figure in Ohm’s law. Of Ohm’s work a
specially full account is given; stress is laid upon the
fact that Ohm, in formulating his theories, was
influenced constantly by the desire to coordinate ex-
perimental results, and was not, as is sometimes
represented, guided merely by an a priori analogy
between thermal and electrical phenomena.

Following this historical introduction we have the
development of the theory of conduction in three
dimensions. Among the special cases dealt with are
the resistance of a circular cylinder treated by
Bessel’s functions, and the ** end-correction '’ for a
wire by Lord Rayleigh’s method of approximations.

The discussion of varying currents is next taken
up, beginning with the case in which the influence
of capacity only needs to be considered. An excellent
account is given of Lord Kelvin's theory of the cable.
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The author, here and elsewhere, keeps in close touch
with the actual experimental conditions, and makes
frequent reference to the historic controversies of the
early days of long-distance signalling. This chapter
is followed by an account of the author’s investiga-
tion of the electrostatic field associated with a given
current system. An interesting special case is worked
out in detail, viz., the two-dimensional field produced
by a current sheet flowing round an infinitely long
cylinder, an impressed E.M.F. being localised in a
generator,

In the treatment of induced currents which follows,
Prof. Brillouin departs widely from the order of ideas
now usually adopted. He confines the discussion to
fixed circuits in a uniform non-magnetic medium, and
takes as starting point Felici’s experiments on the
induction of currents in a secondary circuit, by
making or breaking a given current in a primary.
Proceeding in the old action-at-a-distance manner, he
gets first a formula for the inductive action of an
element of the primary circuit on an element of the
secondary, and from this obtains the coefficient of
mutual induction and the vector potential. Some
cases of induction coefficients are worked out, and
then follows an exhaustive and critical analysis of
Kirchhoff’s great memoir of 1857, in which the finite
rate of propagation of electric effects along a wire
was established.

Perhaps the most novel feature of the book, at
least to an English reader, is the way in which the
question of open circuits is approached. The author
begins by adding to his vector potential a term which
goes out on integrating round a closed path. This
term is affected by an arbitrary constant which
appears also in the complete electric force derived
from the new vector potential. The value of this
constant is then chosen so as to make the divergence
of the electric force still equal to 4= times the charge.
This preserves what the author calls the *“ unity of
the electric force,” i.e., it makes the ponderomotive
force on unit charge identical with the current-pro-
ducing force which enters into Ohm’s law. When
we have reached this point we find that the new
term in the vector potential has given us Maxwell’s
displacement current. It is then shown that its
identification as a true current makes all currents
closed, and is justified by its electromagnetic effects.
The magnetic force is then introduced *“ pour la com-
modité de langage,” as the vector the time-rate of
which is the curl of electric force; and such things as
magnet-poles need not exist at all.

To readers brought up on Maxwell and Heaviside
this electrostatic method of arriving at things will
come as a sharp disturbance to the ‘ normal piling »’
of their electrical ideas. A similar disturbance would
be produced in the theory itself by the introduction of
a little iron into its system. We shall probably
understand the reason for the adoption of this pro-
‘cedure if we remember that Prof. Brillouin wrote
when “’affaire Crémieu’ was at its height, and
before Pender crossed the Atlantic to see what the
matter was.  An exposition which linked Maxwell’s
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views to the earlier theories was specially natural at
that time, in view of the doubts suggested touching
relations which had come to be regarded as the
“ solid ground of Nature.” If a revision of belief had
been shown to be necessary, some such harking-back
to earlier positions as is displayed in the present
book would have become essential.

The concluding section of the lectures is occupied
with a discussion of the problems of the Hertz
oscillator and of the oscillations proper to spherical
and spheroidal conductors. A full account is given
of the recent work of Prof. Pearson and Miss Lee
on the field of the Hertzian doublet as modified by
the damping of the oscillations. In the discussion
of the spheroid the author supplements the work of
Abraham and Maclaurin, specially in the direction of
numerical evaluation of the functions involved.

W. B. M.

MILK IN RELATION TO DISEASE.

Bacteriology of Milk. By Harold Swithinbank, of
the Bacteriological Research Laboratory, Denham,
and George Newman, - M.D., D.P.H., Medical
Officer of Health of the Metropolitan Borough of
Finsbury, and formerly Demonstrator of Bacteri-
ology in King’s College, London. With special
chapters also by Dr. Newman on the Spread of
Disease by Milk and the Control of the Milk Supply.
Pp. xx+605; illustrated. (London: John Murray,
1903.) Price 25s. net.

HE public is beginning to recognise the import-
ance of milk and its products from the dietetic
and hygienic point of view, and public authorities are
becoming alive to the necessity for safeguarding the
milk supply from adulteration, from the addition of pre-
servatives, and from contamination with filth and the
germs of disease. The appearance of this work, a
large volume of 6oo pages, is therefore opportune, It
is a treatise on milk in its relation to disease rather
than, as its title implies, an account of the general
bacteriology of milk, for while such subjects as the
souring of milk and the various fermentations it under-
goes are dealt with in 55 pages, tuberculosis in relation
to milk, epidemics of disease due to infected milk, the
legal enactments regulating milk supply, &c., occupy
some 350 pages.

As a general criticism, in the reviewer’s opinion
some of the matter introduced might without detriment
have been omitted, thereby giving more space to
certain subjects that at present receive somewhat scant
treatment. Thus an attempt has been made to deal
generally with bacteriological technique, the prepar-
ation of culture media, and examination of water and
air, instead of limiting the matter in these directions to
that special to the subject. The pages on the agglutin-
ation reaction, on preventive inoculation in enteric
fever, and on the bacteriological diagnosis of
diphtheria seem to be quite unnecessary. The
chapter on the description of species of milk bacteria,
occupying some 6o pages, also gives for the majority
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of species so few details that in its present form it is
of little value. This may be the fault of the subject
rather than of the authors, but had an attempt been
made to give a key-index to the species and their
recognition, this would have been of much use. With
these reservations, the authors are to be congratulated
on having produced a work which must for some time
to come remain the standard one on the subject.

The tubercle and acid-fast bacilli met with in milk
and the biology of the tubercle bacillus are fully and
adequately treated, and a number of coloured and other
illustrations of cultures and colonies are given which
will be of the greatest service to those who are unable
to consult original papers. As regards the relation of
bovine and human tuberculosis, a judicial and judicious
summary is given, and the authors express the pro-
visional opinion *‘ that tuberculosis in all animals is
generally one and the same disease, but that it differs
in various ways in different animals and according to
the strain and virulence of the infecting bacillus.
That human tuberculosis can be transmitted in
certain circumstances to animals we do not doubt.
There is also prima facie evidence to show that the
reverse proposition is true, namely, that under certain
conditions bovine tuberculosis is transmissible to man.
We therefore look upon the two diseases as different
species or varieties of one and the same generic disease
and intercommunicable. Whilst we hold this view in
respect to the communicability of tubercle, we do not
for one moment suppose that its transmission through
milk is very frequent or very widespread. The great
field of infection in tuberculosis is from animal to
animal, and from man to man, and cross-infection is
probably less common than is generally supposed.”

This opinion practically coincides with that expressed
in the recent report of the Royal Commission on
Tuberculosis. Dealing with outbreaks of epidemic
discase due to an infected milk supply, scarlatina,
enteric fever, diphtheria, epidemic diarrhcea, cholera,
&c., receive attention, and the details of many of the
principal outbreaks are summarised. As regards the
celebrated Hendon outbreak of scarlatina, the whole
of the facts is stated, and not a portion only, as is
generally the case, and the authors conclude, ‘“ we
are of opinion that the exact origin of the London
epidemic at that time has not yet been, and now prob-
ably never will be, demonstrated.” It is to be hoped
that future writers on the subject will note this.

The last portion of the book deals with the control
of the milk supply (a) by the State, and (b) by private
enterprise, with useful appendices on legal enactments
and model regulations for dairies, &c. The summary
on milk legislation in the various countries of the
world is especially to be commended. Tuberculin is
touched upon, and the old and the new tuberculins
are described, but no mention is made that it is the
old tuberculin which is employed for cattle testing.
The sections dealing with pasteurised and sterilised
milk are very brief, and might well be expanded in a
future edition, while condensed milks seem to be un-
noticed. . The book is well produced and illustrated,
but the index might with advantage be fuller.

- R. T. HEwWLETT.
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OUR BOOKSHELF.

Handbook to the Natural History of Cambridgeshire.
Edited by J. E. Marr and A. E, Shipley. Pp. viii+

260: (Cambridge : University Press, 1904.) Price
4s. net.
Tue little volume before us affords an excellent

example of the thorough-going and careful manner
in which every detail connected with the late
meeting of the British Association at Cambridge was
thought out and worked out by the responsible
executive, As a matter of fact, the volume in question
is likely to be much more than a mere ephemeral
production, and will probably take its place as one of
the standard text-books in the scientific teaching of
the university; for it will scarcely be disputed that a
thorough knowledge of the natural history of the
district in which the student resides is one of the very
best aids towards attaining a comprehensive grasp of
biology and geology in general. The term natural
history, it should be mentioned, is employed in this
work in its very widest and most extensive sense,
embracing not only zoology and botany, but likewise
geology and palzontology; while the scope of the
undertaking is still further increased by an excellent
chapter on prehistoric archaology.

For the planning and supervision of a work of this
nature no better editors could possibly have been found
than Messrs. Marr and Shipley, the one gentleman
being an eminent authority on geology in general, and
that of the district in particular, while the other is
no less distinguished as a biologist. Dr. Marr, in
collaboration with Mr. Fearnsides, has contributed the
introductory chapter on physiography, but Mr. Shipley
has contented himself with purely editorial functions.
For the other chapters of the work the editors have
been fortunate in securing the (gratuitous) services of
a number of specialists, at least two of whom happened
to be engaged on the natural history of Cambridge-
shire for the *“ Victoria County History,” and were
permitted by the council of that undertaking to
make use of their labours for the benefit of the volume
before us. Hitherto no complete lists of the fauna of
Cambridgeshire appear to have been published, and
Mr. H. H. Evans’s account of the birds of the county
may be cited as an excellent example of the manner
in which such local faunas should be described. Tt
was somewhat unfortunate that in the account of the
vertebrate palaontology of the county the introduction
of a personal element was unavoidable; but the pro-
posal contained therein, to name a species after the
well known pal@ontologist whose work is criticised,
may be taken as an indication of the absence of any
trace of ill-feeling on the part of the writer.

Both editors and authors are to be congratulated
on the production of such an excellent and compre
hensive local ‘‘ natural history ”’ in such a smal
compass, the permanent value of the work being
largely increased by the beautifully coloured geological
map of the county. R

Theorie der Elektrizitit und des Magnetismus. By

Dr. I. Classen. Band i. Electrostatik und Electro-~
kinetik. Pp. x+184. (Leipzig: G. J. Goschen,
1903.)

Tue conventional text-book of electricity starts with
the supposition that the forces exhibited by electrified
bodies can be attributed to a something called
electricity which resides on material bodies. Quanti-
tative laws are developed, and we are led up to the |
Faraday-Maxwell conception of the medium as the
real seat of electrical action.

Prof. Classen, like many others, finds this method
unsatisfactory. The first view presented is too narrow ;
its arbitrary character cannot always be realised, the
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development is o‘ten hap-hazard, and the mental re-
volution required before Faraday's idea can be assimil-
ated generally proves troublesome to the student.

~ The author’s view, then, so far as we can gather,
is that the subject should be developed from Faraday’s
standpoint. With this we are in complete sympathy.
But the problem of writing a text-book from a new
order of thought is no easy matter, and the first portion
of the volume is distinctly disappointing. There are
frequent relapses to the old method, the treatment is
somewhat laboured, and the result, so far from being
inspiring, is confusing and inconclusive.

In the latter part of the volume the author treats of
electrical currents, and the fundamental laws are
developed without the introduction of the magnetic
properties. This is distinctly good, and, although not
quite new, will commend itself favourably to those
who take an interest in the philosophical and logical
presentation of the subject.

We cannot help thinking that the author is some-
what misguided in pushing a hydrodynamical analogue
to the extent he does. It is difficult to reconcile the
suppositions that velocity corresponds to electrical
force, and pressure to electrical potential. Chapter x.
is devoted to ‘“ an extension of this hydrodynamical
picture.” We are of opinion that when an analogy
becomes so troublesome that a chapter is required to
expound its additional artificial properties, it has ceased
to be of any assistance, and the sooner it is dropped
the better.

Die Keimpflanzen der Gesneriaceen.
Fritsch.  Pp. iv+ 188,
Price 4.50 marks.

Tue Gesneriaceae are generally familiar to horti-

culturists and others, since the order includes several

favourite greenhouse plants, to mention only

Ramondia, Saintpaulia, Achimenes, Streptocarpus, and

Sinningia, of which one species passes as Gloxinia.

The morphological peculiarities of these and other

less known genera are not so familiar, in fact, it has

been the object of Dr. Fritsch to find their correct
interpretation by the aid of cultivation and examination
of such seedlings as he was able to obtain. Some of
the principal morphological features are the tuber-
bearing plants of which Sinningia is a type; vegetative
scale-covered runners which propagate the plant,
characteristic of Achimenes and Kohleria (Isoloma);
and the unequal development of cotyledons which is
well known to cultivators of Streptocarpus Wendlandi.

The unequal development of the cotyledons is regarded

by the writer as a special case of anisophylly, for which

he proposes the term anisocotyly; in this connection
there is a discussion of the views put forward by

Wiesner and Goebel on anisophylly, and it is shown

that some modification is required in order to explain

anisocotyly. A further irregularity in the case of

Klugia Zeylanica and some species of Streptocarpus

is the displacement of the cotyledons from the opposite

to an alternate position; this is attributed to the
intercalary development of an internode between the
cotyledons, to which the name of mesocotyl is given.
he scale-bearing runners have been variously de-
scribed ; they resemble bulbs in so far as the leaves
are swollen into food reservoirs, but they differ there-
from because the stem is elongated and also contains
reserve food material, and the swollen leaves may be
closely packed, when the runner resembles a pine cone,
or the leaves may be loosely arranged; on this
account Dr. Fritsch prefers to call them bulbshoots

(Zwiebelsprosse), and he would include under this

designation the similar bodies which are found on

species of Epilobium, Oxalis, Saxifraga, and Dicentra.
Dr. Fritsch confirms Lubbock’s statement that the
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By Dr. Karl
(Jena : G. Fischer, 1904.)

tubers of Corytholoma (Gesnera of gardeners) and
Sinningia speciosa (Gloxinia) are produced by the
thickening of the hypocotyl, and adds that in the case
of Corytholoma carJinalis the epicotyl also takes part
in its formation. It is not possible to mention, much
less to pass in review, the various morphological details,
but enough has been said to show that the Gesneri-
aceae, as an order, will repay careful study, and it
should be added that this account of the seedlings is
characterised by clearness and breadth of treatment,
and the German is simple enough to suit the veriest
tyro.

Das Leben im Weltall. By Dr. L. Zehnder. Pp. 125.
(Leipzig : J. C. B. Mohr, 1904.) Price 2.50 marks.
Man and animals and plants all live, each in its degree.
Lower than these is matter itself. Does it live? Do
crystals live in their mother-liquid? In general, is the
universe itself a living thing? These are the questions
which a professor of physics of Munich attempts to
answer in this small volume. We learn that the
variations of matter, and those variations of plants
and animals which are taken as special evidence of
their vitality, are linked together in an unbroken chain,
On the other hand, an exception is made in respect to
the ultimate structure of the atom itself. In fact, a
well defined boundary is found to separate substances
of which inorganic bodies consist from substances
which are necessary for the formation of organic

bodies.

We can by no means pretend to have followed all
the arguments put forward, even when they have purely
physical reference. Thus, the author concludes that
the @ther has an atomic structure merely on the
ground that, having decided that it is a substance,
there is neither sense in nor justification for attributing
to it any properties except those which other substances
possess. This dogmatic style of reasoning is
characteristic of the whole argument; and it certainly
does not conduce to confidence when matters are dis-
cussed with which we are not so familiar.

Fiyst Stage Steam. By J. W. Hayward, M.Sc. Pp.
230. London: W. B. Clive, University Tutorial
Press, Ltd., 1904.) Price 2s.

Mgr. Haywarp is very happy in the treatment of his
subject in his *“ First Stage Steam,” written to meet
the requirements of the examination of the Board of
Education at South Kensington. After a short intro-
ductory chapter on mensuration and squared paper
work, drawings of a simple horizontal steam engine
are given, and the functions of the various parts are
described in detail. This description occupies con-
siderable space, and at appropriate intervals is made
the occasion for the introduction of experiments and
calculations bearing on the subject. The Lancashire
boiler with its mountings is then well described, and
this leads naturally to the consideration of combustion
and the heat properties of steam. The reader is intro-
duced to these by simple and striking experiments
which he can maic himself, and not until after this
has been done is the student informed of the results
of classical experiments on which heat calculations
of the steam engine are based. The writer then,
by the help of good illustrations, touches on the salient
points connected with the design and working of
modern locomotives, marine engines, internal com-
bustion engines, and steam turbines. The reader is
left with the impression that there is very much in the
subject worthy of attentive study. A special feature
of the book is the encouragement given to quantitative
experimental work with simple apparatus which the
student can make and use himself. The book is not
free from slight defects, but is sure to give satisfaction
wherever used.
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LETTERS TO THE EDITOR.

[The Editor does not hold himself reSponsible for opinions
expressed by his correspondents. Neither can he undertake
to return, or to correspond with the writers of, rejected
manuscripts intended for this or any other part of NATURE.
No notice is taken of anonymous communications.]

On the Secondary Radiation due to the v Rays of
p Radium,

IN a recent communication to the Annalen der Physik
(4 and 5, 1904), Paschen described experiments show-
ing that a thick lead block containing radium emits
negatively electrified particles which can be deviated in a
magnetic field. He concluded that he had deflected the
v rays, thus differing from previous experimenters,

I have found that particles having a negative charge
are projected, and are readily deflected magnetically. How-
ever, these are not v rays, but differ from them inasmuch
as they are completely absorbed by about a millimetre of
lead.

In order to prove this, an electroscope with a thin
aluminium face was mounted on a lead platform (1.2 cm.
thick) above a block of lead 1o cm. high, at the centre of
which was placed 30 mg. of radium. On applying a
magnetic field to bend the rays towards the electroscope,
the electroscope readings were doubled, but this increase
was reduced to half value by a screen of lead (0.1 mm. thick)
placed in front of the aluminium face. Since negatively
charged particles are thus projected from the lead surface,
it is clear that, as Paschen observed, a block of lead, placed
in a vacuum and well insulated, would acquire a positive
charge, and would continue to do so as long as the radium
emitted v rays, even if these penetrated two or three inches
of lead.

The effect which Paschen observed was due not to the
primary v rays, but to the diffuse secondary radiation
caused by the v rays in the lead. This may be shown to
be mainly a surface effect, for the secondary radiation from
a greater depth than one or two millimetres is absorbed by
the lead itself, The curvature of the rays, necessarily implied
by Paschen’s second experiment, is so large that other ex-
perimenters could not have failed to detect it by direct
methods had the effect been due to 7y primary rays.

This deflection of y secondary radiation by a magnetic
field is similar to Becquerel's result, obtained photo-
graphically, when he deflected the B secondary rays. Curie
and Sagnac have also shown that Rontgen rays striking
a metal cause it to emit negative electricity and to acquire
a positive charge; Dorn has proved that such rays can be
deflected by a magnet. .

Any experiment designed to prove that the primary 7y rays
can be affected by a magnetic field must involve evidence
that the effect produced is not due to the easily deviated
7 secondary radiation. A. S. Eve.

McGill University, Montreal, August 22,

A Source of the Ionisation of the Atmosphere,

It is perhaps not very generally known that human
breath has a considerable power of discharging an electrified
conductor. This fact can be strikingly shown by an ex-
periment easily carried out, If the discharging knobs of a
Wimshurst electrical machine are drawn apart so far that
a spark just refuses to pass, then on breathing across the
gap the spark is instantly ’precipitated.

The discharging power of the breath is more conclusively
demonstrated, however, by breathing through a metal tube
into which an insulated metal rod projects axially, the
insulation of the rod being out of reach of the breath, If
the rod is connected to the cap of a graduated gold-leaf
electroscope, comparative observations show that the rate
of discharge of the electrified rod and gold leaves is 60 per
cent, to 70 per cent. greater when air from the lungs is
passing through the tube than when ordinary air fills it.
Again, the rate of leak of a charged electroscope in a
small, badly ventilated class-room, was found to be 50 per
cent. more rapid when the room was full of students than
when it was empty. Incidentally, this explains in part
why experiments on electrostatics are often troublesome to
carry out in a room crowded with a large audience.
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The point of interest, however, in these experiments is
the fact that the slow low-temperature combustion going
on in the lungs ionises the air in the same way as the rapid
high-temperature combustion of flames. And if this slow
ionisation of the air can take place in the lungs of living
animals, it may also go on less markedly in the chemical
interaction between the air and living plants, and in some
cases between the air and inorganic matter, at ordinary
temperatures, so that there is here a continual source of
atmospheric ionisation apart from any possible radio-active
processes. J. R. AsHwORTH.

Rochdale, August 27.

Celtic Place-names,

THE review of Mr. Johnston's ‘‘ Place-names of Scot-
land ** in your number of July 28 explains a problem that
has been for a long time a puzzle to me in reference to the
existence in County Leitrim alone, of the thirty-two counties
in Ireland, of the word *“ allt " in common parlance.

To North Leitrim there came over from Stirlingshire
about the year 1608, as followers and soldiers of Sir
Frederick Hamilton, grandson of the second Earl of Arran,
a strong Scotch colony. From them we took in a great
measure our English or Scotch-English, Here is a trace
of it. A half-dozen others of our distinctive Leitrimisms I
have already traced back to Scotland ; others to elsewhere.

In odd words and odd uses of them, and in odd pro-
nunciations, are found ‘‘ helpful and interesting sidelights
for the historian’ (to use the reviewer's expression) all
through Ireland. Indeed, the ‘* Irish plantations,’ and the
parts of England and of Scotland the planters came from,
might be plotted out by a careful observation of such
peculiarities. They are disappearing. Before it is too
late, or it becomes too difficult, it would be well worth
while for someone who knows the rural districts of both
countries intimately to attempt the task. It should well
repay the historian or the philologist. I have been trying
something like it, but I have had slight opportunity for
making the acquaintance of any English dialects except the
Yorkshire and the Lancashire, and I cannot accordingly
push it very far.

I have to thank the revjewer; but permit me to say that
the Leitrim use of ‘“ allt' (or ‘“alt”) corresponds rather
with that given by Mr. Johnston than with that claimed
by him. With us an ‘“alt’ is not ‘‘ a streamlet passing
through a ravine,”” but a narrow, deep glen or hollow
through which, as a rule, of course, a stream or streamlet
flows ; but that a stream should do this is not essential for
the chasm to be so termed. Joyce, too, would support this.
The word alt, he states (** Irish Names of Places,” p. 353,
1869 edition), is found in townland names in Ireland, and
in its topographical application it is generally understood
to mean a cliff or the side of a glen.

I should be much interested in knowing if Mr. Johnston
would subscribe to our precise application of the word. It
is evidently a primitive word of Aryan origin. The meaning
of all allied words in any language I am familiar with
favours our interpretation, and it is hard to see how it
could come by the meaning of *‘streamlet,”” however
flowing. « Josern MEEHAN,

Creevelea, Drumkeeran, Co. Leitrim, August 5.

1 nave read with much interest your correspondent’s letter,
and can well understand his difficulty with regard to the
Scottish usage of the word allt. Here it is applied, as I
have stated, to a stream passing through a ravine or hollow ;
never, so far as I am aware, to a glen or dry chasm.

The Irish alt, which is slightly different in spelling, is
also apparently different in application. = Your correspondent
may be interested in the various Celtic usages of the word
as given bv Dr. Macbain in his ‘* Etymological Dictionary
of the Gaelic Language ' :

‘“Allt, a stream; Ir. alt, height, (topographically) glen-
side or cliff; O. Ir. alt, shore, cliff; O. W. allt, cliff;
Cor. als; Br. aot, shore, all allied to Lat. altus. The Gaelic
form and meaning are possibly of Pictish origin."

Looking down or up the precipitous sides of many a
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mountain stream, it is not hard to see how this epithet | have to thank the indefatigable energy of Dr.
came to be associated with, and applied to, the stream | Mond.

itself, which is not regarded apart from its peculiar surround-
ings. The steep sides are, in fact, the characteristic feature
of the ordinary Highland allt, Tue REVIEWER.

The Striped -Hawk-Moth,

Wirtn reference to the paragraph in NATURE of August 18
(p. 389) on the striped hawk moth, on May 23 this year 1
found a specimen alive in a thick bed of lily-of-the-valley ;
it had just emerged, and had never flown. Warmwell is
two miles from the sea as the crow flies; possibly the parent
was a migrant, but the moth I found had passed through
its metamorphosis in this country. The insect lived twelve
hours after capture, and is now in the collection of Mr. O.
Picard-Cambridge, of Bloxworth.

Warmwell, Dorchester. Rose Haic Tuomas.

Mountains and Mankind.

I suaLL be obliged if you will allow me to correct the
following errata in my address to Section E of the British
Association. For *“ Watson " and * Tokio "’ read Weston
and Kobi (p. 429, column 2).

September 3. Doucras W. FRESHFIELD.

[The errors occur in the copy of the address reprinted in
NATURE.—EDITOR.]

]

BRITISH CHEMICAL EXHIBIT AT THE
ST, LOUIS EXHIBITION.'

’I‘HE Royal Commission appointed to arrange the
British exhibits for the St. Louis Exhibition
have evidently, from the catalogue before us, carried
out their difficult task with great care and in a most
successful manner., We would that all catalogues
were written in the extremely interesting and vivid
style of the one to which we have referred. The
products treated of in the catalogue are drawn up in
alphabetical order, and at the end of the description
of each substance, or group of substances, the names
of the exhibitors are placed; the exhibitors are also
arranged in alphabetical order at the end of the book.

The catalogue is written in the form of a history
of the various manufacturing processes described
therein. First and foremost we come to a most
interesting and detailed account of the alkali industry,
from the time of its inception to the present day. The
reader is carried historically through the building up
of the Le Blanc process—and the tragic fate of
Le Blanc, its founder—the ammonia soda process,
Chance’s sulphur recovery process, and so on. Many
details, which are not the common property of text-
books, as to the difficulties and failures and final
success are included, which makes the narrative of
exceptional interest. Before Solvay’s time, several
patents had been taken out which embodied the prin-
ciples of his ammonia soda process, but he, unaware
that others had worked upon the subject, experimented
and patented the process, and we are shown in his
own words what a blow he received on discovering
that he was not the first in the field :—

“ What was our astonishment in discovering . . .
I was no longer the inventor of the reaction and its
industrial use had already tempted other investigators.
It was a hard blow to me."’

Here the narrator intervenes with the pertinent
words : ‘“ Happily Solvay was young,’” and finally
success attended his efforts. In so ' far as the
ammonia soda process affects the British exhibits, we

1 Catalogue of British Exhibits; International Exhibition St. Louis,

1904. Department C, Liberal Aris; Chemical and Pharmaceutical Arts.
ssued by the Roya Commission.)
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As a natural sequence the manufacture of sulphuric
acid is treated of in the same section as that devoted
to the alkali industry, and after being informed that
sulphuric acid was first made by Ward at Richmond
in 1740, we are taken through the gradual develop-
ment of the chamber process, and then introduced to
the contact process, which may be said to have been
originally founded on an experiment of Humphrey
Davy in 1817.

The section on alum is very interesting, and one
notices how greatly manufacturers in this country are
indebted to the acumen of Peter Spence, of Man-
chester,

One of the most interesting and suggestive sections
is that dealing with the coal-tar products. In his
report on the 1862 Exhibition, Hofmann spoke with
sanguine eloquence of the bright prospects before the
coal-tar colour industry in this country. The brilliant
anticipations which Hofmann made for England have,
alas! not been substantiated, for where we have sown
others have reaped. The writer of this section
endeavours to trace some of the causes which underlie
the loss of the colour industry to England—such as
the inadequate patent laws, want of research, which
really means want of sufficient capacity for looking
ahead.

To the electrochemical industry are devoted nine
pages of the catalogue, which, commencing with an
historical survey of the foundation of electrochemistry,
passes on to deal with hypochlorites, chlorates,
caustic alkali, and sodium. Then follows a
description of the copper refining processes, and on
p. 87 we are told that other metals, such as gold and
silver, have been purified by electrolytic processes. As
these have not been done in the United Kingdom, this
is evidently in the nature of a hint to British electro-
chemists. A passing reference is made to the manu-
facture of calcium carbide, which, we regret to say, is
at present not manufactured in this country.

We have only picked out a few of the subjects treated
of in the catalogue; there are, of course, many others,
such, for example, as explosives, the candle industry,
soap, oils and colours, and so on.

There are also a good many scientific exhibits,
among which may be noted Sir James Dewar’s low
temperature research exhibit, in which the complete
plant, as employed at the Royal Institution for the
production of liquid and solid hydrogen, is shown.
Photographs of spectra by Mr. E. C, C. Baly, exhibits
from the Lister Institute of Preventive Medicine,
also a very complete exhibit from the Wellcome Re-
search Laboratories, and many others which space
forbids us to mention.

We do not know whether the catalogue is on sale
in this country, but we recommend all interested in
the manufacturing and scientific advancement of the
country to endeavour to procure a copy; because the
exhibits demonstrate that, in spite of the keen com-
petition of Germany and other nations, Great Britain
can still claim to be high up in brilliant achievements
in chemical and allied sciences. B MICE

THE LIMNOLOGICAL STATIONS ON
LAKE OF BOLSENA.

WO years ago the executive committee of the
Italian Geographical Society determined to
undertake the desirable work of preparing an ex-
haustive monograph on one of the lakes of Italy, and
they very naturally selected the Lake of Bolsena for
the purpose. Its situation within easy reach of Rome,

THE
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its size, depth, and geological relations, the beauty of
its environment, and the unique charm of the two
picturesque volcanic islets Martana and Bisentina, all
combine to render the lake attractive.

Before the preliminary operations of the Geo-
graphical Society, very little was known about the lake
except with regard to the geology and morphology of
its basin; the contours of the bottom had been care-
fully mapped by De Agostini, who had made no fewer
than 3000 soundings. No regular observations of the
seasonal temperatures of its waters or of the variations
in their level, of seiches or of lacustrine plankton, had
ever been carried out.

From a preliminary report prepared by Prof. Luigi
Palazzo," we learn that limnological stations equipped
with Sarasin’s limnograph and with other instruments
have been established on opposite sides of the lake at
Bolsena and at Marta, and that at chosen points in
the immediate vicinity five meteorological stations are
to yield continuous records of the rainfall and air
temperature. A gauge for measuring the height of
the water has also been fixed to a pier in the Fiume
Marta.

One of the most interesting phenomena of which a
continuous record will be kept are the sesse or seiches,
the rhythmical oscillations of the surface of the lake,

FiG. 1.~Isola Martana.

which have a regular period of 12 to 15 minutes, and

apparently on account of the position of the former
village nearer the major diameter of the lake, and on
account of differences in the declivity of the bottom,
A rise of the water of 7 inches at Marta was noticed
to be correlated with a rise of only 4 inches at Bolsena.
On occasions the rise of water may amount to a foot,
and the seiches are then so noticeable that the common
folk, in their expressive dialect, declare that the lake
is panting (trenfia).

! of Worcestershire.

We hope that the full reports on the physical problems |

connected with the lake may soon appear, and that the
investigation of the plankton will not be forgotten.
R. T. GONTHER.

NOTES.

It is proposed to fix a standard time for use upon all
Indian railways and telegraphs, which shall be exactly 5}
hours in advance of Greenwich time, and to fix for Burma
a standard 6§ hours in advance of Greenwich., The Govern-
ment of India has intimated that it is in favour of the

adoption of the new standard for general as well as for
railway and telegraphic purposes, and is prepared to

1 “La Stazione Limnologica di Bolsena.”
Soc. Geogr. Ital., v. 1904.)
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cooperate in any movement with this end in view; but as
the matter is one upon which the local communities should
be consulted, the opinions of the Chambers of Commerce
upon the proposals are being sought by the Government.

Tue death is announced of Dr. Petr Petrovic van der
Vliet, emeritus professor of physics at the University of St.

Petersburg, aged sixty-five.

At the beginning of next month Prof. H. Battermann,
observer at the Berlin Observatory, will take the position
of professor of astronomy at Konigsberg University, and
director of the observatory there.

IN a message from Ponta Delgada (Azores) on
September 1, Captain Scott states that the Antarctic ship
Discovery may be expected to arrive at Spithead about
September 10.

A LiFE-s1zED bronze bust of the late Sir Richard Temple
was unveiled last week in the parish church of Kempsey,
near Worcester, by the Earl of Coventry, Lord Lieutenant
The inscription is as follows :—'* The
Right Hon. Sir Richard Temple, Bart., G.C.S.1., C.1.E.,
D.C.L., LL.D., F.R.S., sometime Governor of Bombay
and Finance Minister of India, and M.P. for Evesham and
Kingston.”’

Tue (,‘h;mvc-llor of the Exchequer has appointed the
following gentlemen to serve as ‘members of a committee
to inquire into the use of duty-free alcohol for industrial
purposes :—Sir Henry Primrose, K.C.B., C.S.I., chair-
man ; Sir William Crookes, F.R.S.; Sir W. H. Holland,
M.P.; the Hon. J. Scott-Montagu, M.P.; Mr. Lothian D.
Nicholson; Dr. W. Somerville; Dr. T. E. Thorpe, C.B.,
F.R.S.; and Mr. Thomas Tyrer.

Tue fifteenth annual general meeting of the Institution
of Mining Engineers will be held at Birmingham on
September 14. The following are among the papers to be
read, or taken as read :—The mining department of the
University of Birmingham, Prof. R. A. S. Redmayne ; coal-
mining in Asturias, Prof. Henry Louis; the problem of
Gob-fires, Mr. George Farmer; an improved apparatus for

3 laying t st in coal-mines, Mr. J. Creswell Roscamp ;
are more conspicuous at Marta than at Bolsena, | ‘5 '8 b, dustyio  chglemiseg s ) Raposmp;

mine-surveying instruments, part ii., Mr. Dunbar D. Scott ;
and the problem of dynamic balance, Mr. E. H. Roberton.

Tur latest proceedings of the Indian Tea Association
contain several items of interest in connection with the
proposed scientific experimental station in Assam. We
learn from the Pioneer Mail that the scientific adviser of
the association recently explained his proposals for the
permanent location of his assistant in Assam, for the pro-
vision of a laboratory for him, and the initiation of experi-
ments in tea culture under his direct supervision and control.
An offer has been made by the agents of the Scottish Assam

| Tea Company to provide a small bungalow and tea for

| experiment in the immediate neighbourhood of the bunga-

low, and further land for experiments as required. It was
decided to accept the offer of the Scottish Assam Tea
Company, and arrangements have been made for the
erection of a laboratory.

IN connection with the recent announcement of the death
of the Rev. George Pirie, LL.D., professor of mathematics
in the University of Aberdeen, the following particulars
may be of interest. Dr. Pirie was born at Dyce on July 19,
1843, being the eldest son of the Very Rev. Principal Pirie.
His early years were spent at Aberdeen Grammar School,
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and he afterwards studied at the university in the same
town. In 1863 he entered at Queens' College, Cambridge,
and three years later took the mathematical tripos, obtain-
ing the degree of fifth wrangler. He was subsequently
elected to a fellowship at Queens’ College, where he also held
office both as mathematical lecturer and as college tutor.
In 1878 Dr. Pirie was elected to the chair of mathematics
at Aberdeen University, which he held until his death. Dr.
Pirie’s interest in mathematics does not appear to have
carried him much beyond ordinary routine work, as his
name does not appear as the author of papers in the lead-
ing mathematical journals to which reference has been made
in connection with the present notice. He, however, pub-
lished one text-book, entitled ** Lessons in Rigid Dynamics.”’

MosT of our readers remember that the year 1903 was one
of unusually heavy rainfall. *‘ British Rainfall ’ for that
year, recently published, contains tables of nearly 4000
stations, and supplies every possible information upon the
subject that can be wished for., The work has been issued
in practically the same form since 1861, a fact which, we
consider, much enhances its value; but the materials have
continually increased, and its size has been doubled in the
last thirty years. The volume before us has, moreover,
several important additions, e.g. a section dealing with the
duration of rainfall, and rules for rainfall observers. Special
articles deal with the extraordinary excess of precipitation
in June (accompanied by useful maps) and with the three
wettest years in the annals of ** British Rainfall,”’ viz. 1872,
1877, and 1903. Dr. Mill states that only one other year
earlier in the nineteenth century can compare with them,
and that is 1852. Whereas the average annual rainfall of
the British Isles is 39.5 inches, 53 inches fell in 1872, 51
inches in 1877, and 52 inches in 1903, an excess of 32 per
cent. The total rainfall over England and Wales during
three days, June 13 to 15, is estimated at 5348 million tons.

WEe have received from the Government Astronomer of
Western Australia (Mr. W. E. Cooke) a copy of the meteor-
ological observations made at the Perth Observatory and
other places in the colony during 1902. Morning and even-
ing weather forecasts—the latter intended for newspapers—
form part of the routine work, and are very successful ; in
fact, complete failure is of very rare occurrence. In con-
nection with forecasts, Mr. Cooke states that the prediction
of rainfall throughout the interior, for several days in
advance, was attended with complete success, and that the
experiment indicates a forward step in practical meteorology.
In addition to monthly and yearly summaries for a number
of stations, the report contains coloured maps showing for
each month and for the year the mean distribution of the
various elements over the whole of the colony.

IN a communication to the Société Frangaise de Physique,
No. 216, 1904, M. Bouty describes experiments on the
dielectric cohesion of argon and mercury vapour. The
dielectric cohesion of argon is exceptionally small, its value
being only about one-seventh of that of hydrogen. The
smallest trace of impurity increases the value, and the
author recommends the measurement of the dielectric
cohesion as a means of testing the purity of argon, the
sensitiveness of the test being comparable with that of the
spectral examination.

WEe have received from the author, Dr. F. Braun, a re-
print of an important paper appearing in the Physikalische
Zeitschrift (No. 8, pp. 194-9) entitled ‘‘ Methoden zur
Vergrosserung der Senderenergie fiir drahtlose Tele-
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graphie.”” Dr. Braun discusses the limits of the possible
increase of capacity and voltage—and therefore of energy—
of the usual sending devices employed in wireless telegraphy,
and describes many new arrangements consisting of ‘com-
binations of capacities and inductances for which consider-
ably greater efficiency is claimed.

DRr. Braun also sends us a copy of an article on

‘“ Herstellung doppelt brechender Korper aus isotropen
Bestandteilen ** (Physikalische Zeitschrift, No. 8, pp.

199-203), in which he suggests that a doubly refracting
body may consist in a homogencous mixture of isotropic
particles of two kinds the dielectric constants of which are
different, the distribution of the particles being regular, but
different in three principal directions. In illustration of
the suggestion, experiments are described in which the
body consisted of fire-bricks with air spaces between them.
On passing plane-polarised electric waves through different
thicknesses, the waves on issuing exhibited plane, circular,
or elliptic polarisation according to the thickness of the
body through which they passed. The experiments were
conducted on a somewhat gigantic scale.

IN No. 1, vol. ix., of Terrestrial Magnetism and Atmo-
spheric Electricity, the aims and organisation of the depart-
ment of international research in terrestrial magnetism of
the Carnegie Institution are defined. The director is Dr.
L. A. Bauer. Of the first allotment of 20,000 dollars, one
half is to be devoted to office expenses, comprising the
reduction, discussion, &c., of existing data, the second half
being reserved for observational and experimental work. If
satisfactory results are obtained during the first year, the
same sum of 20,000 dollars is to be granted annually to
the department. The aim of the department is to undertake
investigations of an international character which are not
specifically the subject of inquiry of any one country, such,
for instance, as a magnetic survey of ocean areas and un-
explored regions, observations of the variation of the earth’s
magnetism, and magnetic observations in ocean depths and
in atmospheric regions.

WE have received Nos. 6 and 7 of the series of mono-
graphs now being published under the title of ** Attualita
scientifiche,”” by Nicola Zanichelli, of Bologna. No. 6
(pp. 68) is a reprint of a lecture, delivered before the Italian
Electrotechnical Association by Prof. Augusto Righi, on
our present knowledge of radium. No. 7 (pp. 141) is a
useful summary by Lavoro Amaduzzi of the investigations
which have hitherto been made of the physical properties
of selenium, particularly as regards the variation of its
electrical properties under the influence of light; the
practical application of the element in the photophone and
in telephotography is dealt with in detail. As each mono-
graph is written by a specialist, the series is likely to be
of use not only to the general scientific reader, but also to
those workers who are investigating the problems dealt
with. Thus in the number dealing with radium, there is
a description of new forms of the gold-leaf electroscope
and of the torsion-balance which are suitable for detecting
and measuring minute traces of radio-activity, whilst the
treatise on selenium is of particular value on account of
the complete bibliography of the subject which it contains.
We may note that the earlier numbers of the series deal
with the discharge of electricity through gases, with
‘“ chemical problems of the new century,’ with morpho-
logical and chemical evolution, and with the biological
problem of the determination of sex.



458

NATURE

[SEPTEMBER 8, 1904

In the Zeits, fiir Instrumentenkunde for July Messrs.
Elster and Geitel describe a new form of apparatus for
measuring the radio-activity of soils and of the mud or
sediment of thermal springs. The increase in the con-
ductivity of a constant volume of air, which is caused by
its exposure, in a metal cylinder, to the action of the radio-
active material, is measured by means of a modified form
of Exner's electroscope. The especial features introduced
into the electroscope are the insulation of the aluminium
leaves by means of amber, and the production by means of
metallic sodium of a dry atmosphere in the space in which
the leaves are suspended. Measurements which were made
of the ionising power and of the rate of decay of the eman-
ation of ** fango '’ or mud from the hot springs of Battaglia,
would indicate that its activity is due solely to the presence
of radium. In a paper contained in the June number of
Terrestrial Magnetism and Atmospheric Electricity the same
authors put forward the view that the conductivity of the
atmosphere is largely, if not entirely, due to a radio-active
emanation which issues from the earth’s crust. In support
of their contention, they have observed that the conductivity
of air in closed cellars and in deep holes or wells is some-
times fifty times as great as that of normal air. Their
view would also explain the fact that at low barometric
pressures the conductivity of the atmosphere is much greater
than at higher pressures, for a low pressure would favour
the escape, from the fissures of the earth’s crust, of the
radio-active emanation. It is also possible that the electric
phenomena which occur over the crater of a volcano are
caused by an active emanation accompanying the vapours
issuing from the crater.

WE are indebted to Mr. Quaritch, of Piccadilly, for a
copy of a catalogue of rare and valuable works, including
many on biological and sporting subjects.

Tue report of the Maidstone Museum for 1903 records the
capture in Maidstone of an apparently freshly-emerged
specimen of the silver-striped hawk-moth (Chaerocampa
celerio).  Although the larva has been from time to time
observed in the country, English specimens of this moth
are generally considered to be immigrants from the
Continent. Other specimens are stated to have been taken
in England in 1903, but the last great ‘‘ celerio-year '’ was
18835,

Tue most striking feature of the report of the Field
Columbian "Museum for 1902-3 is formed by two plates
representing groups—the one of the dibatag, or Clarke’s
gazelle, and the other of the spotted hymna—mounted in
the museum. Of the dibatag no less than six individuals,
of different ages and sexes, are exhibited, one of the bucks
being mounted in a characteristic attitude, with the neck
and tail erect. It is a matter for regret that funds and
space are not forthcoming for mounting groups of this
nature in our own Natural History Museum. One day it
will be too late to do so. We have also received from the
Field Museum copies of two papers by Dr. D. G. Elliot
on new mammals.

““ DINOSAUR-HUNTING " in the Como Bluffs of Wyoming,
according to the graphic description given by Prof. H. F.
Osborn in the September number of the Century Magaszine
under the title of * Fossil Wonders of the West,”' must be
an exciting sport, and one in which there are few blank
days.
discovered in 1897, seems, indeed, to be the richest deposit
of dinosaurian remains hitherto known-—so numerous
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The Bone Cabin Quarry, which was accidentally |

being the weathered-out bones that the shepherds
actually built their huts from the vertebrae and ribs.
‘“ Here,'' writes the author, ‘‘ are the largest of the giant
dinosaurs closely mingled with the remains of the smaller
but powerful carnivorous dinosaurs which preyed upon them,
also those of the slow and heavy-moving armoured dino-
saurs of the period, as well as of the lightest and most bird-
like of the dinosaurs. Finely rounded, complete limbs from
eight to ten feet in length are found, especially those of
the carnivorous dinosaurs, perfect even to the sharply pointed
and recurved tips of their toes.”” From this wonderful
mausoleum Prof. Osborn estimates that remains of no less
than 73 individuals were obtained by his party; but, in-
clusive of the weathered-out bones, it may be conjectured
that the total must have reached at least 100 head. The
area probably represents an old river-bar, the still waters
of which arrested the course of the carcases on their sea-
ward journey. The paper is illustrated by excellent restor-
ations from the facile pencil of Mr. C. R. Knight.

Two important contributions to our knowledge of the
chimzroid fishes of Japan are made by Prof. Dean in the
Journal of the College of Science of Tokyo University
(vol. xix., articles 3 and 4). In the first of these the
author treats of the two Japanese species of true chimara
(Chimaera phantasma and C. mitsukurii) and their egg-
cases. Of the former species it is stated that while some-
times the fishermen will catch from twenty to thirty speci-
mens a day in water varying between 50 and 300 fathoms
in depth, on other occasions they do not find a single ex-
ample for days. Although sluggish in their movements when
kept in baskets in shallow water (where they soon die),
there is reason to believe that in their normal haunts these
fishes display considerable activity. Their egg-cases are
larger than those of any other species. In the second
memoir, Prof. Dean discusses the structure and affinities
of the long-snouted chimara (Rhinochimaera pacifica),
which has been made the type of a genus by itself, although
there is some doubt whether it is really entitled to generic
distinction from Harriotta raleighana, obtained in deep water
about 1894 by the Albatross near the Bermudas. The most
interesting feature observed in the type specimen of the
former was the complete distinctness of the palato-quadrate-
bar from the cranium proper, this being thought at first
to indicate that the skull was not of the true autostylic
type. Other specimens showed, however, that the feature
was not constant, although its existence in even one speci-
men tends to support the view that the autostylic skull of
the Dipnoi is a specialised derivative from the hyostylic
type characteristic of the fringe-finned ganoids.

Tue most recent addition to the literature of cotton
cultivation issued by the Imperial Department of Agriculture
for the West Indies constitutes No. 31 of the pamphlet
series, and is entitled the ‘ A.B.C. of Cotton Planting."’
The method is adopted of providing the information in the
form of question and answer, which combines brevity and
precision.

CoNTINUING his researches into the parthenogenetic de-
velopment of embryos of Thalictrum purpurascens, Mr.
Overton states in the May number of the Berichte der
deutschen botanischen Gesellschaft that in these cases no
reduction takes place in the number of chromosomes. The
list of plants for which parthenogenesis has been established
includes Antennaria alpina, species of Alchemilla, and
Taraxacum officinale.
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IN the first part of the Bulletin of the Imperial Society
of Naturalists of Moscow, Mr. J. Gerassimow adds another
paper to his contributions to the physiology of the cell.
In cultures of Spirogyra crassa and allied species he obtained
abnormal cells, without nuclei, or with excess of nuclear
matter, or with two nuclei, by cooling the cultures in which
the filaments were in an active stage of division. The
result of changing the proportion of nuclear substance to
cell contents was to cause irregularity of growth, so that
where the nuclear substance was in excess, cell division was
retarded, but general growth accelerated.

WE have received a copy of a pamphlet entitled the
‘“ Advantages of Ambidexterity,”” which may be obtained
from Messrs. Sampson Low, Marston and Co., Ltd.,
price 6d. The booklet contains a lecture, delivered before
the Ambidextral Culture Society by the honorary secretary,
Mr. John Jackson, dealing with the ‘‘ advantages accruing
to any and every individual who may acquire the faculty of
using both hands with equal facility.”

AN unpretentious magazine has just appeared under the
title of Discovery; and it merits encouragement because its
aims are to publish trustworthy information on scientific
and other topics. In the first number, Dr, J. Oldfield
writes on diet, Dr., Edith Temple Orme on the modern
education of women, Mr. A. A. Buss on spectroscopy, and
Mr. A. C. D. Crommelin on the total solar eclipse of
August 30, 1905. Other subjects of popular interest are
dealt with in shorter contributions. - The editor is Mr. G.
McKenzie Knight, and the London agents Messrs. Bensberg
Bros., 7 Electric Parade, Seven Sisters Road, N.

Tue Cambridge Scientific Instrument Company has just
issued a useful illustrated list under the title ‘‘ Technical
Thermometry.” It is a new, revised, and enlarged edition
of an earlier catalogue entitled ‘‘ The Measurement of
Temperature by Electrical Means,"" Copies of the list may
be obtained on application to the company. Among the
chief contents may be mentioned sections dealing with
electrical resistance thermometers, thermoelectric thermo-
meters, continuous temperature recorders, and electrical
resistance furnaces, The excellent illustrations and full
descriptions will render the list very serviceable to teachers
and investigators.

OUR ASTRONOMICAL COLUMN.

Tue LiNe SpecTRuM OF Corper.—Some exceedingly
interesting results have been obtained by Mr. A. S. King
at Bonn during a detailed study of the line spectrum of
copper under many various conditions of arc and spark
discharges. Mr. King suggests that an accurate knowledge
of the conditions which produce spectral changes can only
be obtained by the detailed study of each element under
every possible condition of temperature, vapour pressure,
and electrical excitation, and to this end he has commenced
with the line spectrum of copper.

He found that on using a high voltage, but small current,
in producing the arc spectrum, the ‘‘ spark " lines were
shown on his photographs, and he attributes this pheno-
menon to the frequent interruptions of the arc producing
electrical conditions similar to those obtaining in the spark
discharge. Again, in the spark, he photographed the spec-
trum of the green luminous vapour outside tﬁe direct path
of the spark, and found that whilst the air spectrum was
almost entirely eliminated, there were very few changes
amongst the intensities of the copper lines. As this outer
layer would have, presumably, the same electrical conditions
as, but a lower temperature than, the spark track, he
suggests that the experiment affords strong evidence that
the electrical condition, rather than the vapour density or
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the temperature, is the governing factor in producing the
various types of spectra.

Mr. King gives a table of the lines which he has studied,
showing the behaviour of each line under the different con-
ditions, and he also describes the experimental methods and
the results obtained when the temperature, pressure, &c.,
were varied (Astrophysical Journal, No. 1, vol. xx.).

EPHEMERIS FOR THE RETURN OF ENCKE'S CoMmET.—A further
extract from the ephemeris for the approaching return of
Encke’s comet, published by MM. Kaminsky and
Ocoulitsch in No. 3962 of the Astronomische Nachrichten,
is given below :—

Ephemeris oh. (M,T. Berlin),

1004 h“ (app.) 8 (app.) log » log &
.m. s, S o
Sept, 8 ... 1493 +24 59 ... 0°3183 ... 0'1097
A b R i 6 L +25 34 .. 0°3094 ... 0'0828
0. LO: Sk LY 4RO +26 8 .., 0'3002 .,. 0’0551
TR0 SIS ST IR B B2 +26 41 ... 0'2906 ... 0'0266
n 24 n, 18321 +27 12 02806 ... 9'9974
O 2R REY N i T Lt 0703 e 00077
Octd B 5 A6 T2 5 2803 L. 0'2503., . 99377

According to the above, the comet should apparently be
situated about half-way between B Arietis and a Triangulum
on September 18, and, travelling thence in a W.N.W.
direction, it should arrive very near to v Piscium on
October 2.

SurroseEDp RELATION BETWEEN SUN-SPOT MINIMA AND
Maxima  INTENSITIES.—From an analysis of Wolfer’s
relative numbers, M. Angot believes that he has discovered
a connection between the intensity of a sun-spot minimum
and the intensity of the succeeding maximum,. ;

According to a table prepared by him, and published in
No. 4 (1904) of the Comptes rendus, a minimum during
which the number of spots is very small is followed by a
maximum in which the spots are correspondingly few.

In accordance with this theory, the maximum now
approaching should be a feeble one, the relative number
for the spots not exceeding 70 or 8o, because the relative
number for the past minimum was very small, viz. about 3.0.

EpHEMERIS FOR Comer TEMPEL,—A continuation of the
ephemeris for Tempel’s second comet during the approach-
ing apparition, taken from the daily ephemeris published
by M. Coniel in No. 3962 of the Astronomische Nachrichten,
is given below :—

Ephemeris 12h. (M.T. Paris).

1904 b a app. 8 app. log. A 1:22A%
e ) gl 3 &

Sepla 7o (IHIT 0N vivd 1 #1012 74 4023061 0'142
ssUTET o MISETOTZ0M T =TT 32 TIATSORAB0 0'143
¥t I8 »ovei18726126 -12 30 ... 0°2398 0°145
43 10 1l 12181:36'30 ~-13 38 .. ©0°2416 ... 0'147
92 33 oo 154715 i =14 44 ., 0'2433 ... 0'149
29 BTt TTBARBIT4  Lie 0 =T57404 A¥0'2450 ' . O'THT
Oct. 1 163:9737 N 1101830 V02407 N Q152
gyl 16 21 22 -17 53 0°2484 ... 0'154

The comet is due at perihelion early in November. On
September g it should apparently be between one and two
degrees south of B Libre, and on October 2 about one
degree south of ¢ Ophiuchi. As this comet is likely to be
only a faint object during this apparition, it may be a
difficult one for observers in this country.

DirectioN oF THE Sun’s PrROPER Motion.—In No. 3961
of the Astronomische Nachrichten Prof. Kobold discusses
the proper motions of 144 stars chiefly taken from the
catalogues of Porter and Bradley.

From the discussion he deduces the position of the anti-
apex of the Sun’s-Way, and finds it to be a point near to
e Argus having as its coordinates

A=159%6, D=—54°7.

As a general result, he states that the stars, of
which the motions are perpendicular to the parallactic
motion, are situated in preponderating numbers in a zone
which passes through the apex and anti-apex, and runs
perpendicular to the plane of the Milky Way, the point
towards which they appear to be travelling being situated
near to a Argus.
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THE BRITISH ASSOCIATION.
SECTION L.
PHYSIOLOGY.

OpreNING AppreEss BY Pror, C. S. SHERrRINGTON, M.A.,
D.Sc., M.D., LI..D., F.R.S., PRESIDENT OF THE SECTION.

Correlation n/ Reflexes and the Principle of the Common
Path.

IT has been lightly said that this Association meets to
cultivate less muses than amusements. The two are
compatible, and here happily the muses not merely
nine, but ten; for we surely include among the muses
‘‘ Physiologia.”” Here in Cambridge our muse admits
frankly that a mistake has been made about Parnassus—
it is not a mountain but a flat place, almost fenny, once
worried by mosquitoes, and now immune from all worries.

Perhaps the confusion between Parnassus and a mountain
was due to the Gog-Magog hills. Those hills our muse
has haunted and still haunts. She has votaries there;
among them one who instituted her worship in this place,
a teacher whose powerful appeal attracted disciples from all
sides, one whose enthusiasm was, moreover, never narrowed
to a single science alone, but floods all biology. With
Cambridge and Physiology the name of Sir Michael Foster
rises to the lips as an indissoluble sequence. So it will ever
be; and it must give him pleasure, as it gives us, to have
for his successor here one of his first pupils, one associated
far and wide with that which Physiology treasures as
always golden, the discovery of imperishable facts.

When this Section last met, two years ago, its President,
Prof. Halliburton, reviewed for us the existing position of
chemical physiology. We cannot from the nervous system
draw themes of such general attractiveness as the new
biochemistry, with its startling reactions, its varied hypo-
theses, its toxophores, haptophores, amboceptors, and other
fairy-like agents.

Physiology studies the nervous system from three main
points of view. One of these regards its processes of nutri-
tion. Nerve-cells, as all cells, lead individual lives, breathe,
dispense their own stores of energy, repair their own sub-
stantial waste, are, in short, living units, each with a
nutrition more or less centred in itself. The problems of
nutrition of the nerve-cell and of the nervous system, though
partly special to this specially differentiated form of cell life,
are, on the whole, accessible to the same methods as is
nutrition in other cells and in the body as a whole.

But beside the essential functions common to all living
cells, the cells of the nervous system present certain which
are specialised. Among properties of living matter, one by
its high development in the nerve-cell may be said to
characterise it. 1 mean the cell’'s transmission of excite-
iment spatially along itself and thence to other cells. This
““ conductivity ' is the specific physiological property of
nerve-cells wherever they exist. Its intimate nature is,
therefore, a problem coextensive with the existence of nerve-
cells, and enters as a factor into every question concerning
the specific reactions of the nervous system.

Thirdly, physiology seeks in the nervous system how by
its *‘ conductivity "’ the separate units of an animal body
are welded into a single whole, and from a mere collection
of organs there is constructed an individual animal.

This third line of inquiry, though greatly needing more
data from the second and the first, must in the meantime
go forward of itself. It is at present busied with many
questions that seem special—hence its work is generally
catalogued as Special Physiology. But it includes general
problems. 1In the time before us I would venture to put
before you one of these.

When we regard the nervous system as to this, which I
would term its integrative function, we can distinguish two
main types of system according to the mode of union of the
conductors—(i.) the nerve-net system, such as met in
Medusa and in the walls of viscera, and (ii.) the synaptic
system, such as the cerebro-spinal system of Arthropods
and Vertebrates. In the integrative function of the nervous
system the unit mechanism is the reflex. The chain of
conduction in the reflex is a nervous arc, running from a
receptor organ to an effector organ, e.g. from a sense-organ
to a limb-muscle. We may still, I think, conveniently
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accept the morphological units termed neurones as units of
construction of the reflex arc. It may be that these neurones
are in some cases not unicellular but pluricellular.  That
question need not detain us now. Accepting the neurone
as the unit of structure of the reflex chain, the characteristic
of the synaptic system is that the chain consists of neurones
jointed together in such a way that conduction along the
chain seems possible in one direction only. These junctions
of the neurones are conveniently termed synapses. The
irreversible direction of the conductivity along the neurone
chain is probably referable to its synapses. This
irreciprocity of conduction especially distinguishes the
synaptic nervous system from the nerve-net system.

The first link of each reflex chain is a neurone which starts
in a receptor organ, e.g. a sense-organ. A receptive field,
e.g. an area of skin, is always analysable into receptive
points, and the initial nerve-path in every reflex arc starts
from a receptive point or points. A single receptive point
may play reflexly upon quite a number of different effector
organs. It may be connected through its reflex path with
many muscles and glands in various parts. Yet all its
reflex arcs spring from the one single shank, so to say;
that is, from the one afferent neurone that conducts from
the receptive point at the periphery into the central nervous
organ. This neurone dips at its deep end into the great
central nervous organ, the cord or brain. There it enters
a vast network of conductive paths. In this network it
forms manifold connections. So numerous are its potential
connections there, that, as shown by the general convulsions
induced under strychnia-poisoning, its impulses can dis-
charge practically every muscle and effector organ in the
body. Yet in normal circumstances the impulses conducted
by it to this central network do not irradiate there in all
directions. Though their spread over the conducting net-
work does, as judged by the effects, increase with increase
of stimulation of the entrant path, the irradiation remains
limited to certain lines. Under weak stimulation of the
entrant path these lines are sparse. The conductive net-
work affords, therefore, to any given path entering it some
communications that are easier than others. This canal-
isation of the network in certain directions from each
entrant point is sometimes expressed, borrowing electrical
terminology, by saying that the conductive network from
any given point offers less resistance along certain circuits
than along others. This recognises the fact that the con-
ducting paths in the great central organ are arranged in
a particular pattern. The pattern of arrangement of the
conductive network of the central organ reveals somewhat
of the integrative function of the nervous system. It tells
us what organs work together in time. The impulses are
led to this and that effector organ, gland or muscle, in
accordance with the pattern. The success achieved in the
unravelling of the conductive patterns of the brain and cord
is shown by the diagrams furnished by the works of such
investigators as Edinger, Exner, Flechsig, van Gehuchten,
v. Lenhossek, v. Monakow, Ramon, and Schiifer. Know-
ledge of this kind stands high among the neurological
advances of our time.

But we must not be blind to its limitations. The achieve-
ment may, though more difficult, be likened to tracing the
distribution of blood-vessels after Harvey's discovery gave
them meaning, but before the vasomotor mechanism was
discovered. The blood-vessels of an organ may be turgid
at one time, constricted almost to obliteration at another.
With the conductive network of the nervous system the
temporal changes are even greater, for they extend to
absolute withdrawal of nervous influence. Our schemata
of the pattern of the great central organ take no account of
temporal data. But the pattern of the web of conductors
is not really immutable.  Functionally its details change
from moment to moment. In any active part it is a web
that shifts from one pattern to another, from a first to a
second, from a second to a third, then back perhaps to the
first, and then to a fourth, and so on backwards and for-
wards. As a tap to a kaleidoscope, so a new stimulus that
strikes the central organ causes it to assume a partially
new pattern. The pattern in general remains, but locally
the patterns are in constant flux of back and forward change.
These time-changes offer, I venture to think, a study
important for understanding the integrative function of the
nervous system.
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If we regard the nervous system of any higher organism
from the broad point of view, a salient feature in its archi-
tecture is the following. At the commencement of every
reflex arc is a receptive neurone, extending from the
receptive surface to the central nervous organ. That
neurone forms the sole avenue which impulses generated at
its receptive point can use whithersoever may be their
distant destination. That neurone is therefore a path
exclusive to the impulses generated at its own receptive
points, and other receptive points than its own cannot
employ it.

But at the termination of every reflex arc we find a final
neurone, the ultimate conductive link to an effector organ,
gland or muscle. This last link in the chain, e.g. the motor
neurone, differs obviously in one important respect from the
first link of the chain. It does not subserve exclusively
impulses generated at one single receptive source alone,
but receives impulses from many
receptive sources situate in many
and various regions of the body.
It is the sole path which all
impulses, no matter whence they
come, must travel if they would
rveach the muscle-fibres which it
joins.  Therefore, while the re-
ceptive neurone forms a- private
path exclusive for impulses of one
source only, the final or efferent $
neurone is, so to say, a public
path, common to impulses arising
at any of many sources in a
variety of receptive regions of the
body. The same effector organ
stands in reflex connection not
only with many individual re-
ceptive points, but even with
many various receptive fields.
Reflex arcs arising in manifold
sense-organs can pour their in-
fluence into one and the same
muscle. A limb-muscle is the
terminus ad quem of nervous arcs
arising not only in the right eye
but in the left, not only in the
eves but in the organs of smell
and hearing ; not only in these,
but in the geotropic labyrinth, in
the skin, and in the muscles and
joints of the limb itself and of the
other limbs as well. Its motor
nerve is a path common to all
these.

Reflex arcs show therefore the
general feature that the initial
neurone is a private path exclusive
for a single receptive point; and
that finally the arcs embouch into
a path leading to an effector
organ, and that this final path is
common to all receptive points
wheresoever they may lie in the
body, so long as they have any
connection at all with the effector
organ in question. Before finally
converging upon the motor
neurone arcs usually converge to
some degree by their private
paths embouching upon internuncial paths common in
various degree to groups of private paths. The terminal
path may, to distinguish it from internuncial common paths,
be called the final common path. The motor nerve to a
muscle is a collection of such final common paths.

Certain results flow from this arrangement. One seems
the preclusion of qualitative differences between nerve-
impulses arising in different afferent nerves. If two con-
ductors have a tract in common, there can hardly be quali-
tative difference between their modes of conduction.

A second result is that each receptor being dependent for
communication with its effector organ upon a path not
exclusively its own but common to it with certain other
receptors, that nexus necessitates successive and not simul-
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F1G. 1.—~The Scratch Reflex. A.—The ‘ receptive field,” as revealed after low cervical transection, a
saddle-shaped area of dorsal skin, whence the scratch reflex of the left hind limb can be evoked.
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/r marks the position of the last rib,
afferent nerve-path from the left foot ; r, receptive nerve-path from the opposite foot ; sa, g, recep-
tive nerve-paths from hairs in the dorsal skin of the left :i(fea

the motor neurone to a flexor muscle of the hip ; ra, #8, proprio-spinal neurones,

taneous use of the common path by various receptors using
it to different effect.

Let us consider this for a moment. Take the primary
retinal reflex, which moves the eve so as to bring the fovea
to the situation of the stimulating image. From all the
receptors in each lateral retinal half rise reflex arcs with a
final common path in the nerve of the opposite rectus
lateralis. Suppose simultaneous stimulation of two of these
retinal points, one nearer to, one farther from, the fovea.
If the arcs of both points pour their impulses into the final
common path together, the effect must be a resultant of
the two discharges. If these sum, the shortening of the
muscle will be too great and the fovea swing too far for
either point. If the resultant be a compromise between the
two individual effects, the fovea will come to lie between
the two points of stimulation. In both cases the result
obtained would be useless for the purposes of either. Were
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B.—Diagram of the spinal arcs involved. L, receptive or

; ¥c, the final common path, in this case

there to occur at the final common path summation of the
impulses received from two unlike receptors, there would
result in the effector organ an action useless for the purposes
of either.

When two stimuli are applied simultaneously which would
evoke reflex actions that employ the same final common
path in different ways, in my experience one reflex appears
without the other. The result is this reflex or that reflex,
but not the two together. Excitation of the afferent root of
the eighth or seventh cervical nerve of the monkey evokes
reflexly in the same individual animal, sometimes flexion
at elbow, sometimes extension. If the excitation be pre-
ceded by excitation of the first thoracic root, the result is
almost always extension; if preceded by excitation of the
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sixth cervical root, it is almost always flexion. Yet although Good opportunity for study of this correlation between
the same root may thus be made to evoke reflex action of the | reflexes is given in the ‘‘ scratch reflex.”” When the spinal
flexors or of the extensors, I have never seen it evoke contrac- | cord has been transected in the neck, this reflex in a few

i"

— U \

L

Fi16, 2.—Interference between the reflex action of the left hip flexor, rc, caused by the nervous arc from the
left foot (v, FIE. 1 B)and the scratch reflex. The stimulation of the dorsal skin (Fig. 1 A) inducing the
scratch reflex began at the beginning of the notch in the signal line s, and continued throughout the
period of that notch. Later, for the period marked by the notch in the signal line L the stimulation
of the foot was made, This latter stimulation interrupts the clonic scratch reflex in the manner shown.
The time is registered above in fifths of seconds. The tracing reads from left to ﬁi\h" It is note-
worthy that the interruption of the scratch reflex by the foot reflex is not established directly the
foot stimulus begins, and thatit outlasts for a short time the application of the foot-stimulus,

months becomes prominent, Stimuli
applied within a large saddle-shaped
field of skin (Fig. 1 A) excite a
scratching movement of the leg. The
movement is rhythmic flexion at hip,
knee, and ankle. It has a frequency
of about four per second. The stimuli
provocative of it are mechanical,
such as rubbing the skin, or pullin

lightly on a hair. The nerve-end-
ings which generate the reflex lie in
the surface layer of the skin, about
the roots of the hairs. A convenient
way of exciting these is by feeble
faradisation. A broad diffuse elec-
trode is applied to some indifferent
part of the surface elsewhere, and a
stigmatic pole is' brought to some
point in the saddle-shaped area of
dorsal skin. This pole is formed by
a minute needle with fine wire
attached ; it is set lightly, so that its
point just lies among the hair-bulbs.

Prominent among the muscles
active in this reflex are the flexors
of the hip. If we record their
rhythmic contraction we obtain
tracings as in Figs. 2, 3, 4. A
series of brief contractions succeed
one another at a certain rate, the
frequency of which is independent of
that of the stimulation. The con-
tractions are presumably brief tetani.
The stimulus to the hair-bulbs of the
shoulder throws into action a lumbar
spinal centre, innervating the hip-
flexor much as the bulbar respiratory
centre drives the spinal phrenicus
centre. In the case of the respir-
atory muscle the frequency of the
rhythm is, however, much less.

This reflex is unilateral : stimu-
lation of the left shoulder evokes
scratching by the left leg, not by the
right. Search in the spinal cord for
the path of the reflex demonstrates
that a lesion breaking through one
lateral half of the cord anywhere
between shoulder and leg abolishes
the ability of the skin of that shoulder
to excite the scratch reflex, but leaves
intact the reflex of the opposite
shoulder.

In the lateral half of the spinal
cord which the reflex path descends,
severance of the dorsal column does
not interfere with the reflex; nor
does severance of the ventral and the
dorsal columns together of that side;
no more does severance of the grey
matter in addition. But severance of
the lateral part of the lateral column
itself permanently abolishes the con-
duction of the reflex; and it does so
even if all the other parts of the cord
remain intact. The path of the
reflex therefore descends the lateral
part of the lateral column. 1 enter
into these details because they help
toward the construction of the reflex
arc involved. For in the lateral part
of the lateral column one has proved
by ‘‘ successive degeneration '’ that
long fibres exist directly connecting
the spinal segments of the shoulder

tion in both flexors and extensors in the same reflex response. | with the spinal segments containing the motor neurones
Of the two reflexes on extensors and flexors respectively, | for the flexor muscles of the hip, and knee, and ankle. The
either the one or the other results, but not the two together. course of these long fibres can be traced and their number
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counted. We thus arrive at the following reflex chain for
the scratch reflex : (i.) The receptive neurone (Fig. 1 B, sa),
from the skin to the spinal grey matter of the corresponding

spinal segment in the shoulder. Lhis
is the exclusive or private path of the
arc. (ii.) The long descending proprio-
spinal neurone (Fig. 1 B, pa), from the
shoulder segment to the grey matter of
leg segments. (iii.) The motor neurone
(Fig. 1 B, ¥c), ffom the spinal segment
of the leg to the flexor muscles. This
last is the final common path. The
chain thus consists of three neurones.
It enters the grey matter twice, that
is, it has two neuronic junctions,
two synapses. It is a  disynaptic
arc,

Now if, while stimulation of the skin
of the shoulder is evoking the scratch
reflex, the skin of the hind foot is
stimulated (Fig. 2), the scratching is
arrested.  Stimulation of the skin of
the hind foot by any of various stimuli
that have the character of threatening
the part with damage causes the leg to
be flexed, drawing the foot up. This
reflex response to noxious stimuli of the
foot is one of great potency. The draw-
ing up of the foot is effected by strong
‘tonic contraction of the flexors of ankle,
knee, and hip. In this reaction the
reflex arc is (i.) the receptive neurone
(Fig. 1 B, 1) (nociceptive) from the foot
to the spinal segment, (ii.) perhaps a
short intraspinal neurone, and (iii.) the
motor neurone (Fig. 1 B, rc) to the
flexor muscle, e.g. of hip. Here, there-
fore, we have an arc which embouches
into the same final common path as sa.
The motor neurone rc is a path common
to it and to the scratch reflex arcs; both
arcs employ the same effector organ, a
hip flexor. And, as you see, a condition
for one reflex is the absence of the
other.

The channels for both reflexes finally
embouch upon the same common path.
The flexor effect specific to each differs
strikingly in the two cases. In the
scratch reflex the flexor effect is an
intermittent contraction of the muscle,
in the nociceptive reflex it is steady and
maintained. The accompanying tracing
(Fig. 2) shows the result of conflict
between the two reflexes. The one
reflex displaces the other from the
common path. There is ne com-
promise. The scratch reflex is set
aside by that of the nociceptive arc from
the foot. The stimulation which pre-
viously sufficed to evoke the scratch
reflex is no longer effective, though it
is continued all the time. But when the
stimulation of the foot is discontinued
the scratch reflex returns. In that
respect, although there is no enforced
inactivity, there is inhibition. There is
interference between the two reflexes,
and the one is inhibited by the other.
Though there is no cessation of activity
in the motor neurone, one form of
activity that was being impressed upon
it is cut out and another takes its place.
£ stimulation of the foot too weak to
cause more than a minimal reflex move-
ment will often suffice to completely
interrupt or cut short, or. prevent onset
of, the scratch reflex.

Suppose, again, during the scratch reflex, stimuli applied
to the foot, not of the scratching but of the opposite side
(Fig. 1 B, r). Stimulation (nociceptive) of the foot causes
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flexion of its own leg and extension of the opposite. In
numerous instances reflex contraction of one set of muscles
is accompanied by reflex relaxation of their antagonists.

—

¢

—

F1G. 3.~Interference of the reflex from the skin of the opposite foot with the scratch reflex,
¥C, the flexor muscle of the left hip (Fig. « B|, ¥C) R, the signal line the notch in which

marks the b ng,

, and of a skin stimulation of the right foot

2,
(Fig. B, r). s, lggnnl line lim‘h"ll‘i marking the period of stimulation of the skin of

the left shoulder (Fig. 1 B, sa).
takes effect only on conclu:ling-nimulus R; that is, s

e ability of stimulus s to produce the scratch reflex

with the final

commeon path(the motor neurone of the flexor muscle) only on r's
R, while excluding s from rc, causes slight contraction of ¥C's a

slight relaxation of ¥c itself. Time in fifths of seconds.

linquishing it. Stimu

Read

g , and
from left to right.

The antagonistic muscle is thrown out of action. If, when
the left leg is executing the scratch reflex, the right foot
is stimulated, the scratching, involving as it does the left
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leg’s flexors, is cut short concomitantly with or preparatory
to the entrance into contraction of their antagonists, the
left extensors. Fig. 3 shows a record of this. This in-
hibition of the flexor scratching movement occurs some-
times when the contraction of the extensors is minimal or
hardly perceptible (Fig. 3). As before, the inhibition may
temporarily interrupt a reflex or may delay its onset, or
simply cut it short, the result depending on the time re-
lations of the applications of the stimuli to the conflicting
arcs.

It is obvious from this that the final common path, rc,
to the flexor muscle can be controlled by, in addition to
the before-mentioned arcs, others that actuate the extensor
muscles, for it can be thrown out of action by them. The
final path, rc, is therefore common to the reflex arcs, not

is then examined it is found to present slight, steady
extension with some abduction. This extension of the leg
which accompanies the scratching movement of the opposite
leg contributes to support the animal on three legs while
it scratches with the fourth.

Suppose stimulation at the left shoulder evoking the
scratching movement of the left leg, and the right shoulder
then appropriately and strongly stimulated. This latter
stimulus often inhibits the scratching movement in the
opposite leg and starts it in its own. In other words,

the stimulus at the right shoulder not only sets
the flexor muscles of the leg of its own side into scratch-
ing action, but it inhibits the flexor muscles of
the opposite leg. It throws into contraction the ex-

tensor muscles of that leg. In the previous example there
was a similar co-ordination. The
motor nerve to the flexor muscle

is therefore under the control not
only of the arcs of the scratch
reflex from the homonymous
shoulder, but of those from the
crossed shoulder as well. But in
regard to their influence upon
this final common path, the arcs
from the homonymous shoulder
and the opposite shoulder are
opposed. The influence of the
latter depresses or suppresses
activity in the common path.
Experiments by Verworn dis-
allow any view that this kind of
depression has its field in the
motor nerve itself. Many circum-
stances connect it with the place
where the converging neurones
come together in the grey matter
at commencement of the common
path.  The field of competition
between the rival arcs seems to
lie in the grey matter, where they
impinge together upon the final
or motor neurone. That is

equivalent to saying that the
essential seat of the phenomenon
is the synapse between the motor
neurone and the axone-terminals
of the penultimate neurones that
converge upon it. There some of
these arcs drive the final path
into one kind of action, others

5/
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drive it into a different kind of
action, and others again preclude

it from being activated by the
rest.

FiG. 4.—Summation effect between the arcs sa and s of Fig. 1 B,
the signal line marking the geriod of stimulation of the skin belongin
shoulder skin, ‘I he strengt!
¥C is not obtained. sB, the signal line marking the period of

¥C the flexor muscle of the hip.

of stimulus is arranged to_be subminimal, so that a reflex response in
i ion, alsosub

My diagram (Fig. 1 B) treats
the final common path as if it
consisted of a single individual

sa
to arc sa (Fig. 1 B) of the

Fe

I, of a point

of shoulder skin 8 centimetres from sa.
to evoke the reflex, when applied P ly they quick!
sa and sB therefore reinforce one another in their action on the ﬁna{
of seconds, Read from left to right.

only from the same-side foot (Fig. 1 B, r) and shoulder skin
(Fig. 1 B, sa, sB), but also to arcs from the opposite foot
(Fig. 1 B, r), in the sense that it is in the grasp of all of
them. In this last case we have a conflict for the mastery
of a common path, not, as in the previous instance, between
two arcs both of which use the path in a pressor manner
although differently, but between two arcs that, though
both of them control the path, control it differently, one in
a pressor manner heightening its activity, the other in a
depressor manner lowering or suppressing its activity.

I said that the scratch reflex is unilateral. If the right
shoulder be stimulated, the right hind-leg scratches; if the
left shoulder be stimulated, the left hind-leg scratches, If
both shouldef's be stimulated at the same time, one or the
other leg scratches, but not the two together. The one
reflex that takes place prevents the occurrence of the other.
The reason is, that although the scratch reflex appears
unilateral it is not strictly so. Suppose the left shoulder
stimulated. The left leg then scratches. [If the right leg
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Though the two stimuli applied separately are each unable neurone. It is, of course, not so.
evoke the reflex. The two arcs I'he single neurone of the
common path rc. Timein fifths diagram  stands for several

thousands. It may be objected

that in the various given actions
| these motor neurones are implicated in particular sets
| —one set in one action, one set in another. That view
| seems unlikely. In the scratch reflex, I think we can
exclude it. The rhythm of that reflex has the same
| frequence whether it be excited strongly or feebly: thus,
| whether the extent of the contractions be great or small
i they recur with practically the same frequence. That a
| muscle contracts feebly under feeble stimulation of its nerve
| may be due in some cases to a fraction only of the nerve-
fibres and muscle-fibres of the preparation being then active.
But in the scratch reflex the whole group of motor neurones
seem to act, even when the grade of contraction exhibited
is quite weak. Iet the reflex be excited by stimulation of
the skin-point sa (Fig. 1 B), and let the stimulus be weak,
producing only a feeble reflex. Then let another skin-point,
sB (Fig. 1 B), be stimulated while sa is being stimulated,
and let the stimuli at sB be timed so as to fall alternately
with those applied at sa. Then if the two paths impinge
on two different sets of units in the compound group of
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motor neurones, evidence of two rhythms should appear,
for the muscle-fibres can respond to a much quicker rhythm
than the four per second. But in result the rhythm remains
unquickened and unaltered. Either sa prevents the access
of sB to the motor nerones of ¥c, or sa’s reflex having
impressed its own tempo on the neurones of rc, the stimuli
from sB fall within a refractory period of the neuronic
apparatus.  On either supposition, sa and sB must play
upon the same individual neurones of the final path. A
like result is given by all other points I have tried in the
receptive field of the scratch reflex. Again, in the inhibitions
previously mentioned, when there occurs the tonic contrac-
tion or the relaxation of the flexor we find no intermittent
contraction of the scratch reflex grafted on them, as would
be the case were that intermittent contraction still involving
some part of the whole muscle. These various reflexes seem
to treat the final common path as a unit. The diagram
therefore seems justified in representing the common path,
FC, as a unit.

We have no time to multiply further now the categories
of reflexes playing upon the final common path rc. I might
cite the deep reflex arc which arises in the muscles them-
selves and is answerable for the mild reflex tonus that even
in the spinal animal maintains the tonic posture of the limb.
Or, instead of having taken arcs that arise in the skin of
the foot, we might have taken others arising above the
knee, and traced a reflex influence different from the arcs
arising in the foot, but yet playing upon the same final
common path ; or we might have taken arcs from the skin
of the tail, that inhibit the reflex; or from the fore feet, or
the ears.

There is, however, one instance of action upon this final
common path ¥¢ which I would quote. Suppose, while the
scratch reflex is being elicited from a point at the shoulder,
a second point, say 10 centimetres distant, but also in the
dorsal field of skin, is stimulated. The stimulation at this
second point favours the reaction from the first point. This
is well seen when the stimulus at each point is of sub-
minimal intensity. The two stimuli, though each unable
separately to invoke the reflex, do so when applied both
together (Fig. 4). This is not due to overlapping spread
of the feeble currents about the stigmatic poles of the two
circuits used. Mere cocainisation of either of the two skin-
points annuls it. Moreover, it occurs when purely
mechanical stimuli are used. It is evident that the arcs
from the two points, e.g. sa and sB (Fig. 1 B), have such
a mutual relation that reaction of one reinforces reaction
of the other, as judged by the effect upon the final common
path rc. Such mutual reinforcement is usual between
reflexes of identical species evoked from one and the same
receptive field, e.g. the nociceptive of the foot.

Not for all the arcs arising in the receptive field of the
scratch reflex can, in my experience, this mutual reinforce-
ment be demonstrated. There seems a gradual fall in re-
inforcing power as the distance between the receptors of
the arcs increases. In this connection the following point
is noteworthy. The scratch reflex carries the foot broadly
toward the place of stimulation. In the spinal dog the
reflex does not succeed in bringing the foot actually to the
irritated point, yvet when the irritation is far forward the
foot is carried further forward, and when the irritation is
far back the foot is carried further back. A scratch reflex
evoked by a stimulus applied far back and high up in the
dorsal skin is therefore not wholly like a scratch reflex
evoked from far forward and low down. Now, the mutual
reinforcement between the scratch reflex arcs in their action
on the final common path ¥¢ seems greater the greater the
likeness between the reflex actions they initiate. The
coalition between the reflexes gradually decreases as the
interval between their receptive points at the skin surface
becomes wider. Whether coalition fades into mere indiffer-
ence, or passes over into antagonism, my observations as
yet do not say. But there are various receptive regions of
the body surface that do, in the spinal dog, appear indifferent
for the scratch reflex. Were it not that the nervous system
is perforce mutilated in the ‘‘ spinal ' animal, the number
of these indifferent arcs might be fewer. In presence of
the arcs of the great projicient receptors and the brain there
can be few receptive points in the body the activities of
which are totally indifferent one to another. Correlation
of the activities of arcs from receptive points widely apart
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is the crowning contribution of the brain toward the nervous
integration of the individual.

In the case before us, then, the final common path—the
motor neurone—to the hip flexor muscle is played upon by
sarious categories of reflex spinal arcs. Of those mentioned,
one category (i.), the nociceptive from the leg itself, induces
strong, steady contraction in the muscle. A second (ii.),
the scalptor or scratching from the dorsal skin, induces
rhythmic contraction in the muscle. A third (iii.), from the
deep structures of the limb itself, induces the mild enduring
contraction known as spinal tonus. A fourth (iv.), e.g. the
nociceptive from the opposite foot, depresses the activity of
the muscle probably by excluding from it the -activity of
the other arcs which would excite the final path, the motor
neurone. And there are many more we could trace from
various regions of the body; also, pyramidal and other
influences from brain for which our final path is likewise
common. The arcs within one category may reinforce each
other’s action on the common path, but those in separate
categories are generally correlated in their action on their
final common path in such a way as to antagonise one
another. They are rivals for possession of their final
common path, rivals as retinal points may be rivals for
possession of the visual sensorium.

The extent to which in the nervous system this competition
for possession of the common path obtains is very great.
The multiplicity of the conflict seems extreme. The afferent
fibres—that is, private paths—entering the central organ
are much more numerous than are the final common paths.
We owe to Donaldson and his pupils enumerations which
show that the afferent fibres entering the human spinal cord
three times outnumber the efferent which leave it. Add
the cranial nerves and the so-called optic nerves, and we
may take the afferent fibres to be five times the greater.
The receptor system bears therefore to the efferent paths a
relation like the wide ingress of a funnel to its narrow
egress. The simile is bettered by supposing that within
the general systemic funnel the conducting paths of each
receptor may be represented as a funnel inverted, so that
its wider end is more or less co-extensive with the whole
plane of emergence of the final common paths. All these
private paths converge in the nervous system to the great
central organ, the spinal cord and brain, whence on the
other hand all the final common paths irradiate. This
central organ is, to return to our earlier metaphor, a vast
network the lines of which follow a certain pattern. But,
as we see from the instances cited—more could be given
abundantly, had we time—the pattern is unstable, the details
of connection shift from moment to moment. We might
compare the central organ with a telephone exchange, where
from moment to moment the connections between starting
and end points are changed to suit passing requirements.
In order to realise the exchange at work, one has to add
to its purely spatial plan the temporal datum that within
certain limits the connections of the lines shift to and fro.
The connections of any entrant path not only offer different
degrees of resistance, but their resistances, both absolutely
and relatively, vary from occasion to occasion. It is not
merely that general conditions of nutrition, of blood-supply,
&c., affect these resistances. The functional conductive
activity of the nervous organ itself produces from moment
to moment the temporary opening of some connections and
the temporary closing of others. A good example is the
‘“reciprocal innervation '’ of antagonistic muscles—when
one muscle of the antagonistic couple is thrown into action
the other is thrown out of action. This is only a widely
spread special case of a general principle. The general
principle is the mutual interaction of arcs which embouch
upon one and the same common path. Unlike arcs have
successive use, but not simultaneous use of the common
path.  Like arcs mutually reinforce each other in their
action on the common path. Expressed teleologically, the
common path, although economically subservient for various
purposes, is yet used only for one purpose at a time.

Thus the reaction initiated by one receptor while in
progress excludes in various directions the reactions of other
receptors. In this way the motor paths at any moment
accord in a united pattern for harmonious synergy, co-
operating for one effect. In the case of simple antagonistic
muscles, and in the instances of simple spinal reflex arcs,
the shifts of pattern of the conductive network from occasion
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to occasion are but of small extent. The co-ordination
covers one limb or a pair of limbs. But the same principle
extended to the reactions of the great arcs arising in the
projicient receptor organs of the head, e.g. the eye, that
deal with wide tracts of musculature as a whole, involves
much further-reaching shift of the conductive pattern. The
singleness of action from moment to moment thus assured
is a keystone in the construction of the individual whose
unity it is the specific office of the nervous system to
perfect. Releasing forces acting on the brain from moment
to moment shut out from activity whole regions of the
nervous system, as they conversely call vast other regions
into play. The interference of unlike arcs uind the reinforce-
ment of like arcs seem to lie at the very root of the great
psychical process of ‘‘ attention.”” 1 will not trench on
psychological aspects of the problem,

I have urged that the struggle between dissimilar arcs
for mastery over their final common path takes place in the
synaptic field at origin of the final neurones. Mutual re-
inforcement by similar arcs seems also referable to the same
synaptic field. As to the nature of the physiological pro-
cesses. involved, little, it appears to me, can be said. The
final common path seems an instrument more or less passive
in the hands of the various arcs that use it. Thus in the
scratch reflex one arc can impress one rhythm on it, another
another. And in *‘ fatigue " rc reveals, though it does not
share, the failure of force of the tired arc playing on it.
In regard to the reciprocal innervation of antagonistic
muscles W, MacDougall has offered a suggestion of great
interest, for which he obtains support from various sensual
reactions. He suggests that the neurones of an antagonistic
pair are so coupled that when one becomes active it drains
energy from its fellow. This takes cognisance of the
significant fact that central inhibition seems always accom-
panied by heightened activity at some related spot. Yet at

certain times both the antagonists can show high con- |

temporaneous activity (strychnia, some forms of ‘‘ willed "’
action). I think, rather, that in some way the terminal
of that arc which for the moment dominates the final
common path, disconnects that path from all terminals dis-
similar from itself.

Whatever be the nature of the physiological process in
the conflict between the competing reflexes, the issue of that
conflict—namely, the determination of which competing arc
shall for the time being reign over the final common path
—is largely conditioned by three factors. One of these is
the relative intensity of the stimulation of the rival reflexes.
An arc strongly stimulated is caeteris paribus more likely
to capture the common path than one which is excited feebly.
In the spinal dog, retraction equally induced in both legs

mutually excludes the crossed extension of either side, but |

if unequally induced allows the crossed extension of the
stronger reflex to exclude the weaker reflex altogether. The
common path is probably never out of the grasp of some
one or other reflex. Thus, in the spinal dog even, with
its limb apparently at rest, this is true. The final common
path of the extensor of the knee lies, then, in the hands of
a tonic reflex arising in the muscle itself. Given a strong
skin stimulus, and it passes under the mastery of the reflex
arising in the stimulated skin; but when that is over, the

tonus arc immediately repossesses it, and for a short time, |

as shown by the knee-jerk, more strongly than before.

A second main determinant for the issue of the conflict
between the rival reflexes is the functional species of those
reflexes. Arcs belonging to species of receptors which, con-
sidered as sense-organs, provoke strongly affective sensation
—e.g. pain, sexual feeling &c.—win the final common path
with remarkable facility. Such reflexes override and set
aside with peculiar potency reflexes belonging to touch
organs, muscular sense-organs, &c. As the sensations
evoked by these arcs, e.g. pains, exclude and dominate con-
current sensations in consciousness, so do the reflexes of
these arcs prevail in the competition for possession of the
common paths. They seem capable of pre-eminent intensity
of action.

A third main factor deciding the conflict between the com-
peting reflexes is ‘‘ fatigue.””  An arc under long continuous
stimulation of its receptor tends, even when it holds the
common path, to retain its hold less well. Other arcs can
then more readily dispossess it. A stimulus to a fresh arc
has, in virtue of its mere freshness, a better chance of

NO. 1819, VOL. 70]

NATURE

[SepTEMBER 8, 1904 .

capturing the common path. The common path does not
tire. In the scratch reflex under stimulation of sa when
the motor discharge becomes slow and irregular from
fatigue, it is still perfect for sg, or r, &c. (Fig. 1 B). This
waning of a reflex under long-maintained excitation is one
of the many phenomena that pass in physiology under the
name *‘ fatigue.” Its place of incidence lies at the synapse.
It seems a process elaborated and preserved in the selective
evolution of the neural machinery. It prevents long con-
tinuous possession of a common path by any one reflex of
considerable intensity. It favours the receptors taking turn
about. It helps to ensure serial variety of reaction. The
organism, to be successful in a million-sided environment,
must in its reactions be many-sided. Were it not for such
so-called ** fatigue,”” an organism might, in regard to its
receptivity, develop an eye, or an ear, or a mouth, or a hand
or leg, but it would hardly develop the marvellous congeries
of all those various sense-organs which it actually does.

But while talking of fatigue in general I forget the fatigue
in particular of listeners. The principle I have tried to
outline to you has many and wide applications; it seems
fruitful for problems of Pathology and Psychology, as well

| as for those of Physiology. But I keep you too long. Let
me sum up. The reflex arcs (of the synaptic system) con-
verge in their course so as to impinge upon links possessed

by whole varied groups in common—common paths. This
arrangement culminates in the convergence of many
separately arising arcs upon the efferent-root neurone. This

neurone thus forms a final common path for many different
reflex arcs and acts. It is responsive in various rhythm and
intensity, and is relatively unfatigable. Of the different arcs
which use it in common, each can do so exclusively in due
succession, but different arcs cannot use it simultaneously.
There is, therefore, interference between the actions of the
arcs possessing the common path, some reflexes excluding
others and producing inhibitory phenomena, some reflexes
| reinforcing others and producing phenomena of * bahnung.”’

Intensity of stimulation, species of reflex, fatigue, and fresh-

ness, all these are physiological factors influencing this

interaction of the arcs—and under pathological conditions
. there are many others, e.g. ‘‘ shock,” toxins, &c. Hence

follows successive interchange of the arcs that dominate one

and the same final common path. We commonly hear a
. muscle—or other effector organ—spoken of as innervated
' by a certain nerve ; it would be more correct as well as more
| luminous to speak of it as innervated by certain receptors ;
| thus, the hip flexor, now by this piece of skin, now by that,
| by its own foot, by the opposite fore-foot, by the labyrinth,
| by its own muscle-spindles, by the eye, by the ‘‘ motor "
| cortex, &c. This temporal variability, wanting to the nerve-
| net system of medusoid and lower visceral life, in the
| synaptic system provides the organism with a mechanism
for higher integration. It fits that system to synthesise
from a mere collection of tissues and organs an individual
animal. The animal mechanism is thus given solidarity by
this principle which for each effector organ allows and
| regulates interchange of the arcs playing upon it, a principle
| which I would briefly term that of *‘the interaction of
| reflexes about their common path.”’
]
!

SECTION K.
BOTANY.

OPENING ADDRESS BY Francis Darwin, F.R.S., FeLrow
oF Curist’s COLLEGE, PRESIDENT OF THE SECTION,

On the Perception of the Force of Gravity by Plants.

WheN I had the honour of addressing this Association at
Cardiff as President of the mother-section from which ours
has sprung by fission, 1 spoke of the mechanism of the
curvatures commonly known as tropisms. ‘To-day 1 pro-
pose to summarise the evidence—still far from complete—
which may help us to form a conception of the mechanism
of the stimulus which calls forth one of these movements—
namely, geotropism. I have said that the evidence is in-
complete, and perhaps I owe you an apology for devoting
the time of this Section to an unsolved problem. But the
making of theories is the romance of research; and I may
say, in the words of Diana of the Crossways, who indeed
spoke of romance, ‘‘ The young who avoid that region
| escape the title of fool at the cost of a celestial crown.” 1
| am prepared for the risk in the hope that in not avoiding
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the region of hypothesis I shall at least be able to interest
my hearers.

The modern idea of the behaviour of plants to their
environment has been the growth of the last twenty-five
years, though, as Pfeffer has shown, it was clearly stated
in 1824 by Dutrochet, who conceived the movements of
plants to be ‘‘ spontaneous '’—i.e., to be executed at the
suggestion of changes in the environment, not as the direct
and necessary result of such changes. I have been in the
habit of expressing the same thought in other words, using
the idea of a guide or signal, by the interpretation of which
plants are able to make their way successfully through the
difficulties of their surroundings. In the existence of the
force of gravity we have one of the most striking features
of the environment, and in the sensitiveness to gravity which
exists in plants we have one of the most widespread cases
of a plant reading a signal and directing its growth in
relation to its perception. I use the word perception not
of course to imply consciousness, but as a convenient form
of expression for a form of irritability. It is as though the
plant discovered from its sensitiveness to gravity the line of
the earth’s radius, and then chose a line of growth bearing
a certain relation to the vertical line so discovered, either
parallel to it or across it at various angles. This, the
reaction or reply to the stimulus, is, in my judgment, an
adaptive act forced on the species by the struggle for life.
This point of view, which, as I regret to think, is not very
fashionable, need not trouble us. We are not concerned
with why the plant grows up into the air or down into the
ground ; we are only concerned with the question of how the
plant perceives the existence of gravitation. Or, in other
words, taking the reaction for granted, what is the nature of
the stimulus? If a plant is beaten down by wind or by other
causes into a horizontal position, what stimulative change
is wrought in the body of the plant by this new posture?

It is conceivable in the case of a stem supported by one
end and projecting freely in the air that the unaccustomed
state of strain might act as a signal. The tissues on one
side (the upper) are stretched, and they are compressed
below : this might guide the plant; it might, in fact, have
evolved the habit of rapid growth in the compressed side.
This is only given as an illustration, for we know that the
stimulus does not arise in this way, since such a plant,
supported throughout its length, and, therefore, suffering
no strain, is geotropically stimulated. The illustration is
so far valuable, as it postulates a stimulus produced by
weight, and we know from Knight's centrifugal experiment
that weight is the governing factor in the conditions. Since
we cannot believe that the stimulus arises from the strain
as affecting the geotropic organ as a whole, we must seek
for weight-effects in the individual cells of which the plant
is built. We must, in fact, seek for weight-effects on the
ectoplasm * of those cells which are sensitive to the stimulus
of gravity.

If we imagine a plant consisting of a single apogeotropic
cell we shall see that the hydrostatic pressure of the cell-
contents might serve as a signal.

As long as the cell is vertical the hydrostatic pressure of
the cell-sap upon the ectoplasm at C (Fig. 1) is equal to
that at D. But the pressure on the basal wall, B, differs
from that at A (the apical wall) by the weight of the
column AB. If the plant be forced into the horizontal, the
pressure at A and B becomes the same, while the pressure
at C no longer equals that at D, but differs by the weight
of the column CD. Here undoubtedly is a possible means
by which the plant could perceive that it was no longer
vertical, and would have the means of distinguishing up
from down. So that if it were an apogeotropic plant it
would need to develop the instinct of relatively accelerated
growth on the side D, on which the pressure is greatest.

What is here roughly sketched is the groundwork of the
theory of graviperception * suggested by Pfeffer * and sup-
ported by Czapek,* which I shall speak of as the radial
pressure theory, and to which I shall return later.

1 See Noll's ingenious reasoning by which he makes it clear that the
l&r:)tlilo&nsr)y ectoplasm, not the flowing endoplasm, is the seat of stimulation.

2 1 propose this term in place of geoaesthesia, which does not lend itself to
the formation of adjectives, or the hybrid word geoperception. Ry not using the
form ** geo " we avoid any necessary connection with geotropism, and may thus

use terms compounded of grawv/ for phenomena other than those of curvature,
3 Pfeffer (Bxg).o 4 Czapek (98), (o1).
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It is obvious that there is another consideration to be
taken into account, namely, that cells do not contain cell-
sap only, but various bodies—nucleus, chloroplasts, crystals,
&c.—and that these bodies, differing in specific gravity
from the cell-sap, will exert pressure on the physically lower
or physically higher cell-walls according as they are heavier
or lighter than the cell-sap. Here we have the possibility
of a sense-organ for verticality, As long as the stem is
vertical and the apex upwards the heavy bodies rest on the
basal wall, and the plant is not stimulated to curvature;
but if placed horizontally, so that the heavy bodies rest on
the lateral cell-walls, which are now horizontal, the plant
is stimulated to curve. This is known as the statolith
theory.

It seems to me quite certain that the stimulus must
originate either in the weight of solid particles or in the
weight of the fluid in the cells, or by both these means
together. And for this reason. Take the statolith theory
first.  There undoubtedly are heavy bodies in cells; for
instance, certain loose, movable starch-grains. Now,
either these starch-grains are specialised to serve the purpose
of graviperception or they are not., If they are so
specialised, cadit quaestio; if they are not, there still
remains this interesting point of view : the starch-grains fall
to the lower end of the cells in which they occur ; therefore,
shortly before every geotropic curvature which has taken
place since movable starch-grains came into existence, there
has been a striking change in the position of these heavy
cell-contents. Now, if we think of the evolution of
geotropism as an adaptive manner of growth we must con-
ceive plants growing vertically upwards and succeeding in
life, others not so behaving, and consequently failing.

A

FiG. 1.

There will be a severe struggle tending to pick out those
plants which associated certain curvatures with certain
preceding changes, and therefore it seems to me that, if
movable starch-grains were originally in no way specialised
as part of the machinery of graviperception, they would
necessarily become an integral part of that machinery, since
the act of geotropism would become adherent to or associated
with the falling of the starch-grains.

This argument must in fairness be applied to any other
physical conditions which constantly precede geotropic
curvature ; it is therefore not an argument in favour of the
statolith theory alone, but equally for the pressure theory,
and cannot help us to decide between the two points of view.

Are there any general considerations which can help us
to decide for or against the statolith theory? I think there
are—namely, (1) analogy with the graviperceptive organs
of animals; (2) the specialisation and distribution of the
falling bodies in plants. :

(1) Berthold® (to whom the credit is due® of having first
suggested that Dehnecke's falling starch-grains might
function as originators of geotropic reaction) is perhaps
somewhat bold in saying that ‘‘the primary effect of
gravity " as regards stimulation must depend on the passive
sinking of the heavier parts. Noll, too,* says that Knight's
experiment depends on weight, and not the weight of com-
plete parts of the plant-body, but of weight within the
irritable structure. I cannot see that these ' downright
statements are justified on direct evidence, and I accord-
ingly lay some stress on the support of zoological evidence. It

1 “ Protoplasmamechanik,” 1886, p. 713. 1 was directed to this passage
by Pfeffer’s discussion (“Pﬂnnzenphz:io ogie," ed. 2, ii., p. 641).

2 Berthold's remarks seem not to have received much notice, and it was
not till the publication of Noll's *“ Heterogene Induction," 18?1, that a form
of the statolith theory was at all widely recognised as a possible explanation.

3 “Heterogene Induction,” p. 41.
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has been conclusively proved by Kreidl's' beautiful experi-
ment that in the Crustacean Palazmon the sense of verticality
depends on the pressure of heavy bodies on the inside of
cavities now known as statocysts, and formerly believed to
be organs of hearing. The point of the experiment is that
when the normal particles are replaced by fragments of iron
the Palmon reacts towards the attraction of a magnet
precisely as it formerly reached towards gravity.

It is unfortunate that Noll’s arguments in favour of the
existence of a similar mechanism in plants were not at once
followed by the demonstration of those easily visible falling
bodies, which, in imitation more flattering than accurate,
are called statoliths, after the bodies in the statocysts of
animals. Personally I was convinced by Kreidl, as quoted
by Noll, that here was the key to graviperception in plants.
But it was not until the simultaneous appearance of Haber-
landt’s * and Némec’s * papers that my belief became active,
and this, I think, was the case with others. The whole
incident is an instance of what my father says somewhere
about the difficulty of analysing the act of belief. I find it
impossible to help believing in the statolith theory, though
I own to not being able to give a good account of the faith
that is in me. It is a fair question whether the analogy
drawn from animals gives any support to the theory for
plants. The study of sense-organs in plants dates, 1 think,
in its modern development, at least, from my father's work
on root-tips, and on the light-perceiving apices of certain
seedlings. And the work on the subject is all part of the
wave of investigation into adaptations which followed the
publication of the ‘‘ Origin of Species.” It is very
appropriate that one of the two authors to whom we owe
the practical working out of the statolith theory should
also be one of the greatest living authorities on adaptation
in plants. Haberlandt's work on sense-organs,* especially
on the apparatus for the reception of contact stimuli, is
applicable to our present case, since he has shown that the
organs for intensifying the effect of contact are similar in
the two kingdoms. No one supposes that the whisker of a
cat and the sensitive papilla of a plant are phylogenetically
connected. It is a case of what Ray Lankester called homo-
plastic resemblance. Necessity is the mother of invention,
but invention is not infinitely varied, and the same need has
led to similar apparatus in beings which have little more
in common than that both are living organisms.

But, whether we are or are not affected in our belief by
the general argument from analogy, we cannot neglect the
important fact that Kreidl proves the possibility of gravi-
sensitiveness depending on the possession of statoliths. We
must add to this a very important consideration—namely,
that we know from Nemec's work ® that an alteration in
the position of the statoliths does stimulate the statocyte.®
Such, at least, is, to my mind, the only conclusion to be
drawn from the remarkable accumulation of protoplasm
which occurs, for instance, on the basal wall of a normally
vertical cell when that wall is cleared of statoliths by
temporary horizontality, The fact that a visible disturb-
ance in the plasmic contents of the statocyte follows the
disturbance of the starch-grains seems to me a valuable
contribution to the evidence.

There is one other set of facts of sufficiently general
interest to find a place in this section. I mean Haberlandt's
result,” also independently arrived at by myself, that when
a plant is placed horizontally and rapidly shaken up and
down in a vertical plane the gravistimulus is increased,
This is readily comprehensible on the statolith theory, since
we can imagine tﬁe starch-grains would give a greater
stimulus if made to vibrate on one of the lateral walls, or
if forced into the protoplasm, as Haberlandt supposes. 1

do not see that the difference in the pressure of the cell-sap .

on the upper and lower walls (i.e., the lateral walls morpho-
logically considered) would be increased. It would, 1
imagine, be rendered uneven; but the average difference
would remain the same. But in the case of the starch-
grains an obvious new feature is introduced by exchanging
a stationary condition for one of movement. And though
I speak with hesitation on such a point, I am inclined to
see in Haberlandt's and my own experiments a means of

1 Kreidl (933. 2 Haberlandt (oco). 4 Némec (co).
4 Haberlandt (01). 5 y 5 Némec (o1, p. 153).

6 /d est, the cells containing statoliths.

7 Haberlandt (03) and F. Darwin (03).
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distinguishing between the pressure and statolith theories.
Noll,* however, considers that the shaking method is not
essentially different from that of Knight's experiment, and
adds that the result might have been foreseen.

Distribution.

As far as I know, the development of statoplasts* has
not been made out. Are they at first like ordinary
immovable amyloplasts ; and, if so, by what precise process
do they become movable? Where the two forms of starch
are seen in close juxtaposition the difference between them
is striking, and it is hardly possible to doubt that these
differently situated bodies have different functions. In a
seedling Phalaris canariensis the apical part has only fall-
ing starch-grains, while lower down both forms occur. It
suggests a corresponding distribution of graviperception ;
and, as a fact, the seedling is gravisensitive throughout,
but is especially so at the apex. If this is not the meaning
of the statoplasts we must find some other. For instance,
are the loose starch-grains connected in an unknown way
with heliotropic sensitiveness, which often has the same
distribution as that of graviperception? Or is the loose-
ness of starch connected in some way with food storage?
Is it to allow of starch being closely packed in part of the
cell, leaving the rest of the space free?

Again, the most striking general fact about the distribu-
tion of falling starch is its presence in the endodermis.® If
we believe that the endodermis is essentially a tissue of
gravisensitive cells we can understand the striking fact that
it contains loose starch only as long as the stem is capable
of growth curvature. Otherwise the theories of the func-
tion of the endoderm, which have never been very satis-
factory, have the additional burthen of explaining this last-
named fact.

According to Haberlandt (00), some monocotyledons the
leaves of which contain no starch have falling grains in
the endodermis. Némec (o1, p. 24) quotes from Sachs the
case of Allium cepa, where statoplasts occur in the root-cap,
the endoderm, and punctum of the seedling, and not else-
where. Then we have occurrence of starch in the pulvinus
of grasses and not in the rest of the haulm. Viscum is not
geotropic, and has no statoplasts. In the holdfast roots of
Hedera and Marcgravia there is no starch, and in Hoya,
Pothos, and Ficus the starch is not movable, and these roots
are not geotropic.®

Jost (02) brought forward, as a serious objection to the
statolith theory, the fact that tertiary roots possess stato-
liths, but are not sensitive to gravitation. This objection
has been overcome by the discovery ® that when the primary
root is cut off and a secondary assumes its place and manner
of growth, the tertiaries springing from it are diageotropic,
and thus have at least an occasional use for their statoplasts.

I have shown 7 that the cotyledon of Setaria and Sorghum
is the seat of gravi-perception, and it is there that the stato-
plasts are found.®* Wiesner (02) was unable to find stato-
liths in the perianth-segments of Clivia nobilis, which are
geotropic, nor in those of Clivia miniata, which are not
geotropic. Here would seem to be a serious objection to the
statolith theory, but Némec (o4, p. 58), on repeating
Wiesner's observations, finds, on the contrary, a confirm-
ation of his own views. For movable starch-grains occur in
the perianth of C. nobilis, but not in those of C. miniata.
In the case of roots the distribution of the statoplasts is
especially worthy of note. Physiologists have gradually
come to believe that my father * was right in his view that

1 Noll (03, p. 131).
. % I would suggest the word stafoplast in place of the cumbersome expres-
sion movalle starch-grains,

# See Haberlandt (03) for a description of certain special cases of statocyte-
tissue, apparently replacing the endodermis.
. 4 According to Haberlandt (o3, p. 45:2‘, it is easy to be deceived in assert-
ing that the endoderm contains no starch. Thus Fischer failed to find it in
outgrown stems of some plants which possess it when young. Tondera (03)
asserts that in certain Cucurbits the falling starch is only present in the older
parts no longer capable of geotropism. But Miss Pertz, who has examined
most of the species investigated by Tondera, finds statoplasts in the young
parts where he failed to find these. Tondera makes some interesting remarks
on the distribution of starch in the Cucurbits harmonising with Heine's
storehouse theory. It is obviously difficult in the case of the endoderm to
distinguish between starch serving as a reserve and starch serving as part
of theumechanism of perception. I see no reason why the second function
should not be evolved from the first.

5 Haberlandt (o3, p. 461).  ® Darwin and Pertz (04). 7 F. Darwin (?9)'

8 According to Némec they occur to some extent in the hypocotyl of
Panicum. 9 C, Darwin (*‘ Power of Movement”).
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the organ of graviperception is in the tip of the root; and
it is there—generally in the root-cap—and there only, that
statoplasts are found. But these facts do not entirely
harmonise with the statolith theory, as I shall show later
on in the section devoted to experimental evidence. Here

I will only add that the group of statocytes in the root are’

strongly suggestive of some special function, and those who
deny that they form an organ of graviperception must find
some other use for them; and this will be no easy task. |1
must not omit to mention the ingenious experiments of
Piccard (o4), which prove (if they prove anything) that the
root-tip is not the seat of the graviperception, but that this
quality is found in even greater perfection in the growing
region of the root. But until the whole of the other experi-
mental evidence is proved to be illusory, I must suspend
judgment on Piccard’s results and treat the question pro-
visionally from our previous standpoint.

The existence of statoliths in regions which have ceased
to be capable of ordinary geotropic curvature is at first
sight a difficulty. Thus Miss Pertz has found in the pith
of the watercress (Nasturtium officinale) the most perfect
statoplasts, and this in winter, when the capacity for
geotropic curvature was probably absent. Again, she has
found movable starch in the xylem elements and in the
cortex of a number of trees. In this case we must remember
that, according to Meischke (99), Jost (o1), and Baranetzky
(o1), woody branches of several years' growth are capable
of geotropic curvature. If so, graviperceptive organs must
exist. We must remember, too, that in the regeneration
of cuttings, Vochting (78) has shown that gravitation has
an influence in certain cases; such cuttings must therefore
have organs of graviperception. Or, if this is not granted
as necessary, it seems to me conceivable that falling starch-
grains, though made use of, and in a certain sense
specialised, for graviperception, should nevertheless exist
and serve other purposes in the economy of the plant. But
this question needs further detailed work.

Lastly, as part of the general question of distribution,
it must be clearly pointed out that in a large number of
‘plants, such as Alga and Fungi, no statoliths are known
ito exist, though their complete absence has not been proved.*
Here we must either believe in Noll’s minute and hitherto
unseen statoliths or in a different mechanism, such as hydro-
static pressure. There is no more impossibility in this state
of things than in the presence of statoliths in Palaamon and
their absence in higher animals. And I am glad to note
that both Pfeffer and Czapek are not disinclined to believe
in the possibility of various forms of graviperception.

Experimental Evidence.

A flaw runs through a great part of the experimental
wevidence, which may be illustrated by an experience of my
own. 1 found?® that seedlings of Setaria and Sorghum
could be nearly deprived of statoplasts by means of a high
temperature, and, further, that such destarched plants were
markedly less geotropic than normal specimens. Here
seemed a proof of the theory; unfortunately, however, it
turned out that the plants in question were also rendered
less heliotropic. These facts make it impossible to allow
Némec's gypsum experiment to be convincing. He caused
a loss of starch by enclosing roots in plaster of Paris, and
found that they had in great part lost their geotropic power.
But he did not discover whether this loss depended on dis-
appearance of part of the sense-organ or on general loss of
curving power, though he has since (02) made the interest-
ing observation that roots so treated are capable of hydro-
‘tropism. Again, Nemec found in resting seeds of Vicia
Faba that the statoliths are undeveloped, and that they
appear synchronously with the power of geotroping. Would
not a similar thing be true of the apheliotropism of Sinapis
Toots—i.e., might it not be found that they were not helio-
tropic until the starch appeared?

The same objection must be brought against Haberlandt's
otherwise convincing observation ® that Linum growing out

1 See Nimec (Beihefte Bot. Central,, B. xvii. 1904, p. 59%, where he
~describes the cases and the occurrence of statoliths in the’mosses and livers
worts. Giesenhagen (oxf) has described heavy bodies at the tips of the
rhizoids of Char»a which fall to the physically lower side.

2 F. Darwin (03).

3 Haberlandt (03).
Theliotropic capacity.
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It seems, however, that the starchless plants had some

of doors in late autumn or winter is both devoid of stato-
plasts and incapable of geotropism, and that the power of
curvature returns on -bringing the plants indoors, when
the starch reappears. The full value of these experiments
cannot be made clear without going into more detail than
is here admissible. They are particularly interesting
because, as Haberlandt remaris, so far as they prove the
truth of the statolith theory, they also disprove the pressure
theory. This may also be said of other experiments
mentioned in the present section.

We must, I think, object on similar grounds to Némec's
observations, suggestive though they are, on the absence
of geotropism in certain individual leaves and roots which,
through unknown causes, had no statoliths.'

The same must be said of the above-mentioned experi-
ments of Haberlandt, in which geotropism is increased by
rapid shaking in a vertical plane. 1 attempted* to avoid
this fault in the similar experiments with a tuning-fork
made independently, which showed that the effect of vibra-
tion in increasing reaction is far greater in the case of
geotropism than in heliotropism.

Haberlandt (oo) made the interesting observation that
plants deprived of their endodermis by means of an operation
lose the capacity of geotropism. Here, again, we ought to
know how the operation affects sensitiveness other than
geotropic; and, as Haberlandt grants, it may perhaps be
said that the operation is too serious to allow of the found-
ation on it of a very convincing argument.

The question how far the statolith theory is applicable to
the root is a difficult one. It involves the old and apparently
insoluble difficulty of distinguishing between the removal
of the tip of the root, considered as a perceptive organ, and
the effect of the shock of the operation. The question is,
moreover, complicated by contradictory evidence. Accord-
ing to Czapek, cutting off a small part of the root-tip, an
operation which does not remove the whole of the stato-
liths, interferes with geotropism in the same way as does
actual anputation.®

Nemec, on the other hand, finds evidence for the operation
depending on the removal of the sense-organ; for accord-
ing to him the power of geotroping does not return with
the appearance of general symptoms of recovery, such as
cell division and the growth of a callus, but only with the
actual reappearance of statocytes.

Némec's most recent experiments* are confirmatory of
this result. He finds that Lupin roots, from which § mm.,
1 mm., and 1§ mm. respectively are cut off, behave differ-
ently,  The § mm. lot were clearly geotropic in seven
hours, while no curvature occurred in the others. After
a further interval of thirteen hours the 1 mm. lot had curved.
Microscopic examination showed that statoplasts had
appeared in these roots, but not in the 1} mm. lot, which
showed no geotropism. It is particularly interesting that
according to Némec the statoplasts appeared in a new
growth which was visible as a slight convexity of the cut
surface.®

An experiment by Némec with the roots of V. Faba must
also be mentioned. One millimetre was cut from the tips .
of each of a number of roots, and they were all placed hori-
zontally, They were examined after fifteen hours, when
considerable variety in the result of the operation was
evident ; some of the roots had bent geotropically, while
others were still horizontal. On cutting sections it was
found that the geotropic roots had statoplasts, the hori-
zontal ones none. It may of course be said that the result
depends on the effect of shock lasting longer in some
individual roots, since, as Czapek has well said, the only
proof of the disappearance of shock effect is the act of
curving. But since the operation was approximately the
same in all the roots, it is hard to believe in such a malicious
coincidence as that the shock was smaller in all those roots
which produced statoplasts. But it may be said that shock
prevented both geotropism and statoplast-formation in
certain roots.

1 Némec (o1).

2 F. Darwin (03).

3 Czapek (o2, p. 118).

4 Némec (o4, PP- 46, 53). ;

5 This agrees, as Némec laa's with Wachtel s (g9 resu  who found geo-
tropism returning before the w ole tip was regenerated.



470

NATURE

| SEPTEMBER 8, 1904 -

Czapek (02) quotes the experiment of Brunchorst, who
found that a circular cut round the tip, not deep enough to
free the terminal part, has the same effect as amputatjon.
On the other hand, Nemec ' states that geotropism persists,
if the root-tip is cut half through by two opposite incisions
in different planes, so that the whole of the tissues are
divided, and yet the tip is not amputated. Thus four out
of five bean-roots treated in this way showed distinct
geotropism in 51 hours. This seems to me a striking result,
as showing that the shock of the operation is not exclusively
the decisive element. Nemec has, moreover, shown that if
geotropic curvature has begun on a normal root, a wound
interferes with the amount of after-effect, and that the
precise nature of the wound is not decisive, and this, as far
as it goes, confirms the assumption that two half-cuts would
produce as much shock as actual amputation. 3

Czapek * finds that splitting a bean-root longitudinally
has the same effect as decapitation. This would mean that
decapitation produces its results by shock only, since in a
split root there is no removal of the tip. I think I was the
first to make use of the splitting of roots in this connection.
I wished to show® the incorrectness of Wiesner's view—
viz., that amputation prevents geotropism by checking
growth, In my experiments the split roots were greatly
checked in growth, but curved geotropically, behaving in
this respect quite differently from amputated specimens.

Another striking bit of evidence on Czapek's side of the
question * is the fact that Lupin roots from which ** § mm.
of the tip has been removed, and which, therefore, contain
no statoliths,’’ show the remarkable homogentisin reaction
which he has convincingly proved to be a symptom of gravi-
perception. Czapek adds that the same is true of roots
from which 1 mm. has been removed. It seems to me that
Némec’s reply to this® is of value. He finds that the
root-cap in Lupin is variable in length, but always longer
than § mm.; therefore, in the roots from which § mm.
only was removed there should have been some statocyte
tissue remaining. Even after the removal pf 1 mm.
the root can, according to Nemec, rapidly l;rm stato-
cytes, since the section is in the neighbourhood of the
calyptrogen.®

Neémec suggests it to be conceivable that differences of
pressure in Czapek's sense may give rise to the homo-
gentisin reaction, while the true act of graviperception is
confined to the statoplasts. This is no doubt possible, but
I confess that, if the homogentisin reaction can occur in
root-tips which have no statoliths I should consider it a
strong argument in favour of the view that pressure-
difference in Czapek's sense supplies the machinery of
perception in roots. Czapek also claims that his experi-
ments with bent-glass tubes (Czapek, g5) prove the gravi-
perceptive region of the root not to be confined to the
region of statoplasts, since if the root-cap alone is in
the vertical branch of the tube, geotropic curvature is
not excluded. Némec (o4) has attempted a rejoinder to
this objection; with what success readers must judge for
themselves.

It will be seen that, in my opinion, the balance of evidence
is not fatal to the statolith theory. Czapek, who treats the
question in a broad and liberal spirit, is by no means in-
clined to deny that statoliths have a share in gravipercep-
tion; all he claims to prove is that the statoplasts do not
supply the whole of the mechanism. It is not easy for an
upholder of the theory to allow this much in the present
stage of the controversy. ‘The best way of testing the
theory is by comparing the distribution of geotropism with
that of statoliths; and if we are to allow, in all cases which
are opposed to the statolith theory, that the stimulus depends
on pressure differences in Czapek's sense, we deprive our-
selves of the best means of proving the truth or falsehood
of our theory. Those who uphold the theory must have the
courage of their opinions and finally trust to the facts of
distribution.  But further knowledge is necessary before
such a judgment can fairly be made.

1 Némec (o, p. 19). 2 Czapek, (08, p. 202) and (o2, p. 118).

3 F. Darwin (82). 4 Czapek (o2, p. 468). 5 mec (04, p. 53).

6 He adds that the calyptrogenimay in this way have an indirect importance,
and Firtsch’s belief that this tissue was the essential seat of graviperception
may be accounted for,
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Centrifugal Force.

Jost ' objects that plants on a centrifugal machine do
not behave as the theory would lead us to expect. Thus he
found that certain roots and seedlings showed geotropic
curvature, although the statoplasts were scattered through
the cell, not spread out on the cell-walls furthest from the
axis of rotation. Miss Pertz® and I have repeated some
of Jost's experiments, and have come to an opposite con-
clusion. We find that Setaria does not curve with a centri-
fugal force of less than 002 g., and this is about the limit
for visible displacement of the starch-grains. As the centri-
fugal force increases up to 0.04 g. we get slight amounts of
curvature and slight amounts of starch displacement. The
two phenomena cannot be accurately compared, but so much
is clear: that the result of Knight's experiment is not
destructive of the statolith theory, but, on the contrary, is
roughly in harmony with it.

The result of an intermittent stimulus may seem to some
a difficulty. Jost?® produced geotropic curvature by placing
seedlings in the horizontal and vertical positions for alternate
periods of 34 minutes. With alternate periods of 50" hori-
zontal and 2’ 30" vertical he sometimes failed to get a
geotropic curve, and exposures if less than 50" always failed.
It is commonly said that 15-25 minutes are needed for the
starch to fall on to horizontal cell-walls, and it may seem,
therefore, that in these experiments neither 3§ minutes nor,
a fortiori, 50" could produce a change of position in the
statoliths, and that therefore the experiment is destructive
to the theory. But this would be a wrong conclusion, for,
according to my experience, the falling time of starch is
often less than 15 minutes; and even if this were not so
there would be no difficulty in understanding the above
experiments, for, as Jost allows (loc. c¢it.), and as Némec
(02) has also pointed out, the statoplasts may stimulate the
cell without the occurrence of any visible displacement ; for
if the statoplasts do not fall over and spread out on the
horizontal walls there must be a column or heap of starch-
grains, the height of which equals the width of the cell,
resting on the lateral wall of the cell instead of, as in the
normal position, a shallower layer pressing on the basal
wall, Here we have plain conditions of differentiation
between the vertical and horizontal positions.

The same considerations apply to the whole question of
what is known as the geotropic presentation time *—i.e., the
minimal period of horizontality needed to induce a geotropic
curvature. It has been said that the presentation time
corresponds with the time needed for the statoliths to fall
on to the horizontal walls of the sensitive cells. It seems
to me that we hardly have knowledge enough to be certain
of this coincidence, and since, as above pointed out, the
statoliths may begin to stimulate before they are visibly
displaced, the question is not one of much interest or de-
serving of special inquiry.

Theoretical.

Elfving's ® well-known experiment with grass haulms
shows that (in this instance) the action of the klinostat
depends, not on the prevention of all graviperception, but
on the equal distribution of stimulus.® But other plants
react differently—that is to say, they do not exhibit increased
rectilinear growth on the klinostat, This can best be
accounted for, as Noll * suggests, by the supposition that the
equally distributed stimulus tends to produce a simultaneous
increase and decrease of growth-rate on opposite sides of
the rotating plant.* We, therefore, get in an indirect way
evidence in favour of what has not been directly proved—
namely, that in geotropic curvature the diminution of growth

1 Jost (02).

# Darwin and Pertz (04). By an oversight we omitted to give a reference
to Némec's (02, p. 347) interesting reply to Jost's criticism.

3 Jost (02), p. 175. See also Czapek (g8), p. 206 ; and Noll (00), p. 462.

4 Czapek (ZB). p. 183.

5 Elfving (84) proved that the pulvini of grass haulms increase in length
when kept in slow rotation on a klinostat.

6 M{)expo;rlmenu on the germination of Cucurbita demonstrate the same
point (Dagwin and Acton, 94). Czapek (02, p. 469) shows that the homo-
gentisin reaction occurs on the klinostat.

Noll (92, p. 35). - i .

8 We have shown (Darwin and Pertz, o4) that in Sefaria the mgoluhq
undergo changes of gmmion on the kli , indicating a suc of
stimuli, See Heine (85), who briefly describes similar changes.
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on the concave side is not the result of compression pro-
duced by increased growth on the convex side, but rather
an independent reaction. It is necessary, therefore, to
inquire what theoretical conclusions may be fairly made as
to the stimulation correlated with such a mechanism of
curvature. Noll' uses the term *‘‘ Reizfeld,”” or *‘ stimu-
lation-area,’’ to express the regions in which graviperception
occurs. The distribution of these areas is expressed in
diagrams which serve as shorthand methods of recording
the geotropic reactions of various organs. All such ways
of clarifying and expressing our ideas of the laws of per-
ception are useful. I must confess that I do not find Noll's
terminology easy to use, and I prefer to express the same
ideas in terms of the distribution of the pressure of stato-
liths on the different parts of the ectoplasm of the gravi-
sensitive cells.

Imagine an apogeotropic shoot placed in the horizontal
position as shown in longitudinal radial section in Fig. 2,
where C and C' are the cortical tissues and the seat of
motile power ; E and E’ the endodermis, the supposed region
of graviperception; M, the central tissues, which do not
concern us.

The fact that the statoliths now rest on the horizontal
(tangential) walls differentiates the horizontal from the
vertical position of stable equilibrium. But what circum-
stance is there that can be conceived to originate curvature
in one direction more than another? It can only be that
in the endodermis E on the physically upper side the stato-
liths rest on the inner tangential wall, whereas in E' they
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rest on the outer wall. This view agrees with Noll’s hypo-
thesis of the arrangement of stimulation-areas. There is no
difficulty in believing that the inner and outer tangential
walls have different individualities : Vochting's work® on
transplantation seems to indicate that this is the case. And
if this analogy with formative polarity is not allowable, we
must still insist that the presumption is in favour of E and
E’ in Fig. 2 being in different conditions, since we have
certainly no right to assume that the outer and inner walls
are identical in what we have called their individuality.

It is not here necessary to go into the question whether
the radial walls of the endodermis are or are not sensitive,
since the problem of geotropism in its broad outlines is not
concerned with it.*

. The Position of Maximum Stimulation.

This problem involves the question whether an orthotropic
organ in the vertical position is or is not freed from stimulus.
We will first take the question as to the existence of a
stimulus in the normal (i.e., not the inverted) position. One
of Pfeffer’'s* arguments for the existence of a stimulus is
as follows. A root having been allowed to curve from the
horizontal to the vertical position is placed on a klinostat,
and after a time the curve disappears. It is therefore
assumed that there existed a geotropfc stimulus keeping the
root curved until the stimulus in question was rendered
inoperative by the klinostat, when the rectipetality of the
root could have free play. But it is not a necessary con-
clusion that while the root is strictly vertical any stimulus
is acting. If from some internal cause the root leaves the
vertical, the ordinary geotropic curvature depending on the

1 Noll (92, p. 19). 2 Vichting (92, p. 151).

3 geell(lz di‘:cungs)ion in Haberlandt (o3, p. 467). B S0

4 Pfeffer (93, p. 19). I am only concerned w!xh this special point, not with
Pleffer's general argument,
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stimulation of the tangential walls will come into action
and bring the root back to the vertical. To translate into
the language of the statolith theory, it is not necessary to
assume that the lower walls of the graviperceptive cells are
sensitive to the pressure of the statoliths—the sensitiveness
of the tangential walls will suffice. The experiment above
mentioned does not therefore seem to prove that an ortho-
tropic organ in stable equilibrium is stimulated, But it is
quite conceivable that a stimulus might be originated by the
loss of pressure on the lower wall, for this would be a well-
marked change in the internal condition of the cell, and
therefore might become associated with a reflex. Thus,
when an organ is placed horizontal the stimulus from the
pressure of statoliths on the lateral walls (now horizontal)
may be combined with, or in some way influenced by, the
loss of pressure on the terminal wall of the cell which was
formerly horizontal. But if the absence of pressure on a
cell-wall acts in this way are we not bound to consider the
pressure (when present) as a stimulus? I think we are, and
therefore, though I do not think that the particular experi-
ment referred to supplies the necessary evidence, I hold the
lower wall of an orthotropic cell to be sensitive to the
stimulus of statoliths, though such stimulus cannot be of a
directive nature.

Since an organ when accurately inverted ' and prevented
from circumnutating receives no impulse to curve, it is
assumed that the normally upper cell-wall (which is now
below) is not stimulated. According to the statolith theory
it is inconceivable that the organ should curve, since uniform
pressure on the horizontal terminal wall cannot determine
the direction in which such curve shall begin.

But though no directive stimulus seems to be a possible
result of uniform pressure on the end-walls, it does not follow
that such pressure has no effect. It seems to me that such
a striking change as pressure on a wall which in normal
circumstances does not receive pressure may very well modify
the result of the normal stimulation of the lateral walls of
the cell.

Czapek * has shown that with both stems and roots the
gravistimulus is greater when the organ is removed from
the normal vertical position by 135° than when it deviates
from the normal by 45°. In the case of an apogeotropic
shoot the position of the starch in the endoderm is given
in Fig. 3. The pressure of the starch on the lateral walls
is the same in the two cases. In i., however, the starch
rests partly on the basal wall (B), while in ii. it rests, to
the same degree, on the apical wall (A). On the usual
assumption that the basal and apical walls are insensitive,
there is nothing to differentiate i. from ii. I cannot help
suspecting that the pressure on the apical wall does in some
way affect the sensitiveness of the tangential walls. If the
pressure on the wall (A) was in itself the decisive element we
should expect the stimulus to increase as the angle increased
~—from 135° to nearly 180°—which is not the case. From
my point of view we can dimly understand why 135° should
be the position of maximum stimulation. It would be the
result of a compromise, being a position in which the com-
bined pressure on both lateral and apical walls was as high
as possible *—a mean, in fact, between full pressure on the
lateral walls (as in the horizontal position) and full pressure
on the apical walls (as in the vertical position).

If some such theory is not adopted we must imagine with
Haberlandt that the difference between positions i, and ii.
depends on the weight of the statoliths in i. being on the
basal half of the lateral wall, and on the apical half in ii.
It seems to me that the difference of sensitiveness in the
two regions would have to be very great, considering that
in the horizontal position, in which the gravistimulus is
less than in position ii., the full pressure of a considerable
fraction of the total starch acts on the supposed extra-
sensitive region of the cell-wall.

But when all has been said there remains a difficulty with
which I do not know how to deal. It is clear that, accord-
ing to either theory, the critical position should be the hori-

1 In the whole of this discussion the organs are supposed to be supported
by the morphological base. s

2 Czapek (95, 1).  As doubt has been expressed as to the actual facts, it is
worth while mentioning that Miss Pertz (g9) has confirmed his results for the
haulms of grasses. !

8 The fact that atangles above 135" the stimulus remains greater than when
the organ is horizontal seems to point to the conclusion that the share of the
end wall in graviperception is relatively great,
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zontal, and that as the organ is moved further and further
from the normal (in successive experiments) the geotropic
reaction ought to increase decidedly as the horizontal is
passed ; and this is not the case.

Diageotropism.

The diagram, Fig. 2, will serve to represent a diageo-
tropic organ in stable equilibrium. In spite of the fact
that it is at rest in the horizontal position, we must assume
that the tangential (horizontal) walls of the endodermis are
sensitive to the pressure of the statoplasts. For when the
organ is placed obliquely it has the power of returning, by
curvature, to the horizontal ; and this requires that the plant
shall distinguish up from down. If its apex is above the
horizon it must curve downwards, i.e., towards that side on
which the statoplasts rest on the external walls of the endo-
derm cells, and wice wersa if the apex is below the horizon.
But what signal tells the plant that it is not horizontal?
This can only be effected by the statoplasts pressing on the
basal or apical walls, as in Fig. 3.

The diﬂgsulty is increased by the fact that when a diageo-
tropic organ is fixed vertically, the apex being up or down,*
no curvature follows. This, according to the usual idea,
would mean that the terminal walls are not sensitive. But
the walls must be sensitive in some way, or the plant would
not react to the gravistimulus, as it undoubtedly does. The
only conclusion I can come to is that the position of the
statoliths shown in Fig. 3, in which they rest partly on the
terminal wall and partly on the lateral (tangential) wall,
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must be capable of giving the combined stimulus,® as above
suggested.

Personally T do not attach great importance to the details
of how the statoliths act on the different walls of the cells,
although as part of the history of the inquiry I feel bound
to discuss it. The broad fact that the statoliths rest on
different parts of the cell-walls when the geotropic organ is
placed at different angles with the vertical seems to me
sufficient. The precise manner in which various reactions
are associated with the position of the statoliths may be
confessed to be for the present beyond our knowledge or
powers of imagination, and such confession need not weaken
the position of our theory. .

Finally, I desire to say a word on a subject having but
a remote connection with my theme. There is at the present
time a tendency to pay an increasing attention to what is
known as rectipetality or autotropism—viz., the inherent
capacity of rectilinear growth. In my Cardiff Address® to
Section D I showed that rectipetality is really part of the
phenomena of circumnutation. We must believe that
rectipetality does not merely come into play in those com-
paratively crude experimental instances in which a geotropic
curvature is flattened out by means of growth on the
klinostat. We must believe that it also corrects curvatures
which arise from the slight irregularity of normal every-
day growth. This will imply that normal growth is built

1 Czapek (98, p. 243). Noll (92, p. 37) had foreseen on theore'ical grounds
that this would prove to be the case ~ See also Noll (e0, p. 473).

? In Noll's diagram of the stimulation-areas in a diageotropic organ the
obliquely placed areas seem to suggest a similarity to what is here given
[see Noll (92, p. 29)]. But his stimulation areas in which only a single
statolith occurs are not strictly comparable to cells containing numerous

statoplasts.
4 F. Darwin (g1).
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of a series of internal corrections; in other words, of circum-
nutation. The point I wish now to emphasise is that the
stimuli, be they of geotropic or any other nature, should be
conceived as acting not on a stationary but on a moving
plant—acting, in fact, on the spontaneous correcting power,
whether we call it rectipetality, autotropism, or circums=
nutation. It is impossible to say how this consideration
might modify our speculations as to the manner of action
of the gravistimulus. It is quite conceivable that it might
not alter our theoretic views at all, but without more know-
ledge we cannot be certain. My only point at present is
that if we are led into contradictions or confusion by attempts
to analyse what goes on in the gravisensitive region accord-
ing to the statolith theory, such a result must not be held
to be fatal to the theory until we know more of the problem.

In conclusion—and to clear our minds of the doubtful
speculations in which I have entangled myself—I should like
to reiterate my belief in the general, though not the
universal, applicability of the statolith theory. 1 find it
impossible to doubt that, in the case of the higher plants,
sensitiveness to the pressure of heavy bodies will be found
to be by far the most important, if not the exclusive, means
by which gravity is perceived. We have seen that the
stimulus must depend on weight; and since neither the
theory of radial pressure nor Noll's supposition of stimu-
lation by small unknown bodies lends itself to experimental
inquiry we are driven, as practical people, to test the views
of Haberlandt and Né&mec.

I base my belief partly on what I have already said,
namely, that geotropism, being an adaptive reflex action,
must during its development have been correlated, by that
mysterious bond which unites stimulus to reaction, with
some change, by which in the natural course of events it is
uniformly preceded. Now the most obvious change which
precedes geotropism is the disturbance of the falling starch-
grains. This fact, together with what we know of the dis-
tribution of statoplasts, would almost force conviction on
me. But this is not the whole of the evidence. We know
from Nemec’s researches that the protoplasm, in the cells
assumed to be sense-organs, is sensitive to the pressure of
the statoplasts; and we know from zoological evidence that
heavy bodies resting on a sensitive surface can function as
a sense-organ for gravitation. Finally, the experimental
evidence, though not absolutely convincing, has not revealed
any absolute bar to our belief in the statolith theory, and
has brought to light a number of facts harmonising with
it in a remarkable manner. It seems to me that the theory
of Nemec and Haberlandt may fairly hold the field until
a better theory of graviperception and a better theory of
the function of falling starch-grains are established.
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SIXTH INTERNATIONAL CONGRESS
OF ZOOLOGY.

THE smoothness with which the complicated arrangements

for the reception and housing of so many guests were
carried out, and the kindness and hospitality of the welcome
extended to them, formed a good augury for the success of
the sixth International Congress of Zoology, which opened
at Berne on Monday, August 15. On the previous day the
members, gathered from many parts of the world, were
received by the reception committee at the railway station,
and invited afterwards by the Mayor of the city to a
** symposium '’ in the ‘‘ Kornhauskeller.” The gaiety of
the assembly, which did not break up until a late hour,
formed an agreeable prelude to the work of the congress,
which was throughout interspersed with pleasant entertain-
ments.

At the general meeting the next morning Prof. Studer, the
president, chose as the subject of his address the Swiss
fauna, to the study of which he has devoted so much of
his life. Prof. Perrier, of Paris, as president of the
permanent committee, thereupon expressed his feelings of
gratitude to the Swiss Government and to the authorities
of the canton of Berne for the hospitality which had been
extended to the members of the congress. The following
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gentlemen, Profs. Studer, Minot, Grassi, and Perrier, were
afterwards elected presidents for the general meetings, and
Profs. Emery, Fujii, Spengel, Osborn, v. Graff, Pelseneer,
Lonnberg, Blanchard, Chun, v. Wijhe, Lang, and Drs.
Horvath, Stejneger, Stiles, and Miller as vice-presidents. The
meeting also agreed to divide into ,seven sections, viz. :—
General Zoology, president, Prof. Salensky ; vice-president,
Mr. Schlumberger; secretary, Dr. Gurwitsch. Vertebrata
(systematic), president, Dr. Jentink; vice-president, Dr.
Scharff ; secretary, Dr. André. Vertebrata (anatomy, &c.),
president, Prof. Monticelli; vice-president, Dr., Bashford
Dean; secretary, Dr. Penard. Invertebrata (excluding
Arthropoda), president, Prof. Ehlers; vice-president, Prof.
Koehler ; secretary, Dr. Fuhrmann, Arthropoda, president,
Prof. Heymons; vice-president, Dr. Janet; secretary, Dr.
Steck. Applied Zoology, president, Prof. Hoek ; vice-presi-
dent, Prof. Plate; secretary, Dr. Duerst. Zoogeography,
president, Prof. Hérouard; vice-president, Prof. Blasius;
secretary, Dr. Roux. .

Two propositions had been received by the president, Prof.
Studer, one from the Prince of Monaco, to hold the next
congress at Monaco, and another from the zoologists of the
United States of America. After due consideration of these
proposals, it was decided by the permanent committee and
by the delegates of the scientific societies to recommend that
the latter invitation be accepted, which was unanimously
adopted at the general meeting. It was therefore agreed
that the next congress, in 1907, should be held at Boston,
and that Prof. Agassiz be asked to preside. Prof. Minot
expressed the hope that it might be possible to place at the
disposal of the European zoologists a large steamer, which
would call for them at Hamburg, Cherbourg, and South-
mnplon.

Subsequently, Prof. Blanchard gave an interesting
address on the production of disease in man by animal
parasites, and also pointed out in how many ways zoological
discoveries had aided not only the elucidation and diagnosis
of disease, but also its cure; after which Prof. Lang made
some remarks on the life of the Swiss naturalist, Alexander
Morizi, born in 1806 at Chur, who, some years before the
appearance of Darwin’s *‘ Origin of Species,’”’ had pub-
lished a paper in which he promulgated the theory of
evolution and supported the view that man had evolved
from the higher animals.

At one of the later general meetings, Profs. Salensky,
Osborn, Chun, Hoek, and Sarasin delivered addresses. Prof.
Salensky referred to the results of the most recent investi-
gations of the life-history and anatomy of the mammoth,
and exhibited photographs of a specimen in situ (already
noticed in NaTURE), as well as preparations of the skin,
muscles, hairs, &c. It seems now to be a well established
fact that the mammoth was a northern species feeding
especially on conifers, but also on cyperaceous, gramin-
aceous, and leguminous plants. The recently discovered
stages in the evolution of the horse and contemporar
mammals in North America formed the subject of Prof.
Osborn’s lecture, while Prof. Chun dealt with the vertical
distribution of the marine plankton.

Altogether more than four hundred zoologists, many of
whom brought one or more members of their family, took
part in the congress. The general meetings were held in
the large hall of the Swiss House of Parliament, and the
“sections met in the lecture rooms of the splendid university
buildings, of which the country is justly proud.

1.—GENERAL ZOOLOGY.

It has been assumed that the South American Stegomyia
was the means of transferring a blood parasite to man,
which gave rise to yellow fever; Prof. Goeldi, of Para,
however, gave reasons for his belief that this disease is
not due to any blood parasite, but to an organic toxin which
he discovered in the saliva of Stegomyia.

The zoological aspect of De Vries’s mutation theory was
discussed by Prof. Plate, who recognised that the theory
signified an important advance of knowledge in so far as
it showed that sudden changes could arise in the organism
which were highly transmissible, but he urged that a sharp
morphological boundary could not be drawn between
variations and mutations. The former must be considered
as changes with a slight capacity of inheritance, the latter
as such with a high capacity.
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As the result of anatomical investigations in butterflies,
Mr. Petersen, of Reval, attempted to show that all species
can be distinguished morphologically by their reproductive
organs, and that it is through physiological isolation that
varieties form the starting point for new species.

Prof. Maas reviewed the experiments he had carried out
in depriving young sponges of carbonate of lime before their
metamorphosis.

Prof. Vejdovski demonstrated the presence of a nucleus
in Bacterium Gammari, already described (cf. Centralblatt
f. Bakteriologie, 1901 and 1904), while Prof. Looss, of
Cairo, indicated how the larvae of Ancylostomum and
Strongyloides migrate through the hair-follicles of the
human hand into lymph- or blood-vessels, and from there
reach the intestine by way of the heart, lungs, and air
passages.

I1.—VERTEBRATA (Systematic).

Several papers of particular interest were discussed in
this section. Amdng these may be mentioned that of Prof.
Scott, of Princeton, on the Miocene mammals of Patagonia.
He referred to the fact that the fossil rodents all belong
to the Histricomorpha, of which South America is still the
headquarters, The Edentata are represented by the three
orders Gravigrada, Dasypoda, and (E:lyptodontia. Several
orders of ungulates, he remarked, displayed striking
similarities to northern orders, but these similarities must
be looked upon as convergent developments, and not due to
a common descent,

Mr. Bieler, of Lausanne, described the skull of an
extremely small bear obtained in the Alps some years ago,
which he identified as belonging to Ursus formicarius.

An artificially produced hybrid between Triton cristatus
and T, marmoratus was exhibited by Dr. Wolterstorff, who
remarked on its identity with Triton Blasii.

Mr. Borodine, of St, Petersburg, described the herrings
of the Caspian, in which sea he was able to distinguish no
less than five species, three of which were essentially marine
forms.

Recent studies and discoveries in the evolution of the
horse, with lantern demonstrations, formed the subject of
an interesting lecture by Prof. Osborn, who mentioned that
more than a hundred more or less complete skeletons of
horses and horse-like animals had been found fossil in North
America., He thought he had established the fact that
horses were polyphyletic, there being four or five con-
temporary series in the Miocene, but that the direct origin
of the genus Equus in North America was not established
with certaintx{.

Prof. von Méhely’s paper dealt with the skull and denti-
tion of the species of Spalax, a small East European rodent.
As the result of his careful investigations he was able not
only to demonstrate that the twelve species described
hitherto could be reduced to three, but that the origin of
the latter was clearly traceable from an extinct form by
gradual mutations, due chiefly to selection.

Prof. Tornier dwelt on the subject of the origin and
significance of the coloration of the skin in reptiles, and
attempted to demonstrate that those parts which were folded
during the animals’ movements were less well nourished
th;m the remaining parts, and were therefore lighter in
colour.

I11.—VERTEBRATA (Anatomy and Embryology).

Dr. Kerbert referred to the fact that the giant salamanders
of Japan in the aquarium at Amsterdam had produced
young, and described the eggs of the species; while Dr.
Bashford Dean, of New York, pointed out the peculiarities
in the development of Chimaera Collici.

The specimens of Ceratodus brought back from Australia
by the Semon Expedition enabled Prof. Burckhardt, of Basle,
to undertake some anatomical investigation of its central
nervous system, of which the author exhibited illustrations
and models, and he also showed some reconstructions of
fossil vertebrates not hitherto figured.

Prof. van Wijhe, of Groningen, gave a demonstration on
the development of the skull in elasmobranchs, while Prof.
Lonnberg, of Stockholm, exhibited a foetal Elephas cyclotis,
gatl'l made some remarks on the homologies of the avian
‘Dr, Helbing, of Basle, communicated the results of his
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museum was delivered in this section.

investigations on the anatomy of Lamargus, and Mr. Bles
spoke on the hatching of Anuran tadpoles and the function
of Kupfer's ** Stirnknospe.”” He also exhibited Prof.
Kerr’s slides of the early development of the motor nerve
trunks in Lepidosiren paradoxa.

IV.—INVERTEBRATX (exclusive of Arthropoda).

Prof. Meyer, of Kasan, described the primitive ambulacral
system in Echinoderms, and the diaphragm-sacs which serve
to swell the head tentacles in terrebelloid annelids, and dis-
cussed the theoretical bearings resulting from a comparison
of these somewhat similar structures.

Prof. Salensky gave an account of the prototroch, and also
referred to the formation of coelomesoblast of the larva of
Echiurus, while the morphology of the cardial organs of
Appendicularia formed the subject of another of his papers.

A description of the mode of nutrition of the embryos of
Purpura was then given by Prof. Pelseneer. It appears that
the majority of the ova undergo an irregular segmentation
and form a vitelline mass, on which a few embryos fix them-
selves and absorb it completely.

Profs. Caullery and Mesnil exhibited preparations of two
ccelomic annelid parasites. The first of these, Pelmato-
sphaera polycirri, forming numerous spheres, is allied to the
Orthonectida, and lives in the general body-cavity of the
host. The next, Sphaeractinomyxon Stolei, is the first
marine representative of the Actinomyxidze, and inhabits
marine Oligochzts.

Prof. Fuhrmann, of Neuchitel, described the three known
species of Cestodes in which the sexes are in distinct in-
dividuals, and which are characterised by very marked
dimorphism.

It was urged by Prof. Monticelli, of Naples, that the
Temnocephala, for which he proposes the name of Dactyloda,
should be looked upon as constituting a group distinct from
the Platelminthes.

The most exciting exhibition in this section, and, indeed,
one of the most fascinating features of the congress, was
a kinematograph demonstration of the development of one
of the Botryllidee. These were kept in a flat-sided glass
jar to which a constant stream of fresh sea-water was
supplied. Taking a series of photographs at certain regular
intervals by means of an ingeniously constructed registering
camera, Prof. Pizon, of Nantes, succeeded in producing
before the audience a continuous and rapid picture of the
gradual evolution of the colonies of the Tunicate. Prof.
Marey had shown us some years ago how the quick move-
ments of animals such as the horse and the dog could be
reduced on the screen to slow motions, while Prof. Pizon
now demonstrated how this can be accomplished in a con-
verse manner.

V.—ARTHROPODA.

Most of the papers in this section dealt with ants. Dr.
Forel brought forward some new biological observations, in
the course of which he mentioned that there were now about
4000 species known, and goo varieties; while Prof. Emery
discussed the origin of ants’ nests; Dr. v. Buttel-Reepen
the insect colonies in general ; Mr. Piéron the problem of
recognition among ants; and Prof. Goeldi, of Para, the
mushroom gardens constructed by Atta cephalotes.

A few other papers dealt with Lepidoptera, such as that
of the Countess v. Linden on the influence of the with-
drawal of oxygen during the pupal stage on the shape of
butterflies, and that of Mr. Pictet on variations produced
in butterflies by changing the food of their caterpillars and
by humidity.

Two communications deserve a special reference, viz. Prof.
Blanc's discovery of a Caprellid in the Lake of Geneva, and
Prof. Heymons's paper on the development of the Solifuga.
Prof. Blanc exhibited a female specimen of an undescribed
Podalirius, a marine genus of crustacean, and mentioned
that other invertebrates allied to marine forms were known
to inhabit the lake. The development of the Solifuga
agrees, according to Prof. Heymons, in all important respects
with that of the Arachnida, but it offers no clue to any closer
relationship with insects, as some authors seem to think.

V.—AprrLiep ZooLoGy.

Dr. Jentink’s discourse on the ideal bnatural history
The director of the
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Leyden Museum advocates the complete separation of the
study and exhibition series, and insists on the great import-
ance of the absolute protection of the specimens from fire,
dust, and light.

Prof. Plate described a new microscope suitable for ex-
hibition in museums ; Prof. Forel a new method of collecting
specimens inhabiting the deep water in lakes; while Prof.
Fujii, of Tokyo, referred to some micro-technical apparatus
of his own invention.

Finally, a demonstration was given on the installations
of the ‘‘ concilium bibliographicum,” by Dr. Field.

VII.—ZOOGEOGRAPHY.

Mr. Schmidt, of St. Petersburg, explained the distribution
of the fishes in the northern Pacific, and mentioned that the
northern fauna of Japan should be considered as belonging
to the Arctic region, and that the fishes of southern Japan
and the west coast of North America are very distinct from
those of the northern parts.

Prof. Simroth gave his views on the origin of the Alps,
based chiefly on the distribution of the Mollusca. Dr.
Pellegrin, of Paris, described the fish-fauna found in Lake
Tchad and the Chari River, which he declares to be very
similar to that of the Nile.

Prof. Forel gave his experiences on the occurrence of
Larus ridibundus on the Lake of Geneva. It appears that
thousands of these gulls are present on the shores of the
lake during winter, and that they migrate northward in
March, to return again in October with their young. A
few remain all the year round. The principal lines of migra-
tion of birds across Switzerland were then described by
Prof. Fatio, of Geneva,

The congress ended with a couple of days of most pleasant
social intercourse. The members were afforded an oppor-
tunity of seeing the beauties of the Bernese Oberland during
an excursion along the Lake of Thun, and an afternoon
spent at Interlaken, where a final meeting was held in the
** Kursaal.””  Saturday was devoted to a trip to Geneva,
where, after a lunch and a visit to the museums, the vener-
able Mr. de Saussure entertained the guests at his country
seat near the city, and a Venetian féte with fireworks
brought the congress to a close.

ROTATION OF SATURN’S RINGS.

ON 1903 November 6, sh. 25m., I observed a large

diffused white spot a little north-east of the extremity
of the western ansa. It was placed on the bright rim of
the interior ring, just bordering Cassini’s division, and
appeared to extend faintly over the outer ring.

November 7 was cloudy, but on November 8 there was
a clear sky and pretty good definition, but no certain differ-
ences of tint could be remarked in the individual rings.

On November g, sh. 1om., the planet was very faint, and
the two ansa seemed equally bright., At sh. som., how-
ever, the western ansa was decidedly the more luminous, and
the aspect appeared similar to that on November 6.

November 10, 11, 12, and 13 were cloudy; November 14
was stormy with fine intervals, but definition was very un-
steady, and no white spot could be discerned on the rings.

On November 15 there was a clear, frosty sky. At
s5h. som., under good definition, the ring seemed notably
brighter on western than on eastern ansa.

On November 16 definition was very bad, and no details
could be satisfactorily made out. November 17 was cloudy.

On November 18, sh. to sh. 4om., there was a good deal
of fog, and the planet's image appeared very faint. The
western ansa seemed decidedly brighter than the other, but
the luminosity appeared diffused and not caused by a definite
spot.

No satisfactory observations were secured after the latter
date. The weather was extremely unsettled, and definition
generally very bad, so that though the planet was ex-
amined, whenever visible, until December 11, no further
inequalities in the luminosity of the rings were noted.

The bright area seen on November 6 and several other
evenings appeared recurrent in same position at intervals
of 3 days, whence I infer that the rotation period of the
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ring is about 14h. 24m. This determination is, however,
extremely rough, and only useful as affording evidence of
the approximate value.

After 1 had arrived at this result, I consulted various
authors to find what previous estimates had been made as
to the rotation of the rings.

Laplace theoretically computed that the ring ought to
rotate in 1oh. 33m. 36s. (Chambers’s *‘* Descriptive
Astronomy,”’ third edition, p. 143). In Laplace’s ** System
du Monde,” however, it is stated that Saturn rotates in
0428 day and the ring in 0437 day, the equivalents being
=10h. 16m. 17.25. and 1oh. 2gm. 16.8s.

Sir W. Herschel, from a spot or luminous point seen on
the interior ring in July, 1789, ascertained that the ring
revolved round the ball in 1oh. 32m. 154s. (Phil. Trans.,
1790, vol. IXXx. p. 479)

Secchi obtained many measures of Saturn’s system in
1854-6, and apparently detected an ellipticity in the rings,
for the discordances were considerable, and harmonised at
intervals of 3 and 9 days. He concluded that a period
corresponding to that which a satellite would have if
situated on the outer ring, viz.

14h. 23m. 18s.,

would satisfy them (Monthly Notices, vol. xvi. p. 52).
The correspondence between Secchi’s period and my own
roughly ascertained value, being quite independent, is
rather singular, A

Now that Saturn is very favourably visible, it is to be
hoped that observers will frequently examine the rings for
differences in tint or tone which may afford material for the
rotation period to be re-determined.

W. F. DENNING.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

Tue title of professor has been conferred on Dr. Karl
Schreber, of Greifswald, for physics, and on Dr. Robert
Pschorr, of Berlin, for chemistry.

MR. ALEXANDER LAUDER, senior demonstrator in chemistry
in the University College of North Wales, Bangor, has been
appointed lecturer in agricultural chemistry in the Edin-
burgh and East of Scotland College of Agriculture.

IN connection with the technical college which will shortly
be proceeded with at Stoke-on-Trent, it is proposed to have
a school of pottery, which shall not only train pupils, but
also act as a central advisory and analytical department for
manufacturers. There will also be a mining department.
The estimated cost of the building, some 25,000l., has been
practically assured, the North Staffordshire Institute of
Mining and Mechanical Engineers contributing 4oool., the
Staffordshire County Council 4o00l., the training authority
6oool., while close on 10,000l. has been promised as voluntary
contributions.

Dr. AxtON Lampe and Dr. Hans Benndorf, of Vienna,
and Dr. F. Streintz, of Graz, have been appointed extra-
ordinary professors of physics. Herr Reinhold Lutz has
been appointed professor of mechanical engineering at the
Aachen Technical College, Dr. George Schlesinger professor
of the theory of mechanical implements in the Berlin
Technical College. Dr. Karl Rohn, now professor of
geometrical drawing in Dresden, has been appointed pro-
fessor of mathematics in the University of Leipzig as from
April 1, 1905. Dr. Ludwig Prandtl, now professor at
Hanover, has been appointed to the chair of technical physics
and agricultural mechanics at the University of Gottingen.

Tue calendar for the session 1904-5 of the Merchant
Venturers’ Technical College, Bristol, indicates several
improvements which have been made recently at this institu-
tion. Among these may be mentioned the new experimental
steam engine, with its boiler and measuring appliances,
and the experimental light and power station now in use
by the students. The courses for engineering students have
been re-arranged, and provision has been made for a fourth
vear's course in civil, mechanical, and electrical engineer-
ing. The staff of the engineering departments has been
strengthened by the appointment of an additional lecturer.
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Sik Henry Craig, K.C.B., in his report for the year 1904
on secondary education in Scotland, says that the examiners
are of opinion that the teaching of theory is still the weak
point in the instruction in science given in the schools,
though there has been some improvement since last session.
This weakness is specially conspicuous in the subjects of
magnetism, electricity, and hydrostatics. It would appear
that most teachers rely too exclusively on the experiments
done by the pupils in the laboratory, and do not supplement
them sufficiently by full discussion and cross questioning,
and by demonstration experiments.’ It is to be feared that
the subjects mentioned are too often attempted by boys who
are not sufficiently equipped with a previous knowledge of
mathematics and dynamics, who would have been much
more profitably employed in going through a course in heat
or chemistry. It is satisfactory to find evidence of a
tendency to simplify the courses followed in the schools.

Tne Higher Education Subcommittee of the Lancashire
Education Committee has issued a series of circulars detail-
ing the provision made in the county for instruction in
various branches of agriculture. In the first of the
pamphlets full particulars are given of a scheme of agri-
cultural education to be carried out at the County Council
Farm, Hutton, the Harris Institute, Preston, and in various
parts of the county during the session of 1904-5. The
course in agriculture at the Harris Institute, Preston,
extends over four vears, and is intended to prepare youths
for the practical work of a farmer’s life by instructing them
in the principles which underlie farming operations, and
demonstrating—in the lecture room and on the farm—
modern and scientific methods of agriculture. The instruc-
tion is free to approved students, and, in addition, the County
Council allows a sum not exceeding ten shillings per week,
either for board, lodging, or for travelling expenses, to each
student in full attendance, not being a holder of an agri-
cultural scholarship, who fulfils certain conditions laid
down. The Higher Education Subcommittee has also made
arrangements to consider applications from local committees,
agricultural societies, and farmers' associations, for courses
of lectures by members of the agricultural staff at the Harris
Institute, Preston.

SOCIETIES AND ACADEMIES.
PaRris.

Academy of Sciences, August 29.—M. Mascart in the chair.
—On the fall of Perseids in 1904 : Henry Perrotin. The
most favourable evenings for observations were August g
to 14. Owing to the exceptional purity of the atmosphere
at the summit of Mont Mounier (2740 metres) a large number
of meteors were noted. As regards their points of appear-
ance, disappearance, velocity, and brightness, the results
clearly indicate the advantages possessed by stations at high
altitudes for methodical observations of meteors.—On the
approximate solution of certain congruences: Frédéric
Riesz.—On the formula of tonometry and cryoscopy : E.
Arigs. In a preceding communication it has been shown
that the expression for the potential of each of the two
substances in a dilute solution can be deduced from the
law of van 't Hoff. In the present paper these results are
extended to include the formula connecting the alteration
of vapour pressure and of freezing point, deduced experi-
mentally by Raoult.—On a case of globular lightning at
Autun on July 16: M. Reche.—On the theory of macles :
G. Friedel.—The passage from the root to the stem in
Primula Auricula : I{. Ricome.—Researches on the assimil-
ation of some ternary substances by the higher plants:
P. Mazé and A. Perrier. [From the experiments described,
it is shown that green plants, like fungi and micro-
organisms, are capable of assimilating sugars, the only
distinction between the two cases being that the former can
create these substances at the expense of atmospheric carbon
dioxide, whilst in the latter, the nitrous and nitric ferments
are the only ones known to be able to take carbon from
carbonic acid.—On the preservation of flour by cold: M.
Balland.

New Sourn WALEs,

Linnean Society, July 27.—Dr. T. Storie Dixson, presi-
dent, in the chair.—Notes on Australian Coccidae ex Coll.
W: W. Froggatt, with descriptions of new species, No. i. :
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| E. Ernest Green. A species of Chionaspis found upon the

undersurface of the leaves of Eucalyptus tereticornis, Sm.,
and the nut-grass Coccid, a species of Antonina, are described
as new. The latter may be classed with the few beneficial
species of Coccids, as it is credited with destroying the
host-plant (Cyperus rotundus, Linn.), a most objectionable
weed, over a large area of the Hunter River flats, N.S.W.
~—Three new generic names for Mollusca : Captain F. \W.
Hutton, I.R.S. The author finds, through the publication
of the *‘ Index Zoologicus,” that the following generic
names, published by him for land Mollusca, have been fore-
stalled :—Pyrrha, by Cabanis in Aves, 1849; Carthaa, by
Walker in Lepidoptera, 1858 ; and Rhenea, by Saalmiiller
in Lepidoptera, 1884. He therefore proposes the following
names to replace them :—Thermia for Pyrrha, Serpho for
Carthaa, and Delos for Rhenea.—On a new species of
Heteronympha, and a new variety of Tisiphone abeona,
Don.: G. A. Waterhouse.—On four new species of
Eucalyptus : J. H. Maiden.

GOTTINGEN.

Royal Society of Sciences.—The Nackrichten (physico-
mathematical section), part iii. for 1904, contains the follow-
ing memoirs communicated to the Society :—

May 14.—Ph. Furtwéingler : On the construction of the
Klassenkdrper for any algebraic Zahlkérper. Lothar
Heffter : On the definition of ‘the definite integral in two
dimensions, independently of previous integration.
G. Prasad : On the notion of lines of curvature.

June 11.—]. Stark: Experiments on the genesis of the
band- and the line-spectrum.

June 25.—David Hilbert : Principles of a general theory
of linear integral equations.
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