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ECLIPSES.
The Indian Eclipse, 1898. Edited by E. W. Maunder, 

F.R.A.S. Pp. xii + 172. (London: Hazell, Watson, 
and Viney, 1899.)

The Story of Eclipses. By G. F. Chambers, F.R.A.S. 
Pp. viii 4- 259. (London : George Newnes, 1899.)

Notwithstanding the fact that the totally 
eclipsed sun can only be observed for something 

like three hours in a century, an extensive literature 
dealing with the phenomena has come into existence. 
Two distinct branches of the subject may be recognised 
—one referring chiefly to past eclipses, which have their 
principal use in chronology, and the other bearing upon 
the more recent eclipses, in which attempts to extend 
our knowledge of the sun itself have taken the place of 
superstitious fear. Of the two books named above, the 
first belongs to the latter category, while the other is 
apparently intended to give a simple survey of the whole 
subject.

The first book forms the report of the two expeditions 
organised by the British Astronomical Association to 
observe the total eclipse of January 22, 1898, and gives 
an account of the objects and results of the observations 
made. The organisation of the expedition, combining 
science with pleasure, appears to have been in capable 
hands, and the Association is to be congratulated on 
the fact that some of those who took part in the observ­
ations gave the first place to science. Mr. Maunder’s 
party at Talni was especially active, but Mr. Bacon’s 
party appears to have arrived at Buxar too late to under­
take anything very serious. The duplication of results, 
which inevitably followed from the fact that the 
eclipse was well visible to observers all along the line, to 
a certain extent reduces the value of the work at any par­
ticular station, each party probably being able to claim 
but little in the way of novel results which would not 
otherwise have been brought to light. Thus it is that the 
more specially valuable results of these expeditions are 
those obtained by Mr. Evershed and Mrs. Maunder— 
the former with the ultra-violet region of his photographs 
of the so-called “flash” and coronal spectra, and the 
latter indicating the best means of photographing the 
long extensions of the corona. Miscellaneous observ­
ations of the usual character are included in the report, 
as well as a chapter of hints for future work. No effort 
has been spared to make the report attractive ; the 
general story of the expeditions forms very interesting 
reading, and the explanatory matter is very clear and 
concise, while the numerous illustrations from photo­
graphs—not all of scientific value, however—are 
beautifully reproduced. The chief scientific interest 
undoubtedly belongs to Mr. Evershed’s fine photographs, 
taken with a very modest prismatic camera, and the full 
discussion of these will doubtless yield valuable results.

Mr. Chambers’s book has been written primarily for the 
benefit of the English-speaking people who may expect to 
witness the phenomena of the total eclipse of May 28, 
1900, in Spain or the United States. A very small part, 
however, is given to the information which seems to us 
what the average probable observer will desire to know 

the greater part of the book being a sort of descriptive 
catalogue of eclipses, ancient and modern, including 
lunar eclipses. A complete want of proportion is, in 
fact, shown throughout; for instance, more than a dozen 
pages are taken up by an attempt to prove that the back­
ward motion of the shadow on the dial of Ahaz was 
caused by a partial eclipse, while only two pages are 
given to the three important eclipses of 1893, 1896, and' 
1898. The author appears to have entirely failed to 
grasp the enormous advances which have lately been 
made, and leaves his readers in complete ignorance of 
the more important observations which now occupy 
the attention of astronomers during eclipses ; thus, 
less than a single page is occupied by references to 
the spectroscope, and most of the statements made are 
now known to be erroneous. Finally, in his desire to- 
satisfy the thirst for knowledge which it is one of the 
main objects of this series of books to create, the author 
refers almost entirely to works which comparatively few 
will be able to read, and quite omits to mention even the 
late Mr. Ranyard’s classical compilation. The only 
redeeming features of the book, bearing in mind its more 
particular aim, are the thirty-three pages of matter 
describing the general phenomena of a total eclipse, and 
the appendix indicating how one may get to Spain or 
Portugal for the next eclipse.

A FRENCH WRITER ON CLASSIFICATION. 
Apen;us de Taxinomie GInIrale. Par J.-P. Durand 

(de Gros). Pp. 265. (Paris: F^lix Alcan, 1899.)
VERY scientific worker who takes in hand the task, 

of classifying the objects of his study comes thereby
into relation with the domain of logic and metaphysics. 
Whether this be done consciously or unconsciously, the 
classifier cannot avoid raising and dealing with questions 
which are the concern of philosophy as well as of physical 
science. The author of the book before us, starting from 
the position that all taxinomy (which form he prefers, on 
etymological grounds, to the more usual “ taxonomy ”) 
must conform to logical requirements, proceeds to give a 
careful and elaborate analysis of the principles of logical 
division so far as they are involved in the classifications 
of science. To this he adds a free criticism, mainly from 
the logical point of view, of the labours of scientific 
taxinomists ; and in the last place he furnishes some 
suggestions for the guidance of future workers in the 
same field. His preliminary analysis, if not very pro­
found in its reasoning, is marked by the lucidity and 
good sense so constantly to be met with in writers of his 
nation. It does not add very much, except in clearness 
and fulness of treatment, to what is to be found in most 
standard works on logic, nor does it always avoid insist­
ing at considerable length on the trite and obvious. 
This, however, evidently arises from the anxiety of the 
author to make himself thoroughly understood, and to 
allow no omission or ambiguity in the steps of his argu­
ment. He has certainly succeeded in expressing him­
self so clearly that whatever may be thought of his 
doctrine, no mistake can arise as to his meaning.

With regard to the critical portion of the work, it must 
be granted that most of the author’s strictures are, from 
his own point of view, well founded. Nevertheless, it may 
be questioned whether the logical blots he contrives to hit 



in the work of Mill, Littre, Bichat and others, have really 
the grave importance or have produced the disastrous 
results which he attributes to them. Mill’s use of certain 
terms, such as “abstract” and “ concrete general,” is no 
•doubt open to serious objection ; but there is much like­
lihood that his conceptions on these points did not really 
■differ from those of his critic ; and the same mutatis 
mutandis may probably be said of the logical slips of 
Bichat and Haeckel. It would be unfair to accuse the 
author of pedantry, but at the same time it is not certain 
that he allows sufficiently for that faculty of the human 
mind which frequently leads it to conclusions practically 
sound by processes that are logically quite indefensible.

The constructive part of the book is hardly so strong 
as the critical. Here, however, M. Durand does excel­
lent service in emphasising the point, even now im­
perfectly grasped by many systematists, that no 
■classification of organisms can be really natural unless 
it proceeds on a phylogenetic basis. Where the phylo­
geny is unknown, a natural classification is so far 
impossible. In such cases an artificial classification, 
based on characters more or less arbitrarily selected, 
may be provisionally adopted as a substitute ; and, so 
long as it is not treated as final, may answer all ordinary 
purposes without detriment to the advance of knowledge. 
From failure to recognise the practical value of such 
temporary expedients, M. Durand, as it seems to us, is 
led to adopt an unduly pessimistic tone with regard to 
he future of biological taxinomy. For a long time to 

come zoologists and botanists will doubtless have to 
proceed by the method of successive approximation ; 
and even if the ideal result should be finally unattainable, 
enough will probably be gained to satisfy all demands 
but those of the logical purist.

M. Durand’s able and acute commentary may be 
studied with profit by all who engage in taxinomic work 
themselves, or who wish to appreciate that of others 
The most serious charge we have to bring against him 
is that of making scientific molehills into logical and 
metaphysical mountains. F. A. D.

OUR BOOK SHELF.
Die Welt als That. Umrisse einer Weltansicht auf 

naturwissenschaftlichen Grundlage. By J. Reinke. 
Pp. iv + 483. (Berlin : Gebriider Paetel, 1899.)

In this work Prof. Reinke sets forth his philosophic and 
scientific creed, his conceptions of nature and the uni­
verse, of plant, beast, man, and God. The book is 
divided into five parts. The first is entitled “ Subject 
and Object of the Study of Nature,” and discusses things 
and ideas, time and space, causality, chance, intelligence, 
and other metaphysical questions. The second part, 
under the heading of “The World-Stage,” deals with the 
material universe and with the conceptions of matter, 
force and direction. The third part discusses “The 
Nature of Life,” and in thirteen chapters treats of the 

■cell, irritability, reproduction and heredity, adaptations, 
'the origin of life, and kindred problems. In the fourth 
part, “Darwinism,” the author, after giving an outline of the 
■theory of natural selection and of the views of Niigeli and 
Weismann, states his own conclusions with regard to 
this subject. The fifth part, entitled “Natural Science 
and the Conception of God,” discusses monism and 
dualism, theism, pantheism and atheism, and the first 
chapter of Genesis.

It is clear, from this brief summary of the contents 
of the book, that the field covered by it is a wide 
one. It must suffice here, therefore, to draw attention 
to the mam results or conclusions reached by the 
author, which are in reality summed up in the last 
sentence of the book—“Im Anfang war die That”— 
“ In the Beginning was the Deed.” The solution to each 
and all of the great mysteries of science is to be found in 
the direct creative act of an intelligent being. One such 
act and deed created the material universe. A second 
gave rise to the first living organic substance, to proto­
plasm, where previously only the inorganic had existed. 
And a third act seems to be necessary to explain the 
origin of intelligence ; “ that matter thinks is certainly 
something other than that matter assimilates and 
breathes.” These alleged creative acts are compared to 
the Days of Creation of the Mosaic Cosmogony, which 
the author considers “ one of the greatest intellectual 
feats of history,” combining both truth and poetry. As 
a proof of the greatness of Moses, the reader is referred 
to his statue at Rome by Michael Angelo, “since only 
one of the greatest of the mortal race of men could in­
spire the great artist of the Renaissance to such a work.”

Prof. Reinke does not, it will be seen, arrive at very 
strikingly original conclusions, but it is something of a 
novelty to see a scientific man at the present day putting 
forward such propositions as the last message of science. 
He is frankly a dualist and considers monism “ an ex­
ploded attempt to comprehend the world,” the outcome 
of the natural effort of thinking man “ to refer all 
explanations of things to the simplest possible principles." 
It is not, however, necessary to seek for unity ; “ the limit 
to be attained may just as well be duality, trinity, or a 
higher multiplicity.” Dualism is “the ripe fruit of the 
studies set forth in this book.” “ In nature intelligent 
forces are to be distinguished as dominant from energetic 
forces as subservient ; in organisms both are inseparably 
combined.” Those who may wish for further information 
as to the processes of reasoning by which the author 
arrives at these conclusions must be referred to the 
work itself. E. A. M.
La Liquefaction aes Gas ; Methodes nouvelles—Applic­

ations. Par J. Cauro, Docteur 6s Sciences. Pp. 83 
(Paris : Gauthier-Villars, 1899.)

Dr. Cauro’s book is good enough to make one wish it 
were better. Its chief faults are negative, and may be 
summed up in the words excessive concentration. When 
it is stated that within the limits of eighty pages the 
author gives an analysis of the theory of refrigeration 
and the changes of physical state involved, a description 
of the methods and apparatus of scientific investigators 
and of the machines employed in industrial work, a 
historical resume of the progress of this branch of know­
ledge, and a review of the actual and possible applic­
ations of cold, it will be easily imagined that most of the 
work must be too sketchy to be of real use to any one. 
If refrigeration were recognised as a special subject in 
the examinations for some degree, Dr. Cauro’s work is 
sufficiently accurate and up to date to make it a very 
good book for getting up the subject, though even from 
this point of view excessive brevity has led to some 
errors, as when the apparatus figured on p. 24 is described 
as a modification of that on p. 23, whereas it depends on 
a radically different process for attaining the same end. 
For popular reading, both the descriptive and the his­
torical parts are too brief to be interesting, and are not 
even intelligible without more knowledge than such read­
ing implies. Practical men of science, and practical 
makers of industrial machines, would have found the 
book very useful in reminding and suggesting, if every 
statement and description had been accompanied by full 
references to the original papers and other sources of 
information, so that those who are interested in any 



special branch of the subject would have had a guide 
to full and intelligible records of detail. Such references 
are nowhere given. The book is worth the extra clerical 
work that their insertion would have involved ; but as 
it stands it is of little use to any one. Who, for in­
stance, is helped by this brief paragraph on p. 64 ?— 
‘‘Concentration of sea-water.—The process is employed 
in some northern salt-works, and is more economical 
than concentration by heat.”

LETTERS TO THE EDITOR.
[The Editor does not hold himself responsible for opinions ex­

pressed 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.}

Movement of Sea-Gulls with a Coming Change of 
Weather.

In your issue of September 7, p. 439, I read with some 
interest the note by Prince Kropotkin on the movements of sea­
gulls upon our coasts having some connection with a coming 
change of weather ; and that at Margate on Saturday, August 
26, it was noticed such a movement was going on, the gulls 
passing from west of that place to the south coast, to meet, as 
the fishermen say, a south-west wind. It may be of interest, 
and as in a measure confirmatory of such a movement going on 
just before a marked change of weather conditions, that on 
Sunday evening at 5.30 o’clock six large sea-gulls passed over 
this place, 400 feet above the sea (situated 2J miles due east of 
Cranleigh), flying in a direction south-west by south. We very 
seldom see gulls so far inland, but I have seen them before fly­
ing in much the same course. The direction in which these 
were heading would have taken them to the coast near Ports­
mouth, distant about thirty-five miles ; and at the elevation at 
which they were flying, the English Channel was no doubt 
visible to them, for the South Downs were at the time 
particularly clear. II. H. Godwin-Austen.

Nore, Hascombe, Godaiming, September 12.

Thermometric Scales for Meteorological Use.
As Mr. Buchanan has called attention to the advantages of 

the Fahrenheit thermometric scale as compared with the Centi­
grade, I will state that at the Blue Hill Meteorological Ob­
servatory, while the metric system has been adopted for 
research work the Fahrenheit thermometer has been retained. 
The chief reason is the same as that given by Mr. Buchanan, 
namely, the occurrence of the zero in such a place as to make 
nearly half the readings below zero. The reading of the scale 
first upward and then downward is awkward, and the averaging 
of the results troublesome, besides making in each case a 
source of error. If the Centigrade thermometer is ever adopted 
by the English-speaking nations. I would suggest that, at least 
for meteorological uses, the freezing point of water be marked 
273° on the scale, and the boiling point 373°. This would give 
meteorologists at once the temperatures which are concerned in 
the change of volume of gases, and embodied in a large 
number of the formulas used in meteorological work. At the 
same time it would for ever get rid of the troublesome inverted 
scale. In printing the results, 200 could be put at the top of 
the printed column, and the excess over 200 be printed at its 
proper place in the column. In this way most of the observed 
temperatures could be expressed in whole degrees by two figures 
as at present.

The metric system will soon be adopted, I trust, by all the 
English-speaking peoples. Besides the advantages of the rela­
tions of all the different portions of the system to each other, 
and the ease of converting smaller measures into fractions of 
larger measures of the same kind, everyone must recognise the 
advantage of having one uniform system of measurement 
throughout the world. Almost every civilised nation except 
those speaking English have now adopted the metric system, 
and I cannot believe the English will long hold aloof.

H. Helm Clayton.
Blue Hill Meteorological Observatory, September 5.

THE NEW LUNAR PHOTOGRAPHIC ATLAS 
K/T M. LCEWY and Puiseux have recently communi- 
■4’4- cated to the Paris Academy of Sciences 1 con­
tinuations of their valuable descriptions of the unequalled 
lunar photographs they are now obtaining by means of 
the large Equatorial Coud6 As in the case of the three 
Parts of the Atlas already published, they accompany 
their descriptions with a discussion of the bearings of 
the new results obtained on the general questions of 
selenology. We have on previous occasions given an 
account of Parts i.,2 ii.,3 and iii.,4 and we now give a full 
translation of the recent communications.

The first, which deals with the description of the 
photographs contained in the fourth Part, runs as 
follows :—

The fourth Part comprises, like the preceding ones, a 
positive on the scale of the original negative, and six 
enlargements on different scales. All these photographs, 
except one, deal with the waning moon, and for the first 
time we see the eastern edge illuminated to a certain 
extent. We propose to briefly indicate the most striking 
characteristics of the regions represented.

Plate d is a general photograph, in which nearly two- 
thirds of the visible hemisphere is illuminated, and distin­
guishes itself at first sight from similar positives already 
published. Here the work of reproduction has been 
directed in such a manner as to give, as far as possible, 
the details contained in the most brilliant parts of the 
lunar disc. But we also establish an intrinsic difference 
between the eastern and western halves of the moon, so 
far as the distribution of mountains and plains is con­
cerned. Up to now we have seen the seas presenting 
themselves like a chain of circular basins, occupying only 
a zone of ordinary size on both sides of a great circle ; 
they now take a sudden and considerable development 
in the direction of latitude. It appears that a large 
depression encountered the first, like the Atlantic Ocean 
across the Mediterranean deeps of our globe. These de­
pressed parts, generally of sombre colour, are not of a 
uniform shade, and the darkest spots accumulate near 
the mountainous border. There is cause to consider 
these regions as more depressed than the neighbouring 
parts of the seas, and their distribution, as they are indi­
cated in Plates b and d, is in accordance with what we 
know of the ways of the submarine depths on the 
terrestrial globe.

We have already noted, with regard to the third Part, 
the white borders which encircle Kepler and Copernicus, 
and which prolong themselves in different directions in 
long rectilinear streams. We find them here again 
illuminated more normally, and detaching themselves in 
consequence in a clearer manner. The systems of 
Euclid, Aristarchus, Olbers, Byrgius and Tycho, equally 
visible on Plate d, appear to us to be, like the first, 
depositories of volcanic cinders, carried to great heights 
by violent eruptions and disseminated by variable atmo­
spheric currents. They imply with no less clearness 
different periods of activity, separated by intervals of 
repose. All the walled plains which serve as origin to a 
collection of such trails show under an oblique il­
lumination a fairly equal uniform wall of some alti­
tude. So soon as the sun has risen a little on their 
horizon, they shine with an intense whiteness, sometimes 
accentuated by the presence of a dark areola at the 
source of the trails. The great dimensions of Copernicus 
reveal other interesting facts ; thus we see that the white 
tint is far from being equally distributed on the whole 
length of the walled plain, that the diameter of this 
surpasses by a great deal the length of the trails, and

1 CompUt rcnduty June 26 and July 3.
2 Nai urk, vol. Hi. p. 439, 1895. 3 !bid.t vol. Ivi. p. 280, 1897.
4 lbid.} vol. lix. p. 304, 1899. 



that the latter are more often directed tangentially to the 
rampart than in a line with the centre. All these 
circumstances tend to make one consider the little 
orifices situated either on the central mass, on the ridge 
which limits the walled plain, or in the immediate 
neighbourhood, as the real seat of eruptive activity, 
which one might have been tempted to attribute to the 
orifice itself.

Plate XVIII., which comprises the southern pole, 
gives us a contour deformed by important excrescences. 
The Tycho region shows itself, at the setting as well as 
at the rising of the sun, rich in prominent ridges, which 
serve as limits to the walled plains they meet, and im­
pose on them polygonal or elongated forms. A more 
attentive examination shows the existence of two super­
posed systems of parallel ridges, which cut the surface 
up into quadrilaterals. The influence of these align­
ments has made itself felt, not only in the primitive 
formation of the walled plains, but in the successive 
annexations which have often constituted a new wall, at 
some distance behind the first, as can be seen in Clavius. 
No trace of these angular fashions are to be found in 
the little parasite orifices, of recent date, which uni­
formly tend towards the perfect circle. Blancanus, without 
approaching the extent of Clavius, is classed with it by 
its clearness, its great depth, by the indented shadow 
which reproduces inequalities of the crest, and would 
lend itself admirably to measurements of altitude. In 
spite of the great differences of level noted, this region 
is very uniform in tint. This characteristic is due to the 
white colour which the Tycho trails throw over the 
whole.

Taken from the same cliche as the preceding one, 
Plate XIX. offers quite another aspect. We see plains 
prevailing here, sprinkled with islands and brilliant 
craters, furrowed with prominent veins or crevasses, and 
covered in certain parts by large trails which emanate 
from Copernicus and Tycho. We have already become 
familiar with this region in Plate VIII. of the Atlas. The 
comparison of the photographs dealing with very different 
phases is instructive. We note again the relative per­
manency of the bright areolae, and the periodic variabiliy 
of the dark spots. The phenomenqn of the encroach­
ment on and of the submersion and final destruction of the 
walled plains can be observed here in all its degrees, 
and we meet with many cases where the depression has 
engulfed a half of the enclosure and the interior plain 
without affecting the rest of the rampart, or even the 
central crater.

Plate XX. takes us back again to the western hemi­
sphere, to a part where the relief shows itself with ex­
treme energy. Numerous local sinkings have here 
reduced the capacity of the crust, without its having to 
submit (to follow the contraction of the liquid centre) to 
a general sinking, accompanied by submersion. Various 
indications prove, however, that a movement of this sort 
has been begun. Thus, the great fracture of the Altai 
mountains, visible near the western edge of the photo­
graph, skirts at a distance the sea of Nectar, and seems 
to prepare for its extension.

Another depressed space, also very vast, occupies the 
central part of the photograph, but has not succeeded in 
defining its contour, nor in determining the appearance 
of a sea. Most of the walled plains involved in this 
movement have amongst them a very marked family 
likeness, with a flat bottom and regular rampart. Those 
which have remained outside have kept their primitive 
physiognomy better, and retained in a great number of 
cases their central craters. Apart from these lines of 
circular depression, we see certain rectilinear tracts of 
primitive rocks extending over great stretches. As ele­
vations they have formed an obstacle to the expansion 
of the walled plains. As depressions they have, on 
the contrary, made it easier, and many of them have 

transformed themselves into regular chaplets of small 
craters.

Plate XXI. conducts one still further west, up to the 
illuminated edge of the moon. The characteristics 
already verified in the Mare Humorum reappear in the 
MareCrisium in a perhaps more accentuated degree ; there 
are rarity of irregularities on the interior plains, elevation 
and regularity of the wall, persistence of a concentric 
terrace remaining adherent to the edge, accumulation of 
dark spots near the periphery. Quite near, the Mare 
Fecunditatis shows, besides its network of prominent 
ridges, large undulations of a rather convex character, 
like those of terrestrial seas. The intermediate plateaus, 
poor in walled plains, seem to be the fairly well pre­
served testimony of an ancient period. In the neigh­
bourhood of Taruntius it presents a smooth region, 
probably levelled by an abundant volcanic deposit. Every­
where else it is furrowed with deep valleys, which tend to 
orient themselves along the meridian, and this direction 
seems to impose itself more and more on approaching 
the illuminated edge. A double system of alignments, 
cutting each other almost at right angles, prevails in the 
Pyrenees, which form the terminator at the upper part of 
the photograph, and Pdtavius reveals itself, as well as 
many other walled plains of the first order, inscribed in 
a quadrilateral. Nearer the equator, Langrenus, with its 
double central mountain, its concentric terraces, its 
divergent trails, affords a quantity of eruptive charac­
teristics which Copernicus and Tycho perhaps alone 
reunite in the same degree.

Collected on the next photograph (Pl. XXII.) we find, 
in a very limited space, five remarkable specimens of the 
great crevasses of the crust, that of Sabine, Sosigenes, 
Pliny, Ariadmus and Hyginus. The first three follow 
more or less the borders of a sea, and may be considered 
as separating a depressed region from the strip which 
has remained adherent to the mountainous plateau. The 
fissure of Ariadieus, prolonged a great stretch without 
regard to the relief of the surface, cutting many trans­
versal chains, appears to date from an epoch when the 
crust was still disjoined and mobile in the tangential 
direction.

Hyginus presents, besides, quite a series of circular 
enlargements, which transform, as it were, a crevasse into 
a chaplet of craters.

The plain which surrounds Arago contains two 
characteristic examples of formations extremely rare at 
the present time. They are vast intumescences, 15 km. 
to 20 km. in size, in which the sinking of the central part 
would give rise to the ordinary physiognomy of the 
walled plains.

The last sheet may be recommended as illustrating 
well the structure of the mountainous masses of the moon, 
saved by some means, and left in relief after the form­
ation of the seas.

Draughtsmen have had to content themselves here, 
in presence of the multitude of details, and of their 
variability of aspect, with a conventional figuration, 
where few objects, except those which form projections, 
could be named or identified. Our photograph renders 
a much more precise topographic description possible. 
The most peaked part of the Apennines and the Alps 
show a number of summits which can be recognised 
on the sheets of the preceding Parts, in spite of the 
change of incidence of the light. We see a character­
istic appearing, noted by geographers as special to 
chains of the most recently elevated mountains, where 
the erosion has not had time to destroy the primitive 
constitution ; it is a marked dissymmetry in the relief, 
throwing the highest summits to one side, and dividing 
the mass into two parts of very unequal average 
slopes.

So much for the descriptive matter. We now come to 



the second communication to the Academy, which deals 
with the conclusions which the authors base on the 
photographs.

(1) There exists, from the point of view of relief, 
a general similarity between the seas of the moon and 
the plateaus which are covered to-day by terrestrial 
oceans.

In these, convex surfaces are more frequent than con­
cave basins, thrown back generally towards the limit of 
the depressed space. In the same way, the seas of the 
moon present, generally at the edges, rather pronounced 
depressions. In one case, as in the other, we observe 
normal deformations of a shrinking globe shielded from 
the erosive action of rain, which tends, on the contrary, 
in all the abundantly watered parts of the earth to make 
the concave surfaces predominate. The explanation of 
this structure, such as is admitted to-day by geologists, 
seems to us equally valid for the moon.

(2) In order to find an equivalent resemblance in the 
raised parts of the surface, one ought to be able to estab­
lish on the moon features effaced by the volcanic erup­
tions, on the earth those which have disappeared by 
erosion. We can supply this in a certain measure by 
comparing on the one side the lunar ranges relatively poor 
in walled-plains, on the other by terrestrial ranges of recent 
elevation, where the initial structure can be reconstituted 
without too much effort. We then observe, on the chains 
which surround the lunar seas, as on those which enclose 
the Mediterranean basin, the contrast of a rapid interior 
slope and of a slightly inclined exterior one. This con­
trast is often so clear on the moon, that the cause may 
be put down to a rupture of the strata, without waiting 
for any stratigraphical confirmation, -which up to the 
present time has not been realised.

(3) The greater development in the seas of the eastern 
half of the lunar disc shows that the phenomena of de­
pression must have manifested themselves at an earlier 
period than in the western part. If it were so, one must 
hold that the crust had there imprisoned gases in 
relatively greater quantities, and opposed a smaller re­
sistance to their expansion. It is, in fact, on the east 
side that the isolated orifices show themselves in greater 
numbers on the surface of the seas, and that the volcanic 
forces have created radial systems stretching in all 
directions.

The development of these phenomena has necessarily 
required a considerable time, and there is reason to 
admit that these plains, solidified before those of the 
western part of the moon, have long ago reached a 
configuration little different from that which they possess 
to-day.

(4) The formation of the seas begins by the sinking of 
a vast region, which is soon isolated by a circular fracture. 
This fracture does not generally mark the future limit of 
the sea. We can mention cases where the depressed 
space entirely escapes submersion ; others where the 
central part only is invaded ; others, finally, where the 
primitive enclosure is covered, and where the sea in­
creases by annexing marginal belts. It is by a series of 
analogous stages that the largest walled-plains seem to 
have arrived at their actual dimensions.

(5) The epoch of the solidification of a sea does not 
coincide with that of the positive fixing of the level in the 
central part. This may lower itself still more, and de­
termine by its retreat the formation of a new crevasse, 
parallel like the first, to the borders of the sea.

(6) The new photographs, as well as the first, furnish 
us with several specimens of great walled-plains where 
the solidification, due to the progressive cooling, has been 
effected at three or even four different levels, separated 
by intervals of several kilometres. The modern de­
pressions, compared with the ancient ones, are nearly 
always less extensive, and have a more rapid interior 

slope and a more regular circular form. The more 
modern ones, such as those which open on the bottom of 
Longomontanus already very depressed, present no 
trace of the surrounding bulge; that is to say, that 
their appearance does not seem to have been preceded 
by an upheaval.

(7) Nevertheless, this intumescence phenomenon of 
the lunar crust, considered by us to be the habitual pre­
liminary of the formation of walled-plains, has in certain 
exceptional but well verified cases given rise to convex 
figures, of which the central part has not sunk.

(8) We have previously indicated how it was possible, 
in a fairly large number of cases, to assign the relative 
age of the walled plains according to the state of pre­
servation of their ramparts, and the more or less com­
plete submersion of their interior cavity. In the parts 
invaded by the trails, we can judge, by another character­
istic, the epoch of the interior solidification of the 
walled-plain. It is convenient to place in the first line 
and in order of age the plains which have received 
and retained a uniform white covering; then those 
which only present some feeble and late trails, in the 
form of bands ; lastly, those which have remained com­
pletely clear, and encroach to-day by their sombre tint 
on the neighbouring region.

This chronological criterion, clearer than that which 
depends on the state of preservation of the ridges, informs 
us also of the relative time of solidification in the different 
parts of the seas. Unfortunately, it fails us in the fairly 
numerous regions to which the trails have not extended.

(9) In general, the great systems of trails cover indis­
tinctly all the undulations of the soil in their path. This 
circumstance has already permitted us to conclude that 
the formidable volcanic eruptions, of which the moon has 
been the theatre, belong to a recent time in the history 
of our satellite. They must have been preceded by the 
almost complete solidification of the seas, and of the 
bottom of the walled-plains. It seems to us the same 
fact must be taken into consideration in the problem, so 
often discussed, of the atmosphere of the moon. In fact, 
not only have these eruptions set at liberty great quan­
tities of gas or vapours, but the diffusion of cinders to 
great distances infers a gaseous envelope of a certain 
density.

It is true that the relative feebleness of gravity helps 
one to understand their initial ascent to a considerable 
altitude. However, the resistance of the atmosphere 
must have been sufficient to retard the fall of this dust 
during its transport over a distance of more than 1000 
kilometres.

Has the time which has elapsed since the great erup­
tions sufficed to bring about the total disappearance of 
this gaseous envelope ? One is inclined to doubt it, on 
examining the mechanism of the two principal causes 
which could have operated in this direction. The crust, 
already everywhere solidified, could only have absorbed 
the gases slowly and with difficulty. The loss in space 
of molecules with a velocity great enough to carry them 
into the sphere of attraction of another body became of 
necessity less and less in proportion as the temperature 
became lower. We find, therefore, in the examination of 
the lunar surface serious ground to believe that there 
exists, at the present time, a residue of atmosphere 
of which the detection, surrounded as it is with great 
difficulties, may yet be realised.

This induction adds itself to that which has been fur­
nished, as we have seen by the discussion of eclipses 
and occultations. The care which astronomers have 
for some years given to the study of these pheno­
mena, and the great number of occultations of small 
stars which may now be observed at each total eclipse, 
give reason to hope that this discussion may soon be 
resumed on a new basis, and lead to more precise con­
clusions.



THE DOVER MEETING OF THE BRITISH 
ASSOC I A TION.

Dover, September 19.
rT* HE meeting of the British Association at Dover, 

-*■ which concludes this week, has been on the whole 
a great success, especially when the size of the town 
and the fact that it is the most ambitious effort the town 
has ever made are considered. The number of members 
and associates present falls little short of 1400, and 
amongst these are included an unusually large number 
of the chief representatives of science. The proceedings 
at the various Sections have been interesting, though 
there has been no very startling announcement made 
at any of them, but very good work has been done. 
Though there is, perhaps, no longer as great a necessity 
as formerly for the missionary side of the Association’s 
work, yet its usefulness as a common meeting ground for 
representatives of science in every branch can never be 
overrated. The necessity for some such central gather­
ing point as the Association affords becomes the greater 
as science becomes more and more specialised.

The Presidential Addresses in the various Sections 
have reached a very high standard of excellence. Prof. 
Poynting’s address in Section A was a masterpiece of 
exposition ; that of Mr. Horace Brown in Section B was 
remarkable for the light it throws on many of the obscure 
problems so interesting alike to botanists and chemists, 
and contained much original work. The Mechanical 
Science Section had a most interesting address from its 
President, Sir W. H. White. The Geological Section 
arranged to have its address on Saturday, September 16, 
when the French Association paid its visit to Dover. A 
very large gathering of a cosmopolitan character 
assembled to hear Prof. Geikie discourse on geological 
time. The vote of thanks was moved by Lord Lister 
and seconded by the President of the French Geological 
Society.

The Presidential Addresses to which reference has just 
been made were delivered for the most part on Thursday 
and Friday, arrangements being made so that no two 
addresses were appointed for the same time. Thus all 
the Sectional meetings at the time of the Presidential 
Addresses were well filled.

On Thursday afternoon the first social function took 
place in the College grounds, where the Chairman of the 
College Council, headmaster and master entertained 
over one thousand guests. The band of the Royal 
Artillery and the Westminster Glee Singers enlivened 
the proceedings. The balloon ascent did not take place 
owing to a high N.E. wind prevailing, which would have 
taken the balloon into the North Sea. On Friday, how­
ever, the wind had fallen a little, and a non-scientific 
balloon ascent took place. The balloon descended later on 
at Gravelines, and a message of greeting from the Head­
master of Dover College was delivered to the Mayor on 
behalf of the President of the British Association. On 
Friday evening a most interesting though short address 
was delivered by Prof. Richet, of Paris, who proved him­
self to be an adept both in oratory and in the art of 
scientific exposition. The vote of thanks was moved by 
Lord Lister and seconded by Sir W. T. Thiselton-Dyer 
in most appropriate terms. A smoking concert followed 
which reflected great credit on its organisers.

The reception of the members of the French Associa­
tion took place on Saturday. About 280 members 
arrived at the Admiralty Pier about 9.30, and were re­
ceived by the President of the British Association and 
those members who were Correspondents and Associates 
of the Academy of Sciences. The military were also 
represented at the landing on the pier. Some disappoint­
ment seems to have been felt by the spectators that a 
larger number of members of the British Association 
were not present, but this feeling was not experienced by

the French visitors, who were delighted with the warmth 
and cordial nature of their greeting, especially when Sir 
Michael Foster kissed Dr. Brouardel on both cheeks. 
Sir Michael Foster in his speech at the luncheon wittily 
referred to this act as the embracing of the daughter by 
the mother. Seven tram cars then conveyed the members 
off to the Town Hall, where the Mayor of Dover, accom­
panied by the Corporation, officially received the visitors, 
and various speeches were delivered. The gathering 
then broke up, and various Sections were visited. At two 
o’clock some 800 guests sat down to an elaborate luncheon 
in a marquee near the reception-room. After the lunch 
speeches were delivered, and toasts of a most cordial 
nature were proposed. The Presidents of the two Asso­
ciations, the Mayors of Dover and Boulogne, the Under­
secretary for War (Mr. G. Wyndham), the member for 
Dover, being amongst the chief speakers. Everything 
passed off with great cordiality and enthusiasm. After 
the lunch the whole assembly was photographed in the 
College grounds. The French visitors then paid a visit 
to the Castle, where they were shown the chief objects of 
interest by the Rev. S. P. H. Statham, Senior Chaplain 
to the Forces, and author of a recently published history 
of Dover. The visitors were taken back to Boulogne by 
a special steamer (the Empress) at six o’clock. In the 
evening an interesting military tattoo took place on the 
sea-front, which was lavishly illuminated for the occasion. 
On Sunday there were services at most of the Dover 
churches, and a large number of members of the Asso­
ciation visited Canterbury, where an organ recital was 
given in the afternoon, in addition to the special services 
and sermons announced for the occasion. In Dover 
College Chapel, the Rev. A. H. Stevens gave a very in­
teresting and well-arranged organ recital in the afternoon 
also.

On Monday there was a garden-party at the Park, 
which attracted a large gathering of people and was a 
perfect success in every way. The feature of the even­
ing was the lecture by Prof. Fleming on the centenary 
of the electric current, which was illustrated by numerous 
exceedingly interesting experiments. Prof. Fleming for 
a couple of hours kept his large audience listening in 
rapt attention to the masterly exposition of his subject. 
To the general public, perhaps the most interesting part 
was the demonstration of the Marconi wireless telegraphy, 
by which messages were exchanged with Dr. Brouardel 
and with the Goodwin Lightship.

On Wednesday there is to be a visit to Canterbury 
to meet one hundred members of the French Associ­
ation. There will be a lunch, which will be attended by 
about one hundred of the leading members of the British 
Association, in addition to the French visitors. Pre­
viously to the visit to Canterbury, the concluding general 
meeting will be held, when a vote of thanks to the Mayor 
and Corporation for their reception of the Association 
will be moved by Lord Lister, and seconded by Sir 
Frederick Bramwell. The vote will be acknowledged by 
the Town Clerk on behalf of the Mayor, and by Mr. W. 
H. Pendlebury, who is local secretary jointly with Colonel 
Knocker. A second vote of thanks will be proposed to 
the Council and Headmaster of Dover College for their 
kindness in allowing the use of their rooms and the 
College grounds, which have added so much to the 
interest of the meeting. Votes of thanks will also be 
given to those who have offered hospitality to members 
of the Association, and especially to the naval and 
military authorities who have in various ways helped to 
make the meeting a success.

On Thursday, if the weather is propitious, a large 
number of members, including the chief representatives 
of the various branches of science, are expected to visit 
Boulogne. This will conclude the Dover meeting of the 
British Association, which will be looked back upon with 
great interest by most of those who have attended it.



The chief members of the French Association who 
visited Dover were Dr. Brouardel, the president ; Dr. 
Aigre, the Mayor of Boulogne ; Dr. Boushard, the ex­
president ; MM. Dislere, also ex-president ; Gariel, 
secretary; Loir (nephew of Pasteur), also secretary ; 
M. Bergoine, Professor of Medicine at Bordeaux ; M. 
Namy, Membre de 1’Institute ; M. Giard, professor at 
the Sorbonne ; Dr. Ferraud ; M. Collignon ; M. Farjon ; 
M. de Guerne, ex-president; Dr. de Walcourt ; Dr. 
Dufour, of Lausanne, and others. It will be seen that 
the French visitors were representative men.

W. H. Pendleburv.
Work of the General Committee.

The report of the council of the Association was read 
and adopted at the first meeting of the general com­
mittee. It announced that after due consideration the 
council had resolved to recommend the general com­
mittee to contribute the sum of 1000/. to the National 
Antarctic Expedition, and that the grant be given out of 
the accumulated funds of the Association, and not out of 
the sum allocated to annual grants. The report also stated 
that the following resolutions, referred to the council by 
the general committee for consideration and action if 
desirable, have been considered and acted upon

(1) That having regard to the letter of December 15, 
1897, from Sir E. Maunde Thompson, the council be 
requested to take further action with regard to a bureau 
of ethnology, by renewing the correspondence with the 
Trustees of the British Museum.

A committee was accordingly appointed for the pur­
pose of conferring with the officers of the British 
Museum. The President has also been in corre­
spondence with the Marquis of Salisbury regarding 
this matter, and the council have the pleasure to 
announce that satisfactory arrangements have been made 
for the establishment of such a bureau, and that Lord 
Salisbury has directed that reports prepared by officers 
in the various Protectorates under the administration of 
the Foreign Office be forwarded to the British Museum.

(2) That the council be requested to consider the 
desirability of representing to the Colonial Government 
that the early establishment of a magnetic observatory 
at the Cape of Good Hope would be of the highest 
utility to the science of terrestrial magnetism, especially 
in view of the Antarctic expeditions which are about to 
leave Europe, and that the observatory should be estab­
lished at such a distance from electric railways and 
tramways as to avoid all possibility of disturbance from 
them.

The question having been considered, the council re­
quested the President to make the necessary represent­
ation to the Colonial Government. The council have 
received a minute of the Government of Cape Colony, 
through the High Commissioner, stating that while 
Ministers have much sympathy with the suggestion to 
establish a magnetic observatory, and do not overlook 
the scientific and practical aspects of the project, they 
do not regard as practicable the immediate provision by 
the colony of funds for the carrying out of the scheme.

(3) That the council be requested to consider the ad­
visability of urging Her Majesty’s Government to place 
at the disposal of the Seismological Committee of the 
British Association a suitable building for the housing of 
apparatus for continuous seismological observations.

A committee which was appointed to report on this 
resolution stated that in their opinion it is desirable 
that a central station should be established, and recom­
mended the council to request the Government to place 
a suitable building at the disposal of the Seismological 
Committee which could be used as a station for carrying 
on observations and would serve as a centre for the 
stations (now twenty-three in number) in various parts of 
the world which, at the request of the committee, have 

been supplied with seismographic apparatus of the 
pattern they have recommended.

The council decided to reappoint the committee for 
the purpose of reporting further on the best situation for 
the proposed central seismological station and on the 
cost of its maintenance.

(4) That the council be requested to urge strongly on 
the Indian Government the desirability, in the interests 
both of administration and of science, to promote an 
inquiry, under the direction of skilled anthropologists, 

I into the physical and mental characteristics of the various 
, races throughout the Empire, including their institu- 
i tions, customs and traditions, and a carefully organised 

photographic survey.
A committee which was appointed to consider this 

question reported that in their opinion the resolution 
in its present form is of too comprehensive and costly a 
character to justify the council in submitting it to the 
Indian Government.

(5) That the council be recommended to issue the 
collected reports on the North-Western tribes of Canada 
in a single volume at a moderate price, reprinting so 
many of the reports as may be necessary.

The council resolved that the reports be not reprinted.
(6) That the council be requested to bring under the 

notice of the Admiralty the importance of securing 
systematic observations upon the erosion of the sea 
coast of the United Kingdom, and that the co operation 
of the coastguard might be profitably secured for this 
purpose.

A committee having been appointed to report on the 
above resolution, recommended that the council inquire 
whether the Admiralty would be willing to arrange that 
observations of a simple character on changes in the sea 
coast be recorded and reported by the coastguards. The 
committee pointed out that if the Admiralty consented 
to carry out this proposal it would be necessary to 
appoint a committee for the purpose of drawing up a 
scheme of instruction for the observers, making arrange­
ments for starting the work, and subsequently examining 
from time to time such localities as may seem to require 
special attention. This recommendation having been 
adopted by the council, the president was requested to 
approach the Admiralty upon the subject, and in re­
sponse a reply was received from the Admiralty stating 
that my Lords saw no objection to this proposal, as the 
required observations could be made by the men in the 
ordinary course of their duty.

At the second meeting of the general committee invita­
tions for the meeting of the Association in 190! were 
received, and the officers were appointed for next year’s 
meeting at Bradford, to commence on Wednesday, 
September 5. The meeting will be held at Glasgow 
in 1901. Representatives of the cities of Belfast and 
Cork invited the Association to meet at one of these 
places in 1902; but the president explained that no 
definite answer could yet be given to the invitations.

Upon the proposal of Lord Lister, seconded by Sir 
Archibald Geikie, Sir William Turner, F.R.S., was 
appointed President-elect for the meeting at Bradford 
in 1900.

Sir J. Evans proposed that the following persons be 
asked to serve as vice-presidents at the Bradford 
meeting:—The Earl of Scarborough (Lord Lieutenant 
of the West Riding), the Duke of Devonshire, the 
Marquis of Ripon, the Bishop of Ripon. Lord Masham, 
the Mayor of Bradford, the Hon. H. E. Butler, Sir A. 
Binnie, Prof. Rucker, and Prof. Thorpe.

Sir Norman Lockyer seconded the resolution, which 
was carried unanimously.

The general secretaries (Sir W. Roberts-Austen and 
Prof. Schafer), the assistant general secretary (Mr. 
Griffith), and the general treasurer (Prof. Carey Foster) 
were re-elected.



The following is a synopsis of the grants of money 
made for scientific purposes by the general committee, 
at the meeting just concluded :—

Mathematics.
£

•Rayleigh, Lord—Electrical Standards (Z3°° in hand) ... 25
•Judd, Prof. J. W.—Seismological Observations (£g JL nd.

in hand).............................................................. ... 60
•FitzGerald, Prof. G. F.—Radiation in a Magnetic Field 25 
•Rucker, Prof. A. W.—Magnetic Force on board Ship .. 10
•Callendar, Prof. II. L.—Meteorological Observatory, 

Montreal.................................................................... 20
‘Kelvin, Lord—Tables of Mathematical Functions ... 75

Chemistry.
•Hartley, Prof. W. N.—Relation between Absorption 

Spectra and Constitution of Organic Bodies......... 30
• Roscoe, Sir II. E.—Wave-length Tables ... ... 5
•Reynolds, Prof. J. E. — Electrolytic Quantitative 

Analysis .............................................................. 5
Miers, Prof. ILA.—Isomorphous Sulphonic Derivatives 

of Benzene ... ... ... ... ... ... 20
Neville, Mr. F. H.—The Nature of Alloys ............... 30

Geolog)'.
• Hull, Prof. E.—Erratic Blocks (Z6 in hand)
• Geikie, Prof. J.—Photographs of Geological Interest ... to
•Dawkins, Prof. W. B.—Remains of Elk in the Isle of

Man ......................................   ... 5
•Dawson, Sir J. W.—Pleistocene Fauna and Flora in 

Canada ....................   ... to
•Lloyd-Morgan, Prof. C.—Ossiferous Caves at Uphill 

(£& in hand) ...................   10
Watts, Prof. W. W. — Movements of Underground

Waters of Craven.............................................................. 40
Scharff, Dr.—Exploration of Irish Caves............... ... 20

Zoology.
•Herdman, Prof. W. A.—Table at the Zoological Station, 

Naples .................................................................... too
•Bourne, Mr. G. C.—Table at the Biological Laboratory, 

Plymouth.................................................................... 20
•Woodward, Dr. II.—Index Generum et Specierum 

Animalium... ................................ ... ... 50
•Newton, Prof.—Migration of Birds .............. ... 15
Lankester, Prof. E. Ray. — Plankton and Physical Condi­

tions of the English Channel ... ... ... ... 40
•Newton, Prof.—Zoology of the Sandwich Islands ... too 
Sedgwick, Mr. A.—Coral Reefs of the Indian Region... 30

Geography.
Murray, Sir John—Physical and Chemical Constants or 

Sea Water ........................................................ too

Economic Science ami Statistics.
Price, Mr. L. L.—Future Dealings in Raw Produce ... 5
Sedgwick, Prof. H.—State Monopolies in other Countries 

(/13 13s. 6d. in hand)............................................

Mechanical Science.
•Preece, Sir W. H.—Small Screw Gauge (/'17 lr. 2d. 

in hand) ... ... ... ...............

Anthropology.
•Evans, Mr. A. J.—Silchester Excavation ............... 10
•Penhallow, Prof. D. P.—Ethnological Survey of Canada 50
*Tylor, Prof. E. B.—New Edition of “Anthropological 

Notes and Queries” ... ............... ............... 40
•Garson, Dr. J. G.—Age of Stone Circles (balance in 

hand) ......... ..................................................
•Read. Mr. C. H.—Photographs of Anthropological 

Interest ... ... .. ... ... ... ... 10
•Brabrook, Mr. E. W.—Mental and Physical Condition of 

Children.................................................................... 5
Read, Mr. C. II.—Ethnography of the Malay Peninsula 25
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Physiology.
•Schafer, Prof. E. A.—Physiological Effects of Peptone... 20
Schafer, Prof. E. A.—Comparative Histology of Supra- • 

renal Capsules ... ... ... ... .. ... 20
‘Gotch, Prof. F.—Comparative Histology of Cerebral 

Cortex ......... ... ... ............... ... 5
Gotch, Prof. F.—Electrical Changes in Mammalian 

Nerves ...................................................................... 20
Starling, Dr.—Vascular Supply of Secreting Glands ... to

Botany.
•Darwin, Mr. F.—Assimilation in Plants (^6 6s. 8<Z in 

hand) .....................
•Farmer, Prof. J. B.—Fertilisation in Phajophyccw ... 20

Corresponding Societies.
•Meldola, Prot. R.—Preparation of Report... ... ... 20

Zu'S

SECTION C.
GEOLOGY.

Opening Address by Sir Archibald Geikie, D.C.L., 
D.Sc., F.R.S., President of the Section.

Among the many questions of great theoretical importance 
which have engaged the attention of geologists, none has in 
late years awakened more interest or aroused livelier controversy 
than that which deals with time as an element in geological 
history. The various schools which have successively arisen— 
Cataclysmal, Uniformitarian, and Evolutionist—have had each 
its own views as to the duration of their chronology, as well as 
to the operations of terrestrial energy. But though holding 
different opinions, they did not make these differences matter of 
special controversy among themselves. About thirty years ago, 
however, they were startled by a bold irruption into their camp 
from the side of physics. They were then called on to re­
form their ways, which were declared to be flatly opposed to 
the teachings of natural philosophy. Since that period the 
discussion then started regarding the age of the earth and 
the value of geological time has continued with varying 
animation. Evidence of the most multifarious kind has been 
brought forward, and arguments of widely different degrees of 
validity have been pressed into service both by geologists and 
paleontologists on one side, and by physicists on the other. 
For the last year or two there has been a pause in the con­
troversy, though no general agreement has been arrived at in 
regard to the matters in dispute. The present interval of 
comparative quietude seems favourable for a dispassionate 
review of the debate. I propose, therefore, to take, as perhaps 
a not inappropriate subject on which to address geologists 
upon a somewhat international occasion like this present meeting 
of the British Association at Dover, the question of Geological 
Time. In offering a brief history of the discussion, I gladly 
avail myself of the opportunity of enforcing one of the lessons 
which the discussion has impressed upon my own mind, and to 
point a moral which, as it seems to me, we geologists may take 
home to ourselves from a consideration of the whole question. 
There is, I think, a practical outcome which may be made to 
issue from the controversy in a combination of sympathy and 
co-operation among geologists all over the world. A lasting 
service will be rendered to our science if by well-concerted 
effort we can place geological dynamicsand geological chronology 
on a broader and firmer basis of actual experiment and 
measurement than has yet been laid.

To understand aright the origin and progress of the dispute 
regarding the value of time in geological speculation, we must 
take note of the attitude maintained towards this subject by 
some of the early fathers of the science. Among these pioneers 
none has left his mark more deeply graven on the foundations 
of modern geology than James Hutton. To him, more than to 
any other writer of his day, do we owe the doctrine of the 
high antiquity of our globe. No one before him had ever seen 
so clearly the abundant and impressive proofs of this remote 
antiquity recorded in the rocks of the earth’s crust. In these 
rocks he traced the operation of the same slow and quiet 
processes which he observed to be at work at present in
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gradually transforming the face of the existing continents. 
When he stood face to face with the proofs of decay among the 
mountains, there seems to have arisen uppermost in his mind the 
thought of the immense succession of ages which these proofs 
revealed to him. His observant eye enabled him to see “the 
operations of the surface wasting the solid body of the globe, 
and to read the unmeasurable course of time that must have 
flowed during those amazing operations, which the vulgar do 
not see, and which the learned seem to see without wonder ” 
(“Theory of the Earth,” vol. i. p. 108). In contemplating the 
stupendous results achieved by such apparently feeble forces, 
Hutton felt that one great objection he had to contend with in 
the reception of his theory, even by the scientific men of his 
day, lay in the inability or unwillingness of the human mind to 
admit such large demands as he made on the past. “ What 
more can we require ? ” he asks in summing up his conclusions ; 
and he answers the question in these memorable words : “ What 
more can we require ? Nothing but time. It is not any part of 
the process that will be disputed; but after allowing all the 
parts, the whole will be denied ; and for what ?—only because 
we are not disposed to allow that quantity of time which the 
ablution of so much wasted mountain might require ” (op. cit. 
vol. ii. p. 329).

Far as Hutton could follow the succession of events registered 
in the rocky crust of the globe, he found himself baflled by the 
closing in around him of that dark abysm of time into which 
neither eye nor imagination seemed able to penetrate. He well 
knew that, behind and beyond the ages recorded in the oldest of 
the primitive rocks, there must have stretched a vast earlier 
time, of which no record met his view. He did not attempt 
to speculate beyond the limits of his evidence. “ I do not 
pretend,” he said, “ to describe the beginning of things ; I take 
things such as I find them at present, and from these I reason 
with regard to that which must have been (op. cit. vol. i. 
p. 173, note). In vain could he look, even among the oldest 
formations, for any sign of the infancy of the planet. He could 
only detect a repeated series of similar revolutions, the oldest 
of which was assuredly not the first in the terrestrial history, 
and he concluded, as “ the result of this physical inquiry, that 
we find no vestige of a beginning, no prospect of an end ” (oti. 
cit. vol. i. p. 200).

This conclusion from strictly geological evidence has been 
impugned from the side of physics, and, as further developed 
by Playfair, has been declared to be contradicted by the 
principles of natural philosophy. But if it be considered on the 
basis of the evidence on which it was originally propounded, it 
was absolutely true in Hutton’s time and remains true to-day. 
That able reasoner never claimed that the earth has existed from 
all eternity, or that it will go on existing for ever. He admitted 
that it must have had a beginning, but he had been unable to 
find any vestige of that beginning in the structure of the planet 
itself. And notwithstanding all the multiplied researches of 
the century that has passed since the immortal “ Theory of the 
Earth” was published, no relic of the first condition of our 
earth has been found. We have speculated much, indeed, on 
the subject, and our friends the physicists have speculated still 
more. Some of the speculations do not seem to me more 
philosophical than many of those of the older cosmogonists. As 
far as trustworthy evidence can be drawn from the rocks of the 
globe itself, we do not seem to be nearer the discovery of the 
beginning than Hutton was. The most ancient rocks that can 
be reached are demonstrably not the first-formed of all. They 
were preceded by others which we know must have existed, 
though no vestige of them may remain.

It may be further asserted that, while it was Hutton who first 
impressed on modern geology the conviction that for the 
adequate comprehension of the past history of the earth vast 
periods of time must be admitted to have elapsed, our debt of 
obligation to him is increased by the genius with which he 
linked the passage of these vast periods with the present 
economy of nature. He first realised the influence of time as a 
factor in geological dynamics, and first taught the efficacy of the 
quiet and unobtrusive forces of nature. His predecessors and 
contemporaries were never tired of invoking the more vigorous 
manifestations of terrestrial energy. They saw in the com­
position of the land and in the structure of mountains and 
valleys memorials of numberless convulsions and cataclysms. 
In Hutton’s philosophy, however, “ it is the little causes, long 
continued, which are considered as bringing about the greatest 
changes of the earth " (“ Theory of the Earth,” vol. ii. p. 205).

And yet, unlike many of those who derived their inspiration 
from his teaching, but pushed his tenets to extremes which he 
doubtless never anticipated, he did not look upon time as a kind 
of scientific fetich, the invocation of Which would endow with 
efficacy even the most trifling phenomena. As if he had fore­
seen the use that might be made of his doctrine, he uttered this 
remarkable warning : “ With regard to the effect of time, though 
the continuance of time may do much in those operations which 
are extremely slow, where no change, to our observation, had 
appeared to take place, yet, where it is not in the nature of 
things to produce the change in question, the unlimited course 
of time would be no more effectual than the moment by which 
we measure events in our observations” (op. cit. vol. i. p. 44).

We thus see that in the philosophy of Hutton, out of which 
so much of modern geology has been developed, the vastness of 
the antiquity of the globe was deduced from the structure of the 
terrestrial crust and the slow rate of action of the forces by which 
the surface of the crust is observed to be modified. But no 
attempt was made by him to measure that antiquity by any of 
the chronological standards of human contrivance. He was 
content to realise for himself and to impress upon others that 
the history of the earth could not be understood, save by the 
admission that it occupied prolonged though indeterminate ages 
in its accomplishment. And assuredly no part of his teaching 
has been more amply sustained by the subsequent progress of 
research.

Playfair, from whose admirable “ Illustrations of the Hut- 
tonian Theory " most geologists have derived all that they know 
directly of that theory, went a little further than his friend and 
master in dealing with the age of the earth. Not restricting 
himself, as Hutton did, to the testimony of the rocks, which 
showed neither vestige of a beginning nor prospect of an end, 
he calledrin the evidence of the cosmos outside the limits of our 
planet, and declared that in the firmament also no mark could 
be discovered of the commencement or termination of the present 
order, no symptom of infancy or old age, nor any sign by which 
the future or past duration of the universe might be estimated 
(“ Illustrations of the Huttonian Theory, § 118). He thus ad­
vanced beyond the strictly geological basis of reasoning, and 
committed himself to statements which, like some made also 
by Hutton, seem to have been suggested by certain deductions 
of the French mathematicians of his day regarding the stability 
of the planetary motions. His statements have been disproved 
by modern physics ; distinct evidence, both from the earth and 
the cosmos, has been brought forward of progress from a begin­
ning which can be conceived, through successive stages to an 
end which can be foreseen. But the disproof leaves Hutton’s 
doctrine about the vastness of geological time exactly where it 
was. Surely it was no abuse of language to speak of periods as 
being vast, which can only be expressed in millions of years.

It is easy to understand how the Uniformitarian school, which 
sprang from the teaching of Hutton and Playfair, came to believe 
that the whole of eternity was at the disposal of geologists. In 
popular estimation, as the ancient science of astronomy was 
that of infinite distance, so the modern study of geology was 
the science of infinite time. It must be frankly conceded that 
geologists, believing themselves unfettered by any limits to their 
chronology, made ample use of their imagined liberty. Many 
of them, following the lead of Lyell, to whose writings in other 
respects modern geology owes so deep a debt of gratitude, 
became utterly reckless in their demands for time, demands 
which even the requirements of their own science, if they had 
adequately realised them, did not warrant. The older geolo­
gists had not attempted to express their vast periods in terms of 
years. The indefiniteness of their language fitly denoted the 
absence of any ascertainable limits to the successive ages with 
which they had to deal. And until some evidence should be 
discovered whereby these limits might be fixed and measured 
by human standards, no reproach could justly be brought against 
the geological terminology. It was far more philosophical to 
be content, in the meanwhile, with indeterminate expressions, 
than from data of the weakest or most speculative kind to 
attempt to measure geological periods by a chronology of years 
or centuries.

In the year 1862 a wholly new light was thrown on the 
question of the age of our globe and the duration of geological 
time by the remarkable paper on the Secular Cooling of the 
Earth communicated by Lord Kelvin (then Sir William Thomson) 
to the Royal Society of Edinburgh (7'rans. Eoy. Soc. Edin., 
vol. xxiii., 1862). In this memoir he first developed his now 



well-known argument from the observed rate 01 increase of 
temperature downwards from the surface of the land. He 
astonished geologists by announcing to them that some definite 
limits to the age of out planet might be ascertained, and by 
declaring his belief that this age must be more than 20 millions, 
but less than 400 millions, of years.

Nearly four years later he emphasised his dissent from what 
he considered to be the current geological opinions of the day 
by repeating the same argument in a more pointedly antagonistic 
form tn a paper of only a few sentences, entitled, “The Doctrine 
of Uniformity in Geology briefly refuted ” (Proc. Roy. Soc. Edin., 
vol. v. p. 512, December 18, 1865).

Again, after a further lapse of about two years, when, as 
President of the Geological Society of Glasgow, it became his 
duty to give an address, he returned to the same topic and 
arraigned more boldly and explicitly than ever the geology of 
the time. He then declared that “a great reform in geological 
speculation seems now to have become necessary,” and he 
went so far as to affirm that “it is quite certain that a great 
mistake has been made—that British popular geology at the 
present time is in direct opposition to the principles of natural 
philosophy” (Trans. Goal. Soc. Glasgow, vol. iii., February 1868, 
pp. I, 16). In pressing once more the original argument de­
rived from the downward increase of terrestrial temperature, he 
now reinforced it by two further arguments, the one based on the 
retardation of the earth's angular velocity by tidal friction, the 
other on the limitation of the age of the sun.

These three lines of attack remain still those along which the 
assault from physics is delivered against the strongholds of 
geology. Lord Kelvin has repeatedly returned to the charge 
since t868, his latest contribution to the controversy having been 
pronounced two years ago.1 While his physical arguments re­
main the same, the limits of time which he deduces from them 
have been successively diminished. The original maximum of 
400 millions of years has now been restricted by him to not much 
more than 20 millions, while Prof. Tait grudgingly allows 
something less than 10 millions (“ Recent Advances in Physical 
Science,” p. 174).

Soon after the appearance of Lord Kelvin’s indictment of 
modern geology in 1868, the defence of the science was taken up 
by Huxley, who happened at the time to be President of the 
Geological Society of London. In his own inimitably brilliant 
way, half seriously, half playfully, this doughty combatant, with 
evident relish, tossed the physical arguments to and fro in the 
eyes of his geological brethren, as a barrister may flourish his 
brief before a sympathetic jury. He was willing to admit that 
“ the rapidity of rotation of the earth may be diminishing, that 
the sun may be waxing dim, or that the earth itself may be cool­
ing.” But he went on to add his suspicion that " most of us 
are Gallios, * who care for none of these things,' being of opinion 
that, true or fictitious, they have made no practical difference to 
the earth, during the period of which a record is preserved in 
stratified deposits” (Presidential Address, Quart. Journ. Geol. 
Soc., 1869).

For the indifference which their advocate thus professed on 
their behalf most geologists believed that they had ample 
justification. The limits within which the physicist would cir­
cumscribe the earth’s history were so vague, yet so vast, that 
whether the time allowed were 400 millions or 100 millions of 
years did not seem to them greatly to matter. After all, it was 
not the time that chiefly interested them, but the grand 
succession of events which the time had witnessed. That 
succession had been established on observations so abundant 
and so precise that it could withstand attack from any quarter, 
and it had taken as firm and lasting a place among the solid 
achievements of science as could be claimed for any physical 
speculations whatsoever. Whether the time required for the 
transaction of this marvellous earth-history was some millions of 
years more or some millions of years less did not seem to the 
geologists to be a question on which their science stood in 
antagonism with the principles of natural philosophy, but one 
which the natural philosophers might be left to settle at their 
own good pleasure.

For myself, I may be permitted here to say that I have never 
shared this feeling of indifference and unconcern. As far back 
as the year 1868, only a month after Lord Kelvin’s first pre­
sentation of his threefold argument in favour of limiting the age 
of the earth, I gave in my adhesion to the propriety of restricting

1 " The Age of the Earth," being the Annual Address to the Victoria 
Institute, Junes, 1897. Phil. Mag., January 1899, P- b6. 

the geological demands for time. I then showed that even the 
phenomena of denudation, which, from the time of Hutton 
downwards, had been most constantly and confidently appealed 
to in support of the inconceivably vast antiquity of our globe, 
might be accounted for, at the present rate of action, within 
such a period as too millions of years.1 To my mind it has 
always seemed that whatever tends to give more precision to the 
chronology of the geologist, and helps him to a clearer con­
ception of the antiquity with which he has to deal, ought to be 
welcomed by him as a valuable assistance in his inquiries. And 
I feel sure that this view of the matter has now become general 
among those engaged in geological research. Frank recog­
nition is made of the influence which Lord Kelvin’s persistent 
attacks have had upon our science. Geologists have been led 
by his criticisms to revise their chronology. They gratefully 
acknowledge that to him they owe the introduction of important 
new lines of investigation, which link the solution of the 
problems of geology with those of physics. They realise how 
much he has done to dissipate the former vague conceptions as 
to the duration of geological history, and even when they em­
phatically dissent from the greatly restricted bounds within 
which he would now limit that history, and when they declare 
their inability to perceive that any reform of their speculations 
in this subject is needful, or that their science has placed herself 
in opposition to the principles of physics, they none the less pay 
their sincere homage to one who has thrown over geology, as 
over so many other departments of natural knowledge, the clear 
light of a penetrating and original genius.

When Lord Kelvin first developed his strictures on modern 
geology he expressed his opposition in the most uncompromising 
language. In the short paper to which reference has already 
been made he announced, without hesitation or palliation, that 
he “briefly refuted" the doctrine of Uniformitarianism which 
had been espoused and illustrated by Lyell and a long list of the 
ablest geologists of the day. The severity of his judgment of 
British geology was not more marked than was his unqualified 
reliance on his own methods and results. This confident assur­
ance of a distinguished physicist, together with a formidable 
array of mathematical formulae, produced its effect on some 
geologists and palx-ontologists who were not Gallios. Thus, even 
after Huxley’s brilliant defence, Darwin could not conceal the 
deep impression which Lord Kelvin’s arguments had made on 
his mind. In one letter he wrote that the proposed limitation 
of geological time was one of his “sorest troubles." In 
another, he pronounced the physicist himself to be “an odious 
spectre” (Darwin's “ Life and Letters,” vol. iii. pp. 115, 146).

The same self-confidence of assertion on the part of some, at 
least, of the disputants on the physical side has continued all 
through the controversy. Yet when we examine the three great 
physical arguments in themselves, we find them to rest on 
assumptions which, though certified as “ probable ” or “ very 
sure,” are nevertheless admittedly assumptions. The conclusions 
to which these assumptions lead must depend for their validity 
on the degree of approximation to the truth in the premisses 
which are postulated.

Now it is interesting to observe that neither the assumptions 
nor the conclusions drawn from them have commanded universal 
assent even among physicists themselves. If they were as self- 
evident as they have been claimed to be, they should at least 
receive the loyal support of all those whose function it is to 
pursue and extend the applications of physics. It will be 
remembered, however, that thirteen years ago Prof. George 
Darwin, who has so often shown his inherited sympathy in 
geological investigation, devoted his presidential address before 
the Mathematical Section of this Association to a review of the 
three famous physical arguments respecting the age of the 
earth. He summed up his judgment of them in the following 
words : " In considering these three arguments I have adduced 
some reasons against the validity of the first (tidal friction) ; and 
have endeavoured to show that there are elements of uncertainty 
surrounding the second (secular cooling of the earth) ; neverthe­
less they undoubtedly constitute a contribution of the first 
importance to physical geology. Whilst, then, we may protest 
against the precision with which Prof. Tait seeks to deduce 
results from them, we are fully justified in following Sir William 
Thomson, who says that “ the existing state of things on the 
earth, life on the earth—all geological history showing con-

1 Trans. Geol. Soc. Glasgow. vol. iii. (March a6, 1868), p. 189. Sir W. 
Thomson acknowledged my adhesion in his reply to Huxley's criticism. 
Op. cit. p. 391.



tinuity of life—must be limited witbin some such period of past 
time as 100,000,000 years” (Kep. Brit. Assoc., 1886, p. 517).

More recently Prof, Perry has entered the lists, from the 
physical side, to challenge the validity of the conclusions so 
confidently put forward in limitation of the age of the earth. 
Ue has boldly impugned each of the three physical arguments. 
That which is based on tidal retardation, following Mr. Maxwell 
Close and Prof. Darwin, he dismisses as fallacious. In regard 
to the argument from the secular cooling of the earth, he con­
tends that it is perfectly allowable to assume a much higher 
conductivity for the interior of the globe, and that this assump­
tion would vastly increase our estimate of the age of the planet. 
As to the conclusions drawn from the history of the sun, he 
maintains that, on the one hand,the sun mayhave been repeatedly 
fed by infalling meteorites, and that, on the other, the earth, 
during former ages, may have had its heat retained by a dense 
atmospheric envelope. He thinks that “ almost anything is 
possible as to the present internal state of the earth, and he 
concludes in these words: “To sum up, we can find no pub­
lished record of any lower maximum age of life on the earth, as 
calculated by physicists, than 400 millions of years. From the 
three physical arguments, Lord Kelvin’s higher limits are 1000, 
400, and 500 million years. I have shown that we have reasons 
for believing that the age, from all these, may be very consider­
ably under-estimated. It is to be observed that if we exclude 
everything but the arguments from mere physics, the probable 
age of life on the earth is much less than any of the above 
estimates ; but if the palaeontologists have good reasons for 
demanding much greater times, I see nothing from the physicist’s 
point of view which denies them four times the greatest of these 
estimates” (Nature, vol. li. p. 585, April 18, 1895).

This remarkable admission from a recognised authority on the 
physical side re-echoes and emphasises the warning pronounced 
by Prof. Darwin in the address already quoted—“ at present 
our knowledge of a definite limit to geological time has so little 
precision that we should do wrong to summarily reject any 
theories which appear to demand longer periods of time than 
those which now appear allowable” (Kep. Bril. Assoc., 1886, 
p. 518).

This “ wrong,” which Prof. Darwin so seriously deprecated, 
has been committed, not once, but again and again in the 
history of this discussion. Lord Kelvin has never taken any 
notice of the strong body of evidence adduced by geologists and 
palivontologists in favour of a much longer antiquity than he is 
now disposed to allow for the age of the earth. His own three 
physical arguments have been successively re-stated, with such 
corrections and modifications as he has found to be necessary, 
and no doubt further alterations are in store for them. He has 
cut off slice after slice from the allowance of time which at first 
he was prepared to grant for the evolution of geological history, 
his latest pronouncement being that “ it was more than twenty 
and less than forty million years, and probably much nearer 
twenty than forty.” 1 But in none of his papers is there an 
admission that geology and paleontology, though they have 
again and again raised their voices in protest, have anything to 
say in the matter that is worthy of consideration.

It is difficult satisfactorily to carry on a discussion in which 
your opponent entirely ignores your arguments, while you have 
given the fullest attention to his. In the present instance, 
geologists have most carefully listened to all that has been 
brought forward from the physical side. Impressed by the force 
of the physical reasoning, they no longer believe that they can 
make any demands they may please on past lime. They have 
been willing to accept Lord Kelvin’s original estimate of 100 
millions of years as the period within which the history of life 
upon the planet must be comprised, while some of them have 
even sought in various ways to reduce that sum nearer to his 
lower limit. Yet there is undoubtedly a prevalent misgiving, 
whether in thus seeking to reconcile their requirements with the 
demands of the physicist they are not tying themselves down 
within limits of time which on any theory of evolution would 
have been insufficient for the development of the animal and 
vegetable kingdoms.

It is unnecessary to recapitulate before this Section of the 
British Association, even in briefest outline, the reasoning of 
geologistsand palaeontologists which leads them to conclude that 
the history recorded in the crust of the earth must have re­
quired for its transaction a much vaster period of time than that

1 “The Age of the Earth, ’ Presidential Address to the Victoria Institute 
for 1897, p. to; also in Phil. Mag., January 1899. 

to which the physicists would now restrict it.1 Let me merely 
remark that the reasoning is essentially based on observations of 
the present rate of geological and biological changes upon the 
earth's surface. It is not, of course, maintained that this rate 
has never varied in the past. But it is the only rate with which 
we are familiar, which we can watch and in some degree 
measure, and which, therefore, we can take as a guide towards 
the comprehension and interpretation of the past history of our 
planet.

It may be, and has often been, said that the present scale of 
geological and biological processes cannot be accepted as a 
trustworthy measure for the past. Starting from the postulate, 
which no one will dispute, that the total sum of terrestrial energy 
was once greater than it is now and has been steadily declining, 
the physicists have boldly asserted that all kinds of geological 
action must have been more vigorous and rapid during bygone 
ages than they are to-day ; that volcanoes were more gigantic, 
earthquakes more frequent and destructive, mountain-upthrows 
more stupendous, tides and waves more powerful, and com­
motions of the atmosphere more violent, with more ruinous 
tempests and heavier rainfall. Assertions of this kind are 
temptingly plausible and are easily made. But it is not 
enough that they should be made; they ought to be 
supported by some kind of evidence to show that they are 
founded on actual fact and not on mere theoretical possibility. 
Such evidence, if it existed, could surely be produced. The 
chronicle of the earth’s history, from a very early period down 
to the present time, has been legibly written within the sedi­
mentary formations of the terrestrial crust. Let the appeal 
be made to that register. Does it lend any support to the 
affirmation that the geological processes are now feebler and 
slower than they used to be ? If it does, the physicists, we 
might suppose, would gladly bring forward its evidence as 
irrefragable confirmation of the soundness of their contention. 
But the geologists have found no such confirmation. On the 
contrary, they have been unable to discover any indication 
that the rate of geological causation has ever, on the whole, 
greatly varied during the time which has elapsed since the 
deposition of the oldest stratified rocks. They do not assert 
that there has been no variation, that there have been no 
periods of greater activity, both hypogene and epigene. But 
they maintain that the demonstration of the existence of such 
periods has yet to be made. They most confidently affirm that 
whatever may have happened in the earliest ages, in the whole 
vast succession of sedimentary strata nothing has yet been 
detected which necessarily demands that more violent and rapid 
action which the physicists suppose to have been the order of 
nature during the past.

So far as the potent effects of prolonged denudation permit us 
to judge, the latest mountain-upheavals were at least as 
stupendous as any of older date whereof the basal relics can 
yet be detected. They seem, indeed, to have been still more 
gigantic than those. It may be doubted, for example, whether 
among the vestiges that remain of Mesozoic or I’akvozoic moun­
tain-chains any instance can be found so colossal as those of 
Tertiary times, such as the Alps. No volcanic eruptions of the 
older geological periods can compare in extent or volume with 
those of Tertiary and recent date. The plication and dislocation 
of the terrestrial crust are proportionately as conspicuously dis­
played among the younger as among the older formations, 
though the latter, from their greater antiquity, have suffered 
during a longer time from the renewed disturbances of successive 
periods.

As regards evidence of greater violence in the surrounding 
envelopes of atmosphere and ocean, we seek for it in vain 
among the stratified rocks. Among the very oldest formations 
of these islands, the Torridon sandstone of North-west Scotland 
presents us with a picture of long-continued sedimentation, 
such as may be seen tn progress now round the shores of many 
a mountain-girdled lake. In that venerable deposit, the enclosed 
pebbles are not mere angular blocks and chips, swept by a 
sudden flood or destructive tide from off the surface of the land, 
and huddled together in confused heaps over the floor of the 
sea. They have been rounded and polished by the quiet 
operation of running water, as stones are rounded and polished

1 The geological arguments are briefly ^iven in my . Presidential 
Address to the British Association at the Edinburgh Meeting of 1892. 
The biological arguments were well stated, and in some detail,, by Prof. 
Poulton, m his Address to the Zoological Section of the Association at the 
Liverpool Meeting of 1896.



■now in the channels of brooks or on the shores of lake and sea. 
They have been laid gently down above each other, layer over 
layer, with fine sand sifted in between them, and this deposition 
has taken place along shores which, though the waters that 
washed them have long since disappeared, can still be followed 
for mile after mile across the mountains and glens of the North­
west Highlands. So tranquil were these waters that their gentle 
currents and oscillations sufficed to ripple the sandy floor, to 
arrange the sediment in lamina: of current-bedding, and to 
separate the grains of sand according to their relative densities. 
We may even now trace the results of these operations in thin 
darker layers and streaks of magnetic iron, zircon, and other 
heavy minerals, which have been sorted out from the lighter 
•quartz-grains, as layers of iron-sand may be seen sifted together 
by the tide along the upper margins of many of our sandy 
beaches at the present day.

In the same ancient formation there occur also various inter­
calations of fine muddy sediment, so regular in their thin alter­
nations, and so like those of younger formations, that we cannot 
■but hope and expect that they may eventually yield remains of 
organisms which, if found, would be the earliest traces of life 
in Europe.

It is thus abundantly manifest that even in the most ancient 
of the sedimentary registers of the earth’s history, not only is there 
no evidence of colossal floods, tides and denudation, but there 
is incontrovertible proof of continuous orderly deposition, such 
as may be witnessed to-day in any quarter of the globe. The 
same tale, with endless additional details, is told all through the 
stratified formations down to those which are in the course of 
accumulation at the present day.

Not less important than the stratigraphical is the palaronlo- 
logical evidence in favour of the general quietude of the geo­
logical processes in the past. The conclusions drawn from the 
nature and arrangement of the sediments are corroborated and 
much extended by the structure and manner of entombment of 
the enclosed organic remains. From the time of the very 
earliest fossiliferous formations there is nothing to show that 
either plants or animals have had to contend with physical 
conditions of environment different, on the whole, from those 
■in which their successors now live. The oldest trees, so far 
as regards their outer form and internal structure, betoken an 
atmosphere neither more tempestuous nor obviously more im­
pure than that of to-day. The earliest corals, sponges, crus­
taceans, molluscs, and arachnids were not more stoutly con­
structed than those of later times, and are found grouped together 
among the rocks as they lived and died, with no apparent indi­
cation that any violent commotion of the elements tried their 
strength when living, or swept away their remains when 
dead.

But, undoubtedly, most impressive of all the pal.vontological 
data is the testimony borne by the grand succession of organic 
remains among the stratified rocks as to the vast duration of 
time required for their evolution. Prof. Poulton has treated 
this branch of the subject with great fulness and ability. We do 
not know the present average rates of organic variation, but all 
the available evidence goes to indicate their extreme slowness. 
They may conceivably have been more rapid in the past, or they 
may have been liable to fluctuations according to vicissitudes of 
environment.1 But those who assert that the rale of biological 
evolution ever differed materially from what it may now be in­
ferred to be, ought surely to bring forward something more than 
mere assertion in their support. In the meantime, the most 
philosophical course is undoubtedly followed by those biologists 
who in this matter rest their belief on their own experience 
among recent and fossil organisms.

So cogent do these geological and palaeontological arguments 
appear, to those al least who have taken the trouble to master 
them, that they are worthy of being employed, not in defence 
merely, but in attack. It seems to me that they may be used 
with effect in assailing the stronghold of speculation and assump­
tion in which our physical friends have ensconced themselves 
and from which, with their feet, as they believe, planted well 
within the interior of the globe and their heads in the heart of 
the sun, they view with complete unconcern the efforts made 
by those who endeavour to gather the truth from the surface 
and crust of the earth. That portion of the records of ter-

1 See an interesting and suggestive paper by Prof. I.e Conte on 
“Critical Periods in the History of the Earth,' Dull, Defit, Geology, 
University of California, vol. i. (1895), p. 313 ; also one by Prof. Cham- 
tierlin on “ The Interior Hasis of Time-divisions and the Classification of 
-Geological History,” Journal of Geology, vol. vi. (1898), p. 449. 

restrial history .which lies open to our investigation has been 
diligently studied in all parts of the world. A vast body of 
facts has been gathered together from this extended and com­
bined research. The chronicle registered in the earth’s crust, 
though not complete, is legible and consistent. From the latest 
to the earliest of its chapters the story is capable of clear and 
harmonious interpretation by a comparison of its pages with the 
present condition of things. We know infinitely more of the 
history of this earth than we do of the history of the sun. 
Are we then to be told that this knowledge, so patiently ac­
cumulated from-innumerable observations and so laboriously 
coordinated and classified, is to be held of none account in 
comparison with the conclusions of physical science in regard 
to the history of the central luminary of our system ? These 
conclusions are founded on assumptions which may or may not 
correspond with the truth. They have already undergone 
revision, and they may be still further modified as our 
slender knowledge of the sun, and of the details of its 
history, is increaseri by future investigation. In the meantime, 
we decline to accept them as a final pronouncement of science 
on the subject. We place over against them the evidence 
of geology and paleontology, and affirm that unless the de­
ductions we draw from that evidence can be disproved, we are 
entitled to maintain them as entirely borne out by the testimony 
of the rocks.

Until, therefore, it can be shown that geologists and paleon­
tologists have misinterpreted their records, they are surely well 
within their logical rights in claiming as much time for the 
history of this earth as the vast body of evidence accumulated by 
them demands. So far as I have been able to form an opinion, 
one hundred millions of years would suffice for that portion of 
the history which is registered in the stratified rocks of the crust. 
But if the pakvontologists find such a petiod too narrow for 
their requirements, I can see no reason on the geological side why 
they should not be at liberty to enlarge it as far as they may find 
to be needful for the evolution of organised existence on the 
globe. As I have already remarked, it is not the length of time 
which interests us so much as the determination of the relative 
chronology of the events which were transacted within that time. 
As to the general succession of these events, there can be no 
dispute. We have traced its stages from the bottom of the 
oldest rocks up to the surface of the present continents and the 
floor of the present seas. We know that these stages have 
followed each other in orderly advance, and that geological 
time, whatever limits may be assigned to it, has sufficed for the 
passage of the long stately procession.

We may, therefore, well leave the dispute about the age of 
the earth to the decision of the future. In so doing, however, 
I should be glad if we could carry away from it something of 
greater service to science than the consciousness of having 
striven our best in a barren controversy, wherein concession 
has all to be on one side and the selection of arguments entirely 
on the other. During these years of prolonged debate I have 
often been painfully conscious that in this subject, as in so many 
others throughout the geological domain, the want of accurate 
numerical data is a serious hindrance to the progress of our 
science. Heartily do I acknowledge that much has been done 
in the way of measurements and experiments for the purpose of 
providing a foundation for estimates and deductions. But in­
finitely more remains to be accomplished. The field of investi­
gation is almost boundless, for there is hardly a department of 
geological dynamics over which it does not extend. The range 
of experimental geology must be widely enlarged, until every 
process susceptible of illustration or measurement by artificial 
means has been investigated. Field-observation needs to be 
supplemented where possible by instrumental determinations, 
so as to be made more precise and accurate, and more capable 
of furnishing trustworthy numerical statistics for practical as well 
as theoretical deductions.

The subject is too vast for adequate treatment here. But let 
me illustrate my meaning by selecting a few instances where 
the adoption of these more rigid methods of inquiry might 
powerfully assist us in dealing with the rates of geological pro­
cesses and the value of geological time. Take, for example, 
the wide range of lines of investigation embraced under the 
head of Denudation. So voluminous a series of observations 
has been made in this subject, and so ample is the literature 
devoted to it, that no department of geology, it might be 
thought, has been more abundantly and successfully explored. 
Yet if we look through the pile of memoirs, articles and books, 



we cannot but be struck with the predominant vagueness of 
their statements, and with the general absence of such numerical 
data determined by accurate, systematic and prolonged measure­
ment as would alone furnish a satisfactory basis for computations 
of the rate at which denudation takes place. Some instru­
mental observations of the greatest value have indeed been 
made, but, for the most part, observations of this kind have 
been too meagre and desultory.

A little consideration will show that in all branches of the 
investigation of denudation opportunities present themselves on 
every side of testing, by accurate instrumental observation and 
measurement, the rate at which some of the most universal 
processes in the geological regime of our globe are carried on.

It has long been a commonplace of geology that the amount 
of the material removed in suspension and solution by rivers 
furnishes a clue to the rate of denudation of the regions drained 
by the rivers. But how unequal in value, and generally how 
insufficient in precision, are the observations on this topic ! A 
few rivers have been more or less systematically examined, some 
widely varying results have been obtained from the observ­
ations, and while enough has been obtained to show the interest 
and importance of the method of research, no adequate supply 
of materials has been gathered for the purposes of accurate 
deduction and generalisation. What we need is a carefully 
organised scries of observations carried out on a uniform plan, 
over a sufficient number of years, not for one river only, but for 
all the important rivers of a country, and indeed for all the 
greater rivers of each continent. We ought to know as accu­
rately as possible the extent of the drainage-area of each river, 
the relations of river-discharge to rainfall and to other meteoro­
logical as well as topographical conditions ; the variation in the 
proportions of mechanical and chemical impurities in the river­
water according to geological formations, form of the ground, 
season of the year and climate. The whole geological regime 
of each river should be thoroughly studied. The admirable 
report of Messrs. Humphreys and Abbot on the “ Physics and 
Hydraulics of the Mississippi,” published in 1861, might well 
serve as a model for imitation, though these observers neces­
sarily occupied themselves with some questions which are not 
specially geological and did not enter into others on which, as 
geologists, we should now gladly have further information.

Again, the action of glaciers has still less been subjected to 
prolonged and systematic observation. The few data already 
obtained are so vague that we may be said to be still entirely 
ignorant of the rate at which glaciers are wearing down their 
channels and contributing to the denudation of the land.

The whole of this inquiry is eminently suitable for combined 
research. Each stream or glacier, or each well-marked section 
of one, might become the special inquiry of a single observer, 
who would soon develop a paternal interest in his valley and 
vie with his colleagues of other valleys in the fulness and 
accuracy of his records.

Nor is our information respecting the operations of the sea 
much more precise. Even tn an island like Great Britain, 
where the waves and tides effect so much change within the 
space of a human life-time, the estimates of the rate of advance 
or retreat of the shore-line are based for the most part on no 
accurate determinations. It is satisfactory to be able to 
announce that the Council of this Association has formed a 
committee for the purpose of obtaining full and accurate inform­
ation regarding alterations of our coasts, and that with the 
sanction of the Lords of the Admiralty, the co-operation of the 
coast-guard throughout the three kingdoms has been secured. 
We may therefore hope to be eventually in possession of trust­
worthy statistics on this interesting subject.

The disintegration of the surface of the land by the combined 
agency of the subaerial forces of decay is a problem which has 
been much studied, but in regard to whose varying rates of 
advance not much has been definitely ascertained. The 
meteorological conditions under which it takes place differ 
materially according to latitude and climate, and doubtless its 
progress is equally variable. An obvious and useful source of 
information in regard to atmospheric denudations is to be found 
in the decay of the material of buildings of which the time of 
erection is known, and in dated tombstones. Twenty years ago 
I called attention to the rate at which marble gives way in such 
a moist climate as ours, and cited the effects of subaerial waste 
as these can be measured on the monuments of our graveyards 
and cemeteries (Proc. Roy. Soc. Edin., vol. x. 1879-80, p. 518). 
I would urge upon town geologists, and those in the country 

who have no opportunities of venturing far afield, that they 
may do good service by careful scrutiny of ancient buildings and 
monuments. In the churchyards they will find much to occupy 
and interest them, not, however, like Old Mortality, in repair­
ing the tombstones, but in tracing the ravages of the weather 
upon them, and in obtaining definite measures of the rate of 
their decay.

The conditions under which subaerial disintegration is effected1 
in arid climates, and the rate of its advance, are still less known, 
seeing that most of our information is derived from the chance 
observations of passing travellers. Yet this branch of the 
subject is not without importance in relation to the denudation, 
not only of the existing terrestrial surface, but of the lands of 
former periods, for there is evidence of more than one arid epoch 
in geological history. Here, again, a diligent examination of 
ancient buildings and monuments might afford some, at least, of 
the required data. In such a country as Egypt, for instance, 
it might eventually be possible to determine from a large series 
of observations what has been the average rate of surface­
disintegration of the various kinds of stone employed in human 
constructions that have been freely exposed to the air for several 
thousand years.

Closely linked with the question of denudation is that of the 
deposition of the material worn away from the surface of the 
land. The total amount of sediment laid down must equal the 
amount of material abstracted, save in so far as the soluble por­
tions of that material are retained in solution in the sea. But 
we have still much to learn as to the conditions, and especially 
as to the rate, of sedimentation. Nor does there appear to be 
much hope of any considerable increase to our knowledge until 
the subject is taken up in earnest as one demanding and justify­
ing a prolonged series of well-planned and carefully executed 
observations. We have yet to discover the different rates of 
deposit, under the varying conditions in which it is carried on 
in lakes, estuaries, and the sea. What, for instance, would be 
a fair average for the rate at which the lakes of each country of 
Europe are now being silted up? If this rate were ascertained, 
and if the amount of material already deposited in these basins 
were determined, we should be in possession of data for 
estimating, not only the probable time when the lakes will dis­
appear, but also the approximate date at which they came into 
existence.

But it is not merely in regard to epigene changes that further 
more extended and concerted observation is needed. Even 
among subterranean movements there are some which might be 
watched and recorded with far more care and continuity than 
have ever been attempted. The researches of Prof. George 
Darwin and others have shown how constant are the tremors, 
minute but measurable, to which the crust of the earth is sub­
ject (Report Brit. Assoc., 1882, p. 95). Do these phenomena 
indicate displacements of the crust, and, if so, what in the lapse 
of a century is their cumulative effect on the surface of the land ?

More momentous in their consequences are the disturbances 
which traverse mountain-chains and find their most violent 
expression in shocks of earthquake. The effects of such shocks 
have been studied and recorded in many parts of the world, but 
their cause is still little understood. Are the disturbances due 
to a continuation of the same operation which at first gave birth 
to the mountains ? Should they be regarded as symptoms of 
growth or of collapse ? Are they accompanied with even the 
slightest amount of elevation or depression? We cannot tell. 
But these questions are probably susceptible of some more or 
less definite answer. It might be possible, for instance, to 
determine with extreme precision the heights above a given 
datum of various fixed points along such a chain as the Alps, 
and by a series of minutely accurate measurements to detect any 
upward or downward deviation from these heights. It is quite 
conceivable that throughout the whole historical period some 
deviation of this kind has been going on, though so slowly, or 
by such slight increments at each period of renewal, as to escape 
ordinary observation. We might thus learn whether, after an 
Alpine earthquake, an appreciable difference of level is any­
where discoverable, whether the Alps as a great mountain-chain 
are still growing or are now subsiding, and we might be able to 
ascertain the rate of the movement. Although changes of this 
nature may have been too slight during human experience to be 
ordinarily appreciable, their very insignificance seems to me to 
supply a strong reason why they should be sought for and care­
fully measured. They would not tell us, indeed, whether a 
mountain-chain was called into being in one gigantic convulsion,. 



or was raised at wide intervals by successive uplifts, or was 
slowly elevated by one prolonged and continuous movement. 
But they might furnish us with suggestive information as to the 
rate at which upheaval or depression of the terrestrial crust is 
now going on.

The vexed questions of the origin of raised beaches and sunk 
Forests might in like manner be elucidated by well-devised 
measurements. It is astonishing upon what loose and untrust- 
worthyevidencethe elevation ordepressionof coast-lines has often 
been asserted. On shores where proofs of a recent change of 
level are observable it would not be difficult to establish by accurate 
observation whether any such movements are taking place now, 
and, if they are, to determine their rate. The old attempts of 
this kind along the coasts of Scandinavia might be resumed with 
far more precision and on a much more extended scale. Methods 
of instrumental research have been vastly improved since the 
days of Celsius and Linnteus. Mere eye-observations would not 
supply sufficiently accurate results. When the datum-line has 
been determined with rigorous accuracy, the minutest changes 
of level, such as would be wholly inappreciable to the senses, 
might be detected and recorded. If such a system of watch 
were maintained along coasts where there is reason to lielieve 
that some rise or (all of land is taking place, it would be possible 
to follow the progress of the movement and to determine its 
rate.

But I must not dwell longer on examples of the advantages 
which geology would gain from a far more general and sys­
tematic adoption of methods of experiment and measurement in 
elucidation of the problems of the science. I have referred to a 
few of those which have a more special bearing on the question 
of geological time, but it is obvious that the same methods might 
be extended into almost every branch of geological dynamics. 
While we gladly and gratefully recognise the large amount of 
admirable work that has already been done by the adoption of 
these practical methods, from the time of Hall, the founder of 
■experimental geology, down to our own day, we cannot but feel 
that cur very appreciation of the gain which the science has thus 
derived increases the desire to see the practice still further 
multiplied and extended. I am confident that it is in this 
direction more than in any other that the next great advances 
of geology are to be anticipated.

While much may be done by individual students, it is less 
to their single efforts than to the combined investigations of 
many fellow-workers that I look most hopefully for the ac­
cumulation of data towards the determination of the present 
rate of geological changes. I would therefore commend this 
subject to the geologists of this and other countries as one in 
which individual, national and international co-operation might 
well be enlisted. We already possess an institution which 
seems well adapted to undertake and control an enterprise of 
the kind suggested. The International Geological Congress, 
which brings together our associates from all parts of the globe, 
would confer a lasting benefit on the science if it could 
organise a system of combined observation in any single one of 
the departments of inquiry which I have indicated or in any 
other which might be selected. We need not at first be too 
ambitious. The simplest, easiest and least costly series of ob­
servations might be chosen for a beginning. The work might 
■be distributed among the different countries represented in the 
Congress. Each nation would be entirely free in its selection 
of subjects for investigation, and would have the stimulus of 
co-operation with other nations in its work. The Congress 
will hold its triennial gathering next year in Paris, and if such 
an organisation of research as I have suggested could then be 
inaugurated a great impetus would thereby be given to geo­
logical research, and France, again become the birthplace of 
another scientific movement, would acquire a fresh claim to 
the admiration and gratitude of geologists in every part of the 
globe.

SECTION D.
ZOOLOGY.

Opening Address by Adam Sedgwick, M.A., F.R.S., 
President oe the Section.

Variation and some Phenomena connected with Reproduction 
and Sex.

In the following Address an attempt is made to treat the facts 
of variation and heredity without any theoretical preconceptions. 
The ground covered has already been made familiar to us by 

the writings of Darwin, Spencer, Galton, Weismann, Romanes 
and others. I have not thought it advisable to discuss the 
theories of my predecessors, not from a want of appreciation of 
their value, but because I was anxious to look at the facts them­
selves and to submit them to an examination which should be 
as free as possible from all theoretical bias.

Zoology is the science which deals with animals. Knowledge 
regarding animals is, (or convenience of study, classified into 
several main branches, amongst the most important of which 
may be mentioned : (I) the study of structure ; (2) the study of 
the functions o( the parts or organs ; (3) the arrangement of 
animals in a system of classification ; (4) the past history of 
animals; (5) the relations of animals to their environment; 
(6) the distribution of animals on the earth’s surface. That 
part of the science of zoology which deals with the functions of 
organs, particularly of the organs of the higher animals, is fre­
quently spoken o( as physiology, and separated more or less 
sharply from the rest of zoology under that heading. So strong 
is the line of cleavage between the work of the physiologist and 
that of other zoologists, that this Association has thought it ad­
visable to establish a special Section for the discussion of 
physiological subjects, leaving the rest of zoology to the con­
sideration of the old established Section, D. In calling attention 
to this fact, I do not for one moment wish to question the 
advisability of the course of action which the As-ociation has 
taken. The science of physiology in its modern aspects includes 
a vast body of facts of great importance and great interest which 
no doubt require separate treatment. But what 1 do wish to 
point out is that it is quite impossible for us here to abrogate 
all our functions as physiologists Some of the most important 
problems of the physiological side of zoology still remain within 
the purview of this Section.

For instance, the important and far-reaching problems con­
nected with reproduction and variation are very largely left to 
this Section, and that large group of intricate and almost en­
tirely physiological phenomena connected with the adaptations 
of organisms to their environment are dealt with almost ex­
clusively here. Indeed, we may go further, and say that apart 
altogether from practical questions of convenience, which make 
it desirable to separate a part of physiological work from the 
Zoological Section, it is, as a matter of fact, impossible to 
divorce the intelligent study of structure from that of function. 
The two are indissolubly connected together. The differ­
entiation of structure involves the differentiation of function, 
and the differentiation of function that of structure. The con­
ceptions of structure and function are as closely associated as 
those of matter and force. A zoologist who confined himself 
to the study of the structure of organisms, and paid no atten­
tion to the functions of the parts, would be as absurd a person 
as a philologist who studied the structure of words and took no 
account of their meaning. In the early part of this century, 
when the subject-matter of zoology was not so vast as it is at 
present, this aspect of the case was fully recognised, and one of 
the greatest zoologists of the century, whether considered from 
the point of view of modern anatomy, or of modern physiology, 
was Professor of Anatomy and Physiology at the University of 
Berlin.

Having said that much as to the various aspects of living 
nature, of natural history, if you like, which it falls within 
the province of this Section to deal with, I may now proceed 
to the subject of my address. And when I mention to you 
what that subject is, you will be able to make some allowance 
for the somewhat commonplace remarks with which I have 
treated you. For that subject, though it has its important 
morphological aspects, is in the main a physiological one ; at 
any rate, no study which does not take account of the physio­
logical aspect of it can ever hope to satisfy the intellect of man. 
The subject, then, to which I wish to draw your attention at 
the outset of our proceedings, is the great subject of Variation 
of Organisms.

As every one knows, there is a vast number of different kinds 
of organisms. Each kind constitutes a species, and consists of 
an assemblage of individuals which resemble one another more 
closely than they do other animals, which transmit their 
characteristics in reproduction and which habitually live and 
breed together. But the members of a species, though re­
sembling one another more closely than they resemble the 
members of other species, are not absolutely alike. They pre­
sent differences, differences which make themselves apparent 



even in members of the same family, i.e. in the offspring of the 
•same parents. It is these differences to which we apply the 
term variation. The immense importance of the study of 
variations may be judged from the fact that, according to the 
generally received evolution theory of Parwin, it is to them that 
the whole of the variety of living and extinct organisms is due. 
Without variation there could have been no progress, no 
evolution in the structure of organisms. If offspring had always 
exactly resembled their parents and presented no points of 
difference, each succeeding generation would have resembled 
those, previously existing, and no change, whether backwards 
or forwards, could have occurred. This phenomenon of genetic 
variation forms the bedrock upon which all theories of evolution 
must rest, and it is only by a study of variations, of their nature 
and cause, that we can ever hope to obtain any real insight into 
the actual way in which evolution has taken place. Notwith­
standing its importance, the subject is one which has scarcely 
received from zoologists the attention which it merits.

Though much has been written on the causes of variation, too 
little attention has of late years been paid to the phenomenon. 
Since the publication of Darwin’s great work on the ‘'Variation 
of Animals and Plants under Domestication," there have been 
but few books of first-rate importance dealing with the subject. 
The most important of these is Mr. William Bateson’s work, 
entitled “Materials for the Study of Variation.” I have no 
hesitation in saying that I regard this work as a most important 
contribution to the literature of the evolution theory. In it at­
tention is called, with that emphasis which the subject demands, 
to the supreme importance of the actual study of variation to the 
evolutionist, and a systematic attempt is made to classify vari­
ations as they occur in nature. In preparing this book Mr. 
Bateson has performed a very real service to zoology, not the 
least part of which is that he has made a most effective protest 
against that looseness of speculative reasoning which, since the 
publication of the “Origin of Species,” has marred the pages 
of so many zoological writers.

The variations of organisms may be grouped under two heads, 
according to their nature and source : (t) There are those vari­
ations which appear to have no relation to the external condi­
tions, for they take place when these remain unchanged, e.g. in 
members of the same litter ; they are inherent in the constitution 
of the individual. These we shall call constitutional variations, 
or as their appearance seems nearly always to be connected with 
reproduction, they may be calledxweZ/r (congenital, blutogenic) 
variation!. (2) The second kind of variations are those which 
are caused by the direct action of external conditions. These 
variations constitute the so-called acquired characters.

My first object is to consider these two kinds of variations, 
their nature, their causes, and their results on subsequent gener­
ations, and to inquire whether there are any fundamental 
differences between them. In this connection it is of particular 
importance that we should inquire whether acquired modifi­
cations are transmitted in reproduction. As is well known, there 
are two schools of thought holding directly opposite views as to 
this matter. The one of these schools—the so-called Lamarckian 
school—holds that they may be transmitted as such in reproduc­
tion ; the other school, on the other hand, maintains that 
acquired modifications affect only the individual concerned, and 
are not handed on as such in reproduction. That the decision 
of the matter is not only theoretically important, but also 
practically, is evident,.for upon it depends the answer to the 
question whether mental or other facilities acquired by the 
laborious exercise of the individual are ever transmitted to the 
offspring—whether the facility which the individual acquires in 
zesisting temptation makes it any easier for the offspring to do 
the same, whether the effects of education are cumulative in 
successive generations. To put the matter as Francis Galton 
has put it, Is nature stronger than nurture, or nurture than 
nature ?

We have then two kinds of variation to consider : (t) genetic 
variation, (2) acquired modification. It is the former of these— 
namely, genetic variation—with which I wish primarily to deal. 
Let us examine more fully the mode of its occurrence.

Genetic Variation.
Organised beings present, as you are aware, two main kinds 

of reproduction, the sexual and the asexual. These two kinds 
of reproduction present certain differences, of which the most 
important, and the only one which concerns us now, is the. fact 
that genetic variation is essentially associated with sexual repro­

duction, and is rarely, if ever, found in asexual reproduction. 
In other words, whereas the offspring resulting from asexual re­
production as a tule exactly resemble the ptrent, they are always 
different from the parents in sexual reproduction. I am aware 
that I am treading on disputed ground. You will observe that 
I do not make the assertion that asexually produced offspring 
always exact I v resemble the parent, and never present genetic 
variations. To say that would be going too far in the present 
state of our knowledge. Therefore I have put the matter less 
strongly, and merely assert that whereas asexual reproduction is 
on the whole characterised by identity between the offspring and 
the parent, sexual reproduction is al ways characterised by differ­
ences more or less marked between the two ; and I reserve the 
question as to whether genetic variations are ever found in 
asexual reproduction for later consideration.

This modified form of the statement will, I think, be admitted 
on all hands, but before going on I will illustrate my meaning 
by reference to actual examples.

Asexual reproduction is a phenomenon comparatively rare in 
the animal kingdom, and when it does occur it is exceedingly 
difficult to investigate from this particular point of view. In the 
vegetable kindom, on the other hand, it is quite common. All, 
or almost all, plants possess this power, and in a very great 
many of them the result of its exercise can be fully followed out, 
and contrasted with that of sexual reproduction. Let us follow 
it out in the potato-plant. The potato can and does normally 
propagate itself asexually by means of its underground tubers. 
As you will know, if you take one of these and plant it, it gives 
rise to a plant exactly resembling the parent. If the tuber (seed 
as it is sometimes erroneously called) be that of the Magnum 
Bonum, it gives rise to a plant with foliage, flowers and tubers 
of the Magnum Bonum variety ; if it be of the Snowdrop, the 
foliage, flowers, habit and tubers are totally different from the 
Magnum Bonum, and are easily identified as Snowdrops. In 
this way a favourable variety of potato can be reproduced to 
almost any extent with all its peculiarities of earliness or late­
ness, pastiness or mealiness, power of resisting disease and so 
forth. By asexual reproduction the exact facsimile of the 
parent may always be obtained, provided the conditions remain 
the same.

Now let us turn to the results of sexual reproduction—the 
seeds, i.e. the real seeds, which as you know are produced in 
the flowers, are the means by which sexual reproduction is 
effected. They are produced in great quantity by most plants, 
and when placed in the ground under the proper conditions they 
germinate and produce plants. But these plants do not resemble 
the parent. Try the seed of the Magnum Bonum potato, and 
raise plants from it. Do you think that any of them will be the 
Magnum Bonum with all its properties of keeping, resisting 
disease, and so forth ? Not a bit of it. The probability is, that 
not one of your seedling plants will exactly reproduce the 
parents; they will all be different. Again, take the apple ; if 
you sow the seed of the Blenheim Orange and raise young 
apple-trees, you will not get a Blenheim Orange. All your 
plants will be different, and probably not one will give you 
apples with the peculiar excellence of the parent. If you want 
to propagate your Blenheim Orange and increase the number of 
your trees, you must proceed by grafting or by striking cuttings, 
which are the methods by which such a tree may be asex­
ually reproduced. And so on. Examples might be multiplied 
indefinitely. Every horticulturist knows that variety characterises 
seedlings, i.e. sexual offspring, whereas identity is found in slips, 
grafts and offsets, i.e. in asexual offspring ; and that if you want 
to get a new plant you must sow seeds, while if you want to 
increase your stock of an old one you must strike cuttings, plant 
tubers or proceed in some analogous manner.

An apparent exception to this rule is afforded by so-called 
bud variation, but it is not certain that this is really an exception. 
In so far as these bud variations are not of the nature of 
acquired variations produced by a change of external conditions, 
and disappearing as soon as the old conditions are renewed, 
they are prolrably stages in the growth and development of the 
organism. That is to say, they are of the same nature as those 
peculiarities in animals which appear at a particular time of life, 
such as a single lock of hair of a different colour from the rest 
of the hair,1 the change in colour of hair with growth,5 the 
appearance of insanity or of epilepsy at a particular age. There

1 Darwin, “ Variation," vol. i. p. 440.
_ 5 As an example I may refer to the Himalayan rabbit; Darwin, “Varia­

tion," vol. i. p. 114.



is nothing more remarkable in a single bud on a tree departing 
from the usual character at a particular time of life, than in a 
particular hair of a mammal doing the same thing.

We have seen that, speaking broadly, genetic variation is 
connected with sexual reproduction, and it becomes necessary to 
examine this mode of reproduction a little more fully. What is 
the essence of sexual reproduction, and how does it differ from 
asexual ? What I am now going to say applies generally to the 
phenomenon whether it occurs in plants or animals. Sexual re­
production is generally carried on by the co-operation of two 
distinct individuals—these are called the male and female 
respectively. They produce, by a process of unequal fission 
which takes place at a part of their body called the reproductive 
gland, a small living organism called the reproductive cell. The 
reproductive cell produced by the male is called in animals the 
spermatozoon, and is different in form from the corresponding 
cell produced by the female, and called in animals the ovum. 
The object with which these two organisms are produced is to 
fuse with one another and give rise to one resultant uninucleated 
organism or cell, which we may call the zygote. This process of 
fusion between the two kinds of reproductive cells, which are 
termed game'es, is called conjugation. The difference in struc­
ture between the male and female gamete is a matter of secondary 
importance only, and is connected with the primary function of 
coming into contact and fusing. The same may be said with 
regard to the so-called sexual differences of the parents of the 
two kinds of gametes, and to the powerful instincts which 
regulate their action. The conjugation of the male and female 
gamete, or the fertilisation of the ovum, as it is sometimes called, 
consists in the fusion of two distinct masses of protoplasm whicli 
are nearly always produced by different individuals. In the 
case of hermaphrodites, the term applied to organisms which 
produce both male and female gametes in the same individual, 
there is generally some arrangement which tends to prevent the 
male gamete from conjugating with the female gamete of the 
same parent; but this phenomenon is not absolutely excluded, 
and takes place as a normal phenomenon in many plants and 
possibly in some animals.

This fusion of the protoplasm of the two gametes gives us a 
uninucleated organism—for the fusion of the nuclei of the two 
gametes seems to be an essential ]>art of the process—in which 
the potencies of the two gametes are blended. The zygote, as 
the mass formed of the fused gametes is called, is formed by the 
combination of two individualities, and is therefore essentially 
a new individuality, the characters of which will be different 
from the characters of both of the parents. This fact, which is 
not apparent in the zygote when first established, because the 
parts are hardly distinguishable by our senses, becomes obvious 
as soon as organs, with the appearance of which we are familiar, 
are formed. As a general rule this cannot be said to have 
occurred until what we call maturity has been nearly reached, 
because we are not familiar enough with the features of im­
mature organisms to detect individual differences. But you 
may rest assured that such differences exist at all stages of 
growth from that of the uninucleated zygote till death. 
How the characters of the two parents will combine in the 
zygote it is impossible to predict, and the result is never 
the same even though the conjugations have been between 
gametes of identical origin. There may be an almost perfect 
mixture, the blending extending to even quite minute details ; 
or the characters of the one parent may predominate—be pre­
potent, as we call it—over those of the other; or they may 
blend in such a way that the zygote offers characters found in 
neither parent. Or, finally, the features of one parent may 
come out at one stage of growth, those of the other at another 
stage. But, however the characters may blend, the product 
never exactly resembles the parents. The extent to which it 
differs from them is the measure of the variation.

To resume, it will be observed that in the method of repro­
duction sometimes called sexual two distinct processes occur. 
One of these is the real reproductive act, which consists in the 
production by fission of uninuclear individuals called gametes ; 
the second is the fusion of the gametes to form the zygote. The 
gametes are of two kinds, and the reason of there being two 
kinds is intelligible when we consider the parts they have to 
play. The male gamete is nearly always endowed with loco­
motive power, and the female gamete is stored with food 
material to be used by the zygote in the first stages of growth. 
The destiny of these two uninucleated organisms is to fuse with 
one another, and so to give rise to a zygote which ultimately 

assumes the typical form of the species. As a general rule, the 
gametes have but a limited duration 1 of life unless they con­
jugate, and this is quite intelligible when we remember that 
they have no organs, eg. digestive organs, suitable for the 
maintenance of life. It is rarely found that they have the power 
of assuming the form of their parent, unless they conjugate. 
This never happens in the case of the male gamete (at any rate 
in animals), and only rarely in that of the female. When it 
occurs—that is to say, when the ovum develops without con­
jugation—we call the phenomenon parthenogenesis. Partheno­
genesis is found more commonly in Arthropods than in other 
groups, but it may be more common than is supposed.1

In sexual reproduction then, in addition to the real reproduc­
tive act, which is the division by fission of the parent into two 
unequal parts, the one of which continues to be called the 
parent, while the other is the gamete, there is the subsequent 
conjugation process. It is to this conjugation process that that 
important concomitant of sexual reproduction must be attributed, 
namely, genetic variation. We have thus traced genetic variation 
to its lair. We have seen that it is due to the formation of a 
new individuality by the fusion of two distinct individualities. 
We have also seen that in the higher animals it is always 
associated with the reproductive act.

Let us now take a wider survey and endeavour to ascertain 
whether this most important process, a process upon which 
depends the improvement as well as the degradation of races, 
ever takes place independently of the reproductive act. In the 
Metazoa, to which for our present purpose I allude under the 
term higher animals, conjugation never takes place except in 
connection with reproduction. It is impossible from the nature 
of the process that it should do so, as I hope to explain later on. 
But among the Protozoa, the simplest of all animals, it is con­
ceivable that conjugation might take place apart from reproduc­
tion, and as a matter of fact it does do so. Let us now examine a 
case in which this occurs. Amongst the free-swimming ciliated 
Infusoria it frequently happens that two individuals become 
applied together, and that the protoplasm of their bodies becomes 
continuous. They remain in this condition of fusion for some 
days, retaining, however, their external form and not undergoing 
complete fusion. While the continuity lasts there is an exchange 
of living substance between the two bodies, in which exchange a 
bit of the nucleus of each participates. It thus happens that at 
the end of conjugation, when the two animals separate, they are 
both different from what they were at the commencement ; 
each has received protoplasm and a nucleus from its fellow, 
and the introduced nucleus fuses as we know with the 
nucleus which has not moved. It would therefore appear that 
all the essential features of the conjugation process, as we learnt 
them in the case of the conjugation of the gametes in the 
Metazoa, are present, and it is impossible to doubt that we 
have here an essentially similar phenomenon. The phenomenon 
differs, however, from the conjugation first described in this 
interesting and important respect, that the two animals separate 
and resume their ordinary life. It is true that their constitution 
must have been profoundly changed, but they retain their 
general form. I say that the constitution of the exconjugates, 
as we may call them after they are separated, must be different 
from what it was before conjugation, but so far as I know no 
difference in structure corresponding with this difference in con­
stitution has been recorded. I feel no sort of doubt, however, 
that structural differences, i.e. variations, will be detected when 
the exconjugates are closely scrutinised and compared with the 
animals before conjugation, and I would suggest that definite 
observations be made with a view to testing the point. Here, 
then, we have a case of conjugation entirely dissociated from 
reproduction. Other cases of a similar character are known 
among the Protozoa, though as a general rule the fusion between 
the conjugating organisms is complete and permanent. Among 
plants conjugation is generally associated with reproduction, but 
not always, lor in certain fungi 3 fusion of hyphs and consequent 
intermingling of protoplasm occurs, and is not followed by any

1 Under favourable conditions, they may live a considerable time—e.g. the 
spermatozoon of certain ants, which are stated by Sir John Lubbock to live 
in some cases for seven years.

z ft may be mentioned as a curious fact that parthenogenesis is rarely 
found in the higher plants, and, as I have said, is not known for the male 
gamete among animals.

8 It must be mentioned, however, that in the case of these fungi the 
fusion of nuclei has not been observed, nor has it been noticed whether the 
habit, structure, or constitution of the conjugating plants are altered after 
the fusion.



form of reproduction. Among bacteria alone, so far as I know, 
has the phenomenon of conjugation never been observed.

To sum up, we have seen that the phenomenon of conjuga­
tion is very widely distributed. Excluding the bacteria, there 
is reason to believe that it forms a part of the vital phenomena 
of all organisms. Its essential features are a mixture and fusion 
of the protoplasm of two different organisms, accompanied by a 
fusion of their nuclei. It results in the formation of a new 
individuality, which differs from the individualities of both the 
conjugating organisms. This difference manifests itself in 
differences in habit, constitution, form, and structure, such 
differences constituting what we have called genetic variations.

The conjugation of the ovum and spermatozoon in the higher 
animals, and the corresponding process in the higher plants, are 
special cases of this conjugation, in which special conjugating 
individuals are produced, the ordinary individuals being physi­
cally incapable of the process. The phenomenon of sex, with 
all its associated complications, which is so characteristic of the 
higher animals and plants, is merely a device to ensure the 
coming together of the two gametes. In the lower animals, it is 
possible for the ordinary organism to conjugate; consequently 
the phenomenon does not form the precursor of developmental 
change, and is in no way associated with reproduction. Indeed, 
in such cases it is often the opposite of reproduction, inasmuch 
as it brings about a reduction in the number of individuals, two 
separate individuals fusing to form one.

Acquired Characters.
We now come to the consideration of the second kind of 

variations—namely, those which owe their origin to the direct 
action of external agencies upon the particular organism which 
shows the variation ; or, as Darwin puts it, to the definite action 
of external conditions. These are the variations which I have 
called acquired variations or acquired characters. This is not 
a good name for them, but at the present moment, when I am 
about to submit them to a critical examination, I do not know 
of any other which could be suitably applied. Later on, when 
I sum up the various effects of the direct action of external 
agencies upon the organism, I may be able to use a more 
suitable term.

The main peculiarities of acquired variations are two in 
number ; (a} they make their appearance as soon as the organism 
is submitted to the changed conditions ; (A) speaking generally, 
they are more or less the same in all the individuals of the 
species acted upon. As examples of this kind of variations, I 
may mention the effect of the sun upcn the skin of the white 
man ; the Porto Santo rabbit, an individual of which recovered 
the proper colour of its fur in four years under the English 
climate ;1 the change of Arte/uia salina to Artemia milhausenii; 
the increase in size of muscles as the result of exercise ; and the 
development of any special facility in the central nervous system. 
Among plants, variations of this kind are very easily acquired, 
by altering the soil and climate to which the individuals are 
submitted. So common are they, that it is quite possible that a 
large number of species are really based upon characters of this 
kind ; characters which are produced solely by the external 
conditions, and which frequently disappear when the old 
conditions are reverted to.

With regard to these variations, we want to ask the following 
question : Do they ever last after the producing cause of them is 
removed, and are they transmitted in reproduction ? In a great 
number of cases they either cease when the cause which has pro­
duced them is removed, or if they last the life of the individual 
they are not transmitted in reproduction. But is this always 
the case ? That is the important question we now have to 
consider.

But before doing so let us inquire what acquired characters 
really are. The so-called adults of all animals have, as part of 
their birthright, a certain plasticity in their capacity of reacting 
to external influences ; they all have a certain power of acquiring 
bodily and mental characters under the influence of appropriate 
stimuli. This power varies in degree and in quality in different 
species. In plants, for instance, it is mainly displayed in habit 
of growth, form of foliage, &c. ; in man, in mental acquire­
ments, and so on. But however it is displayed, it is this pro­
perty of organisms which permits of the acquisition of those 
modifications of structure which have been so widely discussed 
as acquired characters. Now this power, when closely con-

1 Darwin, “Variation," ed. s, vol. i. p. tig. 

sidered, is in reality only a portion of that capacity for develop­
ment which all organisms possess, and with which they become 
endowed at the act of conjugation. A newly formed zygote pos­
sesses a certain number of hidden properties which are not able 
to manifest themselves unless it is submitted to certain external 
stimuli. It is these stimuli which constitute the external condi­
tions of existence, and the properties of the organism which are 
only displayed under their influence are what we call acquired 
characters. They are acquired in response to the external 
stimuli.

It would appear, then, that every feature which successively 
appears in an organism in the march from the uninucleated 
zygote to death is an acquired character. At first the stimuli 
which are necessary are quite simple, being little more than ap­
propriate heat and moisture ; later on they become more com­
plicated, until finally, when the developmental period is over 
and the mature life begins, the necessary conditions attain their
greatest com ', and their fulfilment constitutes what we
call in the higher animals education. Education is nothing 
more than the response of the nearly mature organism to ex­
ternal stimuli, the penultimate response of the zygote to ex­
ternal stimuli, the ultimate being those of senile decay, which 
end in natural death. Acquired properties, it will be seen, are 
really stages in the developmental history. They differ in the 
complexity of the stimulus required to bring them out. For 
instance, the segmentation of the egg requires little more than 
heat and moisture, the walking of the chick the stimulus of 
light and sound and gravity, the evolutions of an acrobat the 
same in greater complexity, and, lastly, the action of a statesman 
requires the stimulation of almost every sense in the greatest 
complexity. Moreover, not only are there differences in the 
complexity of the stimulus required, but also in the rapidity 
with which the organism reacts to it. The chick undergoes its 
whole embryonic development in three weeks, a man in nine 
months; the chick develops its walking mechanism in a few 
minutes, while a man requires twelve months or more to effect 
the same end. Chickens are much cleverer than human beings 
in this respect. There is the same kind of difference between 
them that there is between the power of learning displayed by 
a Macaulay and that displayed by a stupid child.

An instinct is nothing more than an internal mechanism which 
is developed with great rapidity in response to an appropriate 
stimulus. It is difficult for us to understand instincts, because 
with us almost all developmental processes are extremely slow 
and gradual. This particularly applies to the development of 
those nervous mechanisms, the working of which we call 
reason.

Within certain limits the external conditions may vary without 
harming the organism, but such variations are generally accom­
panied by variations in the form in which the properties of the 
zygote are displayed. If the variations of the conditions are too 
great, their action upon the organism is injurious, and results in 
abortions or death. And in no case can the external conditions 
call out properties with which the zygote was not endowed at the 
act of conjugation.

It would thus appear that acquired characters are merely 
phases of development; they are the manifestations of the pro­
perties of the zygote, and are called forth only under appropriate 
stimulation ; moreover, they are capable of varying within certain 
limits, according to the nature of the stimulus, and it is to 
these variations that the term acquired character has been 
ordinarily applied.

A genetic character, on the other hand, is the possibility of 
acquiring a certain feature under the influence of a certain 
stimulus ; it is not the feature itself—that is an acquired character 
—but it is the possibility of producing the feature. Now as the 
possibility of producing the feature can only be proved to exist 
by actually producing it, the term genetic character is frequently 
applied to the feature itself, which is, as we have seen, an 
acquired character. In consequence of this fact, that we can 
only determine genetic characters by examining acquired char­
acters, a certain amount of confusion may easily arise, and has 
indeed often arisen, in dealing with this subject. This can lie 
avoided by remembering that in describing genetic characters 
account must always be taken of the conditions. For example, 
the white fur of the Arctic hare is an acquired character, 
acquired in response to a certain stimulus; while the power of 
so responding to the particular stimulus when applied at the cor­
rect time is a genetic character. Thus a genetic character is a 
character which depends upon the nature of the organism, 



while an acquired character depends on the nature of the 
stimulus.

If we imagine a zygote to be a machine capable of working 
out certain results on material supplied to it, then we should 
properly apply the term genetic character to the features of 
the machinery itself, and the words acquired character to the 
results achieved by its working. These clearly will depend 
primarily on the structure of the machinery, and secondarily 
upon the material and energy supplied to it—that is to say, 
upon the way in which it is worked.

Variations in genetic characters are variations in the 
machinery of different zygotes—that is to say, in the constitu­
tion—while variations in acquired characters are variations in 
the results of the working of one zygote according to the con­
ditions under which it is worked.

For instance, let us take the case of those twins which arise 
by the division of one zygote, and are consequently identical 
in genetic characters, i.e. in constitution. If they are submitted 
to different conditions, they will develop differences which will 
depend entirely upon the conditions and the time of life when 
the differentiation in the conditions occurred. These differences, 
then, will be a function of the external conditions, i.e. of the 
manner in which the machinery is worked, and constitute what 
we call variation in acquired characters.

Are Acquired Characters Transmissible as such in 
Reproduction I

To return to our question, are the so-called acquired char­
acters ever transmitted in reproduction ? Let us consider what 
this question means in the light of the preceding discussion. 
Acquired characters are features which arise in the zygote in 
response to external stimuli. Now the zygote at its first estab­
lishment has none of the characters which are subsequently 
acquired. All it has is the power of acquiring them. Clearly, 
then, acquired characters are not transmitted. The power of 
producing them is all that can be transmitted ; and this power 
resides in the reproductive organs and in the gametes to which 
the reproductive organs give rise, so that the question must be 
put in another form. Is it possible by submitting an organism 
to a certain set of conditions, and thus causing it to acquire 
certain characters, so to modify its reproductive organs that the 
same characters will appear in its offspring as the result of the 
application of a different and simpler stimulus ?

For instance, the power of reading conferred by education, 
the hardness of the hands and increased size of the muscles pro­
duced by manual labour : is it possible that these characters, 
now produced by complex external stimuli applied at a particular 
period of life, should ever in future ages be produced by the 
simpler stimuli found within the uterus, so that a man may lie 
born able to read or write, or with hands horny and hard like 
those of a navvy ?

In trying to find an answer to this question let us first of all 
look into the probabilities of the case, to see if we can relate the 
question to any other class of phenomena about which we have, 
or think we have, definite knowledge.

When an organism is affected by external agents the action 
may apply to the whole organisation or principally to one organ. 
Let us take a case in which one organ only appears to be 
affected, eg. the enlargement by exercise of the right arm of a 
man. Now, although in this case it is only the muscles of the 
arm which appear at first sight to be affected, we must not forget 
that the organs of the Ixidyare correlated with one another, and 
an alteration of one will produce an alteration in others. By 
exercise of the right arm the muscles of that arm are obviously 
enlarged, but other changes not so obvious must also have taken 
place. The bones to which the muscles are attached will be 
altered ; the blood-vessels supplying the muscles will be en­
larged, and the nerves which act upon the muscles, and probably 
the part of the central nervous system from which they proceed, 
will also be altered. These are some of the more obvious cor­
related changes which will have occurred ; no doubt there will 
have been others—indeed it is not perhaps too much to say that 
all the organs of the body will have reacted to the enlargement 
of the arm—but the effect on organs not in functional correla­
tion with the muscles of the right arm will be imperceptible, 
and may be neglected. Thus the colour of the hair, the length 
and character of the alimentary canal, size of the leg muscles, 
the renal organs, &c., will not show appreciable alteration. 
Above all, the other arm will not be affected, or if it is affected 
the alteration will be so slight as not to be noticeable. Now, 

we know that homologous parts, whether symmetrically homo­
logous or serially so, are in some kind of close connection. For 
instance, when one member of an homologous series varies, it is 
commonly found that other members of the same series will also 
vary. Yet in spite of this connection which exists between the 
right and left arms and between the right arm and right leg, 
there is no similar alteration either in the left arm or in the right 
leg. Now, if parts which from these facts we may suppose to 
be in some connection are not affected, how can we expect the 
reproductive organs, not only to be modified, but also to be so 
modified that the germs which are about to be budded off from 
them will be so affected as to produce exactly the same char­
acter—in this case enlarged muscle, &c.—without the applic­
ation of the same stimulus, viz. exercise ? Thus, while I freely 
admit that every alteration of an organ in response to external 
agents will react through the whole organisation, affecting each 
organ in functional correlation with the affected organ in a way 
which will depend upon the function of the correlated organ, 
and possibly other organs not in functional correlation in an in­
definite way and to a slight extent, yet I maintain that it is very 
hard to believe that it will have such a sharp and precise effect 
upon every spermatozoon and ovum subsequently produced that 
not merely will these products be altered generally in all their 
properties, but that one particular part of them—and that part 
of them always the same—will be so altered that the organisms 
which develop from them will be able to present the same 
modification on the application of a different stimulus. It is in­
conceivable ; unless, indeed, we suppose that the very mole­
cules of the incipient organs in the germ are more closely cor­
related with corresponding parts of the parent body than are the 
homologous parts of the parent body w ith one another.

Now, to prove the existence of such a remarkable and inti­
mate correlation would surely require the very strongest and 
most conclusive evidence. Is there any such strong evidence ? 
I think I may fairly answer this question in the negative. The 
evidence which has been brought forward in favour of the so- 
called inheritance of acquired characters is far from conclusive. 
That such evidence 1 exists I do not deny, but it is all, or almost 
all, capable of receiving other interpretations.

Effect of Changed Conditions upon the Reproductive Organs.
On the other hand, all the certain evidence we have concern­

ing what happens when the reproductive organs are affected, 
either directly or by correlation, by a change of conditions— 
and, as we have seen above, they must be aflected if there is to 
be any change in the offspring—tends to show that there is not 
any relation between the effect produced on the parent and that 
appearing in the offspring.

The only means of judging whether the reproductive organs 
are affected by external conditions is by observing any change 
which may occur in their function. Now, only two such 
Iihysiological effects of a change of conditions are certainly 
mown; these arc (1) the production of sterility or of partial 

sterility ; (2) the production of an increased but indefinite vari­
ability in the offspring. With regard to the first of these effects: 
One of the most common, or at any rate one of the most notice­
able, alterations in an organism, effected by change in the 
external conditions, is an alteration of the reproductive system, 
an alterationof such a kind that organisms which had previously 
freely interbred with one another are no longer able to do so. 
One of the most common results of removing organisms from 
their natural surroundings is to induce sterility or partial sterility. 
There is no reason to doubt that this sterility or tendency to 
sterility is, broadly speaking, due to an affection of the repro­
ductive system. In the case of the higher animals, it may in 
some cases be due to an action upon the instincts, but in the 
lower animals and in plants we can hardly doubt that it is due 
to a direct action upon the reproductive organs. Indeed in 
plants these organs are often visibly affected. Among animals, 
however, there does not appear to be any satisfactory evidence 
on the point, and it is not known what organs are affected, 
whether it is the actual gametes, or the reproductive glands, or 
some of the other organs concerned.2

The other result of changed conditions which is certainly 
known is to induce an increased amount of variability of the 
genetic kind, though not immediately, often indeed not until

1 For a good statement and discussion of the evidence in favour of this 
view, see Romanes* •• Darwin and after Darwin," vol. ii chaps. 3 and 4.

- The exact cause of this sterility in the higher animals is a point which 
specially needs investigation. 



after the lapse of some generations. On this point Darwin 
says: “ Universal experience shows us that when new flowers 
are first introduced into our gardens they do not vary; but 
ultimately all, with the rarest exceptions, vary to a greater or 
less extent” (“Variation,” 2, p. 249) 1 With regard to the 
variability thus induced, it is to be noticed that it is not confined 
to any particular organ, nor does it show itself in any particular 
way. On the contrary, the whole organisation is affected, and 
the variations are quite indefinite.

To sum up the argument as it at present stands : (1) a change 
in conditions cannot affect the next generation unless the repro­
ductive organs are affected ; (2) from a consideration of the facts 
of the case, it is almost inconceivable that the effect produced 
upon any organ of a given organism by a change of conditions 
should so modify the reproductive organs of that organism as to 
lead to a corresponding modification in the offspring without the 
latter being exposed to the same conditions ; (3) the only effects, 
which are certainly known, of changed conditions upon the 
reproductive organs are (a) the production of sterility ; (/') an 
increase in genetic variability.

As far, then, as our certain knowledge goes, it would appear 
that a change of conditions may have one or both of the 
following effects :—

(1) A definite change, of the same character, or nearly so, in 
all the individuals acted upon. Such changes may be adaptive 
or non-adaptive, but they are not permanent, lasting only so 
long as the change of conditions, or at most during the life of 
the individual acted upon. They are not transmitted in repro­
duction, and do not appear in the offspring unless it is sub­
mitted to the same conditions. These variations are the direct 
result of the action of the environment upon the individual, with 
the exception of the reproductive organs.

(2) Increase in the variations of the genetic kind These are 
seen, not in the generation 3 first submitted to the changed con­
dition, but in the next or some subsequent generations. The 
effect is produced through the reproductive organs. These 
variations are non-adaptive, and different in each individual.

If the reproductive organs are affected we get an increase in 
the variations of the genetic kind. These, we have seen, are 
usually of an indefinite character ; they are different in every 
case, and their nature cannot be predicted from experience. But 
we still have to ask : Is this is a universal rule ? Does it never 
happen that a change of conditions so affects the reproductive 
organs as to produce a definite non-adaptive change of the same 
character or nearly so in all the descendants of the individual 
acted upon ? This is the most obscure question connected with 
the study of variations. If such changes occur, they might be 
cumulative, being increased in amount by the continued action 
of the conditions. They would be non-adaptive, their nature 
depending on the constitution of the reproductive cells and 
having no functional relation to the original stimulus.

As possible examples of such variation, I may recall those 
variations referred to by Darwin as ‘ fluctuating variations 
which sooner or later become constant through the nature of the 
organism and of surrounding conditions, but not through natural 
selection” (“Origin,” ed. 6, p. 176); to the variations in 
turkeys and ducks which take place as the result of domestic­
ation ("Variation,” 2, p. 250); to those variations which 
Darwin had in his mind when he wrote the following sentence 
(“Origin,” p. 72): “There can be little doubt that the 
tendency to vary in the same manner has often been so strong 
that all the individuals of the same species have been similarly 
modified without the aid of selection.”

It is, however, as I have said, extremely doubtful if vari­
ations of this kind really occur. The appearance of them may 
be caused by the combination of the two other kinds of vari­
ation. In all cases which might be cited in support of their 
occurrence, there are the following doubtful elements: (1) no 
clear statement as to whether the variations showed themselves 
in the individuals first acted upon ; (2) no history of the 
organisms when transported back to the old conditions.

1 The phenomenon of increated variability following upon change ot con­
ditions has most often been observed when the change has been from a state 
of nature to a state of cultivation. Hence the conclusion has been drawn 
that the kind of change involved in domestication alone induces variation. 
But there is no evidence in favour of this view. The evidence shows that 
change of conditions in itself may induce greater variability.

2 No doubt the individuals of the generation first submitted to the 
changed conditions would be affected as regards their reproductive organs, 
which would be altered in structure, but this has not been made out, 
though there are indications of such an effect in certain plants, vide 
Appendix.

Moreover, a general consideration of the facts of the case 
renders it improbable that such similar and definite genetic 
variations should often occur at any rate in sexual reproduction. 
For although the effect upon the reproductive organs may pos­
sibly be almost the same in nearly all the individuals acted upon, 
it must not be forgotten that the reproductive elements have to 
combine in the act of conjugation, and that it is the essence of 
this act to produce products which differ in every case.

Effect of Changed Conditions in Asexual Reproduction.
This brings us to the consideration of the question reserved on 

p. 503 : Are genetic variations ever found in asexual reproduc­
tion ?

If the views expressed in the earlier part of this address are 
correct, it would seem to follow that genetic variations are 
variations in the actual constitution, and are inseparably 
connected with the act of conjugation. The act of conjugation 
gives us a new constitution, a new individuality, and it is the 
characters of this new individual in so far as they differ from the 
characters of the parents which constitute what we have called 
genetic variations. According to this, the answer to our 
question would be that genetic variations cannot occur in 
asexual reproduction, and that if any indefinite variability 
recalling genetic variability makes its appearance1 it must be 
part of the genetic variability and directly traceable to the 
zygote from which the asexual generations started.

But if genetic variability is mt found in asexual reproduction, 
the question still remains, Can the other kind of variations— 
namely, those due to the direct action of external forces upon 
the organism—be transmitted in asexual reproduction? blow 
we have already seen that the effect of external agencies acting 
upon the organism must be regarded under two heads, accord­
ing as to whether the reproductive organs are or are not 
affected. If the reproductive organs are not affected, then 
variations caused by the impact of external forces will not be 
transmitted ; if, on the other hand, they are affected, the next 
generation will show the effect. We have further seen that in 
the case of sexual reproduction a modification of the repro­
ductive organs will, because of the intervention of conjugation, 
appear as an increase in genetic variability only. How will the 
matter stand in the case of asexual reproduction ? First, with 
regard to modifications which do not affect the reproductive 
system—they, as in sexual reproduction, will not be transmitted. 
Secondly, as regards modifications which do affect the repro­
ductive organs—they will be transmitted, i.e. they will affect the 
next generation ; and the question arises, How will they be 
transmitted ? For here we have the opportunity wanting in the 
case of sexual reproduction of studying the transmission of 
modifications of the reproductive system without the compli­
cations introduced by the act of conjugation.

In considering this matter, it must be remembered that the 
reproductive organs are, with regard to external influences, 
exactly as any other organ. They can be modified either 
directly or indirectly, though they are in animals often less 
liable to direct modification by reason of their internal position.2 
These modifications may, as in the case of other organs, be 
obvious to the eye of the observer, or they may be so slight as 
only to be detected by an alteration of function. Now, in the 
casp of the reproductive organs this alteration of function will 
show itself in the individuals of the next generation (if not be­
fore) which proceed directly and without any complication from 
the affected tissue. How will these individuals be affected ? 
Will they all be affected in the same kind of way or will they 
they be affected in different ways? Finally, will the modi-

1 Weismann, “On Heredity,” vol. ii. English edition, p. 161. Warren 
E., “Observation on Heredity in Parthenogenesis,” Proc. Rov. Soc.^h^ 
1899, p. 154. These arc the only observations I know of on this subject. 
They tend to show the presence of a slight variability, but they are not 
entirely satisfactory. In connection with this matter, 1 may refer to Weis- 
mann’s view that re/tans, the species upon which his observations
were made, reproduces entirely by parthenogenesis, and has lost the power 
of sexual reproduction. This view is based on the fact that he has bred 
forty consecutive parthenogenetic generations and has never seen a male. 
As Weismann bases some important conclusions on this view, with regard to 
the importance of conjugation in rejuvenescence of organisms, I may point 
out that the fact that he has bred forty successive generations and has never 
seen a male cannot be regarded as conclusive evidence that males never 
appear. We know of many cases in which reproduction can continue for 
more than forty generations without the intervention of conjugation, e.g. 
ciliated infusoria, many plants, and of other species of Crustacea in which 
the male is very rare and only appears after long intei vals.

- How far the abnormal position of the testes of mammalia may receive its 
explanation in this connection is a question worthy of consideration. 



fication last their lives only, or will it continue into subsequent 
asexually produced generations ?

Let us endeavour to answer these questions
(1) How will the offspring be affected? That will depend 

entirely upon how the reproductive organ was affected. Will 
the modification in the offspring have an adaptive relation 
whatever to the external cause ? Now here we have a capital 
opportunity, an opportunity not afforded at all by sexual 
reproduction, of examining by experiment and observation 
the Lamarckian position. My own opinion is that there 
will be no relation of an adaptive kind between the external 
cause and the modification of the offspring. For instance, let 
us imagine, as an experiment, that a number of parthenogene- 
tically reproducing organisms are submitted to a temperature 
lower than that at which they are accustomed to live. Let us 
suppose that the cold affects their reproductive organs and pro­
duces a modification of the offspring. Will the modification be 
in the direction of enabling the offspring to flourish in a lower 
temperature than the parent ? My own opinion, as I have said, 
is that there will probably be no such tendency in the offspring, 
if all possibility of selection be excluded. But that is only an 
opinion. The question is unsettled, and must remain unsettled 
until it is tested upon asexually reproducing organisms.

(2) Will they all be affected in the same kind of way ? Yes, 
presumably they will. I arrive at this conclusion, not by ex­
periment, but by reasoning from analogy. In the case of other 
organs of the body, the same external cause produces in all in­
dividuals acted upon, roughly speaking, the same kind of effect, 
e.g. action of sun upon skin, eflect of transplanting maize, Porto 
Santo rabbits, &c. The question, however, cannot be settled 
in this way. It requires an experimental answer

(3) Will the modification last beyond the life of the indi­
viduals produced by the affected reproductive organ ? I can give 
no answer to this question. We have no data upon which to 
form a judgment. We cannot say whether it is possible per­
manently to modify the constitution of an organism in this way, 
or whether, however strong the cause may be, consistently of 
course with the non-destruction of life, the effects will gradually 
die away—it may be in one, it may be in two or more genera­
tions. There are cases known which might assist in settling 
these questions, but I must leave to another opportunity the 
task of examining them. I refer to such cases as Artemia 
salina, various cases of bud variation which cannot be included 
under the head of growth variation.

Senile Decay and Rejuvenescence of Organisms.
Another question, also of the utmost importance, confronts us 

at this point. As is well known, organisms are liable to wear 
and tear, sooner or later some part or parts essential to the 
maintenance of the vital functions wear out and are not renewed 
by the reparative processes which are supposed to be continually 
taking place in the organism. This constitutes what we call 
senile decay, and leads to the death of the organism. As a 
good example of the kind of cause of senile decay, we may men­
tion the wearing out of the teeth, which in mammals at any rate 
are not replaced ; the wearing out of the elastic tissue of the 
arterial wall, which is probably not replaced. There is no 
reason to suppose that the reparative process of any organism is 
sufficiently complete to prevent senile decay. There is probably 
always some part or parts which cannot be renewed, even in the 
simplest organisms. Maupas has shown that this holds for the 
ciliated Infusoria, and he has also shown how the renewal of 
life, which of course must be effected if the species is to con­
tinue, is brought about. He has shown that it is brought about 
by conjugation, during which process the organism may be said 
to be put into the melting-pot and reconstituted. For instance, 
many of the parts of the conjugating individuals are renewed, 
including the whole nuclear apparatus, which there is every 
reason to believe is of the greatest importance to living matter.

On reconsidering the life of the Metazoa in light of the facts 
established by Maupas for the Infusoria, we see that all Metazoa 
are in a continual state of fission, as are the ciliated Infusoria. 
They are continually dividing into two unequal parts, one of 
which we call the parent and the other the gamete. The 
parent Metazoon must eventually die ; it cannot be put into the 
melting-pot; its parts cannot be completely renovated. The 
gamete can be put into the melting-pot of conjugation, and give 
rise to an entirely reconstituted organism, with all the parts and 
organs brand new and able to last for a certain time, which is 
the length of life of the individual of the species.

Is there any other way than that of conjugation by which an 
organism can acquire a complete renewal of its organs ? Is the 
renewal furnished by the development of all the parts afresh 
which takes place in a parthenogenetic ovum such a complete 
renewal ? This question cannot now be certainly answered, but 
the balance of evidence is in favour of a negative answer. And 
this view of the matter is borne out by a consideration of the 
facts of the case. In all cases of conjugation which have been 
thoroughly investigated, the nuclear apparatus is completely re­
newed. It would appear, indeed, as though the real explanation 
of the uninuclear character of the Metazoon gamete is to be 
sought in the necessity of getting the nuclear apparatus into the 
simplest possible form for renewal. Now in the development of 
a parthenogenetic ovum the ordinary process ol renewal of the 
nucleus is often in partial abeyance. As a rule, it only divides 
once instead of twice, and there is, of course, no reinforcement 
by nuclear fusion. It is, of course, possible that the reinforce­
ment by nuclear fusion which occurs in conjugation may have a 
different explanation from the nuclear reconstitution which 
takes place in the formation of polar bodies and similar struc­
tures. On the other hand, it may all be part of the same pro­
cess. We cannot tell. So that we are unable to answer the 
question whether for complete rejuvenescence a new formation 
of all parts of the organism is sufficient, or whether a reconstitu­
tion of the nuclear apparatus of the kind which takes place in 
the maturation of the Metazoon ovum and the division of the 
micro-nucleus of ParamiEcium is also required; or, finally, 
whether in addition to the latter phenomenon a reinforcement 
and reconstitution by fusing with another nucleus is also neces­
sary for that complete rejuvenescence which enablesan organism 
to begin the life cycle again and to pass through it completely.

With regard to buds in plants, there is reason to lielieve that 
they share in the growing old of the parent. That is to say, if 
we suppose the average life of the individual to be loo years, a 
bud removed at 50 will be 50 years of age, and only be able 
to live on the graft for 50 more years.

Heredity.
Having now spoken at some length o. the phenomenon of 

variation, I must proceed to consider from the same general 
point of view the phenomenon of heredity.

As we have seen, in asexual reproduction heredity appears, as 
a general rule, if not always, to be complete. The offspring do 
not merely present resemblances to the parent—they are 
identical with it. And this fact does not appear to be astonish­
ing when we consider the real nature of the process. Asexual 
reproduction consists in the separation oft' of a portion of the 
parent, which, like the parent, is endowed with the power of 
growth. In virtue of this property it will assume, if it does not 
already possess it, and if the conditions are approximately 
similar, the exact form of the parent. It is a portion of the 
parent ; it is endowed with the same property of growth ; the 
wonder would be if it assumed any other form than that of the 
parent. Indeed, it is doubtful if the word heredity would ever 
have been invented if the only form of increase of organisms 
was the asexual one, because there being no variation to con­
trast with it, it would not have struck us as a quality needing a 
name, any more than we have a name for that property of the 
number two which causes it to make four when duplicated.

The need for the word heredity only becomes apparent when 
we consider that other form of reproduction in which the real 
act of reproduction is associated with the act of conjugation. 
Looking at reproduction from a broad point of view, we may 
sum up the difference between the two kinds, the sexual and 
the asexual, by saying that, whereas the essence of sexual repro­
duction is the formation of a new individuality, asexual re­
production merely consists in increasing the number of one kind 
of individual. From this point of view sexual reproduction is 
better termed the creation of a new individuality, for that, and 
not the increase in the number of individuals, is its real result. 
Inasmuch as conjugation of two organisms is the essential 
feature of sexual reproduction, it would appear that the number 
of individuals would be actually diminished as a result of it ; and 
this does really happen, though in a masked manner, for we are 
not in the habit of looking upon the spermatozoon and ovum as 
individuals, though it is absurd not to do so, as they contain 
latent all the properties of the species, and are sometimes able 
to manifest these properties (parthenogenetic ova) without con­
jugating. In some of the lower organisms the fact that con- 
iugation does not result in an increase of the number of 



individuals, but only in the production of a new individuality, is 
quite apparent, for in them two of the ordinary individuals of the 
species fuse to form one (many Protozoa).

So that sexual reproduction gives us a new individuality which 
can spread to almost any extent by asexual reproduction. This 
asexual reproduction gives us a group of organisms which is 
quite different from a group of organisms produced by sexual re­
production. Whereas the latter groups constitute what we call 
species, the former group has, so far as I know, no special 
name, unless it be variety ; but variety is not a satisfactory name, 
for it has been used in another sense by systematisers.

Heredity, then, is really applicable only to the appearance in 
a zygote of some of the properties of the gametes. A zygote has 
this property of one of the precedent gametes, and that property 
of the other, in virtue of the operation of what we call heredity ; 
it has a third property possessed by neither of the precedent 
gametes in virtue of the action of variation, the nature of which 
we have already examined. It is impossible to say which 
property of a gamete will be inherited, and it is impossible to 
predict what odd property will result from the combination of 
the properties of the two gametes. Of one thing only are we 
certain, that they are never the same in zygotes formed by 
gametes produced in immediate succession from the same 
parent.

We may thus regard the activities of the zygote as the re­
sultant of the dashing together of the activities of the gametes.

Conjugation, then, is a process of the utmost importance in 
biology; it provides the mechanism by which organisms are 
able to vary, independently of the conditions in which they live. 
It lies, therefore, at the very root of the evolution problem; 
the power of combining to form a zygote is one of the funda­
mental properties of living matter.

Species.
Now let us consider one of the effects of this property upon 

organisms. The effect to which I refer is the division of 
animals into groups called species. Species are groups of 
organisms the gametes of which are able to conjugate and pro­
duce normal zygotes. Now in nature there appear to be many 
causes which prevent gametes from conjugating. First and 
most important of all is some physical incompatibility of the 
living matter which prevents that harmonious blending of the 
two gametes which is essential for the formation of a normal 
zygote. Very little is known as to the real nature of this in­
compatibility ; in fact, it is hardly an exaggeration to say that 
nothing is known. It may be that there is actual repulsion 
between the gametes, or it may be, in some cases, at least, that 
the gametes are able to fuse, but not to undergo that intimate 
blending which is necesary for the production of a perfect 
zygote. In some cases we know that something like this 
happens; for instance, a blend can be obtained between the 
horse and the ass, but it is not a perfect blend, the product or 
zygote being imperfect in one most important particular— 
namely, reproductive power.

A second cause which prevents conjugation is a purely me­
chanical one—viz. some obstacle which prevents the two 
gametes from coming together. As an instance of this I may 
refer to those cases amongst plants in which conjugation is im­
possible, because the pollen tube is not long enough to reach 
the ovule. In yet other cases conjugation is impossible because 
the organisms are isolated from one another either geographic­
ally or in consequence of their habits. There are probably 
many causes which prevent conjugation, but, whatever they 
may be, the effect of them is to break up organisms into specific 
groups, the gametes of which do normally conjugate with one 
another.

In many cases, no doubt, the gametes of organisms which are 
kept apart in nature by mechanical barriers will conjugate fully 
if brought together. But in the great majority of cases it is 
probable no amount of proximity will bring about complete con­
jugation. There is physical incompatibility. Here is a fruitful 
opening for investigation. Observations are urgently needed as 
to the real nature of this incompatibility.

Importance oj the Study of Variation.
Another and most important effect o, conjugation is, as we 

have seen, the much-spoken-of constitutional or genetic varia­
tions. They are, as we have already insisted, of the utmost 
importance to the evolutionist. Evolution would have been 

impossible without them, for it is made up of their summation. 
It becomes, therefore, desirable to find out to what extent a 
species is capable of varying. This can only be done, as Mr. 
Bateson has pointed out, by recording all variations found. Mr. 
Bateson, in his work already referred to, has carried this out, and 
has shown the way to a collection of these most important data. 
In order to carry it further, I would suggest that the collection 
be made, not only for structure, but also for function. This has 
been done largely for the nervous functions by psychologistsand 
naturalists who pay special attention to the instincts of animals ; 
but we want a similar collection for other functions. For in­
stance, the variations in the phenomenaof heat and menstruation, 
and of rut amongst mammals, and so on. To do this is really 
only to apply the methods of comparative anatomy and com­
parative physiology to the members of a species, as they have 
already been applied to the different species and larger groups 
of the animal kingdom. Such investigations cannot fail 
to be of the greatest interest. Indeed, when we have 
learnt the normal habits and structure of a species, 
what more interesting study can there be than the 
study of the possibilities of variation contained within it ? 
Then, when we know the limits of variability of any given specific 
group, we proceed to try if we can by selective breeding or 
alteration of the conditions of life alter the variability, and per­
haps call into existence a kind of variation quite different in 
character from that previously obtained as characteristic of the 
species.

The Evolution oj Heredity and the Origin of Variation.
These remarks bring me to the consideration of a point to 

which I am anxious to call your attention, and which is an 
important aspect of our subject. Has the variability of organisms 
ever been different from what it is now? Has or has not 
evolution had its influence upon the property of organisms as it 
is supposed to have had upon their other properties ? There is 
only one possible answer to this question. Undoubtedly the 
variability of organisms must have altered with the progress of 
evolution. It would be absurd to suppose that organisms have 
remained constant in this respect while they have undergone 
alteration in all their other properties. If the variability of 
organisms has altered, it becomes necessary to inquire in what 
direction has it altered ? I las the alteration been one of dimin­
ution, or has it been one of increase? Of course, it is possible 
that there has been no general alteration in extent with the 
course of evolution, and that the alteration, on the whole, has 
been one of quality only. But passing over this third possi­
bility, let us consider for the moment which of the two first- 
named alternatives is likely to have occurred.

According to the Darwinian theory of evolution, one of the 
most important factors in determining the modification of or­
ganisms has been natural selection. Selection acts by pre­
serving certain favourable variations, and allowing others less 
favourable to be killed off in the struggle for existence. It 
thus will come about that certain variations will be gradually 
eliminated. Meanwhile the variations of the selected organisms 
will themselves be submitted to selection, and certain of 
these will be in their turn eliminated. In this way a group of 
organisms becomes more and more closely adapted to its sur­
roundings ; and unless new variations make their appearance as 
the old unfavourable ones are eliminated, the variability of the 
species will diminish as the result of selection. Is it likely that 
new variations will appear in the manner suggested ? To answer 
this question we must turn to the results obtained by human 
agency in the selective breeding of animals. The experience of 
breeders is that continued selection tends to produce a greater 
and greater purity of stock, characterised by small variability, 
so that if the selective breeding is carried too far, variation 
almost entirely ceases, and there is little opportunity left for the 
exercise of the breeder’s art. When this condition has been 
arrived at, he is obliged, if he wants to produce any further 
modifications of his animals, to introduce new blood—i.e. to 
bring in an individual which has either been bred to a different 
standard, or one in which the variability has not been so com­
pletely extinguished.

It would thus appear, and I think we are justified in hold­
ing this view, at any rate provisionally, that the result of con­
tinued selection will be to diminish the variability of a species ; 
and if carried far enough, to produce a race with so little 
variability, and so closely adapted to its surroundings, that the 



slightest alteration in the conditions of life will cause 
extinction.'

If selection tends to diminish the variability of a species, then 
it clearly follows that as selection has been by hypothesis the 
most important means of modifying organisms, variation must 
have been much greater in past times than it is now. In fact, 
it must have been progressively greater the farther we go back 
from the present time.

The argument which I have just laid before you points, if carried 
to its logical conclusion—and I see no reason why it should not 
be so carried—to the view that at the first origin of life upon 
the earth the variability of living matter consequent upon the 
act of conjugation must have been of enormous range : tn other 
words, it points to the view that heredity was a much less im­
portant phenomenon than it is at present. Following out the 
same train of thought, we are inevitably driven to the conclusion 
that one of the most important results of the evolutionary 
change has been the gradual increase and perfection of heredity 
as a function of organisms and a gradual elimination of vari­
ability.

This view, if it can be established, is of the utmost import­
ance to our theoretical conception of evolution, because it 
enables us to bring our requirements as to time within the limits 
granted by the physicists. If variation was markedly greater 
in the early periods of the existence of living matter, it is clear 
that it would have been possible for evolutionary change to have 
been effected much more rapidly than at present—especially 
when we remember that the world was then comparatively un­
occupied by organisms, and that with the change of conditions 
consequent on the cooling and differentiation of the earth’s sur­
face, new places suitable for organic life were continually being 
formed. It will be observed that the conclusion we have now 
reached, viz. that variation was much greater near the dawn 
of life than it is now, and heredity a correspondingly less im­
portant phenomenon, is a deduction from the selection theory. 
It becomes, therefore, of some interest to inquire whether a 
suggestion obtained by a perfectly legitimate mode of reasoning 
receives any independent confirmation from other sources. The 
first source of facts to which we turn for such confirmation must 
obviously be palaeontology. But palaeontology unfortunately 
affords us no help. The facts of this science are too meagre to 
be of any use. Indeed, they are wanting altogether for the 
period which most immediately concerns us—namely, the period 
when the existing forms of life were established. This took 
place in the prefossiliferous period, for in the earliest fossil- 
iferous rocks examples of almost all existing groups of animals 
are met with.

But although palaeontology affords us no assistance, there is one 
class of facts which, when closely scrutinised, do lend some 
countenance to the view that when evolutionary change was at 
its greatest activity, i.e. when the existing forms of life were 
being established, variation was considerably greater than it is 
at the present day.

But as this address has already exceeded all reasonable limits, 
and as the question which we are now approaching is one of 
very great complexity and difficulty, I am reluctantly compelled 
to defer the full consideration and treatment of it to another 
occasion. I can only hope that the far-reaching importance of 
my subject and the interest of it may to some extent atone for 
the great length which this address has attained.

Appendix.
The following observations on the condition of the male re­

productive organs in highly variable plants are quoted from 
Darwin's “ Variation of Animals and Plants under Domes­
tication,” vol. ii. p. 256 et seq.

In certain plant hybrids which are highly variable, it is known 
that the anthers contain many irregular pollen-grains. Exactly 
the same fact has been noticed by Max Wichura in many of our 
highly cultivated plants which are extremely variable, and 
which there is no reason to believe have been hybridised, such 
as the hyacinth, tulip, snapdragon, potato, cauliflower, &c.

The expression extinction of species seems to be used in two senses 
which are generally confused. Firstly* a species may become modified so 
that the form with which we are familiar gradually gives place to one or 
more forms which have been gradually produced by its modification. That 
is to say, a character or series of characters becomes gradually modified or 
lost in successive generations. This is not really extinction, but develop­
ment. Secondly, a species may gradually lose its variability, and become 
fixed in character. If the conditions then change, it is unable to adapt itself 
to them, and becomes truly extinct. In this case it leaves no descendants. 
We have to do with death, and not with development.

The same observer also “ finds in certain wild forms the 
same coincidence between the state of the pollen and a high 
degree of variability, as in many species of Kubus ; but in A’. 
caesius and idaeus, which are not highly variable species, the 
pollen is sound.” A little further on Darwin says “these facts 
indicate that there is some relation between the state of the 
reproductive organs and a tendency to variability ; but we must 
not conclude that the relation is strict.” Finally he sums up 
the matter in these words : “ On the whole it is probable that 
any cause affecting the organs of reproduction would likewise 
affect their product—that is. the offspring thus generated.”

NOTES.
In his address to the French Association, at the recent 

Boulogne meeting, Dr. P. Brouardel took as his theme 
“ Hygiene and its Progress during the last 100 Vears.” He 
paid special homage to the memory of the great Englishman 
and Frenchman, Jenner and Pasteur, who had done so much 
for the promotion of medical science. The first operation in 
vaccination made in France was performed at Boulogne, June 
18, i8cx>. A public monument—a statue of Jenner—records 
the event. Referring to some preventive diseases, Dr. 
Brouardel remarked that in the French army the mortality from 
typhoid fever is now about 12 in 10,000, and in the present 
state of the water supply of many towns it is believed that this 
mortality will not be much reduced. In the German army, 
however, the mortality from typhoid fever is as low as I and 
2 per 10,000, owing doubtless to the fact that an order of 
a Government authority addressed to any municipal body is 
immediately carried out, so that an impure water supply has 
soon to be replaced by a better one. But though some French 
municipalities are indifferent to their responsibilities, others do 
their duty well, and the mortality from typhoid fever for the 
whole of France is only 3 per 10,000. Dr. Brouardel referred 
to several other subjects which came within the range of pre­
ventive medicine.

The application of the Jenner Institute of Preventive Medi­
cine for permission to alter the memorandum of association so 
as to enable the institute to avail itself of Lord Iveagh’s gift of 
250,000/. was granted by Mr. Justice Cozens Hardy on 
September 13.

AFTER four months' work on his yacht, Dr. II. C. Sorby, 
F.R.S., has returned to Sheffield with many hundred specimens 
of marine animals, preserved by his new methods, so as to show 
lifelike character and natural colour.

The Director of the Marine Observatory of San Fernando 
announces that the Spanish Minister of Finance has given in­
structions that all instruments intended for observations of the 
eclipse of the sun on May 27, 1900, are to be admitted free of 
duty.

Sir William Preece, K.C.B., has recently been making 
experiments with an electromagnetic system of wireless tele­
graphy in the Menai Straits. Using a telephone as a receiver, 
he has succeeded in establishing communication between stations 
half a mile apart, the messages heard being signals on the 
Morse code.

We learn from the Scientific American that Prof. J. B. 
Hatcher, of Princeton University, has just returned from his 
geological expedition to Patagonia. The primary object of 
Prof. Hatcher's expedition was to make the most extensive 
collections possible of fossils of Patagonia. He also devoted 
considerable attention to gathering ethnological, botanical and 
zoological specimens. The first Mesozoic mammals ever dis­
covered were found in Patagonia on this expedition, and 

1 upward of thirty cases of Mesozoic vertebrates were shipped



north. Naturally Prof. Hatcher gathered much valuable 
material illustrating the life and customs of the Patagonian 
Indian tribes, and he has obtained an important series of 
photographic negatives which depict the geological and 
physiographic features of that region.

The British Central Africa Gazette (July 24), published at 
Zomba, announces the arrival at Nyasa of Mr. J. E. S. Moore, 
who visited Lakes Shirwa, Nyasa, and Tanganyika in 1896 
under the auspices of the Royal Society, and has again returned 
to Central Africa to survey the basin of Lake Tanganyika, to 
collect specimens of the aquatic fauna and flora, and to study 
the geological history of this portion of the great Central 
African rift. Mr. Moore has with him a complete set of 
apparatus for deep-water dredging, and the results of the present 
expedition should be even more satisfactory and interesting than 
those of the previous investigation. On the way to Tanganyika, 
deep sounding and dredging operations will be made in Lake 
Nyasa, the Administration gunboat Guendolen having been 
placed at the disposal of the expedition for this purpose. It is 
intended to spend several months on Lake Tanganyika, and, 
after leaving the north end of that lake, to proceed to Lakes 
Kivu, Albert Edward, and Albert, whence it is proposed to 
make for the East African coast.

We regret to see the announcement of the death of M, 
Gaston Tissandier, the founder of our Parisian namesake, La 
Nature, and the author of a number of scientific works. For 
many years M. Tissandier devoted much attention to ballooning, 
and made many balloon ascents, during which he obtained in­
formation of value to aeronautics and meteorology. The results 
of his investigations will be found in the Comptes rendus of the 
Paris Academy of Sciences. He was nominated president of 
the French Association of aerial navigation, and in 1876 received 
from the Association the Janssen gold medal. His first memoir 
on the application of electricity to aerial navigation was 
crowned by the Paris Academy of Sciences. In 1886, M. 
Tissandier was made a member of the committee on aeronautics 
by the Minister of War, and also of the civil committee on the 
same subject by the Minister of the Interior. He was a member 
of many scientific societies in France, and a vice-president of 
the French Meteorological Society. He was made a Chevalier 
of the Legion of Honour in 1872, and in 1893 the Society for 
the Encouragement of National Industry awarded him the grand 
gold medal. In addition to his scientific papers, M. Tissandier 
was the author of several volumes on physics, chemistry, 
photography, and ballooning.

Mr. C. E. Stromeyer has sent us a stereoscopic photograph 
of what appears to him to have been an induced lightning flash, 
taken by Mr. S. Jewsbury at Didsbury. The camera by which 
the photograph was obtained was placed upon the sill of an 
open window during a thunderstorm, in order to depict any 
flashes of lightning which might come within its field of view. 
No flashes were seen in this part of the sky, but when the plate 
was developed a broken streak of light appeared upon the two 
pictures. The trail is horizontal and directed towards a lamp­
post in a neighbouring road. As similar markings are often 
found on plates when lighted lamps are in the field, their, 
electrical origin in the present case is difficult to establish ; for 
they may have been produced while the camera was being 
placed in position, or taken away, with the lens off. Nevertheless 
the photograph furnishes interesting material for speculation.

Mr. T. Kingsmill sends us two cuttings from the Shanghai 
Mercury referring to two electric displays of an unusual 
character observed at Shanghai on July 19 and August to. 
On the former occasion it is stated :—“ The northern sky was 

in an almost constant blaze of light. Flashes came sometimes 
from two centres, as though there were an elliptical area of 
disturbance from whose foci were sent forth the shafts of 
lightning. At times these flashes would take the opposite 
course, and starting from the circumference make their way to 
the foci. Though the lightning flashes reached within twenty- 
five degrees of the zenith, and were vigorous enough in all 
conscience, yet nothing but the faintest distant rumbling could 
be heard.” On August to “ the reflection of lightning was seen 
from the S.W. and gradually increased in brightness until at 
about 7.50 it had reached the zenith.” The report states that 
“the lightning played over nearly the whole of the exposed 
sky, sometimes six and seven streamers at a time lighting up 
the sky. They were different in appearance from ordinary 
forked lightning, having rather the appearance of a network of 
ribbons crossing the exposed sky in all directions, like the dis­
charges in a vacuum tube. The most unusual circumstance 
was that these discharges, though most vivid, were almost 
noiseless, and could scarcely be heard above the ordinary 
jinrickshaw traffic of the street, the only accompanying sound • 
to the brightest display even in the zenith being a low rumbling, 
as of ordinary very distant thunder.” Mr. Kingsmill remarks 
that both displays were synchronous with distant typhoons.

At a meeting of the Lincolnshire Naturalists’ Union and the 
Lincolnshire Science Society, on September 11, Dr. G. M. 
Lowe, the president of both Societies, expressed the hope that 
something would soon be done to give science—both natural and 
physical—in Lincolnshire, first, a permanent home, secondly, the 
means of making useful observations, and thirdly, of recording 
them. The first requires the establishment of a museum, which 
would at once be a memorial of the great men who had been- 
born and lived in Lincolnshire, amongst whom may be mentioned' 
Isaac Newton, Sir John Franklin, and Mr. John Cordeaux. As 
a repository of specimens of the fast disappearing fauna and flora 
of our former fen country, of specimens of local antiquarian 
interest, of specimens bearing on the technique of our local arts 
and manufactures, a museum worthy of Lincolnshire would soon 
become invaluable. Next month the county authorities will 
consider an application for space within the Old Keep of the 
Castle, to erect buildings for an observatory for the reception of 
astronomical instruments offered to the county, and for a meteor­
ological station. A third requirement is a means of recording 
and preserving the observations and papers of members of the 
scientific societies in the county. A magazine devoted to. 
natural and physical science could, Dr. Lowe felt sure, be 
supported by Lincolnshire alone; and if the writers of ob­
servations and of papers on scientific subjects could be per­
suaded to drop the pedantic, and use as far as possible a 
simple phraseology, a highly interesting and useful publi­
cation could be provided, which would have a stimulating 
effect in directing the scientific education of the younger 
generation.

We have received from Prof. A. Klossovsky a copy of a paper 
read before the congress of naturalists, &c., at Kieff, entitled, 
“ The Physical Life of our Planet.” The author treats the 
subject on the supposition that the earth is similar to a living 
organism, in which the various functions and elements are closely 
connected according to certain laws. He considers that even 
the variations of terrestrial magnetism depend upon a system of 
currents which traverse the atmosphere and are in evident corre­
lation with the cyclonic activity of the air, and, further, that 
the magnetic and electric fields have an influence on the pro­
gress of phenomena at the surface of the earth. He gives some 
interesting accounts of the most recent acquisitions of science in 
the determination of the different forces which constitute the 
physics of the globe.



The U.S. Hydrographic Office has received a sufficient 
number of reports to enable it to lay down, with substantial 
accuracy, the track of the destructive West India hurricane 
referred to in our issue of August 17 (p. 374). It appears to 
have been first encountered on August 3, in lat. It° 51' N., long. 
35° 42' W., further east than any tropical storm hitherto 
reported to that Office. At noon (Greenwich time) on the 7th, 
observations of barometers and winds between St. Kilts and 
Barbados showed unmistakably the presence of a hurricane to the 
eastward. The centre of the storm reached Porto Rico on the 
8th, Haiti on the 9th, Bahamas on the 12th, and Jupiter, on the 
Florida coast, on the 13th, and then continued its path parallel 
to the general trend of the U.S. coast, where vessels continued 
to report galjs of hurricane force until the 19th. The lowest 
barometer reading, 28'35 inches, appears to have occurred off 
the Florida coast on August 14. When the hurricane was last 
reported, in the afternoon of the 21st, it was near lat. 40° N. 
and long. 60° W., much weakened in energy. The life of the 
storm is longer than any hitherto'repcrted to the Hydrographic 
Office.

The thirty-sixth annual report of the Government Cinchona 
Plantation in Sikkim, by Surgeon-Major D. Prain, shows that 
the issues of quinine during the year 1897-98 amounted to 
10,939 lbs., as against 8482 lbs. in 1896-97. The medical 
depots required 1710 lbs. more than during the preceding year, 
and the sales to Government officers for distribution in their 
districts exceeded those of 1896-97 by to86 lbs. As Sir George 
King feared, there has been a very marked decline in the 
demand for quinine for division into pice-packets for sale at 
Post-offices. The falling off in the demand, so far as Bengal is 
concerned, may be due to some special cause not active else­
where ; at all events, 800 lbs. have been asked for and supplied 
during the year for conversion into pice-packets in the North­
western Provinces.

During the year 1898-99 covered by the report of the Royal 
Botanic Garden, Calcutta, especial attention was given to the 
cultivation and distribution of plants of economic value. In 
connection with the question of rubber and gutta-percha, it has 
been ascertained, after examination of the milky juice of species 
of Sideroxylon belonging to the natural family Sapotacea;, that, 
though these species do not yield a true rubber, the material 
obtained from them might prove capable of being utilised for 
the various purposes for which gutta-percha or india-rubber is 
now employed. An interesting introduction to India during 
the year was Polygala butyracea, an African species, which 
yields an excellent vegetable oil. The cultivation and the 
identification of living plants yielding Indian products of hitherto 
doubtful origin were continued during the year with good 
results.

We have received two papers on earthquakes registered at 
the observatory of Catania during the present year {Boll, dell 
Accad. Gioenia di Sci. Nat. in Catania, 1899). Prof. Ricco 
describes the records of an earthquake in the Peloponnesus on 
January 22 made by the great seismometrograph, which is 
25'3 m. long and has a mass of 300 kg., and by the Brassart 
seismometrograph. Mr. Arcidiacono gives an account of three 
diagrams obtained by the former instrument between 7 and 10 
p.m. (G.M.T.) on May 3, the first being evidently made by a 
distant earthquake, which proved to be a strong shock in the 
Peloponnesus; and the other two by local shocks originating 
below the south-west flank of Etna at the same spot as the 
destructive earthquake of May 14, 1898. The author suggests 
that the Sicilian focus was in a critical condition, and that the 
two movements there were precipitated by the earlier disturb­
ance in Greece.

The Free Museum of Science and Art of the University of 
Pennsylvania issues an illustrated Bulletin, in the last number of 
which (vol. ii. No. 2) an account is given of the new museum 
buildings in which will be lodged the fine collections of Drs. 
W. H. Furness and H. M. Hiller and Mr. A. C. Harrison, 
jun., from Borneo and adjacent islands; the collection from 
Sarawak is second only to that in the Sarawak Museum at 
Kuching, and in some respects probably surpasses it. The 
Bulletin contains a report "on the recent excavations of the 
University at Nippur, an account of the Rittenhouse Orrery, 
and a catalogue of the recent additions to the Museum, some of 
the more interesting specimens being figured.

The Dorset County Council has set a good example in 
arranging for a series of reports with analyses of the soils of the 
county. The work has been carried out in Reading College 
under the superintendence of Mr. Douglas A. Gilchrist, and the 
soils have been analysed by Mr. C. M. Luxmoore and Mr. 
A. M. Ryley. The first annual report has just reached us; it 
forms Supplement No. viii. to the Journal of Reading College, 
August 1899. Soils have been taken from areas where different 
geological formations are developed from the Lower Lias of the 
Vale of Marshwood to the Reading Beds near Wimborne ; a few 
analyses are also given of soils from Berkshire, Hampshire, and 
Oxfordshire. The results so far obtained are full of interest, 
and are likely to prove of great practical importance. Sugges­
tions are made for the manuring of the principal farm crops on 
the different classes of soils, as well as on the suitability of the 
soils for particular crops.

An excellent “ Sketch of the Geology of the Lower 
Carboniferous Rocks of Derbyshire” has been contributed by 
Mr. II. H. Arnold Bemrose to the August number of the 
Proceedings of the Geologists’ Association. The Mountain 
Limestone with its caverns and lead mines, the Yoredale Rocks 
and the Millstone Grit are duly described, and the leading 
fossils are noted. Mention is made of Dr. Wheelton Hind’s 
opinion that the Yoredale Rocks of Derbyshire are newer than 
those of the typical district in Wcnsleydale. Further research 
on this subject is needed. References are made to the Glacial 
Drift, the Pleistocene Mammalia, the Warm Springs, and other 
subjects. A more particular account is given of the igneous 
rocks generally known as Toadstones, and of the occurrence of 
volcanic vents, as well as tuffs, lavas and sills. There are notes 
also on marmorised, dolomitised and silicified limestones. The 
article is well illustrated with maps, sections, and pictorial 
views.

Many persons are under the impression that shore-nesting 
birds make no nest, but lay their eggs indiscriminately among 
the shingle. This Mr. Patten, in the September number of the 
Irish Naturalist, shows to be a complete misconception so (ar 
as the Little Tern is concerned. As a matter of fact, the bird 
excavates a conical pit in the sand about two inches deep. 
Immediately round the “ crater” a narrow rone of sand is 
cleared from shingle; and when completed and containing its 
full clutch of two or three eggs, the deepest part of the nest is 
filled with broken shells, into which the eggs are wedged with 
their points downwards. As the eggs are disproportionately 

. large in relation to the bird, it is manifest that the position in 
which they are placed renders them most easily covered by the 
brooding hen. It has been assumed that the “ crater ” is 
excavated by the hen-bird “ breasting” the sand in the manner 
that sparrows dust themselves by the road-side, but the author 
is of opinion that the work is done with the beak.

The discussion in regard to the Ground-sloth whose skin and 
other remains have been found in a cave in Patagonia has 
assumed a new phase. It will be remembered that in a recent 



contribution to our columns Dr. Moreno stated his belief that 
the animal belonged to the genus Glossotherium (= Grypo- 
therium), the creation of a new genus (Neomylodon) for its 
reception being accordingly superfluous. Accepting this de­
termination, but using the synonym Grypotherium, Dr. R. 
Hauthal, in a paper recently communicated to the “ Revista del 
Museo de la Plata ” (vol. ix. p. 409), comes to the conclusion 
that the animal in question was kept by the prehistoric Indians 
of Patagonia in a domesticated state, and that the cave at 
Ultima Esperanza was the stable where the herd was nightly 
collected ! Several specimens of the hide, as well as abundant 
droppings in a dried state, have been obtained ; but in spite of 
this, the author is of opinion that all the remains date from 
prehistoric times. And he gives reasons for the belief that the 
creature cannot be living at the present day. Considering the 
animal in question to be distinct from the typical species, the 
author and his colleague Mr. Roth bestow the new title G. 
domesticum, apparently oblivious of Dr. Ameghino’s earlier 
name listai. The promised continuation of this remarkable 
paper will be awaited with interest.

Some very interesting features in development are brought to 
light in Mr. J. S. Budgett’s “ Notes on Batrachians of the Para­
guayan Chaco,” published in the last issue of the Quarterly 
Journal of Microscopical Science. It is well known that in some 
of the arboreal frogs the tadpole stage, to meet the necessities of 
existence, is more or less abbreviated ; and the author describes 
an instance of this in a species of Phyllomedusa, illustrating his 
notes with a beautiful coloured plate. After mentioning how 
the male and female hold together the edges of a leaf (which 
afterwards become united by the jelly of the egg-mass) during 
oviposition so as to form a funnel for the reception of the eggs, 
the developmental stages are described in detail. In the short 
period of six days the embryo leaves the egg as a pellucid 
tadpole of a bright green colour, whose only conspicuous parts are 
its eyes. The tadpole, which may have to travel several inches 
in order to reach the water, is hatched without a trace of yolk, 
and with the loss of external gills; breathing taking place by 
means of a median spiracle, and the lungs being distinctly 
visible through the body-wall. Pigment is locally developed 
next day ; and at the end of about five weeks the hind limbs 
appear. When both pairs of limbs are developed, the young 
frog lands, and sits quietly among the grass till its tail is com­
pletely absorbed, when it is practically adult.

The second volume of Prof. G. O. Sars’ work on the 
Crustacea of Norway, dealing with the Isopoda, has just been 
completed. The volume is the first in which the Scandinavian 
Isopoda are treated as a whole, and it should be of much 
practical use to zoologists. The third volume of the work, 
now in preparation, will treat of the anomalous group Cumacea, 
and will consist of about 150 pages with sixty plates.

At the Royal Victoria Hall, Waterloo Bridge Road, the 
following popular science lectures will be delivered on Tuesday 
evenings during October :—October 3, “ The Value of Nitrogen,” 
Prof. Holland Crompton, F.R.S. October to, “Liquid Air,” 
Prof. W. Ramsay, F.R.S. October 17, “Source and Course 
of the River Thames,” Dr. C. G. Cullis. October 24, 
“Photographs taken in the Dark,” Dr. Russell, F.R.S. 
October 31, “ Kamchatka,” Captain Barrett Hamilton.

The additions to the Zoological Society’s Gardens during the 
past week include a Maholi Galago (Galago maholi) from South 
Africa, presented by Mr. James W. Park ; two Black-eared 
Marmosets (Hapale pcnicillata) from South-east Brazil, pre. 
sented by Mr. F. M. Still; a Guinea Baboon (Cynocephalus 
sphinx, S) from West Africa, presented by Mr. J. Huxley; a 
Black-backed Jackal (Cam's mesomelas), four Bristly Ground 

Squirrels (Xerus setosus), a Vulturine Eagle (A /ui/a verreauxi, 
juv.), two Hispid Lizards (Agama hispida), four Delalande’s 
Lizards (Nucras dclalandii), seven Rufescent Snakes (Leptodira 
hotambaeia), four Crossed Snakes (Psantmophis crucifer), five 
Rhomb-marked Snakes (Trimerorhinus rhombeatus), eight 
Rough-keeled Snakes (Dasypeltis scabra), an Infernal Snake 
(Poodon infemodis), two Puff Adders (Bilis arietam) from South 
Africa, presented by Mr. J. E. Matcham ; a Fulmar (fuhnarus 
glacialis) from Iceland, presented by Mr. G. S. Hett; a Lap­
wing (Vanellus cristatus), British, presented by the Rev. A. 
Barham Hutton; a Herring Gull (Larus argentatus), British, 
presented by Mr. J. L. Bell; two Common Chameleons 
Chamaeleon vulgaris) from North Africa, presented by Mr. 
Ronald H. Archer; a Common Viper (Vipera berus), British, 
presented by Mr. P. Debell Tuckett ; a Kinkajou (Cercoleples 
caudivolvulus) from South America, an Arctic Fox (Cants 
lagopus) from Finland, a Palm Squirrel (Seiurus palmarum, 
albino) from India, a Black-headed Conure (Conurus nanday) 
from Paraguay, deposited.

OUR ASTRONOMICAL COLUMN.
Holmes’ Comet 1899^(1892 III.).—

Ephemeris for 12/1. Greenwich Mean Time.
Br.

1890. R.A. Dccl. ,------- ■-------- ,
h. m. 1. 0 / // (rA)"*

Sept. 21 3 9 35 98 + 44 45 >97 0-1758 0-05727
22 9 31 29 44 57 20-3
23 9 24 28 45 9 io'2
24 9 ■4 9> 45 20 49-1
25 9 3 *8 45 32 16'4 0-1740 0-05809
26 8 4909 45 43 3*«
27 » 32 62 45 54 34'8
28 8 ■375 46 5 25-0
29 7 5250 46 16 20 01721 0-05881
3° 7 28-86 46 26 25-1

Oct. 1 7 2-85 46 36 34'1
2 6 34'46 46 46 28 2
3 3 6 3'71 + 46 56 7-2 0-1702 005939

New Spectroscopic Multiple Star.—The San Francisco 
correspondent of the Standard (September 11) reports that Prof. 
W. W. Campbell, of the Lick Observatory, announces that he has 
obtained spectroscopic evidence that the North Pole star, Polaris, 
is in reality a system consisting of three bodies. Two of these 
revolve round each other in a period of four days, and simul­
taneously they together revolve around a third body, in the same 
manner as the earth and planets revolve round the sun. It is 
improbable that any of these distant bodies will ever be visible 
separately, their distance from each other being so small that it 
can only be detected by the change in wave-length of the lines 
in the spectrum of the system, owing to the continual approach 
and recession of each component during their mutual revolutions.

Southern Variable Stars.—In the Astronomical Journal 
(No. 468), Mr. R. T. A. Innes gives the results of observations 
on variable stars made at the Cape Observatory since 1896. 
The working catalogue was mainly derived from lists supplied 
by Prof. J. C. Kapteyn, who noted all suspected cases of 
variability in the course of his work on the Cape Photographic 
Durchmusierung. The present communication considers twenty­
seven stars, of which one is probably of the Algol type. The 
period of this is found to be 12'906 days, and consequently this 
star is conspicuous as being the longest period Algol variable. 
Its position is

R.A. 7h. 42m. 41'Is-\/IR7ef Deci. — 41" 4''o /U»75),
The visual variation of magnitude is from 9'5 to 107, and 

photographically from 9'3 to 10'2.
The Bulletin de la Social Astr. de France for September 

contains several interesting papers.—“ Photography of stellar 
spectra,” by Prof. A. Cornu, consists of a short description of 
the methods and results of researches into stellar constitution. 
MM. Flammarion and Antoniadi describe their most recent 
observations of Mars, including illustrations showing the land­



markings and the variations of the polar cap with the seasons. 
—M. Em. Touchet contributes an illustrated account of his suc­
cessful attempt to photograph the “ shadow cast by the planet 
Venus.” This he did on January it, with an exposure of fifteen 
minutes, the object casting the shadow being an incandescent 
bulb-holder placed about 21 cm. from the plate.—Lastly, rather 
more than nine pages are devoted to a dissertation, by M. 
Rideau, on “ the satellites of Jupiter," dealing with their 
dimensions, surface, probable variability of brightness, eclipse 
and other phenomena.

SO I. ID HYDROGENS
TN the autumn of 1898, after the production of liquid hydrogen 

was possible on a scale of one or two hundred c.c., its 
solidification was attempted under reduced pressure. At this 
time, to make the isolation of the hydrogen as effective as 
possible, the hydrogen was placed in a small vacuum test-tube, 
placed in a larger vessel of the same kind. Excess of the 
hydrogen partly filled the circular space between the two 
vacuum vessels. The apparatus is shown in Fig I. In this 
way the evaporation was mainly thrown on the liquid hydrogen 
in the annular space between the tubes. In this arrangement 
the outside surface of the smaller tube was kept at the same 
temperature as the inside, so that the liquid hydrogen for 
the time was effectually guarded from influx of heat. With 
such a combination the liquid hydrogen was evaporated under 
some to mm. pressure, yet no solidification took place. Seeing 
experiments of this kind required a large supply of the liquid, 
other problems were attacked, and any attempts in the direction 

fid.
of producing the solid for the time abandoned. During the course 
of the present year many varieties of electric resistance thermo­
meters have been under observation, and with some of these 
the reduction of temperature brought about by exhaustion was 
investigated. Thermometers constructed of platinum and 
platinum-rhodium (alloy) were only lowered 1 J’ C. by exhaus­
tion of the liquid hydrogen, and they all gave a boiling point of 
-245’C., whereas the reduction in temperature by evaporation 
in vacuo ought to be 5° C., and the true boiling point from 
- 252“ to - 253° C. In the course of these experiments it 
was noted that almost invariably there was a slight leak of 
air, which became apparent by its being frozen into an air snow 
in the interior of the vessel, where it met the cold vapour of 
hydrogen coming off. When conducting wires covered with 
silk have to pass through india-rubber corks it is very difficult 
at these excessively low temperatures to prevent leaks, when 
corks get as hard as a stone, and cements crack in all directions. 
The effect of this slight air leak on the liquid hydrogen when the 
pressure got reduced below 60 mm. was very remarkable, as it 
suddenly solidified into a white froth-like mass like frozen foam. 
My first impressions were that this body was a sponge of solid 
air containing the liquid hydrogen, just like ordinary air, which 
is a magma of solid nitrogen containing liquid oxygen. The

1 Read before the British Association (Section B), Dover Meeting, by 
Frol. Jame* Dewar, F.R.S. 

fact, however, that this white solid froth evaporated completely 
at the low pressure without leaving any substantial amount of 
solid air led to the conclusion that the body after all must be 
solid hydrogen. This surmise was confirmed by observing that 
if the pressure, and therefore the temperature, of the hydrogen 
was allowed to rise, the solid melted when the pressure reached 
about 55 mm. The failure of the early experiment must then 
have been due to supercooling of the liquid, which is prevented 
in this case by contact with metallic wires and traces of solid 
air. To settle the matter definitely, the following experiment 
was arranged. A flask, c, of about a litre capacity, to which a 
long glass tube bent twice at right angles was sealed, as shown 
in Fig. 2, and to which a small mercury manometer can be 
sealed, was filled with pure dry hydrogen and sealed off. The 
lower portion, A B, of this tube was calibrated. It was surrounded 
with liquid hydrogen placed in a vacuum vessel arranged for 
exhaustion. As soon as the pressure got well reduced below 
that of the atmosphere, perfectly clear liquid hydrogen 
be^an to collect in the tube A II, and could be observed accumu­
lating until, about 30 to 40 mm. pressure, the liquid hydrogen 
surrounding the outside of the tube suddenly passed into a solid 
while foam-like mass, almost filling the whole space. As it was 
not possible to see the condition of the hydrogen in the interior 
of the tube A 11 when it was covered with a large quantity of this 
solid, the whole apparatus was turned upside down in order to 
see whether any liquid would run down A 11 into the flask c. 
Liquid did not flow down the tube, so the liquid hydrogen with 
which the tube was partly filled must have solidified. By 
placing a strong light on the side of the vacuum test-tube 
opposite the eye, and maintaining the exhaustion to about 
25 mm., gradually the solid became less opaque, and the 
material in A 11 was seen to be a transparent ice in the lower part, 
but the surface looked frothy. This fact prevented the solid 
density from being determined, but the maximum fluid density 
has been approximately asceitained. This was found to be 
o-o86, the liquid at its boiling point having the density 0'07. 
The solid hydrogen melts when the pressure of the saturated 
vapour reaches about 55 mm. In order to determine the tem­
perature, two constant volume hydrogen thermometers were 
used. One at 0° C. contained hydrogen under a pressure of 
269’8 mm., and the other under a pressure of 127 mm. The 
mean temperature of the solid was found to be 16° absolute 
under a pressure of 35 mm. All the attempts made to get an 
accurate electric resistance thermometer for such low tempera­
ture observations have been so far unsatisfactory. Now that 
pure helium is definitely proved to be more volatile than 
hydrogen, this body, afier passing through a spiral glass tube 
immersed in liquid hydrogen to separate all other gases, must 
be compared with the hydrogen thermometer. For the present 
the boiling point which is 21“ absolute at 760 mm., compared 
with the boiling point at 35 mm., or 16° absolute, enables the 
following approximate formula for the vapour tension of liquid 
hydrogen below one atmosphere pressure to be derived :—

log/-6’734t -83 28/T mm.,
where T = absolute temperature, and the pressure is in mm. 
This formula gives us for 55 mm. a temperature of 167° absolute. 
The melting point of hydrogen must therefore be about 16° or 
17" absolute. It has to be noted that the pressure in the con­
stant volume hydrogen thermometer, used to determine the tem­
perature of solid hydrogen boiling under 35 mm., had been so 
far reduced that the measurements were made under from one- 
half to one-fourth the saturation pressure for the temperature. 
When the same thermometers were used to determine the boil­
ing point of hydrogen at atmospheric pressure, the internal gas 
pressure was only reduced to one-thirteenth the saturation pres­
sure for the temperatures. The absolute accuracy of the boiling 
points under diminished pressure must be examined in some 
luture paper. The practical limit of temperature we can com­
mand by the eva|»ration of solid hydrogen is from 14° to 15* 
absolute. In passing it may be noted that the critical temper­
ature of hydrogen being 30“ to 32° absolute, the melting point 
is about half the critical temperature. The melting point of 
nitrogen is also about half its critical temperature. The foam­
like appearance of the solid when produced in an ordinary 
vacuum is due to the small density of the liquid, and the fact 
that rapid ebullition is substantially taking place in the whole 
mass of liquid. The last doubt as to the possibility of solid 
hydrogen having a metallic character has been removed, and 
for the future hydrogen must be classed among the non-metallic 
elements.



AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE.

X S already notified, the forty-eighth meeting of the American 
x x Association for the Advancement of Science was held at 
Columbus, Ohio, on August 19-26 Dr. W. O. Thompson, 
President of the Ohio State University, welcomed the Associ­
ation on behalf of the University, and Dr. Edward Orton, the 
President, in expressing the thanks of the Association, briefly 
referred to some of the scientific advances of the present century.

The address of Prof. F. W. Putnam, the retiring President 
of the Association, was printed in Nature of September 7, and 
the following are extracts from some of the addresses delivered 
by the Presidents of the Sections.

The Fundamental Principles oe Algebra.
In his address to the Section of Mathematics and Astronomy, 

Prof. Alexander Macfarlane reviewed historically and critically 
the several advances which have been made in the present cen­
tury respecting the fundamental principles of algebra. The 
conclusion reached, after a statement and criticism of algebraic 
symbols, operations and laws, is as follows :—

If the elements of a sum or a product are independent of 
order, then the written order of the terms is indifferent, and the 
product of two such sums is the sum of the partial products ; but 
when the elements of a sum or of a product have a real order, 
then the written order of the elements must be preserved, though 
the manner of their association may be indifferent, and a power 
of a binomial is then different from a product. This applies 
whether the sum or product occurs simply, or as the index of 
a base.

Descartes wedded algebra to geometry ; formalism tends to 
■divorce them. The progress of mathematics within the century 
has been from formalism towards realism ; and in the coming 
century, it may be predicted, symbolism will more and more 
give place to notation, conventions to principles, and loose ex­
tensions to rigorous generalisations.

The Field of Experimental Research.
Prof. Elihu Thomson described to the Section of Physics a few 

of the recent developments of physical science, and pointed out 
that physical research by experimental methods is both a broad­
ening and a narrowing field. There are many gaps yet to be 
filled, data to be accumulated, measurements to be made with 
great precision, but the limits within which experimental work 
can be done are becoming, at the same time, more and more 
defined. In most fields of research progress in the future will 
depend in an increasing degree upon the possession, by the in­
vestigator, of an appreciation of small details and magnitudes, 
together with a refined skill in manipulation or construction of 
apparatus. He must be ready to guide the trained mechanic, and 
be able himself to administer those finishing touches which often 
mark the difference between success and failure.

In conclusion, Prof. Thomson remarked that his endeavours 
had been to indicate in his address directions in which the field 
of experiment may be extended, and to emphasise the fact that 
research must be carried on by extension of limits, necessitating 
more liberal endowment of research laboratories. The physicist 
must avail himself of the powers and energies set in play in the 
larger industrial enterprises, and finally the field of possible ex­
ploration in physics by experimental methods has its natural 
boundaries, outside of which our advances in knowledge must 
be derived from a study of celestial bodies.

The riddle of gravitation is yet to be solved. This all-per­
meating force must be connected with other forces and other 
properties of matter. It will be a delicate task, indeed, for the 
total attraction between very large masses closely adjacent, aside 
from the earth’s attraction, is very small.

Scientific facts are of little value in themselves. Their signi­
ficance is their bearing upon other facts, enabling us to generalise 
and so to discover principles, just as the accurate measurement 
of the position of a star may be without value in itself, but in 
relation to other similar measurements of other stars may become 
the means of discovering their proper motions. We refine our 
instruments ; we render more trustworthy our means of observ­
ation ; we extend our range of experimental inquiry, and thus 
lay the foundation for the future work, with the full knowledge 
that, although our researches cannot extend beyond certain 
limits, the field itself is, even within those limits, inexhaustible.

The Definition of the Element.
Prof. F. P. Venable briefly discussed the nature of the 

elements in his address to the Section of Chemistry. He passed 
in review some of the evidence which leads to the belief that the 
so-called elementary atoms are but compounds of an intimate 
peculiar nature, the dissociation of which has not yet been ac­
complished. Referring to the conclusions to which investigations 
lead, it was remarked that the hypothesis that the elements are 
built up of two or more common constituents has a larger 
number of supporters, and would seem more plausible than 
Graham’s hypothesis. Some have supposed one such primal 
element by the condensation or polymerisation of which the 
others were formed. Others have adopted the supposition of 
two elements.

There are many practical difficulties in the way of these sup­
positions ; the lack of uniformity in the differences between the 
atomic weights, the sudden change of electro-chemical character, 
and the impossibility, so far, of discovering any law underlying 
the gradation in the properties of the elements with the increase 
of atomic weights, are some of the difficulties. In comparing 
these two hypotheses, that of Graham seems very improbable. 
It is possible to think of valency as dependent upon the character 
of the motion of the atom, but one cannot well conceive of a 
similar dependence of atomic weight and all the other properties. 
There remains, then, the hypothesis of primal elements by the 
combination of which our elements have been formed. These 
molecules are probably distinguished from the ordinary mole­
cules by the actual contact and absolute union of the component 
atoms without the intervention of ether.

Since these elemental molecules cannot as yet be divided, the 
name atom may be retained for them, but the idea of simplicity 
and homogeneity no longer belongs to them. The definition of 
an element as a body made up of similar atoms is equally lack­
ing in fidelity to latest thought and belief, but chemists would 
scarcely consent to change it, and, indeed, it may well be re­
tained, provided the modified meaning is given to the word 
atom. But, after all, an element is best defined by means of its 
properties. It is by close study of these that its elemental 
nature is decided, and through them it is tested. Complete 
reliance can no longer be placed upon the balance and the 
supposed atomic weight.

The Devonian System of Canada.
Mr. J. F. Whiteaves’s address to the Section of Geology and 

Geography was upon the present state of knowledge of the 
Devonian rocks of Canada, from a paleontologist’s point of 
view. In accordance with long usage in Canada, the line of 
demarcation between the Silurian and Devonian systems was 
drawn at the base of the Oriskany sandstone. The information 
that has so far been gained about the Devonian rocks of Canada 
was considered in geographical order, from east to west, under 
the three following heads, viz. (t) The Maritime Provinces 
and Quebec ; (2) Ontario and Keewatin; and (3) Manitoba 
and the North-west Territories.

The present state of our knowledge of the Devonian rocks of 
the whole Dominion, from a purely paleontological standpoint, 
was thus briefly summarised :—We now possess a fairly satis­
factory knowledge of the fossils of the Devonian rocks of 
Ontario, and of the relations which these rocks bear to the 
typical section in the State of New York. The fossil plants of 
the Gaspe sandstones have been described and figured by Sir 
William Dawson, and the remarkable assemblages of fossil 
fishes from the Upper Devonian of Scaumenac Bay and Lower 
Devonian near Campbellton have been worked out somewhat 
exhaustively, the earlier collections in Canada, and the later 
ones by the best ichthyological authorities in London and Edin­
burgh. We have now some idea of the fossil fauna of the 
Manitoba Devonian, and have added materially to our know­
ledge of the fossils of the Devonian rocks of the Athabasca and 
Mackenzie River districts. But, on the other hand, our know­
ledge of the organic remains of the Devonian of Nova Scotia is 
still in its infancy, and it would seem that the plant-bearing beds 
near St. John, N.B., which have so long been regarded as 
Devonian, may possibly be Carboniferous. In the Rocky 
Mountain region of Alberta we have not always succeeded in 
distinguishing Devonian rocks from Carboniferous, and we have 
yet to obtain a much fuller knowledge than we now possess of 
the Devonian fossils of Keewatin and the area to the south-west 
of James Bay.



Engineering Education.
The address of Prof. Storm Bull, before the Section of 

Mechanical Science and Engineering, was on engineering 
education as a preliminary training for scientific research work. 
The proposition put forward was that engineering education as 
furnished in the best technical schools of the world, together 
with the training obtained later in life as a practising engineer, 
provides the best preliminary preparation for the successful 
prosecution of scientific research work.

UNIVERSITY AND EDUCA TIONAL 
INTELLIGENCE.

Mr. A. G. Ashcroft has been appointed Assistant Professor 
of Engineering at the Central College of the City and Guilds of 
London Institute.

During the winter session 1899-1900 at the University of 
Edinburgh, courses on practical experimental physiology, prac­
tical chemical physiology, and practical histology, will be given 
every week day, in addition to the usual five months’ course on 
physiology.

Among the addresses to be delivered at the opening of the 
Medical Schools in the beginning of October are the following : 
—At the Middlesex Hospital the introductory address will be 
delivered by Mr. John Murray. At St. George’s Hospital the 
introductory address will be given by Dr. Howship Dickinson. 
At University College the session will be opened by Dr. G. F. 
Blacker. At St. Mary’s Hospital the address will be given by 
Mr. II. G. Plimmer. At Char'ng Cross Hospital the address will 
be delivered by Dr. Mitchell Bruce. At Guy’s the term begins 
on October 2, when the first meeting of the session of the 
Physical Society will be held at 8, in the new physiological 
theatre. Sir Samuel Wilks will preside. At the London School 
of Medicine for Women the introductory address will be given 
by the dean, Mrs. Garrett Anderson, after which the prizes for 
the past year will be distributed. The winter session of the 
London School of Tropical Medicine will open on October 2, 
when the new school will be formally opened to students. At 
St. Thomas’s Hospital the session will open on October 3, 
when the prizes will be distributed by Prof. Clifford Allbutt. 
The winter session at Mason College, Birmingham, will begin 
on October 2, when Sir William Gairdner will deliver the 
introductory address. At University College of South Wales 
and Monmouthshire, Cardiff, the address will be given on 
October 6 by Prof. A. W. Hughes. At Yorkshire College, 
Leeds, the address will be given on October 2, and the prizes 
distributed by Dr. Byrom Bramwell. The session at University 
College, Liverpool, will begin on October 3 with an address by 
the Rev. S. A. Thompson-Yates, who will afterwards distribute 
the prizes. The introductory lecture at Queen’s College, Man­
chester, will be given on October 2 by Sir J. Crichton Browne.

SCIENTIFIC SERIAL.
American Journal of Science, September.—On the gas 

thermometer at high temperatures, by L. Holborn and A. L. 
Day. The authors seek for a type of gas pyrometer yielding the 
most trustworthy results, and eventually decide in favour of 
the iridio-platinum bulb as against porcelain. They fill the 
bulb with nitrogen, and use a saltpetre bath up to 750°, a zinc 
bath up to 900°, and electric heating for still higher temperatures, 
since flame gases pass bodily through the metal.—On the flicker 
photometer, by O. N. Rood. The general idea of the photo­
meter, which is independent of colour, is that the differently 
coloured beams of light traversing its axis should illuminate the 
two surfaces of a rectangular prism, facing the eye, and that by 
the oscillations of a cylindrical concave lens its illuminated 
surfaces should alternately and in rapid succession be presented 
to the eye. The resulting flicker vanishes when the two surfaces 
have the same luminosity.—A quantitative investigation of the 
coherer, by A. Trowbridge. The greater the charging potential 
of the coherer, the. more rapid is the rise of the conductivity per 
unit increase in quantity of electricity discharged. Probably 
every coherer has a critical value of the difference of potential 
below which it will not act. In the ball coherer used this was 
8 volts.—Double ammonium phosphates of beryllium, zinc, and 
cadmium in analysis, by Martha Austin. The preparation of 

these double ammonium phosphates is described in detail, and 
their utility in analytical processes is indicated.—An Albertite­
like asphalt in the Choctaw Nation, Indian Territory, by J. A. 
Taff. The mineral, in both its physical and chemical properties, 
is shown to be an asphalt, and only differs from albertite in its 
solubility in turpentine. It occurs in veins from 4 to 25 feet 
thick.—A new meteorite from Murphy, Cherokee County, N.C., 
by II. L. Ward. The siderite described has a square fracture 
unusual in iron meteorites.—On the separation of alumina from 
molten magmas, and the formation of corundum, by J. H. 
Pratt. The separation of alumina is well illustrated in nature in 
the occurrence of corundum, spinel, and chromite in the rocks 
of the peridotite group. Experiments in the laboratory show that 
the separation of alumina as corundum from molten magmas is 
dependent upon the composition of the chemical compounds that 
are the basis of the magma, upon the oxides that are dissolved 
with the alumina, and upon the amount of the alumina itself. 
When the magma is composed of a magnesium silicate without 
excess of magnesia, all the alumina held by such a magma will 
separate out as corundum.

SOCIETIES AND ACADEMIES.
Paris.

Academy of Sciences, September 11.—M. Maurice Livy 
in the chair.—On a new form of the equations of dynamics, by 
M. P. Appell. Some remarks on the new form of equation 
indicated in the Camples re mins of August 7 and 28. The 
results obtained can be expressed in one theorem, with which is 
connected the principle of least constraint of Gauss.—The 
Perseids of 1899, by M. G. Flammarion. The paper gives the 
results of the observations of MM. Antoniadi and Mathieu at 
the observatory of Juvisy on August 11, 12 and 13. The 
results are given in tabular form, and the directions of the 
meteors observed are shown upon a map.—Remarks by M. 
Bouquet de la Grye on the above paper. It would be 
possible to utilise shooting stars as a means of determining 
differences of longitude between places unprovided with the 
telegraph.—On some geometrical relations between two systems 
of points defined by algebraic equations, by M. S. Mangeot.
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