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THURSDAY, SEPTEMBER 22, 1898.

THE FAUNA AND FLORA OF THE PAMIR.
Report on the Natural History Results of the Pamir
Boundary Commission. By A. W. Alcock, M.B.,
Surgeon Naturalist to the Commission. With a List
of the Plants, by J. F. Duthie, B.A,, F.L.S,, and a
Notice of the Rock-specimens, by T. H. Holland,

A.R.C.S,, F.G.S. (Calcutta, 1898.)

OR this useful addition to our knowledge of the
Pamir plateau we are indebted to the enlightened
policy of the Government of India, who, in attaching Mr.
Alcock as naturalist to the Commission despatched in
1895 to demarcate the boundary between Afghan and
Russian territory, followed the course adopted on several
previous occasions, as when the late Dr. Stoliczka was
sent as naturalist with the Yarkand mission in 1873-74,
and when Dr. J. Anderson was added to the two ex-
peditions to Yunnan in 1868 and 1875. The Indian
Government have added to the value of the observations
made by publishing the results, which comprise a few
general remarks on the fauna, flora and geology, and a
descriptive list of the specimens obtained.

The Commission left the valley of Kashmir on June
21, and returned to it on October 12, so that the journey
occupied less than four months, whilst the time actually
spent on the Pamir itself extended only from July 20 to
September 16. This, however, is probably the best time
in the whole year for zoological and botanical collecting
at so high an elevation, and is certainly much better than
April and May, when Stoliczka’s collections were made
in the same region.

The results, as Mr. Alcock points out, appear small,
but this must be attributed to the poverty of the fauna
and flora, every effort having been “ made to get together
as complete and representative a collection as possible.”
Six mammals, 37 birds, 4 fishes, 10 butterflies, and a few
miscellaneous invertebrates were obtained, besides 105
phanerogamous and 10 cryptogamous plants. Four
more mammals were seen, but no reptile nor batrachian
was met with, despite careful search, and although
specimens of both were obtained on the journey between
Kashmir and the Pamir, All the fishes, except one loach,
belong to the curious group of carps (the Sckizothoracine
of McClelland), with enlarged imbricate scales at the
base of the anal fin, This group appears to be peculiar
to Central Asia.

In the list of the animals obtained on the road between
Kashmir and the Pamir, a very few forms with Indian
affinities occur, for instance, a Zrockaloplerum among
the birds, but still the great majority are Palaxarctic
species ; even three earthworms are identified by Mr,
Beddard as European. The Pamir fauna and flora show
no trace of Indian affinities, but pertain strictly to the
Central Asiatic phase of the Palxarctic (or Holarctic)
region. At the same time, now that we know the fauna
and flora of the Pamir plateau well, their most striking
feature is the distinction shown from the animals and
plants of Tibet. There is no great difference between
the physical features of the two areas; they are both
from 12,000 to about 18,000 feet in height (the Tibetan
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averaging rather the higher, but by not more than 2000
feet), and the two are completely united by the table-
land of Western Tibet. Nevertheless very few of the
animals or plants are identical, and the few that are
appear to be forms of very wide range. Nor is this all,
for so far as the mammalia, the best known and most im-
portant group, are concerned, the fauna of the bleak,
barren plateau of Tibet appears to be considerably more
numerous than that of the rather less bleak Pamir,
despite the well-known rich pasture lands of the latter.
Thus, taking the Ungulates alone, only two species,
Ovis poli, Marco Polo’s sheep, and Capra sibirica, the
Asiatic ibex, are known from the Pamir ; whilst in Tibet,,
the yak, Tibetan antelope (Pantholops), Tibetan gazelle,
two if not three wild sheep (Owvis kodgsoni, O. nalkura,
and probably O. wignei), an ibex, and the kiang (Eguus
hemionus) occur, without taking into account Budorcas,
two' species of Cerwus and the musk deer, which are
found in parts of the plateau. The same difference is
found in other mammalia; thus the golden marmot,
Arctomys aureus, of the Pamir replaces 4. kimalayanus
and A. robustus of Tibet, and Lepus tibetanus to the
westward represents the L. pallipes and L. hypsibius of
the great Eastern plateau.

As already stated the two plateaus, the Pamir and
Tibet, are continuous, and are not separated from each
other by any distinct elevation or depression. The cause
of the marked difference in the fauna and flora needs
explanation, and may not improbably be connected with
the geological history of the two areas. It has been
already shown that the specialisation of the Tibetan
mammalian fauna probably indicates isolation during the
latter portion of the Tertiary era, an isolation which can
only be attributed to elevation. Whether it should be
inferred that the elevation of the Pamir, which is believed
to have been connected with the origin of the Himalayas,
is of later geological date than that of Tibet, is a question
that must be left to future geological explorers.

The geological observations in the present work are
limited to petrological notes, the rocks found having
been noted, and specimens brought away, which were
examined by Mr. Holland. This proceeding, like the
proverbial carrying away of a brick as a sample of a
house, though apparently approved by high geological
authorities, is extremely unsatisfactory, and it is to Mr.
Holland’s credit that he has been able to add one inter-
esting fact, at all events, to previous observations. This
is that certain rhyolites which are found on the Pamir
are precisely the rocks that might be expected as the
volcanic representatives of Stoliczka’s “Central Gneiss,”
which Mr. Holland agrees with General McMahon in
regarding as intrusive. This “ Central Gneiss” forms
the axis of the Himalayas and, as Stoliczka showed, it
occupies an extensive area on the Pamir. It is curious
that no allusion to Dr. Stoliczka’s observations on the
Pamir is to be found in Mr. Holland’s notes.

In conclusion, it may be fairly stated that we are
indebted to the Government of India and to Mr. Alcock
for a very useful addition to the facts hitherto known as to
the distribution of Asiatic animals and plants. Mr.
Alcock acknowledges the assistance given by Mr. Finn
in determining the birds collected, and by M. de Nicéville
for the Lepidoptera. Mr. Duthie, who supplies the list
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of plants, has adopted the admirable plan of giving under
each species a brief note of its range, a most valuable
addition in a paper of which the importance is chiefly
distributional. The plates consist of photo-etchings well
executed in the Survey of India Office, and represent
fishes, reptiles and crustaceans, the rock structure of a
biotite granite, and a view of an Ow/s poli skin on a wall
of rough stones amongst small orchards. The last is so
good a plate, that it is impossible to help regretting that
a more congenial background has not been selected.
W. T. B.

SOCIOLOGICAL SCIENCE.
Outlines of Sociology. By Lester F. Ward. Pp. xii
+ 301. (New York : The Macmillan Company, 1898.)
R. WARD'S little volume, with its clear thought and
trenchant writing on more than one topic of current
interest, will be welcomed by all students of sociology. It
is a reprint of twelve chapters formerly contributed by
the author to the American Journal of Sociology during
the years 1895 to 1897. In,the first six lectures, which
bear the general title “Social Philosophy,” Mr. Ward
discusses the old question of the proper position of
sociology in a systematic classification of the sciences.
The general philosophical position adopted is that of
Comte, but the author very properly restores anthropology
and psychology to their lawful position in the scheme of
the sciences between biology and sociology, and insists
with great force upon the very special dependence of
sociological on psychological science. The most interest-
ing feature of this part of the book is Mr. Ward’s able
criticism of Mr, Herbert Spencer’s favourite comparison
of society to a huge biological organism. Following the
lead of Prof. Huxley, he shows, by irresistible arguments,
that it is not the whole biological organism, but only the
nervous system which really corresponds to a society,
and further, that society in its present state is at best a
“very low form of organism.”

“The most extreme socialist would shrink from the
contemplation of any such absolutism as that exercised
by the central ganglion of even the lowest of the recog-
nised Metazoa. In order to find a stage comparable to
that occupied by society with respect to the central
control of the functions of life, it is necessary to go down
among the Protozoa and study those peculiar groups
of creatures that live in colonies so adapted, that, while
the individuals are free to act as they please within
certain limits, they are still imperfectly bound together
by protoplasmic threads to sucﬁ an extent that they are
in a measure subordinate to the mass thus combined,
and really act as a unit or body.”

When conscious co-operation of-society, as a whole, for
its own welfare supersedes sporadic individual effort, and
not before will there be a real parallelism between social
institutions and the nervous structure of the higher
animals.

In the second part of the hook, which is entitled
 Social Science,” Mr. Ward describes the gradual evo-
lution of such a higher form of social structure. Social
institutions at first grow up unconsciously under the
pressure of the mere “struggle for existence.” As intel-
ligence progresses this stage of mere “ genesis” passes
into the higher stage, called by Mr. Ward “telesis”;
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unconscious growth gives place to the deliberate manu-
facture of institutions by conscious purposive action.
Hitherto such conscious creation of social institutions
has been the work of a few exceptional individuals, but
in a higher stage of evolution we may expect it to take
the form of “collective telesis,” 7.e. the deliberate co-
operation of the community as an organised whole in the
work of social amelioration.

Perhaps the most valuable part of Mr. Ward’s book is
that in which he discusses the differences between mere
unconscious growth and deliberate constructive activity.
It has been too much the fashion of sociologists in recent
years to argue directly from biological analogies, forgetting
that society is at least as much a machine as an organism,
and that the presence in all but the lowest stages of
social evolution of deliberate human purpose profoundly
modifies the whole character of the evolutionary process.
As Mr. Ward pithily phrases it,  the environment trans-
forms the animal, but man transforms his environment,”
a remark which has an obvious bearing upon the applica-
tion of evolutionary principles to the problems of ethics.
Altogether the student who is not content with being told
that society “evolves,” but wishes to know how specifically
social differs from merely biological evolution, will find
Mr. Ward’s last six chapters singularly luminous and
suggestive. The get-up and typography of the book are
generally worthy of commendation, but there are some
ugly misprints of classical names. A. E. TAYLOR.

OUR BOOK SHELF.

A Text-book of Botany. By Dr. E. Strasburger, Dr.
Fritz Noll, Dr. H. Schenck, Dr. A. F. W. Schimper ;
translated from the German by H. C. Porter, Ph.D.
With 594 illustrations, in part coloured. (London :
Macmillan and Co., Ltd., 1898.)

THE “Text-book of Botany” issued from the famous
institute at Bonn has met with such favour on the part
of teachers and students, that it is a matter of surprise
that the translation of it into English should have been
so long deferred. However it is certain to be ex-
tensively used, as the subject is handled from a compre-
hensive standpoint, and the authors have succeeded in
hitting the happy mean between a too elementary and a
too advanced treatment.

It is the more to be regretted that, as it was passing
through the press, the emendations and corrections
which have some time ago appeared in the third
German edition were not incorporated in the present
volume, which seems based on the first edition in the
original language. It is, for example, surprising, and to
a student confusing, to find elaborate figures and de-
scriptions of centrospheres in dicotyledonous cells on
. 61, when it is known that the author of this part of the
gook (Strasburger) has long ago abandoned his belief
in their existence, and in the current German text
expressly denies their presence in these plants, It may
also be doubted whether the book gains at all in value
by the somewhat poor coloured illustrations of certain
examples of flowering plants, although in this the
publishers are but following the original. If, however,
they could see their way to reduce the rather high price
of the book at the expense of these really useless
luxuries, both its own circulation and the temper of the
purchaser would improve. For it is not a little re-
markable to find a work which in Germany can be
bought for 7 marks, costing in its English dress 18s.
The book is intrinsically so good that it is to be hoped



SEPTEMBER 22, 1898]

NATURE

495

that a more moderate price will place it within the
means of many students who at present will certainly
be debarred from possessing it, save through the
intermediation of the second-hand bookseller.

Automobiles sur Rails. By G. Dumont. PP. 184.
(Paris : Gauthier-Villars et Fils. Masson et C'¢,)

Régularisation du Mouvement dans les Mackhines.
L. Lecornu. Pp. 217.
Fils. Masson et C'e,)

THESE two volumes belong to the Encyclopédie scien-
tifique des Aide-Mémoire, and, like most of the volumes
in this series, they contain concise statements of the
subjects with which they deal. M. Dumont examines
the various systems of horseless traction in use. He
begins with steam motors, and then in successive short
chapters describes compressed air motors, gas and oil
motors, motors driven by carbon dioxide and by ammonia,
cable traction, and electric motors. The descriptions
are not detailed enough to be entirely satisfactory,
nevertheless the volume contains a useful survey of the
condition and methods of automobile traction.

M. Lecornu gives in his volume a detailed discussion
of the motions of governors of indirect and direct action.
His treatment of the various problems involved, and his
theorems on the conditions of equilibrium of different
governors will interest students of the mathematics and
mechanics of machinery.

By
(Paris : Gauthier-Villars et

A Pocket Dictionary of Hygiene.
F.I.C.,, and D. Homfray, B.Sc.
Bailliere, Tindall, and Cox, 1898.)

THIs pocket-book is intended to be of assistance
to medical and sanitary officers in their work, by pro-
viding them with concise information upon subjects
comprehended in the theory and practice of hygiene.
The amount of information given is somewhat unequal,
and we should hardly have thought it necessary to in-
clude such definitions as : ““ Adipose, fatty. Anhydrous,
without water. Cardiac, pertaining to the heart. Caustic,
any substance which destroys animal tissue. Combus-
tion, the process of burning. Emanate, to issue or flow
from. Morbid, diseased or unwholesome,” &c. Hertz's
name is spelt Herz, and Lenard is printed Lennard, in the
description of Rontgen rays.

The Secret of the Poles. By Henry Campion.
(Birmingham : White and Pike, Ltd., 1898.)

AMONG the views advanced by the author in this booklet
are the following :—The earth is hollow—there is a
hollow region large enough to hide the moon and to
spare—the earth’s axis is hollow—it has two openings,
one at each pole—meteoric swarms and ether are
attracted through the axis at the south polar entrance,
there producing the aurora australis, and after acting as
fuel for the fire in the interior is shot out as a waste
product at the north polar exit, where it produces the
aurora borealis. The character of the book is sufficiently
indicated by these extracts, which need no comment.

By C. T. Kingzett,
Pp. 104. (London:

Pp. 48.

Wireless Telegraphy, popularly explained. By Richard
Kerr, F.G.S. “Pp. xv + 111. (London: Seeley and
Co., Ltd., 1898.)

MR. W. H. PREECE expresses his general approval of
this little volume in a short preface ; but at the same
time he mentions that he does not accept any respons-
ibility for the controversial points raised. The author
explains the principles and practice of telegraphy without
intervening wires in words which will be found intelligible
by readers unfamiliar with electrical terms, His descrip-
tions possess the merit of being popular in style, and
the illustrations assist in brightening the text.
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LETTERS TO THE EDITOR

The Editor does not hold himself responsible for opinions ex-
pressed by his corvespondents. Neither can he undertake
to return, or lto corrvespond with the writers of, rejected
manuscripls intended for this or any other part of NATURE.
No notice is taken of anonymous communications.)]

Chance or Vitalism,

ProF. Jarr's exceedingly interesting address on ‘‘ Stereo-
chemistry and Vitalism” contains a direct challenge to those
who, like myself, hold that we can at present only remain agnostic
with regard to the problem of ‘‘ the possibility or impossibility
of living matter originating from dead matter by a purely
mechanical process.” Unfortunately the facts upon which he
bases his view, that chemical compounds of one-sided asymmetry
cannot arise save under the influence of life, touch a field so
much more familiar to him than to me, that it may seem pre-
sumption on my part to make one or two suggestions drawn
more directly from my own sphere of work. Still, to the
philosophicaf side of his reasoning I think Clifford, whom he
challenges, might, perhaps, have been ready with some reply.
I would first state what, I think, stripped of technical language,
and represented by the simplest case, is Prof. Japp’s standpoint :

(1) Optically active liquids are due to asymmetrical molecules,

(2) These asymmetrical molecules arise from the replacement
in a symmetrical molecule of either a right-hand or left-hand
atom out of two equal atoms which are images of each other.

(3) No optically active substance can be formed unless there
be a selection of purely right-handed or purely left-handed atoms,
or, at any rate, unless there be a sensible majority of one or of
the other.

(4) Some asymmetric solvents have a power of selective
action on optically inactive mixtures of right-handed and left-
handed atoms, or, to use the technical term, of two enantio-
morphs.

(5) No mechanical process (chemical or physical) could select
a right-handed as distinguished from a left-gmnded atom in a
symmetrical molecule, and so produce an asymmetric com:
pound. Any mechanical force which acts on a symmetrical
molecule is as likely to affect one atom in a molecule as its
image. If I. be the selecting of a right-hand atom and IL of
a left-hand atom, then, as Prof. Japp puts it :

““The chances in favour ot these two events being equal, the
ratio,

Number of occurrences of event I.

Number of occurrences of event II.

will, if we are dealing with an infinitely great number of mole-
cules, approximate to unity., We therefore obtain a mixture,
optically inactive by inter-molecular compensation.”

Now, putting on one side any objections to Prof. Japp's
reasoning arising from the fact that it is based on a purelK
geometrical hypothesis as to the constitution of molecules, whic
15 also merely descriptive, for we can have no ultimate evidence
of its actuality '—I would draw attention to the fact that (5) is
an nEpeal to the doctrine of chance, and that Prof. Japp tells
us that the mechanical production of a left-handed or right-
handed enantiomorph is an event like the tossing of a coin, of
which the chances are precisely equal as to heads or tails. Now
if Prof. Japp will toss twenty coins, ten heads and ten tails will
undoubtedly be the most frequent result; but there will be a
variation about this mean result, and if he goes on tossing long
enough he will ultimately come to an instance of twenty heads
or twenty tails alone. énses in which there is a preponderance
of heads or tails of a very sensible kind will not be very in-
frequent. I take it that it is only a majority of left- or right-
handed enantiomorphs which is required to produce an optically
active substance. What majority might be easily ascertained
by delicate experiments on the rotatory power of mixtures of
dextro- and laevo-acids which are mirror-images of each other.
Now, according to Prof. Japp, chance is the factor at work in
the production of optically inactive mixtures of right- and left-
handed enantiomorphs. Hence, it may be in the course of
indefinite ages, purely mechanical action must certainly have
produced chemical compounds of one-sided asymmetry with
various degrees of rotatory power, due to the greater or less

1 Such a geometrical hypothesis cannot give the dynamical explanation
of rotatory polarisation re uired by the physicist, and therefore the
““eminent physicist " quoted by Prof. Japp was, I venture to think, rightin
saying that an explanation of rotatory polarisation is still wanting.
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frequency of the two enantiomorphs. We might even predict
that if a chemist were to spend his life in the preparation of
innumerable and smallest physically sensible amounts of a
normally racemoid substance, he would with fine enough
apparatus ultimately be able to detect some amount of rotatory
polarisation. In nature, where during countless ages (and in
the past probably much more actively than at present) inorganic
actions and reactions have taken place without man’s aid, the
production of chemical compounds of one-sided asymmetry must,
on Prof. Japp's view of the relation of mechanical action to
chance, undoubtedly have taken place. Further, according to
Prof. Japp’s fourth principle, we may look upon such asym-
metrical compounds when they have once arisen as * breeders,”
or endowed with a power of selecting their own kind of
asymmetry from other racemoid substances. Let us put this
further statement on one side, however, and content ourselves
solely with dissent from Prof. Japp's view expressed in the
words :

‘““But the chance synthesis of the simplest optically active
compound from inorganic materials is absolutely inconceivable.
So also is the separation of two crystallised enantiomorphs under
purely symmetric conditions,”

On the contrary, if the theory expounded by Prof. Japp be
correct, the inorganic origin of optically active compounds is not
only conceivable, but it has a degree of probability which, how-
ever small, might be calculated when we know what is the
minimum number of molecules in a physically just sensible
solution, and what is the majority of enantiomorphs of one
kind which will give a just measurable amount of rotatory
polarisation.

It will indeed be a great gain if Prof. Japp's address calls
more attention to this exciting subject, and leads to further
experiment and research. KARL PEARSON,

The Moon’s Course.

THE annual course which the moon takes in company with
the earth round the sun was to me a long time a great puzzle,
as it is to many others, until one day I demonslrate(? it to
myself by the simplest method. Those who have some smatter-
ing of the heavenly bodies generally fail in their attempt to
draw the moon’s orbit ; they find no explanation in popular
works, and even in books written by well-known authors the
subject of the moon’s motion is altogether ignored. All that
is found is a circle showing the moon’s phases, and it is this
circle which is fatal to the conception OF the true orbit of the
moon : even very young readers see the impossibility of a dozen
or thirteen circles surrounding the sun,

For myself, failing to find assistance in books, I readily
solved the problem by a practical method. I took a piece of
wire and placed a cork on each end. I then drew a line
on the table and advanced one, which I called the earth,
along the line; the other cork necessarily followed it, and at
the same time circulated round the earth in accordance with
another force or motion given to it. Beginning with the moon
behind the earth and making it pass to the right, both advancing
forward, the moon made a curve until it reached the front of
the earth, and then the latter still advancing, took the moon
with it ; this came on its left side, and then making another
curve on that side, again reached the front ; the two curves
completing the orbit round the earth.

y object in writing at the present moment is, that when so
many persons are spending their holidays at the sea-side and
there is much talk of the tides together with the moon, I take
the opportunity of demonstrating by a similar method the
moon’s course on the sands. I make one person walk in a
straight line, marking this with a stick, which he drags behind
him, and I call him the earth. I then place another person,
the moon, at a given distance from the other, telling him to
advance also, and at the same time circulate round his companion.
Beiinning behind, and taking the right hand, he goes forward,
making a curve until he gets to the front, then passes to the
left side and forms another curve just as in the other ex-
periment. The four quarters of the moon are in this manner
seen, and if the second person continually faces the earth the
moon's monthly revolution is also completed,

As these demonstrations are made on a plane, the experiment
may also be shown in another way. I wind some wire thirteen
times (the number of the lunar months) round a cylinder, and
then take off the coil thus made, I pull it out into a helix and
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join the ends of the wire, The course of the moon is shown:
in the spiral, although no correct proportions are attempted.
This also gives some idea why the moon is sometimes seen on
the horizon and sometimes at the zenith ; the reason of which
is a great difficulty to young people, as they find nothing about
it in their books.

I make no pretence to be an astronomer or mathematician,
and, indeed, it may be even a presumption to send this com-
munication to a scientific journal; but if those who can teach
fail to do so in popular books, there is no other method for the
uninitiated to do the best for themselves, SaMUEL WILKS.

Grosvenor Street,

The Aurora of September o,

THis evening, at about three minutes past eight, on looking
out towards the south-west, I was struck by the appearance of
a shaft of white light stretching from that direction upwards
towards a point 10° or 20° south of the zenith, and immediately
on reaching open ground, whence a wide view was obtained,
became aware that a fine display of aurora borealis was in pro-
gress. The shaft of light successively appeared and disappeared
at intervals of a few seconds, and each time further eastwards,
but each section was separated from the last by a space of un-
illuminated sky, as if there were regular spaces in the course of
the beam incapable of being set aglow. Very soon after pass-
ing overhead the illumination became faint and disappeared
eastwards, but now a strong glow appeared again near the
horizon under a cloud south-west by west, and this rapidly
grew upwards, repeating the phenomenon described in the first
case. This occurred at least eleven or twelve times with little
variation, except that the shaft became broader and more
diffuse. The glow near the horizon south-westwards was always
followed by the e of the light across the sky within 1
to 14 mins., an CRC%I travelling beam was separated from
the last by an interval of 1§ to 2 mins, Meanwhile the
sky north-westwards showed a pale white steady auroral light,
which was at first attributed to the remains of twilight, but
which continued to increase till about 8.30, when it was
sufficiently strong to cast shadows and to show large print
distinctly, This 1llumination extended slowly upwards from the
north until it covered a great part of the sky up to the zenith,
and seemed to be due to the luminosity of the great sheet of
cirrus and cirrostratus which had covered the sky since 3.30
p-m., for it exactly imitated the distribution forms of the cloud
which I had notec{ during the afternoon. This cloud, unillum-
inated, did not appreciably obscure the stars, The lacune of
dark interspaces, while the surrounding sky shone with pale
light, resembled bands or puffs of dark smoke, but remained
fixed in the same situation, and altogether the phenomenon was
strangely persistent, the only evident changes being a gradual
shifting from north-west to north-east, and at about 9 p.m. a
rosy streak north-eastwards. A little later fresh rays were
shooting up from north-west by west, somewhat resembling
those which an hour previously had emerged from south-west
by west, but more steady and unbroken. At 9.55 a faint light
was still to be seen in a north-westerly direction. Two hours
before this grand exhibition we had been able to get a good
view of the large spot on the sun, the intervening bank of
cirriform cloud making his appearance through a telescope more
like that of the moon. I have not seen any authoritative
statements as to interruption of telegraphic messages or other
magnetic disturbances coincident with or preceding the visible
aurora, but no doubt some effect must have been observed.

Dunrozel, Haslemere, September 9. RoOLLO RUSSELL.

A White Sea,

DURING the recent voyage of the P. and O, Co. s.s. Z/ndia to
London I had an opportunity (owing to the kindness of Captain
Worcester) of witnessing what seems to be a rare phenomenon.
The commander had seen it two or three times in the course of
his experience. No one else on board knew anything about it,
and I should be glad of a reference to any detailed description.

At 1.30 a.m. on the morning of August 22, in the Indian
Ocean, the officer in charge saw ahead what seemed to be a low
mist, and into which the vessel steamed. I was called about
fifteen minutes later. ;

The whole sea was milk-white, much more luminous than the
clear, starry sky, and there was a very definite horizon,
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There was no moon, the wind was south-west and light—the
-end of the monsoon ; and although the sea was, as a matter of
fact, breaking here and there, it appeared a calm white sheet,
only disturbed by the displacement waves near the ship and a
very occasional breaker elsewhere; showing through it were
occasional flashes of the ordinary brilliant phosphorescence, It
will therefore be seen that the luminosity of the “ white sea”
was rather less than that of a breaking wave with the same
illumination. A bucket of water drawn showed nothing
unusual. Samples with and without alcohol were preserved.

A fireball was thrown overboard, and burnt on the surface of
the water ; this was done in order to see if any fog or mist was
present. There was no indication of anything of the kind.

On the port side of the ship is an aperture through which the
surplus water from the bath tanks is constantly ejected, slightl
warmed. This water, as it fell on to the sea, appeared muc
blacker than the sea, and floated for a few seconSs as a black
mass ; unfortunately, the same shoot is used for the ashes at
times. But the ejected water is quite white by daylight.

The appearance of the sea lasted about an hour, then faded,
then brightened again, and was quite bright at daylight,
4.15 a.m. ; so that it was seen throughout a distance of nearly
fifty miles. A slight recurrence was observed the following
night, when the monsoon was blowing more strongly.

At 3 o'clock on the 22nd, in the midst of the ‘“white sea,”
the latitude was 10° 35' N. and the longitude 63° 25" E. ; the
temperature of the air was 77° F., that of the water 77° F.

‘Specific gravity of the water by ship's instrument No. 1314

= 25,
I shall be glad to hand over the specimens of water to any
one interested. James W, BARRETT.
22 Cavendish Square, September 13.

Deep-Sea Dredging, and the Phosphorescence of
Living Creatures, at Great Sea Depths.

May I call attention to this most interesting subject, upon
which so little is known, and with reference to the exploration
of the bottom of tropical seas ; nothing is known, though there
is here a mine of natural history wealth probably of unexampled
magnitude. In that interesting work on ¢ The Depths of the

| Sea,” by Sir Wyville Thomson, published more than twenty

years ago, we get a glimpse of a hitherto unworked zoological
‘province, which creates a desire to know more from the richness
and beauty revealed, where it would be Jeast expected.

He writes—* We had a ‘gorﬁcous display of luminosity,
coming down the Sound of Skye, while dredging in 100
fathoms. :

¢ The Pavonarize came up, resplendent with a pale lilac phos-
horescence, like the flame of cyanogen gas—not scintillating,
ut constant and sufficiently bright to make every portion of a
stem distinctly visible, and the stems were a metre long, fringed
with hundreds of polyps ; and from the number of specimens
brought up, we must have passed through a luminous forest of
them,

“ Among Echinoderms, Ophiacantha spinulosa was one of the
prevailing forms, and we were greatly struck with the brilliancy
of its phosphorescence. Very young Ophiacantha shone very
brightly also.

““ At 344 fathoms, some of our hauls were taken late in the
evening, and the tangles were s’Frinkled over with stars of the
most brilliant uranium green. The light was not constant, nor

. continuous all over the stars, but sometimes it struck out a line of
fire all round the disc; flashing or glowing up to the centre ;
then that would fade, and the whole five rays of Ophiacantha
spinulosa would light up at the ends, and spread the fire
inwards.

At 557 to 584 fathoms, many of the animals dredged were
most brilliantly phosphorescent. In some places, nearly every-
thing brought up seemed to emit light, and the very mud itself
was perfectly full of luminous specks. The Pinnatulw, Virgularize,
and Gorgonie, shone with a lambent white light, so bright that
it showed quite distinctly the hour on a watch.

““The light from Ophiacantha spinulosa was a brilliant green,

- coruscating from the centre of the disc, now along one arm, now
along another ; and vividly illuminating the whole outline of the
star-fish.”

From a depth of 567 fathoms, a beautiful scarlet Urchin,
Lchinus microstoma, was obtained. In the year 1846 Keferstein
mentions having seen in Stockholm a Crustacean taken from the
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depth of 1400 fathoms, of a bright colour, In 1869 and 1870
dredging was carried down to 2435 fathoms by H.M.’s ship
Porcupine, and the fact that there is an abundant and character-
istic invertebrate fauna at that great depth was placed beyond
guestion; but the bottom of the deep sea that has been fairly

redged, may still be reckoned by the square yard ; while every
haul of the dredge, hitherto used, has brought to light new and
unfamiliar forms.

In the number of NATURE for June 30 of this year, there is a
most interesting article on deep-sea fishing by means of a trap,
an illustration of which is given. These traps are said to have
been used at a depth of three thousand fathoms, with complete
success. On one occasion a trap that had been lying on the
bottom of the Mediterranean, at 700 fathoms depth, for twenty-
four hours, brought up 1198 fish, called Simenchelys parasiticus.
On another occasion, a new crab, one of the largest ever known,
Geryon affinis, was brought up, and there were sixty-four
specimens of it. All this shows how much remains to be done
in this province of natural history. E. L. J. RIDSDALE.

Rottingdean.

The Injection of Cocaine as a Remedy for Stings.,

As no one has answered the question asked by Sir J. F. D,
Donnelly in ‘y"our issue of September 8, will you allow me to
say that the hypodermic injection of cocaine, or indeed its use
in"any form, is never quite free from risk. As with most other
drugs there is an element of idiosyncrasy, which sometimes
produces unexpected and unpleasant results. I believe these
occur more frequently, when the drug is injected, than when it is
simply applied to the mucous membrane ; and when they do
oceur, !he{ are very alarming. I know that some dentists have
given up the practice of injecting cocaine into the gums before
extraction on this account, and having been present once when
it was done, I should not consent to it again. What we have
to remember with regard to the use of all powerful drugs is this,
that a few individuals under all conditions, and nearly all under
certain conditions, are specially susceptible to their action, and
that we cannot determine @ priori either the individuals so
predisposed, or the conditions which render susceptible those
not specially predisposed. These drugs must therefore be used

| with caution, and not be regarded as wholly innocuous.

I should say the hypodermic injection of cocaine into the
tongue is undesirable, and only to be done if the pain is
intense or the swelling such as to threaten life, in which case it
would probably be useful. T would add that so far as I know
no solutions of cocaine keep well, M.D., OXoON,

THE GEOGRAPHY OF THE UNITED
STATES!

HIS volume completes the description of the North
American continent with the exception of Mexico ;
but, although an excellent account of the United States,
it leaves North America itself still undescribed. The
general reader, of course, will not miss what he has not
been trained to expect ; and, if he leaves the conception of
geography as a science capable of systematic study out
of account, the professed geographer will find much valu-
able material collected with discrimination and stated
clearly and modestly. Indeed, except for an implication
on the first page that the United States are in many
respects more civilised than Canada, the English reader
will find nothing to disturb his equanimity even in
the account of the revolutionary war or the feats of
the Alabama. Mr. Gannett writes always as a good
American, but is ready to recognise the defects of his
country when necessary, and careful to buttress all
agreeable statements with statistics which more than
prove them.
Of the arrangement of the matter it is impossible to
speak with the same satisfaction. The chapters do not
flow in the natural sequence desirable in a literary work,

1¢“Stanford's Compendium of Geo&rnphy and Travel” (New Issue).
North America. Vol. 11 ** The United States.” By Henry Gannett, Chief
Geographer of the United States Geological Survey. Maps and Tiustra-
tions. Pp. xvi 4+ 466. (London : Edward Stanford, 1898.) R
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nor are the subjects arranged in alphabetical order usual
in a book for occasional reference. It is a little of a
shock to turn from mineral resources to population, from
great cities to the native Indians, and from commerce to
Alaska ; even although each chapter in itself is excellent
reading.

Mr, Gannett was evidently anxious to resist the tempt-
ation of enlarging unduly upon his own special subject,
and he has in our opinion gone to the opposite extreme,
and lost an opportunity of showing how completely the
structure of the country determined by its geology
dominates the whole geography of the United States.
The introductory chapter does contain a good deal of
geology in relation to the configuration of the different
natural regions, but the connecting links with the other
distributions are wanting. It would be better in a book
intended primarily for the general English reader to
translate the statistics so freely given into the usual
British units of weight and money ; the “short tons” for
coal and “long tons ” for iron-ore are puzzling, and make

F16. 1.,—The Giant Cactus of the Arid Region.

comparison with other countries difficult. Besides, it
would greatly assist the clear conception of such statistics
if they were expressed in round numbers.

Apart from these possibilities for improvement, the
book contains nothing which we cannot heartily praise.
The revision of the text is very thorough, and we have
not detected a single erratum,

Many of the topics are handled with surprising fresh-
ness, and many interesting points are brought out, such
as the changed manner of life of the hardy fishers of the
New England coast, who have found an easy and profit-
able calling as caterers for holiday-makers from the great
cities. The author discusses the whole question of
American cities, showing how the convenience of the
rectangular plan has outweighed wsthetic considerations ;
and explaining the relative backwardness of the old
cities of the east, compared with the new growths of
the west, by the vast amount of capital locked up in such
archaic conveniences as gas-works and horse or cable
cars, while the untrammelled new municipalities can
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establish electric power-houses at once forall needs. So,
too, he shows that no country in the world possesses so
many ruined cities as the United States—not only the
abodes of the early mound-builders and cliff-dwellers, but
ruins of yesterday ; mushroom towns that teemed with
busy thousands in a year, and were abandoned in a month
on the failure of a mine or of a company, leaving only
‘“a history of disappointed hopes, of hardships and
struggles.”

The movements of population are well treated, and a
map showing the areas where more than 10 per cent. of
the population are foreign-born, and those where more
than 10 per cent. of the population are of negro race,
displays the interesting fact that the former occupies the
whole north and west, the latter the whole south-east,
leaving a narrow belt between the two areas. The
number of original statistical and physical maps is one of
the most striking and satisfactory features of.the book,
and the illustrations also are admirably selected. At a
time when the United States are entering on a new era

F1G. 2.—Buttes in the Plateau Region.

of their national life, the publication of so accurate and
impartial an account of that great country by one of its
own citizens is peculiarly appropriate, and deserves a
cordial welcome. HUuGH ROBERT MILL.

THE BRITISH ASSOCIATION.
’I‘HE concluding meeting of the British Association
was held on Wednesday, September 14. Sir
William Crookes occupied the chair, and the Mayor of
Bristol (Sir R. H. Symes) and the High Sherifi were
present, as well as the principal officers and members of
the Association. The following report of the meeting is
from the Zimes :—

The proceedings were opened by the announcement
that the general committee had been able to pass grants
to the amount of 1485/ —an amount which was justified
largely by the success of the present meeting.

Sir Norman Lockyer proposed that the thanks of the
Association be given to the Mayor, the High Sheriff, the
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executive committee, and the local officers. He said
that the great success of the meeting was largely due to
the efforts of those referred to in the resolution. Never
before in his experience of the Association had local
effort led to such absolute smoothness in the working of
the machine. It was a pity that the work of the Associa-
tion had been so hard as to prevent many members from
seeing all the points of interest in this interesting city of
Bristol. The magnificent educational establishments
which crowded the city were themselves worthy of close
attention, and at some future meeting the British Associa-
tion might find Bristol at the head of some great south-
western University.

Prof. Schiifer seconded the resolution.

Mr. James Scott (of Toronto), on behalf of the Canadian
members, expressed high appreciation of the welcome
which had been accorded to them.

The resolution was then carried with much enthusiasm.

The Mayor of Bristol, Mr. Howell Davis (chairman
of the executive committee), Mr. Arrowsmith (local
treasurer), and Mr. Arthur Lee and Dr. Bertram Rogers
(local secretaries), each responded, Mr. Arrowsmith ex-
pressing his acknowledgments for the cheque for 120/
which had been given by the Council of the Association
towards the Colston Hall fund.

Prof. Riicker next moved a comprehensive vote of
thanks to all public bodies and private persons who had
contributed to the success of the meeting. Hé said that
if the citizens of Bristol had not supported the local
officers, the success of the meeting could not have been
secured in so large a measure. As President of the
International  Committee of the Magnetic Conference,
he was charged to convey the best thanks of the foreign
members to the Association and to the local authorities
for the extreme kindness of their reception.

Dr. Gladstone seconded the resolution, which was
carried unanimously, the High Sheriff responding.

Sir John Evans moved a cordial vote of thanks to Sir
William Crookes, President, for his admirable address
and for his conduct in the chair. He prophesied, when
introducing Sir William to the chair, that the Association
would hear from him a remarkable address, and that
prophecy had been amply justified. One of the most
valuable portions of that address was that in which
public attention was called to the fact that there was in
our atmosphere an inexhaustible supply of nitrogen, and
that means should be discovered for employing that
nitrogen to increase the produce of the earth. Sir
William Crookes had fulfilled with courtesy and dis-
tinction all the many and various duties which the past
week had imposed upon him, and the thanks of the
Association were cordially due to him.

Prof. Roberts-Austen seconded the resolution, which
was carried with enthusiasm.

Sir W. Crookes, in responding, said that he felt like an
electrical switch-board—for really he was only the trans-
mitter and distributor of these thanks to those whose
help had been so material. He was especially grateful to
the Mayor and Mayoress, whose hospitality had facili-
tated his work so greatly ; and he regarded as one of the
highest compliments ever paid to him the invitation to
the remarkable smoking-symposium of the previous
Friday evening. As for the President’s office, the pace
was getting too fast for human endurance ; and in a short
time the British Association would, if the work were to
be got through at all, have to elect a young athletic man
of five-and-twenty instead of a man over three-score years
and ten,
 Prof. Riicker announced that the number of tickets
«ssu(e):d for the present meeting of the Association was
2440.

This concluded the proceedings. The next meeting will
b§ held at Dover, nng will commence on September 13,
1899.
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SECTION D.
ZOOLOGY,

OPENING ADDRESS BY Pror. W, F. R, WELDON, M.A.,
F.R.S., PRESIDENT OF THE SECTION,

IN attempting to choose the subject of the address with which
custom obliges your president to trouble you, I felt that I should
have the best hope of interesting you if I decided to speak to
you on the subject most interesting to myself. I therefore pro-
pose to discuss, as well as I can, the principal objections which
are urged against the theory of Natural Selection, and to
describe the way in which I think these objections may be met.

The theory of Natural Selection is a theory of the importance
of differences between individual animals. Inthe form in which
Darwin stated it, the theory asserts that the smallest observable
variation may affect an animal's chance of survival, and it
further asserts that the magnitude of such variations, and the
frequency with which they occur, is governed by the law of
chance.

Three principal objections are constantly brought forward
against this theory. The first is that the species of animals
which we know fall into orderly series, and that purely for-
tuitous variations cannot be supposed to afford opportunity for
the selection of such orderly series; so that many persons
feel that if the existing animals are the result of selection
umong the variable offspring of ancestral creatures, the vari-
ations on which the process of Natural Selection had to act
must have been produced by something which was not chance.

The second objection is that minute structural variations can-
not in fact be supposed to affect the death-rate so much as the
theory requires that they should. And it is especially urged
that many of the characters, by which species are distinguished,
appear to us so small and useless that they cannot be supposed
to affect the chance of survival at all.

The third objection is that the process of evolution by Natural
Selection is so slow that the time required for its operation is
longer than the extreme limit of time given by estimates of the
age of the earth.

Now the first of these three objections, the objection to for-
tuitous variation as the source of material on which Natural
Selection can act, is very largely due to a misunderstanding of
the meaning of words. The meaning of the word Chance is so
thoroughly misunderstood by a number of writers on evolution
that I make no apology for asking you to consider what it
does mean.

Consider a case of an event which happens by chance. Sup-
pose I toss a penny, and let it fall on the table, You will agree
that the face of the penny which looks upwards is determined by
chance, and that with a symmetrical penny it is an even chance
whether the ‘“head” face or the ‘‘tail” face lies uppermost.
For the moment, that is all one can say about the result. Now
compare this ‘with the statements we can make about other
moving bodies, You will find it stated, in any almanac, that
there will be a total eclipse of the moon on December 27, and
that the eclipse will become total at Greenwich at 10.57 p.m. ;
and I imagine you will all feel sure, on reading that statement,
that when December 27 comes the eclipse will occur ; and it
will become total at 10.57 p.m. It will not become total at
10.50 p.m., and it will not wait until 11.0 p.m. You will say,
therefore, that eclipses of the moon do not occur by chance.

What is the difference between these two events, of which we
say that one happens by chance, and the other does not? The
difference is simply a difference of degree in our knowledge of
the conditions. The laws of motion are as true of moving pence
as they are of moving planets ; but it happens that we know so
much about the sun, and the earth, and the moon, that we know
the circumstances which affect their relative positions very
accurately indeed ; so that we can predict within less than a
minute lf‘m'c time at which the shadow of the earth will next fall
upon the moon.

But the result of tossing a penny depends upon a very large
number of things which we do not know. It depends on the
shape and mass of the penny, its velocity and direction when it
leaves one’s hand, its rate of rotation, the distance of one’s hand
from the table, and so on. If we knew all these things before
tossing the penny, we should be able to predict in each case
what the result would be, and we should cease to regard pitch
and toss as a game of chance.

As it is, all we know about these complicated conditions is
that if we toss a penny for a number of times, the conditions
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which give *‘ heads” will occur about as often as the conditions
which give *‘tails.”

If you examine any event which occurs by chance, you will
find that the fortuitous character of its occurrence always
dei)ends upon our ignorance concerning it.

f we know so little about a group of events that we cannot
predict the result of a single observation, although we can pre-
dict the result of a long series of observations, we say that
these events occur by chance. And this statement seems to
me to contain the best definition of chance that can be offered.

If we used the word chance in this sense, we see at once that
our knowledge of animal variations is precisely knowledge of
the kind referred to in our definition of chance. We know with
some certainty the average characters of many species of animals ;
but we do not know exactly the character of the next individual
of these species we may happen to look at. So that in the
present state of our knowledge it is @ priord certain that the great
majority of animal variations should occur by chance, in the
sense in which we have used the phrase ; and I will show you
in a moment illustrations of the fact that they do so occur.

But before doing so, I would point out the difference between
the sense in which we have used the word chance, and the sense
in which it is used by many objectors to the theory of Natural
Selection.. Such epithets as 4/ind, lawless, and the like, are
constantly applied to chance ; and a kind of antithesis is estab-
lished between events which happen by chance, and those
which happen in obedience to natural laws.. In many German
writings, especially, this antithesis between Zufalligheit and
Geselzmdssigheit is strongly insisted upon, whenever organic
variation 1is discussed.

This view of chance is not supported by experience ; and in-
deed, if it could be shown that any thing in human experience
were absolutely lawless, if it could be shown that in any depart-
ment of nature similar conditions did not produce similar efiects,
the whole fabric of human knowledge would crumble into chaos,
and all intellectual effort would be a profitless waste of time.
There is not the slightest reason to believe that any such abso-
lutely lawless phenomena do exist in nature; so that we need
pay no further ‘attention to the writers who assume that chance
15 a lawless thing.

But if chance is a perfectly orderly and regular phenomenon,
then the question, whether animal variations occur by chance or
not, can be settled by direct observation, I will now show you
one or two examples of events which undoubtedly occur by
chance, and then compare these with one or two cases of organic
variation, ] )

As events which occur by chance, I have taken the results
of tossing twelve dice. My wife has spent some time during the
last two months in tossing dice for you, and I will ask you to
look at the results, . :

Her first record gives the number of dice showing more than
three points in each of 4096 throws of twelve dice. There are,
of course, six numbers on each of the dice; so that if all the
dice were perfectly symmetrical and similar, the average number
of dice with more than three points should be six in each throw
of twelve, But dice are not symmetrical and similar. The
points on the dice used were marked by little holes, scooped out
of their faces ; and the face with six such holes scooped out of
it was ogposite to the face with only one such hole : so that the
face with one point was heavier than the face with six points ;
and therefore six was rather more likely to be uppermost than
one. In the same way, two was opposite five ; so that the five
face was a little more Ekely to fall uppermost than the face with
two points. Therefore, it is a little more likely that you will
throw four, five, or six, in throwing dice, than it is that you will
throw one, two, or three.

Accordingly, the average number of dice, in these 4096
throws, which had more than three points, was not six, but

6°135.

'I;g show you that this excess of high points was due to some
permanent property of the dice, she threw these twelve dice
another 4096 times ; and the average number of dice with more
than three points was 6°139. A third series of trials gave an
average of 6°104, and a fourth gave an average of 6'115

You see that the difference between the highest and the lowest
of these determinations is only about one-half per cent., so that
the mean result of such a series of fortuitous events can be
determined with great accuracy.

And just as the mean of the whole series can be determined,
so we can know with considerable accuracy how often any
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possible deviation from the average result will occur, The degree:
%f gccuracy with which we can know this may be judged from
able I.

TABLE L. —ZFrequency with which Dice showing more than three
Points were thrown in eack of Four Series of Trials, the
number of throws in each Series being 2'* = 4096.

Number of !Mosl proh&blcl Observed frequencies.
dice with | frequency’ M iy Ao ie T U
more than 3 |for symmetri-
points. ! al dice. 1. 1. 11, v,
i
12 I 1 o 1 o 1
11 12 | 11 13 8 14
10 66 71 86 61 66
9 220 | 287 246 241 241
8 495 36 540 13 326
7 792 47 836 56 1
6 924 948 913 948 866
5 792 731 750 802 728
4 495 430 446 420 | 474
3 220 108 198 182 | 204
2 66 60 55 51 67
1 12 7 12 13 } 6
0 I 0 o o o

You see that the results of the experiments agree fairly well
with one another, and differ from the results most probable with
symmetrical dice, in the way which the structure of the actual
dice would lead one to expect. Throws which give seven,
eight, or nine dice with more than three points occur too often,
throws in which only two, three, or four dice have more than
three points do not occur often enough. You see then that each
of these results is orderly and regular, and that the four resnlts-
agree very fairly among themselves, not only in the mean value
of each of them, but in the magnitude and frequency of de-
partures from the mean. That they differ from the results which
would probably be obtained with symmetrical and similar dice
is only to be expected, because the dice used are neither sym-
metrical nor similar,

You notice that this table is very nearly symmetrical ; the
most frequent result is that which lies in the middle of the series
of possiiﬂe results ; and the other frequencies would, with perfect
dice, be distributed symmetrically on each side of it ; so that
with perfect dice one would be as likely to throw five dice out of
twelve with more than three points as one would be to throw
seven, and so on,

This symmetry in the distribution of the results is only found
when the chance of the event occurring in one trial is even,
The next table shows the result of 4096 throws of twelve dice,

TABLE 11.—ZFrequency of Sixes in 4096 throws of Twelve Dice.

Number of sixes. Mo“z?::::;‘"‘,?;;‘;%‘m‘: with Number observed.
8 0'58 A
7 4°66 7
6 27'18 ’ 24
5 116°43 115
4 ggg'&t 380
3 ‘53 796
2 1211'44 1181
1 1102°56 1145
o 459°'52 447

in which sixes only were counted. The chance against throwing
six with any one of the dice is of course five to one ; so that in
throwing twelve dice you are more likely to throw two sixes
than to throw any other number. But you see that the chance of
throwing only one six is very much greater than the chance of
throwing three ; the chance of throwing none is greater than
the chance of throwing four, and while there is a chance of -
throwing five, six, or more, of course it is impossible to throw
less than none at all; so that the diagram is all askew. You
see that this time, as before, the frequency with which any
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number of sixes did actually occur was as near to the result
most probably with perfect dice as the asymmetry of the actual
dice allows one to expect.’

These results will be enough to show you how absurd is the
attitude which so many writers have taken up towards chance
when discussing animal variation. The assertion that organic
variation occurs by chance is simply the assertion that it obeys
a law of the same kind as that which expresses the orderly series
f results we have just looked at.*

That is a matter which can be settled by direct observation.
But in order to express the law of chance in such a way that
we can apply it to animal variation, we must make use of a
trick which mathematicians have invented for that purpose.

It is a well-known proposition in probability that the fre-
quency with which one throws a given number of sixes in a
series of trials with twelve dice is proportional to the proper
term in the fexpansion of (§ + §)'*. The values in this table
were calculated by expanding this expression.  But if I
had wanted to show you the most probable result of ex-
periments with 100 dice, I should not
willingly have expanded (}+ §)'™.
The labour would be too enormous.
Then again, suppose we are given
a number of results, and are not told
! many dice were used, how are

now
we to find out the power to which we
must raise (} +§), since this depends
on the number of dice ?

Before applying the law of chance to
variations in which we cannot directly
measure the number of contributory
causes (the analogue of the number of
dice), we must find some way out of
this difficulty.

The way is shown by the diagram

1).
I'he rectangles in this diagram are
al to the various terms of
b+ 4)'*; and they represent the most
probable result of counting the number
of dice with more than three points in
L series of trials with twelve dice, The
heights of these rectangles were deter-
mined by expanding (4+4)™; but you
notice the dotted curve which is drawn
through the tops of them. The general
slope of this curve is, you see, the same
as the general slope of the series of
rectangles ; and the area of any strip of
the curve which is bounded by the sides
of a rectangle is very nearly indeed the
same as that of the rectangle itself,

The constants upon which the shape
of this curve depends are easily and
Quickly obtained from any series of
observations ; so that you can easily
and quickly see whether a set of ob-
served phenomena obeys the symmetri-
cal law of chance or not.

A good many characters of animals do vary in this symmetrical
way ; and I show you one, which will always be historically
Interesting, because it was one of the principal characters used
to illustrate Mr. Galton’s invaluable applications of the law of
chance to biological problems. That is the case of human
stature, The diagram (Fig. 2) shows the stature of 25,878
American recruits ; and you see that the frequency with which
each stature occurs is very close indeed to that indicated by the
curve, So that variations in human stature do occur by chance,
and they occur in such a way that variation in either direction
15 equally probable,

In cases where a variation in either direction is equally likely
to occur, this symmetrical curve can be used to express the law

! It is unfortunate that I chose dice as instruments in these experiments.
Dice are not only sensibly asymmetrical, but any ordinary dice are sensibly
dissimilar ; so that the result most probable with any actual dice is not
given by a simple binomial expansion. The result theoretically most probable
for the actual dice used could not be determined without very careful measure-
ment of the dice themselves ; and 1 was unable to attempt measures of the
requisite accuracy. All that the records show, as they stand, is the amount
of agreement between four successive observations of a fortuitous event.
4 The law is not, however, identical in the two cases ; see infra.
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or distribution of variations. And the great difficulty in apply-
ing the law of chance to the treatment of other cases was, until
quite lately, that the way of expressing asymmetrical distribu-
tions by a similar curve was unknown ; so that there was no
obvious way of determining whether these asymmetrical dis-
tributions obeyed the law of chance or not,

The form of the curve, related to an asymmetrical distribution
of chances, as the curve before you is related to symmetrical
distributions, was first investigated by my friend and colleague
Prof. Karl Pearson. In 1895 Prof. Pearson published an
account of asymmetrical curves of this kind, and he showed
the way in which these curves might be applied to practical
statistics, e illustrated his remarkable memoir by showing

that several cases of organic variation could be easily formulated
by the method he described : and in this way he made it possible
to apply the theory of chance to an enormous mass of material,
which no one had previously been able to reduce to an orderly
and intelligible form.

In

this same memoir Prof, Pearson dealt with another

FiG. 1.

problem in the theory of chance, which has special importance
in relation to biological statistics, It has doubtless occurred to
many of you that the analogy between the complexity of the
results obtained by tossing dice, and the complexity of events
which determine the character of an animal body, is false in an
important respect, For the events which determine the result,
when we throw a dozen dice on the table, affect each of the dice
separately ; so that if we know that one of the dice shows six
points, we have no more reason to suppose that another wilk
show six points than we had before looking at the first.? But
the events which determine the size or shape of an organ in an
animal are probably not independent in this way. Probably
when one event has happened, tending to increase the size of an
arm or a leg in an embryo, it is more likely than it was before
that other events will happen leading to increased size of this
arm or leg. So that the chances of variation in the size of a
limb would be represented by a law similar to that which ex-
presses the result of throwing dice, but different from it. They
would more nearly resemble the result of drawing cards out of a
pack. Suppose you draw a card out of a pack. It isan even

1 That is to say, if we know beforehand that the dice are symmetrical.
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chance whether you draw a red card or a black one. Suppose
you draw a red card, and keep it. The chance that your second
card will be red is not so great as the chance that it will be
black ; because there are only twenty-five red cards and twenty-
six black cards left in the pack.

Now Prof. Pearson has shown how to deal with cases of this
kind also ; and how to determine, from the results of statistical
observation, whether one is dealing with such cases or not.

I am no mathematician, and I do not dare even to praise the
mathematical process by which this result was achieved. I will
only say that it is experimentally justified by the fact that most
statistics relating to organic variation are most accurately repre-
sented by the curve of frequency which Prof. Pearson deduces
for the case where the contributory causes are mutually inter-
«dependent.!

The first case of an asymmetrical distribution in animals which

1 ask you to look at is the frequency of variations in the size of

The crabs measured were
In this case the distribu-

}l:ll‘l of the l'.ll.\'hl("(' uf shore crabs,
909 females from the Bay of Naples,

(-‘ (
Fia.

ion of variations (see Fig. 3) is very nearly symmetrical, and in
an account of these crabs which I wrote before Prof. Pearson’s
memoir was published, I treated them as symmetrical. The
curve actually drawn on the diagram is one constructed by Prof.
Pearscn himself from the data given by my measurements of the
crabs, and it fits the observations very sensibly better than the
symmetrical curve. So that this dimension of a crab's carapace
does vary by chance, but the chance of a given deviation from
the mean length is not quite the same in both directions.

Now, admitting for the moment that these differences in the
length of a part of the crab’s camapace can affect the cral’s
chances of survival, you see that natural selection has abundant
material on which to work. The production of this regular

1 Even the distribution of human stature, which has been so successfully
treated by the older, so-called **normal’ curve, is more accurately repre-
sented by a curve of Prof. Pearson's type ; but in this case the difference
between the two is so slight as to be inappreciable for all practical purposes ;
so that Mr. Galton's practice and Prof, Pearson's theory are alike justified.
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series of deviations from the mean length of the antero-lateral
margin is as definite a character of the crabs us the mean itself;
and in every generation a series of deviations from the mean is
regularly produced, according to a law which we can learn if we
choose to learn it,

Now suppose it became advantageous to the crabs, from some
change in themselves or in their surroundings, that this part of
their carapace should lLe as long as possible. Suppose the
crabs in which it was shorter had a smaller chance of living, and
of reproducing, than the crabs in which it was longer.

Suppose that crabs in which this dimension is longest were as
much more productive than those in which it was shortest, as
the most prolific marriages are more fertile than the least
prolific marriages among ourselves. Prof. Pearson has pointed
out that half the children born in England are the offspring of
a quarter of the marriages. If we suppose the productiveness
among crabs to vary as much as it does among ourselves, only
that 1n crabs the productiveness is greater, the greater the
length of this bit of the carapace, then half of the next

60

67 6J
2.~Diagram showing the height (in inches) of each of 25,878 American recruits.

74 75

generation of crabs will be produced by that quarter of th®
present generation in which the antero-lateral margin is longest:
And as the offspring will inherit a large percentage of the
parental chaiacter, the mean of the race may be sensibly raised
in a single generation.

This view of the possible effect of selection seems to hat¢
escaped the notice of those who consider that favourable var*
ations are of necessity rare, and lkely to be swamped by intef
crossing when they do occur. You see that in this case ther®
are a few individuals considerably different from the mean !
either direction, and a very large number which differ from the
mean a Jitt/e in either direction. If such deviation be associate?
with some advantage to the crabs, so that crabs which posse®®
such abnormality are more fertile than those which do not, it 1
a certainty that the mean character of the next generation “‘]f
change, if only a little, in the direction advantageous to S
race ; and the opportunity for selective modification of this kin®
to occur in either direction is very nearly the same,
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‘11_) the next case, this is not true.

The diagram (Kig. 4) represents the number of female swine,
out of a batch of two thousand examined in Chicago, which
lig]ll fore It'g.

have a given number of Miillerian glands in the

72 739

3.—Diagram showing the magnitude of the antero-latera!

the other.
Now let us pass on to another example.

of
Prof,
that

race

by

see

{ion in

m for the varia

7°€551¢

1rson’s
race of Bullercups de

3.
(%’

L —Prof. 7

the

TABLI

740 750 765 770 780 760 00
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marg'n (in terms of carapace-length) in

999 female shore-crabs from Naples,

that no
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amount of possible change is greater in one direction than in

Table III. shows the variation in the number of petals in a

buttercups studied
(]L‘ \'riL'\. You
the most frequent

number of petals is five, and

buttercups whatever

The distribution is much more skew than in the case of the crabs, | have less than five petals, though a considerable number have

and you see again the very beautiful way in which Piof. I'carson’s
You see that the range of variation is much

Curve expresses it
greater on one side of the
Mmean than on the other;
ind the selective destruction
Necessary in order to raise
the mean number of glands
by one would be verydifferent
from the amount of destruc-
:“'H necessary in order to
lower the mean by one.
Further, the mean number
of glands in these pigsis 34 ;

the number which occurs
oftenest, the ** modal ” num-
ber as Prof. Pearson calls
i, is three. Now it is im-

possible to lower this num-
ber till it is less than o, so
that it can only be diminished
by three ; but it is conceiv-
able that it should be in-
creased by more than three.
S0 that the amount of
lective destruction required
in order to change either
the mean or the modal cha-
racter of these ]»ig\ in one
direction, would be greater
than the amount required,
in order to produce a change
of equal magnitude in the
opposite direction, and the

Se-

1Al

word **

attempts to confine the

average' to the most fre-
quently occurring magnitude, and
the word ‘“mean” to the arith-
ietic mean of the series, have
failed to secure support, There
fore Prof. Pearson's proposal to
| the value which
est the ‘‘mode

occurs

is very
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more than five ; and here again you see the
Pearson’s formula fits the observations

o 1 2 3 4 5 /
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way in which Prof.

Diagram showing the number of Muiller's glands in each of o000 fimale swie
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You see that if this diagram (which is based on very few
specimens) really represents the law of variability in these
buttercups, no amount of natural or other selection can produce
a race with less than five petals out of them, While it is con-
ceivable that selection might quickly raise the normal number of
petals, it could not diminish it, unless the variability of the race
should first change.!

These examples, which are typical of others, must suffice to
show the way in which the theory of Chance, as developed by
Prof. Pearson, can express the facts of organic variation.

I think you will agree that they also show the importance
of investigating these facts, For of the four characters we have
examined, we have seen that two, namely human stature and
the antero-lateral carapace length of Careinus manas, vary so
as to afford nearly equal material for selective modification in
either direction ; one character, the number of Miiller’s glands in
swine, offers distinctly greater facility for selective modification
in one direction than in the opposite direction ; and in the last
«character, the number of petals in a race of buttercups appears
to offer scope for modification in one direction only, at least by
selection in one generation.

Knowledge of this kind is of fundamental importance to the
theory of Natural Selection, You have seen that the new
method given to us by Prof. Pearson affords a means of express-
ing such knowledge in a simple and intelligible form ; and I, at
least, feel very strongly that it is the duty of students of animal
evolution to use the new and powerful engine which Prof.
Pearson has provided, and to accumulate this kind of knowledge
in a large number of cases.

I know that there are people who regard the mode of treat-
ment which I have tried to describe as merely a way of saying,
with a pompous parade of arithmetic, something one knew
before. This criticism of Prof. Pearson’s work was actually
made to me the other day by an eminent biologist, whose name
I will notrepeat. If there be any here who hold such an opinion,
I would ask them to read Mr. Francis Galton’s Essn{s on
[Heredity ; where a simple and quite unexpected relation
between parents and offspring is shown to be a direct con-
sequence of the fact that they vary by chance, This is the first
an?l the most striking deduction from the mathematical theory
of organic variation, but it is not the only one. It is enough,
however, to show that the new method 1s not only a simple
means of describing the facts of variation, which facts very few
people knew before, but it is a powerful instrument of research,
which ought to be quickly and generally adopted by those who
«care for the problems of animal evolution,

I think I have said enough to convince you how entirely
Prof. Pearson’s method promises to confirm the assertion that
organic variation obeys the law of chance.

The other objections to Darwin’s theory are not so easily
answered. Itis said that small variations cannot be supposed
to affect an animal’s chance of life or death ; but few persons
have taken any pains to find out in any given case whether the
«eath-rate is in fact affected by small variations or not. Itis
said that the process of Natural Selection is so slow that the age
of the earth does not give time for it to operate, but I know of
few cases in which any attempt has been made to find out by
actual observation how fast a species is really changing.

I can only attempt to discuss the importance of small vari-
ations, and the rate of organic change, in the one case which I
happen to know. The particular case I have myself studied is
the variation in the frontal breadth of Carcinus manas.*

During the last six years my friend, Mr. Herbert Thompson,
and I have studied in some detail the state of this character in
the small shore-crabs which swarm on the beach below the
laboratory of the Marine Biological Association at Plymouth,

I will show you that in those crabs small changes in the size
ofthe frontal breadth do, under certain circumstances, affect the
death-rate, and that the mean frontal breadth among this race
of crabs i, in fact, changing at a rate sufficiently rapid for all
the requirements of a theory of evolution.

In '?uble IV. you see three determinations of the mean frontal
breadth of these crabs, expressed in terms of the carapace-length
taken as 1000, You see that the mean breadth varies very

1 Of course we know that selection does change the variability of a race.

2 In 1894 I gave an account of the variation of this dimension in female
specimens of various sizes (Roy. Soc. Proc., vol. lvii.), and I put forward an
hgpulher.is of the amount of selective destruction due to variation in this
«haracter. - That hypothesis neglected several important facts which I now
know, and was open to other objections, I desire to replace it by the results
of the observations here recorded.
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rapidly with the length of the crab, so that it was necessary to
determine it separately in small groups of crabs, such that the
length of no two crabs in a group differed by more than a fifth
of a millimetre. The first column of the table shows you the
mean frontal breadth of twenty-five such groups, between 10 and
15 millimetres long, collected in 1893. hese crabs were
measured by Mr. Thompson. The second column shows you
the mean frontal breadth in twenty-five similar groups of crabs,
collected in 1895, and also measured by Mr, Thompson. You
see that in every case the mean breadth in a group of crabs
collected in 1895 is less than it was in crabs of the same siz
collected in 1893. The third column contains the result, so far
as it is yet obtained, of my own measurement of crabs collected
this year. Itis very incomplete, because the 1895 crabs were
collected in August and September, and I was anxious to com-
pare them with crabs collected this year at the same season, so
that there has not yet been time to measure the whole series.
The measurements are sufficient, however, to show that the
same kind of change has taken place during the last three years
as that observed by Mr. Thompson in the interval between 1893
and 1895, Making every allowance for the smallness of the
numbers so far measured this year, there is no doubt whatever
that the mean frontal breadth of crabs from this piece of shore
is consjden;nbly less now than it was in 1895 among crabs of the
same size,

TABLE IV.—Zhe Mean Frontal Breadth ratio of Male Carcinus
maenas from a particular galr/t of beach in Plymouth, in
the years 1893, 1895, and 1898,

Mean frontal breadth in terms of carapace length = (o00.
Lcn‘gxh e

a0 | No. of

CAIADROCS. 1 = 1 280% 1895 1808 crabs in

(Thompson). (Thompson). (\\'elgon). the 18¢8

; group.
10°1 S16°17 809 08 — £ iyt
1073 812°06 80482 -— P
10°§5 80737 80327 oo | =
10°7 80896 80169 —_— -
10'9 80507 79927 o -
11 802'50 794°12 78425 4
I1°3 70818 792'38 787°36 11
15 797°19 788°83 784°00 9
0 by 79428 78529 782'44 10
119 791°45 786°53 780°09 11
12°1 788:38 780°601 775°25 16
1273 78308 779°50 77342 12
12°5 783°¢9 776°50 76700 1
127 78358 773'43 772°43 14
129 | 777'38 773'63 764°67 15
13°1 77663 771°61 76013 16
13°3 77460 766°21 761°29 7
13’5 | 76091 76396 759'56 16
1377 | 767'63 762°00 757°00 16
13°9 76373 75940 756’10 | 10
14°1 75594 75700 742'00 | 13
143 756'90 755'77 747:86. " | 47
145 762°60 754'45 74444 | 9
147 75300 749'84 73922 8
14'9 | 75133 74803 742'83 6

|

These results all relate to male crabs. The change in female
crabs during this time has been less than the change in male
crabs, but it is, so far as my measurements at present permit
me to speak, going on in the same direction as the change in
male crabs.

I think there can be no doubt, therefore, that the frontal
breadth of these crabs is diminishing year by year at a rate
which is very rapid, compared with the rate at which animal
evolution is commonly supposed to progress.

I will ask your patience for a little while longer, that I may
tell you why I feel confident that this change is due toa selective

1 T shall; of course, consider it my duty to justify this statement by more
extensive measurement as soon as possible. In the meantime I may say
that I have measured other small groups of crabs, male and female, from the
same place, at different seasons of the years 1896-98, and the results agree

with those recorded in the table.
-
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destruction, caused by certain rapidly changing conditions of
Plymouth Sound.

If you look at the chart, you will see that Plymouth Sound is
largely blocked up, and its communication with the sea is
narrowed by a huge artificial breakwater, about a mile long, so
that the tidal currents enter it and leave it only by two openings.
This huge modern barrier has largely changed the physical
conditions of the Sound.

On either side of Plymouth itself a considerable estuary opens
into the Sound, and each of these estuaries brings down water
from the high granite moorlands, where there are rich deposits
of china clay. Those of you who know Dartmoor will re-
member that in rainy weather a great deal of china clay is washed
into the brooks and rivers, so that the water frequently looks
white and opaque, like milk, Much of this finely (’ividcd china
clay is carried down to the sea ; and one effect of the breakwater
has been to increase the quantity of this fine silt which settles in
the Sound itself, instead of being swept out by the scour of the
tide and the waves of severe storms.

So that the quantity of fine mud on the shores and on the
bottom of the Sound is greater than it used to be, and is
constantly increasing.

But this is not all. During the forty or fifty years which
have gone by since the breakwater was completed, the towns
on the shores have largely increased their population ; the great
dockyard at Devonport has increased in size and in activity ;
and the ships which visit the Sound are larger and more
numerous than they were. Now the sewage and other refuse
from these great and growing towns and dockyards, and from
all these ships, is thrown into the Sound ; so that while it is
more difficult than it used to be for
fine silt to. be washed out of the
Sound, the quantity thrown into it
is much greater than it was, and is
becoming greater every day.

It is well known that these changes
in the physical conditions of the
Sound have been accompanied by
the disappearance of animals which
used to live in it, but which are
now found only outside the area
affected by the breakwater,

These considerations induced me
to try the experiment of keeping
crabs in water containing fine mud
in suspension, in order to see whether
a selective destruction occurred
under these circumstances or not,
For this purpose, crabs were col-
lected and placed in a large vessel
of sea.-water, in which a consider-
able quantity of very fine china clay was suspended., The clay
was prevented from settling by a slowly moving automatic
agitator ; and the crabs were kept in under these conditions for
various periods of time. At the end of each experiment the
dead were separated from the living, and both were measured.

In every case in which this experiment was performed with
china clay as fine as that brought down by the rivers, or nearly
80, the crabs which died were on the whole distinctly broader
than the crabs which lived through the experiment, so that a
crab’s chance of survival could be measured by its frontal
breadth.

When the experiment was performed with coarser clay than
this, the death-rate was smaller, and was not selective,

I will rapidly show you the results of one or two experiments.
The diagram (Fig. 5) shows the distribution of frontal breadths,
about the average proper to their length, in 248 male crabs
treated in one experiment, Of these crabs, 154 died during the
experiment, and 94 survived, The distribution of frontal
breadths in the survivors is shown by the lower curve in the
diagram, and you see that the mean of the survivors is clearly
below the mean of the original series, the mean of the dead
being above the original mean.

Two other cases, which are only examples of a series in my
possession, show precisely the same thing.!

These experiments seemed to me to show that very finely

- 50

- 40

in the survivors.

1 It is impossible in this place to give a full account of the experiments
veferred to, and a multiplication of mere small scale diagrams seems useless,
so that onl?' one of those exhibited when the address was delivered is here
reproduced.,
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Fi1G. 5.—Diagram showing the effect
distribution of frontal breadths in all these crabs; the dotted curve the distribution of frontal breadths
‘I'he dotted line s shows the mean of the survivors ; the line p the mean of the dead.

divided china clay does kill crabs in such a way that those in
which the frontal breadth is greatest die first, those in which it
is less live longer. The destruction is selective, and tends to
lower the mean frontal breadth of the crabs subjected to its
action. It seemed to me that the finer the particles used in the
experiments, that is to say, the more nearly they approached the
fineness of the actual silt on the beach, the more selective their
action was,

I therefore went down to the beach, where the crabs live, and
looked at the silt there. This beach is made of moderately
small pieces of mountain limestone, which are angular and little
worn by water. The pieces of limestone are covered at low tide
with a thin layer of very fine mud, which is much finer than the
china clay I had used in my experiments, and remains suspended
in still water for some time. Under these stones the crabs live,
and the least disturbance of these stones raises a cloud of very
fine mud in the pools of water under them, By washing the
stones of the beach in a bucket of sea water, I collected a
quantity of this very fine mud, and used it in a fresh series of
experiments, precisely as I had before used china clay, and I
obtained the same result. The mean frontal breadth of the
survivors was always smaller than the mean frontal breadth of
the dead.

I think, therefore, that Mr. Thompson’s work, and my own,
have demonstrated two facts about these crabs ; the first is that
their mean frontal breadth is diminishing year by year at a
measurable rate, which is more rapid in males than in females ;
the second is that this diminution in the frontal breadth occurs
in the presence of a material, namely, fine mud, which is in-
creasing in amount, and which can be shown experimentally to

-20 - 10 ) + 10 +30 +40

of china clay upon 248 male crabs, The uppsr curve shows the

destroy broad-fronted erabs at a greater rate than crabs with
narrower frontal margins.

I see no shadow of reason for refusing to believe that the
action of mud upon the beach is the same as that in an experi-
mental aquarium ; and if we believe this, I see no escape from
the conclusion that we have here a case of Natural Selection
acting with great rapidity because of the rapidity with, which
the conditions of life are changing.

Now, if we suppose that mud on the beach has the same effect
upon crabs as muc& in an aquarium has, we must suppose that
every time this mud is stirred up by the water, a selective de-
struction of crabs occurs, the broad-fronted crabs being killed in
greater proportion than the narrow-fronted crabs.

Therefore, if we could take a number of young crabs, and
protect them through a certain period of their growth from the
action of this selective mud, the broad-fronted crabs ought to
have as good a chance of life as the rest ; and in consequence
the protected crabs should contain a larger percentage of broad
individuals than wild crabs of the same age ; and the mean
frontal breadth of such a protected population ought to be
greater, after a little time, than the mean frontal breadth of
wild crabs, in which the broad individuals are being constantly
destroyed.

It is difficult to perform this experiment, because one cannot
know the age of a crab caught on the shore. But so far as one can
judge the age of a crab by its length, I can show you that the
thing which ought to happen, on the hypothesis that such
selective destruction is going on, does actually happen.

I established an apparatus consisting of some hundreds of
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numbered glass bottles, each bottle being provided with a con-
stant supply of clean sea-water by means of a system of glass |
syphons. Into each of these bottles T placed a crab from the |
beach. After a considerable number of deaths had occurred, a
series of crabs was finally established, each crab living in a num-
bered bottle, until it had cast its shell. The process of moulting
involves no distortion of the carapace, which could affect the
measurements concerned, and therefore each cast shell was care-
fully measured. The measurements of these shells were carefully
compared with measurements of wild crabs of the same size, and
the mean frontal breadth of these shells was a little Zess than the
mean breadth in wild crabs of corresponding length.!

After each crab had moulted, it was left in its bottle until it
had grown and had hardened a new shell. It was then killed
and measured, and the measurements obtained were compared
with measurements of wild crabs of corresponding size. This
time the captive crabs were unmistakably éroader than wild
crabs of their own size, and there were a few of the protected
crabs which were very remarkably broad. The distribution of
abnormalities before and after moulting is shown in Fig. 6.

This is precisely the result which we ought to have obtained,
if the hypothesis suggested by the study of mud were true. By
protecting crabs through a period of their growth, we ought to
raise the mean frontal breadth, and to obtain a greater per-
centage of abnormally broad crabs, and that is what we have
seen to occur.

Of course, this experiment by itself is open to many objec-
ticns. The estimate of age by size is a dangerous proceeding,
and it is difficult to exclude the possibility that confinement in
a bottle may directly modify a crab during the critical period of

- 6o - 50 - 40 - 30 - 20 - 10 o +10 +20 -4

F16. 6.—Distribution of abnormality of frontal breadth ratios in 527 female crabs before and after
The contirucus line shows the distribution before, the dotted line after

moulting in captivity.
moulting.

moulting, and so on. All these points would have to be dis-
cussed at greater length than your patience would bear, before |
we could accept this experiment by itself as a proof that some |
selective agent exists on the shore, which is absent from the
bottles, At the same time, the result of this experiment is
exactly what we should expect to find if such a selective |
agent did exist, and so it is in complete harmony with the
evidence already put before you.

Of course, if the observed change in frontal breadths is really
the result of selection, we ought to try to show the process by
which this selection is effected.

This process seems to be largely associated with the way in
which crabs filter the water entering their gill-chambers. The |
gills of a crab which has died during an experiment with china |
clay are covered with fine white mud, which is not found
in the gills of the survivors. In at least go per cent. of the
cases, this difference is very striking ; and the same difference
is found between the dead and the survivors in experiments
with mud.

I think it can be shown that a narrow frontal breadth renders
one part of the process of filtration of water more . efficient
than it is in crabs of greater frontal breadth.

1 This was probably due to the death-rate during acclimatisation beirg
selective, It was very difficult to keep the apparatus clean; and the
deaths which occurred were in most cases due to the presence of putrescent
bits of food, which had not been removed.

A subsequent experiment was made with the same apparatus, in which
crabs were kept in putrid water until a large percentage had died : and the
mean frontal breadth of the survivors was found togbe distinctly less than
the mean frontal breadth of the dead.
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It would take too long to go into that matter now, and I shall
not attempt to do so. I will only now ask you to consider one
or two conclusions which seem to me to follow from what I have
said.

I hope I have convinced you that the law of chance enables
one to express easily and simply the frequency of variations
among animals; and I hope I have convinced you that the
action of natural selection upon such fortuitious variations can
be experimentally measured, at least in the only case in which
any one has attempted to measure it. I hope I have convinced
you that the process of evolution is sometimes so rapid that it
can be observed in the space of a very few years,

I would urge upon you in conclusion the necessity of ex-
tending as widely as possible this kind of numerical study.
The whole difficulty of the theory of Natural Selection is a
quantitative difficulty. It is the difficulty of believing that in
any given case a small deviation from the mean character will
be sufficiently useful or sufficiently harmful to matter, That is
a difficulty which can only be got rid of by determining in a
number of cases how much a given variation does matter ; and
I hope I have shown you that such determination is possible,
and if it be possible, it is our duty to make it.

We ought to know numerically, in a large number of cases,
how much variation is occurring now in animals : we ought to
know numerically how much effect that variation has upon the
death-rate ; and we ought to know numerically how much of
such variation is inherited from generation to generation. The
labours of Mr. Galton and of Prof. Pearson have given us the
means of obtaining this knowledge : and I would urge upon yow
the necessity of obtaining it. For numerical knowledge of this
kind is the only ultimate test of the
theory of Natural Selection, or of any
other theory of any natural process
whatever.

SECTION G.
MECHANICAL SCIENCE.

OPENING ADDRESS BY SIR JOHN
WoLre Barry, K.C.B., LL.D.,
F.R.S., PRESIDENT OF THE
SECTION,

ApPART from all the other considera-
tions which so favourably affect this
Congress, I think, so far as Section G
is concerned, that we are fortunate in
meeting in this ancient city, which has
so much of special interest for en-
gineers and for others interested in
applied science.

(1) I propose, therefore, to say a few introductory words
about Bristol and its neighbourhood from the point of view of
this section of the Association, but it is far from my intention
to either criticise the past work of the Corporation in relation to
their dock enterprises or to volunteer advice to them with re-
spect to possible works of improvement.

Bristol is, at this moment, of great commercial importance, as
indicated by the value of its imports and exports, and occupied
an even more important relative position among British ports at
a time when the ports of Liverpool, Glasgow, Cardiff, or South-
ampton were almost, or altogether undeveloped. So far as
Customs Revenue is concerned Bristol now stands third, and
in regard to the gross value of her sea:-borne trade she is
thirteenth among ports of the United Kingdom,

It is unnecessary, and it would be foreign to the objects of
Section G, to attempt to trace the economic reasons which have
caused the long-continued importance of Bristol, or to account
for the rapid growth of other ports more or less competitive with
her. All such causes are to be found, at least to a great extent,
in considerations apart from the merely physical characteristics
of the sea, river, or land at the various sites, as, for example, in
propinquity to markets or centres of production, in situation
relatively to population or to means of distribution, in individual
or collective enterprise, in enlightened or unenlightened
administration.

These circumstances have, in truth, at least as much if not
more influence in determining the history and prosperity of
ports than what are termed natural advantages of respective
sites, by which I mean such matters as protection from winds
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and currents, depth of water in the port itself and in its ap-
})rouches from the sea, the possession of soil adapted to the
oundations of docks or quays, and ready access to suitable
materials for cheap and efficient construction.

While recognising to the full the great advantages of such
physical endowments in the development of a great port, one
cannot but remember that they form only part of the problem,
and that the business of engineers is to modify and direct the
great forces and characteristics of nature for the use and con-
venience of mankind. We have, in fact, to make the best of a
locality which may or may not be promising in the first instance,
and history shows us that there are few places which are hope-
fess for our purposes. Thus while, on the one hand, we see
many harbours in this country which inherit from nature ever
feature to be desired for the establishment of a port, but whic
remain useless for that object, so, on the other hand, we find
many of the great centres of trade established in situations
which possessed no such advantages, and where almost
everything has had to be supplied by painful exertion and
great expenditure.

As examples of these facts, I may point to the remarkable
progress of many commercial ports situated in localities which
were originally the reverse of promising from an engineering
point of view—to Glasgow, where twenty-six millions sterling
in value of exports and imports are annually dealt with in ships
of the largest draught, though it is placed on a river which only
fifty years ago was nearly dry at low water for a distance of ten
miles below the present docks—to Newcastle, with a present
trade of 134 millions sterling, which within the memory of this
generation was approached by a shallow river, entering a much-
exposed part of the North Sea over a dangerous sand bar.
Sixty years ago the Tyne could only receive (and that only at
high water) a small class of coasting vessels, whereas it is now
navigable for deep-draughted vessels for a distance of thirteen
miles from the sea, The breakwaters also at Tynemouth, which
have been constructed under great difficulties on a coast without
a single natural encouraging characteristic, not only make a
valuable harbour of refuge, but have, practically speaking,
removed the external bar.

In a similar way, as evidence of the truth of my proposition, I
might point to a multitude of other instances; to the great
docks of Buenos Ayres, which city, when I knew it twenty years
ago, could not be approached within seven or eight miles by
sea-going ships of fifteen or sixteen feet draught ; to Calcutta,
dependent on the dangerous navigation of the Hooghly, includ-
ing the dreaded James and Mary shoals; to the creation of the
Eon of Manchester, forty-five miles fiom the sea, approached

y a tide-locked canal which has cost thirteen or fourteen
willions of money in its construction ; to the great recent de-
velopments of Rouen, Dunkirk, Antwerp, and Amsterdam ; to
the improvements of the Danube and the Mississippi. In all
of these cases the natural characteristics of the localities were
quite unsuited to the requirements of an advancing trade in
modern vessels, but the inexorable demands of commercial
shipping have created the supply, at the hands of engineers, of
imgrovemems and modifications of nature, which are so large
and important that, to an unprofessional eye, they might now
almost appear, at least in some of the cases which I have
mentioned, to be physical characteristics of the locality.

I think that we may safely 'say that trade will produce the
required accommodation, and that accommodation in itself will
qot create or attract trade.

Bristol is a case in point, and it is interesting to us at this
meeting to note, however briefly, some of the important works
which have altered and are altering its capacity as a port. At
the end of last century Bristol and its capabilities were, as they
have been almost ever since, the battlefield of civil engineers,
and we know that reports and projects were made by most of
the men who were then recognised as authorities. The diversion
of the river Avon and the construction of the floating harbour of
Bristol, which were carried out under the advice of William
Jessop in the years from 1804 to 1809, were boldly conceived
and ably executed. The result of the diversion of the Avon by
means of what is still known as the New Cut enabled the old
course of the river to be made into a floating harbour of about
71 acres, of which §7 acres are available for vessels of consider-
able size. The total cost seems to have been about 600,000/
Though the greatest draught of water in the floating harbour
(some 20 feet) and the dimensions of the original locks (150 feet
long and 36 feet wide) may appear to us at the close of the
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nineteenth century somewhat insignificant, they were, no doubt,
up to the estimated requirements of that day, and I think we
can recognise in Jessop's work the impress of a great mind.

The Cumberland Basin was deepened and improved, and the
lock accommodation was increased by Brunel in 1850 by the
construction of a lock, 350 feet long and 62 feet wide, and
again by Howard in 1871, who made another lock, 350 feet
long, 62 feet wide, with 23 feet of water at high water of neap
tides,  This is the present limitation of the access of shipping
to the town docks, and though we realise its insufficiency for
modern vessels, we can appreciate the energy of those who
have gone before us, and who found the funds for or designed
works which have for so many years well fulfilled their purpose.

The approach to Bristol from the sea—that is to say, from
King Road in the Bristol Channel—is certainly unpromising for
large ships, and indeed, when contemplated at low water,
appears not a little forbidding. Something has been done, and
more is now in progress, towards straightening, deepening,
buoying, and lighting the tortuous course of the Avon below
Bristol. More, no doubt, would have been undertaken in
former years, if the great rise of tide in the river had not pro-
vided, at spring tides, a depth and width for navigation which
were sufficient for practical ‘s)urposes, until the size of modern
ships imperatively demanded increased facilities of approach. I
think it 1s a remarkable thing that vessels of 3000 tons burden,
320 feet in length, and drawing 26 feet of water, succeed in
reaching Bristol, and that the trade in the heart of the city con-
tinues to increase.

Those acquainted with the strong tides of the Avon, or with
its bends, which do not exceed in places a radius of 8oo feet,
and, lastly, with what might be the consequences of a long
vessel grounding in a channel which has only a bottom width of
100 feet, cannot but recognise the skill and nerve of the pilots
in navigating large vessels from King Road to Bristol. This is
done by night as well as by day, and so successfully that the
rate of insurance for Bristol is no more than it is for Avonmouth
or Portishead, the entrances of which are in the Severn, or than
for many ports situated on the open sea.

We have similar exam(ples of what can be ‘done by the
systematic development of pilotage skill in the Hooghly, the
River Plate, the Yangtse Kiang, the Mississippi, and other
rivers where special men have been evolved, as it were, by the
demand, and navigate with snfety and success channels which
are so full of dangers that they might well appear impracticable.
Experience, indeed, shows us that, given a trade and a depth of
water rendering access possible, ships will make their way. to
ports through all kinds of difficulties and with a wonderfully
small margin of water under their keels, reminding one of the
boast of the Mississippi captain that he could take his steamer
wherever the channel was a little damp,

To return, however, to Bristol and the Avon ; in spite of all
efforts to keep pace with trading requirements, the time arrived,
in 1868, for [providing improved dock accommodation, which
would avoid the navigation of the Avon, and at the same time
afford deeper locks and more spacious quays than could be given
in Bristol itself. The Avonmouth and Portishead docks accord-
ingly were built between 1868 and 1878, and acquired by the
Corporation in 1884, Both are fine works for their period ; but
even in their case the rapid development of modern shipping has
occasioned a demand for enlargements of the facilities which
they afford. Accordingly, a matter which is again agitating
Bristol is still further dock accommodation, and there has been
a sharp contention whether this should be effected by what is
implied in the somewhat barbarous word ‘‘dockising” the
Avon, or by new docks at King Road. Dockising implies the
construction of a weir and locks at Avonmouth, so that the Avon
would be impounded and make one sheet of water nearly six
miles long to Bristol, the natural discharge of the river being
provided for by outfall sluices, while the alternative of dockising
the Avon is to be found in great additions to the docks either at
Avonmouth or Portishead.

In the peaceful atmosphere of Section G, I will not enter
upon the various aspects of these antagonistic proposals, and
will merely say that I have no doubt that in some way Bristol
will keep ahead of what is wanted, and that I wish the city and
the engineer who may carry out any of the ideas which may be
eventually adopted every success and satisfaction in such
important undertakings.

(2) Leaving, then, for the ‘present all local considerations,
and seeing that a large part of my own work has lain in the
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construction of new docks and in the alteration of old docks, I
propose now to say a few words on what appear to me to be at
present the salient points on these subjects in relation to the
growth and the requirements of our merchant navy.

In the first place one cannot but be struck with the great
demands which have come with some suddenness on.the present
generation for increased dock and quay accommodation, The
British people are the chief carriers of the world, and are
indeed l‘)\f)se ‘“that go down to the sea in ships, and occupy
their business in great waters,” < This can be appreciated when
we consider that annually our over-sea import registered tonnage
is thirty-four millions, and our export registered tonnage is
thirty-eight millions. Our coastwise traffic amounts to sixty-
three million tons per annum, making together a tonnage to be
dealt with of one hundred and thirty-five million tons. If we
add to these figures the tonnage of vessels in ballast and the
number of calls of those vessels in the coasting trade which touch
at several ports in the course of one voyage, we must add a
further ' fifty-five millions of tonnage, making a total of one
hundred and ninety millions of tonnage using our ports yearly ;
and if we divide these figures by, say, three hundred days, to
rrovide against more or less idle days, bad weather, and the
ike, we have the result of six hundred and thirty-three thousand
tons per diem entering and leaving our ports.  If we assume an
average ship of three hundred registered tons, which is grobably
not far wrong, we have about two thousand one hundred trading
vessels entering or leaving our ports daily—a flotilla of startling
numbers,

In truth, the magnitude of our mercantile nw, as compared
with that of other countries, is astonishing. e have ten and
a half millions of tons, against a total of thirteen millions of tons
belonging to all the other nations of the world, in which are in-
cluded three millions of tons of steam vessels engaged in the lake
and river traffic of the United States. Descending to particulars,
our merchant fleet is eleven and a half times that of France,
seven times that of Germany, eighteen times that of Russia (in
Europe), two and three-quarter times that of the United States
(inclusive of the craft on the great lakes), six and three-quarter
times that of Norway, fourteen times that of Italy, and fourteen
times that of Spain.  Out of our total tonnage of ten and a half
millions, six and three-quarter millions are steam vessels, and
the proportions in relation to the steam tonnage of the other
countries above referred to are approximately the same,

Again, it is instructive to note how small a proportion of the
trade of other countries, even including coasting traffic, is carried
in ships belonging to the country in question. Thus, whereas
weas a nation convey in steamships 76 per cent. of the aggregate
tonnage of our own ports, only the following proportions of the
total trade of other nations are carried by the shipping of each
country in question :—

France . about 30 per cent.
Italy ... w19 4
German e ry " 43 "
Russia (in Europe) ... " b Ay L
Norway w 56 5
Sweden 1} 29 "
Holland s 26 4
United States (over-sea) 1y 44D Sebd

Further, it is a recognised fact that a very large part of the
balance of the above proportions is conveyed in British ships
frequenting the various foreign Forls and acting, as I have said,
as the ocean carriers of the world,

Thus in the best returns available I find that British shipping
conveys the following proportions of the over-sea commerce of
other countries :—

Italy 44 per cent,
Germany ... . fs
Russia 57 »
Norway ... .
Sweden 27 "
Holland ... 54 1
United States 60

"
France ... (not given)
" The experience jof the Suez Canal again tells the same tale,
for of the total tonnage passing through that international
waterway 66 per cent. is British. This is nearly seven times
that of the shipping of the next largest contributor, which is
Germany, and nine times that of France,
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This vast amount of carrying trade is in British hands, be-
cause we can do it cheaply as well as efficiently. I believe that
the whole of our commercial fleet is worked at a very narrow
margin of average profit, though in the aggregate it forms one
of the most important factors in our country’s position among
the nations of the world.

We are often reminded of how greatly the value of our
imports exceeds that of our exports ; but we should not forget
that the profit on the transport of both goes chiefly 10 the
British nation as shipowners, in addition to the profit which is
earned by them in the carriage of merchandise from one foreign
port to another.

What an important thing it thus is to the prosperity of this
country, not merely that our own ports should be convenient and
adequate to all demands, but that our ship-builders should be
able to keep pace with the demands of this huge transport
traffic! We find in this connection that we add about half a
million of tons of shipping annually to our register, and that we
lose about 250,000 tons annually by wreek and by vessels
becoming old or obsolete, so that, as a matter of fact, the
average annual increment of our mercantile navy for the past
twelve years is about a quarter of a million of tons.

The remarkable development within recent years in the cheap-
ness of steam navigation, the improved methods of building and
rigging of sailing ships, and various economic causes have
resulted in a large increase of the average size of ship engaged
in over-sea voyages with a comparative diminution in the number
of the crews of each description of vessel. Greater draught of
water is consequently demanded, and as a better knowledge of
ship-building has indicated that the beam of ships can be con-
siderably increased without involving greater resistances, we
may expect to see ships to increase not only in length and depth,
but also in width.

The largest steamer twenty years ago (excepting of course the
Great Eastern, which was a magnificent conception, though in
advance of her time and its requirements) was, I believe, the
Cily of Berlin, of 5500 tons burden.  Her length was 488 feet,
and her draught and beam were 25 feet and 44 feet respectively.
At the present time the Kaiser Wilhelm der Grosse is 625 feet
long, her heam is 66 feet, and her draught is 27 feet, and we
know that these dimensions will soon be exceeded.

A modern liner now being built will have a length of 704
feet (or 24 feet longer than the Great Eastern) with a beam of
68 feet and a draught of 28} feet. The great steamers for the
transport of cattle are 585 feet long, 64 feet beam, and 30 feet
draught and upwards, carrying 14,000 tons of cargo. Some of
the large sailing vessels carry over 6000 tons dead weight and
draw 28} feet. Ships of war, though not so long as liners,
have a beam of 75 feet with a draught of 31 feet, and though
in the commercial marine we need not perhaps anticipate an

reat further increas¢ of draught of water, the demand for whic
is largely governed by what is available in foreign ports or
rivers and in the Suez canal, the fact that men-of-war can, with
due regard to economy of propulsion, be built with great width
of beam in proportion to length, seems to indicate that we must
be prepared in the future for a considerable increase of beam
for cargo-carrying vessels.

We have further to note that, owing, no doubt, to the vast
imrrovemems of marine steam engines and boilers realising
unlooked-for economy in the combustion of coal, steam vessels
are supplanting all but the largest class of sailing vessels as
carriers of commerce, almost as rapidly as they did forty or fifty
years ago in the conveyance of passengers and as ships of war.
In 1897, out of a’total shipping trade (cargoes and ballast)
dealt .with in ships of all nations at the ports of the United
Kingdom, amounting to ninety millions of tons, eighty-one
millions of tons, or 9o per cent., were conveyed by steam
vessels ; whereas, in 1885, out of a total of sixty-four millions
of tons, fifty millions of tons, or 78 per cent., were in steamers.
If we take, however, the tonnage of cargoes and ballast con-
veyed to and from her own ports by British ships only, we find
that in 1897, out of a total of sixty-four millions of tons, sixtys
one millions of tons, or 95 per cent., were in steam vessels 3
whereas, in 1885, but 85 per cent. of the total tonnage conveyed
by British vessels was in steamships,

Of the tonnage of vessels buirt’in the United Kingdom in

- 1885, 50 per cent. were steamers, but in 1897 the proportion

was 86 per cent. ; and to sum up, we find that in the com-

 mercial fleet of the United Kingdom and British Possessions,

as between 1887 and 1897, sailing ships have decreased 16 per
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cent, in number and have, in spite of the building of a certain
number of exceptionally large vessels, decreased 9 per cent. in
average size ; while steamers have increased 23 per cent. in
number and 16 per cent. in average size, The total sailin,
tonnage has decreased in the same period by 24 per cent., an
the steam tonnage has increased by 36 per cent.

The problems thus confronting us, as results of the increased
size of all descriptions of over-sea steamships, require much con-
sideration from an engineering point of view, and are further
puzzling, and will continue to puzzle, our financial authorities,
without whose aid the engineer can do but little.

We ask, Where is all this expansion of requirements to stop,
and how far are we justified in extending our view of the wants
of the future from the contemplation of the conditions of the
present and of what has occurred in the past? This is un-
doubtedly a difficult question, and he would ‘)): a bold man who
thought that we had reached finality in the size of ships.
Bound up with this consideration are not merely matters of first
cost of the accommodation to be provided, but also of the
annual expenses in working and maintenance, not only of the
docks themselves, but in what is perhaps of more importance,
viz, the preservation of sufficiently deep and wide approaches
to them.

Apart from length, depth, and beam, the midship cross section
of modern cargo ships has altered completely of late years, and
is now nearly as rectangular in shape as a packing-case, except-
ing only that at the bilges the sides and floor are joined by a
curve of small radius. The keel has almost disappeared, and
bilge keels are often added. The result of these alterations of
shape in the ordinary hulls of trading ships is that the sills and
sides of many locks and entrances are now unsuited to what
is wanted, and consequently their original power of accommo-
dating vessels is most seriously diminished. .

Until lately it was gencmrly considered that locks 600 feet
long, 8o feet wide, and 26 feet deep were sufficiently capacious,
with some margin for future wants; but I think we must now
go further in length and depth, and not improbably to some
extent in width. We find that at Liverpool the Dock Board
have ordered vestibule basins to act as locks 1150 feet long and
520 feet wide, with entrances 100 feet wide and 32 feet deep ;
and somewhat similar dimensions were talked of for the entrance
lock of the recently proposed Windsor Dock at Penarth, which
was intended to be 1000 feet long, 100 feet wide, and 34 feet
deep at neap tides. |

Again, apart from the question of locks and entrances, the
older docks themselves are beginning to be found too shallow
and too narrow for modern vessels, In docks which are deep
enough at spring tides and too shallow at neap tides, and which
are opened to the ‘“tide of the day,” much may be done to
improve the depth by systematic pumping, so as to keep the
surface always at the level of high water of spring tides. By
this expedient, large areas of old docks may be to that extent
modernised at the espense, perhaps, of new entrance locks and
the annual cost of pumping. This latter i';:arly outgoing is not
an important matter., At Liverpool and Birkenhead 230 acres
of nearly obsolete docks have been thus improved at a capital
cost of about 96,000/ for pumping machinery and an annual
expenditure of 6000/, I am executing a similar improvement
by pumping in one of the smaller docks on the Thames, and
contemplate it on a larger scale at an important dock there, and
also at Hull,

The conditions of commerce now require also, in order to
realise the necessary economy of transport, the greatest des-
patch, for demurrage on the large and expensive modern steam
vessels is a most serious question. Thus there must now be no
waiting for spring tides, or, if possible, for rise of tide on the
day of arrival. Every steamer expects to discharge her earFo
on to the quay without waiting for much stacking, still less for
trucks ; and under modern conditions dock work must be got
through in one-third of the time which was considered proper
ten or twelve years ago. From these reasons larger quays and
warehouses, better railway approaches, improved sidings, and
better machinery are all necessities, as well as deeper water and
better approaches.

These demands have come on us, as [ have said, not so much
Sradunlly as more or less suddenly, and the call for improved

ocks is general, and, in my opinion, it will be continuing.

Liverpool last year undertook to spend nearly five millions
on such works, and we know of very many important projects
at other places, Taking the expenditure within the past decade,
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and adding to it the authorised expenditure at Liverpool, at the
great ports on the Bristol Channel, on the Thames, at South-
ampton, Hull, Middlesbrough, Hartlepool, Sunderland, the
Tyne and its neighbourhood, at Grangemouth, the Fife Ports,
at Glasgow, the Ayrshire Ports, the Cumberland and Lanca-
shire Ports, and so round the British coasts to Preston, I roughly
estimate an expenditure, either made during the past ten years
or contemplated, of from 35 to 40 millions,

These are large figures, and we ask from whence will an
adequate revenue come ; for it is a more or less accepted fact
that docks by themselves do not produce more than a very
moderate return on their cost, thou Yx, of course, there may be
exceptions to every rule. Apart from the expenditure which
has been undertaken much remains to be done, and the source
of supply of the capital required is a highly important con-
sideration, I venture to think on this point that we should
learn to realise that under modern conditions docks should be
considered largely in the light of being railway stations for
goods and minerals and, in many cases, for passenger traffic.
Docks and quays, together with improved apf}ﬁvronches from the
sea, are, in fact, the means of brin{;ing traffic to the railways
(and, to a less degree, to the canals) of a country, and should
be looked upon as links in the chain of transport and inter-
communication,

They are certainly as necessary adjuncts of a railway, at least
in our country and in respect of goods and minerals, as large
stations and depOts are in all important towns.

The older view of our Parliament was that docks and railways
should be in different hands ; but I much question whether this
idea should now commend itself. It is difficult, as I have said,
for a dock enterprise standing alone to make any considerable
return on its cost, and though it is true that capital can be
found under guarantees of an already developed trade by some
of the great Dock Trusts, such as at Liverpool or Glasgow, the
return is but a modest one, and not such as is likely to tempt
capitalists to new ventures in constructing or enlarging many of
the docks which stand in need of improvements.

On the other hand, a railway company which gets a fairly
long lead for the goods to and from a dock can afford to look at
the matter of expenditure on docks with some liberality. We
have conspicuous examples of great public benefit being afforded
at Southampton and at Hull, where the docks have lately passed
from the hands of financially weak companies dependent only
on dock dues, to the ownership of powerful railway companies.
Similarly, several of the north-castern ports besides Hull—the
large docks at Grangemouth, Barry, Penarth, Garston, Fleet-
wood, and elsewhere—are further examples, amongst others, in
which the revenue of railway companies has been spent on dock
improvements with a spirit which would be otherwise unattain-
able. A dock also must necessarily be nowadays almost wholly
dependent for its efficient working on the best understanding
being maintained with the railway companies for the prompt
and adequate provision of land transport, so that in that point
of view also the twg interests are one and should be recognised
as such,

In the consideration of the advisability for concentration of
ownership, there remain only the questions of safeguards against
unfair treatment of competitive modes of transport, such as canal
and road traffic, and provision against any improper results of
monopoly of railway access. These, I think, can be provided
by Parliamentary enactment, either by insisting on adequate
access under proper conditions for all within reach, or, in any
case, of inadequate facilities being accorded, by nuthorin'ng the
construction of other docks in the hands of competing railway
companies or of other aggrieved parties, with in such cases rail-
way privileges. With these safeguards the public could be
efficiently protected, and, if this be so, I cannot but think that,
cateris ibus, the trading community will be better served by
docks directly connected with railway companies than by
separate existences and management. On the one hand, I
hope that those who administer the great railway undertakings
will realise this community of interest, and, on the other, that
Parliament will favour intimate financial relations between
docks and railways, instead of more or less systematically dis-
couraging such connection. This question is one which is
peculiarly interesting here at Bristol, where the docks are in the
hands of the Corporation, and where the railway companies
carry the traffic, which, but for the docks, would be largely
non-existent.

(3) Leaving now the question of modern docks and shipping,
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as to which, as I have said, Bristol is interesting to engineers,
there are one or two other matters of history which appeal
to Section G in this locality. In the first place, Bristol was
the birthplace of the Great Western Railway. I. K. Brunel,
its engineer, had previously, by public competition, been
selected to span the gorge at Chifton by a suspension bridge
of the then almost unrivalled span of 702 feet. Again,
under the influence of Brunel, Bristol became the home of
the pioneers of Transatlantic steamships, and the story of
the initiation of the enterprise is thus told in the memoirs
of his life.  In 1835, at a small convivial meeting of some of
the promoters of the Great Western Railway, some one said,
““ Our railway to Bristol will be one of the longest in England,”
and Brunel exclaimed, *‘ Why not make it the longest line of
communication in the world by connecting it with New York
by a line of steamers ?” Out of this grew the Great Western
steamship, and the history of the enterprise and of its success is
too well known, at least here, to require any allusion to the
steps by which it was brought about. ~ Suffice it to say that, in
spite of much discouragement, the Great Western—of the then
unexampled size of two thousand three hundred gross tons, and
with engines of unparalleled power—was launched at Bristol in
1837, and ran successful and regular voyages till 1857, when
she was broken up.

In Section G there are many who can appreciate the diffi-
culties of such a new departure as the Great W’e:lcm steamship,
even if they had been confined to the design and study of a
vessel and engines of unprecedented size ; but it is not easy to
realise the anxiety and trouble caused by the dictum of a man of
science so universally admired as Dr. Lardner, at the meeting
of the British Association in this city in 1836, that the whole
idea of ocean navigation on voyages as long as from Bristol
to New York was at that epoch an abstract impossibility.

In these days of criticism of the past, often involving the re-
habilitation of individuals, it is interesting to note that Dr.
Lardner’s part in condemning beforehand the construction of
the Great Western steamship and the ideas on which she was
designed has been of late years unduly minimised. It has been
said that all Dr. Lardner meant was to express a pious doubt
as to the commercial prospects of ocean navigation, I have
carefully read the Zroceedings of the time, and 1 am brought to
the conclusion that his words and writings will admit of no such
interpretation.  Dr. Lardner’s views, arrived at after calcula-
tion and reasoning, were precisely expressed and boldly and
honestly enunciated by him. The words of the discussion here
appear not to have been preserved, but in an elaborate article in
a Quarterly Review in 1837, which is, I believe, admitted as
having been written by Dr. Lardner, he said, ‘“ that in proportion
as the capacity of a vessel is increased, in the same ratio, or nearly
50, must the mechanical power of the engines be enlarged and
the consumption of coal augmented.” He badsed his views that
success was impossible on principles which he supposed to be
sound, but which were, in fact, assumptions—viz. that the re-
sistance to the progress of a ship varied djrectly with her cap-
acity, that a certain number of tons of coal were required per
horse-power for the voyage across the Atlantic, and that, this
being so, enough fuel could not be carried in a ship, however
large she might be made,

runel, on the other hand, contended that Dr. Lardner’s
views were fundamentally erroneous; for that, whereas the
capacity of a ship increased in the ratio of the cube of her
dimensions, the resistance to her progress varied more nearly as
the square. Thus, by adopting a proper length, beam, and
draught, a ship would not only carry coal for the journey to New
York, but be commercially successful in respect of cargo and
passengers.

It is interesting to note that 9 1bs. of coal per indicated horse-
power per hour (as compared with our ﬁresent 14 to 21bs.) was
the approximate coal consumption which was more or less
accepted by both sides in the controversies of 1836 and 1837.

We know now that the resistances encountered by a ship are
not merely dependent on her dimensions, but comprise wave-
making at various speeds, bringing form and proportion of
dimensions largely into the necessary calculations ; but I want to

oint out that the line of divergence of the different views of

rdner and Brunel was sufficiently precise and quite crucial,
It is true that Dr. Lardner, in later criticisms of 1837, re-
treated somewhat from his position of 1836, introducing more
of the commercial aspect of the case and stating that no steam
vessel could make profitable voyages across the Atlantic, at
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least until marine engines were immensely improved ; but,
even so, it seems clear that the fundamental matter at issue in
1836 and 1837, the period of Dr, Lardner's active criticism, was
the question of the resistances increasing in the same ratio as
the capacity. The results of these ex cathedrd statements by
Dr. Lardner about the Great Western, then in process of being
built, must have caused great anxiety to the promoters and much
preliminary distrust of the ship on the part of the public. They
were, unquestionably, honest?y arrived at, however much they
were due to reasoning on unascertained premises, and this latter
is the reason for my venturing now to refer once more to them.
As a matter of fact, the ship started from Bristol in 1838, and
arrived at New York in fourteen days with 200 tons of coal in
her bunkers.

Let me remind you o. another somewhat similar instance of
the way in which the anxieties of engineers have been unnecs-
sarily increased and public alarm gratuitously, though honestly,
aroused. When the designs of the Forth Bridge—of which the
nation, and indeed the world, is proud—had been adopted both
by the Railway Companies who were to find the capital and by
Parliament, a most distinguished man of science—the then
Astronomer Royal—came to the conclusion that the engineers
had neglected certain laws which he enunciated respecting the
resisting power of long struts to buckling, and that the bridge
ought not to be constructed, as he considered that, to use his
own words, ‘ we may reasonably expect the destruction of the
Forth Bridge in a lighter gale than that which destroyed the Tay
Bridge.” All this was stated no doubt from a strong view of
public duty, in a letter to a public newspaper, though subse-
quently and frankly withdrawn. If the bases of his calculations
were right, the conclusion might have been correct ; but the
fact was, that there was no foundation worthy of the name for
the reasoning. ~ Again, another distinguished mathematician
publicly criticised the Forth Bridge with equal vigour, basing
Lis views that it was fundamentally incorrect on another set of
equally erroneous assumptions, maintaining again that it should
not be permitted, because he proved by reasoning on those
assumptions that it must be absolutely unsafe.

Once more, in ship-building, until Mr. William Froude, some
years prior to 1875, made his experiments by means of models
on the highly difficult and otherwise almost insoluble causes of
the retardation of ships and their behaviour in waves, beginning
at the beginning, taking nothing for granted, and eliminating all
elements of possible errors, little or nothing was known of the
laws governing these questions. Laws had been laid down by
high authorities as to the causes of retardation of ships, many of
which, in fact, were not true, while some of the assigned causes
were non-existent and some real causes were unrecognised, Mr.
Froude was told that no information could be learnt from experi-
ments on models which would be applicable to full-sized ships,
and that ships must continue to be designed and engines built
on data which, scientifically speaking, were assumptions. The
outcome has been that Mr, Froude's @ priori depreciated experi-
ments with models have solved most of the questions relating to
that branch of naval architecture ; and at the present time every
ship in the Royal Navy, and not a few in the merchant service,
are designed in accordance with the data so gained.

Another example of hasty generalisation occurs to me, and
that is on the important question of wind pressure. Tredgold, who
undoubtedly was one of the soundest of engineers, laid down in
1840 that a pressure of 40 1bs. per square foot should be provided
for ; reasoning, no doubt, from the fact that such a pressure had in
this country been registered on a wind gauge of a square foot or
less in area. As a consequence, he assumed that the same force
could be exerted by the wind on areas of any dimensions, Thus
roofs and bridges, wherever any calculations of wind pressure
were, in fact, made, were designed for a pressure of 40 Ibs, per
square foot of the whole exposed surface, and under the alarm
caused by the fall of the Tay Bridge in 1879, the piers of which
were not probably strong enough to resist a horizontal pressure
of one-ﬁflﬂ of such an amount, a further general assumption was
made, and railway bridges throughout the kingdom were ordered
by the Board of Trade in 1880, acting no doubt on expert advice,
to be in future designed, and are designed to this day, to resist
56 1bs. of horizontal wind pressure on the whole exposed ares
with the ordinary factors o} safety for the materials employed, a5
if such horizontal strain were a working load.

It had, for a long time previously to this order of Government
being issued, been suspected that these small-gauge experiments
were untrustworthy, and subsequént experiments at the Forth
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Bridge on two wind gauges of 300
feet respectively, indicated that with an increase of area the
unit of pressure fell off in a very marked degree. Under the
same conditions of wind and exposure, the larger gauge registered
a pressure 38°7 per cent, less per square foot than the smaller
gauge. I have been able to carry experiments further at the
Tower Bridge by observing the pressure on the surface of the
bascules of the bridge as evidenced by the power exerted by the
actuating engines. In this case we have a wind gauge of some
5000 feet in area, and it has been shown that, while small
anemometers placed on the fixed parts of the bridge adjoining
the bascules register from 6 to 9 Ibs. per square foot, the win
ressure on the bascules is only from 1 to 1} lbs. per square
oot,

It is difficult to imagine the amount of money which has been
expended in unnecessary provision against wind strains of 56 1bs.
per square foot on large areas in consequence of this hurried
generalisation from insufficient data. I know something of
what the provision for 561bs, on the square foot for wind cost
at the Tower Bridge, and I do not wish to mention it ; but if
the public had been told that the dictum of experts, arrived at
however hastily in 1880, was to be set aside in the construction
of that bridge, all confidence would have been beforehand
destroyed in it, and I suppose no Committee of Parliament
would have passed the Act.

I have mentioned these matters, which could be added to by
many similar instances in other branches of anlied science, not
for the sake of reviving old controversies or of throwing a stone
at highly distinguished men, honoured in their lifetime and
honoured in their memory, nor for the sake of criticising more
modern men of science or a Government Department. Still
less do I wish to question the necessity and value of mathe-
matical calculations as applied to the daily work of engineering
science, but I recall the circumstances for the purpose of once more

inting out the extreme value of experimental research and of
sespeaking the utmost caution against our being tempted to lay
down laws based on unascertained data, We know the tendency
there has been at all times to generalise and to seek refuge in
formula, and we cannot but know that it is not at an end now.
We ought to recognise and remember how few physical questions
had been exhaustively examined sixty years ago, and may I say
how comparatively few have even now {)een fundamentally dealt
with by experiment under true scientific conditions? The in-
vestigation of physical facts under all the various conditions
which confront an engineer requires much care, intelligence,
time, and last, not least, not a little money. In urging the vital
necessity of investigations, I am sure that I shall not be under-
stood as decrying the value of the exact analysis of mathematics,
but we must i;c quite sure that the premises are right before we
set to work to reason upon them. We should, then, exert all
our influence against rules or calculations based merely on
hypothesis, and not be content with assumptions when facts can
be ascertained, even if such ascertainment be laborious and
costly, In a word, let us follow sound inductive science, as
distinguished from generalisations ; for *‘ Great is truth and
mighty above all things.”

n connection with this subject, I may congratulate the
Association generally, and this Section in particular, that there
is now more hope for experimental science and some endow-
ment of research in this country than at any former time. The
vital necessity of further work in these directions has long been
recognised by men of science and was notably urged by Prof.
Oliver Lodge. Last year, in no small degree owing to the
exertions of Sir Douglas Galton, K.C.B., who presided over
the British Association in 1895, and brought the question very
Egominently forward in his inaugural address on that occasion, a

ighly influential deputation waited on the Premier to urge that
England should have a Public Physical Laboratory at which
facts could be arrived at, constants determined, and instruments
standardised. The importance of the questions which could be
determined at such an institution in their influence on the trade
and prosperity of the country, independently of the advance-
ment of purely scientific knowledge, cannot well be exaggerated.
_ Our Government, while somewhat limiting the scope of the
inquiry, appointed a small Committee to examine and report
on this highly important subject. It is no breach of confidence
10 say that the Committee, ag(er taking much evidence, visiting
a similar and highly successful institution on the continent, and
studying the question in all its bearings, were convinced of the
great public benefits which may be expected from such an
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institution, and have unanimously reported in favour of its
establishment.

I feel sure that we shall all earnestly hope that Government
will carry out the views of the Committee, and I venture to
suggest that each of us should use what influence he may have,
to induce the Chancellor of the Exchequer to find adequate
funds for an institution which may be of the greatest benefit not
merely to scientific research, but to the commerce of these
islands, threatened as it is on all sides by foreign competition
of the most vigorous description—a competition which is sup-

orted by every weapon which the science of other lands can
orge for use in the struﬁg]e. It being acknowledged that our
own work in life is to deal with physical facts and apply them
for the use of our fellow-men, we may have good hopes that at
such an institution as I have indicated, directed, as it no doubt
will be, by the highest scientific superintendence, we shall be
able, at least far better than at present, to have a sound know-
ledge of many facts which are obscure, and to deal with the
many new conditions under which the applied science of the
future will have to be carried on.

Those who know most of the problems of nature feel the more
strongly how much remains which is unknown and realise how
completely those who teach require throughout their lives to be
always learners. Let each of us then in our special walk of life,
seeking for further enlightenment on the various problems of our
work and in the application of that science which we love,
humbly recognise that,

““ All nature is but art, unknown to thee ;

All chance, direction which thou canst not see ;
All discord, harmony not understood."

INTERNATIONAL SEA FISHERIES
CONGRESS A1 DIEPPE.

THE movement for the international discussion of matters

connected with the sea-fishing industry has made such
progress during the past few years that a summary of the pro-
ceedings of the recent international congress held at Dieppe
should interest readers of NATURE, especially as the regulation
of the industry tends more and more to be determined in accord-
ance with the evidence accumulated by scientific investigators.
The I)icprpe Congress was organised by the Société d'Enseigne-
ment professionel et technique des Péches Maritimes, and is the
second international congress promoted by that society, The
previous congress was held at Sables-d'Olonne in 1896, on
which occasion Mr. (now Sir) John Murray was the British
representative.  More than 300 delegates assembled at Dieppe,
among whom may be mentioned Mr. C. E. Fryer, of the Board
of Trade ; Dr. { H. Fullarton, formerly of the Scottish Fishery
Board ; Mr. Walter Garstang, representing the Marine Biological
Association ; Mr. O, T, Olsen, of Grimsby ; Mr, Johnsen, of
Hull ; Drs. Brunchorst and Bull, of Bergen; Dr. Malm, of
Gothenburg ; M. Tabary, of Ostend; Prof. Vinciguerra, of
Rome ; Dr. Valle, of Trieste ; Dr, Kishinouye, of Japan; Mr.
Thorndike Nourse, of the United States; and of course a large
number of French delegates representing the Government and
various fishery societies and schools, fishing centres and
municipalities, including M, Roché, Inspector-General of
Fisheries ; Prof, Perrier, Baron Jules de Guerne, MM. Lavieu-
ville, of I)iep&e; Canu, of Boulogne ; Odin, of Sables:-d'Olonne ;
Gourret, of Marseilles ; and Le Seigneur, of Granville. The
proceedings of the Congress opened on the morning of September
2 with an address from the President, Prof, Ed. Perrier, Membre
de I'Institut de France. The greater part of the President’s
address was devoted to an examination of purely French
problems—the relative scarcity of steam trawlers and liners,
the need of greater solidarity, of a’spirit of co-operation and com-
})romisc among rival fishing industries, the present unsatis-
actory arrangements—or lack of arrangements—for fishery re-
search. This, he said, seemed to demand the creation of
a central Fishery Board for France, similar to that of Scotland,
which should be charged with the duty of coordinating the work
of the numerous marine laboratories in which fishery research is
now carried on without concerted aim, Proceeding then to
matters of more general interest, he pointed out the advantages
which would ensue if the study of plankton could be put upon
an international basis by a regular organisation of the marine
laboratories of different countries, or by international co-
operation in deep-sea expeditions for the solution of problems
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connected with the migrations of fishes. At the same time, he
said, it would not do to be too ambitious, The extravagant
expectations which were held some years ago as to the beneficent
effects of sea-fish hatcheries had not been realised either in
America, in Scotland or in Norway. Even if the idea were
sound, the actual plan of operation needed modification, since
the young fish were being turned into the sea at too early an
age.” Moreover, he asked, would it not be simpler, and in the
end more profitable, to complete the investigation of the whole
life-history of valuable fishes before launching upon costly and
problematic schemes of fish multiplication? To ensure the,
adequate discussion of these and similar problems, the President,
in conclusion, expressed the intention of himself and his
colleagues to propose the creation of a permanent international
committee for the organisation of future congresses on sea-
fisheries, which would extend and complete the work initiated
by the French Society.

The subsequent discussions of the congress took place partly
at general meetings, partly at the meetings of different sections.
Four of the latter were constituted, viz. (1) Scientific Re-
searches ; (2) Fishery Apparatus, Preparation and Transport ;
(3) Technical Education, and (4) Fishery chulmions. The
subjects which came before the general meetings dealt with
oyster and mussel culture, provident institutions (insurance
against accidents, &c.), international regulations for preventing
collisions at sea, and co-operation amongst fishermen. As regards
the sectional meetings, the topics of general interest naturally
fell chiefly within the scope of the first and fourth sections. In
the first section the following were the more important papers
read : (1) On the natural history and fishing grounds of the
Tunny in the Gulf of Gascony, by M, Odin, in which the
author showed that the migrations of the Tunny of these
waters are less extensive than was formerly imagined, since the
fish can be taken in the Gulf throughout the year, although the
actual fishing grounds shift with the seasons; (2) On the
natural hismry of the mackerel, by Mr. W, Garstang, in which
it was maintained that, as a result of researches recently carried
out by the Marine Biological Association, the common species
of mackerel can be subdivided into several local races, viz.
an American, an Irish, and a race common to the English
Channel and North Sea. These researches lead to the con-
clusion that the winter haunts of the mackerel cannot be
situated far from the localities first visited by the several races
in the spring; (3) On a proposed biological and physical
investigation of the Englisgl hannel during 1899, by Mr.
Garstang, in which the author invited the co-operation of French
societies and naturalists with the Marine Biological Association
for a joint periodic survey of the Channel during the coming
year. The proposal was supported by Baron Jules de Guerne
and M. Odin, and a resolution on the subject was unanimously
adopted ; (4) On the sea-fish hatchery at F{odevigen, by Captain
Dannevig (read in his absence by Baron de Guerne). This
nper gave rise to a vigorous discussion on the efficacy of

tcheries. Captain Dannevig contended that the success of
his methods was attested by the statistics of cod taken in
Christiania Fjord, but this statement was categorically denied
by Dr. Brunchorst, and also adversely criticised by Dr. Fullarton
and M. Canu.

The principal papers read in the fourth section were as fol-
lows: (1) On trawling in territorial waters, by M. Sauton ;
(2) On the necessity of new regulations concerning the mesh of
drift and fixed nets, by M. Maraud; (3) Trawling and its
effects, by M. Coutant ; (4) On the territorial limits, by Mr.
Olsen. {'he discussion which followed these papers was lon
and interesting, but cannot be fully summarised here. It wil
suffice, however, to say that at the subsequent general meeting
of the congress a resolution against trawling (of all kinds)
within three miles from low-water mark was carried by 37 votes
to 9; and that other resolutions were carried which would have
for effect the prohibition of certain kinds of fishing beyond the
present territorial limits, and would prohibit the sale of im-
mature fish, the minimum size for each species to be fixed
hereafter by an international commission of fishermen, owners,
public officials, and scientific experts.

It may be stated in conclusion that the memoirs read before
the general meetings of the congress are already published
(Paris, Augustin Challamel, Rue Jacob 17), and that the apers
communicated to the different sections, with the final resolutions
of the congress, will be published in a second volume in the
course of the next few months,
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NOTES.

WE are reminded that the new laboratories of Physiology and
Pathology, which University College, Liverpool, owes to the
generosity of the Rev. S. A. Thompson Yates, will be opened
on October 8 by Lord Lister, President of the Royal Society:
By his benefaction, Mr. Thompson Yates has strengthened the
medical school of the College in a very marked degree, and has
enabled the professors of physiology and pathology to take ad-
vantage of the most recent additions to our knowledge in their
lectures and laboratory instruction, Lord Lister will be accom-
panied on the occasion by a large and distinguished party. The
Lord Mayor will represent the city ; Earl Spencer, Chancellor of
the Victoria University, has promised to attend and admit Lord
Lister to the degree of D.Sc. conferred on him by the Victoria
University; Lord Derby, President of the College, will be
present, with the authorities of the Victoria University and its
Colleges. Among those who have accepted the invitation of the
College Council may be mentioned : the Duke of Devonshire, Lord
Derby, Lord Spencer, Lord Ripon, Lord Kelvin, Mr. A, .
Balfour, Prof. Michael Foster and Prof, Riicker (the Secretaries
of the Royal Society), Prof. Virchow, Sir Douglas Galton, Sir
Samuel Wilks, Sir Richard Thorne, the Bishops of Liverpool,
Chester, Carlisle, and Ripon, Sir William Gairdner, Mr. Justice
Kennedy, Sir James Crichton Browne, Dr. Lauder Brunton,
Sir Archibald Geikie, Captain Abney, C.B., Sir George King,
Mr. Thiselton-Dyer, Prof. Ramsay, Prof. David Ferrier, Dr.
Pavy, Mr. R. B. Haldane, Sir John Batty Tuke, Sir Henry
Littlejohn, Prof. Schiifer, Prof. Burdon-Sanderson, . Profi
Kanthack, Prof. Halliburton, Prof, Meldola, Prof. Poulton, the
Dean of Lichfield, Prof. Charlton Bastian, the Hon, Sydney,
Holland, Prof. Rose Bradford, Prof. Forsyth, Prof. Bower, Dr
Alexander Cope, Prof. Crookshank, Prof. Waller, Prof, Noél
Paton, Dr. Ludwig Mond, Dr. Mott, Prof. Stirling, Prof.
Liveing, Mr. Gerald Yeo, Prof. Macallum, and Dr. B)"rom.
Bramwell. The proceedings will commence with the degree
ceremony, which will take! place in St. George’s Hall at 3 o’clock. |
Lord Lister will then, with the President, Earl Derby, proceed
to open the new laboratories. In the evening a banquet will be
given by the Lord Mayor in the City Hall.

ON Sunday, the 11th inst., one of the most destructive hurri
canes that has occurred for many years visited Barbados and
the Windward Islands, causing immense damage to property
and great loss of life. These storms usually occur between July
and October, when the equatorial calms are furthest north of
the equator ; the late A, Poey, of Havana, compiled a list of all
hurricanes observed in the West Indies since 1493, and of these
nearly 8o per cent. occurred in those months. They usually
commence to the eastward, and travel in a north-westerly
direction till they reach about latitude 25° N., when they re
curve in a north-easterly direction. So far as is known from
the meagre reports which have yet been received, this disastrous
storm followed the usual track, as the observer of the United
States Weather Bureau at Jamaica seems to have forwarded
notice through New York that a storm was approaching Bar-
bados from the southward on Saturday, the roth inst. ; but,
owing to an unfortunate interruption in the cable, the warning
arrived too late. The late Rev. B. Viiies, S.]., formerly
director of Havana Observatory, made a special study of West
Indian hurricanes during a period extending over twenty-thre¢
years, and shortly before his death (in 1893) prepared a paper
upon the subject for the Meteorological Congress at Chicago
which is regarded as the most satisfactory statement of the be-
haviour of these storms that has yet been made. This paper
has just been published in a separate form by the United States
Weather Bureau. In it the author discusses very completely
the generals laws of cyclonic circulation and translation,
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including the law of the recurving of the path of the hurricanes
in the different months of the cyclonic season.

THE Press Association states that on Thursday last Mr.
Stanley Spencer and Dr. Berson ascended from the Crystal
Palace in a balloon inflated with pure hydrogen gas, and
attained the remarkable altitude of 27,500 feet, or only 1500
feet less than Coxwell and Glaisher’s highest in 1862. Numerous
scientific instruments, including a self-recording aneroid
barometer, were carried, and also compressed oxygen for
inhaling at the greatest height. The descent was near Romford.
At 25,000 feet the air became so rarefied that both explorers
had to breathe the compressed oxygen taken with them. The
balloon had a capacity of 56,500 cubic feet.

It is reported throngh Reuter’s Agency that a stream of lava
from Vesuvius has destroyed a part of the roudway leading
from the observatory to the lower station of the funicular
railway, A mass of molten rock is flowing down the mountain
side in three streams—one along the foot of Monte Somma, a
second through the middle of the Vetrana zone, and a third
along Monte Crocella, The stream running round the base of
Monte Somma continues to burn the chestnut woods, and
nearly reaches the observatory. The central flow has reached
4 point close to the Carabinier barracks, while the Crocella
stream, after passing close to Messrs. Cook and Son’s building,
has reached the northern edge of the Canteroni ridge, whence it
may also threaten the observatory. News from Naples on
Saturday states that the eruption is becoming hourly more
active and more menacing, and the streams of molten lava are
spreading in every direction, The most threatening is that
which is flowing down the immense valley of Vedrino, which
is now almost filled. The observatory, which was originally
situated at a height of 610 metres, is now said to have sunk over
27 metres owing to the sinking of the ground. Seven new
craters have formed round the central crater, without, however,
in any way diminishing the activity of the latter. The gravity
with which the outbreak is regarded is chiefly based on the
fact that the volcano is throwing out stones and scorize similar
to those ejected in the great eruption of April 1872, when the
lava streams covered an area of two square miles, averaging 13
feet in depth, and the damage to property exceeded three million
francs,

Tue Berlin Academy of Science has made the following
grants for botanical work :—2000 marks to Prof. Eichler, for
the continuation of his work on East African plants ; 600 marks
1o Prof, Graebner for the continuation of his work on German
heaths ; 500 marks to Dr. Loesner, for the completion of his
monograph of the Aquifoliacez.

Two Walker prizes, of the value of sixty dollars and fifty
dollars respectively, are annually offered by the Boston Society
of Natural History for the best memoirs written in the English
language on subjects proposed by a committee appointed by the
Council. The subjects for 1899 are : (1) Is there fundamental
difference between *‘ equation division ” and *‘ reduction divi-

sion” in the division of cells? (2) The phenomena and laws of
 hybridisation. The subjects for 1900 are : (1) Stratigraphy and
- correlation of the sedimentary formations of any part of New
England, (2) A study in paleozoic stratigraphy and correlation.
Memoirs must be sent in on or before April 1 of the year for
| Which the prize is offered.

| THE Mayor of Angers has appointed M. Albert Gaillard
curator of the Lloyd herbarium in that town.

WE learn, from the Botanical Gasette, that Dr. A, Méller, of
Eberswald, has undertaken the preparation of a memoir of Fritz
Miiller, so well known in connection with the Flora of Brazil,
and with problems connected with the pollination of plants.
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THE death is announced of Dr. H. Trimble, professor of
practical chemistry, Philadelphia College of Pharmacy, and
editor of the American Yournal of Pharmacy.

NEws has been received that Mr. de Windt, the geologist
with the Belgian scientific expedition for the exploration of the
Congo, was drowned on Lake Tanganyika on August 9, with
Mr. Kaisley, a gold prospector.

THE Pall Mall Gazette announces that Mr, S. A. Rosenthal
and Dr. S. J. von Komocki have succeeded in preparing
matches which do not contain yellow phosphorus, and are
capable of ignition by friction upon any surface, It is claimed
that these matches can be manufactured as cheaply as the
ordinary ones.

SirR W. MARrTIN CoNwAY has sent to the Daily Chronicle
the news that on September g he reached the top of Yllimani, a
peak of the Cordilleras which rises behind the town of La Paz,
at a height of 22,500 feet above sea-level. With Sir Martin
Conway are the two Swiss guides, Antoine Maquiguez and
Louis Pellissier, who last year were in Alaska with the Duke of
the Abruzzi, and made the ascent of Mount St. Elias. The
party took five days to reach the top of Yllimani from the
highest point of cultivation,

MRrs. HUBBARD has sent us the following translation of a
passage from the *“ Niva,” recording an interesting observation :
“ The naturalist, Ostrovomov, director of the biological station
at Sevastopol, last summer made some excursions along the
coast of the Crimea. One morning, the sea being at the time
calm and clear and the sky blue, he observed whole clouds of
small creatures, like moths, fluttering above the smooth surface
of the sea. Ostrovomov, with his son and a boy from the station,
observed that each of these small creatures rested for a while on
the surface of the water, as though gathering strength ; then
made a spring and flew high in the air, and plunged again into
the sea. They captured some of these, and examined them
under the microscope ; and what was Ostrovomov’s astonishment
on discovering that these flying creatures were the soft-shelled
crablike Zntomostraca, belonging to the family Pontellina
mediterranea.”

THE world's record for high kite flight was (says Science)
broken on August 26 at Mr, Rotch’s observatory by Messrs.
Clayton and Ferguson, who despatched a tandem of kites into
the air until the highest one reached an altitude of 12,124 feet
above the sea-level, a height 277 feet greater than any kite haa
previously reached, Five miles of line, weighing 75 pounds,
was let out, while the weight of the kites, recording instruments
and secondary line, was 37 pounds, making a total of 112 pounds
lifted into the air, The recording instrument was made by Mr.
Ferguson and was of aluminum, weighing three pounds, and
registering temperature, pressure, humidity and wind velocity.
The ascent was begun at 11 o'clock, and the highest point
reached at 4.15 p.m. The kites passed through clouds when
about a mile above the surface of the earth, but while above the
clouds the instruments showed the air to be very dry. At the
highest point the temperature had fallen to 38° and the wind
velocity was 32 miles an hour. At the ground at the same time
the temperature was 75° and the wind velocity 32 miles. The
highest wind velocity recorded was 40 miles an hour at a
height of 11,000 feet. The wind on the ground at this time was
from the west, while at the highest point reached by the kites
it was south-west. The flight was one of a series of high ascents
made during the spring and summer, averaging about a mile
and a half, while on several occasions a height of over 10,000
feet has been obtained.
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THE results of meteorological observations made at Rousdon
Observatory, South Devon, under the superintendence of Sir
Cuthbert Peek, have been published. Interest in local meteor-
ology is necessarily limited, but there are several sections of
the present report which appeal to meteorologists generally.
The usual comparison was made of daily forecasts issued by the
Meteorological Office for the district in which the Observatory
is situated with actual weather experienced. The wind and
weather predictions were both correct in 85 per cent. of the
forecasts, The forecasts of wind alone were correct in 9o per
cent., and 92 per cent. of the weather predictions were fulfilled.
The percentage of correct weather forecasts has not been below
92 for the past five years. Sir Cuthbert Peek has made a further
comparison of the records of the Robinson cup anemometer and
the pressure-tube anemometer, It has been assumed that the
factor of the cup anemometer does not depend upon, or vary
with, the velocity of the wind. To roughly test this conclusion,
a comparison was made of the daily total mileages of wind
passing over the Observatory, as recorded by the two instru-
ments, during three periods of about twenty-four days each,
when light airs, winds of moderate force, and strong winds,
respectively, prevailed. These results show quite clearly the
effect of the inertia of the cups in low velocities, the excess of
the cup record over that of the pressure-tube being as much as
53 per cent., when the mean hourly velocity is as low as four
miles. With a moderate wind of eleven miles per hour, how-
ever, the cups yield 3 per cent. less than the pressure-tube ; and
with a wind of double that velocity the difference is increased
to 8 per cent. It is pointed out that these results are based
on too few observations to be accepted as final, but they are
suggestive, and a fuller comparison on the lines indicated may
at some future time be carried out. The factor 2°2 appears,
however, to be practically correct for all winds, except when
the force is extremely low.

THE two Cantor Lectures delivered before the Society of
Arts by Dr. D, Morris, C.M.G., on sources of commercial
india-rubber, have been published in a pamphlet form. In his
lectures, Dr. Morris confined himself to describing the rubber
plants now existing in various parts of the tropics, their
geographical distribution, the conditions under which they
grow, and the prospects they afford of being able to meet the
increasing demand for rubber. At the outset he made a com-
parison between india-rubber and gutta-percha. It is very well
known that india-rubber and gutta-percha are closely allied sub-
stances, not only in their origin but also in their chemical
composition. They are both obtained from the latex of certain
plants, and are composed wholly of carbon and hydrogen. But,
as Dr. Morris points out, the similarity ends here. The most
conspicuous property of gutta-percha is that of becoming soft
and plastic on immersion in hot water, retaining any shape then
given to it on cooling, when it becomes hard and rigid.
«Caoutchouc, on the other hand, does not soften in moderate
heat, is impervious to water, alcohol, most acids, and gases,
and retains for a long period its original elasticity and strength.
Again, gutta-percha is obtained only from large trees belonging
to one family of plants, the Sapotacew, confined to one
small portion of the world’s surface. Caoutchouc, on the other
hand, is obtained from numerous families of plants, and these
are distributed over almost every part of the tropical regions ;
they may be low herbaceous plants, shrubby climbers, small
trees, or majestic giants of the forest, 150 to 180 feet high.
Dr. Morris’s lectures deal with these plants with special refer-
ence to the rubber industries connected with our Colonial and
Indian possessions ; they are, therefore, of great interest at the
present time, d

IN the Bulletin International of the Imperial Academy of
Science of Bohemia, Herr Franz Svec discusses the ciliated
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Infusoria of the Unterpocernitzer Teich, on the banks of which
a biological station has been established. Sixty-nine species of
Infusoria have been observed, of which ten are new ; these are
Holophyra atra, Enchelys wvariabilis, Lacrymaria phialina,
Pyrodon nucleatus, Lionotus lanceolatus, Loxophyllum aselli,
Dileptus  elephantinus, Zoothamnium lmneticum, Epistylis
rotans, Rhabdostyla discostyla,

THE * Communications from the Physical Laboratory at the
University of Leiden,” published in English under the direction
of Prof. Kamerlingh Onnes, afford a striking instance of the
activity of foreign Universities in the matter of research. Part 41
contains a paper by Dr. E. van Everdingen, jun., on the
Hall-effect in electrolytes. The author has calculated the
amount of the effect in liquids, and has compared the results
with those afforded by experiments, but it appears that the
observed galvanometric differences of potential in liquids differ
considerably (sometimes even in sign) from those which would
be caused by the Hall phenomenon. For the present, it there-
fore appears that we cannot use the phenomenon in electrolytes
to obtain a better insight into the nature of the electric current
in metals.

THE Proceedings of the Royal Society of Queensland (vol.
xiii.), just published, comprise several papers of interest. Ina
useful presidential address, Mr. C. J. Pound shows how the
stockowner is findebted to the microscope, and explains that
““all those marvellous and brilliant discoveries relating to the
origin, nature, prevention, and treatment of bacterial diseases
of our domesticated animals have been mainly brought about
by the investigations of such brilliant epoch-making men as
Pasteur, Koch, and Lister, whose names will ever be associated
with the microscope and remain as lasting monuments to the
science of preventive medicine.”—Mr, Walter E. Roth con-
tributes some notes on social and individual nomenclature
among certain north Queensland aboriginals, personally studied
by him. Mr. Roth points out that the whole question of class-
systems, whereby a relationship, such as it is, is established
between aboriginals living miles and miles apart, yet may be
mutually unknown personally, has an important practical
bearing which has hitherto been apparently overlooked. In the
mind of the real Ndrth-west Central Queensland savage, all
white men are believed to be similarly related ; he looks upon
any one European as being the brother, brother-in-law, father,
or mother’s brother, &c., of any «ther,—Mr. Thomas P. Lucus
gives descriptions of Queensland lepidoptera, and Mr, Rowland
Illidge contributes a list of butterflies of the Brisbane district.

A BRIEF statement of the results of an investigation into the
distribution and ethnography of leprosy in the Far East is given
by Mr. Sydney B. J. Skertchly in the volume«of Proceedings
referred to in the foregoing note. The area embraced in an
inquiry carried out by Mr. Skertchly and Dr, J. Cantlie, extends
from the Malay Peninsula, through China, the whole of the
East Indian Archipelago, Japan, and the Philippines and the

islands of the Pacific; and a large amount of most valuable ‘

information as to the distribution of the disease has been
obtained. As the area investigated contained every variety of
surface, it was easy to determine whether physical configuration
was a determining cause of leprosy. The conclusion arrived at
is that neither physiographical climate nor geological conditions
have any influence upon the distribution of leprosy. Contrary
to the general statements, leprosy is not rife throughout the
length and breadth of China, entire provinces being free from
the disease. An examination of the state of affairs in the
Pacific leads to the important conclusion that from the Chinese
provinces of Kwantung and Fokien, leprosy spreads with
diminishing intensity in all directions, and has formed a new
focus in Hawaii of unparatleled virulence, Viewing the facts

|
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from an anthropological standpoint, it appears that so far from
the black races being the most leprous, and the yellow the
least, over the great area dealt with, the black races are quite
free from leprosy, except where, as in Fiji, it has been recently
introduced ; and the yellow race, the Chinese, is the leper and
the distributor of leprosy. In not a single instance are the
native races attacked without there being Chinese lepers in the
country, In other words, leprosy follows the lines of Chinese
emigration, and in the East Indian Archipelago and Oceania
is co-terminous and co-existent, in time and area, with the
Chinese coolie. Mr. Skertchly believes that the only way to
stop the spread of leprosy is to put an end to the coolie traffic
from« the infected provinces, and this cannot be done except
by concerted action of the Governments holding possessions in
the Far East.

Tue Wilde lecture ““On the Physical Basis of Psychical
Events,” delivered by Prof. Michael Foster before the Man-
chester Literary and Philosophical Society last March, is printed
in Manchester Memoirs, vol. xlii. (1898), No. 12,

A cory of “Bourne’s Handy Assurance Manual” (1898),
edited by Mr. William Schooling, has been received. The
volume shows the position of every assurance office, and should
be consulted before taking out a policy in any company.
Students of statistics will also find the tables useful.

A NINTH edition of Skertchly’s * Geology,” revised in
accordance with the latest requirements of the Science and Art
Department’s syllabus, has been prepared by Dr. J. Monckman,
and published by Mr. Thomas Murby. A new section dealing
with minerals and their microscopic characteristics has been
added, but the general appearance of the book and the illustra-
tions are behind the times.

THE additions to the Zoological Society’s Gardens during the
past week include a Ring-tailed Coati (Vasua »ufa) from South
America, presented by Mr. S. C. Rogers ; two Little Armadillos
(Dasypus minutus) from Patagonia, a Vociferous Sea Eagle
(Haliwtus wocifer), a Chameleon (Chamaleon wulgaris) from
Africa, deposited ; a Pleasant Antelope (7ragelaphus gratus, % ),
bred in Amsterdam, purchased ; a Crested Porcupine (Hystrix
cristata), three Swinhoe’s Pheasants (Zuplocamus swinhoii),
three Mandarin Ducks (@x galericulata), bred in the
Gardens,

OUR ASTRONOMICAL COLUMNMN.

THE NEBULA OF ANDROMEDA.—A telegram from the
Centralstelle, Kiel, received here on the 2oth, announces that
Seraphimoff has observed a stellar-like condensation near the
centre of the nebula of Andromeda.

This is not the first time that variations near the centre of
this nebula have been observed. In 1885 a star of 6°'5 mag.
appeared suddenly near the centre, giving a continuous spectrum
containingdprobably a few bright lines ; in 1886 this had entirely
disappeared. Espin thought that the nucleus was variable, and
that he could see stars in it; and Young, with a 23-inch re-
fractor, confirmed this, The fine series of photographs taken
by Roberts also indicate that the nucleus of the nebula is
variable.

An examination of the nebula on the early morning of the
21st, with the 3o0-inch reflector of the Solar Physics Observ-
atory, South Kensington, gave the idea that the centre of the
nucleus seemed more elongated and was more of a stellar nature
than usual. The application of the spectroscope indicated
nothing more than a continuous spectrum, although there may
have been faint bright lines which could not be seen.

CoMETS TEMPEL 1866 AND PERRINE-CHOFARDET.—Just
after we had gone to press last week we received another
telegram, concerning the comet discovered by Pechuele, saying
that it was Wolf’s comet and not that of Tempel,
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Another telegram, dated September 15, informs us that
Perrine, on September 13, discovered a comet at 16h. 14'3m.
Lick Mean Time, in position of R,A. gh. 41m. 40s. and Declin-
ation + 30° 36’. Two circulars from Kiel (Nos. 11 and 12),
which have since reached us, give the elements of the comet’s
orbit and an ephemeris for the present month, besides telling
us that Chofardet made the same discovery independently at
Besangon on September 14, 16h. 37m. local time.

Both the elements calculated by Berberich from observations
on September 12, 13, 15, and by Perrine and Aitken from
observations on September 13, 14 and lg are very similar, so
we will confine ourselves to the former, whch are namely :—

T = 1898 October 19°9565 Berlin M.T.
165 5629
36 2085
i 29 16°41
log ¢ = 9°57608
For the present month the positions of the comet for every
two days are as follows :—

124, Berlin M. 7.
R.A,

w
8

1898. Decl. Br.
h. m. s. ° ‘
Sept: “22 .., TO 3g 2. w2599
» 24 .. 10438 3 23 32°4 2'08
g% T O i 21 46'6
P 28 ... II 14 23 +19 523 2'67

CATALOGUE OF NEBULAE.—Mr, Lewis Swift publishes in a
recent number of Astr, Nackr. (No. 3517) a catalogue of nebulw
which have been discovered by him during the last three years,
All the observations were made at the Lowe Observatory, Echo
Mountain, California, the low latitude of this station, namely
+34° 20, enabling him to search further south than when he
was situated at Rochester, New York., He says: ‘I am further
south than any observatory in Europe and America north of the
equator except the one at Tacubaya, Mexico, yet I find that
the southern sky has been pretty thoroughly explored by Sir
John Herschel, Dunlop, and others,”

The present catalogue contains 243 objects, some of which
are very interesting. Thug, Nos, 6 and 27 are described as bein
very singular, They resemble a fairly bright double star, eacﬁ-
component being an exceedingly small nebulous disc *‘ like an.
imaginary double nebulous Uranus distant about 5" or 6”.”

No. 56 is described as ‘‘a nebulous hair-line of one uniform:
size from end to end,” while No. 91 has one side extending like
a brush.

Inaddition to the above, this keen eyed observer has distovered
no less than four comets, one of which is of short period, and
his son has discovered a fifth, also of short period.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

TrE Calendar of University College, Bristol, for the Session
1898-99 has been published. The College offers excellent
opportunities for the study of science, languages, history and
literature, and possesses good facilities for giving systematic
instruction in the branches of n})plied science more nearly con-
nected with the arts and manufactures. Medical education is
provided by the Faculty of Medicine of the College; and
students can complete in Bristol the entire course of study
required for the various medical and surgical degrees.

IN order to encourage systematic study, a definite course of
instruction extending over three years has been established in
the Morley Memorial College (for working men and women),
Waterloo Bridge Road. In the first and second years all
students will follow almost the same course of study, but in the
third year they will take up a selected group of literary, mathe-
matical, or scientific subjects. Organised courses of this kind
are of far greater educational value than the study of a large
number of (fisconnected subjects,

Major P. G. CraiGig’s annual report to the Board oa
Agriculture on the distribution of grants for agricultural educa-
tion and research in 1897-98, has just been issued as a Parlia-
mentary paper. The total amount distributed during the
financial year to each of the fifteen institutions receiving assist-
ance was 7200/, as compared with 7000/ in the previous year,
The following table shows how this money was expended :—
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g oo | Grant,
Institutions aided. \ Work. 1897-98.
University College of North Wales, £
Y o T .!Cnllcgiﬂlc centre t 8oo
University College of North Wales, | |
R O ™ Ry 0ot ASTRe ey a4 “ollege farm ... ... e .. 200
Durham College of Science, Ne
castle-on-Tyne ... . w0 wCollegiate centre .. wi| Boo
Durham College of Science, New-| 4
castle-on-Tyne... .. .. .. ..|College farm | 200
University College of Wales, Aber- 1
ystwyth i U4 i wel s aee|Collegiate centre .. wi| Boo
Reading College ... ... .. . weCollegiate centre | < Boo
Yorkshire College, Leeds ... .. .. Collegiate centre 600
University College, Nottingham "...|Collegiate centre 600
South-Eastern Agricultural College, |
?'c soe  ans aneitiae ane oo oas ] COLICRIRMRCODIY aii ves wee] 60O
Cambridge and Counties Agricul-| |
tural Education Committee ... ...|Collegiate centre ... ... ... 500
Eastern Counties Dairy Institute, |
Ipswich ws s _see seo oo Dairy instruction .. 300
British Dairy Institute, Reading ...|Dairy instruction ... .. ..! 300
Royal Botanic Garden, Edinburgh/Class for foresters and
gArdeners .. s e oo 150
Bath and West and Southern Coun-
ties Societ sov _ws eee neet aeifFieldiexperiments ... . .| S0
Bath and West and Southern Coun-|
ties Society .. . e o o |Cider experiments ..." .. .. 50
Bath and West and Southern Coun-|
ties Society ... .. .. .. .. Cheddar cheese research .| 200
Highland and Agricultural Society|Agricultural experiments ...| 100
Agricultural Research Association, |
Aberdeen ... .. Agricultural experiments ...| 100

Stewartry of Klrcudl;rlghl 'ii:\iry

Association .. . ...|Cheese discoloration inquiry! 5o
‘ |

The grants to the collegiate centres in England and Wales
are of a general character, intended to assist and improve the
local provision made for instruction in the higher forms of
agricultural education. The thirty-two separate counties are
thus provided with an efficient and economical means of
systematising their local instruction, and of supervising demon-
stration plots and agricultural experiments by securing scientific
advice and the assistance of qualified lecturers drawn from the
collegiate educational staffs, The Durham College of Science
and the University College of North Wales have been granted
special assistance in consideration of their having taken farms
for practical work and field experiments. ;

SOCIETIES AND ACADEMIES.

PARIS,

Academy of Sciences, September 12.—M, Faye in the
chair.— Meadow land in warm dry summers, by M. Ad. Chatin.
A list of those species of plants which have been found to be the
most capable of rcsistin[ivwa hot, dry summer,—Observation of
an aurora borealis, by M. H. Deslandres. An aurora was
observed at Meudon on September 9 about 9 p.m., and its
general direction was vcr{; nearly that of the magnetic meridian,
the rays having a greenish colour.—On the crystallisation of the
anhydrous sulphides of calcium and strontium, by M. Mourlot.
The crystallised sulphides of these metals can be prepared in
two ways, either by heating a mixture of the corresponding
sulphate with carbon, or by simply fusing the anhydrous
sulphide obtained by the method of M. Sabatier, the tempera-
ture employed being that of the electric furnace with a current
of 1000 amperes at 60 volts. The crystallised sulphides thus
produced are more stable than the corresponding amorphous
salts, and are attacked with difficulty by reagents ; carbon at a
very high temperature converts them into carbides. Both
crystallise in the cubic system, and are without action upon

larised light.—On a double carbide of iron and tungsten, b
Kg. Percy Williams, This compound, the existence of whic
was indicated in an earlier paper, is prepared by heating a
mixture of tungstic acid, iron and coke, in the electric furnace
with a current of goo amperes at 45 volts. The ingot formed
in the reaction contains the carbide of tungsten WC, probably
W,C, and the double carbide iW,C.zFe C.—On the com-
mercial extraction of thorium, by MM. ‘Nyronhoﬂ' and A.
Verneuil. The mineral is worked up by one of the usual
methods as far as the production of the oxalates, these pre-
cipitated by sodium carbonate and hydroxide, and the washed
precipitate dissolved in hydrochloric wcid, This liquid is
treated with small portions of barium peroxide, until hydrogen
peroxide no longer gives a precipitate. The deposit, which is
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of a reddish orange colour owing to the presence of cerium,
contains the whole of the thoria, with about 20 to 30 per cent.
of impurities. Further treatment with hydrogen peroxide after
a similar set of operations readily gives a very pure thoria.
The method has been applied on the large scale, starting with
five tons of monazite, with good results,—On the composition
of the humic constituents of the soil, by M. G. André.—On the
transformation of luminous variations into mobile relief, by M.
Dussaud.—On a new coccus, by M. Louis Leger. The new
species is found in the digestive tube of Zithobius hexodus,
and belongs to the genus Zckinospora. Its microgametes are
furnished with vibratile cilia; the name Z. wentricosa is
suggested. —Influence of light on the form and structure of the
branches of the wild grape and ground ivy, by M. Maige.
Comparative cultures placed in light of decreasing intensities
showed that both from the morphological and anatomical
points of view, a feeble light increases the adaptive powers
of climbing plants, diffused light favouring the conversion of a
flower-bearing bud into a tendril. Direct sunlight produces
the opposite effect.—On the adherence of the cupric solutions
used for curing the cryptogamous diseases of the vine, by MM.
Guillon and Gouirami.

BOOKS RECEIVED.

Books.—The Unconscious Mind : Dr. A. T. Schofield (Hodder).—U.S.
Department of Agriculture : Report of the Chief of the Weather Bureau,
1896-97 (Wmhingwn? —Bird Studies: W. E. D, Scott (Putnam).—Co ffee
and India-rubber Culture in Mexico: M. Rgmero (Putnam).—The Sphere
of Science : Prof. F. S. Hoffman (Putnam).—A Text-Book of General
Astronomy : Prof. C. A. Young, new edition (Arnold).—A Pocket Dic-
tionary of Hygiene: C T. Kingzett and D. Homfray (Bailligre).—Uni-
versity College, Bristol, Calendar, 1898-g9 (Bristol).—A Memoir of T.
Sterry Hunt VJ Douglas (Philadelphia).—Infinitesimal Analysis : Prof.
W. B. Suith, Vol. r (Macmillan).—Die Photometrie der Gestirne : Prof. G.
Miller (Leipzig, Engelmann).—Die Photographie der Gestirne: Prof, J.
Scheiner (Leipzig, Engelmann).—Atlas to ditto (Leipzig, Engelmann).—
Untersuchungen zur Physiologie der Pflanzlichen Organisation : Prof. G.
Berthold, Erster Teil (Leipzig, Engelmann).—A Text-Book of Geodetic
Astronomy : T. T. Hayford (Chspman).
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