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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

Fi1G. 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 resthetic 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

No. 1508, voL. 58]

———

establish electric power-houses at once forallneeds. Sq
too, he shows that no country in the world possesses s
many ruined cities as the United States—not only the
abodes of the early mound-builders and cliff-dwellers, byt
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 disappeinted hopes, of hardships ang
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 eriginal 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

FiG. 2.—Duttes 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. HucH ROBERT MILL.

THE BRITISH ASSOCIATION.

THE 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 Sheriff were
present, as well as the principal officers and members of
the Association. The following report of the meeting 15
from the 7imes ;—

The proceedings were opened by the announcement
that the general committee had been able to pass grants
to the amount of 1483/-—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. He 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
[nternational 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 scconded the resolution, which was
cartried 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 Williamn to the chair, that the Association
would hear from him a remarkable address, and that
prophecy had been amply justified. One of the inost
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 fgr 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 likcan
clectrical 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
issued for the present meeting of the Association was
2446.

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

Orexing ADDRESS BY Pror. W. F. R. WEerpbox, 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 hppe 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 s 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, am{) 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 ol’ selection
aumong 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 tine 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 Jargely 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 fallon the table.  You will agree
that the face of ths 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 1r.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 lawsof 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 the 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
depends upon our ignorance concerning it.

If 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 theaverage 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 & prior7 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 psed by many objectors to the theory of Natural
Selection.  Such epithets as 84nd, 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 Zufdlligheit and
Gesefzmassigheit is strongly insisted wpon, whenever organic
variation is 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 showp that in any depart-
ment of nature similar conditions did not produce similar effects,
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
is a Jawless thing.

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

As events which peccur by chance, I have taken the results
of tossing twelve dice. My wife has spent some tinie 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 sis 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 opposite 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 j <o that the five
face was a little more likely 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
tshro\\'s, which had more than three points, was not six, but

*135.

To 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°116.

You sce 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 greataccuracy.

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
of accuracy with which we can know this may be judged frop,
Table L.

TABLE L.—Frequency with which Dice showwing more than thye;.
Points were thrown in cack of Four Sertes of Trials, th,.
number of throws in each Series being 212 = 4096.

Number of [Most probab!el Observed frequencies.
dice with frequency
more than 3 (for symmetri-!
points. cal dice. i 2 9 It v,
12 I o 1 o I
11 2 1 13 8 14
1o 66 71 86 61 66
9 220 257 246 241 241
8 1 495 gsﬁ 340 513 586
7 : 792 47 336 856 861
6 | 924 948 913 948 866
51792 731 750 | Soz . 728
4 495 330 446 420 [ 474
3 220 198 198 182 | 203
z . 66 60 55 s 67
1 ! 12 7 12 13 6
o i I o o I i 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,
cight, 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 notoccur often enough. You see then thateach
of these results is orderly and regular, and that the four results
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 themean. 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 possible 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 threc 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.
Thé next table shows the result of 4096 throws of twelve dice,.

TABLE IL:—Frequency of Sixes in 4096 throws of Twelve Dice.

Number of sixes. ‘“m:g;:;agﬂ';;:]"é‘i‘;? with Number observed.
8 058 t
7 466 7
6 2718 24
35 116°43 115
1 363784 380
3 80853 ' 796
2 121144 1181
I 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 throwany other number. DBut 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 esult

most probably with perfect dice as the asymmeltry 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
of 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 cixes in a
series of trials with twelve dice is proportional to the proper
term in the fexpansion of (1 + )2 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 too dice, I should not
willingly have expanded (}+8)1%,
The labour would be toco enormous.
Then again, suppose we are given
a number of results, and are not told
how many dice were used, how are
we to find ont 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
(Fig. 1).

The rectangles in this diagram ‘are
proportional to the various terms of
{3 + 4); and they represent the most
probable result of counting the number
of dice with more than three points in
a series of trials with twelve dice. The
heights of these rectangles were deter-
mined by expanding (+3)'%; but you
notice the dotted curve which is drawn
through the tops of them. The general
slape 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 sce whether a set of ob-
servec 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 iltustrate Mr, Galton’s invaluable applications of the law of
chance to biological problems. That is the case of human
stature. The diagramn (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
1s 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

I It is unfortunate that I chose dice as instruments in these experiments.
Dice are not only sensibly asymnefrical, but any ordinary dice are sensibly
dissimilar; so that the Tesult most probable with any actual dice is not
given by a simple binomial expansion. The result theoretically most probable
tor the actual dice used could not be determined without very careful measure-
ment of the dice themselves ; and T 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 nbservations of a fortuitaus event.

2 The Jaw is not, however, identicalin the two cases ; see infra.
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of distribution of variations. And the great difficulty in apply-
ing the law of chance to the treatment of other. cases was, unti}
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-
tribntions 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 colieague
Prof. Karl Pearson. In 18935 Pref. Pearson published an
account of asymmetrical curves of this kind, and he showel
the way in which these curves might be applied to practical
statistics. Ie illustrated his remarkable memoir by showirg
that several cases of organic variation could be easily formulated
by the methad he described : and in thisway he made it possible
to apply the theory of chance to an enormous mass of material,
which no one had previously been alile to reduce 1o an orderly
and intelligible form.

In this same memoir IProf. Pearson dealt with another

Fic. 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 wil}
show six points than we had before looking at the first.! Dut
the events which determine the size or shape of an organ in an
animal are probably not indep:ndent in this way. DProbably
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 bLe represented by a law similar to that which ex-
presses the result of throwing <lice, 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 isaneven

1 That is to say, if we know beforehard that the dice are symme:rical.
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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
T ask you to look at is the frequency of variations in the size of
part of the carapace of shore crabs.  The crabs measured were
999 females from the Bay of Naples. In this case the distribu-

———

series of deviations from the mean length of the antero.latery)
margin is as definite a character of the crabs as the mean itself.
and in every generation a series of deviations from the mean e
regularly produced, according to a law which we can learn if e
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 be as long as possible. Suppose (he
crabs in which it-was shorter had a smaller chance of living, ang
of reproducing, than the crabs in which it was longer.

Suppose that crabs in which this dimension is longest were a5
much more productive than those in which it was shortest, ag
the most prolific marriages are more fertile than the leas
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 in crabs the productiveness is greater, the greater the
length of this hit of the carapace, then half of the next

¢ 53 56 57 58
F16. 2.—Diagram showing the height (in inches) of each of 23,873 American recruits.

3T 52 53 59 6o 61 62 63 64 65

tion of variations (see Fig. 3) is very nearly symmetrical, and in
an account of these crabs which I wrote before Prof. Pearson’s
tmemoir 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 carapace can affect the crab’s
chances of survival, you see that natural selection has abundant
material on which to work. The production of this regular

! 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 1ype ; but in this case the difference
Letween the two is so slight as to be inappreciable for all practical purposes ;
o that Mr. Galton's practice and Prof. Pearson’s theory are alike justified.
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66 67 68 6 7o 7 72 73 T4 75 16 77 18

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

This view of the possible effect of selection seems to have
escaped the notice of those who consider that favourable vari-
ations are of necessity rare, and likely to be swamped by inter-
crossing when they do occur. You see that in this case there
are a few individuals considerably different from the meanin
either direction, and a very large number which differ from the
mean a /ittle in either direction. If such deviation be associated
with some advantage to the crabs, so that crabs which possess
such abnormality are more fertile than those which do not, it 1s
a certainty that the mean character of the next generation wil
change, if only a little, in the direction advantageous to the
race ; and the opportunity for selective modification of this kind
Lo occur in either direction is very nearly the same,
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In the next case, this is not true, amount of possible change is greater in one direction than in
The diagram (kig. 4) represents the number of female swine, | the other.

out of a batch of two thousand examined in Chicago, which Now let us pass on to another example.

have a given number of Miillerian glands in the right fore-leg. Table II1. shows the variation in the number of petalsin a

race _of buttercups studied
by Trof. de Vries. Yon
see that the most frequent
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Fi16. 3.—Diagram showing the magnitude of the antero-lateral margin (in terms of carapace-length) in

999 female shore-crabs from Naples. number of peials is five, and

that no buttercups whatever
have less than five petals, though a considerable number have
more than five; and here again you see the way in which Prof.
Pearson’s formula fits the ohservations.

The distribution is much more skew than in the case of the crabs,
and you see again the very beautiful way in which Prof. I’earson’s
curve expresses it.  You see that the range of variation is much
greater on one side of the
mean than on the other;
and the selective destruction
necessary in order to raise
the mean number of glands
by one would be very different
from the amount of destruc-
tion necessary in order to
Iower the mean by one. 4c0
Further, the mean number
of glands in these piosis 343
the number which occurs
oftenest, the ¢ modal” num-
ber as Prof. Pearson calls
it,1is three. Now it is im-
possible to lower this num- 100
ber ull 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.
So that the amount of se-
lective destruction required 200
in order to change either
the mean or the mnodal cha-
racter of these pigs in one
direction, would be greater
than the amount required,
in order to produce a change
of equal magnitude in the 1w
opposite direction, and the

i
'

400

200

100

1 All attempts to confine the
word ““average™ to the most fre-
quently occurring magnitude, and
the word **mean” to the arith-
metic mean of the series, have
failed to secure support. There-
fore Prof. Pearson's proposal to

call the value which occurs g io 1 12
oftenest the “*mode” Is very 5 . = 3 4 o 6 ¥ ! ’ ° Pp—
useful. F1G. 4.—Diagram showing the number of Miller's glands in each of zoco f:male s¥ine.
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Vou 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 cun 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 e.\'nmgles, which are typical of others, must suffice to
show the way 1n which the theory of Chance, as developed by
Prof. Pearsun, can express the facts of organic variation,

I think you will agree that they also show the importance
of investigating these facts. Fer of the four characters we have
examined, we have seen that two, namely human statare and
the antero-lateral carapace length of Carcinus menas, 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 mudification 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
methad given to us by Prof, Pearsen 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-
went 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
snade to me the other day by an eminent biologist, whose name
I will not repeat. If there be any here who hold such an opinion,
1 would ask them to read Mr. Francis Galton’s Essays on
Ileredity ; 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
and 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 15 not only a simple
means of describing the facts of variation, which facts very few
paople 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
death-rate is in fact affected by small variations or not. Itis
said that the process of Natural Selection is so slow that the age
af 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
bappen to know, The particular case I have myself studied is
the variation in the frontal breadth of Carcivines manas.®

uring 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.

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

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

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

< Ina2gy [ gave an account of lhe variation of this dimensionin female
specimens of.various sizes {Ray. Soc. Proc, vol. Ivil), and 1 put forward an

ypathesis of the amount aof selective destruction due 1o variation in this
<haracter. That hypothesis neglected several important facts wh ch [ now
know, and was open to other objections, I desire to replace it by Lhe results
of the abservations here rocorded.
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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
leagth of no two crabs in a group differed by more than a fifih
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 fong, collected in 1893. These crabs were
measured by Mr. Thompsen. The second column shows yoy
the mean frontal breadth in twenty-five similar groups of crabs
collected in 1893, and also measured by Mr. Thompson. Yoy
see that in every case the mean breadth in a group of crabs
collected in 1893 is less than it was in crabs of the same size
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 18935 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 18935. Making every allowance for the smallness of the
numbers so far measured this year, there is no doubt whatever
that the niean frontal breadth of crabs from this piece of shore
is considerably less now than it was in 1893 among crabs of the
same size.!

TaBLE IN.—T7%e Mean Frontal Breadth ratio of Male Carcinus
meenas from a particular patch of beack in Plymouth, in
the years 1893, 1893, and 189S,

Mean frontal breadth in terms of carapace length = 1o00.
Length

of No. of

carapace. 1893 1895 1898 crabs in

(Thompson). (Thompson). (Weldon). the 1893

group.
10°1 816717 $09°08 — =
1073 Sr2'06 S04°82 — —
10°5 So07°37 80327 -—_ —_
107 80896 So1°69 -— —_
10°9 80307 799°27 — —
4 Soz°50 794°'12 784723 4
-3 79818 792°38 78736 3
s 797°19 78883 78400 9
I1°7 70128 785°29 782744 16
g 791°45 78653 780°09 11
12°1 758-38 780°61 775°25 16
1273 78398 77930 773°42 2
1275 783¢9 776750 76700 I
127 78375 773'43 772°43 14
12:9 777°38 77363 76107 15
13'1 776°63 771°61 760°13 16
133 77460 766°21 761729 7
13°3 766 91 76396 759756 16
137 767763 762°00 75700 16
139 76373 759°40 756°10 10
14°1 75894 75700 742°00 13
143 756'90 75577 747786 7
14°5 76260 75445 744°44 9
137 753°c0 749'84 73922 8
14°9 | 750°32 748703 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
teltyou why I feel confident that this change is due toa selective

1 [ shall, of conrse, consider it my duty to justify this statement by more
extensire measurement as soon as possible. Ia the meantime [ may say
that I have measured other small groups of erabs, male and female, from the
same place, at different seasons of the years 13¢5-¢%, and the results agree
with 1hose reccrded 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 divided china
clay iscarried 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
wwore difficuft than it used to be for
fine silt to be washed out of the
Sonnd, the fuantity thrown into 1t
is much greater than it was, and is
becoming ﬁ\reater every day.

It is well known that these changes
in the physical conditions of the
Sound have been accompanied by
the disap{)earance of animals which
used to live in ity but which are
anow 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, inorder to see whether
a seclective destruetion occurred
under these circumstances or not.
For this purpose, crabs were col-
lected :mdpplaced 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
0, the crabs which died were on the whole distinctly broader
than the crahs 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.

E 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 g4 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 preeisely the same thing.?

These experiments secemed to me to show that very finely

~40

in the survivors.

1 It is impossible in this place to give a full account of the experiments
ceferred to, and a multiplication of mere small scale diagrams seems useless,
so that only one of those exhibited when the address was delivered is here
teptoduccg.
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F1G. 5.—Diagram showing the effect of china clay upon 243 male crabs. Th
distribution of frontal breadths in ali these crabs; the dutted curve the disttibution of frontal breadths
The dotted line s shows the mean of the survivors ; the line o 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. [t 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.

1 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 1 had before used china clay, and I
obtained the same result, The mean fronlal 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

+10

+20 +30 +40

The upp+r curve shows the

destroy broad-fronted crabs 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 aquariun ; 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 supgosc that mud on the beach has the same effect
upon crabs as mud in an aquarium has, we must suppose that
every time this mud is stirred up by the water, a selective de-
struction of erabs 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 erabs, 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 ean show you that the
thing which cught to happen, on the hypothesis that such
selective destruction is going on, does actually happen.

1 established an apparalus 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 hottles I 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 2 num-
bered bottle, until it had cast its shell. The process of moulting
involves no distorlion of the carapace, which could affect the
measurements concerned, and thereforc each cast shell was care-
fully measured. The measurements of these shells were carefully
compared with measurements of wild erabs of the same size, and
the mean frontal breadth of these shells was a little /ess 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 congnement in
a bottle may directly modify a crab during the critical period of

~€o - 50 -40 - 30 =20 -10 -3 +10 +z0
moulting in capiivity.

moulting.

moulting, and o 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 difficull 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 diea : and the
mean frontal breadth of the survivors was found to be distinctly less than
the mean frontal breadth of the dead.

No. 1508, voL. 58]

+30

The centirucus line shows the dis:ribution before, the dotted line after

It would take too long to go intothat matter now, and I shajj
not attempt to do so. Iwill 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 ammals; 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 evolulion 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 wil}
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 1f 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 you
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 Jonn
Worre Barry, K.C.B., LL.D.,
F.R.S,, PRESIDENT OF THE
SECTION.

. APART 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 eriticise 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 imporls 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 causesare 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 matkets 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 deterniining the history and prosperity of
ports than what are termed natural advantages of respeciive
sites, by which I mean such matters as protection frem winds

+so

Fi6. 6.~Distributicn of atnoimality of frental brezdih ratics in 527 female crabs before and after

+ 40
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and currents, depth of water in the port itself and in its ap-
proaches from the sea, the possession of soil adapted to tlge
foundations 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. e have, in fact, to make the best of a
{ocality which may or may not be promising in the first instance,
and history shows us that there are few places which are hope-
less for our purposes. Thus while, on the one hand, we see
many harbours in this country which inherit from nature every
feature to be desired for the establishment of a port, but which
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
cverything 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 13} millions sterling, which within the memory of this
generation was approached by a shallow river, entering a much-
expased 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 Tynenouth, 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 extemnal 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 ITooghly, includ.
ing the dreaded James and Mary shoals; to the creation of the
port of Manchester, forty-five miles fiom the sea, approached
by a tide-locked canal which has cost thirteen or fourteen
tuillions of money in its construction ; to the great recent de-
velopments of Rouen, Dunkitk, 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
imsrovements 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
tequired accommodation, and that accommodation in itself will
not 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 57 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
[ong 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 reqluirements 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 ap}i]reCi&le 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 wﬁich
were sufficient for practical purposes, until the size of modern
ships imperatively demanded increased facilities of approach, I
think it is a remarkable thing that vessels of 3000 tons burden,
320 feet in length, and drawing 26 feet of water, succeed iu
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 Soo 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 nore 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 cxamfples of what can be done by the
systematic development o ?ilotage skill in the Hooghly, the
River Plate, the Vangtse Kiang, the Mississippi, and other
rivers where special men have been evolved, as it were, by the
demand, and navigate with safety 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 accommodatien, 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 locksat Avonmouth, so that the Avon
would be impounded and make ane sheet of water nearly six
miles long to Bristol, the natural discharge of the river being
provided Tor 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 ‘antol
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 rpresent all local con&n@era_ncms,
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 zelation 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 those **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 ane 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 porls 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
provide against more or less idle days, bad weather, and the
like, 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 probably
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 navy, as compared
with that of other countries, is astonishing. We 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 nierchant fleet is eleven and a half times that of France,
seven times that of Germany, eightecn 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 atove referred to are approximately the same,

Again, it is instructive to note how small & 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
Tota] trade of other nations are carried by the shipping of each
countryin question :—

France «.. about 30 per cent.
Italy P 9 4
Germany ... am g8 43 w
Russia {in Lurope} ... e ¥E 7 s
Norway e w30
Sweden we w20 3y
Holland - wos: Ak 20, 3

United States(m‘er-;;z‘a) SO

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 ports 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 ... we 38w
Russia i e 87w
Norway ... e I8 4
Sweden ... N B
Holland ... - 54 5
United States ... 5
France ... ... (not given)

The experience of the Suez Canal again tells the same tale,
for of the total tonnage passing through that international
waterway 66 per cent. is British, This i1s 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 efiiciently. I believe that
the whole of our commercial fleet is worked at a very narrow
margin of average profit, theugh 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 ouy
imports exceeds that of our exports ; but we should not forgey
that the profit on the transport of both goes chiefly 1o 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 ang
adequate to ail demands, but that our ship-huilders 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 cur register, and that we
lose about 250,000 tons annually by wreck 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 witha 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 preater resistances, we
may expect to sec 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 conceplion, 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 beany were 25 feet and 44 feet respectively.
At the present time the Raicer Wilkelin der Grosse is 623 feet
long, her beam is 66 feet, and her draught is 27 feet, and we
know that these dimensions will soon be exceeded.

A medern liner now being built will have a length of 703
feet {or 24 feet longer than the Greal Easfernt) 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 60co tons dead weight and
draw 28} feet. Ships of war, though not o long as liners,
have a beam of 75 feet with a draught of 31 feet, and though
in the commereial marine we need not perhaps anticipate any
freat further increase of draught of water, the demand for which
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 buill with great width
of beam in proportion to length, seems to indicate that we must
be prepated in the future for a considerable increase of beam
for cargo-carrying vessels.

WWe have further to note that, owing, no doubt, to the vast
improvements of marine steam engines and boilers realising
unlooked-for economy in the combustion of coal, steam vessels
are supplanting all but the largest elass 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 te ninety millions of tons, eighty-one
millions of tons, or 9o per cent., were conveyed by steam
vessels ; whereas, in 15885, out, of a total of sixty-four millions
of tons, fifty millicns 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, sixty-
one millions of tons, or 95 per cent, were in steam vessels;
whereas, in 1883, but 85 per cent. of the tota] tonnage conveyed
by British vessels was in steamships. .

Of the tonnage of vessels built in the United Kingdom in
1883, 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 bave 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 g per cent. in
average sizej while steamers have increased 23 per cent. in
number and 16 per cent. in average size. The total sailing
tonnage has decreased in the same period by 24 per cent., and
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 authoritics,
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 be 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 otiglinal power of accommo-
dating vessels is most seriously diminished.

Until lately it was generally considered that locks 600 feet
long, 8o feet wide, and 26 feet deep were sufficiently capacious,
wi:E some margin for futurc wants; but I think we mnust now
go further in length and depth, and not improbably to some
extent in width. e find that at Liverpool the Dock Board
have ordered vestibule basins to act as locks 1150 feet fong 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 fect 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 expense, perhaps, of new entrance locks and
the annual cost of pumping. This latter yearly outgoing is not
an important matter. At Liverpoo! and Birkenhead 230 acres
of nearly obsolete docks have been thus improved at a eapital
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 2 most serious question. Thus there must now be no
wailing for spring tides, or, if possible, for rise of tide on the
day of arrival. Every steamer expects to discharge her cargo
on to the quay without waiting for much stacking, still less for
trucks ; and under modern conditions dock wark 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 T have said, not so much
gradually as more or less suddenly, and the call for improved
docks 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, though, 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 realisc 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 approaches from the
sea, are, in fact, the means of bringing 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 depdts 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. Ve
have conspicuous examples of great public benefit being affordet]
at Southampton and at Elull, 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-eastern ports besides Iull—the
large docks at Grangemouth, Barry, Penarth, Garston, Flcet-
wood, and elsewhere—are further examples, amongst others, in
which the revenue of railway companics has been spent on dock
improvements with a spirit which would be otherwise unattain-
able. A dock also mnst 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 lge two interests are one and should be recognized
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, suchas 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 authorising 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,
caterss paribus, the trading community will be better served by
docks directly connected with railway companies than by
separate existences and management. On the one hanq, 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 betweein
docks and railways, instead of more or less systematically dis-
couraging such connection. This question 1s 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 Clifton 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 1nitiation 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,
* Qur 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 Greal IVestern—of -the then
unexampled size of two thousand threc 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 Greal {Vestern 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 iran of
science so universally admired as Dr. Lardner, at thc 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 IVestern 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 comnmercial prospects nf ocean navigation. I have
carefully read the Proceedings of the time, and I 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 Reviewo 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
s0, must the mechanical power of the engines be enlarged and
the consumption of coal augmented.” He based 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 directly 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.

Brunel, 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 nate that g lbs. of coal per indicated horse-
power per hour (as compared with our present 1} 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
Eo'ml out that the line of divergence of the different views of

ardner 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 Atlantie, at

NO. 1508, voL. 58]

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 Hestern, 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, honestly arrived at, however much they
were due to reasoning on unascertained premises, and this latter
is the rcason 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 of another somewhat similar instance of
the way in which the anxijeties 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
Astronoiner Royal—camc 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
Eub]icly criticised the Forth Bridge with equal vigour, basing

is 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 gesigned and engines built
on data which, scientifically speaking, were assumptions. The
outcome has been that Mr. Froude's @ prioré 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 oi})engineers, laid down in
1840 that a pressure of 40 Ibs. 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
lessin 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 lbs. 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-fifth of such an amount, a further general assumption was
made, and railway bridgesthroughout the kingdom were ordered
by the Board of Tradein 1880, acting no doubt on expertadvice,
to be in future designed, and are designed to this day, to resist
56 1bs. of horizontal wind pressure on the whole exposed area
with the ordinary factors of safety for the materials employed, as
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 subsequent experiments at the Forth
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Bridge on two wind gauges of 300 square feet and of 1} square
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 sutface of the
bascules of the bridge as evidenced hy 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 g lbs. per square foot, the wind
Fressure on the bascules is only from I 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 561bs.
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, arr:\'eq 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 nientioned these matters, which could be added to by
many similar instances in other branches of applied science, not
for the sake of reviving old controversies or of throwing a stone
at highly distinguished inen, honoured in their lifetime and
honoured in their memory, nor for the sake of criticising more
modern nen of science or a Government Department. Still
less db 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
pointing out the extreme value of experimental research and of
bespeaking 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
formule, and we cannot but know that it is not at an end now.
Ve ought to recognise and remember how few physical questions
had been exhaustively examined sixty {ears ago, and may I say
how comparatively few have even now been 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 be quite sure that the premises are right before we
set to work to reasou npon them. Ve should, then, exert all
our influence against rules or calculations based mercly on
hypothesis, and not be content with assumptions when facts can
be ascertained, even if such ascertaininent 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.”

In 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 1893, and brought the question very
prominently forward in his inaugural address on that occasion, a
highly influential deputation waited on the Premier to urge that
England should have a Public Physical Laboralory at which
facts could be arrived at, constants deterinined, 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, appeiuted a small Committee to examine and report
on this highly important subject. It is no breach of confidence
to say that the Committee, after 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 unaniniously 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-
ported by every weapon which the science of other lands can
forge for use in the struggle. It being ackrowledged that our
own work in life is to deal with physical facts ang 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 AY DIEPPE.

TI{E 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 Dieppe Congress was organised by the Société d’Enseigne-
ment professionel et technique des Péches Maritimes, and is the
secon(Y 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. J. II. 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 Dieppe ; 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 PInstitut 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 aspirit of co-operation and com-
romise 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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