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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. 

J\lr. 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 deterrr.ined 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 arc wanting. It would be better in a book 
intended primarily for the general English reader to 
translate the statistics so freely gh·en into the usual 
British units of weight and money; the "short tons" for 
coal and "long tons'' for iron· ore are puzzling, and make 

F1G. r.-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 ha,·e 
not detected a single erratum. 

l\lany of the topics are handled with 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 vtan has outweighed considerations ; 
and explainmg the relative 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 com·eniences as gas-works and horse or cable 
cars, while the untrammellcd new municipalities can 
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establish electric power-houses at once for all needs. So 
too, he shows that no country in the world possesses 
many ruined cities as the United States-not only the 
abodes of ihe early mound-builders and cliff-dwellers, but 
ruins of yesterday ; mushroom towns that teemed with 
busy thousands in a year, and were abandoned in a month 
on the failure of a mine or of a company, leaving only 
''a history of disappointed hopes, of hardships and 
struggles." 

The movements of population are well treated, and a 
map showing the areas where more than ro per cent. of 
the population are foreign-born, and those where more 
than ro per cent. of the population arc of negro race 
displays the interesting fact that the former occupies 
whole . north and west, the latter the whole south·east 
lea,·ing a narrow belt between the two areas. 
number of original statistical and physical maps is one of 
the most striking and satisfactory features of the book 
and the illustrations also are admirably selected. At 
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 
impartial an account of that great country by one of Its 
own citizens is peculiarly appropriate, and desen·es a 
cordial welcome. HUGH ROBERT :MILL. 

THE BRITISH ASSOCIATION. 

T HE concluding meeting of the British Associatio_n 
was held on "'ednesday, September q. S1r 

\Villiam Crookes occupied the chair, and the J\Iayor of 
Bristol (Sir R. H. Symes) and the Hig-h Sheriff were 
present, as well as the principal officers and members 9f 
the Association. The following report of the meeting IS 
from the Times :-

The proceedings were opened by the announcement 
that the general committee had been able to pass grants 
to the amount of 148;/.-an amount which was justified 
large! y by the success of the present meeting. 

Sir Norman Lockyer proposed that the thanks of the 
Association be given to the i\layor, the High Sheriff, the 



© 1898 Nature Publishing Group

NATURE 499 

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. Ne,·er 
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. Schafer seconded the resolution. 
1\[r. 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 l\layor of Bristol, l\lr. Howell Davis (chairman 

of the executive committee), l\lr. Arrowsmith (local 
treasurer), and l\Ir. Arthur Lee and Dr. Bertram Rogers 
(local secretaries), each responded, ;\lr. 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 
<:ontributed 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 ha,·e been 

, secured in so large a measure. As President of the 
International Committee of the l\lagnetic Conference, 
he was charged to convey the best thanks of the 
members to the Association and to the local authorities 
for the extreme kindness of their reception. 

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

Sir John Evans moved a cordial ,·ote of thanks to Sir 
William Crookes, President, for his admirable address 
and for his conduct in the chair. He prophesied, when 
introducing Sir William to the chair, that the Association 
would hear from him a remarkable address, and that 
prophecy had been amply justified. One of the most 
,·aluable 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 discm·ered for employing that 
nitrogen to increase the produce of the earth. Sir 
\Villiam 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 \V. Crookes, in responding, said that he felt like an 
electrical switch-board-for really he was only the trans­
mitter and distributor of these thanks to those whose 
help had been so material. He was especially grateful to 
the l\layor and l\layoress, whose hospitality had facili­
tated his work so greatly; and he regarded as one of the 
highest complimt:nts e,·er 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, ha,·e 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 Do,·er, and will commence on September 13, 
189'). 
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SECTION D. 
ZOO LOG\', 

OPE:-\11\G ADDRESS B\' PROF. \V. F. R. WELDOX, 1\I.A., 
F.R.S., PRESIDEXT OF TilE SECTIOX, 

Ix to choose the of the address with which 
custom obliges your president to trouble you, I felt that I should 
ha \"e the best hope of interesting you if I decided to speak to 
you on th.e subject most interesting to n:Yst;lf. I . the.refore pro· 
pose to dtscuss, as well as I can, the prmc1pal obJections which 
are urged against the theory of Natural Selection, and to 
describe the way in which I think these objections may be met. 

The theory of Natural Selection is a theory of the importance 
of differences between indh•idual animals. In the form m which 
Darwin stated it, the theory asserts that the smallest obseiTable 
variation may affect an animal's chance of sun·iml, and it 
further asserts that the magnitude of such variations, and the 
frequency with which they occur, is gm·erneu by the law of 
chance. 

Three l?rincipal objections are constantly brought forward 
against th1s theory. The first is that the species of animals 
which we know fall into orderly series, and that purely for­
tuitous variations cannot be supposed to afford opportunity for 
the selection of such orderly series ; so that many persons 
feel that if the existing animals are the result of selection 
:o.mong the variable offspring of ancestral creatures, the mri· 
ations on which the process of Natural Selection had to act 
must have been produced by something which was not chance. 

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

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

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

Consider a case of an event which happens by chance. Sup· 
pose I toss a penny, and let it fall on the table. You will agree 
that the face of the penny which looks upwards is determined by 
chance, and that with a symmetrical penny it is an even chance 
whether the "head" face or the "tail" face lies uppermost. 
For the moment, that is all one can say about the result. Now 
compare this with the statements we can make about other 
moving bodies. You will find it stated, in any almanac, that 
there will be a total eclipse of the moon on December 27, and 
that the eclipse will become total at Greenwich at 10.57 p.m. ; 
and I imagine you will all feel sure, on reading that statement, 
that when December 27 comes the eclipse will occur ; and it 
will become total at IO. 57 p, m. It will not become total at 
10.50 p.m., and it will not wait until u.o p.m. \"ou will say, 
therefore, that eclipses of the moon do not occur by chance. 

\Vhat is the difference between these two events, of which we 
say that one happens by chance, and the other does not? The 
difference is simply a difference of degree in our knowledge of 
the conditions. The laws of motion are as frue 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 J?Ositions very 
accurately indeed; so that we can predict withm 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 gi,·e "heads" will occur about as often as the conditions 
which giYe "ta.ils." . . 

If you e)(amme any event wh1ch by chance, you mil 
find that the fortuitous character of 1ts occurrence always 
qepends upon our ignorance concerning it. 

If we know so little about a group of e\·ents that we cannot 
predict the result of a single obsermtion, although we can pre­
dict the result of a Ion« series of observations, we say that 
these e,·ents occur by 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 ,-ariations is precisely knowledge of 
the kind referred to in our definition of chance. \\'c know with 
some certainty the aYerage 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 a priori certain that great 
majority. of animal variations should occur by m 
sense in which WP. have used the phrase; and I mil show you 
in a moment illustrations of the fact that they do so occur. 

Bttt before doing so, I would/oint out the difference between 
the sense in which we have use the word chance, and the sense 
in which it is used by manr objectors to the theory of Natural 
Selection. Su.ch epithets as blind, an? th: !ike, arc 
constantly applied to chance ; and a kmd of antithesis 1s estab­
lished between cYents which happen by chance, and those 
'Yhich happen in obedience to natural laws. In many Germ:m 
writings, especially, this antithesis between Zttf.l!ligkeit an_d 
Gese(:/1/tiJs(t:l-eit is strongly insisted upon, whenever orgamc 
variation is discussed. 

This \'icw of chance is not supported hy experience ; and in­
deed, if it could be shown, that any thing in human experience 
were absolutely lawless, if it could be shown that in any depart­
ment of nature similar conditions did not produce similar effects, 
the whole fabri<: of human knowledge would crumble into chaos, 
and , all . iillellectual effort woulil . be . a . profitless waste of : time. 
There is.noi the slightest: n!a.-;on to . believe that .any such abso­
lutely lawless phenomena do exist in nature ; sc;> that, we 
pay noJurther ·attention to the writers who assume· that chance 
is a lawless thing. 

Rut if chance is a perfectly orderly and regular phenomenon, 
then the question, whether animal _variations occur. by chance .or 
n.ot, can be ,settlcd ·by direct observation. I will now show you 
one or two exampl!!s of eYents which undoubteclly occur ·by 
chance, and then compare these with one or two cases of organic 
\'ariation. 

As which occur by chance, I have taken the results 
of tossing twelve dice. 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 re.cord gi,·es the number of dic::e .showing more than 
three points in, each of 4096 throws of twelve dice. There arc, 
of course, six numbers ,an each ·of the; dice; w that if all the 
dice ,,·ere perfectly symmetrical and similar, the a,·erage number 
qf dice with : more than three points should be six in each throw 
of twelve. But dice are not symmetrical and similar. The 
points on the dice used were marked by little holes, scooped out 
of their faces; and the face with six such holes scooped out of 
it was opposite to. the face with only one such hole : so that the 
face with one was than the face with six points; 
and therefore stx was rather more likely to be uppermost than 
one. In the same way, two was opposite five ; w 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, fh·e, or six, in throwing dice, than it is that you will 
throw one, two, or three. 

Accordingly, the a\·erage number of dice, in these 4096 
thro\YS; which had more than three points, was not six, but 
6'135· 

To show you that this excess of high points was due to some 
permanent property of the dice, she thr.:w these tweh·e dice 
another 4096 times; and the average number of dice with more 
than three points was 6'139· A third series of trials ga,·e an 
:werage of 6"10-1 1 and a fourth ga\'e an average of 6·u6. 

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

And just as the mean of the whole series can be determined, 
so we can know with considerable accuracy how often any 
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possible deviation from the a\'erage result will occur. The degreeo 
of accuracy with which we can know this may be judged from, 
Table I. 

TABLE 1.-Freqttency "•ith which Dice sho:uiug more than tluw· 
Points were throu•tt in each of Four Senes of Tn'alr, the· 
tmmber of throws itt each Series being 212 = 4096. 

Number of 
dice with 

more- than 3 
points. 

Observed frequencie:;. 

frequency 1--- --,-- ---,----;----

I
I :\lo<t probable) 

for I . __ n_. _I __ "_'_· 
----- _, ___ __ 

12 
II 
io 
9 
8 
7 
6 
5 
4 
3 
2 
I 
0 

I 
I 
i 

I 
12 
66 

220 
495 
792 
92-1 
792 
495 
220 
66 
12 

I 

0 
I J 

71 
257 
536 
847 
948 
731 
430 
198 
6o 
7 
0 

I 0 

13 8 
86 6! 

246 241 
540 513 s36 s56 
913 948 
750 So2 
446 420 
198 1S2 

55 51 
12 IJ 

0 I 

I 

14 
66 

241 
586 
86! 
866 
728 
474 
204 
67 
6 
0 

You sec 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 gh·e seven, 
eight, or nine dice with more than three points occur too often, 
throws in which only two, three, or four dice haYe more than 
three points do not occur often enough. \"au see then that each 
of these results is orderly and regular, and that the four results 
agree yery fairly among themseh·es, not only in the mean value 
of each of them, but in the magnitude and frequency of de­
partures from the mean. That they differ from the results which 
would probably be obtained with symmetrical and similar 
is only to be expected, because the dice used are neither sym­
metrical nor similar. 

You notice that this table is ,·ery nearly syn!metrical; 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 he as likely to throw five dice out of 
tweh·e with more than three points as one would be to throw 
seven, and so on. 

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

TABLE II:-Frequcncy of Sixes in 4096 throws of To;;.•eh·e Dice. 

Number of sixes. ).[o;t probable number with Number obsen·ed. 
symme1rical dice. 

8 0'58 I 
7 4'66 7 
6 27" IS 24 
5 II6'43 us 
4 363'84 380 
3 SoS·53 796 
2 1211"44 u81 
I 1102'56 II45 
0 459'52 447 

in which sixes only were counted. The chance against 
six with any one of the dice is of course five to one; so that Jn 
throwing tweiYe dice you are more likely to throw two sixes 
than to throw any other number. Dut 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 fi\·e, six, or more, of course it is impossible to throw 
Jess 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 $h:es did actually occur was as near to th.: lt:>Uit 
most probably with perfect dice as the asymmetry of the aetna) 
dice allows one to expect.l 

These results will be enough to show you how absurd is the 
attitude which so many writers h:n-e taken up tmmrr15 chance 
when discussing animal \"ariation. 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 ha\·e just looked at. 2 

That is a matter which can be settled by direct ohserration. 
But in order to express the law of chance in such a way that 
we can apply it to animal v:uiation, we must make use of a 
trick which mathematicians ha,·e im·ented for that purrose. 

It is a well·known propmition in probability that the fre· 
quency with which one throws a given number of .•ixes in a 
series of trials with twelve dice is proportional to the proper 
term in 1he lexpan.<>ion The ,·alues in thi5 table 
were calculated by expanding this expression. But if I 
had wanted to you the most proh:lble result of ex­
periments with roo dice, I should not 
willingly ha,·e expanded (t+W00• 

The labour would be too enormous. 
Then again, suppose we :ue gi,·en 
a number of results, and are not told 
how many dice were used, how are 
\re to find out the power to which we 
must raise H this depends 
on the number of dice? 

Before applying the Ia w 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. r). 

The rectangles in this diagram "arc 
proportional to the ,·arious terms of 
H + and they represent the mo;t 
probable result of counting the number 
of dice with more than three points in 
a series of trials with tweln: dice. The 
heights of these rectangles were deter· 
mined by expanding but you 
notice the dotted cun·e which is drawn 
through the tops of them. general 
slope of this cun·e is, you see, the same 
as the general slope of the series of 
rectangles; and the area of any strip of 
the cun·e which is bounded Ly the sales 
of a rectanglt: is \"ery nearly indeed the 
same as that of the rectangle itself. 

The constants upon which the shape 
of this cun·e depends are easily and 
quickly obtained from any senes of 
obsen-ations; so that you can easily 
and quickly see whether a set of ob­
sen·ed phenomena obeys the symmetri· 
cal law of chance or not. 

A good many characters of animals do ,·ary in this symmetrical 
way; and I show you one, which will always be historically 
interesting, because it was one of the principal characters used 
to illustrate Mr. Galton's im·aluable applications of the law of 
chance to biological problems. That is the case of human 
stature. The diagram (Fig. 2) shows the stature of 25,878 
American recruits; and you see that the frequency with which 
each stature occurs is very close indeed to that indicated by the 
cun·e. So that variations in human stature do occur by chance, 

they occur in such a way that ,·ariation in either direction 
Is equally probable. 

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

l lt is unfortun:1te that I chose dice a.s in experimenB. 
Dice are not only sensiblr a:sym, utn"cal, but any ordln:ur dice are sens.ibly 
dissimilar; so that the result most prob::tb!e with any :1ctua1 dice not 
given pya simple binomial expansion. The result theoreticallr most probable 
tor the actual dice us ell could not be determined without ,·err c:uefu1 measure­
ment of the dice themseh·es; and I was unable to attempt measures of the 
requisite accur;J.cy. All that the records they stand. is the amount 
of agreement between four observations of a f.Jrtuit :lU5 e\·ent . 

.z The Jaw is not, however, iJentiCll in the two cases; see i1z/r.2 . 
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?f distrilmtion of variations. And the great difficulty in appl>:­
lng the law of chance to the treatment of other- ca>t:s was, until 
•Jnite lately, that the way of express ing asymmetrical distribu· 
tiutL<; hy a similar cun·e was unknown; so that there was no­
olwions way of determining whether these asymmetrical dis­
tributions ol,eyecl the law of chance or not. 

The form of •he cnn·e, related to an a<>ymmetrical di;tribution 
of chance;:, as the cur1·e before you is related to 

was first im·estigatecl by my friend and colleague 
Prof. h.arl Pearson. . In 1895 Prcf .. l'e:'rson an 
account of asymmetncal cun·es of th1s kmcl, and he shO\n•l 
the way in which these cun·es might he applied to practical 

He his memoir by showir.g 
that se,·eral cases of orgamc ,·a nati on could be easily f<>rmulated 
by the method he described : and in this way he made it possible 
to apply the theory of chance to an enormous mass of material, 
which no one had pre1·iously been able to reduce to an orderly 
and intelligihle form. 

In this same Prof. Pc:ar;on dealt with ano:her 

FIG. I . 

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 
which determine the character of an animal body, is false in an 
important respect. For the e\·ents which determine the resuh, 
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 
points, we have no more reason to suppose that another wil) 
show six points than we had before looking at the first. 1 !Jut 
the events which determine the size or shape of an organ in :m 
animal are probably not in this way. Probahly 
when one e\·ent has happened, tending to increase the size of aD 
arm or a leg in an embryo, it is more likely than it was befnre· 
that other e\·ents will happen ltading to increased size of this. 
arm or leg. So that the chances of \·ariation in the size of a 
limb would be represented by a law similar to that which ex­
presses the result of throwing dice, but different from it. Ther 
would more nearly resemble the result of drawing card; out of a 
pack. Suppose you draw a card out of a pack. It is an ewn 

t That is to say, if we know beforehar..d that the dice are symm.e: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-fi,·e red cards and twenty­
-six black cards left in the pack. 

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

I am no mathematician, and I do not d:ue even to praise the 
mathematical process by which this result was achie,·ed. I will 
only say that it is experimentally justified by the fact that most 
statistics relating to organic mriation are most accurately repre· 

by the curve of frequency which Prof. Pearson deduces 
for the case where the contributory causes are mutually inter­
dependent.1 

The first cnse of an asymmetrical distribution in animals which 
( ask yon 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 the distriLu-

series of deviations from the mean length of the antero-lateral 
margin is as definite a character of the crabs as the mean itself. 
and in e\·ery generation a series of dedations from the mean 
regularly produced, according to a law which we can learn if we 
choose to learn it . 

Now suppose it became ad,·antageous to the crabs, from some 
change in themseh·es or in their surroundings, that this part of 
their carapace should l•e as long as pnssible. Suppose the 
crab> in which it.was shorter had a smaller chance of hving, and 
of reproducing. than the crabs in which it was longer. 

Suppo>e that crabs in which this dimemion i,; longest were as 
much more productive than those in which it was shortest, as 
the most prolific marriages are more fertile than the least 
prolific marriages among ourseh·es. Prof. 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 ourseh·es, only 
that in crab• the producti,·eness is greater, the greater the 
length of thL; hit of the carap!lce, then half of the next 

;x s• 53 55 s6 57 sS 59 6o 6x 6z 63 64 6; 66 67 68 6g 70 71 1• 73 H 75 76 17 78 
FJG. 2.-Dia;;ram showing the height (in inches) of each of 25,873 American recruits. 

tion of ,·ariations (see Fig. 3) is \·ery nearly symmetrical, and in 
an account of these crabs which I wrote before Prof. Pearson's 
memoir was published, I treated them as symmetrical. The 
cun·e actually drawn on the is one constructed by Prof. 
Pearson himself from the data g1ven by my weasurements of the 
crabs, ar.d it fits the observations very sensibly better than the 
symmetrical cun·e. So that this dimension of a crab's carapace 
does vary by chance, but the chance of a gh·en deviation from 
the mean lenj::th 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 sun·iyaJ, you see that natural selection has abundant 
material un which to work. The production of this regular 

1 Even the distribution of human st3ture, which bas been so successfull}· 
treated by the older, so#calied "normal .. curve, is more accurately repre­

:..semed by ;1 curve of Prof. Pear!'on•$0 lype; but in this case the difference 
tletween the two is so slight to be inappreciable for all purposes; 
"0 th:tt .:\lr. Galton·s practice and Prof. Pearson•s theory :1re .:1like justified. 
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generation of crabs will be produced by that quarter of thP 
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 ,·iew of the possible effect of selection seems to ha,·e 
escaped the notice of those who consider that favourable vari­
ations are of nece£sity rare, and likely tu be swamped by inter· 
crossing when they do occur. You see that in this case 
are a few individuals considerably different from the mean m 
either direction, and a ,·ery large number which differ from the 
mean a ll"lt!e in either direction. If such deviation be associated 
with some ad ,·anlage to the crabs, so that crabs which 
mch abnormality are more fertile than those which do not, it .1> 
a certainty that the mean character of the next generation w1ll 
change, if only a little, in the directi<Jn admntageous to the 
race; and the orportunity for selecth·e modification of this kind 
to occur in either direction is very nearly the same. 
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In the next ca>e, this is not true. 
The diagram 4} represents the P.uml>er of female swine, 

out of a batch of two thousand examined in Chicago, which 
have a given number of Miillerian glands in the right fore · leg. 

100 

so 

7(0 750 710 

amount of change is greater in one direction than in 
the other. 

Now let tts pass on to another example. 
Table III. shows the 1·ariation in the number of petals in a 
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race of buttercups studied 
by Prof. de Vnes. 
see that the most frequent 
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FIG. 3.-Diagram sb:Jwing the of the antero-lateral margin (in terms of c:trapace-length} in 

999 female from Nnples:. number of peials is fi1·e, ana 
that no buttercups whatever 

have less than fi1·e petals, though a considerable number have 
more than fil"e; and here again you see the way in which Prof. 
l'earson's formula fit• the ohservations. 

The distribution is much more skew than in the case of the cr.1bs, 
and you see again the very beautiful way in which Prof. 
curve expresses it. You see that the range of \·ariation i; much 
Jireater on one side of the 
mean than un the other; 
and the selecti re 
necessary in orda to raise 
the mean number of glands 
by one wuuld be very different 
from the amount of destruc­
tion necessary in order to 
lower the mean by one. 
Further, the mean number 
of glands in pigs is 
the number which occurs 
oftenest, the "moclal" num· 
ber as Prof. Pearson calls 
it,1 is three. Now it is im­
possible to lower this num­
ber till it is less than o, so 
that it c:m only be climinisheci 
by three ; but it is conceil·­
able that it should be in­
creased by more than three. 
So that the amount of se­
lective destmction required 
in order to change either 
the mean or the modal 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 
opposite direction, and the 

1 All attempts to confine the 
word "a\:erage .. tu the most frc· 
quently occurring magni1 ude, and 
the word "mea.n ·· to the o.rith· 
metic me:tn of she series, have 
failed to secure suppon. There· 
fore Prof. s propo:-a.l to 
call the \"alue whzch occurs. 
oftenest the "mode " is \'ery 
useful. 
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You see that if this dia,.ram (which is based on \·ery few 
specimens) really represents the law of \"ariability in these 
buttercups, no of natural or other selection can produce 
a race with less than fi\·e petals out of them. While it is con· 
cei\·able that selection might quickly raise the normal number of 
petals, it could not diminish it, unless the \·ariability of the race 
should first change. 1 

These examples, which are typical of others, must suffice to 
the way 1n which the theory of Chance, as developed by 

Prof. Pearson, can express the facts of organic ,·ariation. 
I think you will agree that they also show the importance 

of im·estigating these facts. Fer of the four characters we ha\·e 
examined, we have seen that two, namely human stature a!ld 
the antero-lateral carapace length of Carciuus ma:nas, vary so 
as to afford nearly equal material for selective modification in 
either direction; one character, the number of )!Uiler's glands in 

offers distinctly gre:tter facility for selective modification 
in one direction than in the opposite direction ; and in the last 
character, the number of petals in a race of buttercups appears 
to offer scope for modification in one direction only, at least by 
selection in one generation. 

Knowledge of this kind is of fundamental importance to the 
theory of Natural Selection. You ha,·e seen that the new 
method gi,·en to us by Prof. Pearson affords a means of express­
ing such knowledge in a simple and intelligible form ; and I, at 
least, feel very strongly· that it is the duty of students of animal 
e\·olution to usc the new and powerful which Prof. 
Pearson has prodded, and to accumulate thi.; kmd of kno;vledge 
in a large number of cases. 

I know that there are people who regard the mode of treat­
ment which I ha\·e tried to describe as merely a way of saying, 
with a pompous parade of arithmetic, something one knew 
before. This criticism of Prof. Pearson's work was actually 
made to me the other day by an eminent biologist, whose name 
I will not repeat. If there be any here who hold such an opinion, 
1 would a;;k them to read ;\lr. Francis Galton's Essays on 
Heredity; where a simple and quite unexpected relation 
l!etween 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, 

to show that the new method is not only a simple 
means of describing the facts of mriation, which facts \·ery few 
people krl<!w 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 e\·olution. 

I think I ha\·e said enough to con\·ince you how entirely 
Prof. Pearson's method promises to confirm the assertion that 
organic \'ariation obeys the Ia w of chance. 

The other objections to Darwin's theory are not so easily 
answered. It is said that small variations cannot be supposed 
to aff"ect an animal's chance of life or death ; but few persons 
ha\·e taken any pains to find out in any !:i,·en case whether the 
death·rate is in fact affected Ly small variations or not. It is 
said that the process of Natural Selection is so slow that the age 
of the earth does not gi,·e time for it to operate, but I know of 
few cases in which any attempt has been made to find out Ly 
actual obsen·ation how fast a species is really changing. 

I can only attempt to discuss the importar:ce of small \·ari· 
ations, and the rate of organic change, in the one case which I 
happen to know. The particular case I h:we myself studied is 

,·ariation in the frontal breadth of Carcintts manas. 2 

the last six years my friend, l\Ir. Herbert Thompson, 
and I ha\·e studied in some detail the state of this character in 
the small shore-crab:; which swarm on the beach below the 
laboratory of the ;\Iarine Biological Association at l'l)"mouth. 

I will sho\\· you that in those crabs small changes in 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 i<, in fact, changing at a rate sufficiently rapid for all 
the requirements of a theory of e\"Oiution. 

In Table IV. you see three determinations of the mean frontal 
brea•lth of these crabs, expressed in terms of the carapace-length 
taken a> 1000. You see that the mean breadth \·aries \"ery 

1 or cours: \\"e know that \election does chang-e the \";ubbilitr of a race. 
:.: In t29-t I ::m account of lhe of this dimensioa in femo.te 

of.\·.arious size:-; (Kdy. Soc. P1o,., \·ol. h·ii.), ;md I put forward an 
ofth"=: :tmount of selecth·e destruction due to \·ariatiaa in thi:i 

.ch.:u.u:ter. Tho.t hrpothesi:; ne.:;li!Cted St:\·eral fact..; wh ch I now 
know 9 a ;ad wa.- open to other objection;. I desire to rep!o.ct: it by lhe results 
.3( here r .. corded. 
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rapidly with the length of the era!.., so that il was necessary to 
determine it separately in small groups of crabs, such that the 
length of no two crabs in a group differed by more than a fifth 
of a millimetre. The first column of the table shows you the 
mean frontal breadth of twenty-fire such groups, between 10 and 
15 millimetres long, collected in 1893. These crabs were 
measured by )!r. Thompson. The second column shows you 
the mean fr:mtal breadth in twenty-fi,·e similar groups of crabs 
collected in 1895, and also measured by l\Ir. Thompson. 
see that in e\·ery 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. It is very incomplete, because the 1895 crabs were 
collected in Allgust 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 me.asurements are sufficient, howe\·er, to show that the 
same kind of change has taken place during the last three years 
as that obsen·ed by Thompson in the interml between 1893 
and 1895. ;\laking t:\'ery allowance for the smallness of the 
numbers so far measured this year, there is no doubt whate\·er 
that the mean frontal breadth of crabs from this piece of shore 
is considerably less now than it was in 1895 among crabs of the 
same size. 1 

TAni.E IV.- The .Meau Frontal Breadth mtio of Carcinus 
mcenas from a particular paleh of beach ill Plymouth, in 
t!u )'ears 1893, 1895, alld 1S98. 

front:1.l breo.dth in terms of length= 1000. 

Length 
of No. of 

c:uapace. 1S93 1S93 1893 crabs in 
(Thompsvn). (Thompson). (\\'eldon). the xBg3 

group. 

10'1 8t6"I7 8o9·os - -
10"3 8!2"06 80-t"82 - -
ro·5 807'37 8o3 '27 - -
lO"j 

! 
8o8·96 8or ·69 - -

10'9 i 8osw 799'27 - -
11'1 i Soz·so 79-!'12 78-!'25 4 
11"3 798'18 792 '38 787'36 II 
11'5 797'19 788'83 78-t·oo 9 
II '7 79-!'28 783"29 782'44 !6 
11"9 791'45 786'53 78o·og II 
I 2 "I 7SS·3S 780'61 775'25 !6 

783 ·98 779'50 773'42 12 - .l 
12"5 78n9 776"50 767'00 II 
12"7 783 ·s8 773'43 772 '43 14 
12"9 

I 
777'38 773'63 76-t'67 IS 

13'1 776"63 771'61 760'13 16 
13"3 774 ·6o 766'21 761'29 7 
13'5 766 91 763'96 759'56 r6 
13'7 767"63 762'00 757'00 16 
13'9 763 '73 7 59'40 756'10 10 
q·r 758"9-l 757"f:XJ 742'00 IJ 
14'3 756'90 73577 747'86 7 
14 ·s j62"60 75-!'45 744 '4-l 9 
147 753"00 749'8-t 739'22 8 
14'9 I 751'32 74S·o3 742'83 6 

These results all relate to male craLs. The chan"e in female 
crabs during this time has been le>s than the 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 i·s \"err rapid, compared with the rate at which animal 
evolution is commonly supposed to progress. 

I will ask your patience for a little while longer, that I may 
tell you why I feel confident that this change is due to a selecti\'e 

1 I s.h.:1.ll, of course, consider it my duty to justifr this sto.tement b)" more 
exten·'l'C"e mea,urement as soon as po.;;;s,ble. In the meantime I ma)* sa)" 
th:lt I ha\·e me:t,.ured other small group5 of crabs, mo.le and from the 
same place. at ditTcrent S:t::l.Son..; of the ye:trs 1Sg6-9S, and the re5uh.s a;ree 
with lhose reccnled in the table. 
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destruction, caused by certain rapidly 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 lea\·e 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 estu:uy 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 rirers, so that the water frequently looks 
white and opaque, like milk. l\Iuch of this finely di,·ided china 
clay is carried down to the sea ; and one effect of the breakwater 
has been to increase the quantity of this fine silt which settles in 
the Sound itself, instead of being swept out by the scour of the 
tide and the wa \·es of se\·ere 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 De\"Onport has increased in size and in activity; 
and the ships which visit the Sound are larger and more 
numerous than they were. Now the sewage and other refuse 
from these great and growing towns and dockyards, and from 
all these ships, is thrown into the Sound; so that while it is 
more difficult than it used to be for 
fine silt to be washed out of th.e 
Sound, the quantity thrown into it 
is much greater than it was, and is 
becoming greater every day. 

It is well known that these changes 
in the physical conditions of the 
Sound ha\·e been accompanied by 
the disappearance of animals which 
used to lh·e in it, but which are 
now foun5l only outside the area 
affected by the breakwater. 

-so 

di,·ided 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 li\·e longer. The destruction is selective, and tends to 
lower the mean frontal breadth of the crabs subjected to its 
action. It seemed to me that the finer the particles used in the 
experiments, that is to say, the more nearly they approached the 
fineness of the actual silt on the beach, the more selecti\·e their 
action was. 

I therefore went down to the beach, where the crabs li\·e, and 
looked at the silt there. This beach is made of moderately 
small pieces of which are angular and little 
worn by water. The pieces of hmestone are cm·ered 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 \·ery 
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 \"ery fine mud, and used it in a fresh series of 
experiments, precisely as I had before used china clay, and I 
obtained the same result. The mean frontal breadth of the 
sun·in)(S was always smaller than the mean frontal breadth of 
the dead. 

I think, therefore, that 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 c3n be shown experimentally to 

-10 0 +ro +zo 

These considerations induced me 
to try the experiment of keeping 
crabs in water containing fine mud 
in suspension, in order to see whether 
a selective destruction occurred 
under these circumstances or not. 
For this !urpose, crabs were col­
lected an placed in a large ,·esse! 
of sea-water, in which a consider-

FtG. s.-Diagram showing the efft:ct of china clay upon 243 male cr:1bs. The cun·e shows the 
cli:;tribution of(rontal breadths in all these crabs; the d.ltted cun•e the distributiOn of (r.mtal breadths 
in the sun·i\·ors. The dotted. lines shows the mean of the sun·h·ors; the line o the me:1n of the dead. 

able quantity of very fine china clay was suspended. The clay 
was pre\·ented from settling by a slowly moving automatic 
agitator ; and the crabs were kept in under these conditions for 
\"arious periods of time. At the end of each experiment the 
dead were separated from the li,·ing, and both were measured. 

In e\·ery case in which this experiment was performed with 
china clay as fine as that brought down by the rh·ers, or nearly 
so, 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. 

\Vhen the eJo:periment was performed with coarser clay than 
this, the death-rate was smaller, and was not selecti,·e. 

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

Two other cases, which are only examples of a senes m my 
possession, show precisely the same thing. 1 

These experiments seemed to me to show that very finely 

1 It is impossible in this phce to gke a run account of the experiments 
referred to, and a multiplication o( mere small5C:lle di?-Sr:lmS useless, 
so that only one of those exhibited when the address was deln·ered is here 
reproduced. 
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destroy broad-fronted crabs at a greater rate than crabs with 
narrower frontal margins. 

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

Now, if we suppose that mud on the beach has the same effect 
upon crabs as mud in an aquarium has, we must suppose that 
every time this mud is stirred up by the water, a selecth·e de· 
struction of craLs 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 
hare as good a chance of life as the rest ; and in consequence 
the protected crabs should contain a larger percentage of broad 
individuals than wild crabs of the same age; and the mean 
frontal breadth of such a protected population ought to be 
greater, after a little time, than the mean frontal breadth of 
wild crabs, in which the broad indi\·iduals are being constantly 
destroyed. 

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

I established an apparatus consisting of some hundreds of 



© 1898 Nature Publishing Group

so6 NATURE [SErTE!IIDER 22, 1898 

numbered glass bottles, each bottle being provided with a con· 
slant 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 li\·ing in anum· 
bered bottle, until it had cast its shell. The process of moulting 
invoh·es no distortion of the carapAce, which could affect the 
measurements concerned, and therefore each cast shell was care· 
fully measured. The measurements of these shells were carefully 
compared with measurements of wild crabs of the same size, and 
the mean frontal breadth of these shells was a little less than the 
mean breadth in wild crabs of corresponding length. 1 

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 capth·e crabs were unmistakably broader than wild 
crabs of their own size, and there \Yere 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 proceedmg, 
and it is difficult to exclude the possibility that confinement in 
a bottle may directly modify a crab during the critical period of 
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It would take too long to go into that matter now, and I shall 
not attempt to do so. I will only now ask you to consider one 
or two conclusions which seem to me to follow from what I have 
said. 

I hope I ha\·e con\·inced you that the law of chance enables 
one to express easily and simply the frequency of variations 
amon"g ammals; and I hope I have convinced you that the 
action of natural selection upon such fortuitious variations can 
be e:xperimentally measured, at least in the only case in which 
any one has attempted to measure it. I hope I han convinced 
you that the process of e\·olution is sometimes so rapid that it 
can be observed in the space of a \"ery 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 
quantitati\·e difficulty. It is the difficulty of belie\·ing that in 
any gi\·en case a small de\·iation from the mean character will 
be s\lfficiently 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 gi\·en mriation does matter; and 
I hope I ha\·e 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 n11mber of cases, 
how much variation is occurring now in animals: we ought tc; 
know numerically how much effect that Hriation 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 gi\·en 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 
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theory of Natural Selection, or of any 
other theory of any natural process 
whate\·er. 

SECTION G. 

SCIE:\CE. 

0I'ENI:\G ADDRESS BY SIR JoliN 
Wou-·E BARRY, K.C.B., LL.D., 
F.R.S., PRESIDE:\T OF THE 
SECTIO:\'. 

FJG. of al:nour.ality of frcntal ratics jn 527 female crabs before and after 
in 1 he ccntitutus line shows the dis·.ribution before, the dotted line after 

moulting. 

APART from all the other considera­
tions which so fa\·ourably 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 

moulting, and on. All these points would ha \·e to be dis· 
cussed at greater length than your patience nould bear, before 
we could accept this e:xperiment 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 e:xpect to find if such a selecti\·e 
agent did exist, and so it is in complete harmony with the 
evidence already put before you. 

Of course, if the obsen·ed 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 cO\·ered with fine white mud, \\ hich is not found 
in the gills of the sun·i\·ors. In at least 90 per cent. of the 
cases, this difference is veJy striking; and the same difference 
is found between the dead and the sun·h·ors in experiments 
with mud. 

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

I This was prob3bly due to the deatb·rate during acclimati!ation beirg 
selecti\'e. lc was \·ery difficuh to keep lbe appara1us dean; and the 
deaths which occurred were in most cases due to the presence of putrescent 
bits of food, which bad not beer. remoyed. 

A subsequent experiment was made with the fame apparatus, in which 
crabs \\ere kept in putrid water until a large pe:rctntage had dieo: and the 
mean frontal breadth of the survi\'ors was found to be distinctly th311 
the mean frontal breadth of the dead. 
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applied science. 
(1) I propose, therefore, to say a few introductory words 

about Bnstol and its neighbourhood from the point of view of 
this section of the Association, but it is far from my intention 
to either criticise the past work of the Corporation in relation to 
their dock enterprises or to volunteer advice to them with re· 
spect to possible works of improvement. 

Bristol is, at this moment, of great commercial importance, as 
indicated by the value of its imports and exports, and occupied 
an even more important relati\·e 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 \·alue 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 ha\·e 
caused the long· continued impoJtance of Bristol, or to account 
for the rapid growth of other ports more or less competitive with 
her. All such causes are to be found, at least to a great extent, 
in considerations apart from the merely physical characteristics 
of the sea, ri\·er, or land at the various sites, as, for example, in 
propinquity to markets or centres of production, in situation 
relatively to population or to means of distribution, in indi\·idual 
or collecti\·e enterprise, in enlightened or unenlightened 
administration. 

These circumstances have, in truth, at least as much if not 
more influence in determining the history and prosperity of 
ports than what are termed natural ad\·antages of respec1ive 
sites, by which I mean such mattt>rs as protection frcm \\inds 
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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 the 
foundations of docks or quays, and ready access to suitable 
materials for cheap and efficient construction. 

'Vhile recognising to the full the great ad\'antages of such 
physical endowments in the de\·elopment 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
\'enience of mankind. 'Ve ha\·e, in fact, to make the best of a 
locality which mayor 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 e\·ery 
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 ad\·antages, and where almost 
e\'erything 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 re\'erse of promising from an engineering 
point of view-to Glasgow, where twenty-six millions sterling 
m \'alue of exports and imports are annually dealt with in ships 
of the largest draught, though it is placed on a rh·er 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 millions sterling, which within the memory of this 
generation was approached by a shallow rh·er, entering a much­
exposed part of the North Sea o\·er a dangerous sand bar. 
Sixty years ago the Tyne could only receh·e (and that only at 
high water) a small class of coasting \·essels, whereas it is now 
navigable for deep·draughted vessels for a distance of thirteen 
miles from the sea. The breakwaters also at Tynemouth, which 
ha\·e been constructed under great difficulties on a coast without 
a single natural encouraging characteristic, not only make a 
valuable harbour of refuge, but ha\·e, practically speaking, 
remm·ed the external bar. 

In a similar way, as e\·idence 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 se\·en or eight m1les by 
sea-going ships of fifteen or sixteen feet draught; to Calcutta, 
dependent on the dangerous navigation of the Ilooghly, includ­
ing the dreaded James and Mary shoals ; to the creation of the 
port of Manchester, forty•fi\·e miles fwm the sea, approached 
by a tide-locked canal which has cost thirteen or fourteen 
millions of money in its construction ; to the great recent de­
\'elopments of Rauen, Dunkirk, Antwerp, and Amsterdam ; to 
the imprm·ements 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 ad\·ancing trade in 
modern \·essels, but the inexorable demands of commercial 

ha\·e created supply, at the hands of engineers, of 
Improvements and mod1ficatwns 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 
cequired 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 ha\'e altered and are its capacity as a port. At 
the end of last century Bristol and 1ts capabilities were, as they 
have been almost e\·er since, the battlefield of ch·il 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 A \'On and the construction of the floating harbour of 
Bristol, which were carried out under the ad\·ice of 'Villiam 
Jessop in the years from 1S04 to 1Sog, were boldly conceh·ed 
and ably executed. The result of the dh·ersion of the Avon by 
means of what is still known as the New Cut enabled the old 
course of the ri\·er to be made into a floating harbour of about 
71 acres, of which 57 acres are amilable for \'essels of consider-
2-ble size. The total cost seems to ha \'e been about 6oo,ooo/. 
Though the greatest draught of water in the floating harbour 
(some 20 feet) and the dimensions of the original locks (150 feet 
long and 36 feet wide) may appear to us at the close of the 
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nineteenth c:ntury insignificant, they were, no doubt, 
up to the eslimated re<!,uuements 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 Brunei m 1S5o 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 \'essels, we can appreciate the energy of those who 
have gone before us, and who found the funds for or designed 
works which ha\·e 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 lightmg the tortuous course of the A\'On below 
Bristol. More, no doubt, would ha\'e been undertaken in 
former years, if the great rise of tide in the ri\'er had not pro· 
vided, at spring tides, a depth and width for navigation which 
were sufficient for practical purposes, until the size of modern 
ships imperatively demanded increased facilities of apprmch. I 
think it is a remarkable thing that \·essels of 3000 tons burden, 
320 feet in length, and drawing 26 feet of water, succeed in 
reaching Bristol, and that the trade in the heart of the city con­
tinues to increase. 

Those acquainted with the strong tides of the Avon, or with 
its bends, which do not exceed in places a radius of Sao 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 ner\'e of the pilots 
in na\·igating large \·essels from King Road to Bristol. This is 
done by night as well as by day, and so successfully that the 
rate of insurance for Bristol is no more than it is for Avonmouth 
or Portishead, the entrances of which are in the Se\·ern, or than 
for many ports situated on the open sea. 

"'e ha\'e similar examples of what can be done by the 
systematic development of pilotage skill in the Ilooghly, the 
Ri\·er Plate, the Yangtse Kiang, the Mississippi, and other 
rivers where special men have been evoh·ed, as it were, by 
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 
where\·er the channel was a little damp. 

To return, howe\·er, to Bristol and the A\·on; in spite of all 
efforts to keep pace with trading requirements, the time arri \'ed, 
in 1S68, for (providing improved dock accommodation, which 
would a\·oid the navigation of the Avon, and at the same time 
afford deeper locks and more spacious quays than could be gi\·en 
in Bristol itself. The A\'Onmouth and Portishead docks accord­
ingly were built between 1S68 and 1S7S, and acquired by the 
Corporation in 1 S84. Both are fine works for their period ; but 
even in their case the rapid de\·elopment 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 
A\·on, or by new docks at King Road. Dockising implies the 
construction of a weir and locks at A\·onmouth, so that the A \'On 
would be impounded and make one sheet of water nearly six 
miles long to Bristol, the natural discharge of the rh·er being 
provided for by outfall sluices, while the alternati\·e of dock ising 
the A \'On 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 ha\·e no doubt that in some way Bristol 
will keep ahead of what is wanted. and that. I wish city and 
the engineer who may carry out any of the 1deas wh1ch may be 
e\·entually adopted e\·ery success and satisfaction in such 
important undertakings. . . 

(2) Leaving, then, for the present all local cons1deratwns, 
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 falient points on these in relation to the 
growth and the requirements of our merchant navy. 

In the first place one cannot but be struck with the great 
demands which ha,·e 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 o\·er-sea import registered tonnage 
is thirty-four millions, and our export registered tonnage is 
thirty-eight millions. Our coastwise traffic amounts to 
three million tons per annum, making together a tonnage to be 
dealt with of one hundred and thirty-five million tons. If we 
add to these figures the tonnage of ,·essels in ballast and the 
number of calls of those ,·essels in the coasting trade which touch 
at se1·eral ports in the course of one voyage, we must add a 
further fifty-five millions of tonnage, making a total of one 
hundred and ninety millions of tonnage using our ports yearly; 
and if we divide these figures by, say, three hundred days, to 
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 our ports daily-a flotilla of startling 
numbers. 

In truth, the magnitude of our mercantile nav}"• as compared 
with that of other countries, is astonishing. We ha1·e ten and 
a half millions of tons, against a total of thirteen millions of tons 
belonging to all the other n:'ttions of the world, in which are in­
cluded three millions of tons of steam vessels engaged in the lake 
and river traffic of the United States. Descending to particulars, 
our merchant fleet is eleven and a half times that of France, 
seven times that of German;:. eighteen times that of Russia (in 
Europe), two and three-quarter times that of the United States 
(inclusi1·e of the cr;tft 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 1·essels, and 
the proportions in relation to the steam tonnage of the other 
countries abo1·e referred to are approximately the same. 

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

France 
Italy 
Germany 
Russia {in Europe) 
Norway 
Sweden 
Holland .. 
United States (over-sea) 

about 30 per cent. 
19 
43 
7 " 

56 
•• 29 

26 " 
15 " 

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 shippin"' 
conveys the following proportions of the over-sea commerce of 
other countries :-

Italy 
Germany 
Russia 
Norway 
Sweden 
Holland 
United States 
France 

44 per cent. 
38 " 
57 
18 
27 
54 
6o , 
(not gi,·en) 

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 is nearly seven times 
that of the shipping of the next largest contributor, which is 
Germany, and nine times that of France. 
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This vast amount of carrying trade is in British hands, be. 
cause we can do It cheaply as welf as efficiently. I believe that 
the whole of our commercial fleet is worked at a ,·ery narrow 
margin of average profit, thongh in the aggregate it forms one 
of the most important factors in onr country's position among 
the nations of the world. 

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

What an important thing it thus is to the prosperity of this 
country, not merely that our own ports should be convenient and 
adequate to all demands, but that our ship-builders should be 
able to keep pace with the demands of this huge transport 
traffic ! We find in this connection that we add about half a 
million of tons of shipping annually to o:u 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 
a1·erage annual increment of our mercantile navy for the past 
twelve years is about a quarter of a million of tons. 

The remarkable de,·clopment within recent years in the cheap­
ness of steam navigation, the impro1·ed methods of building and 
rigging of sailing ships, and various economic causes hare 
resulted in a large increase of the a rerage size of ship engaged 
in 01·er·sea voyages with a comparative diminution in the number 
of the crews of each description of vessel. Greater draught of 
1rater is consequently demanded, and as a better knowledge of 
ship-building has indicated that the beam of ships can be con­
siderably increased without involving greater re!iistances, we 
may expect to sec ships to increase not only in length and depth; 
but also in width. 

The largest steamer twenty years ago (t>xcepting of course the 
Great Eastern, which was a mal;llificent conception, though in 
admnce of her time and its requirements) was, l be!ie1·e, the 
Ci!J• if Berlin, of 5500 tons burden. Her length was 488 feet, 
and her draught and beam were 25 feet and 44 feet respectively. 
At the present time the Kai.<er lVilhelm dcr G•·osse is 625 feet 
long, her beam is 66 feet, and her draught is 27 feet, and we 
know that these dimensions will soon be exceeded. 

A modern liner now being built will ha,·c a length of jO-t 
feet (or 24 feet longer than the Great Easlcm) with a beam of 
6S f('et and a draught of feet. The great steamers for the 
transport of cattle are 585 feet long, 64 feet beam, and 30 feet 
draught and upwanls, carrying 14,000 tons of cargo. Some of 
the large sailing 1·essels carry m·er 6ooo tons dead weight ancl 
draw feet. Ships of war, though not so long as 
have a beam of 7 5 feet with a draught of 31 feet, and though 
in the commercial marine we need not perhaps anticipate any 
great further increase of draught of water, the demand for which 
is largely governed by what is aYailable in foreign ports or 
ri1·ers 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 prcpatcd in the future for a considerable increase of beam 
for cargo-carrying vessels. 

"'e ha1·e further to note that, owing, no doubt, to the vas! 
improvements of marine steam engines and boilers realising 
unlooked·for economy in the combustion of coal, steam vessels 
are supplanting all but the largest class of sailing vessels as 
carriers of commerce, almost as rapidly as they did forty fifty 
years ago in the conveyance of passengers and as ships of war. 

In 1897, out of a total shipping trade (cargoes and ballast) 
dealt .with in ships of. all nations at the ports of the United 
Kingdom, amounting to ninety millions of tons, eighty-one 
millions of tons, or 90 per cent., were com·eyed by steam 
vessels; whereas, in tS85, out. of a total of sixty-four million& 
of tons, fifty millions of tons, or 78 per cent., were in steamers. 
If we take, howe1·er, 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 1885, but 85 per cent. of the total tonnage conveyed 
by British 1·essels was in steamships. 

Of the tonnage of \'essels built in the United Kingdom in 
1885, 50 per cent. were steamers, but in 1897 the proportion 
..,·as 86 per cent. ; and to up, we find that in the com· 
mercia! fleet of the United Kingdom and British 
as between 1887 and 1897. sailing shiiJs ba•e decreased 16 per 
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cent. in number and have, in spite of the building of a certain 
number of exceptionally large vessels, decreased 9 per cent. in 
average size; while steamers ha\"C increased 23 per cent. in 
number and 16 per cent. in average size. The total sailing 
tonnage has decreased in the sam<! 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 O\"er-sea steamships, require much con­
sideration from an engineering point of \"iew, and are further 
puzzling, and will continue to puzzle, our financial authorities, 
without whose aid the en:::ineer can do but little. 

\\"e ask, '\'here is all this expansion of requirements to stop, 
and how far are we justified in extending our \"iew 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 pro\·ided, but also of the 
annual expenses in workin{! and maintenance, not only of the 
docks themseh·es, but in what is perhaps of more importance, 
\·iz. the presen·ation 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 arc joined by a 
cun·e 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 :md entrances are now unsuited to what 
is wanted, and consequently their original power of accommo­
dating \"essels is most seriously diminished. 

Until lately it was generally considered that locks 600 feet 
long, So feet wide, and 26 feet deep were sufficiently capacious, 
with some margin for future wants; but I think we must now 
go further in length and depth, and not improbably to some 
extent in width. We find that at Lh·erpool the Dock Board 
have ordered \"estibule basins to act as locks II 50 feet long and 
520 feet wide, with entrances 100 feet wide and 32 feet deep; 
and somewhat similar dimcn>ions were talked of for the entrance 
lock of the recently proposed " ' indsor Dock at Penarth, which 
was intended to be 1000 feet long, 100 feet wide, and 34 feet 
deep at neap tides. 

Again, apart from the question of locks and entrances, the 
older docks themseh·es 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 rr:ay be clone to 
impro\·e the depth by systematic pumping, so as to keep the 
surface always at the le\·el of high water of spring tides. Bv 
this expedient, large areas of old docks may be to that exterl"t 
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 Liv-erpool and Birkenhead 230 acres 
of nearly obsolete docks ha\"e been thus imprO\·cd at a capital 
cost of about g6,ooo!. for pumping machinery and an annual 
expenditure of 6ooo/. 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 expensh·e modern steam 
\·essels is a most serious question. Thus there must now be no 
waiting for spring tides, or, if possible, for rise of tide on the 
day of arrival. E\·ery steamer expects to discharge her cargo 
on to the quay without waiting for much stacking, still less for 
trucks; and under modern conditions dock work must be got 
through in one-third of the time which was considered proper 
ten or twelve years ago. From these reasons larger quays and 
warehouses, better railway apl?roaches, imprO\·ed sidings, and 
better machinery are all necessities, as well as deeper water and 
better approaches. 

These demands ha\·e come on us, as I ha\·e 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. 

Lh·erpool last year undertook to spend nearly fi,·e rr:illions 
on such works, and we know of \·ery many important 
at other places. Taking 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, J:Iull, _l\!iddlesbrough, Ihrtlepool, Sunderland. the 
Tyne and 1ts neighbourhood, at Grangemouth the Fife Ports 
at Glasgow, the Ayrshire Ports, the Cumberi:md and 
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 re1·enue come; for it is a more or less accepted fact 
that docks by themseh·es do not produce more than a \"ery 
moderate return on their cost, though, of course, there may be 
exceptions to e1·ery rule. Apart from the expenditure which 
has been undertaken much to be done, and the source 
of supply of the capital required is a highly important con­
sideratiOn. I \"enture to think on this point that we should 
learn to realise that under modern conditions docks should be 
considered largely in the light of being railway stations for 
goods and minerals and, in many cases, for passenger traffic. 
Docks and quays, together with improved approaches from the 
sea, are, in fact, the means of bringing traffi c to the railways 
(and, to a less degree, to the canals) of a country, and should 
be lool;ed upon as links in the chain of transport and inter­
communication. 

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

The older \·iew of our Parliament was that docks and railways 
should be in different hands; but I much 2uestion whether this 
idea should now commend itself. It is difficult, as I ha,·e 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 gu:uantees of an already developed trade by some 
of the great Dock Trusts, such as at Li1·erpool or Glasgow, the 
return is but a modest one, and not such as is likely to tempt 
capitalists to new \·entures in constructing or enlarging many of 
the docks which stand in need of impro\"ements. 

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. \Vc 
ha1·e conspicuous examples of great public benefit being afforded 
at Southampton and at Hull, where the docks ha\·e lately passed 
from hands of financially weak companies dependent only 
on dock dues, to the ownership of powerful railway companies. 
Similarly, se1·eral of the north-eastern ports besides Hull-the 
large docks at Grangemouth, Barry, Penarth, Garston, Fleet­
wood, and elsewhere-are further examples, amongst others, in 
which the re\·enue of railway companies has been spent on dock 
improvements with a spirit which would be othennsc unattain­
able. A dock also must necessarily be nowadays almost wholly 
dependent for its efficient working on the best understanding 
bemg maintained with the railway companies for the prompt 
and adequate. of land transport, so that in that point 
of \·iew also the two interests arc one and should be recognised 
as such. 

In the con,ideration of the ad\·isability for concentration of 
ownership, there remain only the questions of safeguards against 
unfair treatment of competitive modes of transport, such as canal 
and road traffic, and provision against any improper results of 
monopoly of railway access. These, I thin!;, can be pro1·ided 
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 raih\·ay 
companies or of other aggrie1·ed parties, with in such cases rail­
way privileges. With these safeguards the public could be 
efficiently protected, and, if this be so, I cannot but think that, 
cateris paribus, the trading community will be better sen·ed by 
dock' directly connected with railway companies than by 
separate existences and management. On the one I 
hope that those who administer the great railway undertakmgs 
will realise this community of interest, and, on the other, that 
Parliament will fai"Our intimate financial relations betweei1 
docks and railways, instead of more or less s1·stematically dis­
couraging such connection. This question is one is 
peculiarly_ interesting here at Bristol, where the. docks are m t_he 
hands of the Corporation, and where the ra1lway compames 
carry the traffic, which, but for the docks, would be largely 
non-existent. 

(3) Lea\·ing now the question of modern docks and shipping, 
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as to which, as I haYe said, Bristol is interesting to engineers, 
there :ue one or two other matter> of history which appeal 
to Section G in this locality. In the first place, Bristol was 
the birthplace of the Great \Vestern Railway. I. K. Brunei, 
its engineer, had pre1·iously, by public competition, been 
selected to span the gorge at Chfton by a suspension bridge 
of the then almost unri1·alled span of 702 feet. Again, 
under the influence of Brunei, Bristol became the home of 
the pioneers of Transatlantic steamships, and the story of 
the initiation of the enterprise is thus told in the memoirs 
of his life. In I835, at a small convh·ial meeting of some of 
the promoters of the Great \\'estern Railway, some one s:ticl, 
"Our railway to Bristol will be one of the longest in England," 
:tnd Brunei exclaimed, "Why not make it the longest line of 
communication in the world by connecting it with Xew York 
by a line of steamers?" Out of this grew the Great IVesltm 
steamship, and the history of the enterprise and of its success is 
too well known, at least here, to require any allusion to the 
steps by which it was brought about. Suffice it to say that, in 
spite of much discouragement, the Great IVestern-of the then 
unexampled size of two thousand three hundred gross tons, and 
with engines of unparalleled power-was launched at Bristol in 
1837, and ran successful and regular 1·oyages till 1857, when 
she was broken up. 

In Section G there are many who can apprecbte the diffi· 
culties of such a new departure as the Great IVestern steamship, 
e1·en if they had been confined to the design and study of a 
Yessel and engines of unprecedented size; but it is not easy to 
realise the anxiety and trouble caused by the dictum of a man of 
science so unil"ersally admired as Dr. Lardner, at the meeting 
of the llritish Association in this city in 1836, that the whole 
idea of ocean naYigation on 1·oyages as long as from Bristol 
to New York was at that epoch an abstract impossibility. 

In these days of criticism of the past, often im·ohing there­
habilitation of indh·iduals, it is interesting to note that Dr. 
Lardner's part in condemning beforehand the construction of 
the Great 1Vestern steamship and the ideas on which she was 
designed has been of late years unduly minimised. It has been 
said th:tt all Dr. Lardner meant was to express a pious doubt 
as to the commercial prospects of ocean na 1·igation. I ha Ye 
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 dews, arril"cd at after calcula­
tion and re:tsoning, were preci>ely expressed and boldly and 
honestly enunciated by him. The words of the discussion here 
appear not to ha1·e been presen·ed, bnt in an elaborate article in 
a Quarterly Re<•t"ew in 1837, which is, I belie1·e, admitted as 
ha1·ingbeen written by Dr. he said," that in proportion 
as the capacity of a Yessel is increased, in the same ratio, or nearly 
so, must the mechanical power of the engines be enlarged and 
the consumption of coal augmented." He based his views that 
success w:ts 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 Yoyage across the Atlantic, and that, this 
being so, enough fuel could not be c:trried in a ship, howe1·er 
large she might be made. 

llrunel, 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 \"aried more nearly as 
the square. Thus, by adopting a proper length, beam, and 
draught, a ship would not only carry coal for the journey to New 
York, but be commercially successful in respect of cargo and 
passengers. 

It is interesting to note that glbs. of coal per indicated horSe• 
power per hour (as compared with our present to 2lbs.) was 
the approximate coal consumption which was more or less 
accepted by both sides in tl.e contr01·ersies of 1836 and 1837· 

\Ve know now that the resistances encountered by a ship are 
not merely dependent on her dimensions, but comprise wa,·e­
making at \"arious speeds, bringing form and proportion of 
dimen,ions largely into the necessary calculations; but I want to 
point out th:tt the line of di1·ergence of the different Yiews of 
Lardner and Brunei was sufficiently precise and quite crucial. 
It is true that Dr. Lardner, in later criticisms of 1837, re­
treated somewhat from his position o( 1836, introducing more 
of the commercial aspect of the case and stating that no steam 
1·essel could make profitable 1·oyages across the Atlantic, at 
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least marine were immensely impro1·ed ; but, 
e1·en so, 1t 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 e.x tafhedr,f statements by 
Dr. Lardner about the Great IVestern, then in process of being 
built, must ha 1·e caused great anxiety to the promoters and much 
preliminary distrust of the ship on the part of the public. They 
were, unqnestionahly, honestly arri1·ed at, howe,·er much they 
were due to reasoning on unascertained premises. and this latter 
is the reason for my 1·enturing now to refer once more to them. 
As a matter of fact, the ship started from Bristol in 1838, and 
arril·ed 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 anxieties of engineers ha1·e 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 br 
Parliament, a most distinguished man of science-the then 
Astronomer Royal-came to the conclusion that the engineers 
h:td neglected certain laws which he enunciate<! respecting the 
resisting power of long struts to bucklinti, 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 fro in a strong 1iew of 
public duty, in a letter to a public though subse­
quently and frankly withdrawn. If the bases of his calculations 
were ·right, the conclusion might ha1·e been correct; but the 

.fact was, that there was no foundation worthy of the name for 
the reasoning. Again, another distinguished mathematician 
publicly criticised the Forth Bridge with equal vigour, basin[: 
his views that it was fundamentally incorrect on another set of 
equally erroneous assumptions, maintaining again that it should 
not be permitted, hecause he prol"ed by reasoning on those 
assumptions that it must be absolutely unsafe. 

Once more, in ship-building, until Mr. \Villiam Froude, some 
years prior to 1875, made his experiments by means of models 
on the hirohly difficult and otherwise almost insoluble causes of 
the retardation of ships and their beha1·iour in wa1·es, beginning 
at the beginning, takmg nothing for granted, and eliminating all 
elements of possible errors, little or nothing was known of the 
laws go1·eming 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 coltld be learnt from experi· 
ments on models which would be applicable . to full-sized ships, 
and that ships must continue to be designed and engines built 
on data which, scientifically speaking, were assumptions. The 
outcome has been that Mr. Froude's <l j;rlori depreciated ex peri· 
ments with models ha1·e soh·ed most of the questions relating to 
that branch of na1·al architecture; and at the present time e1·ery 
ship in the Royal Na1·y, anrl not a few in the merchant sen·ice, 
are designed in accordance with the data so gained. 

Another example of hasty generalisntion occurs to me, and 
that is on the important question of wind pressure. Tredgold, who 
undoubtedly was one of the soundest of engineers, laid down in 
1840 that a pressure of 40 lbs. per square foot should be provided 
for; reasoning, no doubt, from the fact that such a pressure had in 
this country been registered on a wind gauge of a square foot or 
less in area. As a consequence, he assumed that the same force 
could be exerted by the wind on areas of any dimensions. Thus 
roofs and bridges, where1·er 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 bridges throughout the kingdom were ordered 
by the Board of Trade in 188o, acting no doubt on expertad1·ice, 
to be in future designed, anrl are designed to this day, to resist 
s6 lbs. of horizontal wind rressure on the whole exposed are:l 
with the ordinary factors o safety for the materials employed, as 
if such horizontal strain were a working load. 

It had, for a long time pre1·iously to this order of Go,·ernment 
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 J::auges of 300 square feet and of 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 registered 
a pressure 387 per cent. less per square foot than the smaller 
gauge. I ha,·e been able to carry experiments further at the 
Tower Bridge by obsen·ing the pressure on the surface of the 
bascules of the bridge as e,·idenced hy the power exerted by the 
actuating engines. In this case we ha ,.e a wind gauge of some 
5000 feet in area, and it has been shown that, while small 
anemometers placed on the fixed parts of the bridge adjoining 
the bascules register from 6 to 9 lbs. per square foot, the wind 
pressure on the bascules is only from I to lbs. per square 
foot. 

It is difficult to imagine the amount of money which has been 
expended in unnecessary pro,·ision against wind strains of 56lbs. 
per square foot on large areas in consequence of this hurried 

from insufficient data. I know something of 
what the prO\·ision for s6tbs. on the square foot for wind cost 
at the Tower Bridge, and I do not wish to mention it ; but if 
the public had been told that the dictum of experts, arrived at 
however hastily in 188o, was to be set aside in the construction 
of that bridge, all confidence would ha,·e been beforehand 
destroyed in it, and I suppose no Committee of Parliament 
would ha,·e passed the Act. 

I have mentioned 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 men, honoured in their lifetime and 
honoured in their memory, nor for the sake of criticising more 
modern men of science or a Government Department. Still 
hiss db I wish to question the necessity and ,·alue 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 ,·:llue of experimental research and of 
bespeaking the utmost caution against our being tempted to lay 
clown laws based on unascertained data. \Ve know the tendency 
there has been at all times to generalise and to seek refuge in 
formulx, 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 exhausti\·ely examined sixty years ago, and may I 
how comparati,·ely few ha,·e even now been fundamentally dealt 
with by experiment under true scientific conditions? The in· 
,·estigation of physical facts under all the ,·arious conditions 
which confront an engineer requires mt:ch 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 ,·alue of the exact analysis of mathematics, 
but we must be quite sure that the premises are right before we 
set to work to reason upon them. \Ve should, then, exert all 
our influence against rules or calculations based mertly on 
hypothesis, and not be content with assumptions when facts can 
be ascertained, e,·en if such ascertainment be laborious and 
costly. In a word, let us follow sound inclncti,·e science, as 
distinguished from generalisations; for "Great is truth and 
mighty abO\·e 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 nt 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. 
Oli\·er Lodge. Last year, in no small degree owing to the 
exertions of Sir Douglas Galton, KC.B. , who presided 0\·er 
the 13_ritish Associatio_n in. 1.895, and brought the question ,·er)' 
prommently forward m h1s maugural address on that occasion, a 
highly influential deputation waited on the Premier to urge that 
England should have a Public Physical L'lboratory at which 
facts could be arrived at, constants determined, and instruments 
standardised. The importance of the questions which could be 
determined at such an mstitution in their influence on the trade 
and prosperity of the country, independently of the ad,·ance­
ment of purely scientific knowledge, cannot well be exaggerated. 

Our GO\·ernment, while somewhat limiting the scope of the 
inquiry, appoimed 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 e,·idence, visiting 
a similar and highly successful institution on the continent, and 

the question in all its bearings, "·ere convinced of the 
great public benefit; which may be expected from such an 
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institution, and ha,·e unanin10usly reported in fa,·our of its 
establishment. 

I feel sure that we shall all earnestly hope that Government 
will carry out the dews of the Committee, and I venture to 
suggest that each of us should use what influence he may hm·e 
to induce the Chancellor of the Exchequer to find 
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 e,·ery weapon which the science of other land; can 
forge for use in the struggle. It being ackr.owleclged that our 
own work in life is to deal with physical facts and apply them 
for the use of our fellow-men, we may haYe good hopes that at 
such an institution as I ha,·e 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 ha,·e 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 ''"ill ha,·e 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, 
seekmg for further enlightenment on the various problems of our 
work and in the application of that science which we \0\·e, 
humbly recognise that, 

"All nature is but art, unknown to thee ; 
All direction which thou canst not see ; 
All di5cord, harmony not understood." 

INTERNATIONAL SEA FISHERIES 
CONGRESS AT DIEPPE. 

THE movement for the international discussion of matters 
connected with the sea· fishing industry has made such 

progress during the past few years that a summary of the pro· 
ceedings of the recent international congress held at Dieppe 
should interest readers of KATURI::, especially as the regulation 
of the industry tends more and more to be determined in accord· 
ance with the evidence accumulated by scientific im·estigators. 
The Dieppe Congress was organise<! by the Societe d'Enseigne­
ment et technique des l'cche; :\!aritime.<, and is the 
second international congress promoted by that society. The 
previous congress was held at Sables·d'Oionne in 1896, on 
which occasion :\!r. (now Sir) John i\!nrray was the British 
representath·e. :\lore than 300 delegates assembled at Dieppe, 
among whom may be mentioned ;'\\r. C. E. Fryer, of the Board 
of Trade ; Dr. J. IL Fullarton, formerly of the Scottish Fishery 
Board; :\!r. \Vatter Garstang, representing the i\larine Biological 
Association; ;'\!r . 0. T. Olsen, of Grimsby; :\!r. Johnsen, of 
Hull ; Drs. Brunchorst and Bull, of Bergen ; Dr. :\!aim, of 
Gothenburg; :\!. Tabary, of Ostend; Prof. Yinciguerra, of 
Rome; Dr. Valle, of Trieste; Dr. Ki;;hinouye, of Japan; :\!r. 
Thorndike of the United States; and of course a large 
number of French delegates representing the Go,·ernment and 
,·arious fishery societies and schools, fishing centres ami 
municipalities, including 111. Roche, Inspector-General of 
Fisheries; Prof. Perrier, Baron Jules de Guerne, :\D!. Lavieu­
ville, of Dieppe; Canu, of Boulogne ; Odin, ofSables·d·otonne; 
Gourret, of i\!arseilles ; and Le Seigneur, of Gram·ille. The 
proceedings of the Congress opened on the morning of September 
2 with ·an address from the President, Prof. Ed. Perrier, !\!embre 
de l'Institut de France. The greater part of the President's 
address was demted to an examination of purely French 
problems-the relath·e SC.'lrcity of steam trawlers and liners, 
the need of greater solidarity, of a"spirit of co· operation and COJ?· 
promise among ri,·al fishing industries, the present unsalt5· 
factory arrangements-:-or lack of arrangements-for re· 
search. This, he satd, 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 wor.k 
of the numerous marine laboratories in which fi>hery research ts 
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 
an international basis by a organisation of the manne 
laboratories of different countries, or by international co­
operation in deep-sea expeditions for the solution of problems 
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