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THE BRITISH ASSOCIATION.

BATH, Tuesday Evening.

SO far as numbers are concerned, the Bath meeting

has been below the average. Thenumber of tickets
sold has been about 50 less than 2000. This is a marked
contrast to last year’s meeting, which beat the record ;
and is even less by some hundreds than the former Bath
meeting. But then it should be remembered that that
meeting presented attractions of an unusual kind: the
lion-hunters who form so large a section of these annual
gatherings had such prey presented to them as Living-
stone, Burton, and Speke. As will be seen, the diminished
attendance has told to some extent on the grants, several
of which have had unfortunately to be reduced below the
sums originally proposed and approved of.  All sorts of
reasons have been put forward to account for the compara-
tively small attendance, and probably thereis a little truth
in each. Probably the excursions have had as much to do
with it as anything else ; those of Saturday presented few
attractions, except that to the Severn Tunnel and the
Barry Docks. Curiously enough, however, scarcely any-
one entered for that excursion, and had the enterprising
secretaries of Section G not taken it in hand, it would have
fallen through. As it was, it turned out one of the most
successful of Saturday’s excursions. Small as the attend-
ance has been, the accommodation of the town has been
strained, and several of the guests of the Local Com-
mittee speak somewhat disrespectfully of their quarters.
But the Local Committee have done their best,
and they have no reason to be dissatisfled with their
success. The reception-room accommodation has cer-
tainly been limited, and members have missed the
smoking-room, refreshment-rooms, and other amenities
with which they were indulged at Manchester last year.
Fortunately the weather has been, on the whole, good, so
that people have not greatly felt the want of indoor accom-
modation. Notwithstanding the small attendance, the
crush at the two sezrdes was excessive, mainly arising from
the smallness of the Assembly Rooms. The Drill Hall
has proved satisfactory for all the public lectures. Sir
Frederick Bramwell’s address was, as might have been
expected, received with universal appreciation ; while the
public lectures were all well attended. Prof. Ayrton’s
address on the transmission of power was so highly
appreciated that he has been asked to repeat it for the
benefit of the working classes. Tickets for Sir John
Lubbock’s lecture to the “ working classes ” were so greatly
in demand, that many of those for free distribution were
being sold throughout the town at 2s. 64. and 5s.

One of the great attractions at the present meeting has
been the recently unearthed Roman baths. They are in
almost complete preservation ; the lead lining and lead
piping nearly perfect, the steps, the columns, the carvings,
in wonderful preservation, the whole probably forming a
more complete specimen of this class of Roman work
than exists anywhere else. Even greater, however, has
been the excitement over the phonograph and grapho-
phone. Crowds have been besieging Section G in order
to see and hear the wonderful little cylinders ; and daily
receptions have been given both by Colonel Gouraud and
Mr. Edmunds of the rival instruments. Each has its
strong body of partisans, but the general result seems to
be that law and not science will be the final arbiter of the
merits of the two.

In the ordinary work of the Sections there have been
various exciting episodes. The discussion between
Sections B and D, on the chemistry of certain physio-
logical processes, was one of great importance, and it is
hoped it will be well reported. The discussion on stays
and waist-bands was probably more entertaining than
instructive ; while that on coral-reefs, though valuable,
suffered from the absence of some of the leading authori-
ties on the subject. The discussion in Section H, on

the few remarks by Mr. Park Harrison on the
question ““ What js a Nation?” had somewhat of a
political flavour about it. It was taken part in by
General Pitt-Rivers, Sir John Lubbock, Prof. Sayce, and
Dr. John Evans. Another discussion which, like the papers
on the phonograph and graphophone, nearly emptied
the other Sections, was that on lightning-conductors, on
Tuesday, in Section G, These various discussions, com-
bined with the fact that so many foreign geologists were
present in Section C, have contributed to keep the second
Bath meeting up to a good average.

It seems to be generally admitted that the Presidential
Address in Section D, by Mr. Thiselton Dyer, was the
weightiest from a scientific point of view. It was the
fongest, all the addresses this year being marked by
brevity. Some little amusement has been caused by the

. very modified admission made by Sir William Thomson,

in his paper in Section A, on “ A Simple Hypothesis for
Electro-magnetic Induction of Incomplete Circuits,” that,
after all, Clerk Maxwell may have been to some extent
not altoUether wrong.

The meeting next year will be presided over by Prof.
Flower. Leedswill receive the Association in 1890, while
Edinburgh and Cardiff compete for the honour of a visit
in 1891 ; there can be little doubt of the result if the
Corporation and the University of Edinburgh give
snbstantial evidence of their zeal.

The following is the list of grants which have been
allotted by the General Council :—

A.—Mathematics and Physics. £
Ben Nevis Observatory ... 5o
Electrical Standards ... . 100
Electrolysis ... .. 20
Solar Radiation i w10
Differential Gravity Meter .. .. IO
Uniform Nomenclature in Mech"mics o A
Calculating Tables of Certain Mathematical Functmns ... ID
Seasonal Variations in the Temperature of Lakes, Rivers,
and Estuaries .., w30

B.—Chenistry.
The Inflaence of the Silent Dm.hfuge of Lle(.trr.mty on

Oxygen and other Gases - 10
Methods of Teaching Chemastry v 10
Oxidation of Hydracids in Sunlight o, R |}

C.—Geology.
Geological Record ... .. 8o
Err'ltlt. Blocks 4 wig O
Volcanic Phenomena of ]'1pan e 25
Volcanic Phenomena of Vesuvius ... : sy 20
Fossil Phyllopoda of the Palxozoic Rocks s 20
Higher Focene Beds of the Isle of Wight .. 135
Fossil Plants of the Tertiary and bt.(,ondary Beds of the
United Kingdom . L. 13
D.—Biology.
Zoology and Botany of the West India Islands 100
Marine onloglml Association ;e 200
Flora of China . .. e 25
Naples Zoological Station ... Iaoo
Physiclogy of the Lympbhatic Sy%tem - 25
To Improve and Experiment with a Deep-sea Tow-net for
opening and closing under Water S ()
Natural History of the Friendly Islands 100
E.—Geography.
Geography and Geology of the Atlas Ranges 100
F.— Economic Science and Statistics.

Precious Metals in Circulation v 20
Variations in the Value of the \ionetary Standard e 10
G.—Mechanical Science.

Investigation of Estuaries by means of Models 100

Development of Graphic Methods in Mechanical Science 25
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H.—Anthropology. £
Lffect of Occupations on Physical Development s 20
North-Western Tribes of Canada 150

Editing a New Edition of Amhropolwncal Notes and
Queries 4 50

Calculating the Amhrr)polomcal Measurements taken at
Bath . 5
Fxplora'lon of Roman Baths at Bath ... 10O
Characteristics of Nomad Tribes of Asia Minor ... 30

For carrying on the Work of the Corresponding Societies
Comnmittee ... w20
Total 41645

SECTION B.
CHEMICAL SCIENCE.

OPENING ADDRESS BY Pror. WiLniam A, TIiLDEN, D.Sc.

Lonb,, F.R.S., F.C.S., PRESIDENT OF THE SECIION.

A rarT of the duty which devolves upon the President of a
Section of the British Association consists in delivering an
address, and the knowledge that a pretty full liberty of choice
is permitted in regard to the selection of a subject is the only
source of comfort which serves to alleviate the onerous nature of
the task.

It seemed to me that the time is gone by when an attempt to
review progress over the whole field of chemical science is likely
to be useful or even possible, and an account of what is being
done within the narrow limits of those parts of the science to
which I have been able to give special attention would be ill-
adapted to the character of a speech addressed to the members
of the Section collectively. The fact that at the la-t meeting of
the Association a Committee was appointed to inquire into “the
methods at present adopted for teaching chemistry suggested
that, as I had not been able to accept an invitation to join this
Committee, T might make use of this opportunity for contributing
to the discussion. The first report of the Committee will be
received with much interest by the Section. As might be
expected, it embodies the expression of many varieties of
opinion,

The existence of chemistry as a department of science not
merely requiring the ob:ervation of facts that are to be made
useful, but seeking in the accumulated stores of cbservation to
discover law, is a thing of comparatively recent growth. Ilow
chemistry arose out of alchemy I need not remind you, but the
connection between the study of chemistry and that of medicine,
and the maintenance of this connection down to even the pre-
sent generation, is illustrated by the fact that a large number of
men who have become eminent as chemists began their career
in the surgery or the pharmacy, Black, Davy, Berzelius, Wol-
laston, Wohler, Wurtz, Andrews, and W. A. Miller began hy
the study of medicine, whilst Scheele, H. Rose, and the great
names of Liebig and Dumas are to be found in the long roll of
those who received their earliest notions of chemistry in the
pharmaceutical laboratory.  Chemistry has been gradually
emancipated from these associations with enormous advantage
to both sides. So long as technical purposes alone were held in
view a scientific chemistry could not exist, but no sooner did the
study take an independent form and direction than multitudes of
useful applications of the facts discovered beeame apparent.

It is only within a comparatively few years, however, that
universities, in this country at least, have ceased to deal with
chemistry as a kind of poor relation or humble follow er of medi-
cine, and have permitted her to emerge from the cellars of a
museum or school of anatomy and have given her a commodious
dwelling in the fair light of day.

In the old time such instruction in chemistry as was given in
the universities and mining or technical schools seems to have
taken the form of lectures read by the Frofessor, and access to a
laboratory for practical manipulation seems to have been a high
privilege accorded only under exceptional circumstances to the
few. We are told, for example, that when Liebig went to Paris
in 1823 he applied to Gay-Lussac for practical instruction at
first without success, and that admission to the laboratory of the
Ecole Polytechnique was ultimately granted him only through
the intervention of Von Humboldt,

In a great many cases the student of chemistry must have

been almost entirely dependent upon private study, though books
were scarce and materials more costly than now. Davy, for
example, seems to have had no instruction whatever previous to
his appointment as assistant to Dr. Beddoes at the Pneumatic
Institute at Bristol.

Doubtless, therefore, the recollection of his own ecarly diffi-
culties when seeking instruction contributed largely to influence
Liebig in the establishment of the laboratery in the Univer-ity
of Giessen, and in the adoption of the principles which guided
his teaching there. For the first time in the history of chemistry
students met not merely to listen to the discourse of a professor
concerning his own experiments and conclusions, but to examine
for themselves the basis of the theories taught, to learn the
processes of analysis, and by independent investigation to extend
the boundaries of existing knowledge.

The fame of the new school spread fast and far, and soon
men from every part of the civilized world assembled to share
in the advantages offered. The influence of the new method
can be estimated when we reflect that nearly all the now passing
generation of chemists in England and America obtained the
greater part of their training in Liebig's laboratory ; and as a
large number of them have been teachers, it may be assumed
that they transplanted into their own countries the methods they
had learnt from the great German master.

It was not till 1846, long after the school at Giessen had risen
into fame, that in England a sense of our deficiencies in respect
to provision for teaching chemistry was felt strongly enough to
lead to the establishment of a College of Chemistry. At that
time the Professor of Chemistry at Oxford was also Professor of
Botany. At Cambridge it was thought praise and boast enough
that the occupant of the chair of chemistry had, during more
than thirty years, frequently resided at the University and every
year gave a course of lectures. The Jacksonian professorship
was not then, as now, in the possession of a chemist. University
Colleﬂe, London had at this penod a very distinguished man
in the chair of chemistry, but it was only in 1848 that a com-
modious laboratory was provided by public subscription, raised
in commemoration of the services of Dr. Birkbeck in promoting
popular education. In that year Fownes was appointed to co-
operate with Graham in the work of teaching, though his pre-
matwre death soon after left but little time for the fulfilinent of
the rich promise of his earlier years. At Manchester, John
Owens had died in 1846, leaving the bulk of his estate for the
purpose of establishing a university in Manchester, but as yet
the Owens College was not.

The foundation of the College of Chemistry in 1846 was
therefore an event of supreme importance in the history of
chemical teaching in this country ; and though at the time some
dissatisfaction was expressed at the choice of the professor
selected to direct the work, who, though a distinguished pupil
of Lieblg, was not an Englishman, all British chemists now
concur in believing the choice to have been a most fortunate
one. The great majority of my contemporaries having begun,
continued, or ended their studies in Oxford Street, they and ail
who have come under Dr. Hofmann's teaching know how vast
was his capacity for work and how marvellous was the power
he possessed obf communicating his own enthusiasm to his
pupils.

Since the time of which T have been speaking the means of
instruction in science in England have multiplied enormously.
In University College, London, founded in 1828, and in Owens
College, Manchester, founded in 1851, not only have chairs of
chemistry existed from the firt, but they have been occupied by
a succession of chemists of the highest eminence. But long
after 1846 the whole of the serious teaching of scientific chemistry
was accomplished at the College of Chemistry, and it was nigh
upon twenty years before the Manchester school began to attract
considerable notice,

In 1872-73 the movement set in which has resulted in the
erection of colleges for higher instruction at a number of im-
portant English and Welsh towns. These, together with the
pre-existent Queen’s Colleges in Ireland and the Universities of
meore ancient foundation in the three kingdoms, are for the most
part provided with pretty good Jaboratories and a competent staff,
We have also the Normal School of Science and the Institute
raised by the City and Guilds of London at South Kensington,
and 1ts Associate College at Finsbury, England is therefore at
the present time as well provided with places of instruction for
the study of chemistry as any country in the world.

* And a very large proportion of the professors or heads of the
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chemical schenls in the colleges and "universities of the United
Kingdom have shown by their own activity in research that they
are qualified to give instruction of the highest kind, and are
ready to train young chemi-ts in the art as well as in the theory
of their subject.

It is therefore no longer true that a student desiring tn hecome
a scientific chemist must needs choose between a single institu-
tion in London and another in Manchester, or must seek the
instruction which he cannot get at home in the laboratory of a
foreign university. As an element in a liberal education the
position of chemistry is also considerably in advance of what it
was twenty years ago.

It is nevertheless true that increased opportunities for study,
aconsiderable supply of capable teachers, and an enormous body
of students, have not produced such an amount of original
investigation, or even of accurate analytical work, as might
reasonably be expected. A full and complete explanation of
all the influences which contribute to this result would be
difficult ; but I think the apparent inactivity of the chemical
schools in this country is not generally the fault of the pro-
fessors, but is chargeable in the main to the ignorance, and
partly to the indifference, of the public. There exists as yet nn
mtelligent feeling in favour of learning, nor indeed in favour of
any sort of ecducation, unless there is expectation of direct
returns in the form of obvious practical results. It is this
which animates the present popular movement in favour of
so-called ““ technical ” education. ‘That part of the attention
of the nation which can be spared from the contemplation of
Irish affairs is concentrated upon the problem of how to make
every little boy learn the rudiments of chemistry, whether he
likes it or not, whilst there are comparatively few people in-
terested in the question of how to provide means and instruction
for those who are capable and desirous of attaining to a mastery
of the subject. Morcover, the public have not yet grasped this
truth, that, so faras chemistry is concerned, it is of very little
consequence to the great metallurgical and chemical industries
whether the workpeople do or do not know a little chemistry,
though it is important that they should be intelligent enough to
obey orders. What is wanted is that every manufacturer and
manager should himself be an accomplished engineer and
chemist, trained to observe, to reason, and to solve problems
for himself.

In the case of chemistry this absence of sentiment in favour of
concentration and thoroughness, and the demand for super-
ficiality, if only it can he had wholesale, tells in a variety of
ways. The governing bodies who coatrol the various colleges
and universities, and the public generally, cannot understand
that good and useful work is being done unless it can be shown
in the form of passes at examinations. Though T most firmly
believe in the necessity for examinations, serious mischief begins
when they arc regarded as the end itself, and not as mere
incidents in the student’s career towards the end, which should
be knowledge.

In respect to chemistry this is the disadvantage which attends
the operation of such a system as that of the Science and Art
Department, or of any system under which certificates in con-
nection with individual subjects are granted on easy terms.
Especial objection I also feel to such expressions as ““ advanced,”
used in reference to a particular stage, so commonly misunder-
stood as they are by the student and his friends, and operating
against his further progres:.

Reftect also upon the fact that there are only two or three
colleges in this country which can boast of more than one
professor of chemistry. In mearly all cases one man is called
upon to discharge the duty of teaching classes both elementary
and advanced, in pure and applied chemistry, inorganic and
organic, theoretical and practical. This is a kind of thing
which kills speciatism, and without specialists we can have
not only no advance, but no cfficient teaching of more than
rwdiments.

That teachers ought to engage in research at all is by no
means clear to the public and to those representatives of the
public who are charged with the administration of these new
institutions.  This was illustrated very painfully a few years
ago by the conditions under which professors were engaged at a
certain college founded, according to the declaration of its
promoters, ‘“by the peopie for the people,” wherein it was
announced in round terms that original research was not
wanled, as the college was ““for the good of the many and not
for the advantage of the few.”

This example of ignorance is

only remarkahle by reason of its andacity, Probably many
people hold a similar view, though few are bold enough to
declare it.

Without going far into the discussion of the general question,
which is a large one, I may perhaps be allowed to offer a few
remarks for the consideration of any of my audience who may
perchance incline towards that opinion.

Tt is only when a teacher occupies himself with research that
the most complete guarantee is given that he is interested in his
subject and that he 15 a learner. A popular mistake consists in
regarding a professor as a living embodiment of seience—
complete, infallible, mysterious ; whereas in truth he is, or
onght to be, only a senior student who devotes the greater part
of his time to extending and consolidating his own knowledge
for the benefit of those who come to learn of him, not only what
lies within the boundaries of the known, but how to penetrate
into the far greater region of the unknown. Moreover, the
man who has no intellectual independence, and simply accepts
ather people’s views without challenge, is pretty certain to make
the stock of knowledge with which he sets out in life do service
to the end. That one may be fitted to form a sound judgment
concerning new theories he must be familiar with the methods
by which progress is accomplished. The work of investigation
then reacts beneficially upon the work of teaching ; that is why
teachers should he encouraged, nay even required, to investigate,
and not because their discoveries may haply prove to be
practically useful.

Of course it may be said that there have been distinguished
investigators who could not teach, but the converse is not true ;
every teacher who has attained to eminence as ateacher, who
has drawn men after him, who has founded a school of thought,
and has left his mark upon his generation, has been anindustrions
worker in research of some kind. All teachers cannot be ex-
pected to reach the same high standard, but this is the ideal
after which all must strive, or fail utterly.

The fact that there is as yet little demand among school-
masters for high at{ainments in chemistry is another reason why
so little is accomplished in the chemical schools. Here, again,
the public is really to blame. It is disgraceful that in all classes
of schools, cven where chemistry is supposed to be taught, there
are but few places where serious employment is found for the
well-trained chemist. I could point to several schools which
claim the position of first-rate, where chemistry is taught hy
masters who have never studied the subject at all, but who are,
I suppose, allowed the traditional ‘“ten minutes’ start ” with the
book.  Would the head masters of such places dare to employ a
person to teach mathematics who did not know the four first
rules of arithmetic, or another to teach Latin who had not even
got through the accidence? I faucy not. This, however, is
without exaggeration the exact parallel of the position in which
chemistry is placed in the majority of schools. T have heard the
excuse that there is a lack of competent teachers, OF course
the demand and the supply will react upon each éther. When
you offer a reasonable. stipend, reasonable accommodation for
teaching effectively, reasonabl: Ieisure for the master's own
studies, and a position on the staff not inferior to that of the
classical and mathematical masters, I believe that then, but not
till then, there will be as many good school teachers of chemistry
as there are of other subjects.

T could point to other prominent schools where the chemistry
and other branches of science are taught by a peripatetic South
Kensington teacher, who arrives weekly with his box of tricks.
Not Jong ago I was invited to distribute the prizes given in
connection with the evening classes in a town not far from Birm-
ingham, and I took the opportunity of advising the teachers
present on the occasion to read. One of them said to wme after-
wards, ““ When do you suppose I canread? I am engaged in
going round to my schools from nine in the morning till ten at
night.”  People of this kind do the greater part of the so-called
science teaching sustained by the Science and Art Department,
and the worthy town councillors and committees who employ
them think that these are the people who are going to help the
British manufacturer in his struggle against foreign competition
under the guidance of the highly-trained chemists from the
German universities. This would be ludicrous if it were not so
very serious.

There is an opportunity at the present time of correcting some
of these mistakes, but no advantage is being taken of it. [ refer
now to the ““technical schools” which are springing up every-
where. There may be a few competent teachers of chemistry
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employed in some of them, but I find it difficult to think of many
examples. The sort of person who is put in charge of these
places is usually a schoolmaster, who is allowed, sometimes even
after his appointment, to get a short course of qualitative
analysis in order to enable him to obtain a certificate which
will entitle him to earn grants from the Science and Art
Department.

And manufacturers are much to blame. Instead of employing
trained chemists, the greater number of those who want chemical
assistance are satisfied to engage the services of boys who have
been to an evening class for a winter or two.

The difficulty of finding a satisfactory career in connection with
the subjcct also accounts for the fact, which I fear must be
admitted, that chemistry does not attract its due share of the
intellect of the nation. Clever young men can usually do better

at the law, in medicine, or in commerce, than in teaching !

chemistry or in manufactures in which chemical skill is appli-
cable. So badly educated are many of the young men who
commence the study with professional objects in view, that it is
quite impossible to teach them anything beyond routine analysis,
if so much.

I heard lately from a friend of mine a story of a young groom
in his employ who cannot read or write ; and who declines to be
taught to read on the ground that, considering himself preity
smart, he is afraid that ““learning might dull him.” This idea
seems to be rather prevalent among certain classes of people,
but I can assure those who wish to be chemists that some
familiarity with the rule of three, and such a command of English
as will enable them to understand words of more than one
syllable, will be no obstacle to the acquisition of chemical
knowledge.

Three years has hitherto been regarded as the normal period
of study. The question arises, can a young man, previously
well educated, expect to become an accomplished chemist,
competent to apply his knowledge usefully, by giving the whole
of his time to study during #%ree years? L believe not.

By reason of the enormous development of science the position
of the student of chemistry is nowadays very different from what it
was thirty years ago. Since that time we have not only got a
few new elements, a matter of small importance in itself, but
new views of the nature of the elements and of their mutual
relations.  This could hardly have come about but for the re-
cognition of the law of Avogadro as a fundamental principle,
upon which we rely as the ultimate criterion by which the true
distinction between so-called equivalent weights and molecular
ratios has been established. By the gradual evolution of ideas
having reference successively to electro-chemical relations of
elements and compounds, the theory of types, and atomicity ox
valency, we have arrived at notions of chemical constitution
based upon the hypothesis of the orderly linking together of
atoms. Thirty years ago isomerism had scarcely attracted
notice, and carbon compounds were only just beginning to be
arranged in homologous series. The general use at the present
day of the language of the molecular kinetic theory shows how
deeply this theory influences our ideas of the internal constitu-
tion of matter. Within the period referred to, dissociation has
been studied and a vast body of thermo-chemical data have been
accumulated.  And although'the larger portion of the results of
this work still await interpretation, dynamical ideas of chemical
action are now generally accepted. We have also new methods
of investigation, including spectroscopic analysis with all its vast
train of results,

When I began chemistry many of these subjects and others
had not been heard of. Of course we had our difficulties, and I
well remember the puzzles met with in the endeavour to refer
compounds to their appropriate types, also the consternation
caused in the student’s mind and the confusion in his note-book
by the successive changes in the atomic weights of carbon,
oxygen, sulphur, and the metals. But on the whole there was
much less to learn.

It has always been thought essential that a student of chemistry
should have some knowledge of physics. It is now more than
ever necessary that this knowledge should be extensive, sound,
and based apon a good foundation of mathematics. Thirty years
ago a hundred pages of Fownes contained all that was thought
necessary, but no one nowadays could be satisfied with that. It

is now asserted that a young chemist who expects to find a career :

in industrial chemistry should also have learnt drawing, and more
important still that he should have a good general knowledge of
mechanics, steam, and building construction. I suppose everyone

will agree in adding French and especially German. You see how
the requirements expand.

The inference from all this is that it now takes longer to make
a chemist than formerly. This isa point of considerable practical
importance.

My estimate that a well-educated and intelligent young man
will now require five years for the study of chemistry and
| accessory subjects before he is likely to be of much use will not
appear extravagant.

Here one may remark that in order to become a chemist it is
before all things necessary to study chemistry. If the greater
part of a student’s time is to be taken up with other things, it is
not very clear how this is to be done.

) A reform all round is wanted. The mathematics, modern

languages, and drawing properly belong to the antecedent
school period, and I believe the Institute of Chemistry would
! greatly promote the interests of the profession if it would impose
| upon candidates for the Associateship not only a three years’
‘I course of training with an examination in practical chemistry at

the end, but a severe examination in mathematics, in the
English, French, and German languages, and perhaps drawing,
before matriculation or registration.

A consideration of the present position of the student of
chemistry leads naturally to a review of the methods of teaching
. the subject. Speaking broadly, T suppose nearly all professional
. chemists who have had the advantage of systematic training have,
i up to the present time, passed through very much the same kind
of course. This consists, as everybody knows, very largely of
analytical work, qualitative and quantitative, preceded or
followed by the preparation of a number of definite chemical
compounds, besides practice in certain very necessary physical
| determinations, ¢.g. relative density of solids, liquids, and gases,
| melting-points, boiling-points, and so forth, There seems now
to be a disposition in some quarters to depart from this time-
honoured curriculum in favour of a course in which the student
is early engaged in some semblance of investigation, and in
which he is encouraged to attack difficult problems, which from
their fundamental importance offer considerable temptation. I
venture to express a hope that this will not be carried too far.
Already we are in danger of losing the art of accurate analysis.
One constantly meets with young chemists who are ready enough
to discuss the constitution of benzene, but who cannot make a
reliable combustion. And, according to my own experience,
attempts at research among inexperienced chemists become
abortive more frequently in consequence of deficient analytical
skill than from any other cause.
| One modification I should gladly see generally adopted. 1
think an unnecessary amount of time is often spent upon
qualitative mineral analysis, and an acquaintance with the
properties of common and important carbon compounds ought
to be acquired at an early stage. (Quantitative work might with
advantage be taken up sooner than usual. By that, however, 1
mean serious work, in which good methods are used and every
effort made to secure accuracy. I do not believe in the use of
rough methods because they are easy ; the use of such leads the
student to be satisfied with approximations, which, after all, he
will learn soon enough are all that is possible to man. T am very
glad to know that T have the suppert of one of my predecessors
in this chair (Sir Henry Roscoe), whose opinion will carry far
greater weight than mine, in deprecating premature efforts to
engage students in research.!

DBut though it does not appear to me to be wise to encourage
beginners, without sufficient experience or manipulative skill, to
attempt original work, one of the best possible exercises pre:
paratory to original work is to select suitable memoirs, and not
only to read them but to work conscientiously through the whole
: of the preparations and analyses described, following the in-
| structions given, Many of Dr. Hofmann’s papers afford excellent
{ examples. So also do the writings of Dr. Perkin and Dr.
| Frankland, besides those of many other chemists which could
. easily be selected by the teacher,

An intelligent student, possessing the requisite preliminary
i knowledge, would obtain much instruction by repeating the
i work contained in such papers as the following, for example :—
|

Emerson Reynolds on the missing sulphur urea (J. Chem. Soc.
1869, i.) ; Fittig and Tollens on the synthesis of hydrocarbons
of the benzol series (ZLiehig’s Annalen, 1864, cxxxi. 303); L.
1 Claisen and Pupils on the introduction of acid radicles into

* See Address to Section B, Montreal meeting.
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ketones, &c. (Berichte, xx.); Lawson and Collie on the action
of heat on salts of tetramethyl-ammoniam (J. Chem. Soc.,
June 1888); Thorpe and Hambly on manganic trioxide (J.
Chem. Soc., March 1888); besides many others, including
papers on analytical processes. To such as these there might
subsequently be added the determination of an atomic weight on
the model of one of the best masters, as a discipline which could
not fail to be impressive, and full of instruction,

When chemistry is taught, not with professional or technical
objects in view, but for the sake of educational effects, as an
ingredient in a liberal education, the primary object is to make
the pupil observe and think. DBut with young students it is very
important to proceed slowly, for chemistry is really a very
difficult subject at first, owing to the variety of strange materials
with uncouth names. To reason from particulars to generals is
for the unpractised always a difficult process, and in chemistry
this is specially the case. With young students it is, in my
experience, preferable to adopt a somewhat dogmatic style,
which should of course be exchanged for a more cautious one as
the pupil proceeds.

Thus the law of Avogadro can only be given at first as a
recognized physical law, without much explanation, since
the full apprehension of the evidence upon which it rests
<an only be secured at a late stage of the learner’s progress,
There is of course greal advantage in the use of an inductive
method if only it is employed judiciously. Otherwise the result
is only confusion.

A number of papers, pamphlets, and text-books have lately
appeared, professing to teach the principles of the science practic-
ally and by new methods. Most of these turn out, npon inspec-
tion, to be very old methods indeed, but there is a small residue
of distinctly original character which are sure to attract, as they
deserve, considerable attention. The systems I refer to pro-
vide a series of problems which the pupils are called upon to
solve. According to this plan the student is not allowed peace-
ably to examine the properties of oxygen or sulphur which he
now sees for the first time. He must weigh, and measure, and
observe, and then infer.  All this coming at once upon the head
of a beginner seems to me to be well fitted to drive him to
despair.

I well remember the first experiment in chemistry I ever
made. It consisted in dissolving zinc in diluted sulphuric acid
in an evaporating dish, lighting with a match the bubbles of
hydrogen as they rose, and afterwards leaving the solution to
crystallize. T was about sixteen, and the bubbles of gas, as well
as the crystals I afterwards got, interested me very much. TIfat
that time I had been made to weigh the zinc and acid, and
measure the hydrogen with the object of answering some
question about the composition of zinc and hydrogen sulphates,
I should have been pretty much in the position of a boy ignerant
of geometry shut up with the propositions of Euclid and ordered
to give the demonstrations.

I think when we recall such a fact as that Priestley, who
discovered oxygen in 1774, failed to the end of his days to under-
stand the process of combustion, and actually wrote, in 1800, a
pamphlet in defence of ‘‘phlogiston,” we ought not to be sur-
prised when young people, though born a century later, fail to
perceive at once the full significance of facts to which they are
introduced for the first time. At the outset you cannot reasonably
expect a young student both to observe accurately and infer
justly. These two things must be kept separate at first, and for
this reason among others I believe that attempts to make young
students verify for themselves the fundamental propositions of
chemistry will not be successful.  One has only to trace the origin
of one’s own convictions in reference to any important fact or
principle to perceive that they very seldom spring into existence
suddenly, but almost always commence in vagueness and hesita-
tion, acquiring consistency and solidity only as the result of
accumulated experience.

I will not pretend to determine what may be included within
the wide circle of the functions of the British Association ; but T
think I cannot be mistaken in assuming that the advancement of
science is dependent in no small degree upon the provision for
the efficient teaching of science. I have traced an outline of
what has been done in the past, and have endeavoured to show
in what respects I think we are deficient at the present time. No
matter how ardent may be the aspirations, how earnest the
endeavours of the few, progress will be slow unless they are
sustained by the sympathy of the many. On one principle the
public must surely insist, that only those shall be allowed to
teach who know.

SECTION D.

BIOLOGY.

OPENING ADDRESS BY W. T. TaisertoN-DYEr, C.M.G.,
M.A., B.Sc, F.R.S,, F.L.S., PRESIDENT OF THE SECTION.

BEFORE we commence the formal business of the Section, I
propose to invite your attention to several points which have
suggested themselves to me from a consideration of the present
position and progress of the study of botany in this country.

Itis not so very long ago that at English Universities, at least,
the pursuit of botany was regarded rather as an elegant accom-
plishment than as a serious occupation. This is the more remark-
able because at every critical point in the history of botanical
science the names of our countrymen will be found to occupy an
honourable place in the field of progress and discovery. In the
seventeenth century, Hooke and Grew laid the foundation of the
cell-theory, while Millington, by discovering the function of
stamens, completed the theory of the flower. In the following
century, Morison first raised ferns from spores, Lindsay detected
the fern prothallus, Ray laid the foundations of a nataral classi-
fication, Hales discovered root-pressure, and Priestley the
absorption of carbon dioxide and the evolution of oxygen by
plants. In the early part of the present one we have Knight's
discovery of the true cause of geotropism, Daubeny’s of the effect
upon the processes of plant-life of rays of light of different
refrangibility, and, finally, the first description of the cell-nucleus
by R. Brown. I need not attempt to carry the list through the
last half-century. I have singled out these discoveries as striking
landmarks, the starting-points of important developments of the
subject. It is enough for my purpose to show that we have
always had an important school of botany in England, which has
contributed at least its share to the general development of the
science.

I think at the moment, however, we have little cause for
anxiety. The academic chairs throughout the three kingdoms
are filled, for the most part, with young, enthusiastic, and well-
trained men. Botany is everywhere conceded its due position as
the twin branch with zoclogy of biological science. We owe to
the enlightened administration of the Oxford University Press
the possession of a journal which allows of the prompt and
adequate publication of the results of laboratory research. The
excellent work which is being done in every part of the botanical
field has received the warm sympathy of our colleagues abroad.
I need only recall to your recollection, as a striking evidence of
this, the remarkable gathering of foreign botanists which will
ever make the meeting of this Association at Manchester a
memorable event to all of us. The reflection rises sadly to the
mind that it can never be repeated. Not many months, as you
know, had passed belore the two most prominent figures in that
happy assemblage had been removed from us by the inexorable
hand of death. In Asa Gray we miss a figure which we could
never admit belonged wholly to the other side of the Atlantic.
In technical botany we recognized him as altogether in harmony
with the methods of work and standard of excellence of our own
most distingnished taxonomists. But, apart {rom this, he had

that power of grasping large and far-reaching ideas, which, I do
not doubt, would have brought him distinction in any branch of
science. We owe to him the classical discussion of the facts of
plant distribution in the northern hemisphere which is one of
the corner-stones of modern geographical botany. He was one
of the earliest of distinguished naturalists who gave his adhesion
to the theory of Mr. Darwin. A man of simple and sincere
piety, the doctrine of descent never presented any difficulty to
him. He will remain in our memories as a figure endowed with
a sweetness and elevation of character which may be compared
even with that of Mr. Darwin himself.

In De Bary we seem to have suffered no less a personal loss
than in the case of Gray. Though, before last year, I do not
know that he had ever been in England, so many of our
botanists had worked under him that his influence was widely
felt amongst us. And it may be said that this was almost equally
so in every part of the civilized world, His position as a teacher
was in this respect probably unique, and the traditions of his
methods of work must permanently affect the progress of botany,
and, indeed, have an even wider effect. This is not the occasion
to dwell on each of his scientific achievements. Itis sufficient
to say that we owe to him the foundations of a rational vegetable
pathology. He first grasped the true conditions of parasitism in
plants, and not content with working out the complex phases ot
¢ the life history of the invading organism, he never lost sight of
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the conditions which permitted or inhibited its invasion. Ile
treated the problem, whether on the side of the host or of the
parasite, as a whole—as a biological problem, in fact, in the
widest sense. It is this thorough grasp of the conditions of the
problem that gives such a peculiar value to his last published
book, the ¢ Lectures on Bacteria,” an admirable translation of
which we owe to Prof. Balfour. To this I shall have again to
refer. I must content myself with saying now, that in this and
all his work there is that note of highest excellence which
consists in lifting detail to the level of the widest generality.
To a weak man this is a pitfall, in which a firm grasp of fact is
lost in rash speculation. But when, as in De Bary's case, a true
scientific insight is inspired by something akin to genius, the
most fruitful conceptions are the result. Yet De Bary never
sacrificed exactness to brilliancy, and to the inflexible love of
truth which pervaded both his work and his personal intercourse
we may trace the secret of the extraordinary influence which he
exerted over his pupils.

Asthe head of one of the great national establishments of the
country devoted to the cultivation of systematic botany, I need
hardly apologize for devoting a few words to the present position
of that branch of the science. Of its fundamental importance 1
have mysell no manner of doubt. But as my judgment may
seem in such a matter not wholly free from bias, I may fortify
myself with an opinion which can hardly be minimized in that
way. The distinguished chemist, Prof. Lothar Meyer, perhaps
the most brilliant worker in the field of theoretical chemistry,
finds himself, like the systematic botanist, obliged to defend the
position of descriptive science. And he draws his strongest
argament from biology. *‘ The physiology of plants and
animals,” he tells us, ““requires systematic botany and zoology,
together with the anatomy of the two kingdoms : each speculative
science requires a rich and well-ordered material, if it is not to
lose itself in empty and fruitless fantasies.” No one, of course,
supposes that the accumulation of plant specimens in harbaria is
the mere outcome of a passion for accumulating. DBut to do
good systematic work requires high qualities of exactitude,
patience, and judgment. As I had occasion to show at the Linnean
centenary, the world is hardly sensible of the influence which the
study of the subject has had on its affairs. The school of Jeremy
Bentham has left an indelible mark on the social and legislative
progress of our own time. Mill tells us that ‘“the proper
arrangement of a code of laws depends on the same scientific
conditions as the classifications in natural history ; nor could
there,” he adds, ‘“be a better preparatory discipline for that
important function than the principles of a natural arrangement,
not only in the abstract, but in their actual application to the
class of phenomena for which they were first elaborated, and
which are still the best school for learning their use.” Ile
further tells us that of this Jeremy Bentham was perfectly
aware, and that his * Fragment on Government” contains clear
and just views on the meaning of a natural arrangement which
reflect directly the influence of Linnawus and Jussienw. Mill him-
self possessed a competent knowledge of systematic botany, and
therefore was well able to judge of its intellectual value. For
my part, I do not doubt that precisely the same qualifications
of mind which made Jeremy Bentham a great jurist, enabled his
nephew to attain the eminence he reached as a botanist. As a
mere matter of mental gymnastic, taxonomic science will hold
its own with any pursuit. And, of course, what I say of botany
is no less true of other branches of natural bistory, Mr, Darwin
devoted eight or nine years to the systematic study of the
Cirripedia. **No one,” he himself tells us, “has a right to
examine the question of species who has not minutely described
many.” And Mr. Huxley has pointed out, in the admirable
memoir of Mr. Darwin which he has prepared for the Royal
Society, that ““the acquirement of an intimate and practical know-
ledge of the process of species-making . . .7 was “of no less
importance to the authov of the ‘Origin of Species’ than was
the bearing of the Cirripede work upon the principles of a
natural classification.”

At present the outlook for systematic botany is somewhat dis-
couraging. France, Germany, and Austria no longer possess
anything like a school in the subject, though they still supply
able and distinguished workers. That these are, however, few,
may be judged from the fact that it is difficalt to fill the place of
the lamented Eichler in the direction of the Botanic Garden and
Herbarium at Berlin.  Outside our own country, Switzerland is
the most important seat of general systematic study, to which
three generations of De Candolles have devoted themselves. The

most active centres of work at the moment are, however, to be
found in our own country, in the United States, and in Russia.
And the reason is, in each case, no doubt the same. The enor-
mous area of the earth’s surface over which each country holds
sway brings to them a vast amount of material which peremptorily
demands discussion.

No country, however, affords such admirable facilities for work
in systematic botany as are now to be found in London. The
Linnean Society possesses the Herbarium of Linneeus; the
Botanical Department of the British Museum is rich in the col-
lections of the older botanists ; while at Kew we have a constantly
increasing assemblage of material, either the results of travel
and expeditions, or the contributions of correspondents in
different parts of the Empire. A very large proportion of this
has been worked up. But I am painfully impressed with the
fact that the total of our available workers bears but a small
proportion to the labour ready to their hands.

This is the more a matter of concern, because for the few official
posts which are open to botanists at home or abroad a practical
knowledge of systematic botany is really indispensable. For suit-
able candidates for these one naturally looks to the Universities.
And so far, 1 am sorry tosay, in great measure one looks in vain.
It would be, no doubt, a great impulse to what is undoubtedly an
important branch of national scientific work if Fellowships could
occasionally be given to men who showed some aptitude for it.
But these should not be mere prizes for undergraduate study,
but should exact some guarantee that during the tenure of the
Fellowship the holder would seriously devote himself to some
definite plece of work. At present, undoubtedly, the younger
generation of botanists show a disposition to turn aside to those
fields in which more brilliant and more immediate results can be
attained. Their neglect of systematic botany brings to some
extent its own Nemesis. A first principle of systematic botany
is that a name should denote a definite and ascertainable species
of plant. DBut in phytiological literature you will find that the
importance of thisis entirely overlooked. Names are employed
which are either not to be found in the books, or they are alto-
gether misapplied. I call to mind the case of an English
physiologist who wrote a highly ingenious paper on the move-
ment of water in plants.  He was content to refer to the plant
upon which he experirented as the ““bay-laurel.” T ascertained
that the plant he really used was the cherry-laurel. Now the
bay is truly a laurel, while the cherry-laurel is a plum. Anyone
repeating his experiments would therefore be led wholly astray.
But if proper precantions are taken to ascertain the accurate
botanical name of a plant, no botanist throughout the civilized
world is at a loss to identify it.

But precision in nomenclature is only the necessary apparatus
of the subject. The data of systematic botany, when properly
discussed, lend themselves to very important generalizations.
Perhaps those which are yielded by the study of geographical
distribution are of the most general interest. The mantle of
vegetation which covers the surface of the earth, if only we could
rightly unravel its texture, would tell us a good deal about geo-
logical history.  The study of geographical distribution, rightly
handled, affords an independent line of attack upon the problem
of the past distribution of land and sea. Tt would probably
never afford sufficient data for a complete independent solution
of the problem ; but it must always be extremely useful as a
check upon other methods. Here, however, we are embarrassed
by the enormous amount of work which has yet to be accom-
plished.  And unfortunately this is not of a kind which can be
indefinitely postponed.  The old terrestrial order is fast passinz
away before our eyes. Everywhere the primitive vegetation is
disappearing as more and more of the earth’s surface is hrought
into cultivation, or, at any rate, denuded of its forests.

A good deal, however, has been done. We owe to the
indomitable industry of Mr. Bentham and of Sir Ferdinand
Mueller a comprchensive flora of Australia, the first large area
of the earth’s surface of which the vegetation has been com-
pletely worked out.  Sir Joseph Hoolker, in his retirement, has
pushed on within sight of completion the enormous work of
describing so much of the vast Indo-Malayan flora as is com-
prised within the British possessions. To the Dutch botanists
we owe a tolerably complete account of the Malayan flora
proper. But New Guinea still remains botanically a ‘e
incognite, and till within the last year or two the flora of China
has been an absolute blank to us, A Committee of the British
Association (whose report will be presented to you) has, with the
aid of a small grant of money, taken in hand the task of gather-
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ing up the scanty data which are available in herbaria and else-
where. This has stimulated European residents in China to
collect more material, and the fine collections which are now
being rapidly poured in upon us will, if they do not overwhelm
us by their very magnitude, go a long way in supplying data for a
tentative discussion of the relations of the Chinese flora to that
of the restof Asia. Ido not doubt that this will in turn explain
a good deal that is anomalous in the distribution of plants in
India. The work of the Committee has been practically limited
to Central and Eastern China. From the west, in Yuanan, the
French botanists have received even more surprising collections,
and these supplement our own work in the most fortunate
manner. I have only to add, for Asia, Boissier’s ** Flora
Ortentalis,” which practically includes the Mediterranean basin.
But I must not omit the invaluable report of Brigade-Surgeon
Aitchisow on the collections made by him during the Afghan
Delimitation Expedition. This has given an important insight
into the vegetation of a region which had never previously been
adequately examined. Nor must T forget the recent publication
of the masterly rveport by Prof. Bayley Balfour on the plants
collected by himself and Schweinfurth in Socotra, an island
with which the ancient Egyptians traded, but the singularly anom-
alous flora of which was almost wholly unknown up to our time.

The flora of Afyica has been at present butimperfectly worked
up, but the materials have been so far discussed as to afford a
tolerably correct theory of its relations. The harvest from Mr.
Johnston’s expedition to Kilimanjaro was not as rich as might
have been hoped. Still, it was sufficient to confirm the con-
clusions at which Sir Joseph Hooker had arrived, on very slender
data, as to the relations of the high-level vegetation of Africa
generally. The flora of Madagascar is perhaps, at the moment,
the most interesting problem which Africa presents to the
botanist.  As the rich collections, for which we are indebted to
Mr. Baron and others, are gradually worked out, it can hardly
be doubtedt that it will be necessary to modify in some respects
the views which are generally received as to the velation of the
island to the African continent. My colleague, Mr. Baker,
communicated to the York meeting of the Association the results
which, up to that time, he had arrived at, and these sabsequent
material has not led him to modify. The fiora as a whole presents
a large proportion of endemic generva and species, pointing to
isolation from a very ancient date. The tropical element is,
however, closely allied to that of Tropical Africa and of the
Mascarene Islands, and there is a small infusion of Asiatic types
which do not extend to Africa. The high-level flora, on the
other hand, exhibits an even closer affinity with that temperate
flora the ruins of which are scattered over the mountainous
regions of Central Africa, and which survives in its greatest
enncentration at the Cape,

The American botanists at Harvard are still systematically
carrying on the work of Torrey and Gray in the etaboration of
the flora of Northern America. The Russians are, on their
part, continually adding to our knowledge of the flora of
Northern and Central Asia. The whole flora of the North
Temperate Zone can only be regarded substantially as one.
The identity diminishes southwards and increases in the case of
the Arctic and Alpine regions. A collection of plants brought
us from high levels in Corea by Mr. James might, as regards a
large proportion of the species, have been gathered on one of our
own Scoteh hills.

We owe to the munificence of two English men of science the
organization of an extensive examination of the flora and fauna
of Central America and the publication of the results. The
work, when completed, can hardly be less expensive that of the
results of the Chalinger voyage, which has severely taxed the
liberality of the Linglish Government. The problems which
geographical distribution in this region presents will doubtiess be
found to be of a sinzularly complicated nature, and it is im-
passible to over-estimate the debt of gratitude which biologists
of all countries must owe to Messrs. Godman and Salvin when
their arduons undertaking is completed. I am happy to say
that the botanical portion, which has been elaborated at Kew, is
all but finished.

In South America, I must content myself with referring to the
great “‘ Flora Brasiliensis,” commenced by Martius half a
century ago, and still slowly progressing under the editorship of
Prof, Urban, at Berlin. Little discussion has yet been attempted
of the mass of material which is enshrined in the mighty array
of volumes already published. But the travels of Mr. Ball in
South America have led him to the detection of some very

|

interesting problems. The enormous plavial denudation of the
ancient portions of the continent has led to the gradual blenling
of the flora of different levels with sufficient slowness to permit
of adaptive changes in the process. The tropical flora of
Brazil, therefore, presents an admixture of modihed temperate
types which gives to the whole a peculiar character not met
with to the same degree in the tropics of the Old World. On the
other hand, the comparatively recent elevation of the southern
portion of the continent accounts, in Mr. Ball's eyes, for the
singular poverty of its flora, which we may regard indeed as stiil
in progress of development.

The botany of the Challenger Expedition, which was also
elaborated at Kew, brought for the first time into one view all
the available facts as to the floras of the older oceanic islands.
To this was added a discussion of the origin of the more recent
floras of the islands of the Western Pacific, based upon material
carefully collected by Prof. Moseley, and suppiemented by the
notes and specimens accumulated with much judgment by Dr.
Guppy. For the first time we were enabled to get some idea
how a tropical island was furnished with plants, and to dis-
criminate the littoral element due to the action of oceanic
currents from the interior forest almost wholly due to frugivorous
birds. The recent examination of Christmas Island by the
English Admiralty has shown the process of island flora-making
in another stage. The plants collected by Mr. Lister prove, as
might be expected, to be closely allied to those of Java., But
the effect of isolation has begun to tell ; and I learn from my
colleague, Prof. Oliver, that the plants from Christmmas Island
cannot be for the most part exactly matched with their congeners
from Java, but yet do not differ sufficiently to be specifically
distinguished, We have here, therefore, it appears to me, a
manifest case of nascent species.

The central problem of systematic botany I have not as yet
touched upon : this is to perfect a natural classification.  Such
a classification, to be perfect, must be the uliimate generalization
of every scrap of knowledge which we can bring to bearupon the
study of plant affinity. In the higher plants experience has shown
that we can obtain results which are sufficiently accurate for the
present without carrying our structural analysis very far. Yet even
here, the correct relations of the Gymnosperms would never
have been ascertained without patient and minute microscopic
stucdy of the reproductive processes, Upon these, indeed, the
correct classification of the Vascular Cryptogams wholly depends,
and generally, as we descend in the scale, external morphology
becones more and more insecure as a guide, and a thorough
knowledge of the minute structure and life-history of each
organism becomes indispensable to anything like a correct deter-
mination of its taxonomic position. The marvellous theory of
the true nature of lichens would never have been ascertained by
the ordinary methods of examination which were held to be
sufficient by lichenologists.

The final form of every natural classification—for I have no
doubt that the general principles I have laid down are equally
true in the field of zoology—must be to approximate to the
order of descent. For the theory of descent became an irresistible
induction as soon as the idea of a natural classification had been
firmly grasped. )

In regard to flowering plants we owe, as [ have szud,lthe first
step in a natural classification to our own great naturalist, John
Ray, who divided them into Monocotyledons and Dicotyledons,
The celebrated classification of Linneeus was avowedly purely
artificial. It was a temporary expedient, the provisional
character of which no one realized more thoroughly than him-
self. He, in fact, himself gave us one of the earliest outlines of
a ruly natural system. Such a system is based on affinity, and
we know of no other explanation of affinity than that which is
implied in the word—namely, common parentage. Nvon_e 'ﬁnds
any difficulty in admitting that, where a number of individual
organisms closely resemble one another, they must have been
derived from the same stock. I allow that, in cases whe::e
external form is widely different, the conclusion to one who is
not a naturalist is by no means so obviows. But in such cases it
rests on the profound and constant resemblance of internal points
of structure. Anyone who studies the matter with a perfectly
open mind finds it impossible to draw a line. 1f genetic rela-
tionship or heredity is admitted to be the explanation of affinity
in the most obvious case, the stages are imperceptible by which
the same conclusion is seen to be inevitable when the evidence
is fairly examined, even in cases where at the first glance it
seems least likely.
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This leads me to touch on the great theory which we owe to
Mr. Darwin. That theory, I need hardly say, was not merely
a theory of descent. This had suggested itself to naturalists in
the way I have indicated long before. What Mr. Darwin did
was to show how by perfectly natural causes the separation of
living organisms into races which at once resemble and yet differ
from one'another so profoundly came about, Heredity explains
the resemblance 3 Mr. Darwin’s great discovery was that varia-
tion worked upon by natural seiection explained the difference.
That explanation seems to me to gather strength every day. and
to continually reveal itself as a more and more efficient solvent
of the problems which present themselves to the student of
natural history. At the same time, I am far from elaiming for it
the authority of a scientific creed or even the degree of certainty
which is possessed by some of the laws of astronomy. [ only
affirm that as a theory it has proved itself a potent and invalu-
able instrument of research. Itis an immensely valuable indue-
tion ; but it has not yet reached such a position of certitude as has
been attained by the law of gravitation ; and I have myself, in
the field of botany, felt bound to protest against conclusions
being drawn deductively from 1t without being subjected to the
test of experimental verification. This attitude of mine, which
I believe I shave with most naturalists, must not, however, be
mistaken for one of doubt. Of doubt as to the validity of Mr.
Darwin’s views T have none: I shall continue to have rone till
I come across facts which suggest doubt.  But that is a different
position from one of absolute certitude.

It is therefore without any dissatisfaction that I observe that
many competent persons have, while accepting Mr. Darwin’s
theory, set themselves to crilicize various parts of it. DBut I
must confess that T am disposed to share the opinion expressed
by Mr. Huxley, that these criticisms really rest on a want of a
thorough comprehension.

Mr. Romanes has put forward a view which deserves the
attention due to the speculations of a man of singular subtlety
and dialectic skill. He has startled us with the paradox that
Mr. Darwin did not, after all, pat forth, as I conceive it was his
own impression he did, a theory of the origin of species, but
only of adaptations. And inasmuch as Mr. Romanes is of
opinion that specific differences are not adaptive, while those
of genera are, it follows that Mr. Darwin only really accounted
for the origin of the latter, while for an explanation of the
former we must look to Mr. Romanes himself. For my part,
however, I am altogether unable to accept the premises, and
therefore fail to reach the cenclusion. Specific differences,
as we find them in plants, are for the most part indubitably

adaptive, while the distinctive characters of genera and of higher |

groups are rarely so. Let anyone take the numerous species of
some well-characterized English genus—for example, Aenuncs-
/25 ; he will find that one species is distinguished by having
creeping stems, one by a tuberous root, one by floating leaves,
another by drawn-out submerged ones, and so on. But each
possesses those common characters which enables the botanist
almost at a glance, notwithstanding the adaptive disguise, to
refer them to the common genus Kanunculus. It seems to me
quite easy to see, in fact, why specific characters should be
usually adaptive, and generic not so. Species of any large
genus must, from the nature of things, find themselves exposed
to anything rather than uniform conditions. They must acquire,
therefore, as the very condition of their existence, those adaptive
characters which the necessities of their life demand. But this
rarely affects those marks of affinity which still indicate their
original common origin. No doubt these were themselves once
adaptive, but they have long been overlaid by newer and more
urgent modifications.  Sull, Nature is ever conservative, and
these reminiscences of a bygone history persist; significant
to the systematic bolanist as telling an unmistakable family
story, but far removed from the stress of a struggle in which
they no longer are called upon to bear their part.

Another episode in the Darwinian theory is, however, likely
to occupy our attention for some time to come. The biological
world now laoks to Prof, Weismann as occupying the most
prominent position in the field of speculation. His theory of
the continuity of the germ-plasm has been put before English
readers with extreme lucidity by Prof. Moseley. That theory, I
am free to confess, I do not find it easy to grasp clearly in all
its concrete details. At any rate, my own studies do not furnish
me with sufficient data for criticizing them in any adequate way.
It is, however, bound up with another theory—the non-inherit-
ance of acquired characters—which is more open to general
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discussion.  If with Weismann we accept this principle, it
cannot be doubted that the burden thrown on natural selection
is enormously increased. But I do not see that the theory of
natural selection itself is in any way impaired in consequence.

The question, however, is, Are we to accept the principle.
It appears to me that it is entirely a matter of evidence, It is
proverbialiy difficult to prove a negative, In the analogous case
of the inheritance of accidental mutilations, Mr. Parwin con-
tents himself with observing that we should be *cautious in
denying it.” Still, T believe that, though a great deal of pains
has been devoted to the matter, there is no case in which it has
been satisfactorily proved that a character acquired by an organ-
ism has been transmitted to its descendants ; and there is, of
course, an enormous bulk of evidence the other way.

The consideration of this point has given rise to what has
been called the new Lamarckism. Now, Lamarck accounted
for the evolution of organic Nature by two principles—the tend-
ency to progressive advancement and the force of external cir-
cumstances. The first of these principles appears to me, like
Nigeli’s internal modifying force, to be simply substituting a
a nawme for a thing. Lamarck, like many other people before
him, thought that the higher organisms were derived from others
lower in the scale, and he explained this by saying that they had
a tendency to be so derived. This appears to me much as if we
explained the movement of a train from London to Bath by
attributing it to a tendency to locomotion, Mr. Darwin lifted
the whole matter out of the field of mere transcendental specu-
lation by the theory of natural selection, a perfectly intelligible
mechanism by which the result might be brought about. Sclence
will always prefer a material wodus operandi to anything so vague
as the action of a tendency.

Lamarck’s second principle deserves much more serious con-
sideration. To be perfectly fair, we must strip it of the crude
illustrations with which he hampered it. To suggest that a bird
became web-footed by persistently stretching the skin between
its toes, or that the neck of a giraffe was elongated in the per-
petual attempt to reach the foliage of trees, seems almost repug-
nant to common-sense. But the idea that changes in climale
and food—z.c. in the conditions of nutrition generally-—may
have some slow but direct influence on the organism seems, ona
superficial view, so plausible, that the mind is very prone to accept
it.  Mr., Darwin has himself frankly admitted that he thought
he had not attached sufficient weight to the direct action of the
environment, Yet it is extremely difficult to obtain satisfac-
tory evidence of effects produced in this way. Hoffmann ex-
perimented with much pains on plants, and the results were
negative. And Mr. Darwin confessed that Hoffmann’s paper
had ‘¢ staggered ” him.

Organic evolution still, therefore, seems to me to be explained
in the simplest way as the result of variation controlled by natural
selection. Now, both these factors are perfectly intelligible
things. Variation is a mere matter of every-day observation,
and the struggle for existence, which is the cause of which
natural selection is the effect, is equally so. If we state ina
parallel form the Lamarckian theory, it amounts to a tendency
controlled by external forces. It appears to me that there is 1o
satisfactory basis of fact for either factor. The practical supe-
riority of the Darwinian over the Lamarckian theory is, asa
working hypothesis, immeasurable.

The new Lamarckian school, if I understand their views cor-
rectly, seek to re-introduce Lamarck’s *‘ tendency.” The fact has
been admitted by Mr. Darwin himself that variation is not
illimitable. No one, in fact, has ever contended that any type
can be reached from any point, For example, as Weismann
puts it, ““ Under the most favourable circumstances, a bird can
never become transformed into a mammal.” It is deduced from
this that variation takes place in a fixed direction only, and this
is assumed to be due to an innate law of development, or, as
Weismann has termed it, a ‘*phyletic vital force.” But the
introduction of any such directive agency is superfluous, because
the limitation of variability is a necessary consequence of the
physical constitution of the varying organism.

It is supposed, however, by many people that a necessary part
of Mr, Darwin’s theory is the explanation of the phenomencn
of variation itself,  But really this is not more reasonable than
to demand that it should explain gravitation or the source of
solar energy. The investigation of any one of these phenomena
is a matter of first-rate importance. But the cause of variation
is perfectly independent of the results that flow from it when
subordinated to natural selection.
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Though it is difficult to establish the fact that external causes
promote variation directly, it is worth considering whether
they may not do so indirectly. Weismann, like Lamarck before
him, has pointed out, as others have also done, the remarkable
persistence of the plants and animals of Egypt; and the evi-
dence of this is now even stronger. We, at Kew, owe to the
kindness of Dr, Schweinfurth, a collection of specimens of plants
from Egyptian tombs, which are said to be as much as 4oco
years old. They are still perfectly identifiable, and, as one of
my predecessors in this chair has pointed out, they differ in no
respect from their living representatives in Egypt at this day.
The explanation which Lamarck gave of this fact ‘ may well,”
says Sir Charles Lyell, ‘‘lay claim to our admiration.”” He
attributed it, in effect, to the persistence of the physical geo-
graphy, temperature, and other natural conditions. The ex-
planation seems to me adequate. The plants and animals, we
may fairly assume, were, 4000 years ago, as accurately adjusted
to the conditions in which they then existed as the fact of their
persistence in the country shows that they must be now. Any
deviation from the type that existed then would either, there-
fore, be disadvantageous or indifferent. In the former case it
would be speedily eliminated, in the latter it would be swamped
by cross-breeding. But we know that if seeds of these plants
were introduced into our gardens we should soon detect varieties
amongst their progeny. Long observation upon plants under
cultivation has always disposed me to think that a change of
external conditions actually stimulated variation, and so gave
natural selection wider play and a better chance of re-establish-
ing the adaptation of the organism to them. Weismann ex-
plains the remarkable fact that organisms may for thousands of
years reproduce themselves unchanged by the principle of the
persistence of the germ-plasm. Yet it seems hard to believe
that the germ-plasm, while enshrined in the individual whose race
it s Lo perpetuate, and nourished at its expense, can be wholly
indifferent to all its fortunes. It may be so, but in that case it
wonkd be very unlike other living elements of organized beings.

I am bound, however, to confess that I am not wholly satis-
fied with the data for the discussion of this question which
practical horticulture supplies. That the contents of our gardens
do exhibit the re-ults of variation in a most astonishing degree
no one will dispute. But for scientific purposes any exact
account of the treatment under which these wvariations have
occurred is unfortunately usually wanting., A great deal of the
most striking variation is nndoubtedly due to wide crossing, and
these cases must, of course, be eliminated when the object is to
test the independent variation of the germ-plasm. Hoffmann,
whose experiments I have already referred to, doubts whether
plants do as a matter of fact vary more under cultivation than in
their native home and under natural conditions, It would be
very interesting if this could be tested by the concerted efforts
of two cultivators, say, for example, in Egypt and in England.
Let some annual plant be selected, native of the former country,
and let its seed be transmitted to the latter. Then let each
cultivator select any variations that arise in regard to some given
character ; set to work, in fact, exactly as any gardener would
who wanted to “‘improve” the plant, but en a preconcerted
plan. A comparison of the success which each obtained would
be a measure of the effect of the change of the environment on
variability.  If it proved that, as Heffmann supposed, the
change of conditions did not affect what we may call the rate of
varfation, then, as Mr, Darwin remarks in writing to Prof.
Semper, ‘‘the astonishing variations of almost all cultivated
plants must be due to selection and breeding from the varying
individnals.,  This idea,” he continues, ‘‘crossed my mind
many years ago, but I was afraid to publish it, as I thought that
people would say, ‘ How he does exaggerate the importance of
selection.””  From an independent consideration of the subject
{ also find my mind somewhat shaken about it. Yet I feel
disposed to say with Mr. Darwin, I still #us? believe that
changed conditions give the impulse to variability, but that they
act in mmost cases in a very indirect manner.”

Whatever conclusions we arrive at on these points, everyone
will agree that one result of the Darwinian theory has been to
give a great impulse to the study of organisms, if I may say so,
as ‘“ going concerns.” Interesting as are thc problems which
the structure, the functions, the affinity, or the geographical dis-
tribution of a plant may afford, the living plant in itself is even
more interesting stiil.

Every organ will bear interrogation to trace the meaning and
origin of its form and the part it plays in the plant’s economy.

That there is here an immense field for investigation there can
be no doubt. Mr. Darwin himself set us the example in a series
of masterly investigations. But the field is well-nigh inex-
haustible. The extraordinary variety of form which plants
exhibit has led to the notion that much of it may have arisen
from indifferent variation. No doubt, as Mr. Darwin has
pointed out, when one of a group of structures held together by
some morphological or physiological wexus varies, the rest will
vary correlatively, One variation then may, if advantageous,
become adaptive, while the rest will be indifferent. But it
appears to me that such a principle should be applied with the
greatest caution ; and from what I have myself heard fall from
Mr. Darwin, I am led to believe that in the later years of his
life he was disposed to think that every detail of plant structure
had some adaptive significance, if only the clue conid be found
to it. As regards the forms of flowers an enormous body of in-
formation has been collected, but the vegetative organs have not
yielded their secret to anything like the same extent, My own
impression is that they will be found to be adaptive in innu-
merable ways which at present are not even suspected. At Kew
we have probably a larger number of species assembled together
than are to be found anywhere on the earth’s surface. Here,
then, is ample material for observation and comparison. But
the adaptive significance will doubtless often be found by no
means to lie on the surface, Who, for example, could possibly
have guessed by inspection the purpose of the glandular bodies
on the leaves of Acacia spharocephala and on the pulvinus of
Cecropia peltata which Belt in the one case, and Fritz Miiller in
the other, have shown to serve as food for ants? Seo far from
this explanation being far-fetched, Belt found that the former
“tree 1s actually unable to exist without its guard,” which it
could not secure without some attraction in the shape of food.
One fact which strongly impresses me with a beiief in the adap-
tive significance of vegetative characters is the fact that they
are constantly adopted in almost identical forms by piants of
widely different affinity. If such forms were without significance
one would expect them to be infinitely varied. If, however,
they are really adaptive, it is intelligible that different plants
should independently avail themselves of identical appliances
and expedients.

Although this country is splendidly equipped with appliances
for the study of systematic botany, our Universities and Colleges.
fall far behind a standard which would be considered even
tolerable on the Continent in the means of studying morpho-
Jogical and physiological botany or of making researches in
these subjects. There is not at the moment anywhere in
London an adequate botanical laboratory, and though at most
of the Universities matters are not quite so bad, still I am not
aware of any one where it is possibie to do more than give the
routine instruction, or to allow the students, when they have
passed throngh this, to work for themselves. It is not easy to-
see why this should be, because on the animal side the accom-
modation and appliances for teaching comparative anatomy and
physiology are always adequate and often palatial. Still less.
explicable to me is the tendency on the part of those who have
charge of medical education to eliminate botanical study from
the medical curriculum, since historically the animal histologists
owe everything to botanists, In the seventeenth century, as I
have already mentioned, Hoole first brought the microscope to
the investigation of organic structure, and the tissue he examined.
was cork, Somewhat later, Grew, in his ** Anatomy of Plants,”
gave the first germ of the cell-theory, During the eighteenth
century the anatomists were not merely on a hopelessly wrong.
tack themselves, but they were bent on dragging botanists into
it also. It was not till 1837, a little more than fifty years ago,
that Henle saw that the structure of epithelium was practically
the same as that of the parenchyma planiarun: which Grew had
desecribed 150 years before. Two years later Schwann pub-
lished his immortal theory, which comprised the ultimate facts.
of plant and animal anatomy under one view. But it wastoa
botanist, Von Mohl, that, in 1846, the biological world owed
the first clear description of protoplasm, and to another botanist,
Cohn (1851), the identification of this with the sarcode of
zoologists. o

Now the historic order in discovery is not without is sig-
nificance, The path which the first investigators found most.
accessible is doubtless that which beginners will also find easiest
to tread. I do not myself believe that any better access can be
obtained to the structure and functions of living tissues than by
the study of plants. However, I am not without hopes that the
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serious study of botany in the laboratory will be in time better
cared for. I do not hesitate to claim for it a position of the
greatest importance in ordinary scientific education. All the
essential phenomena of living organisms can be readily demon-
strated upon plants. The necessary appliances are not so
costly, and the work of the class-room is free from many diffi-
culties with which the student of the animal side of biology has
to contend.

Those, however, who have seriously devoted themselves to the
pursuit of either morphological or physiological botany need not
now be wholly at 2 loss.  The splendid laboratory on Plymouth
Sound, the erection of which we owe to the energy and en-
thusiasm of Prof. Ray Lankester, is open to botanists as well as
to zoologists, and affords every opportunity for the investigation
of marine plants, in which little of late years has been done in
this country. At Kew we owe to private munificence a com-
modious laboratory in which much excelient work has already
been done. And this Association has made a small grant in
aid of the establishment of a laboratory in the Royal Botanic
Garden at Peradeniya, in Ceylon, It may be hoped that this
will afford facilities for work of the same kind as has yielded
Dr. Treub such a rich harvest of results in the Buitenzorg
Botanic Garden in Java.

Physiological botany, as T have already pointed out, is a field
in which this country in the past has accomplished great things.
It has not of late, however, obtained an amount of attention in
any way proportionate to that devoted to animal physiology. In
the interests of physiological science generally, this is much to
be deplored ; and I believe that no one was more firmiy con-
vinced of this than Mr., Darwin. Only a short time before his
death, in writing to Mr. Romanes on a book that he had recently
been reading, he said that the author had made “a gigantic
oversight in never considering plants: these would simplify the
problem for him.”  This goes to the root of the matter, There
1s, in my judgment, no fundamental biological problem which is
not exhibited in a simpler form by plants than animals. It is
possible, however, that the distaste which seems to exist amongst
our biologists for physiological botany may be due in some
measure to the extremely physical point of view from which it
has been customary to treat it on the Continent. It is owing in
great measure to the method of Mr. Darwin’s own admirable
researches that in this country we have been led to a more
excellent way. The work which has been lately done in
England seems to me full of the highest promise. My, Francis
Darwin and Mr. Gardiner have each in different directions
shown the entirely new point of view which may be obtained by
treating plant phenomena as the outcome of the functional
activity of protoplasm. I have not the least doubt that by pur-
suing this path English research will not merely place vegetable
physiology, which has hitherto been too much under the influence
of Lamarckism, en a more rational basis, but that it will also
sensibly react, as it has done often before, on animal physiclogy.

There s no part of the field of physiological botany which
has yielded results of more interest and importance than that

which relates to the action of ferments and fermentation ; and I |
could hardly give youa better illustration of the purely biological |

method of treating it. 1 believe that these results, wonderful
and fascinating as they are, afford but a faint indication of the
range of those that are stili to be accomplished. The subject is
one of extreme intricacy, and it is not easy to speak about it
briefly. To begin with, it embodies two distinct groups of
phenomena which have in reality very little which is essential in
common,

What are usnally called ferments are perhaps the most re-
markable of all chemical bodies, for they have the power of effect-
ing very profound changes in the chemical constitution of other
substances, although they may be present in very minute quantity ;
but, and this is their mo-t singular and characteristic property,
they themselves remain unchaoged in the process. It may be
said without hesitation that the whole nutrition of both animals
and plants depends on the action of ferments. Organisms are
incapable of using solid nutrient matter for the repair and
extenston of their tissues ; this must be first brought into a soluble
form before it can be made available, and this change is generally
brought about by the action of a ferment. Animal physiology
has long been familidr with the part played by ferments, and
it may be said that no small part of the animal economy is made
up of organs required either for the manufacture of ferments or
for the exposure of ingested food to their action, It may seem
strange at first sight to speak of analogous processes taking

place in plants. But it must be remembered that plant nutrition
includes two very distinct stages. Certain parts of plants build
up, as everyone knows, from external inorganic materials sub-
stances which are available for the construction of new tissues.
It might be sapposed that these are used up as fast as they are
formed. But 1t is not so ; the life of the plant is not a continuous
balance of income and expenditure. On the contrary, besides
the general maintenance of its structure, the plant has to provide
from: time to time for enormous resources to meet such exhausting
demands as the renewal of foliage, the production of flowers,
and the subsequent maturing of fruit.

In such cases the plant has to draw on an accumulated store
of solid food which has rapidly to be converted into the soluble
form in which alone it is capable of passing through the
tissues to the seat of consumption, And I do not doubt for my
part that in such cases ferments are brought into play of the
same kind and in the same way as in the animal economy.
Take such a simple case as a potato-tuber. This is a mass of
cellular tissue, the cells of which are loaded with starch, We
may either dig up the tuber and eat the starch ourselves, or we
may leave it in the ground, in which case it will be consumed
in providing material for the growth of a potato-plant next year.
But the processes by which the insoluble starch is made avail-
able for nutrition are, I cannot doubt, closely similar in either
case.

When we inquire further about these mysterious and all-
important bodies, the answer we can give is extremely inade-
quate. Tt is very difficult to obtain them in amount sufficient
for analysis, or in a state of purity. 'We know, however, that they
are closely allied to albuminoids, and contain nitrogen in vary-
ing proportion. Papain, which is a vegetable ferment derived
from the fruit of the papaw, and capable of digesting most
animal albuminoids, is said to have the same ultimate composi-
| tion as the pancreatic ferment and as peptones, bodies closely
i allied to proteids ; the properties of all three bodies are, how-
ever, very different. It seems clear, nevertheless, that ferments
must be closely allied to proteids, and, like these bodies, they
are, no doubt, directly derived from protoplasm.

I need not remind you that, unlike other constituents of plant
tissues, protoplasm, as a condition of its vitality, is in a constant
state of molecular activity, The maintenance of this activity
involves the supply of energy, and this is partly derived from
the waste of its own substance. This ‘“self-decomposition ™ of
the protoplasm liberates energy, and in doing so gives rise to a
number of more stable bodies than protoplasm. Some of these
are used up again in nutrition ; others are thrown aside, and are
never drawn again into the inner circle of vital processes. In
the animal organism, where the strictest economy of bulk is a
paramount necessity, they are promptly got rid of by the pro-
cess of excretion. In the vegetable economy these residual pro-
ducts usually remain. And it is for this reason, I may point
out, that the study of the chemistry of plant natrition appears
to me of such immense importance. The record of chemical
change is so much more carefully preserved; and the prob-
ability of our being able to trace the course it has followed is
consequently far more likely to be attended with success.

This preservation in the plant of the residual by-products of
protoplasmic activity no doubt accounts for the circumstance
which otherwise is extremely perplexing—the profusion of sub-
stances which we meet with in the vegetable kingdom to which
it is hard to altribute any useful purpose. It seems probable
that ferments, in a great many cases, belong to the same cate-
gory. 1 imagine that it is in some degree accidental that some
of them have been made use of, and thus the plant has been
able to temporarily lock up accumulations of food to be drawn
upon in future phases of its life with the certainty that they
would be available. Without the ferments the key of the
storehouse would be lost irretrievably.

Plants, moreover, are now known to possess ferments, and
the number will doubtless increase, to which it is difficult to
attribute any useful function. Papain, to which [ have already
alluded, abounds in the papaw, but it is not easy to assign te
it any definite function; still less is it easy, on teleological
grounds, to account for the rennet ferment contained in the
fruits of an Indian plant, Withania coageu'ans, and admirably
investigated by Mr. Sheridan Lea.

Having dwelt so far on the action of ferments, we may now
turn to fermentation, and that other kind of change in organic
matter called *putrefaction,” which is known to be closely

Laliied to fermenration. Ferments and fermentation, as I have
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already remarked, have very little to do with one another; and
it would save confusion and emphasize the fact if we ceased to
speak of ferments but used some of the alternative names which
have been proposed for them, such as symases or enzymes.

The classical case of fermentation, which is the root of our
whole knowledge of the subject, is that of the conversion of
sugar into alcohol. Its discovery has everywhere accompanied
the first stages of civilization in the human race. Its details are
now taught in our text-books ; and I should hardly hope to be
excused for referring to it in any detail if it were not necessary
for my purpose to draw your attention more particnlarly to one
or two points connected with it,

Let us trace what happens ic a fermenting liquid. It bacomes
tarbid, it froths and. effervesces, the temperature sensibly in-
creases ; this is the first stage. After this it begins to clear, the
turbidity subsides as a sediment ; the sugar which the fluid at first
contained has in great part disappeared, and a new ingredient,
aleohol, is found in its place.

It is just fifty years ago that the great Dutch biologist Schwann
made a series of investigations which incontrovertibly demon-
strated that both fermentation and putrefaction were due to the
presence of minute organisms which live and propagate at the
expense of the Hquids in which they produce as a result these
extraordinary changes. The labours of Pasteur have confirmed
Schwann’s results, and—what could not have been foreseen—
have extended the possibilities of this field of investigation to
those disturbances in the vital phenomena of living organisms
themselves which we include under the name of ‘“disease,” and
which, no one will dispute, are matters of the deepest concern
to every one of us.

Now, at first sight, the conversion of starch into sugar by
means of diastase secems strikingly analogous to the conversion
of sugar into alcohol. It is for this reason that the phenomena
have been so long associated. But it is easy to show that they
are strikingly different.  Diastase is a chemical substance of
obscure composition it is true, but inert and destitute of any vital
properties, nor is it affected by the changes it induces. Yeast,
on the other hand, which is the active agent in alcoholic
fermentation, is a definite organism ; it enormously increases
during the process, and it appears to me impossible to resist the
conclusion that fermentation is a necessary concomitant of the
peculiar conditions of its life.  Let me give you a few facts
which go to prove this. In the first place, you cannot ferment
a perfectly pure solution of sugar. The fermentable fluid must
contain saline and nitrogenous matters necessary for the nutri-
tion of the yeast protoplasm. In pure sugar the yeast starves.
Next, Schwann tound that known protoplasmic poisons, by
killing the yeast-cells, would prohibit fermentation. e found
the same result to hold good of putrefaction, and this is the
basis of the whole theory of antiseptics. Nor can the action of
yeast be attributed to any ferment which the yeast secretes. It

is true that pure cane-sugar cannot be fermented, and that yeast |
but they are not imponderable, and in still air they gradually

effects the inversion of this, as it is called, into glucose and
lzevulose. It does this by a ferment which can be extracted from
it, and which is often present in plants. DBt you can extract
nothing from yeast which will do its peculiar work apart from
itself. Ilelmholtz made the crucial experiment of suspending a
bladder full of boiled grape-juice in a vat of fermenting must ;
it underwent no change ; and even a film of blotting-paper has
been found a sufficient obstacle to its action. We are driven,
then, necessarily to the conclusion that in the action of *‘fer-
ments” or zymases we have to do with a chemical-—i.e. a purely
physical process ; while in the case of yeast we encounter a purely
physiological one.

How, then, is this action to be explained? Pasteur has laid
stress on a fact which had some time been known, that the pro-
duction of alcohol from sugar is a result of, which yeast has not
the monopoly., If ripening fruits, such as plums, are kept in an
atmosphere free from oxygen, Bérard found that they, too,
exhibit this remarkable transformation ; their sugar is converted
appreciably into alcohol. On the other hand, Pasteur has shown
that, if yeast is abundantly supplied with oxygen, it feeds on the
sugar of a fermentable fluid without producing alcobol. But,
under the ordinary circumstances of fermentation, its access to
oxygen is practically cut off; the yeast, then, is in exactly the
same predicament as the froit in Bérard’s experiment.  Sugar is
broken up into carbon dioxide and alcohol in an amount far in
excess of the needs of mere nutrition. In this dissociation it
can be shown that an amount of energy is set free in the form of
heat equal to about one-tenth of what would be produced by the

total combustion of an eguivalent amount of grape-sugar. If
the protoplasm of the yeast could, with the aid of atmospheric
oxygen, completely decompose a unit of grape-sugar, it would
get ten times as much cnergy in the shape of heat as it could
get by breaking it up into alcohol and carbon dioxide, It
follows, then, that to do the same amount of growth in either
case, it must break up ten times as much sugar without a supply of
oxygen as with it. And this throws light on what has always
been one of the most remarkable facts about fermentation—the
enormous amount of change which the yeast manages to effect in
proportion to its own development.

There are still two points about yeast which deserve attention
before we dismissit. When a fermenting liquid comes to contain
about 14 per cent. of alcohol, the activity of the yeast ceases,
quite independently of whether the sugar is used up ornot. In
other cases of fermentation the same inhibiting ecffect of the
products of fermentation is met with. Thus, lactic fermentation
soon comes to an end unless calcium carbonate or some similar
substance be added, which removes the lactic acid from the
solution as fast as it is formed.

The other point is that in all fermentations, besides what may
be termed the primary products of the process, other bodies are
produced. In the case of alcoholic fermentation the primary
bodies are alcohol and carbon dioxide ; the secondary, succinic
acid and glycerine. Delpino has suggested that these last
are residual products derived from that portion of the fer-
mentable matter which is divectly applied to the nutrition of the
protoplasm.

Yeast, itself the organism which effects the remarkable
changes on which I have dwelt, is somewhat of & problem. It
is clear that it is a fungus, the germs of which must be ubiqui-
tous in the atmosphere. Tt is difficult to believe that the simple
facts, which are all we know about it, constitute its entire
life-history. It is probably a transitory stage of some more
complicated organism.

1 can only briefly refer to putrefaction. This is a far more
complex process than that which I have traced in the case of
alcoholic fermentation.  Inthat, nitrogen is absent, while it is an
essential ingredient in albuminoids, which are the substances
which undergo putrefactive changes. But the general principles
are the same. Here, too, we owe to Schwann the demonstration
of the fact that the effective agents in the process are living
organisms, Il we put into a flask a putrescible liquid such as
broth, boil it for some time, and during the process of boiling
plug the mouth with some cotton-wool, we know that the broth
will remain long unchanged, while if we remove the wool
putrescence soon begins.  Tyndall has shown that, if we
conduct the experiment on one of the high glaciers of the Alps,
the cotton-wool may be di-pensed with. We may infer, then,
that the germs of the organisms which produce putrefaction are
abundant in the lower levels of the atmosphere and are absent
from the higher. They are wafted about by currents of air ;

subside. Dr. Lodge has shown that air is rapidly cleared of
suspended dust by an electric discharge, and this, no doubt,
affords a simple explanation of the popular belief that thunderous
weather is favourable to putrefactive changes.

Cohn believes that putrefaction is due to due to an organism
called Bacterinm fermo, which plays in it the same part that
yeast does in fermentation, This is probably too simple a
statement ; hut the general phenomena are nevertheless similar.
There is the same breaking down of complex into simpler
molecules ; the same evolution of gas, especially carbon dioxide ;
the same rise of temperature. The more or less stable products
of the process are infinitely more varied, and it is difficult, if not
impossible, to say, in the present state of our knowledge,
whether in most cases they are the direct outcome of the putre-
factive process, or residual products of the protoplasmic activity
of the organisms which induce it. Perhaps, on the analogy of
the higher plants, in which some of them also occur, we may
attribute to the latter category certain bodies closely resembling
vegetable alkaloids ; these are called ptomaines, and are extremely
poisonous. Besides such bodies, Bacteria undoubtedly generate
true ferments and peculiar colouring-matters. But there are in
most cases of putrefaction a profusion of other substances,
which represent the various stages of the breaking up of the
complex proteid molecule, and are often themselves the outcome
of subsidiary fermentations. X

These resulls are of great interest from a scientific point of
view. But their importance at the present moment in the study
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of certain kinds of disease can hardly be exaggerated. 1 have
already mentioned Henle as having first found the true clue to
animal histology in the structure of plants. As carly as 1840
the same observer indicated the grounds for regarding con-
tagious diseases as due to living organisms. 1 will state his
argument in the words of De Bary, whose ‘¢ Lectures on Bacteria,”
the last work which we owe to hi¢ gifted hand, T can confidently
recommend to you as a luminous but critical discussion of a vast
mass of difficult and conflicting literature.

It was, of course, clear that contagion must be due to the com-
munication of infectious particles or contagia. These contagia,
although at the time no one had seen them, Henle pointed out,
“have the power, possessed, as far as we know, by living
creatures only, of growing under favourable conditions, and of
multiplying at the expense of some other substance than their
own, and therefore of assimilating that substance.” Henle en-
forced his view by comparison with the theory of fermentation,
which had then been promulgated by Schwann. But for many
years his views found no favour. Botanists, however, as in so
many other cases, struck on the right path, and from about the
year 1850 steady progress, in which De Bary himself took a
leading part, was made in showing that most of the diseases of
plants are due to parasitic infection. The reason of this success
was obvious : the structure of plants makes them more accessible
to research, and the invading parasites are larger than animal
contagia. On the animal side all real progress dates from about
1860, when Pasteur, having established Schwann’s theory of
fermentation on an impregnable basis, took up Henle’s theory
of living contagia.

The only risk now is that we may get on too fast. To put
the true theory of any one contagious disedse on as firm a basis
as that of alcoholic fermentation is no easy matter to accomplish.
But I believe that this is, notwithstanding a flood of facile
speculation and imperfect research, slowly being done.

There are two tracts in the body which are obviously accessible
to such minute organisms as Bacteria, and favourable for their
development. These are the alimentary canal and the blood.
In the case of the former there is evidence that every one of us
possesses quite a little flora of varied forms and species. They
seem for the most part, in health, to be comparatively innocuous ;
indeed, it is believed that they are ancillary to and aid digestion.
But it is easy to see that other kinds may be introduced, or those
already present may be called into abnormal activity, and
fermentative processes may be set up of a very inconvenient
kind. These may result in mere digestive disorder, orin the pro-
duction of some of those poisonous derivatives of proteids of
which I have ‘spoken, the effect of which upon the organism
may be most disastrous.

The access of Bacteria to the blood is a far more serious
matter. They produce phenomena the obvious analogy of which
to fermentative processes has led to the resulting diseases being
called zymotic. Take, for example, the disease known as
“‘relapsing fever.” This is contagious. After a period of
incubation, violent fever sets in, which lasts for something less
than a week, is then followed by a period of absence, to be again
followed in succession by one or more similar attacks, which
aultimately cease. Now you will observe that the analogy to a
fermentative process is very close. The period of incubation is
the necessary interval between the introduction of the germ and
its vegetative multiplication in sufficient numbers to appreciably
affect the total volume of the blood. The rise in temperature
and the limited duration of the attack are equally, as we have
seen, characteristic of fermentative processes, while the bodily
exhaustion which always follows fever is the obvious result of the
dissipation by the ferment organisms of nutritive matter destined
for the repair of tissue waste. During the presence of this fever
there is present in the blood an organism, Spirechete obermeieri,
so named after its discoverer. This disappears when the fever
subsides. It is found that if other individuals are inoculated
with blood taken from patients during the fever attack, the
disease is communicated, but that this is not the case if the
inoculation is made during the period of freedom. The evidence,
then, scems clear that this disease is due to a definite organism.
The interesting point, however, arises, why does the fever recur,
and why eventually cease? The analogy of fermentation leads
to the hypothesis that, as in the case of yeast, the products of its
action inhibit alter a time the further activity of the Spirochete.
The inhibiting sunbstance is, no doubt, eventually removed par-
tially from the blood by its normal processes of depuration,
and the surviving indiv duals of Spgireckete can then continue

their activity, as in lactic fermentation. With regard to the final
cessation of the disease, there are facts which may lead one to
suppose that in this as in other cases sufficient of the inhibiting
substance ultimately remains in the organism to protect it
against any further outbreak of activity on the part of the
Spirochete.

Here we have an example of a disease which, though having
a well-mariced zymotic character, is comparatively harmless. In
anthrax, which is known to be due to Bacillus anthracis, we have
one which is, on the contrary, extremely fatal. I need not enter
into the details. It is scfficient to say that there is reason to
believe that the Baci/lus produces, as one of those by-products of
protoplasmic destruction to which I have already alluded, a
most virulent poison. But the remarkable thing is that this
Bacillus, which can be cultivated externally to the body, if kept
at a heightenéd temperature, can be attenuated in its virulence.
It drops, in fact, the excretion of the poison. It is then found
that, if injected into the blood, it does no mischief, and, what is
more extraordinary, if the Bacillus in its most lethal form is
subsequently introduced, it too has lost its power. The explana-
tion of the immunity in this case is entirely different from that
which was suggested by a consideration of the facts of relapsing
fever. Theresearches of Metschnikoff have led to the hypothesis
that in the present case the white blood-corpuscles destroy the
Bacillus, When they first come into contact with these in their
virnlent form, they are unable to touch them. Butif they have
been educated by first having presented to them the attenuated
form, they find no difficulty in grappling with the malignant.
This is a very remarkable view. I should not have put it before
you had there not been solid reasons for regarding the idea
of the education of protoplasm with scientific respect. The
plasmodia of the Myxomycetes, which consist of naked proto-
plasm, are known to become habituated to food which they at
first reject, and the researches of Beyerinck on the disease known
as ‘“‘gumming” in plants have apparently shown that healthy
cells may be taught, as it were, to produce a ferment which
otherwise they would not excrete.

If Metschnikoff’s theory be true, we have a rational explana-
tion of vaccination and of preventive inoculation generally. It
is probably, however, not the only explanation. And the theory
of the inhibitive action upon itself of the products of the ferment-
organism’s own activity is still being made the basis of experi-
ment. In fact, the most recent results point to the possibility
of obtaining protection by injecting into the blood substances
artificially obtained entirely independent of the organisms whose
development they inhibit.

It is impossible for me to touch on these important matters at
any greater length, but I doubt if the theory of fermentation, as
applied to the diseases of organisms, has as yet more than
opened its first page. It seems to me possible that, besides the
rational explanation of zymotic diseases, it may throw light on
others where, owing to abnormal conditions, the organism,
as in the case of Bérard’s plums, is itsell the agent in its own
fermentative processes.

And now I must conclude. I have led you, I am afraid, a
too lengthy and varied a journey in the field of botanical study.
But to sum up my argument. I believe I have shown you that
at the bottom of every great branch of biological inquiry it has
never been possible to neglect the study of plants; nay, more,
that the study of plant-life has generally given the key to the true
course of investigation. Whether you take the problems of
geographical distribution, the most obscure points in the theory
of organic evolution, or the innermost secrets of vital phenomena,
whether in health or disease, not to consider plants is still, in the
words of Mr. Darwin, ““a gigantic oversight, for these would
simplify the problem.”

SECTION E.
GEOGRAPHY.

OPENING ADDRESS BY CoLonNeL Sirk C. W. WiLsoN, R.E,,
K.C.B, K.C.M.G., D.C.L,, LL.D,, F.R.S,, F.R.G.S,,
DIRECTOR-GENERAL OF THE ORDNANCE SURVLEY, PRESI-
DENT OF THE SECTION.

ON opening the present session of the Geographical Section
of the British Association T cannot refrain from alluding to the
last occasion, now nearly a quarter of a century ago, upon which
it met in this city, The chair was then filled by one to whom'I,
in common with others of the younger generation of that day,
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must ever owe 2 deep debt of gratitude for many kindly words of
advice and encouragement. Then, as now, popular interest
centred in Africa, and Sir Roderick Murchison, on taking the
chair, was accompanied by a group of distinguished African
explorers. Some amongst us may remember the enthusiastic
greeting accorded to Livingstone, and the heart-felt sorrow
cansed by the announcement that the gallant, chivalrous officer,
whose name will ever live in history as the discoverer of the
sources of the Nile, had been cut off in the fullness of his strength
and vigour.

The African travellers who have honoured us with their
presence to-day, have shown the same pluck, the same persever-
ance, the same disregard of personal risk and comfort as their
predecessors. Omne African traveller, 2 distinguished officer of
the German army, who hoped to have been with us, has this
year been awarded the highest honour which the Royal Geo-
graphical Society can confer—its gold medal. Lieut, Wissman,
who possesses all Livingstone’s indomitable courage, his con-
stancy of purpose, and his kindly feeling towards the natives,
has twice crossed Africa, in its widest extent, without firing a
shot in anger. He returned recently to Europe, filled, like the
great English traveller, with indignation at the atrocities per-
petrated by the Arabs on the blacks ; and eager to find means,
if such there be, of putting an end to, or at least mitigating, the
unspeakable horrors of the slave trade. He is now organizing
an expedition which has the double object of opening up the
territory in Eastern Africa that falls within the sphere of Ger-
man influence, and of bearing relief to Emin Pasha. In both
enterprises we may heartily wish him “ God speed ! ”

The light thrown upon the interior of the Dark Continent is
the most striking feature of geographical exploration during the
last twenty-five years ; and it is really the work of the last eleven
years, for it was only in 1877 that Mr. Stanley, by his remarkable
journey, gave a new continent to the world., If Sir Roderick
Murchison were now alive he would feel more than gratified at
results which have been so largely due to his initiative. I pro-
pose, presently, to return to the interesting subject of Africa;
but I wounld first draw attention to the influence which the
natural features of the earth’s surface have had, and are still
having, in conjunction with other causes, on the trade routes
and commercial relations between the West and the East, and
more especially with India.

The great civilizations of high antiquity appear to have risen
and expanded in four riverain districts : Chinese in the basins of
the Hoang-ho and the Yang-tse-kiang ; Hindu in those of the
Indus and the Ganges; Chaldean and Assyro-Babylonian in
those of the Tigris and Euphrates ; and Egyptian in that of the
Nile. India is separated from China, on the once hand, by
rogged, lofty mountain ranges, and the high-lying plateau of
Tibet ;. and from Mesopotamia, on the other, by the Sulei-
man Mountains and the Perso-Afghan platean. Intercom-
munication between these early seats of man's activity must,
therefore, have been of slow growth. From Mesopotamnia, on
the contrary, there is easy access to the Nile basin by way of
Syria and Palestine, and there are indications of traffic between
these districts at a very remote period. Inquiry into the causes
which first led to intercommunication and into the means by
which it was effected is needlesss. Desire of gain, lust of power,
were as much a part of human nature in the earliest ages as they
are now. The former induced the pioneers of commerce to feel
their way across trackless deserts, and to brave the hidden
dangers of the sea; and for nearly three hundred years it led
gallant men to seek a way to the wealth of India through the
ice-laden seas of the Arctic region. The latter brought the
great empires of Assyria and Egypt into hostile conflict, and
carried Alexander to the banks of the Oxus and the Indus ; and
it is largely answerable for the land-hunger of European States
in our own generation,

Nations rise, fall, and disappear, but commerce extends in
ever-widening circles, and knows no limits. Efforts are con-
stantly being made to discover and open up new felds of com-
mercial activity and to connect the great centres of commerce by
quicker and shorter trade routes. The earliest traffic was con-
ducted by land : men travelled together in caravans for mutual
protection, and rested where food and water were to be obtained ;
at the most important of these halting-places cities were founded.
As trade extended, it became necessary to carry goods through
independent tribes or countries which often insisted on retaining
the transit trade in their own hands, and this led to the rise of
cities at points convenient for the transfer of loads and the

| traversing Asia in its whole extent from east to west.

exchange of commodities of one country for those of another.
Generally speaking this early overland trade was co-extensive
with the geographical limit of the camel. Next in order to land
traffic came that by water, first on rivers, then on the sea ; and
cities naturally sprang up at places on the coast where the mer-
chandise brought down the rivers in boats could, conveniently
and safely, be transferred to galleys or ships suitable for coasting.
After a knowledge of the monsoons had been acquired, men
began to trust themselves to the apen sea ; the ships were im-
proved, and a system was established under which voyages were
made, with great regularity, at cer'ain seasons of the year, so
that advantage might be taken of the periodic winds, TIncreased
knowledge of the globe, improvements in the art of shipbuilding,
and the invention of the steam-engine, have gradually led to the
ocean traffic of the present day, conducted by large steamers
which, regardless of wind and tide, follow the most direct course
from one point to another. The trade routes of the world are
subject to two great modifying influences, one physical, the
other political. The inland trade of India, for instance, can
only reach Central Asia and the West by way of Herat or
Bamian ; caravan roads across the deserts of Asia and Africa
must follow lines of springs or wells ; climatic conditions render
all Polar routes impracticable ; and the removal of a physical
obstacle, by the construction of the Suez Canal, is now causing
a remarkable redistribution of the channels of commerce. So,
too, disturbance of traffic by war, or its designed destruction by
conquerors ; and great political changes, such as the establish-
ment of the Persian Empire, the rise of Roine, the disruption of
the Roman Empire, and the advent of the Arabs to power in
Wasstern Asia, divert trade from its accustomed routes and force
it into new channels, to the ruin of some cities and States and
the enrichment of others. The general tendency of trade so
diverted is to seek, where possible, a maritime route, for water
transport is not only less costly but less liable to interruption
than land transport.

India, partly from its geographical position, partly from the
character of its people, has always played a passive #6& in com-
merce, and allowed the initiative in commercial enterprise to
rest with the West. The greatest advantages have always been
derived from the possession of the trade between the East and
the West, and from a remote period the nations of the world
have contended for this rich prize. One State after another has
obtained and lost the prize ; England now holds it, but if she
is to keep what she has obtained there must be a far closer study
than there has hitherto been of geography and terrestrial phe-
nomena in their relation to commerce. Trade between the
LEast and the West may be divided into three periods : the firsz,
during which the limits of Oriental commerce were the eastern
and south-eastern shores of the Mediterranean, closed with the
foundation of Carthage about 800 B.C. ; the second, or Mediter-
ranean period, ended in the fifteenth century; the ‘4ird, or
Oceanic period, has lasted to the pyesent day. In the first
period there were two principal lines of traffic : the southern sea
route, following the coast line, and the northern land route,
There
are indications of communication between China and the West
so early as 2698 B.C, ; and in 2353 B.C. an embassy arrived in
China from a country which is supposed to have been Chaldza.
There is also an early notice of caravan traffic in the company
of Ishmaslites, bearing spicery, and balm, and myrrh to Egypt,
to whom Joseph was sold (Genesis xxxvii, 25-28). The earliest
maritime people to appreciate the value of trade between the
East and West were, apparently, those living along the south
coast of Arabia. Happily situated between the Persian Gulf
and the Red Sea, and separated by vast deserts from the great
nations of Asia, the Sabeans were free from those alternations
of industry and war which are so unfavourable to commercial
pursuits ; for centuries they possessed the commerce of India,
and they became famous for their opulence and luxury. Sabazan
ships visited Ceylon and the Malabar coast, and Sabean mer-
chants supplied Indian goods to Mesopotamia and Syria, as
well as to Egypt and Ethiopia. The ships trading to the Per-
sian Gulf discharged their cargoes near the mouth of the
Euphrates ; whence the traffic passed partly by river, partly by
land, to the coast towns of Syria and Palestine, and through the
Syrian and Cilician gates to Mazaca (Kazsariyek), and Pterium
(Boghaskend) ; from the last place Indian goods found their way
to Sardis and Sinope. The ships visiting the Red Sea landed
goods at Llath, at the head of the gulf of Akabah, for carriage
by land to Tyre and Siden, and on the western shores of the
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Red Sea for transmission to Mero€, Thebes, and Memphis, At

the same time silks from China, and gems from India, were

carried overland to Chaldea and Assyria; and Bactra (5afik),
““ the mother of cities,” rosz and flourished at the central point
of the transit rrade.  Egypt, with no timber for shipbuilding, a
distrust of all foreigners, especially when they came by sea, and

a settled dislike of maritime pursuits amongst her people, long |

neglected the opportunities afforded by her favourable geo-
graphical position. Tyre, Sidon, and other Pheenician towns,
reached by easy roads from the Euphrates and the Red Sea,
and from their situation commanding the Mediterranean, be-
came centres of distribution for Indian goods ; and the Pheeni-
cians, gradually extending their operations to the Red Sea,
traded with the ports of Scuthern Arabia, and even ventured to
the shores of India. It was in this first period that the Jewish
kingdom reached its widest extent. During the long wars of
David’s reign the Jews obtained possession of the land routes
over which the rich products of India were carvied to Tyre and
Sidon ; and Solomon did all in his power, by building Tadmor
in the Wilderness (Palmyra), by improving the port of Elath,
and by carrying out other great works, to protect and [acilitate
the transit trade from which such large profits were derived.
The Jews do not appear to have been the actual carriers, but
many of them no doubt, following the example of their merchant-
king, cngaged in commercial pursuits, and weaith poured into
the kingdom so that silver was made to be as stones in
Jerusalem.

In the eariy portion of the second period the commercial
prosperity of the Pheenicians reached its culminating point.
Their colonies dotted the shores of the Mediterranean, and their
ships passed the ‘‘Pillars of Hercules” to Great Britain and
the western shores of Africa, and floated on the waters of the
Red Sea, the Persian Gulf, and the Indian Ocean. The sea-
borne trade of the known world was in their hands; wealth
flowed into their cities, and in the markets of Tyre tin from
Cornwall and amber from the Baltic were exposed for sale with
the silks, gems, and spices of the far-distant Fast. The decline
of Pheenicia dates from the establishment of the Persian Empire
in the sixth century B.c., and after the capture of Tyre by
Alexander its commerce gradually passed into the hands of the
Greeks. The Persian policy of closing the Persian Gulf to
commerce forced the Indian traffic along the land routes.
Babylon, which had become the emporium of Eastern trade,
declined, whiist Susa and Ecbatana were enriched by the transit
trade which passed through them and crossed the whole extent
of the empire to the Mediterranean ports, The policy of Alex-
ander was to secure the carrying and distribution trade of the
world to the Greeks; and with this object he founded Alex-
andria, and intended, had he lived, to restore Babylon to her
former splendour. Ptolemy, his successor in Egypt, used every
means in his power to draw trade to Alexandria, and the new
city soon rose to opulence and splendour. The Greek mer-
chants obtained their Indian goods from the Aral traders whom
they met in the ports of Southern Arabia ; they landed them at
Myos Hormos and Berenice on the western shore of the Red
Sea, carried them by camel across the desert, and floated them
down the Nile and by canal to Alexandria, whence they were
distributed to the neighbouring parts of Africa and the coasts of
the Mediterranean. This trade route remained unaltered until
Lgypt became a Roman provinee, Another stream of com-
merce passed by way of the DPersian Gull to Seleucia on the
Tigris, and thence, partly by water and partly by land, through
Aleppo to Antioch and Seleucia at the mouth of the Orontes ;
and a third followed the ancient highway from Central Asia to
the ports of the Euxine and Aigean Seas.

After the rise of Rome all trade routes were directed upon the
Imperial City, which became a centre of distribution for the mer-
chandise of the East. The Greeks still monopolized the sea-
horne trade ; and those of Egypt, recognizing the advantage of
their geographical position, took the direct trade to India into
their hands, and extended their voyages to Kattigara, the port
of the Sinze, in the Gulf of Tongking. Alexandria became the
commercial cepital of the Roman Twpire, the distributing
centre of the world for Indian and Asiatic goods, and a place of
such wealth that one of the merchants is said to have been able
to maintain an army. At the same time the old ports of Tyre,
Beiriit, Antioch, Ephesus, Byzantium, and Trebizonde main-
tained their position as fermini of the land trafic. The extent
of the intercourse between the East and the West during the
Roman Empire is shown by the embassy of the Seres (Chinese)

to Rome in the reign of Augustus, and by,the several embassies
to China, wiich followed that sent by Marcus Aurelius in
166 A.D., uatil the Arab Empire interposed ; as well as by the
fact that in the time of Pliny the Roman imports from Asia each
year were valued at 100,000,000 sesterces (about #£8co,000).
Trade followed well-established routes which remained in use,
with but elight modification, till the ffteenth century. There

i were three principal lines of communication through Central

Asia, all leading from China across the Desert of Gobi. The
northern ran to the north of the Thien-Shan by Lake Balkash
to the Jaxartes (Sypr Zarpa); the central passed along the
southern slopes of the Thien-Shan and crossed the mountains
by the Terek TPass to Samarcand and the Oxus {Ame Darya);
and the southern passed over the Pamiv and through Badakhshan
to Balkh, The northern route apparently went on frem the
Jaxartes, through IChiva, to the Caspian, which it crossed, and
then ran on to the Black Sea. Tven at this eatly period trade
filtered round the northern shores of the Caspian, and later,
during the Middle Ages, there was a well-established trade
roate in this direction through Khiva to Novgorod and the
Baltic, by which the northern countries received Indian goods.
From the Oxus region reached by the central and southern lines
there were two routes to the West,  One passed through Mery,
crossed the Caspian, ascended the Araxes to reach Artaxates
and Trebizonde, or t5 descend the Phasis (X4ez) to Poti, and
then coasted the shoves of the Black Sea to Byzantium. The
other also passed through Merv, and, running along the northern
{rontier of Per:ia, reached the shores of the Black Sea through
Artaxates, or continued on through Mesopotamia, Syria, and
Asia Minor to Byzantium., The land trade from India passed
through the Bamian Pass to Balkh, and through Kandahar and
Herat to Merv or Sarrakhs to join the great stream of Central
Asian traffic.  The greater portion of the carrying trade on
these long lines was in the hands of the people dwelling between
the Jaxartes and the Oxus, who had their centre at Samarcand;
and these Sogdians, or Asi as they are called in the Chinese
annals, fearing lest they should lose the profit on the transit
trade, threw every obstacle in the way of direct communication

between China and the Roman Empire. The difficulties which
thus interrupted the land traffic gave an impetus to the trade by
sea, and so benefited . Alexandria and the cties in the Persian
Gulf. The sea trade at this time was carried by way of the
Persian Gulf and the Red Sea. In the first case the cargoes
were landed at some port on the Euphrates or Tigris, whence
the goods were carried by river and caravan up the valleys of
those rivers and then through Syria to Beirdt and Antioch, and
through Asia Minor to Ephesus, Smyrna, Constantinople, and
Samsian. In the second case the merchandise was landed either
near Suez, whence it was conveved by caravan, canal, and river
to Alexandria, and at a later date to Pelusinm, or at the head
of the Gulf of Akabah for transport to Syria and Palestine. The
sea trade was to a great extent a coasting trade, and it appears
to have been shared by the Greeks and the Arabs, and perhaps
by the Chinese, whose junks were to be seen at Hira, on the
Euphrates, in the fifth century.

On the disruption of the Roman Empire the Byzantines, with
their capital sitnated on the confines of Europe and Asia,
naturally became the intermediaries between the East and the
West, and they retained this position until the mzritime towns of
Ttaly, France, and Spain became sufficiently strong to engage in
direct trade with the Mediterranean ports to which the produce
of the Last found its way, Until the seventh century the Sas-
sanians held the lines of communication by land, and they did
all they could to prevent Eastern produce from being carried over
any other roads than those passing through their territory or by
any other hands than theirs. In the sixth century they allowed
an exchange of produce between the East and the West to take
place at only three points: Artaxates for goods arriving from
Central Asia; Nisibis for those from Central Asia and by the
Tigris route ; and Callinicum (Kakba) for those coming by way
of the Persian Gulf and the Euphrates.  Justinian attempted to
free Oriental commerce from its dependence on the Sassanians
hy opening up new trade routes. The Sogdian silk merchants
passed, outside of Persian territory, round the north end of the
Caspian to meet those of Byzantium on the shores of the Sea of
Az3v and the Dlack Sea; the products of India were obtained
from Ethiopian traders at Adulis, on the Red Sea; and Greek

navigators, taking advantage of the monsoons, sailed direct from
the southern cnd of the Red Sea to the Malabar coast and
Ceylon.
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In the seventh and eighth centuries the Arabs overran the whole
of Central Asia, and the carrying trade by seaand by land passed
into their hands. Profound modifications were thus introduced
into the commercial intercourse between the East and the West.
All land traffic from the East was directed upon Baghdad, which
became the distributing centre whence goods were despatched by
the ancient trade routes to the West, and which almost rose to
the splendour of Babylon. On the sea the Arabs regained their
old reputation ; they sailed direct from the Red Sea to Cape
Comorin, and from Ceylon to the Malay Peninsula, and extended
their voyages to Kanpu, on a delta arm of the Yang-tse-Kiang ;
they established factories in the Indian Ocean, and, in the eighth
century, were so numerous in Canton as to be able to attack and
pillage that city. Their only rivals were the Chinese, whose
junks visited the Euphrates and Aden, and brought silks and
spices to the Malabar coast to be there exchanged for the raw
material and manufactures of the West.

The Eastern produce brought by the Arabs to the ports of the
Medirerranean was conveyed to Europe by the merchants of
Venice, Genoa, Pisa, and other towns, who also traded to Con-
stantinople and the Black Sea. Venice from its geographical
position was well adapted to be the intermediary between the
East and Central Europe, and even before the rise of Islam a
large share of the carrying trade of the Mediterranean had fallen
into its hands through the apathy and luxurious indolence of the
Byzantines. It is unnecessary to trace the rise of Venice or dis-
cuss the impetus given by the Crusades to commercial intercourse
between the East and Western Europe; it will be sufficient to
note that in the first quarter of the fifteenth century the carrying
trade of the Mediterranean was wholly in the hands of the Vene-
tians, and Venice had become the distributing centre for all
Europe.  Venetian fleets, well guarded by war galleys, sailed at
stated times for Constantinople and the Black Sea ; for Syria and
Egypt ; for France ; for Spain and Portugal, and for Holland.
From the ports in those countries, as well as from Venice herself,
the products of the East were carried inland over well-defined
trade routes, and cities such as Pavia, Niirnberg, and Bruges,
the emporium of the Hanseatic League, rose to importance as
entrepots of Eastern commerce,

The victorious advance of the Turks, the fall of Constantinople,
the piracy in the Mediterranean, and the termination of all inter-
course with China on the decline of the Mongol dynasty in the
fourteenth century, combined with other circumstances to turn
men’s minds towards the discovery of a more convenient way to
the East. India was the dream of the fifteenth-century merchant,
and how to reach it by a direct sea voyage was the problem of
the day. The problem was solved when Vasco de Gama reached
the shores of India on May 20; 1498 ; and its solution was due
to the wise policy of a great grandson of Edward III., Prince
Henry of Portugal, ‘‘the Navigator,” who unfortunately died
before success was attained, The discovery of the Cape route
was no mere accident, but the result of scientific training, deep
study, carelul preparation, and indomitable perseverance. Prince
Henry having determined to find a direct sea route to India, in-
vited the most eminent men of science to instruct a number of
young men who were educated under his own eye, and in a few
years he made the Portuguese the most scientific navigators in
Europe. The -uccessful voyage of Vasco de Gama soon produced
important results; the saving in freight by the direct sea route
was enormous, and when it became generally known that the pro-
duets of the East could be obtained much cheaperin Lisbon than
anywhere else, that city became the resort of traders from every
part of Europe. From Lisbon, Indian commodities were carried
to Antwerp, which soon became the emporium of Northern
Europe. By these changes the trade of Venice was ahmost
annihilated, and Lisbon became the richest commercial city in
Europe. The Venetians had endeavoured to confine commerce
within its existing limits, and to keep to the trade routes then in
use. Theyhad never made any attempt to enlarge the sphere of
nautical and commercial enterprise, and the consequence was
that their ablest seamen, imbued with the spirit of adventure,
took service in the Western States, When the Cape roate was
discovered, instead of attempting to secure a share in the direct
sea trade, they entered into an alliance with the Sultan of Egypt
to crush the Portuguese, and built a fleet for him at Suez which
was defeated by Almeida in 1508, After this defeat the trade of
Venice soon passed away. .

Since the discovery of the Cape route there has been one long
struggle for the possession of the commerce of India ; who should
be the carriers and distributors of Indian commodities was for

more than two and a half centuries a much contested point
amongst the maritime nations of the West, At first there seems
to have been a general acquiescence in the claim of the Spaniards
and Portuguese to a monopoly of the southern sea-routes, and
this led to those heroic efforts to find a north-east or north-west
passage to India which have so greatly added to our geographical
knowledge. TFailure in this direction was followed by attempts
to reach India by the Cape in the face of the hostile attitude of
Spain and Portugal. The mighty events which in turn trans-
ferred wealth and commerce from Lishon to Antwerp, Amster-
dam, and the banks of the Thames are matter of history, and it
is scarcely necessary to say that at the close of the Napoleonic
wars England remained undisputed mistress of the sea, and had
become not only the carrier of all ocean-borne traffic, but the
distributing centre of Indian goods to the whole world. A
period of keen competition for a share in the commerce of India
has again commenced amongst the States of Europe, and symp-
toms of a coming change in the carrying and distributing trade
have been increasingly apparent since Africa was separated from
Asia, nearly twenty years ago, by the genius of M. de Lesseps.

The opening of the Suez Canal, by diverting trade from the
Cape route to the Mediterranean, has produced and is still pro-
ducing changes in the intercourse between the East and the West
which affect this couniry more nearly, perhaps, than any other
European State. The changes have been in three directions.

First. An increasing proportion of the raw material and
products of the East is carried direct to Mediterranean ports,
by ships passing through the Canal, instead of coming, asthey once
did, to England for distribution. Thus Odessa, Trieste, Venice,
and Marseilles are becoming centres of distribution for Southern
and Central Europe, as Antwerp and Hamburg are for the
North ; and our merchants are thus losing the profits they
derived from transmitting and forwarding Eastern goods to
Europe. Itis true that the carrying trade is still, to a very great
extent, in English hands ; but shonld this country be involved in
a Furopean war, the carrying trade, unless we can efficiently
protect it, will pass to otheis, and it will not readily return.
Continental manufacturers have always been heavily handi-
capped by the position England has held since the com-
mencement of the century, and the distributing trade would
doubtless have passed from us in process of time. The opening
of the Canal has accelerated the change, to the detriment of
English manufactures, and consequently of the national wealth ;
and it must tend to make England less and less each year the
emporium of the world. We are experiencing the results of a
natural law that a redistribution of the centres of trade must
follow a rearrangement of the channels of commerce.

Second. The diversion of traffic from the Cape roun'e has led
to the construction of steamers for special trade to India and the
East through the Canal. On this line coaling-stations are
frequent, and the seas, excepting in the Bay of Biscay, are more
tranquil than on most long voyages, The result is that
an inferior type of vessel, both as regards coal-stowage,
speed, endurance, and seaworthiness, has been built. These
“ Canal wallahs,” as they are sometimes called, are quite unfitted
for the voyage round the Cape, and should the Canal be blocked
by war or accident they would be practically useless in carrying
on our Eastern trade. Since the Canal has deepened they have
improved, for it has been found cheaper to have more coal-
stowage, but they are still far from being available for the long
voyage round the Cape. Had the Canal not been made, a large
number of fine steamers would gradually have been built for the
Cape route, and though the sailing-ships which formerly carried
the India and China trade would have held their own longer,
we should by this time have had more of the class of steamer
that would be invaluable to us in war time, and our trade would
not have been liable, as it is now, to paralysis by the closing of
the Canal.

Third. Sir Willlam Hunter has pointed out that, since the open-
ing of the Canal, India has entered the market as a competitor
with the British workman ; and that the development of that
part of the Empire as a manufacturing and food-exporting
ceuntry will involve changes in English production which must
for a time be attended by suffering and loss. Indian trade has
advanced by rapid strides, the exports of merchandise have
risen from an average of 57 millions for the five years preceding
1874 to 88 millions in 1884, and there has been an immense
expansion in the export of bulky commodities. Wheat, which
occupied an insignificant place in the list of exports, is now a
great staple of Indian commerce, and the export has ricen since
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1873 from 1§ to 21 million hundredweights. It is almost im-
possible to estimate the ultimate dimensions of the wheat trade,
and it is only the forerunner of other trades in which India
is destined to compete keenly with the English and European
producers.

The position in which England has been placed by the opening
of the Canal is in some respects similar to that of Venice after
the discovery of the Cape route ; but there is a wide difference
in the spirit with which the change in the commercial routes was
accepted. Venice made no attempt to use the Cape route, and
did all she could to prevent others from taking advantage of it:
England, though by a natural instinct she opposed the construc-
tion of the Canal, was one of the first to take advantage of it
when opened, and so far as the carrying trade is concerned she
has hitherto successfully competed with other countries.

It is only natural to ask what the result of the opening of the
Panama Canal will be. Te this it may be replied that the Canal,
when completed as a maritime canal, without locks, will promote
commercial intercourse between the eastern and western coasts
of America ; will benefit merchants by diminishing distances,
and reducing insurance charges ; and possibly divert the course
of some of the trade between the East and West ; but it will
produce no such changes as those which have followed the
construction of the Suez Canal.

The increasing practice of the present day is for each maritime
country to import and carry the Indian and other commodities
it requires, and we must be prepared for a time when England
will no longer be the emporium of Eastern commerce for Europe,
or possess so large a proportion as she now does of the carrying
trade. So great, however, is the genius of the English people
for commercial enterprise, and so imbued are they with the
spirit of adventure, that we may reasonably hope loss of trade
in one direction will be compensated by the discovery of new
fields of commercial activity. The problem of sea-carriage has
virtually been solved by the constraction of the large ocean
steamers which run direct from port to port without regard to
winds or currents ; and the only likely improvement in this
direction is an increase of speed which may possibly rise to as
much as thirty knots an hour. The tendency at present is to
shorten sea-routes by maritime canals ; to construct canals for
bringing ocean-going ships to inland centres of industry ; and to
utilize water carriage, wherever it may be practicable, in pre-
ference to carriage by land. For a correct determination of the
lines which these shortened trade routes and great maritime
canals should follow, a sound knowledge of geography and of
the physical condition of the earth is necessary ; and instruction
in this direction should form an important feature in any educa-
tional course of commercial geography. The great problem of
the future is the inland carrying trade, and one of the immediate
commercial questions of the day is, Who is to supply the
interiors of the great continents of Asia and Africa, and other
large areas not open to direct sea traffic? Whether future
generations will see

“ The heavens fill with commerce, argosies of magic sails,
Pilots of the purple twilight, dropping down with costly bales,”

or some form of electric carriage on land, may be matter for
speculation ; but it is not altogether impossible to foresee the
lines which inland trade must follow, and the places which must
become centres of the distributing trade, or to map out the
districts which must, under ordinary conditions, be dependent
upon such centres for their supply of imported commodities.
The question of supplying European goods to one portion of
Central Asia has been partially solved by the remarkable voyage
of Mr. Wiggins last year, and by the formation of the company
of the ““ Pheenix Merchant Adventurers.” Mr. Wiggins started
from Newcastle-on-Tyne for Yeniseisk, the first large town on
the Yenisei, some 2000 miles from the mouth of that river, and
within a few hundred versts of the Chinese frontier, On the gth
of October, 1887, he cast anchor and landed his cargo in the heart
of Siberia. The exploit is one of which any man might well be
proud, but in Mr. Wiggins’s case there is the additional merit
that success was the result of conviction arrived at by a strict
method of induction, that the Gulf Stream passed through the
Straits into the Kara Sea, and that its action, combined with
that of the immense volume of water brought down by the Obi
and Yenisei, would free the sea from ice and render it navigable
for a portion of each year. The attempts of England to open
up commercial relations with the interior of Africa have too
often Leen mwarked by want, if not open contempt, of geo-

graphical knowledge, and by a great deficiency of foresight ;
but the competition with Germany is forcing this country to pay
increased attention to African commerce, and the formation of
such companies as the British East African Company, the
African Lakes Company, and the Royal Niger Company is a
happy omen for the future,

Another branch of the subject to which attention may be
briefly directed is the fact that it is becoming increasingly evident
that manufactures cannot profitably be carried on at a distance
from the source of the raw material and the destination of the
products. In India, for instance, where the first mill for the
manufacture of cotton yarn and cloth was set up in 1854, there
are now over 100 cotton and jute mills with 22,000 looms
and 2,000,000 spindles ; and similar changes are taking place
elsewhere.

I am afraid that I have frequently travelled beyond the sphere
of geography. My object has been to draw attention to the
supreme importance to this country of the science of commercial
geography. That science is not confined to a knowledge of the
localities in which those products of the earth which have a
commercial value are to be found, and of the markets in which
they can be sold with the greatest profit. Its higher aims are
to divine, by a combination of historical retrospect and scientific
foresight, the channels through which commerce will flow in the
future, and the points at which new centres of trade must arise
in obedience to known laws, A precise knowledge of the form,
size, and geological structure of the globe; of its physical
features ; of the topographical distribution of its mineral and
vegetable products, and of the varied forms of animal life,
including man, that it sustains ; of the influence of geographical
environment on man and the lower animals ; and of the climatic
conditions of the various regions of the earth, is absolutely
essential to a successful solution of the many problems before
us. If England is to maintain her commanding position in the
world of commerce, she must approach these problems in the
spirit of Prince Henry the Navigator, and by high scientific
training fit her sons to play their part like men in the coming
struggle for commercial supremacy. The struggle will be keen,
and victory will rest with those who have most fully realized the
truth of the maxim that ‘‘ Knowledge is power.”’

I may add that if there is one point clearer than another in the
history of commerce it is this: that when a State cannot
effectually protect its carrying trade in time of war, that trade
passes from it and does not return, If England is ever found
wanting in the power to defend her carrying trade, her fate will
only too surely, and I might almost say justly, be that of Venice,
Spain, Portugal, and Holland,

I will now ask you to turn your attention for a few moments to
another subject—Africa. In 1864, Sir Roderick Murchison alluded
to the great continent in the following terms: ¢ Looking at the
most recent maps of Africa, see what enormous Jacune have to
be filled in, and what vast portions of it the foot of the white
mau has never trodden.” It was then impossible to give
general sketch even of the geography of Equatorial Africa.
Tanganyika and Nyassa had been discovered, and Speke and
Grant had touched at a few points on the scuthern, western, and
northern shores of the Victoria Nyanza; but we were still in
ignorance of the drainage and form of the immense tract of
country between the Tanganyika Lake and the Zambesi ; and
the heart of Africa, through which the mighty Congo rolls, was
as much unknown to us as the centre of America was to onr
ancestors in the middle of the sixteenth century. There are now
few school-boys who could not give a fairly accurate sketch of
the geography of Central Africa ; and a comparison of the maps
published respectively in 1864 and 1888 will show how rapidly
the Zacune of which Sir Roderick complained are being filled in.
There is still much to be done, and it is precisely in one of the
few blank spots left on our maps that the man who may well he
called the Columbus of Africa has so mysteriously disappeared.
The discovery of the course of the Congo by Stanley has been
followed by results not unlike those which attended the discovery
of America by Columbus. In the latter part of the nineteenth
gentury Africa has become to Europe what America was in the
sixteenth century. Events march more rapidly now than they
did then, and the efforts of the maritime naticns of Europe to
secure themselves some portion of African territory and some
channel through which they can pour their products into Cen-
tral Africa are rapidly changing the condition of the Dark
Continent.

The roads over which the land trade of Equatorial Africa now
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passes from the coast to the interior are mere footpaths, described
by Prof. Drummond, in his charming book  Tropical
Africa,” as being “‘ never over a foot in breadth, beaten as hard
as adamant, and rutted beneath the level of the forest bed by
centuries of native traffic. As a rule these footpaths are
marvellously direct. Like the roads of the old Romans, they
run straight on through everything, ridge and mountain and
valley, never shying at obstacles, nor anywhere turning aside to
breathe. Yet with this general straightforwardness there is a
singular eccentricity and indirectness in detail. Although the
African footpath is on the whole a bee-line, no fifty yards of it
are ever straight. And the reason is not far to seek. If a stome
is encountered, no native will ever think of removing it. Why
should he? It is easier to walk round it. The next man who
comes that way will do the same. . . Whatever the cause, it
is certain that for persistent straightforwardness in the general,
and utter vacillation and irresolution in the particalar, the
African roads are unique in engineering.” No country in the
world is better supplied with paths; every village is connected
with some other village, every tribe with the next tribe, and it is
possible for a traveller to cross Africa without once being off a
heaten track. The existence nearly everywhere of a wide coast
plain with a deadly climate, and the difficulties attending land
transport in a country where the usual beasts of burden, such as
the camel, the ox, the horse, and the mule, cannot be utilized,
will probably for many years retard the development of the land
trade. On the other hand, the Congo with its wide-reaching
arms, the Niger, the Nile, the Zambesi, the Shiré, and the great
lakes Nyassa, Tanganika, and the Victoria and Albert Nyanzas
offer great facility for water transport, and afford easy access to
the interior without traversing the pestilential plains. Already
steamers ply on most of the great waterways—each year sees
some improvement in this respect ; and a road is in course of
construction from Lake Nyassa to Tanganyika which will tend,
if Arab raiders can be checked, to divert inland traffic from
Zanzibar to Quilimane, and will become an important link in
what must be one of the great trade routes in the future. Itis
possible, I believe, with our present knowledge of Africa, and by
a careful study of its geographical features, to foresee the lines
aleng which trade routes will develop themselves, and the points
at which centres of trade will arise ; but I have already detained
you too long, and will only venture to indicate Sawakin,
Mombasa, Quilimane, or some point near the mouth of the
Zambesi, and Delagoa Bay, as places on the east coast of Africa
which, from their geographical position, must eventually become
of great importance as outlets for the trade of the interior,

The future of Africa presents many difficult problems, some of
which will no doubt be brought to your notice during the
discussion which, I trust, will follow the reading of the African
papers ; and there is one especially—the best means of putting
an end to slave hunting and the slave-trade—which is now
happily attracting considerable attention. It is surely not too
much to hope that the nations which have been so eager to annex
African soil will remember the trite saying that ‘‘ Property has
its duties as well as its rights,” and that one of the most
pressingly important of the duties imposed upon them by their
action 1s to control the fiends in human form who, of set purpose,
have laid waste some of the fairest regions of the earth, and
imposed a reign of terror throughout Equatorial Africa,

NOTES.

WEe regret to announce that Dr. Peter Griess died very
suddenly at Bournemouth on Thursday last week, apparently
from an attack of apoplexy. A very skilful manipulator, en-
thusiastically devoted to his science, a patient and unwearying
worker, his death will deprive chemical science of one of its
brightest ornaments. He will be chiefly remembered for his
discovery of the diazo-compounds, one of the most remarkable
classes of substances known to chemistry.

A TELEGRAM from the city of Mexico states that on the night
of "the 6th instant there occurred the heaviest shocks of
earthquake ever recorded in the city. The houses swayed, the
walls cracked, and people rushed into the streets to pray.
There was for a few moments much apprehension. The
phenomenon was preceded by high winds and dust-storms,
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A FRIGHTFUL cyclone, involving great destruction of pro-
perty and loss of life, took place at Havannah on the 4th instant.
It is stated to have been the most severe experienced in the
West Indies for many years past.

THE inaugural address of St. Thomas’s’ Hospital will be
delivered in the theatre on Monday, October 1, at 3 p.m., by
Dr. Cullingworth.

Tne sixth course of twelve lectures and demonstrations for
the instruction of sanitary inspectors will be delivered at the
Parkes Museum on Tuesdays and Fridays at 8 p.m., com-
mencing with the 25th instant. The lectures will deal with
sanitary subjects generally, and will be delivered by the leading
men in the various branches—Sir Douglas Galton, Profs.
Corfield and Henry Robinson, Drs. Poore, Louis Parkes, and
Charles Kelly, Messrs. Wynter Blyth, Boulnois, Cassal, and
Sykes. A nominal fee of five shillings will be charged, and
students attending the course will be granted free admission to
the Parkes Museum and Library during September, October,
and November, The last course was attended by over ninety
students, and it is proposed to repeat it twice each year to suit
the requirements of persons preparing for the examinations of the
Sanitary Institute, as well as of others desirous of obtaining a
practical knowledge of sanitary requirements and regulations.

THE September issue of the Kew Bulletin continues the notes
on colonial fruit, including a long and most interesting report
on the fruits of the Island of Dominica. There is also a report
from the British Political Officer at Bahmo on the india-rubber
trade of the Mogaung district of Upper Burma. The rubber
forests, though worked by Chinese, are owned by the Kachins,
a tribe inhabiting the borderland between Burma and China.

WE have received Parts 2 and 3 of the second volume of the
Journal of the College of Science of the Imperial University of
Japan, The former opens with a paper by Dr. Koto “On the
so-called Crystalline Schists of Chichibu,” a district Iying north-
west of Tokio, and, geologically speaking , a region complete in
itself, and, according to Dr. Koto, typical of the geological
formation of the rest of Japan. The essay, which is accom-
panied by five plates, occupies the greater part of the number.
Prof. Okubo gives a brief account’of the botany of Sulphur
Island, a volcanic and uninhabited island off the Japanese coast.
Dr. Tjima and Mr. Murata describe some new cases of the occur-
vence of Bothriocephalus liguloides, TA. No. 3 is filled with the
account of a magnetic survey of all Japan, carried out by order
of the President of the Imperial University, the authors being
Profs. Knott and Tanakadate. The paper, which is an elaborate
one, Is divided into five sections : (1) historical retrospect, and
general description of the aim and methods of the survey; (2)
particular account of the equipment and 'modes of operation of
the northern party ; (3) the same details for the southern party;
(4) final reduction of the observations, and general conclusions ;
(5) comparison of results with those of previous observers. In
an appendix, Prof. Knott gives an exceedingly interesting
sketch of Ino Tadayoshi, 2 Japanese surveyor and cartographer
of the latter half of the last century.

THE cwrrent number of the Mestminster Review contains an
article by Mr. Gundry, entitled ¢ China ; A New Departure,” the
¢ departure ” in question being the introduction of mathematics
into the curriculum of subjects in the competitive examinations
upon which the whole system of Chinese administration is based.
Various methods have been proposed from time to time to
bring Chinese students into touch with Western learning, Prince
Kung, who was Prime Minister in 1866, suggested the erection
of a special department presided over by foreign professors for
the study of ** mathematics,” that term being obviously meant
to include all branches of physical science, This was done, but
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